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STUDIES IN TH E: ADSOHPTION OF HYD HOCARBONS IN SOIL BY GAS CHHOMATOGRAPHY 

_' •• !;4- oe s p Lc haya Kanatharana 
Prince of Songkhl a Uni v~s ity, Thailand 

Robert L. Gr ob 
Villanova University, U.S.A. 

AB STRACT 

A "Zero SOLl " (a referen ce s OLl whLch no extractable organLc or 
LnorganL c compound s ) wa s us ed f o r the s tudy of ad s orptLon of varLous hydro­
carbon s , L.e., n-a l ka ne s (C6-C1 7), 1-a l kene s (C5-C10) and aromatLcs (benzene 
and mono s ub stLtuted n-alkyl (C1 - CI 0) ben zene s ). Four s OLl sampLes, L.e., 
"Zero SOLl", VL lLan ov a UnLve r s Lty campu s s Q..L L (V Lllanova, PA), Sugartown 
News Apart men t soLL (Devon , PA), a nd Bryn Mawr Ra Llroad ground sOLL behLnd 
the Ske l et on OLl Compan y (Br yn Mawr, PA), and a s Ludge s ampLe were used Ln 
thL s s t udy. ALL the fL Lt r ate s a nd methyLene chlorLde extracts from the soLL 
were ana lyze d by t he ga s chro mato gra ph Lc t e chnLque wLth a 20% SE-30 on 
Chromo so rb P AW-DMC S , 60 - BO me s h col umn a t the optLmum condLtLons. A F&M 
Model 40 2 duaL coL umn dua l fl ame Lo n Lz at Lon dete ctor s was used throughout 
the Lnve s t LgatLo n . Da t a wa s hand l ed wLt h a H-P ModeL 3380A Integrator. 
The per cent re covery of n-a lk ane s (C6-C17), 1-alkene s (C5-C10) and aromatLcs 
(benzene, and mon os ub s tLt ut ed n-a l kyl (C 1-C10) benzenes) ranged from 35% 
to 99%. The per cent ad s orptLon of n-alkane s (C6-C17) were Ln the range of 
0-13%, 0-4% f or the 1-a l ke ne s (C5-C 10) and 0.1- 10% for the aromatLcs 
(benzene and mo nos ub s tLt ut ed n-alky l (C1 -C10) benzenes). Peak verLfLcatLon 
was performed us Lng t he IR s pe ct rum o f ea ch col l e cted component. The 
ad s orptLon phenomena of t he s e hydroc arb ons on t he s oLl s amples and sLudge 
sample have a genera l pat ter n : 

- The ad s orpt Lo n Lncrea s e d a s t he mo l e cular weLght of the 
homoLogou s hydr ocarbo n s er Le s Lncrea s ed. 

- The hydrocarb on ad so rbed on the s OLl was physLcaL 
ad s orptLo n ra t he r tha n chem Lcal ad s orptLon. 

- The order of the ad so rpt Lon among the three serLes of 
hydrocarbon on t he s OLl wa s AromatLc 1-ALkene n-ALkane 
when compared to th e s ame corbon atom number wLthLn a 
group. 

INTHODUCTION 

Gas chromatography (GC) has been used as a meaningful tool for 
soil adsorption studies . The SF. -30 ,and t he Dexsil-300 columns had been 
used for analysis of al i phati c hydrocarbons and polynuclear aromatic 
hydrocarbons after extracted from s ediments and biota (1). Cotterill (2) 
determined dalapon (2, 2-d ichloropropinic acid) residues in soil via the 
dalapon ester McKone (3 ) was de t ermi ned of same substituted urea herbicide 
residues in s oi l by GC with ~le ctron capture detection. 

The possibi lity of ut ilizing gas chromatographic "fingerprints" 
of hydroca rbon samples from t he sea and natural water to correlated them 
with suspected source oil s or petroleum products (4-8) Blumer and co­
workers (6,9,10) have fo l lowed t he f ate of smallo i l spill by hydrocarbon, 
analyses of sed i ments and or gani sms . High-efficiency packed columns have 
been shown to be s uitab l e fo r t he r api d i dentification of trace quantities 
of common petroleum products . Petr oleum hydrocarbon contaminations in 
soil-have been rev i ewed by I~ ll is and Adams (1 2 ) 
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EXPEHIMENTAL 

Equipment 

All gas-liquid chromat<.graphic analyses were performed on a 
Hewlett Packard, F and M, High Efficiency Gas Chromatograph, Model 402, 
equipped with dual columns and dual flame ionization detector (FID). 
Collected the data by a H-P 3380A integrator. 

Gas soil columns was laboratory made, 80 mm long and 28 mm in 
diameter, connected with 6 x 45 mm glass tubing were employed for all 
soil sample tests (FIGURE I). 

Vials (17 x 60 mm) wi th screw caps and Teflon (H) silicone septa 
were used for collection of filtrate of the standard hydrocarbon mixtures 
and methylene chloride extracts. 

Chemicals 

All the standard hydrocarbons, i.e., n-alkanes (C6-C17)' 
l-alkenes (C5-CIO) and aromatjc (benzene and n-alkyl (CI-C10) benzenes) 
were obtained from Poly Science Corp., Niles, Illinois. 

The methylene chloride solvent used was UV-spectrophotometric 
grade supplied by J.T. Baker Chemical Co., Phillipsburg, New Jersey. 

The SE-30 liquid phase and Chromosorb P-AW-DMCS (60/80 mesh) 
support was purchased from Supelco Inc., Bellefonte, Pennsylvania. 

Procedure 

The soil 6~lumn set-up. Ten soil columns were set-up and each soil 
column had.a plug of glass wool at the bottom and filled with 10.0 grams 
of the the soil and sludge sample. The filled column was then covered 
with a piece', of aluminium foil to prevent contamination from the 
laboratory atmosphere . 

.. , 
study of the hydrocarbon Adsorption Phenomena on Soils. Ten milli­
liters of 800 ppm standard hydrocarbon mixtures, i.e., n-alkanes (C6-C17) 
mixture, l-alkenes (Cs-C 10 ) mixture and benzene and n-alkyl (CI-CIO) 
benzene& mixture was transferred to correspcnding sets of soil columns. 
The fi I trates were collected in 17 x 60 mm vials \';i th screw cap and 
TeflonH silicone septa. After the standard hydrocarbon mixture passed 
through the column, the sei l column ~as then washed three times with 
5.0 ml distilled water. These aqueous washings were collected in the 
same size of vial as before. The acqueous washings were extracted with 
equal volumes of methy lene chloride and the methyl(,ne chloride layers 
were saved for subsequen t gas chromatographic analysis. 

The soil sample was then removed frem the glass column and 
transferred to a 6 oz capped bottle and extracted with 10.0 ml of 
methylene chlcride us ing a mech anica l s haker for 6 hours. The methylene 
chloride extract was filtered off and saved for analysis • 

...,..; . 
A 6 ft x 0. 25 in , 0.0. glass~olftmn packed with 20% SE-30 

on 60/ 80 mesh Chromosorb P-AW-OMCS was used for this study. The gas 



:, tudie s In The Adsorption 0t llydrocar bons In Soi l By Gas Chromatography 

chromatographic cond itions were: helium ca rrier gas flowrate 65 ml / min and 
the ratio of H2: He: Ai r was 1.:1:7.- Column oven was temperature programmed 
from 600 to 3000 C at programmed r ale of 7 . 50 C/ min: 

HI~SLJ LTS AND DISCUSSION 

The typical separat ion of the methylene chloride extracts from 
the soil after the standard hyd r ocarbon mixture and three volumes of wash 
water had passed through one representative soil are shown in FIGURE 2. 

The percent of hydroca rbons, i.e., n-alkanes (C 6-C17), l-alkehes 
(C 5-C10), benzene and n-alkyl (C1-ClO) benzenes and n-alkyl (C1-C10) 
benzenes adsorbed by four di ffe rent soils, i. e., "Zero" !:oil (reference 
soil), Villanova University Campus soil (Villanova, Pennsylvania), 
Sugartown News Apartment soil (Devon, Pennsylvania), BrynMawr railroad 
ground soil (BrynMawr, Pennsylvania ), and a sludge samplE: are calculated 
by the following equat ion: 

where ASE 
% Hydroc a rbon .Adsorbed by Soil = (ASE / AS) x 100 (1) 

Peak areas of methylene chloride extracts from soil after 
passage of standard mixture and three volumes of wash water. 

~ Peak area of the standard hydrocarbon solution . 

FrGUR~ 3 shown one r epresentative methylene chloride extract from soil 
after passage standard mixtu re and three water wash i ngs . 

The percent adsorption of n-alkanes, 1-alkenes, benzene and 
n-alkyl ben zenes a re ~ hown in TABLE I , II, and III. FIGURES 4, 5, and 
6 were the adsorption ct.: r ves that obtained by plotting t he percent 
adsorrtion of va riou s hyd r ocarbors on soil versus the nl~ber of carbon 
atoms in the SEries . 

The adsorption of these series of hydrocarbons increased as the 
carbon atom number increased and the order of hydrocarbons adsorbed on 
the soil were in the order of aromati c l-alkenes n-alkanes (when 
compared to the same number of carbon ato~s. 
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TAB 1.1': i Til E ADSOHI'TlON ' I'EHCI':NTAliE OF N-ALKANE ( C6 - C ) SOIL AND SLUDGE SA~1P LJo: S 
. 17 

, Msorption* 

Soil S5Il>1e I Ca) Soil ~le II (h) Soil Sallple III Ce) Sludqe SaIIpl. 

n-Hexane 
n-Heptane 
n-<k:tane 
n-Ibnane 
n-Decane 
n-Un:lecane 
n-DxIecane 
n-Tridecane 
n-Tetradecane 
n-Pentadec_ 
n-Hexadecane 
n-Hept.adecane 

o 
o 
0.27M.00 
0. 53+0.00 
0.57+0.00 
0.86+0. 00 
1.8A+O.I0 
3.17+0. 10 
5.92+0.10 
8. 72+0.20 
9.94+0. 20 

12.04;£0.20 

o 
o 
0.26+0.00 
0.51+0.00 
0.78+0. 10 
1. !'8+O.10 
2. 2A+O. 10 
3. 4A+O. 11) 
5.'18+0. 10 
7.62+0.10 

10.71+n. 20 
12.1~.20 • 

o 
2.03+0.10 
0.57+n.00 
1.111+0.11) 
1. 44+n. 111 
1.(;,,+0.11) 
1.'17+0.1/\ 
2. 5f;+n. 111 
2.22+11.111 
2.77+n.l0 
2.51+0.11) 
2.46:£0.10 

o 
2.2ft+ft.ll) 
1.112+0. 00 
1. '1:1+0.111 
1. 77+0.111 
1.41+0.111 
~.lo+n.ll1 
7."'1+0.111 
2.6.+11.111 
3.J1+n.ln 
3.2(;+41. 10 
3.uIo·I0 

• 'Msorptien cbtained fran D:juation C .. , . I 
Triplicate injections on to gas chranatoqraphic 001"", far each of the .Lx .,11 00111Ma. i •••• 
eighteen measurenents total . 

Ca) Villarova University <:antus Soil 
(hI Sugartcwn HeoIs Apartment Soil 
(e) Bryn Mawr Railroad Soil 

TABI"Jo; 2 THE AU SO HPTlON PEHCENTAla·~ 01' .L -i\L KENE (G
5
-C J.O) ON SOIL 

AND SLUDG E SAMPLES 

l ,-Pentene 

l - Hexene 

l-Heptene 

1~ 

I-MJne:ne 

l-Decene 

, M sorytlon* 

Soil Sanp1e I Ca) Soil Sanple II (h) Soil SanPle IIi (e) 

0.16+0.00 

0.67+0.00 

1.12+0. 00 

1.11+0.00 

1.95!,O. 00 

2.19~.05 

o 

0.7ft+ft.OO 

1.))+0.00 

1. 96+0.05 

2 . 03~. 05 

2.58~.05 

/\ 

1.3A~.00 

2.4~.O~ 

2 . 81~.05 

3.4~.05 

3.14!O.05 

Sludqe Sallple 

II 

.0 

n.17~.M . 

1I.21!O. on 

0.25!O.05 

O. 29!Q. 05 

• , Ad8orpt:ien cbtained frtJII D:Juatien (J ' ) I Triplicate hlj-=t:icna en to CJU ~toIJRph1c 
001"", far each of the six 11011 00111MS, i.e. , eighteen ___ l'IIeI'Ita tDtal. 

Ca) Villanova University Soil 
(h) &Jgart.own Hews Apartment Soil 
(e) Bryn Mawr Railroad Grourns Soil 

TABL E: 3 'nil'; AlJSOIWl'lON PlmCENTAGE OF BE~NE AND ·N- ALKYI:. ( C -C ) 
B1~: NZI': NJo:S ON SOIL AND SLUDGE SAMPLE S .. ..0 

, J\d!lOrptieni 

Soil Sarrp1e I Ca) Soil Sanple II (h) 
tel 

Soil Sample III Sludge sample 

Benzene 
'nlluene 
Ethylhenzene 
Propy lhenzene 
Illty lhenzene 
Ivrry lbenzene 
Hexylhenzene 
Heptylhenzene 
Octylhenzcne 
lbny lhenzene 
Decylhenzene 

0. 83+0. 00 
0.82+0.00 
1.45+0.00 
2.03+0.05 
2.42+0.05 
4.55+0. 10 
6.00+0.10 
7. 00+0. 15 
8.16+0.15 
9. 62+0. 15 
9.92+0.15 

1.41+0.00 
1.40+0.00 
1. 42+0.00 
1.97+0.05 
2. 80+0.05 
5.67+0.10 
8.26+0. 15 
8. 26+0.15 
8. 87+0.15 

10.17+0.15 
10.69;£0.15 

1.30+0.00 
2. 80+0.00 
4.45+0.01) 
5.58+0.05 
5.56+0.05 
7.59+0.10 
7. 64+0. 10 
8. 63+0.15 
8. 27+0.15 
9.37+0.15 
8.63Io·15 

0.16+0.00 
0. 17+0.00 
0.17+0.00 
0.16+0.00 
0.16+0.00 
0.18+0.00 
0.20+0.00 
O. 32+Q. OO 
0.39+0.00 
0.42+0. 00 
I).U!o.OS 

• , Msorption cbtaino:l fran D:juation " ), Triplicate injecticns en to gall c:hraIatographie 
0011ll1rl for each of the s ix soU 001unns,i.e., eighteen ~tll total 

la) Villarova University Canpls Soil --- . 
(h) Sugarto.m Mews Apartment Soil 
Ie) Bryn Mawr Railroad Grooms Soil 



rt tplfRE' ro f 'SS _~()/ t SA.'IPtE CtJtu~W 

FlGUPE t CII 'W144.T<l'JlA./.I OF ST~I.JVAI\V " -At KA'iE r.1IJTUJlE PASS EO TflJlOUGH SOIL 

Cl! tlIlI\II ~IJV p\fTlIYlFlJr Cfill'RIVt: f)CTRACTS (IF J'~lltlla,3.\({ (I'ATER WASHIIiGS 

L 

I. 

1 _ 

). 

t . 

S. 

5. 

Ca) Standard " Alk .. "~ MUlture P,asll ed Throll .h Soil CO\ ur"1Ii 
Ib' Meth ylene Chi 0 rif'h: £xt ra (" 1 of ,:Jra.er W •• hin. 
eel Meth .,leq. Chlo r ide Extnet of l dWa,e, " •• hln, 
Cd) Meth ,.h". Chlorida Extract of )' Wate .. W •• hllll, 

Id) 

___________ ~I. Ie) 

! I. 1. ,. 
Time I Minute' 

MM tTy I,.,... ('Mar Mf! lSoI...,.) 1_ n-lh'Ih-....,. 

n - IIMt.\ , te t_ n-[h~.AI'W! 

""'11o·'~t .v..., ' - n-TrII1""C""", 

~·O"'lJ1r .. 10 . n-~txwkane 

n-fhr~l"" -11. "...rentN'~Ane 

n-Orof:.." .. 11. I't-I~'ee&l'll! 

ll. ft-"11rpt~ 



nGup.r 1 Cl/Il<»tAT (XOR~I.{ OF ~rT/l yu: .1I1 ('IIUJRIVE EXTRACT FROM 8RY~ MAWR 

PA.IW1\D SOIL AHER P-\SS.4,SE N-A,UJWE STNJDARP HIXTURE AND THREE 

(~~ 1 [R W~S// I ~ ~S , 

L. 

1. Methylene Chloride (Solvent) 
). a - Herta". 
4 . D-Ocl ane 
S. n - Non .. ne 
6 , D · Dec a'!'!fI 

1 . n - Undecan" 
8 . n . DC'de c.ne 
9 . D·Trldec ane 

10 . n - Tetrade canf': 
Il , n · PenUdecane 
lZ . n-Uexadec ane 
I) . n - Heptadecane 

10 

T~m. ( Minute' 
20 '0 

rrr.lIJ::f 4 A,DSO:;:PTI ''N ClIp.vr OF "' -ALKWE(C6-CI1J SERIES 011 SOIL ANV 

SlUD~E S"' lPlf ~. 

1" . 00 

" Z.r o Soli" 

'It Vllbn o va Untver ,lt y SoU 
12 . 00 

SUR atl nwn Mew . ApArtment Soil - .---· a.yn '1oWr Pal lrood SOU ~' } (Behind Skehon Oil Company' 

~ L..loon Stud •• 

W · 10 . 00 7 i 
7' r;; 

! ~., 0 
8.00 

'" 

l l 
ft ,OO '1/ .., 

'/: ~ 

· ,;; ~ 
~ 4 .00 
c .,. 

1.. DO 

~ 

0, DO 

C . <: 8 C. C ,O COl Cu C
II C , • C" C

16 
C

Il 
a _Alkane 

18R 



FI(;IJR[ 5 .\VSOI'PTlfW CU , VE or I - AL KEIJE (es -e,ol SEInes Oil SOIL ANf) 

SLlIOOf SAMPLE S. 

· Ii. 
E 

" · l' 
Iii 

1 · '" .:: 

.. 
~ 
: 
" " 
J 
~ 
~ 

4 . 00 

'.00 

1.00 

t. 00 

"l .• ro Soil" 
Vi.lIan o". Unllle,.lly Soli 
Su •• rtown Me"". Apartment 
Soli 
thyn:Mr9wr flall.rnotd !='<ttl 
(Oe hlnd Skelton 00 Com 
La,Gon Sl~ 

C, 
I - Al kene 

c, 

Fl r.It!)!' 6 A7lS0J?i'TIO'I CURVE J F flEr/ZE'l c MID 'I-ALKYL (e,-e,Ql BHIZENES 

0'1 SOIL A!Jfl SLUPc.r: SA.'1PLES . 

i 
E n .oo 

" · "Zero Soli" · 1 
Iii 

! 10 . GO 

~ 

Vi ll_",,.,. . Uni",er , ity Soil 
SUI.J. rt own Me .... . Ar. ,1m."' Soli .-'" 
B ry " H/Iwr RallfTWd ~1l • fill"" 
teeh i nd Skelton Oil C omp,, " y~ 
w.Gon Siuda_ • 

I .. 1 . 00 

~ 
: .. ., 

i ' . 00 

· ! 
" :c 4 . 00 

.. 
1 
! z.oo 
: 
" .,. 



ASBESTOS, ALPHA QUARTZ.~ O'rfrER WORKPLACE ENVIRONMENTAL CONTAMINANTS 
~ 

IN NORTHERN AUSTRALIA 

HOW USEFUL IS X-RAY DIFFRACTION AS AN ANALYTICAL TOOL?? 

R V Schul z 

No rthern Territory Department of Mines and Energy, 
Darwin, Australia , 5790 .. 

A Rigaku Geigerf/ex X-Ray Diffractometer was carrmissioned in Darwin in 
7987 for Occupational Hygiene monitoring, principally for the analysis of 
alpha quartz in respirable dusts. Sample transportation problems from 
remote sites and ana lytical interferences from associated minerals have 
been overcome. Results have supparted installation of dust suppression 
measures in quarries and mines and have shov.n the need for frequent 
routine monitoring. X-Ray diffraction is a fast and effective method for 
identifying asbestos in building and insulation materials. Most samples 
require grinding as the only pretreatment but for others interfering 
substances must be removed or converted to non-interfering crystal fonms. 
Limi ted use for X-Ray di ffraction has been found in mani toring other 
contaminants. 

INTRODUCTION 

The Northern Territory is the last major area of Australia still in the 
early stages of development. Formerly under the direct control of the 
Australian Federal Government in Canberra , it was granted self-government 
(with most of the powers and responsibili ties of state government) in 
1978. The newly formed government in its quest for development through 
mining realised that priority had to be given to protection of employees 
in their workplace environment. Accordingly an Occupational Hygiene 
Br anch was established within the Department of Mines and Energy early in 
1981. 

The mining and quarrying industries are the largest employment group in 
the Northern Territory. The major health hazard, common to most branches 
of these industries, is dust, particularly dust containing significant 
amounts of free silica. 

45 
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There are 6 major mines and 8 permanent quarries in the Northern 
Territory where the workforce is monitored for exposure to respirable 
free silica on a regular basis. Smaller mines and mobile quarries are 
also monitored intermittently. The National Health and Medical Research 
Council (NHMRC) threshold limiting value (TLV) for an 8 hour shift , is 
currently 200 pg and will s oon be reduced to 100 pg. Analysis of samples 
requires a method of detection limit well below this and even lower for 
shorter term sampling. The method must be mineral specific, distinguish 
between crystalline and amorphous phases and be either free of 
interference or able to overcome -interference. Because of the' large 
number of samples involved, it is highly desirable that the method 
require minimum sample pretreatment. In nearly every case, X-Ray 
diffraction satisfies all of these requirements. 

The isomers of free silica are cristabolite, fused silica, alpha and 
other quartz and tridymite. By far the most common and to date the only 
isomer found in samples taken in the NT is alpha quartz. 

An X-Ray diffractometer was commissioned towards the end of 1981 as the 
analytical support for extensive programs to monitor worker exposure to 
alpha quartz. 

Asbestos has been recognised for some years as being extremely toxic and 
its usage is restricted in modern materials. In the past, however, 
asbestos was a common constituent of construction and insulating 
materials. Age is now causing deterioration of these materials and they 
become potentially hazardous to those working with or near them. Recent 
television programs and other media publicity on the dangers of 
inhalation of asbestos fibres have created an acute awareness amongst the 
populace of the Northern Territory. One program, in particular, showed 
the results of inhalation starkly and dramatically and had such impact 
that any material suspected of containing asbestos is now quickly brought 
to the attention of employers and/or government authorities. Trade 
unions have been quick to register concern for the well being of their 
members. Fast identification is required to protect health if asbestos 
is present and to minimise work hold-ups if the material is asbestos 
free. X-Ray diffraction offers a rapid means of identifying the presence 
and type of asbestos mineral (1). X-Ray diffraction is now routinely 
used as a fast, reliable means of determining whether or not asbestos is 
present and to characterise its mineral form. 

Copper, bismuth, aluminium, manganese, uranium and lead bearing minerals 
are produced by major mines of the Northern Territory. X-Ray diffraction 
may be used to assist evaluation of the degree to which these minerals 
and those crystalline materials used in their treatment endanger the 
workforce. 

INSTRUMENTATION 

All measurements are .carried out on a Rigaku model "Geigerflex" 
microprocessor controlled semi-automated X-Ray powder diffractometer with 
3 KW X-Ray generator, wide range vertical goniometer, diffracted beam 
curved crystal monochroma t or with graphite crystal, forty-three place 
automatic sample change~nd sample s pinner. X-Ray source is a 2.7 KW Cu 
broad focus X-Ray tube and detection is ~y. ~intillation counter. 
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Australia . How Use f ul Is X-Ray Difracti on As An Analytical Tool? 

The instrument configuration allows 20 combinat~ons of 20 different 
parameter programs for 43 samples. However, all scan annotation and 
interpretation and count data m~nlpulation must be done manually. --In over two years operation, the only serious fault has been a gradual 
deterioration of the scintillation crystal due to moisture absorption. 
The original crystal has now been replaced. 

RESPIRABLE FREE SILICA 

A number of X-Ray diffrac t ion methods have been proposed for the analysis 
of alpha quartz in resp i rable dust (eg 2-7). The method of Altree -
Williams et al (7) where the sample is analysed on a collection medium 
which provides reasonable adhesion during transportation has the 
advantage of virtually no sample pretreatment. The filter on which the 
sample is collected is laid over a silver membrane filter. The 
attenuation of a diffracted Ag line by the deposited sample is used as a 
measurement of the sample mass absorption coefficient. The weight of 
alpha quartz on the filter is then calculated from the equation 

MQ 

where 

IiQ 

SAg = 

1° 
Ag 

I Ag 

8
iQ = 

IiQ sin SAg 1n IOAg 
I Ag 

KiQ 1 - exp [- ln IOAg sin ~Ag cosec ~iQ] 
I Ag 

K. is a constant dependent on analysis conditions, area of 
s~gp1e deposition and the quartz diffraction line used 

intensity of quartz diffraction line i 

angle of incidence of the X-Ray beam to the filter at the Ag 
dif fraction line 

intensity of diffrac ted Ag line with a blank sample filter 
overlay 

intensity of di f fracted Ag line attenuated by the sample 

angle of incidence of the X-Ray beam to the filter for quartz 
diffraction line i 

KiQ is determined from standards of pure quartz on filters 

Sample Collection and Transportation 

Dust monitoring programs are carried out both by Government Authorities 
and by the larger mining companies. The ultimate objective is to have · 
all active mine and quar ry operators responsible for their own routine 
sampling with the Government running periodic parallel check programs. 
All analyses, however, are carried out at the Occupational Hygiene Branch 
Laboratory in Darwin. At present this service is free of charge. 
Fortu~ate1y, because nearly all of this monitoring has been initiated 
since the establishment of the Laboratory, sampling techniques and 
apparatus have a high degree of uniformity throughout the Northern 
Territory. 
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Collection Filters. To utilise the above method t o fullest advantage, 
the collection medium must: 

(l) have low and uniform mass absorption; 

(2) give low diffraction background in the region of the analyte lines; 
and 

(3) retain the sample intact during transportation. 

Separate calibration is required for each type o f filter used for 
collection. Several filter types were tested and calibrations 
established for 0.8 V nuclepore polycarbonate and 0.8 p millipore mixed 
cellulose acetate and nitrate filters. Nuclepore filters offer ~ 

significant advantages for criteria (1) and (2) above and are now used 
exclusively. The sample chamber of the X-Ray diff r a ctometer requires 
that 25 rum diameter filters be used. 

Although sample weight is not needed for the diffraction calculation of 
alpha quartz, it is often desirable to monitor total respirable dust 
exposure. The filters are therefore pre-weighed and re-weighed with 
their sample load using a Mettler M3 microbalance with a Cahn I nstruments 
model 1269 electrostatic charge dispeller in the weighing chamber. 

Sampling Apparatus. A number of suitable sampling pumps are commercially 
available. The most commonly used in the NT are the American Mine Safety 
Appliance Co. model G with pulsation dampener (MSA part no. 456058). 
These are now being superceded by an MSA electronic pump offering much 
improved load-flow compensation. A 10 position battery charger rack with 
its full complement of pumps is taken on extended field trips by 
Government staff. ~u~ps are calibrated pre and post sampling by the soap 
bubble technique using an inverted one litre burette (Haluglass, 
Melbourne). Flow rates are maintained in the range 1 .90 to 2.10 litres 
per minute. 

All filter cyclone heads for respirable dust sampling show preferred 
deposition areas on the filter and the position of t he se preferred areas 
varies with cyclone type. It is therefore nece s sary to prepare 
calibrat ion standards with the same cyclone model used for sampling and 
desirable that the one cyclone type be used in all monitoring. This 
uniformity has been achieved in the Northern Territory , the model chosen 
being the Casella T13026/2 (Casella London Ltd). These cyclones tend to 
concentrate sample at the centre of the filter. 

The success of any personal sampling program is wholly dependent on the 
co-operation of the person being sampled. This co- operation is partly 
achieved by communication but a major consideration is comfort. Working 
conditions in Northern Australia, as in many Asian countries, are harsh 
climatically. For the greater part of the year, the far north is hot and 
humid and further ao~, towards the centre of the continent, extremely 
hot and dry. Workmen ·wear the minimum acceptable light clothing and 
resent added incumbrance and any impediment to the ease o f carrying out 
their duties. To reduce these difficulties, Sam Brown belts were 
purchased from an army ~urplus dispos.al store and converted to carry 
sampling equipment. The cyclone is attp~h@Q to the s houlder sash near 
the breathing zone and the pump suspended from the waist band at a 
position suited to the duties of the wearer. 
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Tra nsportatio n . The Nor t hern Territory is sparse _y populated - 130 000 
people over 1.25 mil l ion squ c. lti lome t ers - and _he population centres 
and mine a nd quarry [.;i t es are widespread ( s ee '"M gure 1). Samples may 
have to be transported up to 400 kIn by dirt road and up to 1 500 km by 
air. Retention of samples on membrane filters during such transportation 
is a major problem. The following procedu re lias p~oved successful: 

Al l samples are retained j n the aluminium casse ttes in which they 
are placed int(l the cycLone head. After sampling, the cassettes are 
placed in re-usable tr;][lsit boxes (Casella T l3810) clearly ' marked 
to jndicate the position which maintains filters with sample side 
uppe r·most. Ench box holds si}: samples. The samples are then held 
on-site until they can be brought t o Darwin b, personal carriage. 
BecaUf' Deparlment of Hines and Energy staff regularly visit all 
mine and quarry sites tit is dnes not result in unacceptably long 
delays. By ensuring th:ll the samples are only handled by personnel 
who underst and their del Leacy, it is r are that samples are damaged 
t o the extent that they require re-fil tration or have to be 
discarded . 

Before the er;tablishme nt of X-R:1y diffraction facilities in Darwin, 
samples had to b e transportPl1 to interstate capital cities for analysis. 
Persona l carriage to these centres was imprac tical. 
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Difiractometry 

No su itab le s pecimen holders for filters were available for the Rigaku 
X-Ray di ff ractometer with m- t: i sample changer at the time of 
establishment of the analytical method. Aluminium'"'holders were designed 
and machined in Darwin, but the se were found to have an electrolytic 
reaction with the si lver filters. Finally, inert plastic holders were 
manufactured by Ana lytron, Sydney. Samples are held in place with a 
circular bras s clip. 

All measurements are ca rried out us ing a 2.7 kW broad focus copper anode 
tube at 5u kV, 40 rnA with pulse height selection and sample spinning. 

Divergence ts of 10 « 40 0 29 ) and 2 0 
() 40 0 29) and receiving slit of 

0.3 mm are used. Each salllpl e is scanned over Ag (ut), Ag (200), alpha 
quartz (11 2), alpha Quar t z (101) and alpha quartz (100) diffraction 
lines , the line peak being centred in a scan of 10 28. Step scanning 
with 10 second counts at 0.05 0 28 intervals is used. Background is 
measured at the start and [ inishing points of the scan and net peak area 
counts print ou I" automatica lly. A corundum standard monitors instrument 
drift. 

Calibration Sta ndards 

Selection of a suitable cal ibration standard is no less important than 
for any other analytical procedure. It is. however, more difficult than 
usual because, as well as the possibility of contamination from 
impurities, alpha quartz develops a surface amorphous phase. Naturally 
occurring quartz varies in the degree of this amorphous character (8) 
which also increases with increased grind time. 

A large, high purity, single quartz crystal from Mt Isa, Queensland was 
selected as suitable standard material. A 20 g aliquot of this was 
ground for 30 seconds in a Rocklabs ring grinder. 

Standard filters are prepared with the same type of sampling apparatus 
used in the field. The cyclone head is suspended in a dust chamber and 
samples a dust cloud generated from the standard alpha quartz at a flow 
rate of approximately 2 litres per minute. In this way particle size 
distribution, preferred orientation effects and filter impact velocity 
are similar to those in monitoring samples. 

K
iO 

values calculated from standards prepared from this material compare 
fa~ourably with those from standard alpha quartz from the United Kingdom 
which other Australian laboratories confirm as 93 ± 2% crystalline alpha 
quartz (ta ble 1). Results are the mean of four samples prepared from 
each standard material. 
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TABLE 1. 

Quartz Line 

(hkl) 

112 

112 

101 

101 

100 

100 

Interferences 

COMPARISON OF ~iQ VALUES FROM ALPHA QUARTZ USED AS A 
STi\NDARD IN TH~ NORTHERN TERRITORY WITl. THOSE FROM A 
93 ± 2% CRYSTALLINE ALPHA QUARTZ STANDARD 

Ag Line 

(hkl) 

200 

111 

200 

III 

200 

III 

K'Q NT Standard 
1 -1 

(net counts pg ) 

9.2 (± 3.2%) 

9.2 (± 3.3%) 

46.0 (± 2.6%) 

45.2 (± 2.0%) 

7.0 (± 2.2%) 

7.1 (± 1.6%) 

KiQ 93 ± 1% Standard 
-1 

(net counts pg .) 

8.4 (± 2.0%) 

8.4 (± 2.3%) 

42.3 (± 3.1%) 

42.1 (± 2.9%) 

6.2 (± 2.8%) 

6.5 (± 3.5%) 

If other minerals in the sample have diffraction lines overlapping the 
analyte line, the appa rent result is enhanced. If overlap occurs at the 
angle of background measurement, the apparent result is reduced. 
Interference may also occur in the region of the Ag diffracted lines. 
For lightly loaded filters this is not likely to be of significance 
because of the high relative intensity of the diffracted silver line. 

When the mineralogy of the sample site is not known, the filter sample is 
scanned at 10 20 per minute and all phases identified. A bulk dust 
sample is taken from the site and also scanned to assist in identifying 
phases where diffraction from the sample is of low intensity. 
Concentration of minerals in the bulk sample is rarely the same as on the 
filter mainly due to variations in particle size distribution from the 
crushing process and density separation during air transportation. 
Interference free quartz and Ag measurements are then selected. 

For follow up sampling in areas where knowledge of mineralogy indicates 
interference to be unlikely, alpha quartz (112), (101) and (100) and Ag 
(111) and (200) lines are all measured. Using combinations of these 
measurements, six values of quartz loading are obtained and comparison 
indicates whether or not interference has occurred. The laboratory 
instrumentation allows automation of counting and calculation but not 
scan identification and in this way chemist manhours are conserved. 

Rock types mined or quarried in the Northern Territory range from near 
pure quartz at Emily Gap (near Alice Springs) and Tennant Creek quarries 
to very low quartz bearing bauxite at Gove, manganese oxides at Groote 
Eylandt and chloritic and micaceous schists at Ranger Uranium mine. 
Significant interferenc~ is encountered in. samples from five of the 
fourt0 e n sites regularly monitored. • ~-
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Katherine Quarry. Rock i s mainly dolomite with ,linor calcite, mica, 
microcline and quartz. The dolomite (018) line over Laps Quartz (112) and 
this lille is therefore not used. icrocline (100) overlaps the normal 
high angle background meas uring" position for quar~ (101). Baseline is 
steady at these angles and a useful compromise is to background correct 
from the low ang le measurement only. Similarly, low angle background 
measuremen t is used for Ag (200) where dolomite (202) interferes at the 
high ang le background position. Quartz (100) and Ag (Ill) are free of 
interference. 

Undoolya Ouarry, Alice Springs. Quartz and plagioclase are the maj or 
components here with minor hornblende and orthoclase. Quartz (112) is 
unreliable due to plagioclase interference. Careful selection of 
backg round <- lOt position is necessary if the Quartz i101) line is to be 
used. Both silver lines and the quartz (100) line are free of 
interfe rence. 

North Quarry, Alice Springs. The rock is dolerite, mainly hornblende 
with minor oligoclas e and trace quartz . Hastingsite (041), (150) and 
(240) lines int-e rfere with normal background measurement of the quartz 
(101) line . C<lr eful selec tion of count position can overcome this. 
Quartz (100) and (112) lines are of low intensity and have hornblende 
line overlap. 

Mount Bundy Quarry . Rock is feldspathic with minor quartz. Quartz (100) 
and (101) lines are overl apped by feldspar lines. Quartz (112) is free 
of interference. Feldspa r lines interfere with positions of normal 
background measurement for Ag (111). Quartz (112) and Ag (200) are used 
for calculations. Although total respirable dust loadings are often 
high, quartz concentration is low. 

Batchelor Quarry. Quartz is the major component with minor mica, 
feldspar and clays. Minor enhancement to Q (101) from mica is 
experienced. All other quartz and Ag lines are free of significant 
interference. 

Although care is necessary in selection of analyte lines and background 
measurement positions, this X-Ray diffraction method has been applicable 
to all samples rece ived to date. 

Results 

Tables 2 and 3 show the range of exposure to workers in the maj or 
quarries and three mines ",here levels approach or exceed the Australian 
National Health and Medical Research Council limit of 200 pg alpha quartz 
per cubic metre of air for an eight hour shift (9). The crystalline 
alpha quart z concentration range for dusts at each site is also shown. 



TABLE 2. 

~ QUARRY 

ABM, Darwin 

DCM, Darwin 

Batchelor 

Mt Bundy 

Emily Gap, 
Alice Springs 
-
Undoolya, 
Alice Springs 

Tennant Ck 

Katherine 

TABLE 3. 

RESPIRABLE ALPHA QUARTZ EXPOSURE OF QUARRY WORKERS IN THE 
NORTHERN TERRITORY 

ALPHA QUARTZ 
-3 

( pg m ) 
% CRYSTALLINE 

DRILLER CRUSHER LOADER TRUCK TUNNEL BULLDOZER ALPHA QUAlITZ 
OPERATOR DRIVER DRIVER ATTENDANT DRIVER IN DUST 

1900 110 80-240 310 10-50 

90- 330 90-540 90 10-40 

300-1400 310 360 35-45 

100 70- 280 320 4-10 

920-4300 85-4900 100-230 2500 2000 20-50 

2800 290-670 40-100 200-530 7-20 

150-240 320-560 10-20 

10-160 110-210 4-11 

RESPIRABLE ALPHA QUARTZ EXPOSURE OF SOME MINE WORKERS IN 

THE NORTHERN TERRITORY 

ALPHA QUARTZ 
-3 

( pg m ) 
% CRYSTALLINE 

~ 
DRILLER CRUSHER LOADER TRUCK MINE MILL SAMPLE ALPHA QUARTZ 

MINE OPERATOR DRIVER DRIVER WORKERS OPERATOR PREPAR IN DUST 
ATION 

Noble's 
Nob 20-1600 10- 50 3-8 

Plenty . 
River 100-2200 5- 80 70 15-45 80-190 25 9-16 

Ranger 
Uranium 5-70 5- 150 5 10-60 5-15 5-115 3-36 
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Det a iled discussion of these results is beyond the scope of this paper. 
Some aspects are, however , worthy of brief comment. 

Essentially, they have provided the· information neeessary to enforce the 
installation of dust suppression equipment to operations of high risk and 
have supported temporary s hutdown of some plant until these measures have 
been made effective. 

The variability of results from day to day for many of the operations 
shows the nece ss ity for regular sampling at frequent intervals. 
Spasmodic monitoring progr ams by government officials are not sufficient. 
In the Nor thern Territory, responsibility for routine sampling is being 
placed on the operating company and the validity of this sampling checked 
by less fr equent government monitoring. The large- number of samples 
generated by these programs can easily be handled by the above X-Ray 
diffraction technique. 

Workers in air-conditioned cabins of earthmoving equipment and haulage 
trucks of ten express the opinion that they are not at risk to excessive 
silica exposure . Personal monitors sometimes contradict this. Levels as 
high as 500 p g m- 3 alpha quartz have been recorded for drivers of 
airconditioned trucks. 

In interpreting results consideration must be given to the fact that 
Threshold Limiting Values are set for an 8 hour shift. Mine and quarry 
workers frequentl y work 10-12 hours per day. 

ASBESTOS 

Asbestos-Containing Materials 

Although asbestos is seldom used in Australia today, in the past many 
building and insulation materials contained various asbestos minerals 
from a few percent in pipes or plasterboard to near 100% in woven 
lagging. These materials are frequently used where conditions are 
extreme - eg boiler rooms, engine exhausts, factory roofs and ceilings -
and degradation from heat, moisture and vibration rapidly occurs causing 
fracturing, peeling and flaking and releasing particles and fibres into 
the workplace atmosphere . 

Materials investigated include: 

ceilings and wall flakes; 
dust; 
wall panelling; 
acoustic tiles; 
steam pipe woven lagging; 
steam pipe foam insulation; 
steam pipe fibrous insulation; 
water drum lining; 
diesel exhaust lagging; 
fibrous sheeting; 
ships funnel lagging; 
air conditioner insulation ; 
electrical cable insulation; and 
solvent cupboard doorseal. 
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Seventy percent of samples examined to date have been f ound to contain 
asbestos. The most commonly occurring asbestos minerals are chrysotile 
and anthophyllite. Most woven pipe insulation lagging contains 
chrysotile, often in very high concentrations. With age and exposure 
this becomes brittle. This type of material is often used on suspended 
pipes near heavy machinery or boilers, is subject to vibration and can 
pose an unacceptable hazard to workers. At least three major 
installations have been faced with the difficult and expensive task of 
removing this material. Anthophyllite occurs in building ID?terials 
usually in association with other components. Contamination occurs when 
coatings crack and peel, flaking occurs and particles are released into 
t'he atmosphere. 

Incidence of crocidolite and amosite has been less frequent and generally 
in lower concentration but at times associated with other asbestiform 
minerals. 

Analysis 

For 90% of samples the method is simple. The sample is dried, broken up 
and an aliquot ground for 3 minutes in a Rocklabs ring grinder. The 
powder is hand-pressed into a standard specimen holder and scanned from 
60° to 5° 29 at 1°29 per minute. A copper anode broad focus X-Ray tube 
is used at 50 kV 40 rnA, curved graphite crystal monochromator, 1° 
divergence slit, 0.3 mm receiving slit and scintillation counter. All 
components are identified. 

The d-spacings of the reflections of greatest intensity of the four most 
common asbestos materials are shown in Table 4. 

TABLE 4. D-SPACINGS OF THE MORE INTENSE 01 FFRACTION LINES OF THE 
COMMON ASBESTOS MINERALS 

d Rela tive hkl 
Mine r a l AO Intensity 

Chrysotile 7.3 100 002 
4.56 50 020 
3.66 80 004 
2.50 50 

202 2.45 65 
1. 53 65 060 

Crocidolite 8.3 100 110 
4.50 25 040,021 
3 .10 55 310 

Anthophyllite 9.3 25 200 
8.9 30 020 
8.3 55 210 
3.25 60 421,440 
3.05 100 610 , 501 

Amosite --- 8.2 ·100 110 
3.25 20 • 240 
3.06 11'5 310 
2. 76 20 151 
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Pre fe rred orient a t ion may d i s t ort re l ative peak i nt ens ities. 

The presence of other, non asb ~t so; components can h inder identification 
by dilution and by l ine overlap . Gypsum and o t Rer calcium sulphates, 
calcite a nd other calcium carbona t es , magnesium s ulpha tes and carbonate, 
sodium a nd calcium sili ca te s , cellulose , f i bre glass, rutile (from 
paint), quartz and clay a r e among t he mo r e f requently encountered 
materials i n various comb i na t ions . Hagnesium sulphates and other water 
solubles are readily removed by hot wa ter leach. Cellulose and other 
carbonaceous ruat t e r can be bu r nt off . Temperature s s hould be kep"t below 
500°C to avoid altera tion of the asbes t os mine ra ls. The (020) reflection 
of gypsum overlaps chr ysotile (002) and gypsum (041) may mask 
anthophyll it e (61 0), (501), amosite (310 ) and c r oc idolite (310). Gypsum 
may be leached from the ma terial wi t h ammonium ch.loride solution or 
converted t o anhydrite by hea ting anhydrite not diffracting with 
signi ficant in t ensity nea r thes e lines . Calcite (100) may overlap 
amo s ite (3 10), anthophyll it e (610), (501) and c r ocidolite (310). These 
three asbe s t os mine ral s :1 re re s i s tant t o acid a tta ck and calcite and 
other ca rbonates ma y be remov ed with , for example, dilute HCl. 
Chrysotile ma y r eac t with the acid. Calcite and gy psum a re often present 
in high concentration in bui lding a nd insulation mat er ials. 

The pre s ence of any amount of a sbestos in ma t e r ials is considered 
haza rdous and quantificat ion is not normally required. Investigations 
are, howeve r, cu r r e n t l y be ing und ertaken t o det er mi ne the feasibility of 
a double d ilution X- Ray diffrac t ion technique of quantitat ive analysis 
(10) . 

X-Ray diffrac tion is as ye t not used in t he Nor thern Territory for the 
analysis of samples of a i rborne asbestos fibres . These are sent to other 
laboratories fo r phase contra st microscopy or scanning electron 
microscopy de t ermi na tion . XRD techniques have, howeve r, been suggested 
by other wo r kers ( 11 , 12) and inte r fe rences r e ported ( 13). 

OTHER WORKPU\CE CONTAMINANTS 

The major non-agricultura l industries of the Nor thern Territory are 
manganese mining , t he min i ng and t reatment of bauxi t e and the mining and 
extraction of ura ni um. A smaller lead mine at Pl enty River has employed 
up to 100 peop le . X- Ray diffraction is a potent i al ana lytical method for 
any crystal line material a ssoc iated with t hese industries which may cause 
health problems t o t he wo r kfo r ce . Realis tically, howeve r, the method 
must be compared with othe rs availab le. 

Hanganese in ore may be in several mineral f orms . To tal manganese is 
monitored and atomi c absorption i s a mos t suitable me thod. 

Alumina dust is a po t entia l hazard in work areas adjacent to the calciner 
and post calc ine conveyers in the bauxite treatment pla nt at Gove. 
Particle size is sma l l and diffrac t ion methods are app licable . However, 
threshold limiting value s are the same as total dus t l imits and total 
weight is an adequa t e monjtor . 

Dust cont r ol is stringent in uranium extraction plants. 
monitoring i s t he accepted mea s urement me t hod . 

Radiation 
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Lime is used in association with bauxite and uranium ore treatment. 
X-Ray diffraction is a useful technique as it distinguishes between 
Ca(OH)2 and other calcium compounds. 

Plenty River Mining Company have been mining a mixed oxidized and 
sulphide lead ore. X-Ray diffraction allows distinguishment between the 
lead minerals. Some peak overlap needs to be overcome for quantitative 
work. 

HOW USEFUL IS X~RAY DIFFRACTION? 

X-Ray diffraction is the preferred method for the analysis of f ree silica 
in respirable dust. It is a reliable and usually fast method for the 
qualitative identification of asbestos minerals and has the potential to 
be at least a semi quantitative technique. There are some attractions in 
quantitative X-Ray diffractometry for other workplace contaminants but 
its main usage here under the present Northern Territory industrial 
structure will be in the qualitative identification of potentially 
hazardous crystalline materials. 
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ABSTRACT 

ALthough the phenomenon of s ynergLsm observed wLth mLxture 5 of 
mono- and dLa LkyLtLn s t ab LLL zers for P.V.C. has been known and expLoLted 
fo r ', ome tLme, i. t remaLn ~, Largel.4 unexpl.a Ln ed. Wh LL s t a s LmLLar effe ct 
Ln mLxed metal. (Ba/Cd or Co /In) carboxyLate s tab LLL zers ha s been e LucL ­
dated, me c hanv , t L~ s tud Le s of t he o rgan otL n s ys tems .have hardLy appeared. 
In thL S paper, t Ln-1 19 n.m.r. s pe ct ro scopy has been utLLLzed to study the 
CI ./ mercaptoe !> ter ex change equ LLLb r La of aLk~Lt L n mer captoester (LsooctyL­
thLogLycoLLate) /L hLorLne ~ ompound s WhLCh are produced when organotLn 
mer t: aptoe s ter <. a c t a s stab LLL zer s for P . V. C. The exchange proces s LS 
~, hown to be fa ( i. Le and ba s ed on these observatLon s , a regenerat Lve 
me chan i .. s m ' . '-, pr opos ed to expLa Ln the s ynergL stLc. effec. t . 
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INTRODUCTION 

Chlorine-mercaptoester exchange equilibria have long been known 

to exist in mixtures of dialkyltin dichlorides with dialkyltin bis 

(mercaptoesters)l (]J. 

,. (1 ) , 

R, R' = alkyl 

n = 1,2 

These equilibria have been investigated by means of I.R. spectroscopy and 

N.M.R. spectroscopy and it has been suggested2,3 that such equilibria may 

playa significant role in the stabilization of P.V.C. 

Equilibria similar to (1) which exist in monoalkyltin systems 

have also been studied,l (2), (3). 

RSnCl
3 + 2RSn(S(CH 2)nC02R')3 , :110. 3RSnCl(S(CH 2)nC02R')2 (2) 

2RsnCl
3 + Rsn(S(CH 2)nC02R')3 .. 3RSnC12(S(CH2)nC02R') (3 ) , 

Ry analogy, equilibria (2) and (3 ) should also be involved when mono-

alkyl tin mercaptoesters are utilized as P.V.C. stabilizers. In f ac t , the 

addition of monoalkyltin compounds to dialkyltin mercaptides has been 

,-laimed to boost the performance of the latter compounds (as P.V.C. 

~tabilizers). nimsch and Kuhnert4 reported that the addition of mono­

butyl tin tris(2-ethylhexylthioglycollate to dibutyltin bis(2-ethylhexyl­

thioglycollate) results in a significant improvement in mill stability. 

A full interpretation of these results has not been proposed but 
") 

Nass has suggested that the action of the monoalkyltin compounds may be 

regenerative although no proof was offered. Subsequently, tin-119m 

Mossbauer spectroscopy6 and infrared spectroscopy7 have been util ized to 

study the mode of actiori of organotin stabilizers in P.V.C. This paper 

reports a tin-l19 N.M.R. study of mixtures containing mono- and dimethyl­

tin mercaptoester chlorlJies with the objective of obtair i.rl g an explanation 

.:>i the observed synergistic effects. 



A Tin-119 n.m.r. Study Of A PossibZe Mechanism To Explain The Synergistic 
Effects Exhibited By Mixtures Of Alkyltin Mercaptoesters As P.V.C. 
Stabi lizers 

-• EXPERIMENTAL 

Dimethyltin dichloride t~d methyl tin trichloride were obtained 

from ICN Ph arm aceu ticals Inc. Dimethyl tin bis( isooctyl thioglycollate), 

methyltin tris(isooctyl thioglycollate) , dimethyl tin isooctylthioglycollate 

chloride, dimethyl tin bis(isooctylthioglycollate) chloride and mefhyltin 

isooctylthioglycollate d:ichloride were prepared by previously described 

methods. 1, 8-11 

Equimolar mix tures of the mono- and dimethyl tin compounds were 

prepared by stirring the two compounds together at room temperature. 

The tin-119 n.m.r. spectra were recorded in the Fourier transform 

mode with proton decoupling by using a Varian XL-200 n.m.r. spectrophoto­

meter with an operating temperature of 30 °C. Tetramethyl tin was the 

external reference used. 

The results are shown in TABLE 1. 

RESULTS AND DISCUSSION 

The tin-119 n .m. r . spectra of mixtures of mono- and dimethyltin 

mercaptoester chlorides containing different numbers of isooctylthiogly­

collate (IOTG) groups shall now be examined. 

Mixtures of Mono- and Dimethyl tin Mercaptoester Chlorides Containing 

One IOTG Group 

The tin-119 n .m. r. s pectrum of a mixture of MeSnC1
3 

and Me
2
Sn­

(IOTG )Cl shows absorpti on peaks at -56.0 and + 136. 2 p. p. m. indicating the 

presence of MeS~(IOTG)C1 2 and Me
2
SnC1

2 
respectively. Conversely the 

spectrum of a mixture of Me
2

SnC1
2 

with MeSn(IOTG)C1
2 

indicates t he presence 

of MeSnC1
3 

and Me
2
Sn(IOTG)Cl. These observations suggest that equilibrium 

(4) i s set up via Cl/I01~ exchange . The former reaction proceeds much 

faster than the latter and the addition of excess Me
2
SnC1

2 
to ei t her of 

the above mixtures does no t c ause any change in their respective n.m.r . 

spectra. These results sugges t t hat equilibrium (4) lies strongly t o the 

right hand side. 
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Dilution of the mixtures with hydrocarbon (benzene) and ethereal 

(DME) solvents had no effect upon their spectra, showinG that the spectra 

of the mixtures are not determined by coordination effects. 

Mixtures of Mono- and Dimethyltin Mercaptoester Chlorides Containing 

Two IOTG Groups 

Increasing the number of IOTG groups present in the mono/dialkyltin 

mercaptoester chloride leads to a more complicated situation. However, 

mixtures of Me
2
SnCl

2 
with MeSn(IOTG)2CI, MeSn(IOTG)CI

2 
with Me

2
Sn(IOTG)CI 

and MeSnCl
3 

with Me
2
Sn(IOTG)2 all yield identical tin-1l9 n.m.r. spectra 

indicating that equilibria ( 5 (A and B)) operate in this case. 

MeSnCl 2 
A >. MeSn ( IOTG )Cl

2 

Bl 
MeSnCl

3 
+ Me 2Sn(IOTG)2 

Mixtures of Mono- and Dimethyltin Mercaptoester Chlorides Containing 

Three IOTG Groups 

Mixtures of Me
2
SnCl

2 
with MeSn(IOTG)3' MeSn(IOTG)CI with 

MeSn(IOTG)2CI and Me 2Sn(IOTG)2 with MeSn(IOTG)CI
2 

all give identical 

spectra indicating the existence of equilibrium (6 (A and B)). 

MeSn( IOTG) 3 
A 

Me
2
Sn(IOTG)CI MeSn(IOTG)2CI Me

2
SnCl

2 + '" + 
~ 

1~ 
Me 2Sn( IOTG) 2 + MeSn(IOTG)Cl

2 

Mixtures of Mono- and Dimethyl tin Mercaptoester Chlorides Containing 

Pour IOTG Groups 

(5) 

(6 ) 

Mixing Mesn(IOTG)3 with Me 2Sn(IOTG)CI gives a mixture of 

Me
2
Sn(IOTG)2 and MeSn(IOTG)2CI very slowly. However when the latter two 

compounds were mixed, reaction occurred very quickly to give MeSn(IOTG)3 

. .. -
These observations suggest that equilibrium (7) lies to the left 

hand side. 

RR 



A Tin-119 n.m.r. Studt Of A PossibLe Mechanism To Explain The Synergistic 
E eats Exhibited B ~xtU1'es 0 Alk [tin Merca toesters As P.V.C. 

P.V.C. Stabilization 

MeSn(IOTG)C1 2 + Me 2Sn(IOTG)2 
~ 

The preceding discussion has established the occurrence of facile 

Cl/IOTG exchange in mixtures of mono- and dimethyl tin mercaptoester. 

chlorides. It is interesting therefore to consider the relevance of ~his 

phenomenon to the stabilization of P.V.C. There are many claims to 

synergistic effects obtained with mixtures of mono- and dialkyltin mer­

capto compounds but explanation for these effects had only begun to appear 

recently. 6 , 7 

Ho .. ,ever, the synergism observed with mixtures of bariwn and 

cadmiwn (or calciwn ,d th zinc) carboxylates has been expl ained in terms 

of Cl/carboxylate exchange reactions. 12 , 13 In the case of the mixed 

B~Cd carboxylates, the role of the cadmium carboxylate is to react with 

the chlorine atoms (usually allylic in origin) within the P.V.C. while 

barium carboxylate reacts with CdC1
2 

to regenerate the active cadmium 

carboxylate. These processes, (8)- (11), which are depicted below results 

in the replacement of CdC1
2

, an active prodegradant for P.V.C., with 

inert BaC1
2

• 

P-Cl + Cd(02C•R)2 , P-(02C•R) + Cd(02C•R)Cl (8 ) 

P-Cl + Cd(02C• R)Cl , P-(02C• R) + CdC1
2 

(9) 

Cd(02C• R)Cl + Ba(02c•R) ~ Cd(02C• R)2 + Ba(02C•R)Cl (10) 

CdC1 2 + Ba(02C• R)2 , Cd(02C• R)2 + BaC1 2 
(11)-

(p = Polymer) 

It seems logical to suggest that a similar mechanism would operate in 

mixtures of mono- and dialkyltin mercaptoester stabilizers whereby the 

regenerative process involves either the transfer of IOTG groups from a 

dialkyltin species to a monoalkyltin species or the converse reaction of 

exchange of IOTG groups from a monoalkyltin species to a dialkyltin 

species. 

In an attempt to differentiate between these two possibilities 

Burley and Hutton7 studied the degradation times of P.V.C. samples 

stabilized wi th mixtures of a alkylt in mercaptoesters and mercaptoester 

chlorides. The resul ts of the study indicate that the partial replacement 



of \ either R
2
Sn(IOTG)2 or R

2
Sn(IOTG)Cl (R=alkyl) results in increased stabi­

lization wher~as the converse procedure of partially replacing mono- alkyl­

tin stabilizers such as RSn(IOTG)3 and RSn(IOTG)2CI with R
2

SnC1
2 

does not 

result in increased stabilization. Hence, it seems reasonable to conClude 

that the regeneration mechanism essentially requires the conversion of a 

monoalkyltin salt RSn(IOTG) C1
3 

( x=0 ,1,2) to RSn(IOTG) IC1
2 

and the 
x - x x+ .x 

eonversion 'of adialkyltin salt R
2
Sn(IOTG) C1

2 
(y= 2 ,1) to RSn(IOIti) C1

2 y -y Y -y 
(y = 2, I) to RSn{ IOTG) '1' Cl

3 
• '1'hel"efore , by analogy wi IJ the Ba/Cd car-

y- -y 
bo~l'ate ' syst'ertli t he role of RSrt(IOTG)3 would be similar to that of the 

'rea<lmlfum ' c~li>'o~tate yrhiilst that ofR
2

Sn(IOTG) 2 would be similar to that of 

the barium carboxylate. Hence the regeneration process would mainly involve 

reactiQ'~f ~yt.C;h r- p.s (l~). .i;l,rld (13,) .which are analogous to reactions (ll) and 

~ 19 ~1 .res:pec~i::,ely • 

. , 

2~isnc13 ~ 1 3R 2Sn (IOTG ) 2 

RSn(IOTG) 2CI + R2Sn(IOTG)2 

2RSn(IOTG)3 + 

-~) RSn(IOTG)3 

3R
2

SnC1
2 

+ R
2

Sn(IOTG)Cl 

(12) 

(13 ) 

Work carried by Wirth
l4 

and c o-workers (dehydrochlorination of P.V.C.) 
2'! . 
suggest that neither of the organotin chlorides are prodegradants but that 

each imparts some degree of stabilization to P.V.C. However, the results 
II 

of Burley and Hutton suggest that while R
2

SnCl
2 

does not have prodegra-

~ant activity in comparison to unstabilized P.V.C., BuSnCl
3 

has a definite 

prodegradant character. Nevertheless both sets of results agree that 
" R
2

SnC1
2 

is a better P .V.C. stabilizer than RSnC1
3

• 

Normally f t emperatur e s between 160 to 200 °c are involved in the 

fabrication of P. V. C. article s. However, the presen t work on equilibria 

(4) - (7) does sh ()\v that there is a change in the distribution of the IOTG 

ligands between t he mono- and dimethyl tin entities as the total number of 

IOTG ligands pr ",sent in the mixtur e changes . When four IOTG ligands are 

pre~~ht ' in the- equimolar mix ture, the equilibrium (7) favour s the location 

of E.·I(ll'['G ligands on t·he mOhotrtethyltin entity . With only one IOTG ligand in 

tn~m~tt.U.£e-' · .(4} · -it.s ( r:r.ocatlic5h' oW ~the monomethyltin entity is also preferred . 

Howevelff,i \JherrDrYlo or · ttr~ .r'IQT(J1f¢'.bups are present ((5) and ( fi ) respective­

ly) there is a greater tendency for IOTG ligands to be located on the 

dim~:t;l1yl tin entity . Hence , when a mix ture of mono- and dimethyl tin iso­

oc tylthioglyc;oll ates is employed in the .stabilizat i on of P.V. C. , t here -.. 
will be a continual change in the distriwtit5h of IOTG ligands between 

the mono- and dimethyltin entities as the stabilizer is c onsumed (I01~ 

ligands are replaced by Cl a t oms). 



TABLE 1 N.M.R. SPECTRA (TIN-119 CHEMICAL SHIFTS) FOR METHYLTIN CHLORIDES, 

METHYLTIN MERCAPTOESTERS AND MIXTURES OF MONO- AND DIMETHYLTIN 

MERCAPTOESTERS 
~ 

Compound or Mixture 
6 (1l9sn ) 
(p.p.m.) 

Me 2SnC1 2 + 136.2 

MeSnC1 3 
+ 12.7 

Me 2Sn( IOTG) 2 + 72.8 

Me 2Sn(IOTG)Cl + 35-.5 

MeSn(IOTG)3 + 59.6 

MeSn( IOTG) 2C1 - 18.1 

MeSn(IOTG)C1 2 - 56.0 

Me 2SnC1 2 + Me 2Sn(IOTG)2 + 35.5 

MeSnC1 3 + 2MeSn(IOTG)3 - 18.1 

2MeSnC1 3 + MeSn(IOTG)3 - 56.0 

Me2SnC1 2 + Mesn(IOTG)C1 2 - 12.7 + 35.5 

MeSnC1
3 

+ Me 2Sn(IOTG)C1 - 56.0 + 136.2 

Me2SnC1 2 + MeSn(IOTG)2C1 ) - 56.0 + 35.5 
) 

MeSnC1 3 + Me 2Sn(IOTG)2 ~ - 56.0 + 35.5 

MeSn(IOTG)C1 2 + Me 2Sn(IOTG)Cl ) - 56.0 + 35.5 

Me 2SnC1 2 + HeSn(IOTG)3 ~ - 18.1 + 35.5 

Me 2Sn(IOTG)Cl + MeSn(IOTG )2C1 ) - 18.1 + 35.5 
) 

Me 2Sn(10TG)2 + MeSn(IOTG)C1 2 
) - 18.1 + 35.5 

Me(IOTG)3 + Me 2Sn(IOTG)Cl - 18.1 + 72.8 

Me!D(rarG)2c1 + Me 2Sn(IOTG)2 + 35 .5 + 59.6 
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CHEMICALS IN THE ENVIB.£)N}f8NT THE NEED FOR INFORMATION 

C. Satkunananthan 

Consultant 
Colombo, Sri Lanka 

A B S T R ACT 

Although chemicals ape beneficial to modePn society they 
ape also the chief pollutant8 of the human enviponment. A lapge 
numbep and vapiety of chemicals ape in use today; theip effects on 
man and his enviponment have to be scientifically evaluated. Intep­
national gpoups of expe pts have identified the type of data on 
chemicals I.Jhich ape e"ssential fop such evaluation. National and 
intePnational opganisations have set up data banks to collect, 
classify, stope and dis8eminate the data; intepnational gpoups of 
expept8 have used t hese data to evaluate the e ffects of the chemicals 
on man and his enviponment. The Intepnational Registep of Po t en­
tially Toxic Chemicals, the Intepnational FPogpamme on Chemical Safety 
and the Inte pnat-ional Agency fop Reseapch on Cancep playa majop pole 
in these tasks. 

Not all thp- data necessapy fop evaluation ape available and 
expepts have the pefope often pecommended mope peseapch to obtain thesp 
data. 

201 
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EXTENT OF THE PROBLEM 

Over SIX million chemicals are known today, an increase of 
two million during the past six years; 1000 new chemicals are being 
identified every day. The vast majority of chemicals are isolated 
from natural products or synthesised for research purposes. About 
75% of them have been mentioned only once in the literature an~ can 
therefore be considered as laboratory curiosities. The best e5timate 
of the number of chemicals in common use is 60,000 to 70,000, about 
1% , of all chemicals known to us; of -these about 3,000 account for almost 
90% of the total chemicals used, by weights. 

NEED FOR INTERNATIONAL COOPERATION 

The collection and the classification of the essential data 
on a sinola chemical and the subsequent evaluation of its effects on 
man and his environment are time-consuming processes requiring the out ­
lay of vast human and financial resources; where a population is exposed 
to more than one chemical, the process is more complicated as their 
antagonistic and synergistic effects have to be assessed; the process 
is further complicated by climatic , geographical and population 
differences. All this may be beyond the capacity of even a developed 
country. 

Secondly, it should be emphasized that pollution knows no 
national boundaries , the atmosphere and s eas are common to, and rivers 
run through several countries. Flourocarbons, acid rain, the Medi­
terranean sea and the Rhin e river pollution problems are notable 
examples. 

International cooperation in the collection of data on chemicals 
and evaluation of their ef fects on man and environment is there f ore vital. 

INTERNATIONAL REGI STER OF POTENTIALLY TOXIC CHEMI CALS ( I RPTC ) 

Recognis ing th e need for a systematic collection of dat a on 
chemicals and for international cooperation in this area, the Un ited 
Nations Confe rence on ~he Human Environment he ld in Stockho l m in 1972 
recommende d that "the Sec retary-General drawing on the resources of 
the entire United Nations system and with the active support of govern­
ments and appropriate s cientif ic and other int ernational bonie s, 
develop plans for an Int e rn a tional Registry of Data on Chemicals in 
the Environment, bas ed on a co llection of available scientific data on 
the environmental behavi our of the most important man-made chemicals , 
and containing productio~ figures for the potentially most harmful 
chemicals together with thei r pathways from fact ory via utilization to 
ultimate disposal or r e-circulation" 6 . 



· Chemicals In The EnviY'onment - The Need FoY' Information 

INTRa.DUCTION .,... ... 

Chemicals are essential to modern life and protect and 
enhance the quality of life and environment. Though they have made 
possible many of the benefits modern society enjoys, they also pose 
many hazards to man and his environment. These hazards have been 
recogni sed ove r the ye ars . Roman slaves working in mercury in mercu ry 
mines us ed bladder skin masks in a futile attempt to avoid inhaling 
the tox ic mercury fumes; the first smoke abatement law in England dates 
back to 1273; sixteenth century grinders suffered from a lung ailment 
they called "grinders' disease" (now known as silic,Qsi s ) due to inha­
lation of silica dust; in 1661 John Evelyn, an Englishman, presented 
a petition to King Charl e s II complaining against the pollution of the 
atmosphere of London by arsenical, sulphurous and other "vapours" and 
suggesting that the brewers, dyers, lime-burners, soap and salt-boilers 
who were responsible be removed away from the city. He even attribu­
ted the annua l decrease of 10,000 in London's population to this 
pollution 2 • The 4,000 deaths that occurred during the four days 
(December 5 - 8, 1952) of the f og in London were attributed to the 
presence of sulphur dioxide probably in conjunction with sulphuric 
and mist]. The phrase, "mad as a hatter" arose as a r esult of workers 
being poisoned by the mercury nitrat e used in the f e lt hat industry; 
the symptoms of the disease include emotional disturbance , anxiety, 
depression and even personality changes hence the r a ther unkind 
reference to madness. 

The harmful nature of s ome chemical agents we r e thus known 
In early times so that they were even used in warfare ; i n 423 B.C. the 
Spartans saturated wood with pitch and sulphur, shoved it under Delium's 
walls and set the wood ablaze. The poisonous fumes prevented the 
defenders from putting out the fire . In 1456, Belgrade was saved 
from invaders by a poisonous gas cloud prepared by an alchemist; rags 
were dipped into his preparation (formula unknown) and burnt when dry. 

RECOGNITION OF THE PROBLEM 

Although such isolated instances of chemical pollution have 
been with us for several centuries it was only during the last few 
decades that the probl em ha s be come so acut e that people have become 
concerned about the urgent need to protect man and h i s e nvironment 
from the adverse effects of chemicals. To evaluate the effects of 
these chemicals it i s e s sential t o haye compl e te information on their 
identit y , physical and chemical properties, acut e an d lon g-term 
t oxi c it y , pe rsisten ce, degradation amounts produced, used - and 
ent ering the environment, pathways into the environment and breakdown 
products and the populati on group exposed to them. Part of this 
information is kn own but often buri ed in scientifi c publications and 
not readily usable form so that the effects of the chemical can be 
evaluated and presented to those responsible for the protec tion of 
man and his environment. Where information is lacking, research 
efforts may be directed t owards obtaining it4. 
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IRPTC was established in 1976 within tho United Nations Environment Programme. 
willi Lhe assis~ance of internnli.on;llexperts IHPTC has identified 17 broad 
groups of data on chemicals necessary for the evaluatioi1 of their e'ff ect on 
m<.ln and the envirornlont; these groups ara subdivided into several individual 
p<Jrnmeters which are clas sified according to organism,' country and medium 
( See I\nnex I). ~Jith the assi s tance of its national correspondents and others 
it has selected about 350 chemicals on which it collects data. Thasa crata 
colloctions aro called "Data Pr-ofiles" a nd are published by IHPTC . 

The United NJ tions Environnent Programme has directed IHPTC to provide 
countries with informulion on legal and administrative limi tatio·ns. basis and 
l'egultJtions p L:ccd on putunti Cl lly toxic chefllic uls in the producing countries. 
Although this inform ation forms an integral part of the IRl;TC data prufile, 
it is also published supClraLely as the legal file . /legulntory and other 
legal inFormation and r o comllJend~tions on about 450 chemicals are contained 
in this 2 volulflo pUblicat i un. I 

IRPTC in D~~ition publi s hes a quarterly bulletin devoted to informatiol 
on chomicals and rdlated activities in English, French, Hu s sian and SpC1nish . 
It _provides a query re sponse service on Chemical informati~n which can be 
contacted through its 106 national correspondents in 97 co~ntries or directly 
if tho national corresp ondent has not yet been appointed. 

INTER.TilATION,\L PROGRAJl1}lE FOR SAFETY 

Fall~ing tho recommendation of the Conference on Human Envirorvnent 
(Stockholm 1972) that thu World Health Organisation (vJHO) should guide 
programmes for the a~sessme nt of the potential risk to human health of 
environmental agents and for provision of early warning and prevention of the 
deleterious eFfects, the International Programme on Chemical Safety was 
established in 1980. It is sponsored by the (International Labour Organi­
sation), UNEP and WHO and managed by WHO. 15 member states have so far 
joined 'tho progralomo which operates through a ne Lwork of 19 national 
institutions , which undertake specific taks and two international institutions~ 
IRPTC and IAHC. (International J\gency for Hesearch on Cancer). About 100 
athol' institutions assisL JP. CS. · IRPTC is responsible for the collection and 
dissemination of inform u tion a nd IARC fo1' c he mic a l carcinoge ne s is. 

The pri nc i pal objec t ives of the programme a r e to 

(i) evalua ls the eff - c s of chomicnls on man and the e nvi r o rvne nt 
and diss c rnin2 t e t he res ults of these evalua tions . 

(ii) encourayo t he use, improvement a nd va li da tio n of methods for 
labor~ tory testinQ a nd epidemiologic a l st udies for health risk 
evah;a ti ons . 

(iii) promote internatipnal co-operation in emer gencie s and accidents 
involving chemicals. 

(Iv) promote tho training of the necessary man-powe!' 

The outputs of the p r ogramme are 

(i) Environmental healtbrcriteria dor.umo nts which review present 
knowledge and eV<lluatc the risk to bLJmatr 'he al th and envirortllent 
of exposure to chullliC c: ls s ele cteu f r om i nt e rnclt iona lly agreed 
priority li s L~. LO uf tho s e docu[Ol(;nts ha ve s o f a r be en published 
and 48 are i n PJ:l..l P'll'il t i un. [ xoc u ,. iv 8 summa r-ios of 16 of the 20 
documunt.s h a vo D1:., O I. ' c ' ~: n pu bli s hed ; tt wstJ highli ght t he es s ential 
hE:<.ll.th i. ~ : ,I .JL: :·; d llii .! L ~ Li ~! ~ , ~. ,fI "cJ I' c l ' tho dir r.c t u su of the d ucision­
maker . 



Chemicals in The EnviY'onment - The Need FoY' infoY'mation 

(.! i) Evaluation of Food additivos and pesticide residues. Sires 1981 the 
Joint rAO/~'HO lXfJsrt Committee on Food Additives has ovaluated or 
re-evalualed 119 food ar.rrl"l tives, 4 good contaminants and 2 growth promoti 
agents ;:Jnd est~blished "uccoptable daily inrrkes:' (ADI 's) fpr several 
of them. The joint WHO/FDA meetings on pesticide residues have evalu­
Zlw d 101 ptJsti ci ues und established "acceptable daily intakes" (MOTe} 
nnd "maximum r es iduu levels" (r"lHLs) for them •. The ADIS and MRLS are 
use d by rogula tory agencies in the member states of the United 1\':1tions 
and by th e Codex Alimentarius Commi ssion to establish safe levels of 
those substances in food. 

(iii) Developmont of mothodology for health risk assessment. The following 
monographs have beo n published 

~ . Developm ont a nd possible use of immunological techniques to 
detect individual exposure to chomicals. 

b. Appro Ll ct\o s to classi fying chemic al carcinogens accordi rt] to 
mechanisms of action . 

c . Methods for assessing effects of chemicals on reproductive 
f urctions. 

d . tuidelines on studios in environmental epidemiology 

e . P~inciples for evaluating health risks to progency associated 
with exposure t o chemicals during pregnancy. 

The following monographs are in the press : 

f . Principles and methods for evaluating tho toxicity of 
chemic als. 

g . Methods for estimating risks in humans and chemical damage 
in non-human biota and ecosystems. 

( iv) Manpower de volopment. Ten courses of training courses were conducted; 
these were in two categories, intensive short-term courses on princj ples 
of experimuntal toxicology and short-term training on chemical safety 
procedures . In addition, an international workshop on manpower deve­
lopment and t rai ning in toxicology and chemical safety was held. 

Those were al l organi s 3d by t~e WHO regional of fica for Europe 
which has bee n gi ven the responsibility on behalf of WHO. 

(v) Manaqelllent of chemical emorgencies The WHO Regional Office for Europe 
has, wi thin the framework of I pes i prepared draft guidelines on re­
ducing the risk of chemical accidents and the rehabilitation of popu­
lation, wa ter resources.soil, buildings and facilities following the 
accidents; these have n reviewed at a workshop and specific tech-
nical documents havB bL~" initiated. 

( vi) Computerised data bose. The vast resources, both human and financial, 
required for t he te s ting of an ever growi ng number of chemicals make it 
imperative thot (a) those resources are used efficiant1y and dupli ­
c a tion of te s ts oru avoided and (b) informaL ion on criteria docum8nts 
is made avuil ub l e . I~CS & IRP TC drB jointly developing a computerised 
data base for chomicals being tusted (other than carcinogenicity and 
mutageniciLy) clnd for c riteri a docume nts. 
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OTHER U.N. AGENCI ES 

Apart from IPCS and IHPTC which are specifically concerned with chemicals 
there are other liN Agencies and Groups which have specific programmes dealing 
with pal'Uculi;ir aspects of chemicals. These include Economic Commission for 
Europo (ECE), food and Agriculture Organisation (FAO), Joint Group of Experts 
on Scientific Aspects of Marine Pollution (GESAr-1p), Internati.onal Atomic , Energy 
Authority (IAEA), Internation~l labour 0rfice (IlO),Intergovernmental ma ritime 
Consultative Organisation (H1CO), War Id -Meteorological Organisation (\-JMO), UN 
Export Committee on Transport of Dangerous GaDus and UN Statistical. Office. 

The nead to prot ect man and his' environment from chemical hazards, 
the need for information, the type of informalion necessary and the 
international sources of information have been described above. It should be 
emphasised that several national sources of information are available. 
International sources of information are derived basically from the national 
sourcesl however they have the advantage of easy avai lability to all membere 
states of the UN System and part i cularly of general acceptability because of 
international consensus. 
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ANrLX 

-.... 
Data nocessary for t~o evaluation of the ~ect. 
of chamicals on man a nd hls envirormant . 

1. Ident ifiers Physical and Chemical prop.rtiaa, Hazard 
cla s :.; i f lCiJtion. 

2. Pro duction/Trada (Class ified by Country) 

J. Produc t ion processes 

4. Use 

5. Pathw"ys into thB envirorment (508. B) 

6. Concentrations (classified by organisms) 

a. Loe s/Persistenca 
b. Concentrations 
c. Human intake 

7. [nviororfllental fate taste 

a. ,lIliodeg radaUon/Biotransformation 
b. Photodagradation 
c. Hydrolysis 
d. Sorption 
8. EV8poration 
r. Oxidation 
g. Model (cosystem/[cosyste~ studie8 

8. [nviromlentol fete or<! pathUlays into the environment 

9. Chemobiokinetics (Class i fied by Organism) 
II. Absorpti on 
b. Dis t ribution 
c. 8ioconcanl rali on f actor 
d. Met abo lism 
B. (xcrati on 

10. Mammalian toxicity lind 5PSCilll toxicity studies (classifiBd by or,ani .. ) 

II. Mammali a n t oxici t y pa rameters 

11. Special tOxicity s tudi es (Cllls9ified by organiSM) 

8. Biochemical interactions 
b. c.arC H'lOgen t ::i ty 
c. ~utayenl c ity 
d. Neurotoxi city 
8. 8ehavlour 
,. 50mB ti zet ian 
9. 1 nltJ 1 at: tl flij i:lgunte 
h. ~rl~uty ~ r[ l t o ~ i on 

i . ImI1lUnO~Ol(lcit'y 

j. HeUfoduc- tion 
k. Tor al Qg~nicily 

t rfects on organislDs in the IInviro ..... nt 
(clsssified by orgllnism) 

a. Aqulltic toxic ity 
b. Tec reotrial toxicity 

1). Sampling/Preparation/Analysis (Classifiad by Kediua) 

)4. Spills 

15. Treatment of pOisomng 

16. Wastu ma n oy e mont 

17. Hecomm nda tions/ LeYal Mechanisms (classified by country) 

(Sourc e I lHPTC Da ta PrOfiloe). 



LEAD IN PETROL 

Lim Poh Eng 

School of Chemical Sciences 
Universiti Sains Malaysia, Malaysia 

A B S T R ACT 

Lead t etpaalkyls had been used as additives in petpol fop 
ovep fifty yeaps. Ho~ever. in the past ~enty years, there is 
incpeasing concepn ove p the possible ill effect of airbopne lead on 
human health and people begin to question the ~isdom of using the 
lead additives -in pe trol. Literature abounds ~ith research and 
revie~ papeps dealing ~ith this controversial matte p. This papep 
is an attempt tp examine and present the scientific evidences in a 
systematic and critical manner so that a logical and rational 
decision can be made on this issue . 
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) NT)I0 1J! ICT J ON 

LCAd i ~; added ill IlPt rol in t h e form of tetra- alkyl l ead 
compow1ds , predominantl y l p lr(l(~ lllyl (TEL) and tetramethyl lead (TML) 
t o boost the octane number t o t he re qui r ed value . Since the 
seventies , taced \.Jith moun ting evidences of lead pollution due to 
increasing number Ot car's in urban areas and its possible detrimental 
effect on the heal th or urhan population , the developed countries had 
taken ste ps to reduce the amount of l e ad in petrol progressivei y • 
Thus, in West Germany and S\vedeYl , the amount of l ead in petTol is 
0 .15 g/I. In the U. K., maximum amounl of lead allowed in pe tro l 
star:c]s at 0 . ,10 g/I bu!- t here is strong publ ic pressure for the level 
to be lower ed fur ther . Lead-free petrol is mandatory in the U.S . for 
new cars fi tted wi rh calaly tic converter to meet the stringent 
emission standardc; . In con trast , t tl e amcun t of lead in pe trol 
marketed in mos! of' rh e dev~loping coun tries i s alarmingly high . 
Typically , both pr cmi l.!nt and regular grade petrol marketed in Malaysia 
contain 0 . 81) 9 l c('lci !"~ I ' 1 i Ire' (1) . 

l;ASI':()tIS 1,I '; AIl TI':TIIAALI\YS 

The ma,ior por' ; on 0[' l ead emi ttRd f rom the e xhaust is in 
the f orm of part lculall' inorganic compound s . Undissociated lean 
alkyls in th e ga ~;eous Dhas<' , 100 , are pmi tted i n variable quanti ties 
wi th t h e eXh i'lU st . fi't'(~ f'n t ly, improved experimental techniques have 
enabl ed the gaseous ,l ead tp lraalky l s to be measur ed . lI arrison et al. 
( 2 ) reported a contribution or 0 . 3 - 2 . () ~0 and 4 - 10 % of tetraalky1 
lead COl r.,I(1\)f.d s to tol al 1 (,,'\(1 in London str eets and petrol sta.tion 
respectively \.,rhil s t Rohboc k e t al. (3) found that t h e ratio of 
gaseous t-o par ticu l a t c l earl v.'lried from 3 . 5 0/0 + 1. 410 in resort area 
to 27 . 910 ± 9. 9 10 in basprn C' lll car park . Thus , - excf'pt in pe trol sta­
tions and undergr ound CrU' pil.rk s , t-he parLi c ulat e l ead is a greater 
h ealth risk compClcecJ to th e C)nS('r;US l ead compounrls at rhe present 
level. 

AIRBOHNI': PAIITlCULATF. LEAD 1 N LI':Ar SO .I i, 

A lot of work had already been carried out ro measurf'.' tll'_~ 

airborne particula te lead which accounts for the bulk at the emitted 
l ead f rom car exhau s ts . In gC'neral , in the ahc;encp at industrial 
emissions , the average atmospheric l ead leve l is the' highes t in urban 
areas. Suburban ann rural areas have comparatively lower lead leve l. 
Airborne leiKl leve l is also a function of traFfic density and distance 
of l ocali ty from trl1ffic . The ~,e points are borne out by data in : 
Tables 1, 2 , and 3 . TahIr's 1 and 2 compiled by Dlokker ( 4) show the 
:i; rborne l C2d lcv,.' l s j n l:he' U. S. and Europe respec tivel y in the F'ift­
:cs and S.i.xtic ' : I1,·' l'or(' Ih c ('url-ai.lment of th e u sC' of l ead in pe trol . 
Table 3 compi.l (',) in the r, (' ad and Healrh RETort ( I:; ) '~hows the airborne 
l e ad l evel s <11 u1' l.1al1 s i I cs in t h E' U. K. Tahl es Ij and ') sh O\.J t h e air­
born(~ l ead l evel,; i1t c;j Ics in ren<lng ( 6 ) and Sinqapore ( 7 ) re s pec tive­
l y . 

Accorclin q to Ifw findings of Habibi (8) and Ganl ey and 
~)pri ngcr (9.) , l Ci1r1 I,,' I..-hi (·ulat cs appear to b:= emitt e d in two di st inct 



size ranges, small parti c l es l ess than 1 11m in dianeter and larger 
particles between 5 and 50 .~Ii! • • -Th e larger particles settle close to 
the source due to turbHlent deposi tiP}l . 'T'YlUS, -iot is not surprising 
to find lead conten t of dust next to roads of high traffic density 
the highest compared to those of o t her roads Of lesser traffic. Day 
(10) found rhat lead concentrations of road-side dust in Christ­
church, New Zeal;;I1d were closely r e lated to the average traffic den­
sity of the roads in question . The average lead levels for various 
location wer,,; : 

A Heavy-medium traffic roads 3100 ppm 
B Medium-ligh t traffic roads 1400 ppm 
C Ligh t traffic roads 8'S0 ppm 
D Children ' s playgrounds 700 ppm 
E Rural are as close to ci ty 40 ppm 

In a similar stud~1 l:one e arlier in Manchester (11) , the difference 
in lead concentra t ions at localities A to D was found to be statisti­
cally not significant but locality E did show a lower lead level 
comparative ly. In an environmentdJ lead survey near motorways in 
Wes t London , Littl e and Heard (1 2) also concluded that traffic densi­
ty and lead l ev el were correlated. Thus , from the above discussion, 
it can be concluded that both airborne lead and lead in dust levels 
are dependent on t he traff i c de n s ity and proximity of locality from 
t he str eets. Naturally, a r eduction in the lead content of petrol 
will result in a r educt ion in ambient lead level and lead in dust . 
Thi s was sub ·~ tantiated by the findings of Jost and Sartorius (13) 
and Byrd et al e (1 4 ). In t heir survey of the effect of limiting the 
maximum lead concen t ration in petrol fr om 0. 40 gil to 0.15 gil on the 
anbient l e ad leve l in West Germany , Jost and Sartorius observed a 
reduction in anbient l ead l ev el of about 6 5 % in main roads and ci ty 
centres . Byrd et al. reported that the mandatory use of unleaded 
gasoline in the U. S. has decr eased the lead concentrations in soils 
near hiahways. 

BLOOD LEAD AND TOOTH LEAD LEVELS AS INDICATORS OF' LEAD EXPOSURE 

Lead i s un doubt edly a toxic substance which in sufficient 
quanti ties can cause permar;ent brain damage to babies and children. 
It can enter the body by ab sorption from the gastrointestinal tract 
of a proportion 0[' ingested l e ad and by absorption from the lower 
respiratory tract or a proportion of inhaled airborne lead . Wha t 
type of index should be use d i(j irld icate the level of absorption of 
lead by human body has been a subject of much debate for a long time . 
Many l'iologic indic t:'~; such as lead concentrations in blood , urine, 
f aeces and hair had been u sed. F'or a long time , lead level in h l ood 
has been accepted as tIw F:OSt valid and ~!'"f:liable indicator of the 
amount of exposure to l e ad a subject has unde rgone . Table 6 f rom 
Bryce- Smi th e t al e (1 5) ShOVIS significance of lead con ten ts of human 
blood. Many paper s had b een written attempting to associate blood 
lead level wi th traffic dens i ty and h e nce airborne lead exposure . 
Caprio et al . (16 ) f ound higher percentage of children who lived at 
distat :ce l ess than 100 Pt . fr om roadway wi th blood lead level excee­
ded 40 11 gil 00 cm 3 compared with those who lived further away from 
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the traffjc. In con t rast, Jones et ale (17) found no statistical 
significant difference be tween the blood lead levels of fif ~y night 
shift and day shif t London taxi drivers . And despite the constant 
exposure to urban air of relatively high lead content , the mean blood 
lead level of the 1.cIX ; drivers was 28 . 7 119/100 em3• Flindt et ale 
(18) essentially came t o t he s ame conclusion after he carried out the 
survey on forty Manchester taxi drivers but the mean blood lead level 
was lower , 22. 8 119/100 em 3• Tsuchiya et ale (19) measured th~ blood 
lead :ev('ls of Tokyo inhabi tants residing in houses facing a main 
street and a side street and they found no statistical significrmt 
difference between the blood lead levels of these two groups of in­
hal>: tants. 

In the case of lead in dir' t cmd dust as related to the 
children's lead problem, Tel' Haar et ale (20,21) attempted to show 
that the elevated blood lead level in children was due solely to 
dilapidated housing and that the proximity of the children's resi­
dence from the road did not have a measurable effect on their blood 
lead levels. Barltrop et al e (22) suggested that soil lead level of 
10,000 ppm might r esul t in increased absorption of lead in urban 
children bu t it was unlikely to be of biological significance. On 
the other hand, Lepow et al e (23) sugges t ed that the ingestion of 
airborne lead fallout accounted for the elevated blood lead level in 
urban ch ildren. 

Criticism on blood l e ad l eve l measurement is that it only 
reflects the instantaneous lead level at the time of measurement and 
does not provide a true description of the cumuJative exposure of the 
subject to lead. As an al ternative, lead content in deciduous teeth 
of children were measur ed because it was demonstrated that lead in 
deciduous teeth offers a good indicator of cumulative exposure. 
Needleman et ale (24) f ound that both household paint and airborne 
lead \.,ere the operat ive f actors which caused relatively higher concen­
tration of lead in the teeth of urban children as compared to that of 
their suburban counterparts . Lockeretz (25) and Fosse et ale (26), 
on the other hand, )·uled out airborne lead from car exhaust as an 
important source of undue lead ab sorption among children. Admittedly, 
this kind of measurement could only be car'ried out on a particular 
group of the population - childre n. For the adults, the search is 
still going on f or a mor e clearcut and reliable index to monitor the 
body lead level. 

HI':ALTII I':FFI':TCS 

With r e gard s to the question of whether lead emitted from 
motor exhaust pose s a he alth hazard to the public, the debate still 
goes on. The mos t compr ehens ive and authoritative review of this 
issue to da l (' i ' t he Le ad and He al thRepor t (5). In the report, 
Professor Lawther's Working Party on Lead irl tr.e ~nvironment estima­
ted that between 10 to 20 ofo of blood lead for ci ty dwellf'rs is 
contributed from airborne l e ad derived fran vehicle emissions. They 
also concluded that ther e is no f irm evidence thus far to show that 
the contribution mad~y l ead from pe trol has caused harm. However, 
a crvc:ial question which c annot be arr!;w·ered wi th certa:;rty is whether 



there i s any chroni c effect associated with relatively low levels of 
expo sure to l ead which woulu e-ause slow but pe rmane n t damage espec ia­
lly t o the centr al nervous s ysten of young chiDrren and other high­
risk groups in the absenc e of overt clinical signs and symptoms. In 
this sense , any s ource o f l ead , however small the contribution may 
be , whi('~ will cause an increase in the body burden of lead should 
be consider ed as undesi rabl e . The Lead and Health Report (5) has 
r ecomm ended among o t her measures t hat lead c ontent of petrol be re­
duced to keep the annual me an concen t rati on of lead in air t o ' less 
than 2 11g m- 3 i n pI ace s where people are 1 iable to be continuously 
e xposed f or long peri ods . 

VARIOUS AL TERNATIVES TO REDUCE LEAD EMISSIONS AND THEIR IMPLICATIONS 

The pert inent qu estion t o ask next is how will the reduction 
of l e ad content it) petrol affect t he motor industry , the oil industry 
and the average mo torist . The f ollowing cost analy s is was based on 
r eferences ~ld data compil ed in t he West and may be applicable in the 
local scene . Assumi ng t hat the pr e s ent 98 RON (Research Octane 
Number ) is to be mai n tai ned for premium grade , thi s would necessi tate 
t he blending of more c a t al yt i c reforma i ('s in petrol . In en'der t o do 
that , the existing refinery f ac ilities would need to be modified. 
According to the CONCAWE Repor t ( 27 ), i t was estimated that , at 
98 RON, a rE'duction of lead froT" C. LLr

., g/I t o 0.15 g/I would entCl.iJ 
an exh' a consump l ion of ahou1 20 tonnes of cru de oil by refinery per 
1 , 00l1 tonnes of pc LN, ~ p ·oduced. The addi ti onal amount required f or 
reducing l ean "rom O. () to 0 . 4 g/I would be in the orde r of a half to 
a quart'e r times Lhat WhC'1l rC'ducing l ead from 0 . 4 to 0.1') g/I. Thus , 
a reas onab l p f j ~re for r<'ducing l ead from 0.8 to 0 . 45 g/I should be 
in the order of 20 tonn es of crude oil per 1,000 tonnes of p'': t rol 
produced . Based 011 the p,'cmiwl1 p(' trol con sump ti on figur e of 98 7 , 000 
t onnes f or Wes t and East Malaysia in 1980 (1), tbe e xtra crude oil 
c onsumed by the r efineries pe r year would be 987 x 20 tonnes = 19,740 
tonnes . Thi s approac h \"hich does not affect the motor industry has 
been ado p ted hy West Ge rmany . Othe r than t he penal ty of needing mor e 
c rude oil and an ini hal capi tal c ost for mod ification of refinery 
plants , thi s approach also s uffers f rom t he following dra\"backs: 

i) Increase in t h e use of catalytic reformates to maintain 
tile RON impl i es more aromatics being used in low lead 
p,_ trol. Whether t hese aroma t ics pose a heal th ha;·.ard 
or' not remains an open question; 

ii) Restriction on l e ad whilst maintaining the octane 
quali.t-y removes the flexibility .it' matching the right 
RON wi th differ ent ty pe s of crudes currently enj oyed 
by the oil industry . 

An alte rnative' approach is Lo allow t he octane quality of 
petrol to fall to rel' t ect the I'eduction of l e ad in pe trol. Accord­
i ng l-o inf or mal i o" ,-,u ppllerl by Carrl [,bell ( 28), it was es timated t hat 
a reduc lion 0[' l ead froTII D. 8 g/I to U. 45 g/I woul d entai l a loss of 
RON by about 3 unil '~ in premium grad0 pptrol. The c Oiltsponding 
figure is about 8 UJlil s i f the reduct ion i s fr om 0 .8 g/I to nil l e ad . 
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'Forrester et ale (29) concluded that increasing compression ratio 
needed higher octane requirement, in the range 4.3 to 6.3 octane 
numbers per compres~::i orl J' c-1, 1 io. Thus, a drop of 3 RON would necessi­
tate the compression ratio to be decr'('c:[;{'d in the range of 0.5 - o. 7 
uni ts. 'The B~ ' i tish Technical Council (30) found that the fuel con­
sumed increased by 7.6 10 for each unit d:r'Ol' j!: compression ratio, 
and the Committee of Common Market Automobile Constructors obtained 
the figure of 5.610 (31). Based on an average value of 6.6~ per 
unit drop in compression ratio, a loss of 3 RON implies about 3" -5 ofo more fuel used. 

A third option is to install lead traps in the exhaust 
system of vehicles and maintain the present level of lead in petrol. 
In addition to reducing the total amount of lead emitted, the lead 
traps also reduce the level of the small, air - suspendible lead 
particles emitted to the atmosphere. Cantwell et ale (32) found that 
with the muffler lead traps installed, the percent reduction in lead 
particles of size less ttl,m 1.0 11m reached 68 ofo; the corresponding 

_ figures for particles of size I to 9 11m and greater than 9 11m were 
82" and 98" respectively. Moreover, it was observed that there was 
no deterioration in lead trap performance with mileage. The drawback 
of this option is that the disposal of the concentrated lead in the 
trap may present a problem. Of course, irrespective of which alter­
native is adopted, the motorist is the one who ultimately pays. The 
costing analysis in the ENDS Report (33) considered more options and 
it contended that the motorist has to pay more in order to have a 
greater reduction in lead emission. To reduce lead level from 
0.40 gil to zero, the quoted annual cost to a motorist was £17 - £18. 

CONCLUSION 

My measure~,; t o I'educe lead in petrol which involves energy 
penalty may impose some strain on a nation's economy especially in 
the case of developing c01.mtries. In view of the conceivable crude 
oil price hike in the long run, any p.-,) lution abatement measure which 
involves energy penalty would be unpopular. In this sense, the 
installation of lead trap offers a workable meCJ :-.Ul'e because it carries 
no energy penalty and at the same time offers a marked reduction in 
lead emission. Technically, there is no difficulty in having all the 
petrol-engined vehicles, irrespective of old or new, installing lead 
traps. Of course, the public has to bear the economic cost but this 
cost is lower and predictable. In short, in view of the as-yet un­
answered question of possible subclinical effect of low level exposure 
to lead and lead tetraalkyls on human health, every {'ffort should be 
made to reduce the lead leveJ, :i n the environment. Measures which do 
not impose an undue economic burden on the public and at the same 
time prove effective in reducing the lead level in the environment 
should be considered and adopted by the concenrned authority. 
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TABLE 5. AMBI ENT AND ROAOSID~ LEAO LEVELS IN SING~PORE 

Average I.ead Concentration in 
Site & 11-3 

1980 1981 

Allbient 

I Prince •• House, rooftop 0.8 1.5 
2. Fullerton Building, rooftop 0.8 0.7 
3. Juronl Industrial Walrr works 0 . 5 
4. seranloon District Office 0.6 0.8 

Roadside 

I, Western Urban Distric Offi ce 1.1 2. 2 
Jalan Bukit Nerah 

2. Beach Road Police station 2.6 1.8 
3. PUB Substation Alexander Road 0 . 8 1.0 
4 . faber Walk Co..inutor , 1.7 1.2 

Ayer Rajah Rd . 

Source : Annual Report 19111, Anti-Pollution IInil, Singapore. 

TAIILf, t . . LF./II> ('.\.)"TFJI~ · S fit' HUMAN BLOOD AND THEIR SHJllflCANCE 

I.""" (" ,,/ Jt l() ml) 

(I 

10 

40 

P.1l 

S i gni r icance 

"U" tU, i,'" "1000 lea" before man began u<;ing 

)<.".1, and sti ll (oun<1 in s ome primitive populations 

remote J ro~ modern technology 

.. ower limit oj "normal" blood level in the U.S. 

1'"a" blo",] 'I .. .,d level In Birmingham pre- school 

c h i I ''''"" (L .... " Pollution in Il i rminghallt, HMSO, 

l.on·'lon (1976) 

MeAn 11100<1 lead level in the U.S. 

M""n I, ] 00<1 l ead level for a group or Glasgow 

cit i1<.1ren 

Lowest I ead level found in industrially exposed 

'''.Iulls ha v i ng mild symptoms of lead poisoning 

Upper 1 imit' of "normal" blood lead level in U.S. 

Lower.t approximate level found i n industrially 

expo~ed adults having severe sy.pto.s of lead 

poi s oning 

lJ~ " <lAn ',er" thresho l " for occupat ional pOisoning 

!:''' I! r '': 1 · lyce-~mith .. • al . ( 10 ,/11)' 
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STUDY ON lHE DETERMINATION OF THE EXH AUSTED GASES WHICH 
EXPELLEr FROM 2~T THUCK, .Hy THE METHOD OF CiC -MASS SPECTROMETRY _ . ., . 

T .M. Ts a L 
CHUNG-CHI~:NG Ins ti tu te of Technology, 

Ta-hsi, Tao-yen, Taiwan, Republic of China. 

ABSTRACT 

Fo r the preven t Lon o f t he aLr pollutL on and the s avLng energy 
whL ch would be s ho r tened Ln future , we analyzed an exhau s ted gas whLch 
was expe lled from 2~T t ru ck, by the metho d of GC -Mass spectrometry. 

Under the abnorma l d r LvLng condLtLon , we had LdentLfLed a 
s mal l amoun t or a tra ce of the ha zardou s gas on GC and Mas s s pectrum, by 
the Molecu l arsL€ve- 5A connec t ed wLt h Po rapak-Q col umn, for the s eparat Lon of 
gas e s whLch was pr oduced f r om Ln complete combu s tLon. The s e were a smal l 
amount of carbon mon ol Lde, toL uene and Lo w hydrocarbons e tc . on the GC 
s pectrum, and a tra ce of hydrogen s u Lf Lde on t he Ma ss s pectrum. 

From the ana LytLc a L da t a s hew n, the greater the acceleratLo n, 
the more hazard ous ga s e s were produced from th e Lncomp Lete combustLon. 
Under the abnorma L dr LvLng condLtLon<. whL ch mec.n s the combu s tLon 
assemb Lys had d Lsa s s embl.ed. the mo r e a ss embly s had dL s a ss emb Led off, 
the more hazardoLs ga s e s we re produ ced. 

EXPEHI r.'.ENTAL PHOCESS AND DETERMINATION 

The sample gases for analysis are collected by a method of the 
air displacement, under an atmosphe r ic state, as shown in the Figure-l. 

FIG.-ll APPARATUS FOR THE COLLECTION OF THE GAS SAMPLE. 
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Some of the collected gas samples are an exhaust gas 
which collected under a condition of the normal combustion assemblys, 
one of the disassembled air-cleanner, another one of the dissassembled 
air-cleaner and turbo-charge. And each conditional gas is reclassi­
fied into a stale of the idle speed, one of the high speed and another 
one of the continuous high speed. So that, there are nine gas samples 
had been determined by us. At first, the exhausted gases which collected 
in the bottles, were carried out by a syringe with septum of the ~ilicone­
gum which was used as a sealling of the needle. After determining the 
original gas components which contained in the bottle, the bottle was 
adapted with a drying tube which packed 15 grammes of oxidizer. We had 
carried out the oxidized gases, through the heat tube of oxidizer, by 
the syringe. The oxidized gases, such as carbop dioxide, water, sulfur 
oxides and nitrogen oxides etc., had determined, too. Then, the used 
oxidizer is a mixture of equal amount of manganese dioxide and cupric 
oxide . And the apparaLus of carrying ouL sample gas is shown as 
Figure 2. 

FIG.-2: APPARATUS OF THE CARRYING OUT SAMPLE GAS. 
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The sample gases were determined by RMU-6GC Mass spectrometer, 
wiLh 2 meters length, 0.3 centimeter 1.0. of stainless steel column which 
packed MotYJul~rsieve-5A .connec Ling wi th all equal aIT'ount L·f Porapak-Q 
material . ,(l) And the ca rrier gas flowed with 30 milliliters per 
minu te (about 0.6 kilt·gramme per' square centimeter) of a helium gas. The 
programming temperature increased from 1100 tc 250oe, with lOoe per 
minute. The components Iff sample gas ",ere idenlified by the Mass spectro­
metry as above rr·ention. And the daLa of pattern percenlage cf abundahcc 
about the main components , suc h as oxygen, nilrogen and carbon dioxide 
etc., are shown in Table 1. 



TABLE 1: The presentat~onal Or igin Gas which was Determined by the GC Mass 
Spectrometry. 

Condition Speed 

Normal 
High 
speed 

Temp. of ~attern intensity of abundance 
--.. ( div. ) of tbe probable fragment 

oven (·C) mass-number ( M/e ) . 

4(2.5), 16(19.2), 18(2.7), 20{2.0} 
He 0 H 0 ' . Ar2+ 

2 
40 -----------------------------------

45 

165 

1!2 5 

28(15.5), 32(64.5--), 40(27.0). 
CO 02 Ar 

lJ.(3.5), 14(25.8),18(2.8), 28(64 • .5 
He N H

2
0 .... . N

2
, 

~~---------------------------------
--),(29(3.5), 32(6.6), 33(0.1). 

C2H4 C2H5 S · HS ' . 
----------------------------------~ 

1:~~.5). 3~~:.2). 3~~~~2), 4~~~:8~ 

1J, (J. 0), 12 (4. 7 ), .l \ • ( ), .c 0 04. 5J 
He C O,CH4 CO, 

----------------------------------
--),29(1.2) 

C2H4 C2HS 

4(4 .0).12(1.7) , 16(3 .0),17(4.0). 
He C · 0.CH4 ·HO · 

-----------------------------------
18(12.5), 22(1.0), 28(8.5); 41(1.0 

2+ H2 0 CO2 CO;C2H4 CJH~ _______________________________ _ J . 

44(48 .0) 
CO2 ,CJHS -

4(6.0), 14(S.3)' 16(4.0),17(10.0 

-~~------~~?------~~~~~-~-~-~~----
) , 18(31).2), 28 (5S .0), 29(3.2), 32 

. HOC H CO · C H "0 . ---- __ ? _______ ?_~~ ______ ?_5 ______ ~ 
(64.5--). 36(4·5) .40(8 .6), 4il (9.0 

t i~- 9i(;6~~~:-9;(2~~;~~~-----:J~§:-
CO2 r.6H5,CH2 C6HS·CH
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Though those informations of the Mass spectrum of each kind of 
the sample gas were mu ch similar each other, but only the GC spectrum of 
the sample gas ~hich exhausted under the idle speed, were contained less of 
the incomplete combusLion compone~ts, s uch as carbon monox1de and low 
hydrocarbons , than the other high speed and continuous high speed 
contained· The above result is shown in Figure-3. 

FIG. 3: GC SPECTHUII'1 OF AN lOll': SPEED (a) J~XHAUSTED GAS WHICH CONTAINED 
LESS CO AND lie COMPO NI': NTS, THAN THI~ OTHER HIGH SPEED OR 
CONTIN UQ IJS BIGII SPI': W DID (b) 

(a) 

________ ~r\~~ ____________ --_______ -------- L .. 
165 

( .. C) 



Study On The De t e f'mina tion Of The E:rhausted Gas P' .q which Expelled From 
2~T Truck, By The Me thod Of GC-Mass Spec trome try 
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Now, Lhe nine kinds of the exhaust gas collected was identified, 
and the main components, shown to be oxygen, nitrogen and carbondioxide 
etc. Its relative pattern intensity of abundance was calculated into the 
pattern percentage of the abundance against the most ebundance of nitrogen 
component. And the original exhaust gas compared to the oxidized one. 

Three kind s (of the exhaus t gas were collected under a condi tion 
of normal driving. Its relative pattern percentage of the abundance are 
shown as Table 2 . 

TABLE 2: PATTEHN PEHCI':NTAGI': OF THE ABUNDANCf. OF THE MAIN COMPONENTS WHICH 
wlml~ CONTAINED IN AN I';XHALJST GAS, AND COLLECTED UNDER A COND ITION 

OF THI': NOHIV.AL DHIVING. 

~?ri ginal ~a s % 
~p_e_e_d _____ -II--__ O-!~~) CO :2 __ 

state Oxi.diZ(· ~ gas % 
.-!?.L CO , 

Increased C0 2 % 

Idle speed 27.78 :2 .61 3t1.31 22 .00 19.39 

lIi gh speed 23.13 1\.t1 :2 25.05 46.71 42. 29 

rContinuous { 2 r: 5'" A" - ? 4 . 6 2 .) 9 . l A I . h d .l..l " • • ) { - G " 
! 11 g s~ ___ , _____ .J.. ____ -----'-_____ . __ _ 

2t1.57 
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The other t hree kind s of the exhaust gas were collected under a 
condition of the disassembled air-cleanner. Its relat i ve pattern pe r cen­
tage of the abundance a re s hown as Table 3 . 

TABLE 3: PATTI:~ rlN PI -: HCI-:N TAG I': OF THE ABUNDANCE OF Tl-:E MAIN COMFONENTS 
WHJ CII WI': I, I': CONTA iNI': D IN AN I\ XHAUST GAS, AND COLLECrrm UNDER 
A COf'JlJlTION OF THE OJ SASS I':MB LW AIR-CLEANNER . 

r~e Ori gi na l gas % Oxidized gas % 

• ~ T) ~ pn .~ 0 CO2 °2 CO2 
Increased CO2 % 

2 

Idle speed 32. 49 4.61 31. 5 54·31 49·70 

High s peed 29 ·75 1. 22 20.84 55·)2 S4.10 

Continuous 17.17 4· 92 32 .12 15 ·01 10 . 09 
high spe ed 

-

Another I,hree kind s of t he exhaust gas were coll ected unde r a 
condilion of the disassembled air- c leanner and turbo-charge. Its relative 
pattern perce n lage of the abu ndance Rre s hown as Table 4. 

TABLE 4: PATn:HN Pl':HCFNTAL;I-: OF Till': AB liNDANCI': OF nm MAIN COMPONI':NTS 
WH Iell WI':H I-: CONTAJ Ni':D IN AN I': XHAU ST GAS, AND COLU~CTED UND I~ H A 
CONIJITION OF '1'111': DI SASS I':M l3LED AIH -C U :tNNEH AND TURBO- CHARGE. 

~ 
Original gas % Oxidized gas % 

Increased CO2 ~ Speed °2 CO2 °2 CO2 

Idle speed 24.29 1. 81 15·30 36.78 14·97 

High speed 33·74 2.82 31· 32 1).8) 11.01 

Continuous 
high speed ) lL 05 5· 08 ) 3·09 130 ·76 125· 68 
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2~T Truck, By The Method Of GC-Mass Sp ectrometry 

DI SCUS SION 

From an above showed data c f the Tabl~l and features of the 
Figure 3, we can see that exhausted gases which collected under an atmos­
pheric condition, had a small amount of the hazardous carbon monoxide and 
low hydrocarbons, and had only a trace of hydroge.n sulfied on the GC and 
the Mass spectrum. Ilm'lever, we could not find out other hazardous 
components, such as nitrogen oxides NO x and sulfur oxides SOx, since the 
atmospheric exhaust gas was too dilute in the bottle, and also the 
nitrogen monoxide was so unstable below 7000 C. Because it is easily absorbed 
by ar. active carbon, hydrogen , hydrocarbons and amines, such as carbon 
monoxide, methane and ammoni a gases etc., at that low temperature. And 
it's also easy to react with catalytic exhaust-pipe wall of the metal () 
oxides, such as Fe203' Cu~O and NiO etc. Those reactions are shown below 4 

NO + CO ~ 1/2 N2 + C02 

NO + 1 / /1 N~ ~ 1/2 N2 + 1/4 C02 + 1/2 H20 

NO + :.:/3 NII3 ----+ 5/ 6 N2 + H20 

In generally, the 2~T truck exhausted gases always contained (5 
only 500 ppm of the nitrogen monoxide within 1% of the contained oxygen ) 
since it had as~embled.Lhe t ransmis sion-~ ontro~led spark (TCS) and the 
exhaust-gas reCIrcul atIon (i':GII) etc . devIces.( 

Though the nitrogen monoxide is easy to oxidized to a stable 
nitrogen dioxide by the oxygen i n air, it is only ab le to occur 
at 10000 C. The reacti on IS as below.(I) 

On the other hand most of nitrogen rronoxide is produced only on 
a right ratio of the air versus fuel, A/F relation . According to the 
relation, on the less or excess amount of the air, the nitrogen moncxide 
may be less produced out. Same as the engine has accelerated its speed 
or disassembled its combustion devices, the exhaust gas may contain less 

NOx gases, as the following Figure 4 showed . (5) 

FIG. 4: THE MOST OF NO GAS PRODUCED ON A RIGHT RATIO OF THE AIR VERSUS 
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So that , loJe hadn't determined out the nitrogen dioxide, too. But 
we could see that why a gas exhausted on the id le speed contai ned a les s amounl 
ot' carbon monoxide and hyd rocarbuns . In other word s , a gas exhaus Led un 
the high s peed or on t he continuous high speed, had plenty of incomplete 
combustion components , s uch as ca rbon monoxide and hydrocarbons. And we 
a l so could find out. that oxidized exhaust gas had increased the amount . of' 
carbon dioxide, more than the or iginal exhaust gas had , as Table 2 , Table 3 
and Table 4 s howed. 

Now , if we postulate t he se data i nto an other form of Table 5 
and Table 6 , as lhe shuwn below , t hen we cou ld see the rel ation c learly. 

TABLE-5: THE PRODUCED CO2 WHICH CONTAINED IN THE ORIGINAL EXHAUST 
GAS. 

% Condi-
tion 

Speed 

Idle speed 

High epeed 

Average 
1 

Normnl 

2.61 

4.42 

4·57 

J.87 

~ Disassem- Disassembled air 
bled air- cleanner and Average 
cleanner turbo-charge .. 

4.61 1.81 3·01 

1. 22 2.82 2.82 

5·08 4.86 

J . . ~8 ).?4 

TABLE-6: THE FRODUCED CO2 t'HICH CONTAIIU:D IN THE OXIDIZED EXHAUST 
GAS. 

% Condi-
ion Disassem- Disassembled air 

Normal bled air- cleanner and A-.rerage 

Speed cleanner turbo-charge .. 

Idle speed 22.00 54. ) 1 36·78 37·70 

High s peed 46.71 55 ·)2 13·83 38 .62 

Continuous 
high 8PE'i'ld 

29 . 111- 15· 01 130 ·76 58·30 
--.; 

1 I 
~ 

. .. .... 
Average 32 . (, 2 41. 55 60 . 46 
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from an above uu t-;" of 'rable 5, \.,e ca~s ee tha t lhe more cumbus tion 
assemblys had di sassembled, Lhe more ca rbon dioxide had de c reased. In 
other words, the mure combusLion devices had disass embled the more 
incomplete combustion gases wa s produ ced s uch as carbon monoxi de and 
low hydrocarbons et, So thaL, Lhe oxidized exhaust gas would produce 
a ca rbon dioxide more than the original exhaust gas, as above data showed. 
By the same reasons , t he more speed had accelerated , the more carbon 
dioxide had de c rea sed. Thou gh the continuou s high speed had increased its 
average c arbon dioxide up Lo 4.86% value disproportionally, but it mi ght 
be an abnormal oper;lt ion which occurred on the experimental less 
co rrectness. We can refer Lo the Table 6, for Lhe understanding relation, 
too. Though these prouuced carbon dioxide was a producL which had 
uxidized from Lhe original exhausL ga s , but the produced carbon dioxide 
could cause a similar relation , the mure combustion assemblys had 
ui sassemb led, Lhe more ca rb on uioxide had increased , which was inverted 
to the Table 5 . And al s u , Lhe more s peed had accelerated, the more 
ca rbon dioxide hau increased . 

Now, if we plul the average value of daLa on the following 
Figure 5, we could clearly find thaL relations, between the disassembling 
devices or noL and acce lerating speed or not. So that, we can prefer 
to the best driving condiLions and take the appreciated technics . 

FIG. 5: TH~ II ~LATrONS BETWEEN THE ORIGINAL EXHAUST GAS AND THE OXIDIZED 
ONE . (a) Till': PIIODUCI': D CO 2 AGAIN ST TO Tm: D IfHI</;:NT CONOI1 IONS 
OF COMBU STION DI':Vl CES . (b) nm PHOOUCW CO 2 AGAlN ST TO TilE 
OIFHIlENT SP I': I': D OF DIIIV rNG. 
So lid line 
Dash l ine 

denoLes the original exhaus l gas . 
uenote s the oxiuized exhau s t gas . 
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CONCLUSION 

Depend on Lhe re s ult of Lhe above znalys is , the exhausted gases 
which expelled out of the 2 ~T truck had s hown the relations, the more 
combustion assemblys had disassembled , the more incomplete combustion 
gases, such as Lhe ha z;:lrdou .· ca rbon monoxide, low hydrocarbons and 
hydrogen sulfide etc ., wa s produ ce d. And we could be sure, the more 
speed had acceleraLed uncorrectly , the me re incomplete combusti on"gases 
was produced, too. These ha zardou s gas e s a re noL only to make an air 
polluti on , to ha rm ou r mankind' s hea lth, but also to consume our fuel 
and money. 

So that, we wo uld like Lo Lell al l drivers "Do not accelerate 
your speed or to di ssassemble your combu s Lion devices unrighteously". 
And a lso to advi se a ll vehi c le makers that they should develop 
combustion control devices whi ch could co r.sume oil regularly, even 
Lhough at greate s L acce lerati cn. 
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APPLICA'l'ION OF ION CHROMATOGRAPHY--IN ENVIRONMENTAL 
CHEMICAL ANALYSIS 
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Taiwan, the Republic of China 

ABSTRACT 

Since 1975, ion chromatography (IC) has Decome a widely accepted method 
for the determination of ionic species. The basic limitations of con­
ventional IC come from the combined characteristics of the suppressor 
column and electrical conductivity detector. However with the improve­
ment i n new detectors J column technologies J and specia l e luent systems, 
workin~ range of IC can be further extended. We have applied new tech­
niques i n IC for analyzing ionic species in industrial waste and po llut­
ants. Our results summaries as follows. 
1. 'l'he analysis of sub-ppm level oj' cyaniae and sulfidE by potentiometric 

method using ion-selective electrode and amperometric method. 
2.Determinations of polyvalent anions like polyphosphonate, EDTA, NTA by 

UV-Vis spectrophotometric method with post -column reacting system (PCR). 
J. Using single-column chromatography and PCR system to detect certain 

ions of inner transition metals and lanthanides . 
4. Monitoring ionic surfactant in waste streams with mobile phase ion chro­

matography . 
5.Tracing the hydrolysis degradation products of orgqnophosphorus pesti­

cides by dua l detector device . 

INTRODUCTION 

With the industrialization trend in most of the countries, a 
world-wide pollution problem becomes more and more serious in 
the Asian region. To ensure the healthy individuals with a 
clean envi r onoent for the people living in this area, the key 
c hemical s and the toxic/anti-toxic pathways in human being 
and surrounding environment have to be continuously investiga­
ted and monitored. 
Many of the pollutants, which severely affect the physiologi­
cal enviroment, are anions (cations) or capable be converted 
to anions (cations). Conventional methods for the analysis 
of anions (cations) are e ither complicated or expensive. 
H. Small a nd T. S. Stevens ( The Dow Chemical Company) i ntrodu­
ced ion chromatography (IC) method in 1975. They tried to deve­
lop a simple. rpliable method for the analysis of the water 
soluble polypollutant ions. I Since then. the applications of 

1 
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IC method on analyzing various environmental genotoxicants have 
increased rapidly. But there are basic limitations of conven­
tional IC due to the combined characteristics of the suppre~sor 
column and electrical conductivity detector. 
In this paper, we intend to apply or develop certain new · IC 
techniques in order to further extend its application range in 
fiye particular environmental analyses. The first effort is to 
determine the sub-ppm level cyanide and sulfide. The second is 
polyvalent anions, such as polyphosphate , ethylene-diamine 
tetracetic acid (EDTA) and nitrilotriacetic acid (NTA), detec­
tion techniques. The third is inner transition metals and 
lanthanides determinations. The fourth part includes monitor­
ing the ionic surfactants in waste streams. The fifth part is 
tracing the hydrolysis degradation products of organophospho­
rous pesticides. 

EXPERIMENTAL 

DIONEX Model-lO Ion Chromatograph was used in most of our works. 
The fabrication of the silver sulfide and silver sulfide-silver 
iodide working electrodes has been described elsewhere. 2 For 
post column reacting (PCR) system, Sage Model 375A tubing pump 
was used to transfer the secondary electrolyte. A Beckman 
Model 3500 digital pH meter was used for potentiometric mea­
surements. For amperometric method, the Metrohm Model 656 
electrochemical cell and Model 641 VA detector were used. 
The separator used was a 3x250mm column , slurry packed with 
250-325 mesh XAD-l anion exchange resin prepared by chloro­
methylation and amination. 3 lxlO- 5 M potassium hydrogen phtha­
late with pH=6.25 was used as eluent. A DIONEX HPIC-AS4 column 
was also used. For the latter columns, the solution consisting 
of l4.7~~ 1,2-diamino ethane, 10mM sodium dihydrogen borate and 
1.OmM sodium carbonate was used as eluent. For the determina­
tion of polyvalent anions, the system consists of Tracor Model 
950 HPLC pump, HPIC-AS7 separator, 0.03-0.07N Nitric acid 
eluent and 0.6 gil Ferric nitrate with 2% perchloric acid PCR 
reagent. In the detection of transition metals and lanthanides, 
gradient elutions were performed with two M6000A Water Asso­
ciates pumps equipped with a Water M660 gradient programmer. 
Spectra physics Model 770 UV-VIS spectrophotometer was used as 
the detector. vyda~ 40 1 TP 4.6 20~m, Nucleosil SA 10~m and 
Partisil SCX 10~m 4x300mm columns were used as separators. Dif­
ferent types of chelating e luents such as c itric a cid , tartric 
acid, 2-methyllactic a c id and lacti c acid were studied. The pH 
effect of eluents were a l s o tested. 
In MPIC , the ClS reverse-phase column was use d as the s eparator. 
quaternary ammonium hydroxide so lut ion with ace t o nitril e or 
methanol as organic modi f i e r were uspd as eluents for the sepa -

. .. .... 
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ration of anionic surfactants and metal cyanide complexes. 

RESULTS AND DISCUSSION · 

Determination of Cyanide and Sulfide 
The calibration curve of cyanide with the silver sulfide elec­
trode in a XAD-l separator and a.DIN sodium hydroxide eluent 
~as shown in Fig. 1. Non-Nernstian response was observed for 
on-column preconcentration sample (fig.2). " The interferences 
from bromide, iodide and thiocyanate were obviously reduced 
after the separator was employed. Fig.3 showed the separation 
chromatogram of cyanide, bromide and iodide by both conductivi­
ty and potentiometric methods. 
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Fig.l; The calibration curve of cyanide 
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Ffg .2. The cal· f~ratfon curve of 1 .1 
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Fig.3. The separation of cyanide from 
bromide and iodide (a)H20 + HCN(CN ' 2.6ppm); 

(b )8r-5ppm; ("c)I - 5ppm. 
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As the H2S and HS- species exist under these eluent conditions, 
sulfide interference was still present. By using a HPIC-AS4 
column, the cyanide and sulfide were well separated and quap­
titated. The chromatogram with amperometric detection was 
shown in Fig.4. , This method gave a better sensitivity than 
that of potentiometric method in the determination of both 
cyanide and sulfide. But oxidizing reagents such as hydrogen 
peroxide and hypochlorite would seriously interfere the results. 

--'l 

I 
\i 

o 5 10 15 
Time/min. 

Fig.4 . Separation of cyanide, sulfide and bromide. 

Column: HP!C-AS4; Sample size : A=HS- 20ppb, B=CN-

20ppb, C=Br- 30ppm; Eluent: 14 . 7mM diam;noethane + 

IOnil'i sodium dihydroCJen borate + 1 . OmM sodium carbonate. 

Flow kate: 2 ml/m;n .; Detection: Amperometric. silver 

electrode, O. OV. 

Determination of Polyvalent Anions 

In the normal IC column , the capacity is about 0.03 meq/g. 
Most polyvalent anions would be retained strongly in the co­
lumn. In order to achieve resonable elution time and good 
separation, a very low capacity anion separator HPIC-AS7 was 
em9ioyeu, and nitric acid was used to further reduce the 
coulombic interaction between stationary phase and analyte. 
The post column reacting system provided excellent sensitivi­
ty for these polyvalen t anions. Fig.5 showed a typical chrom­
atogram of certain polyvalent anions which might be practical 
fOT detergent plant. 

. .. .-
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Fig . S. Separation of polyvllent Iftions. 

Column: HPIC -AS7; Sample size : A-MfA 
2Sppm. Bspyrophosphate 40p~, C-EOfA, 
Oatripolyphosphate BOp~; Eluent:O. 01M 
HNO); Flow Rate : 0.5 .I/.in.; Secondary 
Electrolyte: 0.6g/1 ferric nitrite + 21 
perchloric ac id; Detection : spectro­
phot~netr i c detection. 330nw. 

Determination of Transi·tion Metals and Lanthanides 

The r~ult shown in Fig.6 was a diagram of the isocratic sepa­
ration of transition metals by 10~ Nucleosil SA. Lactic acid 
and 2-methyllactic acid have been shown to be the best comp- _ 
lexing reagents suitable for the ion-exchange separation of 
both transition metals and lanthanides. 
The effect of pH value on the separations was examined and it 
was found that at the start of the separation on bonded phases 
the eluent was susceptible to significant pH changes as a re­
sult of protons liberated on complexation with lactic acid. 
The isocratic separation of some metals under pH3.S was shown 
in Fig.7. A few cases of better separation of transition me~ 
tals and lanthanides with gradient elution were shown in Fig . . S, 
9 and 10. Iron(III) and i r o n ( II) c ould be determined simul­
taneously . T~e changes in the elut i on time of lead(II)were due to 
its different co~olex fo r mation constants ' with t~~trate and 
lactate. Fig.ll ;'howed the appiication of on-column concen­
tration for sub-ppm metals. 
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Fig . 8 .. Separation of the transition metals on 101Jlll 

Nucleosil SA. Sample size: Fe(lll) 22 ppm, Cu 10 ppm, 

Zn 10 ppm, Ni 10 ppm, Co 26 ppm, Pb 4. 4 ppm, Fe(II) 

5 ppm, Cd 10 ppm, and Hn 50 ppm. Experimental conditions : 

4nm x JOOlRl1 column ; 20ul sample loop; linear program from 
0.04 mol.i- I to 0.12 mol .1-1 sodium lactate over a 20-min 

period at 1 ml/min flow rate and pH 4.5; detection Jt 

510nm after post-column reaction with PAR-ZnEDTA. 

Fig .9. Same dS the above,except linear program from 

0.04 mol·I - 1 to ·O. 18 mol ·l- 1 sodium tartrate eluent was 

used . 
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Experimental condition: 4nrn x JOOIIJT1 column; 20\.11 of a solution Fig.ll . Separat. ion of the transition 

containing -IO\.lg · lOl- l of each lanthanides; linear program (rOI1l metals after on-column prO!concentra-

0 . 01 mole· I-I to 0.04 nlole.I - 1 2-lOethyl lactic add over a JO - lion of 5 ppb Pb, 5 ppb Mn, and 0.1 

min period at I ml ' mln- I and pfl 4 . 6: dptection at GOO nrn ppm other six metals . Experi~lental 
after post -column reaction wi th Aresenul'ZO I . condi tion as rig. 6. 

Mobile Phase Ion Chromatography (MPIC) 

Mobile phase ion c hromatography is the optimal separation mode 
for hydrophobic ions such 2.S alkyl and aryl sulfonates and 
sulfates, metal cyanide compl exes, SCN , BFlt-, ClOlt-, and qua­
ternary and all~ylamines. The mechanism of separat iOll is ion­
pairing and adsorption which occurs o n a neutral resin. This 
separa t ion theory has been di scussed in det ail by Bidl ingmeye r" 
and Iskandarani. 5 Figores 12 and 13 showed some applications of 
MPIC to anionic surfactants and iron cyanide c.omplexes. CIS 
was used as the co Lll:l1l1 packing material, but tt!e e luent s ystem 
with rather higher basicity o bviously reduced the life tine 
of co lumn by hydroly~in g the s ilica gel hackbone. ThereLore 
in t!le future \Vorl'" a pol Ylller type o f rever se rhas ",~ pack i.ng 
mat erial would be tested ;lnd. co mp a r e d. 
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23.6ppm. Fe(CN)64 29 . 2ppm; Eluent: 40% CII3CII ~ TnAI-! 2nt1 + 

Na2C03 O . 0211~~; Flow Rate : IIIII/lllin.; Detection: Conductivity. 

Fig . 13. Separation of anionic surfactants. Col ullin: Partlsil CIB 10lnll Jx400llrn; 

5.1l11ple size : fI: I:ilerosol AY IOrplH, 2: 505 20Dppm. J:aerosol OT 20ppm. 

[\ : l : aerosol flY Gppm. 3 ~ ael ' osol OT 50ppm; Eluellt: 60% CIIJOH + 0 . 01 9/1 IIH~O"c; 
rlO\~ Rilte : llill/Illin . ; Detecti on : Conductivity. 
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Dual Detector System 

Figures 14, 15 showed the separation and detection of certain 
anions by conductometric detector coupled with UV-VIS spectro­
photometric detector . The obvipus advantages of UV detection 
for nitri'te and nitrate over conductivity are better s~nsitivity 
and less interference from chloride. Therefore this system 
offered a better method for the determination of nitrite in 
preserved foods. In Fig.16, the coupled amperometric and con­
ductometric detectors demonstrated more applications in the 
study of hydrolysis mechanism of DDVP pesticide. DDVP may 
hydrolyzed in the following two possible pathways. 

° ° 1/ H2O I( 

(CH30)2P-OCH=CC12 ) (CH30)2 P-OH + HCC12 CHO 

(DDVP) (DMP) (pathway 1) 

° H20 > M 
(CH30)P-OCH=CC12 + CH30H 

I (pathway 2) OR 

With the strong oxidizing potential set on the first amper­
ometric detector, the dimethoxylphosphonic acid (DMP) and 
dichloroacetaldehyde can both be detected as ionic form in the 
second conductometric detector. The result showed that pathway 
1 is predominant. 
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LJ L 
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Fig,14 . Detection of normal anions by dual detectors. 

Column: HPIC-ASC-l +ASC-l; Eluent: 0.003N NaHC03 + 

0.0024N NazCO); Sample Size: l=F- 3ppm, Z=Cl- 4ppm, 

3=NOZ- Zppm, 4=P04= SOppm, S=Br- IOppm . 6=N03- JOppm, 

7= 504= 50ppm; Detection : A: conductivity, B: spectro­
photor.~tric 19Znm. 

10 



Q 

3 

A B 

4 2 

3 

u 
o S 10 I S 20 2 S 30 3S 

Time/min. 

A B 

J 

4 

V ~ ~ \( 
5 15 20 25 ]0 

Time/min. 

C 

~\ 
35 

Fig . 15. Detection of iodate and bromate by dual detectors . 

Column: HPIC-ASI +ASC-I; Eluent: saine as Fig . 14; Sample 

Size: 1= 103- Ifippm, 2=BrOr 14ppm, 3=CI- 10PIJII. 4=CI0)­

BOppm; Detection: A: conductivity, B: spectrophotometric 
195nm. 

Fig.16. Identification of ionic species from 

the hydrolYSis of DOVP by dual detectors. 

Colullln : HP{C-AS + ASC-l; Eluent: 0 . D024N 

Na2CO) + O.OO)N NaHCO); Sample Size: 

A: s tandard: I =ONP 10ppm. 2=Cl- 1 ppm, 

3= CHCI ZCOO -(OA) 15ppl11, 5=P04= 4ppm, 

B:hydrolysiS products of DDVP, I=OMP, 

J =OA, 5=P04 -; C:hydro l yS is products of DMP 

I =Q~lP, 4=POJ=, 5= P04= . 
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CONCLUSION 

PotentiOliletric measureI!1e nt using a silver sulfide based ion 
selective electrode and amperometric detector using silver 
wor,king electrode both proved to be a promising method in .de­
tecting and quantification of cyanide and sulfide. The UV-VIS 
spectrophotometric method with suitable postcolumn reacting 
system provides a new sight for the polyvalent anions, transi­
tion metals and lanthanides detections. MPIC offered another 
means to monitor the ionic surfactants, metal cyanide complex­
es and many other hydrophobic ionic species. The dual detect­
or system certainly enlightened a new approach to enable us to 
understand more thoroughly and deeply the influence of toxi­
c~nts or genotoxicants perhaps still unknown to us. Continuous 
efforts to develop advanced analytical techniques for ~he 
environment assessments would be essential to sustain healthy 
living surrounding for future. 
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SURVEY OF ENVIRONMENTAL WATER _ IN THE BASIN OF LAKE KASUMIGAURA -... . 
TAI HARADA 

National Chemical Laboratory for Industry,Japan 

-ABSTRACT 

A simple and inexpensive metho d of suvey of environmental ~ater 
wa s developed and appli ed to the basin of Lake Kasumigaura by 
citizens and scientists. 
This method is very simp le ~so anyone can practice easily~who has 
scientific knowledge and technique about average of a high scool 
student. 
It consists of three parts; observation of surroundings~biological 
survey~chemical analysis. 
Re sults were plotted on maps to show local pollution and classified 
into histo grams . 

NATURE OF LAKE KASUMIGAURA 
Lake Kasumigaura is located in Ibaraki prefecture,almost center of 
the Japan islands and near the Pacific Ocean.It is the second 
largest lake in Japan.The size of the lake and the area of the 
basin are about 220 Km~and 2200Km2 respectively, but it is very 
shallow as 4m in depth on average. 
It lies in agricultural zone;rice field in lower alluvial plain 
and bean and vegetable field on heights. 

Since the highly economic growth age(1960S) ,petro-chemical and 
stee l industrial plants and other industri es have bee n constructed 
arround the lake . Recently this area als o becomes residential section 
of Tokyo. 

N 

+ 

Fig.l LOCATION OF LAKE KASUMIGAUR~ 
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~ater quality of Lake Kasumigaura has been getting worse for this 
30 years,with development of the basin.Till 1965,levels of COD 
were kept between 4to 5ppm,but afterwords the values were increasing 
and in the 1980s exceed 10ppm. 
To solve the problem of eutrofication of a lake, we must consider 
flow of chemicals among living and non-living things, that is e~o­
system.Fig.2 shows the relationship between survey items and the 
ecosystem of a lake. 

~ 
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Fig.2 RELATIONSHIP BETWEEN SURVEY ITEMS AND ECOSYSTEM 

SURVEY ITEMS 
Observation of Surroundings 
Contents of observation of surrounding~ are 

(1) date,name of the river, situation, 
(2) tempe~ature of atmosphere and water, climate, 
(3) depth and width of the river, velocity of the flow, 
(4) sketch of the surroundings, 
(5) state of the inside of banks,water cource, 

muddiness,color,smell of the water,state of the bottom, 
(6) aquatic life (biological survey). 

Index of artification(or conservation of nature) is estimated from 
the results of observation of surroundings.Each item of observation 
of surroundings has three stages;A(the nature is conserved), 
B(partially artified) ,C(the nature is lost). . 
An index of artification at a surveyed point is formulated as 

(3A+B)/(A+B+C) for A,B,C ;the sum of the number of each 
stage at this point 

... -
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Chemical Analysis 
Water sample was collected in a well-washe~beer bottle with a 
rubber stopper.Analytical methods are listed Fig.3. 
P 04 - P , N H.4 - N , NO 2. - Nan d tot a 1 - N we rem e as u red wit haS li \tl P 1 e color i -
meter by Dr.AMAYA.His colorimeter has very ~imple circuit,but rather 
sensitive and stable. 
Fluorescence of the water sample was observed through the protective 
glass under a UV lamp in a blackbox. 

OBJECT 
PH 
COD 
P04 -P 
NH04 -N 

NO:z -N 
total-N 
fluorescence 
cQ2-
HCO-
SO'-
Cl-
Na~ 

K+ 

Ca2 +-
Mg2.+ 
Fe 

Fig.3 

METHOD 
glass electrode PHmeter 
pottasium permanganese(lOOoC)method 
molybdenumblue simplified method 
indophenolblue simplified method 
GR reagent simplified method 

I reduced to NH4 by Devarda s metal 
irradiation of UVlamp 
alkalinity by phenolphthalane 
alkalinity by methylorange 
liquid chromatography 
liquid chromatography 
emission spectroscopy 
emission spectroscopy 
atomic absorption spectroscopy 
atomic absorption spectroscopy 
o-phenanthroline spectrophotometry 

ANALYTICAL METHODS 

RESULT 

In the 18-day survey of 1982,more than 170 participants jointed 
and collected samples at 202 points. 
According to the histograms,main streams are more polluted than 
branches. The former flow through cultivated plain,and the latter 
do through less developed forrest. 
From the maps,it is clear that rivers are polluted through crow~ed 
city areas·. 

COD 
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'iri 
~ DOMESTIC fEFR.L&i7 
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~ 0 o!-,-.J...L~5::-'-<....L.L..f:1 O::'-'-....J.....o'-:1~5.J...J...L.I.~2C:!O ---- IHOOS TRIA L EErug 
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Fig.4 CIRCUIT OF COLORIMETER Fig.S HISTOGRAM OF COD(Mn) 



TERNARY COMPLEXES OF COPPER (II) AND THEIR 
BIOLOGIC~L SIGNIFICANCES 

W.L. Kwik and K.P. Ang 

Department of Chemistry 
National University of Singapore 

A B S T R ACT 

Much efforts have in recent years been directed towards 
the study of ternary complexes of copper (II) containing an a, 
a'-diimine or a. a' • a"-triimine as the first ligand and an oxygen 
donor ligand as the second one . This is due to the fact that such 
complexes display unusual stability and can possibly serve as models 
for enzyme-metal ion-substrat e complex~s. In this paper a review will 
first be made of the recent development in the chemistry of these 
ternary complexes. Various aspects of the biological significance 
of these complexes will be examined . Finally results from our 
laboratory will be presented and di 3cussed. 
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Introducti un 

In many biological systems, multiligand-multimetal ion equil ibria 
dominate; that is mixed ligand or higher order complexes are formed . The 
simplest form of these s pecies namely, a t e rnary complex 2, consists of a 
metal ion and two differe nt ligands (other than the so lvent) . Such terna ry 
complexes play an important rol e in metal ion catalyzed reac ti ons 3 , as is 
exemplified by the enzyme-metal ion-substrate complex in biological fluids. 
However the roles assumed by ternary complexes of copper(TT) e xtend 
beyond this . In the following the r ece nt deve lopment in the c hemis try of 
the copper(II) ternary complpx e s will first be r evi ewed. Th e biol ogical 
significances of some ternary compl e xes will then be discussed. 

Recent Developments In The Chemistry Of Th e Coppcr(I I) Ternary Complexes 

As part of the effo rts to understand the rol es of me t a l ions in 
biological systems, simple ternary metal complexes have be e n extensive ly 
studied in solution. In pa rticular those of co ppe r(ll) have aroused 
considerable intere s t. Th is follows from the finding that, in so lution, 
ternary systems in whi c h Cu 2t is bound to a bidentate aromati c amine 
such as 2,2'-bipyridyl a nd a sec ond bidentat e liga nd with oxyge n atoms 
as donors, are mor e stabl e than the correspondi ng binary complexes 4. Such 
enhanced stabili ty ha s been a ttribut ed to the discriminating behaviour 
of the [Cu(bpy) ]2~ species towa rds the incoming ligand " Thus when the 
bidentate oxygen do nor li gand is replaced by a bidentat e ni trogen donor 
ligand such as ethylenedi~mine the stability of the resultant ternary 
complexes is red uced to that e xpected statistically while with a ' mixed' 
ligand such as gl yc ine ontaining Nand 0 donor atoms, the observed 
stability is intermediate between the value for the bidentate n itrogen donor 
ligand and that for the bidentate oxygen donor ligand. The basi c conditions 
for the format i.o n of ternary copped ll) compl exes have been n'vi('wcd by 
Sigel et. ale 'j 

Follow i n)?, the so~ution st udies, some of th(' ternary compl{'xL's 01 
copper(ll) have actua lly been iso lated and c haracterised 6- 11 lTabl l' 11. In 
our laboratory we r eported 7 the synthesis and characteri satio n o{ terna ry 
complexes containing o-phe nan t hral ine (ph en) as well as a bidentate oxygen 
donor ligands s hown in Table t. The e l ectronic spectral a bsorpt i on s of t hese 
complexes sugge st D2h symmf'try arou nd Cu(ll) . The mode of bonding of the 
oxygen donor ligand wit h t~ e [Cu(phen)]2+ wa s f'xamined through their 
electronic as well as infra r ed absorption spec tra. Sub spque ntly another 
series of ternary complexes wa s prepa r ed 8 in.which the oxyge n donor ligand s 
were replaced by some ~ min o acids [Tab l e I] . The bonding c ha ract e ristics of 
these were studi ed ~nd co~red through inf r a red spectral, (' l cctro ni c spect ral, 



pola~ographic and electron paramagnetic resonance measurements. 

",I 

AioLo.gical Significance Of Copt>«:r;(t'I) Te rnary Complexes 
' };> 'H! l' .: j ~ 

'If"1 l .t I::I'$S n«lw been , recogni.sed !:hat ternary complexes of copper (I 1) 
p:ai"ti;¢i:pate , in several biolog~e~l ' pro~e ,sses of wbicb the roles of these 
complexes in the following four are comparatively well established: 
(a) enzyme-metal ion-substrat e interaction, (b) transport of copper i n 
GLood plasma, (c) action of several antitumor drugs and (d) therap~utic 
action of pencillamine with respect to Wilson's disease. Selected examples 
of model ternary systems synthesized for study related to the above will be 

I ;eKflmined in the. following sections • 
.,A, common . feature of the ternary complexes of copper(II) designed for 

stti.<fV-, al , the: s,peoilic . function p f cuproproteins is that histidine is often 
employed to ! be the first . 1 igand. , This arises as histidine has been found to 
par~i~a~e in , complex format~on in many biological systems such as the 
carboKypept'idas~ A 9, c arbonic anhydrase B & C 10, plastocyanin 11 and 
superoIXide d.bsmutase 12. Ai signLficant number of ternary amino acid complexes 
contain tng ' his~id~ne ha s been prepared (or various study. For example, an 
appredi atio1fl1, oE ,the noncoj\laleQ,t, interaction has been said to be one of the 
keys to und~r sta~ding the specificity and high efficiency displayed by 
enzymes. Thus to i nvestigate such interaction, the second amino acid of 
sev~ral terna ry compl e xes was selected 13 so that sign ificant intramolecular 
ligand-ligand interaction would likely ensue. Of th e different pairs of 
amino acids experimented, it was fo und that with each of the three pairs 
(Table 2) histidine-asparagine, histidine-glutamine and h is tidine-threonine 
in the coordination sphere of Cu(II), significant intramolec ular hydrogen 
bonding occ urs under favorable co nditions. As it has also been shown that 
~i~tidine in proteins are typically nonchelating, the imidazole moiety 14 
hRS consequently assumed much significance as the bind ing site of the 
histidyl residue for Cu(ll) in a number of biol og i ca l syste ms 14. The latter 

~' 4~tlude human albumin, sperm whole myoglobin, hemocya nin, bovin serum, 
teruloplasmin and ribonucl ease . The effectiveness of ~th e i midazole group 

n· ht~ing as a metal binding site has been attributed to its great flexibility, 
Hs avilability at physiologica l pH and its capability to fo rm both <5'"' & IT 
bonds with metal ions. Some e xamples of its ternary copper(II) complexes 
are given in Table 2 15,16. Those with dipeptides serving as the second 
ligands were shown to possess enhanced stability 16. It is also interesting 
to note that the order of the stabilities of these ternary complexes is 
determined by st~ri c e ffe c ts impo sed on by the side chain substituents in 
the dip~ptides. 

That the copper(ll )-mixcd amino acid complexes may playa part in 
the transport of copper(II) through the blood and betwe en blood and tissue, 
was first suggested by the identification of such complexes in normal human 
serum. It has now been established 17 that a significant proportion of the 
complexed copper(II) is in the form of a mixed ligand complex containi ng 
I-histidine, I-threonine and cu(rr) in the rat io 1:1:1. The molecular 
structure of this complex ha s been elu0idated by X-ray diffraction method 18 
The histidine residue is shown to function as a tridentate che late bonding 
through its imidazole N, amino N and carboxyl 0, while the threonine residue 
binds copper through its amino N and carboxyl 0 

. A third area where the parti cipation of t e rnary co pper(ll) complexes 
is considered likely, deals with the ac tion of antitumor agents. This follows 
from the recent finding that deg radat ion of DNA can be brought about by a 
copper(II) complex of phe n in the presence of a reducing agent such as the 
thiol 19. Although the chelating agellts phen and bpy a r e the ones shown to 
retard the growth of Sarcoma )7 tllmor 20 and inhibit the ce ll proliferation 
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of Ehrlich ascit e s 21 , t he co pp e r compl e xe s of these ligands are expected 
to act as the carriers of t he a ntitumor a gents. This follows from the 
fact that the neutral copper c omplexes are expected to permeate through the 
cell membranes more re a di ty, thu s e nhancing the antitumor a c tivity of tliese 
agents. In their free un coordinat ed forms the hydrophilic groups of the 
phen and bpy molecule r end e r them less effective in permeating through the 
cell membrane and cons e qu ently reduce th e ir antitumor activiti e s. As the 
search goes on fo r mor e e ffe c tive antitumor agents, renewed efforts are 
being made in the study o f ternary bpy a~d phen copper(lI) complexes, with 
the second ligand being one of biological relevance. 

Ternary copper(ll) complexe s have also been found to be useful 
models in the investigation of the therapeutic action of penicillamine (pen) 
with respect to Wilson's diseas e 22. This disease is a genetic defect 
ensuing in an excessive accumulation of copper in the liver, kidney and 
brain. Such accumulation, i n turn, leads to neurological and other 
disorders and ultimately death if it is not detected and treated at an 
early stage. Although pe1li c illamine is used in the treatment, the mechanism 
by which pen successfully removes copper, i.e. the mode of interaction 
between pen and copper und e r biological conditions, is not known. A 
knowledge of the mechanism is vital in determining the requirements for a 
more effective therapeuti c agent. As it has also been establishe d that 
even in blood plasma the re is negligible amount of free copper, the 
study of the interaction of pen with chelated copper(II) rather than the 
free copper(II) is con s idered to be more appropriate. In this connection, 
two systems 22 viz., Cu(II)-glycylglycine-pen and Cu(II)-histidine-pen 
have been investigated by el ectronic spectral and epr studies. The 
spectroscopic data were us e d to relate the formation of the t e rnary complexes 
with the mode of mobil isa t i on of th e excess co~~er in Wilson's disease. 

In this final s ec tion, the catabolism of histamine is presented 
to illustrate the potential uses of ternary complexes of copper(ll) in many 
other biological processe s. Hist amine, t he decarboxylation product of 
histidine, exists mainly in its protonated form in blood plasma. This highly 
polar form of histamine is not expect e d to readily cross c ell membranes to 
reach tissue in which it can be catabolised. On the other hand the formation 
of a metal complex ou ght t o facilitate the diffusion process of histamine. 
Thus it was not entirely surprising wh e n several metal complexes have 
actually been fo und t o be effective in r educing histamine toxicity 24. To 
probe themode o f ~c t i o n of mpt al ions with respect to histamine c atabolism, 
ternary complex ~ s a rc co nsi de red sinc e t here are othe r low mol ecular weight 
amino acids a l : p r esent in t he blood plasma. There has , the r e f o r e , been 
study on possi b ' , ( or lTl a L ~On 0(- t e r nary syst e ms of coppedII ) wit h h i stamine 
and some amino a r i ds . esu l ts thus f ar obtaine d 23 i nd i c a t e t hat f ormation 
of such terna ry c0 10pl e xe s i s s omewhat s e l ect i ve , be ing de pen den t on the 
nature of th e ~ econd l iga nd . 

. .. .-. 
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TABLE I 

SELECTED EXAMPLES Of TERNARY COMPLEXES ISOLATED fROM SOl.UTION 

A. 

B. 

L 

[Cu(phen) (acac»)C I 
[Cu( phen)( sa I)] 
[Cu(phen)(pyr»)H20 
[Cu(phen)(oxa)] 
[Cu(phen)(mal) ]21120 
[Cu(phen)(suc»)H 20 
[Cu(phen)(glu)]H 20 
[Cu(phen)(ad1p)]H 20 

[Cu(phen)(gly) ](S04\" 0 
[Cu(phen)(ala)] (S04 )~2A20 
(Cu(phen)(val )-Clj.211 20 
[Cu(phen X tyro roc I 1.11 20 
[Cu(phen) (ser)j( S04)," 20 
[Cu(phen)(asp) I 
[Cu(phen)(glut»)2H~0 
[Cu(bpy)(gly)](S04)~ 
[Cu(bpy)(ala)Cl)2H 20 
[Cu(bpy) (va I )CI JI120 
[Cu(bpY'(t yro )Cll 
[Cu(bpy)(s e r)j( S04), 
[Cu(bp y )(asp)]2H 20 
[ Cu{ bpy )(glu)] 

TABLE 2 

EXAMPLES or TERNARY Cu(ll) COHPLEXES (CuLL') 

DESIGNED FOR STUDY OF SOME BIOLOGICAL PROCESS 

L' 

A. HhUdin. L-,n- a.paragin. 
L- gluta .. ln .. 

•• l .. ! d .... ol. 

t. 1<01 d .... ol. 

D. bpy ph"n 

h1stalll ne 

L- s.rln .. 
L-hollOs .. ri .... 
L-cl tTU) 11n .. 

tL- 2- a.lno butyric acid 
Dl.- 3-aIU no but yric acid 
DI.-4-.111no butyrh: acid 
DL-4-alllno-3- hydroxy butyrl c acid 
DL-2,3-dJallino propionic acid 
DL-2,4-dlallino butyri c acid 
OI.-ornlthJn" 

dlpeptid •• 

glycyl glycine 
glycvl-L-alanine 
L-.I an yJ ItJ y<:l n. 
glycy l -L- Ieud ne 
L- I "U('y I g l yc:l ne 
glydn"",ldE' 

1( 1 YO ' Y II(I yc:J n .. 
gJy<:yl tyrosin .. 
gly<:y lph .. nylalanln .. 

" ystinat .. 
"'-- lystnate 

100 

( 13) 

Il~ J 

116) 

II'll 

123) 



CHEMICAL INDUS~~IES-IN DEVELOPMENT OF NEPAL -.-

Chakra P. N. Hali 
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A B S T R f. C T 

A briAf introduction to Nepal r e lating to i ts topo­
graphical and climatological f eatures including Nepals resources , 
population and labour fo~c~ , ethnic and linguistic diversity , 
out- put labour foy>c e and pr'oduc tivity is undertaken. A review 
of industrial situation alld industr ial (JrolJth with special emphasis 
to chemical and allied industry is discussed . Technical manpower 
in the f ield of ch{3mica 7. and allied industry is also shown. 
In R&D section r'e search and de ve l opmental lJorks in different 
instituti ons and their status is taken into consider ation. In 
chemica l industr<e :; Y'e l evan t to Nepa l section the po licy and 
progranune under luinlJ the growth of overall industries in Nepa l 
including chem'/(>(!l al/d alU~d 1:ndustY'ie s are ah01Jn against well 
established staU:;t£cal data , fi gures and surveys -t Lack of 
t echnology , prorrr hlfoY'matlon of R&D and shortage of trained 
manpower are consideY'pd £n regional co-opera tion . 

25 
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Information on Nepal 

Nepal is a landlocked country lying in South East Asia at t.he 
longitude betweel'. 800 .15' to 880 15' East and 260 15' to 30° North. She is 
surrou~ded by the Ti betan region of China in the North and India on the 
other three sides. This country is r oughly r'ectangular in outline. It 
covers an arEa of 147,l81 sq.km. l~e populati on if 15. 20 millions . The 
annual growth r a le o f population is 2 .3 percent. GNP per capita is 
US$ 130. The population density is 102 persons per sq.km. Nepal abounds 
in a diverse set of caste ~ creed and la~guage which has amalgamated into 
a homogeneous culture and religion. (1, 2 ). 

Topographical features and climate. The geography of the kingdom is such 
that its character va ries from the temperature terai (plain area, altitude 
o} about 100 meters from the sea level) to the peak of Sagarmatha (Mount 
Everest 8550) meters). Thus the climate and vegetation of Nepal vary 
according to altitude.(3) 

Resources. Nepal has an agraricn economy with 90 percent of the popula­
tion dependent on agriculture . Forests are only second to agrobased 
industries and are very important natural resource. It i s reported that 
one tr_ird of the country is covered with forests. The third important 
resources cf the country are minerals, though, minera l deposits that are 
commercially exploitable are very few in numbers . So nor:-metallic 
industries have already gained ground. Nepal i s very r ich i n hydro-power 
pote~tial. This energy is yet to be harnessed to ils fullest pos s ible 
extent. This is one of the main natural resources of the ccuntry and, if 
exploited in diverse fields, this could contribute very strongly to 
national economy. (4) 

output labour force and produc ti vi t,y. Maximum labour force in the country 
is involved in agriculture. Only 5 percent of them are in service and only 
2 percent of them contribute their labour in industry. The annual growth 
of labour force is 2.l percent . According to the World Bank report, 
productivity per worker of these labour force was lowest in agriculture 
and highest in indu s tries.(5,6) 

Development and status of Chemical Industries in Nepal 

Revie\\' of industrial s i tuation (development). Only very recently Nepal has 
embar'ked on indu s trialisation . So the history of industrialisati on is not 
very cld. Tr.e precess of industrialisation took place for the f i rst time 
in 1938 A.D. wi th the es tablishment of a jute mill. This inspired many 
others to set up new industries due to wh i ch many agro-based i ndustries 
like rice, jute , oil s eed extraction, flour mill e tc . came i~ t o exi stence. 
Between 1952 and 1956 not more than 15 publi c and private limi t ed companies 
were registered. By 1956, when the first f ive yea r plan was launched, 
out of 68 public companies registered 24 had been dissolved due to the 
lack of equity capi tal, 13 were in liquidati on, 15 reported operat i ng at 
a loss and a few were apparently reasonably successful.(7) As a precursor 
to this step of indu s tri~isation, an organisation by the name of Nepal 
Industrial Development Corporation (NIDC+ was- se t up in 1959 A.D. which 
provides financial loans and prerequisites to those people i nterested in 
establishing indus lries . l ~:ven before this, the Government did not appear 
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to have shown any interest Lo set .J.lp industries in the public sector. Any 
indust ry that came into being~~a's Qnly in the pri~te sector. The assis­
tance provided by the Nepal Industrial Developmerit Corporaticn to various 
industries financi2 1ly is s hown in Pppcndix- l. It has he lped in the 
opening of 387 big and s mall industries investing 566 .97 million Rupees 
(shown in Appenclix-2 ). Actually, the industrialisation process started 
during the First Five Yc&r plan (1957-1962) as a sequel to planned 
development in the country.(8) 

Industrial growt,!:l. Only during the First Five Year plan (1957-196 2 ) 
serious attempts were made to encourage and suppcrt the industrialisation 
process. This resulted in a considerable increase i~ the number of 
industries in the publi c s ector as well as private s ector. This was a 
very encouraging trend , specially in compar ison wi th the fifth plan. The 
contribution of the industrial sector in GOP is only 5 percent. From 
the viewpoint of employment also this secter employs cnly (,ne percent of 
the labour force. The contribution of other industries i s negligible 1n 
comparison to cotlage industry. For a big & s mall scale industries, 
investment 1S high ard employment is less.(7) 

TABLE NO. I: A COMPAHPTIVI~ STUDY OF SMALL, MEDIUM AND BIG INDUSTHIES 

TOTAL MEDJUM & COTTAGI': % OF % OF MEDIUM 
INDUSTliY BIG AND SM ALL COTTAGE & BIG 

I NDll STHI ES SCA L I ~ INDUS- INDUSTRIE S 

NUMBEE OF INDUSTH n :s 7 ,511 ,1511 
NUMBER OF EMFLOHI':S 12 ,71,340 
PHODUCTION 

3,570 
56,340 

(MILLION Hs) 
INVESTMENT 

32 ,88.11\1 257 5 .11\0 

(MILLION Hs) 
VAL UE ADDED 

(MILLION Rs) 

8 26 

698. 26 

485 

479.5 

INDUSTRH:S TlUES 

7,50 ,5 75 
12 ,15,000 

'" 713.00 

341 

218.7 

99 .5 
95.6 

21. 7 

41.3 

31.3 

0.5 
4.4 

78 .3 

58.7 

68.7 

The cottage industry s ector is estimated to contribute more than 6 
percent to the GOP . In fact, cottage industries comprise 99.5 percent 
of all indust r ial units and e~ploy 95 .6 perCEnt of all i ndustrial 
labour (9) as menl ion ir Table No. ]1 . 

TABLE NO. II: CONTRIBUTION OF COTTAGE INDUSTRIE S 

TOTAL CONTHJB Ll TION PF.HCI~ NTAGF. CONTF!JBIJTION PEECENTAGE 
YEAR NATI ONAL OF r.1 ANF G. OF COTTAG E 

INCOME SI':CTOR INDUSTHmS 
(Hs . IN 000) 

1972-/73 9,968 31 2 3.1 650 6.6 
1973 / 74 12 ,080 387 3.1 885 6.9 
1974/75 14,802 463 3.1 995 6.7 
1975/76 17,3911 518 3.0 1161 6.7 
1976/77 17,344 680 3.9 1081 6.2 
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Accordipg to the industrial s tatistics carr ied out during 1977 / 78 , 
industrial units, either mechanised or having more than 10 employe es, 
shows a remarkable increase in the first interval (197 2/ 73) as shown in 
Table No. III. But in the secGnd i nterval (197 2/73-1 977 / 78) it was poor~ 
Also the growth r ate of industria l output during the period is less than 
thE growth r ate of GOP . Whereas, in the developi~g countries, increase 
in the industrial output rate was higher than GOP rate during the same 
period. (7) 

TABLE NO. II I : INDUSTRIAL GRO WTH STATI STICS OF NEPAL 

COTTA(;\ -: 
SMftLL SCALE OR NON MECflANISW 
1965 / 66 72 / 73 77 / 78 

NO . OF IND USTRIES 376632 750575 -NO. OF EMPLOYEES 1040('00 1215000 
PROD UCTION 

(MILLION Hs. ) 303.£ 713.0 
INVE STr.'.E NT 

(MILLION Rs. ) 143.1 341.1 
VALUE ADDED 

(MILLION Hs. ) 122 . 5 218.8 

BIG OR MECHANI SED 
1965 / 66 7 2 / 73 77 / 78 

1260 
18176 

507 

89.6 

2434 
41367 

1798 

3574 
56340 

2575 

257 485 

322 . 0 474.5 

In short, the cont r ibut ion of cottage industrie~ is s ti ll ve ry impor tant 
in comprison to other i ndustr i es. The non-sectoral and cottage industries 
are taker. up in the home circumstances and are unorganized and pr~ctised 
during the leisure hours . So their products are of low quality and they are 
produced for i nternal domestic and private use only. These products do not 
r each the market. This shows that industrial development in Nepal i s still 
in the stage of infancy. To shift the dependency of t.he national ecor.omy 
from agricul tt. r e to industry, emph asi s has been give n in the second plan by 
allocation of 20 percent of t he fin ancial di s bursement, as compared to 8 
percent in the First Plan, for the development of the indust r ies. 

Chemical and a ll i ed industry . There is no chem ical & a ll i ed industry at 
all in the country in a flourishing condition and, even if there are any, 
they are quite negligible in number. For example, according to Nepal 
Foreign Trade figures (1980 / 1981 ), we have imported miEcellaneoLs mate r ials 
worth Nepali Rupees 4802 millions and exported materials wo r t h only Nepali 
Rupees 1423 mill ions. Th is amounts to a trade deficit of Rupee E 3379 mill 
millions. From amongst the i mported goods worth of Nepali Rupees 4802 
millions, we ha~e i mported a total Nepal i Rupees 1380 mill ions worth of 
chemicals and al lied products alone as sho~n in table IV . 
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TABLE NO. IV: IMPOHT OF CHI':MJCAL &. ALLI ED PReDUCTS (IN Rs. 1,0000(0) 

I~1POHT ( IN ..,.. IMPORT 
NAME Hs. ) 

NAMr: 
MILLION MI LLION 

l. PETROLEUM FUELS 510 13. STEALIH AND TALC 9 
2 . FERTILISEHS 203 14. OHGANIC DYESTUFFS 8 
3. CI'~ MENT 150 15. GLUCO!:·F, 6 
4. MEDIC INr~ 1-19 16. LIME 6 
5. PAPER &. PAPI':R PHODlICT 96 17 . SHAVING SOAPS 5 
6. SUGAf~ 72 18. COSMETIC AND PERFUME S 7 
7 . Fln'I{OLlWM I lIl3lHCATING OIL 39 19. VEGETABLE COLOURING 
8. LAUNDHY SOAPS 27 MATTEn 
9 . SURFACE ACTIVE AGI':NTS 15 20 . INCENSE STICKS 

10 . 10ILET SO AFS 11 2 1. INSECTICIDES 
1l. PAINTS AND ENAMI':LS 10 22 . OTH~:RS ( S02, Mn0 2 , 
12 . WRITING INKS 10 Cu-ore, NaN03 etc. 

TOTAL 

SOURCE: Food of ThoughL, Nepal Chemical society . 
( 1 US$ -= Nepa 1 i Hupees 1I1. 40) 

4 

5 
22 
15 

1380 

(IN 
Hs. ) 

The figure is 28% of the Lotal imported goods . These do not include other 
goods such as texLiJes, polythene materi als , vegetable oils , fats, powder 
milk, tyres, mineral binding substances, glass, etc. This shows that 
plight of chemical and allied industries - they are still in a very primary 
stage. (10) 

STATlIS 

Research and deve llJpmen t . In the modern world, tecQnological changes 
are so swift that. it is imperative for us to, at least, keep abreast of 
the new development if we are not to be left far behind. It is even for 
this reason that sOnle local capacity in science and technology is needed, 

and this is not likely Lo be achieved unless some investment is made on 
research and develormenL at even minimum levels. However, what we generally 
find here is that research and development is not only absent but there is 
also a lack of app reciation for its need. As an indicative of this general 
situation, it is beLLer to mention some of the results of a survey (which 
is not yet published) carried out by NCST (National Council for Science and 
Technology) a few year ago. This survey was mainly intended to find out 
the kind of H &. D our industries and manufacturing concerns carry out in 
their operations. That survey was mainly interested in finding out whether 
our industrial esLablishments have in their operations such activities as 
quality control and testing, sLandardization of product and process 
improverr.ent, raw material substituLion, by-product uLilization, new 
product development etc . Among the 96 industries and manufacturing 
concerns surveyed, only 27 re sponded. Among those responded, only 9 
industries appeared to have some activiti es in the above mentioned areas. 
But most of them were l imited to quality control and product standardi­
zation. Very few of them had n &. D components, if any, in area such as 
process improvement, raw materials substitution and new product develop­
ment . Even recognizing the limitations of this survey, it may be said 
that our industries do not quite recognize the need for R&D as this 
component does not qui te effect Lheir profi tabili ty. The result of this 
survey shows thaL our i ndustrialists take very short time measures in 
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their cal cu l a tion of return un their investments. They do not feel the 
competitive urge of the market place to back up the profitability of their 
operations with R&D effcrts . Hence, what is needed first, i t to drive 
home the fac t that It & D efforts payoff, and can be made to payoff 
handsomely in Lheir cperations, and to create a congenial environment 
for the same. (11) When we talk of R & D in other countries, institution 
that meet production levels spend 2-10% of their income in R&D. Even 
in , India there are certain institutipn which help to promote and encourage 
R&D, like, for instance, CSIR (Council of Scientific and Industrial 
Research). In Nepal, this task will be undertaken by the newly founded 
Royal Nepal Academy of Science and Technology (RONAST). For H & 0 we 
have developed a very narrow infrastructL're in our country. As I have 
mentioned above, our organizations and institutions has involved a ve ry 
few people in the field of It & D. For instance the Department of 
Medicinal Plants, Iloyal Drugs Hesearch Laboratory is presently engaged 
in carrying out phytochemical, pharmacognos tical, formulation of pharma­
ceutical and allied products and biological investigation in plants. 
Technological methods have been developed for the extraction of Vasaca, 
Xyntho xylum, Gaittheria, Belladonna, pyrethrum, Dio~corea and Finerosin. 
The Department of Mines and Geology works for the development of 
different minerals bas ed industries including oil & gas; similarly, 
exploration & evaluation of the mineral deposits are also being carried 
out. The Food Hesearch Labor2tory has developed suitable techniques 
for the preservation of fruiLs and produces preserved fruits & fruit 
products besides carrying out the standardizat ion of vegetable oil, ghee, 
milk & milk products. Some basic research has been carried out by 
Tribhuwan Uni versi ty . simi larly RECAS (Hesearch of Applied Science and 
Technology) is engaged in n &. D :in the field of industrial waste products 
and towards the utilization of natural products. (12,13,14,15) 

Technical manpower (chemists). The step of imparting chemical education 
in Nepal started only some 60 years back. According t o our available 
manpower, we have 300-350 Chemists in the country. About 60% of them 
are engaged in teaching institutions while the remaining 40% of them are 

engaged in different institutions of His Majesty's Government. They 
are ac ti ve in carrying out the routine analysis on the departmental works. 
A few of them are involved i n R&D activities. According to the Science 
and Technology Directory published by the National Council of Science & 
Technology (NeST) in 1977, the total number of Scientists and Technolo­
gists in the country is 2377 amongs which 450 are Natural Scientists , 
108 of them are Chemists and 64 of them are technologists. But according 
to the present report, "chemical" manpower is 320. Among them 64 are 
technologists. However, after the implementation of the First Five Year 
Plan, as it was felt that more and more cf the Chemists should be 
involved in chemical research and, as they began to get absorbed in 
different institutions, chemistry emerged as a prospective subject. So 
the te&ching and training of Chemistry so as to prcduce adequate 
technical personnel for different chemical and allied industries was 
undertaken by Tribhuvan lJni versi ty and its affiliated i nstitutions. 
In the Sixth Five Year Plan, the number of varicus technical manpower 
to be produced, their supply and their shortage etc. is defined and 
in the same period about...10 Chemists, al'!d about 45 Technologists that 
are to be produced as per target have been .k~vt in view which is as 
shown in Appendix 3 . (16,17) -
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Chemical industries relevant to Nepal 

Data from Appendix ~ shows that although there i~light increase in 
the percent share of chemical industries during the period 1965/66 to 
1977 / 78, its share compared to other industries is the least. The highest 
share in the l ist is of the agro-based industries. The chemical and 
plastic industries according to the Department of Industries includes 
oxygen, pesticides, pharmaceuticals, fertilizer (bone mill), soap, · 
solvent, oil and katha (Catechu). Moreover, some more chemical and 
allied industries involving chemical or chemical process like match, soft 
drinks, sugar, alcohol, beverage, animal feed, cement, agriculture lime 
etc. have been included in this report. Even on including these indust­
ries, the subsector share i s not much compared with _the other industries. 
The major contribution is seen to be that of nonmetallic products, 
drinks and metalli c products whose complete share s are itself not bigs. 
A study has been carrled out by industrial service centre which is shown 
in appendix 5. As per these finding, it can be seen that t~e total 
number of chemical & allied units in operation at present are 78 in 
number. Append ix 5 also presents the volume of production and the man­
power employed in these units. The chemical and allied product indus­
tries are not operating at full capacity . Thi s is because of unavaila­
bility of raw materi als and inadequate market for the products.(7,18,19) 

Policy and programme (l980 / 81-1985!86). The achievements of the Fifth 
five year plan, althou gh substantial, was inadequate in the sense that 
industrialization of the economy as desired could not be achieved. In 

the sixth five year plan policy measures with the goal, enabling people 
to participate in industrial development, were laid down. Along with 
this , in the sixth five yea r plan, foreigners have also been invited 
to open bi g industries in the country. Priority is given to the develop­
ment of the agricultural sector because of the availability of raw 
materials for t hi s sector in the count ry . J':mphasis has been given to 
cottage & small scale industries. stress has been laid to promote 
export trade, utili zation of the infras tructure that has been developed 
so far in the counL ry and to make the economy effective with regard to 
more utili zation of natural resources . Append ix 6 is a compact list of 
the total industrial development programmes for the sixth five year 
plan. This appendix gives the probable investments in the different 
sectors, the number uf projects likely to be implemented, the additional 
man power required, energy cons umpti on and the out put along with the 
value added. Appendix 7 s hows the sixth five year plan programme for 
the small , medium and large chemical and al lied industries. This 
appendi x gives, under the different categories of the chemical and 
allied industrie s , details regarding the number of units likely to come 
up, e.g. manpower required, electricity consumption and the gross output. 
Similarly, appendix 8 give s informations re garding cottage scale chemical 
and allied industries. From appendix land 8 it can be seen that the 
gross out put from the chemical and allied industries during the sixth 
fi ve year plan wi 11 be of the order of 2~61 mi Uion Nepali rupees which, 
on an average, work s out to an annual output of 492 million Nepali rupees . 
From table IV we know that the present annual consumption of chemic al 
and "allied products in Nepal is about 1380 million Nepali rupees. Thus 
it can be seen that a very l arge annual gap of the order of 888 million 
Nepali rupees exis ts between production and consumption of chemical and 
allied products . Thus il can be seen that a tremendous scope exists for 
setting up of new units in the chemical and allied industries both in 
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the small, medium and large scale sector as well as in the cottage scale 
sector. As a result, during the current sixth plan period, foreign 
companies have been invited to set up mineral based industries vis. 
magnesite, lead and zinc. Also forest based industries viz. rosin and 
terpentine are being set up. (4). 

Regional co-operation in the development_of chemical indus!ries co­
operation in the field of R&D . R&D is an expensive and time consuming 
pro~ess. Therefore it would be advantageous and economical if the finding 
of R&D is easily available from different countries. This will help 
spreading out the cost involved in R&D. This is advantageous for the 
country having low R&D activities. 

Training of manpower. We can fulfill the shortage of skilled and trained 
manpower by giving hi gher education and training in the different insti­
tutions of this region. This will fulfill our demand for manpower which 
is needed for chemical and alli ed industries. 

Collection fof funds. Being in the process of development, we have 
shortage of funds due to which big industries cannot come up. This gap 
can be eliminated by foreign companies who a re interested in opening the 
industries in Nepal. 

Exchange of technology. ~ In the field of technology we are still in an 
infant stage. So exchange of technology is possible on the basis of 
regional co-operation. 

~xchange of raw material. The raw materials that we cannot utilize 
properly will be exported and in exchange of that, we may ge t machinery 
or products whichever is necessary for our chemical industries. 

Exposure to new industries . Inexperienced industrialists and enter­
preneures could visit different countries developed in the respective 
fields, and gain fruitful experience useful in the context of Nepal. 
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Ul'lNDLl.-l /W'AL INDU:lTRlAL DiVIW)PIWIT COBPOBlTIOli SIC!OR.aJi DISIURSiMKNT ~ FINANCIAL ASSIS'UNCI 
(t.!. l'Tl7/78-- 198 <1/83) 

(Po. in m.UUon) 

I NDU:; 'rRlJ.L :>ICl'OR FTT7/78 1<J78/79 1979/80 1 ')80/81 198 1/82 1962/83 (NINK l:qN'rp.) 

1. AGR~BiW&l 32.56 16.29 9.25 ll.1l3 28. 52 2(, .94 

\48.7~) os.~) (J5. ~ ) (25.o.£) (53.2'1» (72.~) 
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--------
Source I N,,~l InJu~ tri-l Di t:e.~ t - Silver Jubileo r '''" .... vol 10, 1983. 

Arti:UlIX-2 IUUA!, WUU ... TiUAL n";'1J::W • • 1&NT CORl'OllATl vN iJbTlU lJU'l'1CtI OF 'l'OTJ.L i'lKMICUL AS.,jISTANCE BY 
IN1iu:. i'RIlL :.iC1'5k t'i AT HID bRIL 1963. 

I.UsruAL saCTOR Ul/IT MIll! NT (Ps. IN PSHCZIl'TAGK 
HlLUCtI) 

1. rlO'llil. is. 1WHI:;H 75 221 •• 79 19 .7 
2. lUCJ:;, OIL, FLOOH & ... UIiAR 59 6).09 ll.l 
3. ~KblllT & OTIIER C<r.i:;TRUCTl iJIlji-t..n.:1Ui • .., 18 42.05 7.4 
4. Jj l.;,. ,r"; ilt ~ ;,(lo'T DRINK 3 )9.52 7 . 0 

5. 'lUTlU & Jun; 16 20.00 3.6 
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1'OTi.L 387 566.97 100. 0 

Sou rc .. I Ne .. _l r"duRtrhl Di";" 9t - :'i!vst' JubU .... ["sue vol 10, 198) . 
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---AN ALTERNATE DISINFESTATION TECHNOLOGY FOR 
ETHYLENE DIBROMIDE PHASEOUT 1 

Juanita A. Manal0 2 

The Philippine Women's University 
Taft Avenue, Manila 

A B S T R ACT 

Ethylene dibromide has been found to be carcinogenic and 
its use as fumigan t f or insect disinfestation is being banned in the 
very near future . This probable cancellation of ethylene dibromide 
as fumigant and the recommended clearance in the lJholesomeness of 
irradiated foods up to an irradiation dose of 10 kgy pave the way 
for utilization of irradiation and hot water dip treatment as an 
alternative process . 

Synergisti c e ffects of the combined process of hot water 
dip treatment at 55°C for 5 minutes and low dose irradiation at 
0.50 - 0. 70 kgy have proved e ffective in the disinfestation of 
oriental fruit fl ies and seed weevil . 

Added bene f its caused by the treatment are the 4 - 6 day 
shelf life extension of the man go frui ts due to delayed ripening and 
reduced microbial decaH which allow f or longer trave l time of the 
fruits being expor ted . 

No lJiyTtificaT'f. adverse effects were obtained on the acidity, 
pectin, caf'Oter.r.: , a.scQ1·i .. ic· acid , and reducing sugar con tents of the 
treated mango.~';J . 

So oignifici.lnt d7:fferences we r>e also o!n:er>ved betlJeen the 
treated mangOo?8 and the contr'Ols by the tasi;p, pane lists on the 
sensory ath-·n, ,ies of the fr>uits . 

Research fu nded under IIIEA Contract on Jnt(J(lrated Studies on 
Irradiated Man q<)es . 

2 Assistant Vice-l~e [; 'l:dent , niv{sion of Science ann Technology . 
The Philippinr lvomwz' p, University , Manila . 

President, rM lippinp. k ,"sociation of Chemistry Teacher's. 
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INTRODUCTION 

Philippine mangoe s exported to Japan and Australia requi re dis­
infesution to rid the frul ts of egfr,s and larvae of the Oriental fr-iil t 
fly. The United Stat.es r equi res an additional disinfestation for the 
seed weevil. The present me thod employed is fumigation by ethylene di­
bromide . Ethylene dibromj dE.~ however, causes r esidual toxicity and is 
thus considered a health ha zard • .its use vas scheduled to be banned 
in 198J, but f o!' lack of substi tute has been r escheduled for 1984. 

The United States wan very active in food irradiation research 
in the 50's and earJy 60 's but stagnated duri ng the 70's ano suddenly 
revived their interests in the 80's due to t hp. scheduled ban on the 
use of ethylene dibromide. 

The I.;S food and Drug Adnlinistration initiated a new policy for 
irradiated food in Iv'iarch, 1981 which states t ha t f ood irrad~ ated at 
doses of 1 kgy or l ess is consi dered wholesome and safe for human con­
swnption. At present, sc·rne 45 irradi ated food items or groups of rela­
ted food have already been a pproved in 24 countries either on an un­
condi tional or r estricted basis. 

The Godex Al j mentarjus Comrrission has also r ecommended clearance 
on f oods subjected up t o an i r radiation dose of 10 kgy . This whole­
someness clearance on irrad~ a t ed f ood and the canceLI a tion of ethylene 
dibrom:ide as fumigant for quarantine treatment greatly favor utilization 
of jrrp..diation or the combine u process as r eplacement for fumigation. 

Ionizing radi ation has becn found to be a practical means of trea­
ting fresr: fruits and vegetable s for dis j nfesta tion and shelf life ex­
tension. i!.:arli br stuLi ies have al so shown that heat greatly improves the 
effectiveness of radiati on. Combini ng ionizing radiation with hp.at treat­
ment takes advantaF;e of th e synergistic effects between the two processes • 

.:itudies were conducted t o determine the efficacy of 0.65 kgy dose 
of irradiation as a disinfes tation treatment for mangoes and of i rradia­
tion alone and in combi1l11tloll wi t h hot water dip treatment, as a method 
for extend inc Dent harvest I"larke t a.ole life of fresh mangoes intended for 
the export markE~t . 
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An Alternate Disi nfestation Technology For Ethy lene Dibromide Phaseout 

METHUlJOLOGY: 

.....,.. 
Carabao maneoes packed in dried banana leaves in bamboo crates 

obtained from various provinces de pending upon the season were used 
for the tests. These we r e actually frui ts harvested two or three 
days before, depending upon distance from t-'1.a.nila. 

Disinfestation studJ,es were conducted wi th manl:oes by exposing 
them to 20 , 000 adult fruit flies for ovi posi tion and then withdrawn 
periodically at three 21... hour interval for exposure to 0.20, CJ .4G, 
0.60, and 0. 80 kGy. nesults showed that infested fruits when irra­
diated at 0.60 KeY after 24 hours di d not develop any larvae thus 
oroving that 0.65 kgy was suffici ent to disinfest the fruits against 
the oriental frui tfly, Vacus dorsalis Hendl. 

Fruits were divideu according to maturity and according to the 
treatment methods to be applied, packed in carbon boxes, and trans­
ported to the Philippine Atomi c r.:ne r gy ComJlJi ssi on in Diliman, Quezon 
Ci t y for irradi a t i on . The ; we r e returned to PWU, tI.a.nila f or storage 
at the pre scribed t e mpe r ature immediately afte rwards. 

;vlangoes were ir'l'ad:i ated at 0.65 kgy anti those subjected to the 
combjned tr!' at.;nent WEre ho t wate r d i pped at 550 G for fiv e minutes 
prior to exposure to an irradi ation dn s e af 0.65 kgy. 

Juring storace a t the prescribed t emperature, they we r e observed 
f or ripeni rw chan~~e s and p~rcentage decay. Staces of maturity were 
Dleasured uSlnr u modified ma turi t y scale. i-'eri odi ca Lly, samples Wt re 
withdrawn 1'0 1' ch~mical and sensor y evaluation to determinr. any ad­
ve r ne effects of the trea tmen t on the fruit. 

For t hn chemical V:: ::; ts, fruit pulp wa s homo genized and analyzed 
f or n~duc :i nr~ sUI.tars , ascorbi c a c i d, carotene, pe c tin, and total aci­
oi t y usi.O' · stand1:!.rG anRly tical methods . For sensory e valuation, paired 
comD~ r . s o n nnlJ prefe rre d t e s t s wi th t he nin e poin t Hedonj c scale was 
used bj' a trajn (! d p an(' ] i n evaluatin r, t hc a roma, ,..flavor, color , and 
a ccf;ptn lJ i.l i t :, or tr!e St!.mplfJs . 

ITU i ts we r r" halved t f) oe tec t presence of any seed weevil . 
1{t.~ iJL'l' ~ : 

Itc sul t s ::;f ' o W t • .fl.t !Teen ma n,.,oes storf.!d at alobi en t temp~rature 

subj ec t r d t') COlli r i ned t r '.: ::t t wen t extended shelf 1 if! ; t f) 5-6 da ys , ir­
radirlt i on t ') f l' ur J:1Y:: ~1~ COl!lfJare d to no trea tl n f ~ n t at all. 1"01' yelJc>w ­
f~! ' €en m' ln~ : o e,; , f1 r E'se}'v:l'li on trc·at.me nts ext~: nd0d ttv shelf lif(, o f 50" 
or salllple s <'0 /~ OCt.1 3 . r ruit s stor e d at 150 C c..{tenc en s .r. ~ lt' l -L ir f ur 
P. U ; 11 lonr c r !1<'l ' l OtlS r f::gn r dl l, :;s of maturj t :: . 

Th ~ s j, _.' .L i I ! l. x t ,:I ISj 01 1 t f) L. Wi;, S :nn ~:eG tI )"EC f'ru i. t s czp~ 'r­

t:l bl,' to " ! : '! ::; fO .... eign /lJ!.t r Kp t s ",hieh r (: q u ~ rE' a shorter tr:lv c l t ime . 
1'or " t· '; 11 tl l: t) II , )p S , the l onii r. r sh!. ll' l i fe C/ t ensi on of 5- () ullYs 

f or t :,ose (ll.i.losed t o cornb~ned treatment means cxte ndl d marketr,. bili ty 
to farther f(lrpi gn marke t s . 

119 



PRIOCHEM ASI A 1.984. ['aY' t I . Symposiwn on ChemistY'Y And The EnviY'onmen t 

No significant diffe rences on acidity, pectin, carotene, as­
corbi c acid and reduc i ne sugar contents were found be tween the green 
controls and the treated samples kept at the two storage temperatures .. 
Lower val ues of components observed in samples subjected to combined 
treatrr.ent were attributed to the physiological changes brought about 
by the normal ripeninp' process other than the preservation trea~ent. 

. Except for color and odor attributes of p,reen mangoes stored at 
15°C, no signi ficant differences were observed by t i'e taste panelists 
on the sensory attributes of mangoes regardless of the matm'j ty, 
preservation treatment, length and t emperature of storage. 

Sections of fruits dld not reveal presence of any seed weevil. 

Experimenta show that irradiation at 0.&5 kgy combined with heat 
treatment offers the fol l owing beneri ts towards improving the export 
market for Philippine mangoes: 
1. It i s an adequa te disi nf f station treatment a gainst the Oriental 

fruit fly Dac_u§ do£§alis, Handl and seed weevil. It can thus be 
used to r eplace ethylenp. dibromide as a fumigant. 

2. It increases the post harvest marketable life of green man[,oes 
and yellow er eun_munroe s to four days. 

3. When combined witb hot wa t er dip at 55°(,;, marketa ble lif e is 
extended to six da~ s . 
These e;-: t cnsi on may mean probabl e expansion of eXDort to farther 
foreign markets by air or j mproved marketability at the salES area 
thrOUGh improved quality of the fruits. 

4. No si['ni ficant adver se effects on t he acidi ty, pectin, carot ene, 
a scorbi c acid and r f'duc i ng sugar content were observed. 

5. No s jr,n ti'icunt dif1'er€ llCeS were observed by t~e t aste panelists 
on the sensory attri butes between the treated mangoes and the 
controls. 
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PRIORITIES IN THE DEVELOPMENT OF CHEMICAL ENGINEERING IN KOREA 

You~ Yong Lee> Ph . D 

Korea Advanced Institute of Science and Technology 

P .O. Box 131 Dong Dae Mun, Seoul, Korea 

Development of chemical industries in Korea 

since 1950 is described> and the size and growth 

of key chemical industries are shown. The devel ­

opment of Korean chemical industries in the future 

will be towards the improvement in the productivity 

and the manufacture of high value- added products 

such as fine chemicals . 

1. Chemical Industries in Korea 

Chemical industry in Korea has developed in 4 stages since 1950 as shown 

in Table 1. 

Virtually all of industries in Korea were destruc~ed during the Korean 

War between 1950 to 1953. After the war, major concern of Korean industry 

was to produce necessities of life. Chemical industry in 1950s was developed 

mainly on such consumer products as sugar, paper and textiles. 

Industrialization plan was announced by the Government in 1962 with the 

start of the first 5 year economic development plan. The objective of Korean 

industry was shifted to the production of raw materials. The development of 

chemical industry during this period was centered on the manufacture of fer­

tilizer, cement , synthetic fibre, and petroleum refining. 

In 1970s, the main objective of the industrilization plan was to lay a 

foundation for Heavy and Chemical industries in Korea. Petrochemicals industry 

was developed in this period. From 1980 ' to the present is called the period 

of the adjustment of the industrialization plan. New plan for the development 

of Korean industry is fomulated by the Government and industry. 
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The total amount of production of the chemi9al industry in Korea in 1980 

was about 13 billion U.S. dollars which is about 28% of the total production 

amount of the manufacturing industries in Korea. 

Petroleum Refining 

First refinery was constructed in 1964 with a capacity of 35 ,000 barrel s 

per day (BPSD). In 1981, the capacity increased to 790,000 BPSD, which lS a 

22 -times increase within 20 years. 

Petrochemicals 

First petrochemical complex was constructed at Ulsan in 1972 and the 

second complex in 1979. Total naptha cracking capacity on ethylene base is 

505,000 MT per year . There are 45 plants producing petrochemic als in Korea 

synthetic fibre 

The development of fibre industry in Korea has been very rapid since 

1967. The production in 1981 was 646,000 MT and Korea is now the 6 th larges t 

producer of synthetic fibre in the world . Including natural fibre, the tota l 

p roduction is 965,000 MT. 

P lastics 

PVC was produced first in 1967, and other general purpose resins were 

p roduce d with the development of the petrochemical industry . In 1981 , the 

total demand was 774,000 MT . The consumption of resin per capita was 3 . 77 kg 

in 1971 and 16 . 5 kg in 1981, about 4 times increase in 10 years . 

Rubber 

Demand of rubber in 1961 was 12,000 MT and this is 270 ,000 MT in 1981, 

22 times increase in 20 years. Consumption of rubber in Korea is the 8th 

largest in the world and the export is about 1.5 billion U. S . dollars , 

Caustic Soda 

Production of caustic soda was 45,000 MT in 1974 and 190 , 000 MT in 1981 , 

4 times increase in 7 years . 

Sulfuric Acid 

Production of sulfuric acid in 1974 was 474,000 MT, and in 1981 it was 

1,760,000 MT, 4 times increase in 7 years. 

~ 
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Hydrochloric Acid 

There are 14 acid plants and the total production capacity is 284,000 tons 

(35% HC1) per year in 1982 0 

Fertilizer 

There are 10 large fertilizer plants in Korea. The largest fertilizer 

plant in the world is in Korea. The total production capacity is about 3 

million tons per year. 

Cement 

Production in 1958 was 248,000 MT and in 1981 it was 15 millions tons, 

indicating 58 times increase in 23 years . The total production capacity in 

1981 is 23 million tons per year . 

20 Priorities in the Development of Chemical Industries 

In the last 20 years , Korean chemical industry played a major role in 

the development of Korean industry. It helped other industries such as ma­

chinery, electric and electronic industries to develop by supplying necessary 

ma terials. The chemical industry provided much needed jobs to help increase 

t he employment. The operation of modern chemical plants also gave to Korean 

engineers and technicians the opportunity to learn ans experience the modern 

te chnologies. 

However, e ntering 1980s, the increase in the price of raw materials and 

energy following the oil shock, and the wide spread market protectionism of 

many countries appeared as obstacles for further development of Korean chemi­

cal industry. Korean Chemical industry has become less competitive, and we 

have to find out a solution to overc ome these difficulties. Such difficultie s 

are , in fact , those encountered by almost all industries in Korea . 

Plans suggested for a new turn of the Korean industry are: 

(a) Rapid completion of the Heavy-and Chemical industries such as steel, 

machinery and petrochemicals industries in order to lay a firm foun­

dation for the development of industry . 

(b) productivity increase of the existing industries. Quality of the 

products should be improved and new multi-functional products should 

be developed. 
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(c) Development of Technology-intensive induptries o Energy and material 

saving new technology should be adopted and high-added value products 

should be produced. 

In next 20 years from 1980 to 2000 priorities in the development of the 

chemical industry in Korea will be: 

(1) Basic Chemicals 

As a backbone of Korean chemical industry which supplies basic raw mate­

rials to other industries, this industry will continue to develop . 

Priorities will be placed on 

o Process improvement 

o Quality improvement 

o New product development 

At this stage, this industry produces mostly general purpose chemicals 

and supplies about 50% of the demand. Until the year of 2000 , chemicals for 

special use will be developed. This industry will supply most of basic chemicals 

demanded in Korea. 

(2) Petrochemicals 

Priorities will be placed on the increase in productivity and diversifi­

cation of products and raw materials. 

By-products such as C4-fraction will be vigorously utilized to make inter­

mediate chemicals for fine chemicals 80% of the demand of petrochemicals will 

be met in 2000. 

(3) Polymers 

Korea produces general purpose resin s such as polypropylene, polyethylene, 

PVC and polystyrene, synthetic fibres such as acryl, polyester and Nylon, and 

synthetic rubber such as SBR and BR in large scale. However, inspite of the 

rising demand of engineer~ng plastics from machineries and electric and elec­

tronic industries, only small quantity of composite materials from general 

purpose resins are made. 

Polymer industry in Korea will be developed in the following direction: 

o The grade of the general purpose resins will be diversified and high 

value-added products will be developed based on the general purpose 

resins . 

~ High value-added artd technology-intensive materials such as engineer-. .-
ing plastics and functional polymers are developed. 
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(4) Fine Chemicals --Special emphasis is placed upon the development of fine chemicals industry 

in Korea. Characteristics of fine chemicals industry are shown in Table 7. 

It is seriously considered that the fine chemicals industry with such char­

acteristics is best suited to Korea. 

World wide production of fine chemicals amounts to about 230 billion U.S . 

dollars in 1981. Comparing 160 billion dollars in 1974 , this shows an increase 

of 40% in 7 years . It is anticipated that the amount ~ill be 300 billion 

dollars in 1986. In 1977, production of fine chemicals in U. S . A amounted to 

31 billion dollars, and those of Western Europe and Japan in 1974, were 52 

and 16 billion dollars, respectively. The proportion of the fine chemicals 

industry relative to the whole chemical industry in industrial countries is 

well above 50%. 

In Korea, the amount of production of fine chemicals in 1980 was 2 . 5 

billion dollars and import was 800 million dollars o Thus the total demand 

was about 3.3 billion dollars worth. Export amount was 150 billion dollars. 

The size of the fine chemical industry relative to the whole chemical industry 

i n Korea is around 15-20% which is far below the figure of 50% in other in­

dustrial countries . In 1986 this figure will be 35% when the demand will be 

4. 8 billion dollars. 

The demand of fine chemicals in Korea increases repidly o Especially the 

rate of increase in agricultural chemicals and pharmaceuticals were remarkable, 

b e ing 66% and 57%, respectively, during 1977 to 1980. 

At present, Korea produceses some fine chemicals as agricultural c hemicals, 

pharmaceuticals, dyestuff, paint and food additives, of which demand is bi g _ 

in Korea , but does not produce such chemicals as high grade dyestuff, special 

p harmaceuticals, photographic and electronic chemicals which require very 

sophisticated technologies. 

The development of the fine chemicals technology in Korea was: 

o In 1960s most of the raw materials and active ingredients were im­

ported and these were diluted, formulated and packaged o Only very 

simple chemicals were synthesized. 

o In 1970s, some raw materials and active ingredients were synthesized. 

About 50% of agricultural chemicals demand was produced and some 

pharmaceuticals were exported. 
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Within next 10 years, a great emphasis will he placed on the development 

of technology of making intermediates and active ingredients for fine chemica ls a 

Priorities in the development of fine chemicals industry in Korea in the 

next 20 years will be on the following area, 

o Agricultural Chemicals 

o Pharmaceuticals 

o Intermediates 

o Inorganic Materials for electronics 

o Photographic Chemicals 

o Dyestuff 

o Catalysts 

o Textile Additives 

3. Conclusion 

Last 20 years , chemical industries in Korea have been developed by pro­

ducing mostly commodity chemicals employing the turn-key plants a The pro­

duction of commodity chemicals consumes large quantities of raw materials and 

e ve rgy . 

In an a ge of high prices of raw materials and evergy, in order to remain 

competitive, Korean chemical industries will seek new technologies to improve 

p roductivity and quality and to diversify the products. In Korea whose natural 

resources are scarce , priorities in the chemical industries in the future will 

be the p roduction of technology-intensive and high value-added products such 

a s fine chemicals and specialty polymers. 

TABLE 1. DEVELOPMENT OF CHEMICAL INDUSTRY IN KOREA 

Stages year Emphasis Type of Industry 

Stage 1 1950's Consumer goods Sugar Paper, Textile 

S tage 2 1960's Raw Materials Fertilizer, Cement, 

Synthetic Fibre, Refining 

Stage 3 1970's Heavy & Chemical Petrochemicals 

Industry --. . .. -
Stage 4 1980 Adjustment of Heavy Fine Chemicals 

(present) & Chemical Industry 

6 



TABLE 2 0 CHARACTERISTICS OF FINE CHEMICALS INDUSTRY 

l. Technology-Intensive 

2 . Energy and material saving 

3. High added value products 

4. High profit 

5 0 Noncapital Intensive 

6 0 Small quantity 
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THE DEVELOPMENr OF FINE CHEMICAL J;NDUSTRY 

- KOREAN EXPERIENCE -

Jae Hyun Lee 

Korea Research Institute of Cherrdcal Technology 

ABSTRACT 

The fine cherrdcal industry in Korea is at the stage of improving 
and modifying foreign technology. The ultimate goal is directed toward 
the development of our own technology and the products by early nine­
ties. Currently, however, this industry is confronted with the shor­
tage of the basic raw cherrdcals and the intermediates. The solution 
to the problem is sought in the supply and the demand theory. If the 
fine cherrdcal industry flourishes, the sufficient demans for the basic 
cherrdcals and the intermediates will be created. The government is 
now prorroting the development of the fine cherrdcal industry. The 
industry and the research institutes are actively engaged in the research 
and development activities. Hopefully, by early nineties, the imba­
lanced structure of our cherrdcal industry will be corrected. Some of 
the research areas in the fine cherrdcal industry are listed. 

1 . THE HISTORY AND THE TECHNICAL LEVEL OF THE INDUSTRY. 

The chemical industry in Korea started with the fertilizer plants 
in the late fifties. Korea, being an agricultural country, and in orde r 
to feed the nation, sufficient production of the crops has been the utmost 
priority. From 1960's to 1970's, oil refineries were built and petro­
chemical corrplexes were formed under the governrrent plans. Our initial -
petrochemical industry was based on "turn-key" base foreign technology. 
They have expanded their capacities continously and presently the petro­
cherrdcals are almost at the self-sufficient level. 

Then how was the fine chemical industry and what has been the tech­
nical level of the industry ? 

In the sixties, we imported the finished products or active ingredients 
fo r the pesticides and pharmceuticals·. We just diluted these biologi"':' 
cally active ingredients and tabulated . 
In the seventies, imitation synthesis began for the pesticides and phar­
maceuticals. Main effort was for the oomestic production of the imported 
fine cherrdcals. 



In the early eighties, I mean at present, we have digested the foreign 
technology and are at the stage" ~f -rrodifying or irrproving the foreign 
precesses for our own pruposes. --
From the middle and late eighties, the researches will be direcrtd 
toward the development of the new technology or new products which will 
be sold in the world market with our own trade marks . 

One of the inprovements we have made is the synthesis of methyl­
isocyanate. This conpound is the indespensable chemical to make G,e 
carbamate insecticides. 

SHORT cur ROurE ro METHYLISOCYANATE 

+ 

NaOCN + > (2) 

Instead of using methylamine and phosgene to go through three step 
reaction, we synthesized the product from sodium cyanate and dimethyl­
sulfate. Handling of the toxic and corrosive phosgene was avoided . 
Another innovation we have made is the process of making a pesticide 
Beam R for the rice blast. As you have noticed, we have inproved 
the process to make methylbenzothiazole and made the product cheaper. 



Ell '-illy Proc~s 

KRCT Prnass 

-
Wlth the low labor cost of scientists and engineers, we can bring 

down the expenses of products development. If the cEveloped country 
spend $50 million for a new product, we are of the oppinion that we 
can make simillar corrpound with one hundredth of that expenses. 

The advantage of technical improvements are t'NQ fold. It not 
only brings the accumulation of technology ~ut also brings down the 
prices of the i mported fine chemicals. I presume we all share the 
same experiences L~at once the imported products are manufactured 
domestically, the products are offered lower price by the developed 
countries. We have numerous cases in which import prices of fine 
chemical have been slashed down this way. 

2. THE DIFFICULTIES IN THE DEVELOPMEm' OF _THE FINE CHEMICAL INDUSTRY 

The fundamental problems L~e fine chemical ind~stry in ~orea faced 
are the imbalanced str'.1ctures of ·.)ur chemical indust::y . The present 
status is that the products from the oil refineries are not 'ldequately 
utilized. The portions of ::he refinery products intensi \Tely 'lsed are 
only for the plastics and :he synthetic fibre industry . The prodution 
of ::he fundamental chemicals which are essential for the specialty 
chemical industrj are at an infantile stage. Accordingly, the inter­
mediate chemicals are also in a great shartage. 
The paradoxical phenomenon is that once processed refinery products ,'Ire 
exported in cheap prices and a re irrported bac ~~ as high priced refined 
products. The good example is the case of cresols. The crude mixed 
cresols in the crude tar acid are exported a.nd they are irnported back 
as ortho-, meta- and para-cresols. 
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3 • THE roSSIBLE SOLtJrIONS FOR THE PROBEM 

The situation of our chemical industry, as you have noticed, needs 
remedies. The only solution we consider is that if there are sufficient 
demands for the raw chemicals and inteITlEdiates, these industry will 
grow by itself accordingly. In order to create the demands, our fine 
chemical industry has to grow in the first place. For example, to 
create the demands for chlorobenzene and its derivatives, like nitro­
anillines nitrophenols, there should be big market for the fine chemi­
cals using them. 

INTER-RELATIONSH IP OF PRODUCT 

OYE$TIJFF 

PESTICIDE 
r 

r r 

: r )'MMONIA I r 
: L---------t.~rrnCANluNOt.= JYESiUFF 

DYESTUFF 
'-__ ..,j '-_---. ____ r- PHARMACEUTIc)'LS 

OYESTIJFFS 
PESTICIDE 

Likewise, we can exhaust the C4 fractions more effectively instead 
of using them as fuel if the related fine chemical products are in demands. 
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Recognizing the needs and the irrportance of the specialty chemicals for 
the balanced development of the chemical industry, as a whole, our 
government included the development of the fine chemical ind-lstry as one 
of the proejcts to be supported in our fifth five year economical develop­
ment plan. 

The way the government assist the fine chemical industry is by way 
of subsidizing R&D expenses for the industries. The companies which 
are capable of earring out researches and developments by themselves, 
do their own works. The small & medium sized enterprises ask the re­
search institutes to do the researches for them on contract bases. 
The financial subsidies are in the form of interest-free loans. If 
their R&D works suceed and the products are sold in the open markets, 
they are supposed to ?ay back the loans to the government. 



Some of the researches in our -fine chemical ~dustries and research 
institutes are currently engaged in include the following 

Organic Chemicals ; 

Synthesis and test of new biologically active compounds. 
Resolution techniques of optical isomers. 
Energy saving reactive dyes. 
Synthetic suguar substitutes. 
Other known specialty chemicals. 

Inorganic Chemicals ; 

The materials for electronic industries, i.e., synthetic quartz 
single crystals, sillicone single crystals and pure gases. 
Researches on zeolites. 
New homogenous catalysts for chemical reactions. 
Uitilization of the waste gypsom. 

Polymer Areas ; 

Specialty polymers - conductive polymer, photo sensitive polymers. 
New composites - Electromagnetic interference shielding materials, 
carbon fibres. 
Chlorinated polyethylene. 
Co-polymers for reaction injection molding. 

Photographic Areas ; 

Color film and the paper. 
Photographic chemicals. 
The photographic film for aerial image. 

4. THE PROSPECTS OF THE FINE CHEMICAL INDUSTRY IN KOREA 

Currently, production of the fine chemical industry occupies only 
22 % of the total chemical industry. 

ANI'ICIPATED GROwrH RATE OF KOREAN CHEMICAL INDUSTRY 
(ON THE FIXED VALUE OF 1980) 

1980 1986 1991 

Average annual growth rate (%) * 20 . 5 8.03 4.16 

Production ($ Million) 6,355 10,104 12,390 

* Average growth rate during 1972 - 1980. 



PROJECTED GROWI'H OF FINE CHEMICAL INDUSTRY 
(ON THE FIXED VALUE OF 1980) 

1980 19"a5 

Average annual growth rate (% ) 25.5 17.5 

Production ($ l>1illion) 1,373 3,622 

Ratio to total 
21.6 35.8 Chemical indqstry (% ) 

1991 

10.3 

5,908 

47.7 

Our projection is that this ratio will become around 50 % in 1990's. 
This assumption is based on the previous growth rabaoI the fine 
chemical indus try. 

THE FINE CHEHICAL MARKET 

PharInClceuticals 

Agrochemicals 

Dyue Stuffs 

Pigments 

Surfactants 

Paints & Printing 
Ink 

Other 

Total 

Production 
IIllPOrt 
ExPort 

Production 
Irrport 
Export 

Production 
Irrport 
Export 

Production 
Irrport 
Export 

Production 
Irrport 
Export 

Production 
Irrport 
Export 

Production 
Inport 
Export 

Production 
Irr;:>ort 
Export 

(unit $Million) 

19]6 1980 

415 902 
rr 107 
23 43 

104 240 
53 llO 
0.6 5 

24 45 
52 79 
4 14 

13 34 
II 28 
0.4 5 

23 44 
14 26 

2 9 

110 108 
12 32 
1 3 

16 20 
II 425 

4 70 

705 1,373 
200 827 

40 149 



The production of fine chemical industry almost doubled in 1976 - 1980 
period. Especially in the p~armaeeutical and the agricultural industry, 
the market size increased 3 - 4 times during thes~eriods. 

IMPORT & PRODUCTION TREND S IM PORTS &. PRODUCTION S OF 

OF PHARMACEUTICALS AGROCHEMI CAL S 
(UNIT : MILLION) 

z -.- IMPORT 150 0 
:1130 -- PRODUCTION 

~- PRODUCTION -J IM-PORT 
, 

• 140 i 120 -
a 30 ~11 0 ...... -120 310G 

110 
90 

100 

90 
80 , 

80 
70 

70 60 

60 SO , 

50 40 
40 30 
30 

20 
20 

10 1 0 

68 (f} iU 71 72 73 74 75 76 77 7e 79 80 81 6B 69 70 71 n 73 74 75 76 77 78 71 80 81 
(YEAR) (YEAR) 

In conclusion, by early 1990's, if our present proje~~ion is 
right, the fine chemical industry will be large enough to create the 
demands for basic chemicals and the intennediates. In other l,o,Qrds, 
the structures of our chemical industry 'Nill be the sound and balanced 
one. 



UNIVERSITY-INDUSTRY INTERACTION: THAI EXPERIENCE 
~ .... 

Kamchorn Manunapichu 

Department of Chemistry, 
Mahidol University, Thailan~ 

A B S T R ACT 

Most of the chemists involved in industry in Thailand are 
chemical technologists and analytical chemists, who act as consultants 
to solve problems in factories and plants . Some technologists are 
invited to t each 1:ndustrial courses. University Dtudents including 
chemistry students receive on-the-site training for about two months 
in the summer vacation. Thus , certain university-industry interactions 
do exist, but the university has not yet earnestly worked for industry 
since funds for research projects are not provided by thp latter . 

The Thai Government is at present paying more attention t o 
research and develorment in science and technology; it encourages both 
industry t o proV1:de funds f or research, and the researcher to aid 
industry in the investigat-tons provided with such fun ds . The Ministry 
of Industry supports the establishment of liaison off1:ces 1:n universities 
for a c loser ti p he tween these two sectors. 

Thai un£veruiHes are empowered to conduct research projects, 
analysis , surveying , among others , f or industry, and to receive f ees 
as theil' income, which may be alloted to the researchers concerned. 
The univerisity has its Ol.Jn rights in cooperating with industry; it 
is able to patent inventions and processes useful to industry. 

?1 
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INTRODUCTION 

It is generally accepted that a developing country needs 
industrial advances in its path towards becoming a developed country. 
Such advances are hard to come by, iince scientists and technologists 
quite often do not work on matters which will solve problems of their 
country; cooperation is lacking and there are too few qualified per­
sonnel to achieve progress in these two allied fields. Moreover, 
scientists are so much occupied with their routine work that they 
hardly have time for industry, which mostly involves a rapidly growing 
1n number of purchas ed t echnology. 

However, a sizable number of chemists with knowledge in 
industry also act as part-time consultants for 1 - 2 factories or 
plants. They do not have many opportunities to use their knowledge 
and experience since industrial processes including production systems 
are more or less fixed. These chemist consultants are university 
teachers. Their colleagues in other disciplines also give consul­
tation in business administration, engineering, quality control and 
pharmacy. 

For the large industry employing the product jon system and 
machinery as parts of the package of purchased technol ogy from abroad, 
only little consultation is needed since most informati on comes from 
its parent foreign company. True benefits usually develop between 
the university and the small industry, in which purchased technology 
is not employed extensively, and experience and error are still 
valuable in the operation. In most industri e s, sci en t ists are 
employed for quality control and pollution control, such work is 
routine and does not call for consultation from unive rsity teachers. 
Even state-owned enterprises employ scientists and do not need 
university teachers, since production processes have not changed 
from the start. 

Although university-industry interactions are not extensive 
they do not exist at the degree which varies from university to 
university. The basic interactions, which may be considered to be 
indirect rather than direct,are education, personnel, training, etc. 

1. Education 

The teaching of chemistry is included in secondary education, 
with the emphasis on its use fulness in many chemical industries, ego 
caustic soda industry, soap industry, paper industry, etc. It arouses 
more interest in sc i e nce among students. Knowledge on production 
processes, however, a re given together with othe r details at the 
university level. Stu~nts usually receive training, with cooperation 
of the industry, in the vacation before_thei~ final year. Such 
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training is direct ed at acquainting the students with working practice 
and products, rather than th~r~~tions taking place in each step of 
production. ~ 

Every university has agreed to participate in the revision 
of science curricula. For this purpose, comrnittes whose members 
consist of the heads of science departments or their representat.ives 
have been appointed, by the Ministry of University Affairs, to standar­
dize science curricula for universities. They have prepared text­
books in basic sciences with adequate contents for science students. 
Certain details, however , may be left out in classes for students 
specializ ing in other fields , ego engineering. These science curri­
cula have been designed with industry in mind from ~he first year of 
university education. 

In lat e r years , eg o in the year before the final for 
chemistry student s , industry-oriented courses are offered, with 
special lectures from industry, as electives in every university. 
In the vacation that year, chemistry students will have their first­
hand experie nce , from training in factories and plants , to work in 
industry and the priva t e sector. 

Under this heading should be mentioned the in-service 
training courses organi zed by the Chemical Society of Thail and and 
the Chemistry Section of the Science Society of Thai l and , with the 
objective of providing technologists with recent advances in 
chemistry and i ndustry so that they can use them to imp rove their 
work. The topi cs of these courses inc lud ed treatment of waste water, 
etc. In addition to technologists university teachrrs and government 
officials have a]so participated in these training courses , thus 
making it possibl e for exchange of views, di sc ussiol~s and scientific 
cooperation. 

2. Personne l 

University teachers , students and technologists are all 
involved in unive rsity-industry interactions. 

The university teachers who are most active in these inter­
actions are not members of chemi s t ry departments, since they are 
mostly involved in teaching and re sea rch in pure chemis try. The 
departments involving in applied chemistry, and hence industry, are 
those of chemical technology, chemical enginee ring , and industrial 
chemistry, whi ch exist only i n a few universities. Lecturers with 
industrial education and back ground are often invited to act as 
consult ants in fa c tories and plants. -They usually give advice on 
problems involving raw materials , production proces ses, and products. 
Some of them arc so invol ved in their extra work that their main 
re sponsibility i s j eo pardized. 
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Most chemistry students in Thailand have an opportunity t o 
take a certain number of industry-oriented courses, which are taught 
by lecturers with industrial background, and special lecturers from 
industry. These courses only introduce students to become acquainted 
with industry, since it is not possible to go into detail of all the 
chemical industries operating in the country. These students usually 
receive training in a factory or pl~nt for about two months in their 
vacation. It is rather haphazard for the students to work in wh~ t 
type of factories; it all depends on the types and number of coopera­
ting factories, and also the number of students for each year. 

Technologists usually do not have much time available for 
teaching. For this reason and for the reason of specialization, a 
number of them are required for each course. 

3. Research 

In departments which involve chemical technology or industrial 
chemistry, research projects on the development of new products for 
general use are common, but none has produced the end-use. For this 
reason, most of the r~search funds, which amount to not much, come 
from the government budget. 

4. Other Cooperations 

The government has established the National Standards Office 
to set up and control, for the benefit of the consumer, the standard 
of goods produced in the country. Some tests for quality control 
are carried out in a number of university chemistry departments. 

Mechanism for University-Industry Interaction 

At present the Ministry of Industry is collecting data on 
the Industrial Consultancy Units (abbreviated at ICUs) operated by 
various offices, since it has realized that the use of expertise in 
science technology and management that exists in universities ~s 
vital to industrial d~velopment in developing countries. The link 
between the university and industry, therefore, should be strengthened. 
One way of achieving this goal is to set up ICUs in universities in 
order to increase cooperations between the university and industry. 
It can be seen that in addition to the university-industry interactions 
through personnel as already described, the government is going to 
strengthen such interactions through the operation of ICUs. 
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Commercialisation of Research ,Fjndings 

~ 

Universities are entitled to market their research products, 
to keep the income therefrom and to distribute it to the researchers 
concerned. University teachers who provide private consultation to 
industry, of course , earn for themselves. At present there are 
hardly any research contracts from industry since most technologies 
in the country have been purchased from abroad, with processes 
suppl ied by parent companies. Research in universities to discover 
new processes or to improve products, therefore, does not exist since 
there is no need for the i ndustry concerned. At present the govern­
ment, acting through the Ministry of Science, Technology and Power, 
and the Ministry of Univeristy Affairs are planning for industry to 
make more use of the expe rtise in science and technology that exists 
in universities . 

Industry's Contributions to Universities 

From this move made with good intention and spirit of the 
government, university personnel of different prof e ssions will be 
able to give better services to industry in the future. One fore­
seeable impact is that there will be more applicants for science and 
technol ogy professions. The government's idea to promote industry 
through assistance of the academic necessitates the promo tion of 
research conducted by qualified personnel, not necessarily university 
teachers. A scheme is under way to persuade the industry to donate 
money, which is exempt from tax, for research. 

Thailand now has the Copyright Act, and inventions can be 
patented. Inventions and research products in high technology are 
in the electronjcs field, and none, as far as I know, in chemistry. 
From what is de scribed above it can be seen that Thailand is aiming 
at more university-industry interactions and Thai scientists are 
making it possibl e . This is for the benefit of industry , which 
paves the way for the country to achieve development and, of course, 
progress. 
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A B S T R A C T 

Thi.c: paper dpscribes an 8- year collaboY'ative research 
pr ogram, of lJh~ch J .lJas /)i r ector , betlJerm the Chemistry Depart -
ment of the lJrnver's'Lty of Peradeniya and the Ceylon Cement CorpoY'ation. 
~our ~radua~e chem~st[J .from the Cement CorpoY'Gtion participated 
~n th"s pr oJect lJh'Lch 'Lnv~lved studies on : the Y'GlJ materials of 
1.-mportance to the I?emcnt 'L ndustry ; the properties of various 
types of l a t e:r- r>ement mi.'C<? [; ; the manufacture of masonY'Y and 
pozzo lanic c pm(' nt;r: ; ar..d opcr'ational re s ear(,h studies . The 
project lJas sucee.c; :;ful in many lJays ; it le,l for e.mmple to the 
industrial manufa('tur(' of masonry cement and also establi~hed the 
feasibility of manufaeturing good quality po;;zolam:c cements 
using i ndustrial lJaste . 

INTRODUCTION 
A collaborative researcb program, entirely financed by a 

generous grant from the Ceylon Cement Corporation, was 
initiated in 1968 between the Cement Corporation and the 
chemistry department of the University of Peradeniya. I was 
appointed Director of this project in which four Chemistry 
Special graduate employees of the cement corporation were 
released, during different periods, to carry~ out full-time 
research work. Part of the research was done at the cement 
corporation laboratories, and part at the Universi ty. Many 
aspects of importance to the cement industry were 
investigated and the results have been published in many 
papers. The studies included investi~ation of raw materials 
of importance to the cement industry, properties of various 
types of latex-cement mixes, pozzolanic cements, masonry 
cements, red cement and operational research studies. 

In this paper some of the work done under this program, the 
results obtained and the si~ificance of the work will be 
outlined. The success and limitations of the prof- ram will 
also be evaluated. 

PROPERTI ES OF RUBBER LATEX-CEMENT ~rrXES 

This work was aone by Mr. A. Thevarasah who did two years 
full-time research. The objective was to study the effect of 
various types of rubber latices on the physical properties of 
'Ka.rlkesan 'cement. Four types of rubber latices were studied: 
field latex, centrifuged latex, prevulcanized latex and gr a fted 
latex. Physical properties measured were compressive 
strength, tensile strencth, modulus of elasticity and sett ing 
times. 



", .. , 
?RJOClIEM ,i ,' !ill j :1, l j . I ~ I!'f !/I l / I, i '- ' ;'/ f"! ' () ' .if)l) / .:t / fJl ' 

A d etni lea r~ art of the work , complete with litera ture 
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il i ~ed ru t lr·t'--.i: ',tc::: l:lixe ::: w1ll r'~ 10c[' 1 ikely , tha t 

n or ::ml C0n~1'('t. ( , 'L v ( ra,'" 'we to e :':l lrl1}sion and contrs.ction 
brouf"h t i.tbout i ,Ii L1 l(' I" ,:>J C h ~lL er; f'llll , ).l ., ture li; OVej~.ents . 

3 0L(> 11 r acti ('; ll'! " lf' ~"i !'r(' C:'lTl,ci !Jilt , .Jol. r -vl.y 'tl'1 't , ". S 

Hubber Re~:: ("' ri. j . 1.:-: 1.l.t.,utt' of ~. ri j'llnko. , u~int the vulc".s t r:c 
f'tabi .'. J.. ' .. c. :'1 'l J t<.' ' -(' \~I'icn t :: \ i~·:c : ' l [ls d[l.~np - 'J roof floorir~ 
! ~;( terial , t Ot ' (f' .LCj~ct i' j.tchec ) . 'lliC t. ri a l s were successful . 

An ot ' lc !' Ur:/~ .)1. \; \ .. , r ~ ' 1 , 1 0:1 W3.S t.hr'. t :.,ethyl i.lethacrylat f· f rafted 
l",t~: ·- (,o .; (·)ct. 'd: ,.' \C " suooth ::lo rr.'l.e l ike surface on 
~j e t t i n. . fill : c ou 'l(j :,n.v~' us r:ful appl ic a tions . 

OP 1RA1' lOliAL RSSEARCt' f.;'i'UDI t.S 

0 ; c J.~~ltionn.J N'senrCl l ~~ t.uC1ie: ; '.'-Jere 81'i o cl :rried out. The 
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relationshi pf; bp.t.we en t he various step !" in the manufacturinG 
process , t he rc rc ent a{,. e utilization (10 It .) of each of the 
operations at 0 f a ctory , whic h i s def i n e d by the equation 

% ut e = ac~~al output x 100 
m8 xL,lUIll ]J ossi ble output 

c an be calcul8. ted . 'l' l1e !Je rcent ar; e utilization data e; ives 
useful quantitative im~ ich t fnto the otJerntion of a factory . 

The percentcw c utili~o.t ions of the important operat'ions 
at t he thr ee ce ment f a ctories in Sri Lanka are g iven in 
Table 3. It CM 'ti c de ciuceu. fro!. the data that the burning of 
the raw meal in trH~ kilns is tIl e slowest step . To increase 
p r odu cti on , attention has to be focu <'cd on this step . Many 
suggestions have be e n ,lindc f or ilnproviI1['; this step and hence 

_fo r increasinr.: the r[1. t~ of production in a detailed r ep ort 
sent to the Mini s try of Industrie [U1d to the Cement 
Corporation . The sirrni f icant parts of this rep ort have also 
been published in rm In du s t ri al ,journal ( 3 ) . 

The data c iven in 'I a ble") ind icates at 2. r lf'_!lce the overall 
op e r a t ion of t he f actory : it indicates f or example the 
' mismat ch ' in GO m9 of the oper tions and t he low percentare 
utilization of :no~' t of the opera tions . 

1'11M: lJ i AC'11 ] 11 ~; 01<' PUZZ OLArnC C _l~JIi E.N T 

P0 7-7. o1[mic c ement is tl speciB_l type of cewent that is 
obta ined when r 0~, 7, OJ 8_n ~-~ :1 re f inely t round with portlnnd 
cement . By pOi",z ol:J11S is :'"!1 8 W : t, s i lic e m; an u nlw:linous 
s ubotarlces which , t ll oU(- n havinr: no cell enti tious qual ities 
themf;c lve!2 , re a c t wtt l1 l Ll € in the TTesence of water to for;11 
compow1ds ha vinr: ce::lOnti -t,ious prope r ties . The p oz z olans 
avn ilR [-,I e in ~; ri "T, ankn j nelude bricks , roof tiles and clays . 

The feasi bL Li ty oi 1,he manu fa cture of p ozz olanic ceme nt 
in Sri Lanka wa~_; s tuui ~d r: j-' Mr . 'flle varasah at the cement 
corporation la. bor atories . 'fhe result s of this work have 
been puoli she d e12~wh ~re ( 4 ) and so will not be g iven here . 
What we did vms to first f ind out by experimental studies 
( reactivity with lime a nd with alkali) the conditions( p re­
treat ment requtrelt e tc . ) under which broken tiles(and also 
some othe r pozz olans ) exhibit maximum poz zolani c activity . 
The p ozzolan was then r round with c ement and the relevant 
prope r ties ( e . r . tel1::.~ ile streeth , compressive streng th, 
sul phate resisti vi ty , ini tial end final setting times , 
wor kabili t y) of the p ozzolanic cements so obtained were 
studied so as to ~v8luate their quality . The effects of t h e 
ratio of p oz zolan to portland cement , [ rinding p rocedure , 
ana also partic le si z e (this de f ends on g rindinc time) on the 
quality of the ~ ortlonQ cement were studied to opt imi ze the 
quality of the :: l'odmt . 
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PRIOCHEM ASIA 1984. Part II . ViI Intera~tion Worksh?p 

Ourvvork Et1 ()1,'I ea Lin t ('J od quality p o z~~olanic cements conformil1[ 
to Asr.n: S P(-' l: .1 i' lC r:tt, 1 or~s coul d be t:mnufactured in Sri Lanka by 
[, rind i r.t Port. J ;:ol Vl (,81:1Cnt wi t Il 'i, owuered roo f tiles ("0 to 50%· 
by wei 1, 'h t 0 1 t 3.1.0 r,owc.ic r) . PO ~', z olanic cements are be tter than 
Portlan (.1 CC:lent f o~' ('e r 'i::1 in Rpplic Rtions , ana they are also 
c h ca [, ~r . An ' 1,l) r : ) ": H I[lte cos t cmal.Y8 i s showed that 'p o z~ ol[lnic 
cC;.icnt wLll l. ...... : tout ,':.,5" cn e a, 'cr t han llortl~ '.lhl cenlent . The 
:: 07,?, ol:.m ::.. re( i\l : 1' (' '.< t ll r' o l' cn roo f ti lE' G) arc easily availa bIc' 
in Sri lanl<u , I '-, U:'i' ~l .... ;;1..[ te l.latcrl ~l . 1:0 uP.N ::lUcninery would 
aJ.so be r cnttl.!' t" ' I .ror .l t :' l: lanufucture:; 

P 1 [L11.8 for t ill .I ~ d . ill , ' c tu re of t'OZ, zolo.nic CC!;'lent in Sri Lanka were 
Cl r c.rm up OOL'le y cnrs ar.o (f' nrl 0V Cl1 ::mnounced over the r fldi o). 
For S OE:P r (~0. ~or. not i n{ . lOre wns hear d n bout th ese plc..11s . 
Th e Indu s tri al. } )('v", '1 o p:!:l'nt ~ ) OIH' Ci i s now p rc:_'~Hnr: the e as e 
fo r the :llunuf::: e t.ll.I't' 0:' ~ )o~~ 7,018.l1ie e el:ie n t i n Sri Lanlm • 

. " ,: ~.:; onry r; C.l, ·n t i:- :) btuin c,J, Dy interi:rind i n c a mi x tu r e 
of nortl ~:.nd CC !! lent c .!.inl \ f~ r, crushcd l :i,.e ~ ~ tone(about 5(J5o) , 
r y ps u u :U1U ~, ~ : i:,3 .... :]!',Qlul t vi' fm :':,ir (mtrninirlf a{'ent . r~1asonry 

ce. 1cnt if'. n l)t on l ~1 ('i lt~3.ner hu t f::. u p ~rior to " ortJnnd Cf' .1Cnt fO l ' 

U f:e in :: .3.FOIH' y ::r)1';( ) i . • Po . f or ur c aG a :,lOrta r, bee n.use t h e 

~\ l ~u'. tieity , \\' ol' l ~ ai. ; i]ity , 'l'if.li.. C' r r c t clltt on Anrl :Hihet:ion of th i~ 
t;y-r0 of cCi ... e~t 1 :" \"'tter . '.l' i'i C r:~ nrp. t}',e : r OI.: C'rties that pre 
i il. !: ortnn t 1n n : .Io ~' 't < : r tn ot r'o :nuc i l itf, r:tr'en{' th ). 

'~:i: e f easi i; i : i 1:\' "n ri nr cr':'p i ty :t'Ol~ li ,:o.flU l' :'),cturinc 1:-ltlEor:ry c P : .:~nt 

in 01'1 lrml :~) ,'; I ! f l i ': 't :' t'1 ~; H~ ' l.m .j ('T l..h ir- Vr o; -rum in 1 ~l' : ~ cy 
;0'11' . t . G. A. :rr' ,: ;ll.l; J. ~" a . ;.;r . Pre : I :O'l !~S ;l es tii.l:··te .. : t hat l 05c of ttf.:' 
ceDient ur:cd 1. 11c I1 ;'I : l ~- J' Ol ' lli[U3 0nry 'v/u,t CU';, j tha t con s iderabl e 
~ -[lVil1{ ~3 wou.1.U '" , f l eet-cd if : ~ Ir<': on ry ce:: lc n't w::u·) l:Iunu fac turcC1 
~ liU. tw ed t'or' l.:;· : ' ('. l l 1'Y worL . l-' ~{ V~ rl 11,cnt [ll ';/ork waf.' sub~ ' €' quently 
t , nne hy ;,·I r • . . : \, ; 1': : ' ;'1.i 1 . 'J'b~ e ;.;pp. r :.Jl1 cntal stuuies were very 
~~ l. ll l:".r t. o 'L ; (' .Jc .... e rt t '--" i Ul1 ue r ; O;".:' o l c::nic cC;i1en't . ~'h e 
)..~!~ r · enk; , e ~)t 1.. 1 1" ~ .: 'LOJ1f-' . t he :.l.J:low~t of air- cntrn i n int nrent, 
t he I rinair,,' r 'J C '; ' lH CI.~ : ' llrj t he r,urt ic .ic s i z e of the c Cl.lcn t 
( t,bifi ci 'J ::e n<tt:' on , rJ nil l )'li : tii:1C) we r e v~.ried s o as to f ind 
o'!-ti r.:UI: cor. c:i tl : jJ ' ~ fOl~ H w ::In.t1ufc'.c t ure of maf~: onry c eiaent. 
J t ';'lll~: ~~ h own l.Jot, , ' : :,," ! c'I, \)rn to ry n.r.li .- il ot l.,lnnt stU!l i c~: t hat 
. G O '} c!uf.llit > ' : "~' :J1 : 1':V cr>i.~"nt~: cou.Ld I !" ·,I'11'11.l f fl.ctur ed . '.i.~hcsc 
r ec.ul t ::, we rf' ;, 1:, (1 (\ U: ' I ' of f or ~; tf:1rtj n (' th P ::12rm facture of 
~ .ln <~ onry ec :: \r' )~t u ~ ri ~ :' nJ:a . 

(YE itt. R ~ 'ilU DI E~ 

: '.>n~r ot.i' , . .... . ' t 'I<'J i, '?'! ' : u: v~ ' >:1. ::'0 l' (~"n c: :rriecl out unde r 
1.1 ~ i~ :' i~O r r: · , .. / " 1' " Y :l . .! : ' .1. / ~ ;,lr . : , \ : ":-\ ' il lW[l l. : r , j~ 3. ntudy , fo r t i'lO 
.yi~o r~ " ul1~l('lr' l:.'-' :-i l :,f' r vi f:, i o11 or Pro ~ . P • . i . I; ln~· , of the 
(, ol!!~.l o!:: i tion ::U' f.j I l lrl ! it :' ,"I f 1 i mcc' t ol1t"' and dol o;.: i te d G~-' 0s i t s 
in t he G£ntr[l ll ' ·')\·ll'! ( ' ·~ . j,lr . Il crr' t I l ~mr!?. ::~ tu d ied , unde r 
the sU ~H"rvi :. ' iIH' ·); Pro )' . ::l . G.CnrHl(:a ratnc. , the f rat tinr of 
o cr;!y.Loni t ri l r' t t l Il a tur~J rubbe r Ja tc :{ , and t h e p roperties 
of c enent- [, CJ71 on i t l'i l r> rra f t cd rubbe r 18,tex mi xes . Studie s 
we re a j s o c '1rried 0Ht"'""r-.nd Gu[.re s t ion.s .. :::;e re ma d e in t he ::te r; ort 
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A C~~borative Resear~h Prajeot Between University at Peradeniya And 
Cement Corporatian 

~:en t t o i,lt' cC;.Icn i, c(lr :' o r~Jt1 on and th e l.lin istry of Industries 
on v ~ ' riou ,, ' otl l'.'l' l':)::- ic:'-;,L{ch o.s "thr~ tr~m~T ort cmJ. dryinC of 
c18Y , i r e V Oli l"i. '))"; '.)1"' oI}J j 1l.ti oi1 , nee ~::-;:-.: i t :/"~:t'or ni v e rsl fiec",:~lon 
o f ~::. r() r.iuct}: , ""\.r· . 

j.' llf' r c i~ ~ l :'tro' l. P; ; urla::.:in no\'v8.d~!ys , ill .,l;·.ny parts of the 
world , for t il " tn i. 'L"I.:-·tir)J1 n.nd pro .. , ,,',.iOll of University- Indus t ry 
internc tion . An. i ' I ', 1'Jnt for m of t h if: interaction is' 
eoll<lbor.~tL ' .. :: · (! ~." 9arc.~! bf't.veen induEtry 8l1d Uni versity . S O"l. 

'. :":l, 'lent D on our . ro; l"' . . : , and the factors that may de t ennine 
t he suc:ec::---!:""· ('If ,llcb coIl , bornti VP. re senrch r rJg raJ.,s will be 
;naae now . 

Our fi ror r :J: l c ~ l"' h :' conc-ide re d t o be ~ uccessful for th e 
follo'ninf r<;' D, ... ,O:i1:' . rt traine d four Honour Graduate chemists 
of the cor}, orati 011 in res en rch me thods and. cuI ti vated 
resea rch a\Var8ne!::, ~ ; in th em. It h> 0. to the manufacture of 
!TI!)sonry c enont rmJ (';. t 8 bl i sh ec.: t he feas ibility of manufacturinr 
p o z~'~ol[U1ic c(,l:lcnt . f'1:.:-my liui tine technicCll factors in t he 
,) ~ ration of t he f[l ctorLc~ were c~ls o i dentifi ed and simpl e 
SU{'I"csti am: wc r:> : -'.1 U' tOY "'lie r·c oninf.~ these lini tin~C"" fr>ctors . 

'The suc c er;,' 'Yr' our i'roi r '"l 1l1 in llUP , in ; ,! y view, iJ rimr: rily to 
t he f r: ct t hD t th e thnr! Ch::il' : ~ n of t he Cf:nen t Corporation 
( Dr. -., . t ".'::; i .li ~:1 :'2 ~ ) 'Ii O~' ilctivel,V involved in the 1)roject. In 
fact he i s COtllttl-lor of onl. of O l.ll ' reset' rcl, 1.l8perS (4). He 
st ronr ly en cou l~ : l:"cd :;nu rrovided r:' c ili ti e ~ th.<l t 'Nou.ld leacl 
to t ~1 c i mp lcl.ie11 t;- t i on of the re sc8rch f ind i ncs . Anothe r 
re::-. ~ , Oll f or t h •. ' r:ltCee:.'[; of ou r r(; ;: c n rc h collaboration i s the 
f~ct that tJtr.; ( :O :~ l (ll ·;,ti oris cl1el ': i f:t~ t h e;nse lve s were a ctively 
invol veel in the ':'iorlc . '1'1 i~, j_ ~ , lllY'olutcl,Y eGscn tial if 
imple ment :: ti on of .1.!.'1.y r Cf3 earch find i wT h : to be e xpected . 
I t is not ::;u ffi cie>nt for ("l.n indu r; t r y to i dentify a re search 
lJroblcm of i'lport.nrlcc to thc:n ('_nd hand it ov e r to t he 
University : : c iF'nti~t~; fo r a ~~olution\ 8.s is sometiu es done). 
It i s eGs enti ~,. _L ) l be] Le vn , f or thc Industrinl chemist r:, 
t :t emf" c] yes ttl I P i]Tcetl v i nv oJ.vcd in t he !"eDe8rc~ work ; 
other\',' i !:.:~ e i ;l~ P "] C!Il0.nt:: ti on" o f nn y resec:,rch findinr;s is unlikely. 

1. TH SVARA~ AH . A . (1 <J7 1) . ' Re l) ort of the Res earch work under 
t h e Ceyl on Cement Corp ol';-,i; ion p08t r r adua te research 
sch ol a r shi P l1rO( r:.lt.ll? ' (3 50 paces ) 
( Rel~ ort i' Vt ' i .L::' !-'. l.C r't thr) Cher1i stry Der 'DrtJilcnt l_ibrary, 
CnlvPY'[ :j,-l. :>' 01 ' PI1l': ' dC'niy;-, ) 

? S:~LVAnNrr ; fJ,i , ~,) . (1 9Tr) . ' Tiuittl1£: technic cl factors at the 
CeJ:lel'lt f:' ctorj.r~f~ in ~' ri f::mlca ', : '~ i1 rJ11an tha (.Tournal of t h e 

. InduD '~T~ :1 1 l"v 1 D ,' .. ,ent ;":j oo rn , ~;ri T,ank.r'J.. ) Part I , September 
19'('f , Port 1 i l)(' Lo h:~ r 1 <JTi' . 

3 . .... f.T ,VA1ATr;Af.: , h . (1 Ti 7 ) . ' TllC rr.nnufacture of }J ozzo~ .. anic 
un Ci mn.~'onry (,0UE:r.t in :':;ri }'£lllka ', ] ~ aI'i:lantha , December 1977 . 

4. T nVATIASAli , A.; P HlAr,1 PAI Al'.1 , V.; and S~TVARATNAM , M.; (1979 ), 
' :':;O;';1e stu<iie~ : on i o?,zolanic c ement ', J . National Science 
Cow1ci l , ~~ ri i:u-;1.~ .... (1 T(1 ). 
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o N TVF.R ~ I Ty - H~ DlJ 2'T'RY INTEfloA eTlON : 
Tilf PH TLIPrINE FXPE RIENCE 

r·l ;Jtluel r Que zon Universit y and 
fh1l1pplne College of Criminol ogy 

ABSTRA CT 

The more than 1 , OCC i slands that comprise the Philippines 
is more ori e n teJ f, · ng r a -business concerns rather tha n chemi cal 
industries ~hich had it s beginnings durin g the ~panish regim e 
when the miR Pinnarip s taught the people the manUfactur e o f 
simpl e medicinp~ from native rlants and the cultivation o! su paI' 

The d is tribut io n of 
(j similar pa t tp- Y'n IS th e 
co lleaes ((1 fc to/. .- ," 4P) 

cuI e~~ 'ineej ) !>r<" " . 

i ndustries throughout the islands !r1 ; · w~ 
di stributi on of universities and 

,.· .re r1"n fl r. . .r-. rhemistry and B. ,c:" Ch emi-

A m 0 n ~ t II {; . 0"" o . Y' S i t y - i r/, t u " t t' !:J .£ n t f' }' (( r> L !" 0 n s p r act 7' c e rf 1" y . t h f 
Phi lippinel; today ..1 T'r: (la mr'us Y'ecru -i tment program~ extro - cur­
ricular 1~ndu st Y'i a " (' ;rr eY'1"enee , parf- l1:mf study, co n h"l1u infj edu­
cation, s e hoZars hi r ~ ranfA, prnfessoria7 ~ h a irs, contract e ~ 
research and drve'c pment wo rk " The P~ilippi n e Tnstitute of PuY'~ 
and Applied ~hemiRtry (PIFAC) is mentioned O R a model o f ffni­
ver8ity-InduRtr~ r ollaboration" 

However, ~ons tr(1 i ntB in the practice of . t he pro fessio ns ar ~ 
encountered wh e n /' {nl ations o f the laws go verning c hemistr y , 
chemical engin eer1."ng and pharmacy o ccu r due to unav oidab le o"n' · 
tapping of thei r reRre~tive f unct ione . 

The Philipp1r l e ~, \'-lith It s n ~ u r '(' t-har, 7 , non is land s , 1s morf 
oriented to a.gro - Dil s iness concern s rather t han chemical indu s­
tries. 

'T'he his t(' ri c;·d background () f chemica] i ndustries has shown 
that as early AS the 16th century, when the Philippines was then 
a Spanish co l ony ( l ~2 l-1 H9P ), the missiona ries taugh t the people 

I 
lnunediat e F'agt Fresident, Integrated Chemists o f the 

Philippines, InC'. Member, Executive Committee of the Federation 
of Asian Chemical Societies (FACS). 
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the manufacture o f s i mp l e medicines from many native plants as 
well as the cultivation of sugar cane which later became a chief 
export produ ct o f Lhe Philippi nes. 

At pre sent, the c hem i ca l and chemical products industries, 
although consid e red as one of the large scale industries, is not 
a major indust ry o f the country. The reasons for this a~e 
twofold: one, the ina deC] u ;:1te supp ly of locally produced raw 
materials f or use in t he manufa cture o f t he chemicals and related 
products and two , the d ifficulty of transferring the required 
technology . 

In presentinp ttle problems a rising fr om university-industry 
interaction , t.he consf'Cj UF:n Ces o f overnment regulation o f the 
professions must be taken into consideration . Another factor is 
the proliferation of bo th private ( 30 ) and chartered (12) uni­
versities and colleges scattered over the islands with varied 
c urricular offerings . 

CHEMICAL INDU~TRY 
". 

The chemical industry is one of the fast expanding areas of 
investments in the count ry today . Its growth is due to the in­
creasing demands o f the country ' s rapidly growing manufacturing 
sector. In view of thi s , it ha s been included in the country's 
First Investme nt Pri oritjes Flan f or manufacturing. This is to 
assure the industry 0 f l ow-cost domestic r aw materials, cheap 
hydro-electric r esources and r e l atively low labor cost . 

Figure I shows the provincial and regiona l map of the Phil­
lippines, and the geograph i cal distribution o f companies dealing 
with industri a l a nd o ther chemi cals. Region I (Ilocos ) - lU 
companies , Re g i on I I ( Cagayan ) - 0, Re~ion III (Central Luzon) -
13 , Region IV ( Southern Tagalog) - 1 2 , Region V (Bicol) - 5 , 
Region VI (Western Visayas) - 14, Region VII (Central Visayas}29, 
Region VIII (Eas tern Visa yas ) - 3 , Region IX (Western Mindanao)-
7 , Region X (Northe r n Mindanao) - 7, Region XI (Southern Mindanac) 
- 4, Region XII - 4 . 

The chemi cal in d us t ries accounted f or less than one percent 
of the total n on-profit pr ivate expenditures g ross capital forma­
tion and in net industry change . 

lINIVl~RSITIES AND TIl E CU RRI CULUM 

There are 30 pr ivate industries and 1 2 chartered colleges 
and universities o ffe rin~ B . ~ . Chemistry and B.S . Chemical Engi­
neering de gre es ( no t necessarily both). Table 1 presents the diE­
tribution o f these schools by regions throught the country. 

...... . 

Most uni vers j ti e s wi thin the per.:,i ~d._ ·l9 6 0 to 1970, of fere d 
Industrial Organic ond Inorganic Chemistry in bhe curriculum f01 
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TABLE I. UNIVF RSITI ES/COLLEGE r OFFER I NG B. S .CHEMISTRY 
AND ClIF.MI CAL ENG IN EER I NG COURSES 

~ . CHEM. : B.S.CH.E. : : . [J NIV E R[iIT Y / COLLEGE SEC TO R LOCATION 

x 

x 
X 
x 

x 

x 

x 

x 

x 
x 
x 
x 

X 

X 

x 
x 

x 

x 

x 
X 

x 

X 

X 

x 
x 
x 

x 
x 

X 

X 

X 

X 

X 

X 

X 

X 

: Region I 

Saint Louis University 
University of Baguio 

Priva te 
" 

:Baguio City 
: Baguio City J 

Mariano Marcos State University 
University of Tiorthern Philippines 
Lu zon Collep;es 

: Char tered: Batac , Ilocos Nort 
" :Vi gan, Ilocos Sur 

Private : Dagupan City 

: Region II 

St. Mary's Co l]ege " : Nueva Viscaya 

: Region III 

Centro Esco l ar University " : Mal010 s, Bulacan 

: Region ITl 

" :Ba tangas City Golden Gate Collef,e 
U . P . cd . Los Banos : Charte red: Los Banos, Laguna 

: Region V 

Aquin As IJniversity 
LTni ver si ty of Northeastern Philippines: 
Universjty of Nuevn Caceres 

: Region V I 

J\l{} a n Co ] l ege 
Universjty of S8n Af,Ustin 
Centra 1 Uni versi ty of the Philippines : 
Uni vers1ty o f Iloilo 
Western Instltute of Technology 
University of Nep;ros Occi dental 

Recoletos 
Cole ~io de f.a n Agustin 
We st Nef,oos Co lle~e 

: Region V II 

Universi ty o f Goho l 
Univ e rsity of San Carlos 
Southwestern tTniverslty 
Cebu In stitute of Tec hnolo~y 
~, 11]im8n TJni vers jty 

.,.,.... 
: Be g i on V I I I 

Dlvine Worrl 1Jnivers ity 

~rivate : Legaspi C:tty 
" : Iriga City 
" ~ Naga City 

" 
" 
" 
" 
" 
" 

" 
" 

" 
" 
" 
" 
" 

:Kalibo, Aklan 
: Iloilo City 
:Iloil0 City 
:110ilo City 
:110ilo City 
:Bacolod City 

: Bacolod City 
: Bacolod City 

:Tagbilaran City 
: Ceb u Ci ty 
: Ce bu City 
: Ceb u City 
: Dumaguete C:tty 

" :Tacloban City 
Leyt e Inst i tute o f Technolo~y 
Univer sity of Fastern Philippines 

: Chartered : Tacloban City 
" : northe rn Samar 
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TI\BLE I, cont. · . 
I.S.CHEM.~B.S.CH.E.: [J NN E RSITY / COLLEGE SECTOR LOCATION 
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x 
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x 
x 
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x 
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x 
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x 
x 
x 
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x 

: Region IX 

: Western f'.1indanao State Uni versi ty 

: Region X 

Xavi er Universi t y 

: Region Xl 

Notre Dame of MarbJe Colle ge 
At eneo de Davao Un iversity 
University of Mindan~o 
Immaculate Conc ept ion College 
Riza] Memoria ] Co Jle ge 

: Regicn XII 

: Chartered:Zamboanga City 

Prjvate : Cagay an de Oro 
City 

'" . 
" 
" 
" 

: South Cotabato 
:Davao City 
: Davao City 
:Davao City 
: Davao City 

l1nive r s jt y 0f Sout hern Mindanao : Chartered:North Cotabato 
Mindanao ~ tate Universit y 'I : Marawi City 
I Ii ~an In s t i tu t e of Technology " : Iligan City 
St . Michae l' s Col le ge Private" 

: National Capital J~g ion - Metro 
Manila ( Chart e red Unive rsity / CoUeee .. . 

Pamantasan ng Lun~s od n~ 
MaynilR : Chartered:Intramuros Man11 

Eulor-to " Aman~ " Rodriguez 
Ins titute of Science & 
Techno l ogy (EARJST ) 

Philippine Normal College 
University of the Philippines, 

Dilima n 

" 

" 

: Sampa.loc Manila 
:Taft Avecue Man1 

:D1Iiman, Quezon 
City 
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B.S. Chemistry degree. This is to prepare students for a job in 
industry if they can find such an employment opportunity after 
graduation. Industrial Chemistry subsequently was made as one of 
the major board exam subjects given by the Board of Examine~s of 
the Professional Re~ulation Commission, a government licensing 
organization. In the Philippines, a graduate must have to pass 
the corresponding government board examination before he' could 
practice his professi on . But later, the academe and the Board of 
Examinees realized that the industrial chemistry subject taught 
in the universities were either obsolete o r did not keep pace 
with the more mooe l'n processess employed so that by the 1970 's 
the subject was distributed among the bas ic branches of chemistry, 
organic and inor~anic c hemistry, while physical chemistry replaced 
it as a major 8uhject in the Board exam . This was effected after 
a consultation amon~ the Goard of Chemistry, composed of three 
examiners, and the heads of chemistry departments of various 
sQhools. 

UNIVERSITY-INDUSTRY INTERACTIONS 

Some of the uni vp rsity-industry interactions practiced in 
the Philippines nre as follows: 

1. Campus Recrui t ment Froeram - This is a deliberate effort 
of some industrleQ to bring academic and business worlds closer 
to one another by promoting a better understanding between corpo­
rate management and the student community. The mechanics of the 
program consists of the following steps: 

Step I - Identification of priority degrees/preferred 
schools by takin g into consideration division/ 
plant requirements through the personnel officers. 

Step 2 - Desi ~ning of t raining programs suitable for the 
tra inees and presentation of training programs to 
t he Deans of preferred degrees and schools. 

Step 3 - Submission o f Jist of the names of the top 10 
percent o f college juniors, as per requirements 
of the Company division. 

Step 4 - Process ing o f qualified college juniors for place­
ment s,and pool and for possib le employment of those 
who pas sed company tests a nd interviews. 

Step 5 - Conduct o f performance evalua tion of each student 
trainee by the immediate Supervisor. 

Step 6 - ~ppraisal of the effectiveness of the training 
pro e; ram. 

Step 7 - Class ificat ion of trained college juniors 
according to functional areas for pooling. 

Step 8 - Renewa~of contacts ,with company trained students 
for possible placeme~ts.Dn or before graduation. 
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2. Extra-curricular -Industrial Exper~nce - Students en­
rolled in indus tria l chemistry subjects are required to make 
visits to selected industries. The faculty teaching the subject 
requests selected factories f or permission for a plant visit. 
The industry usually conducts a two to three hours plant visit. 

3. Part-time StUd~ - Some government and private industries 
encourage deserving emp oyees to pursue snudies in the universi ­
ties by allowing t hem time of f to attend classes , on a full-time 
salary. The work schedule of the employee is arranged to fit 
his schedule of classes at the university. Tpis is however feasi­
ble, if the industry ' ppe rates on a two-shift or three-shift 
timetable. 

4. Continuing Education - This is offered to industries by 
some universiti es and professional organizations for continual 
assessment of all technology relevant to t he country's present 
and future need s . Studies are made of the possibility of adopt­
ing a particular proFram or extending it to suit particular needs 
of the country. Tl1P needs must be analyzed to di stinguish be­
tween those ~ha t Are ~pec ialized and non-specialized . A quanti ­
tative assessment ic requ ired as well as a qualitative determi­
nation . It is, in p ffect , a market survey to determine the magni­
tude of the reSrl -JlSP to programmes which maybe offered. 

5. Scholarships - Some indus t r ies support deserving student~ 
through college scho1arships . Examinations are adminis t ered to 
qualified students. Usuall y the scholarship includes f r e e tu­
ition fee, a livin[ ~ l]owance and book allowance . 

6 . Professorial Chair - is awarded as an appropriat e re ­
wards sy stem hy sam inrtustries for outstanding achievements. 
A fixe d sum per mCJ n t h is given to the faculty member awardee . 
In ex change , th~ owardee is required to give a seminar on a 
topic within hi s line of e xpertise within the year . 

7. Research And Development Scheme s - Small industrial 
concerns whi ch nloy find it expensive to mainta in a lab oratory 
to solve some or their industrial problems, seek out univers ity 
laboratorie s f o r joint project ventures, or they may simply 
enter into a research contract with the university. 

THE PIPAr. - A MODEl. OF UNIVERSITY-INDUSTRY COLLABORATION 

The Chemistry Department of the Ateneo University in vie~ 
of its better facilities , involved itself not only in academic 
research and tea c hing , but also in industrial concern s . Ini ­
tially, the problem o f t raininr in the use o f modern chemica l 
instl'umentat ion wo:::. met by offering specia] train ing seminar s 
on the various current c hemica] instrumentation techn iques. 

The second phase of involvement with industry dealt with 
analytical problems and ocassionally involved a major piece 
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of development work. 

By the end of 1969, serious consideration was made to es­
tablish a separate organization closely linked but then separate 
from the University to service industries. An in-depth inter­
view with the management and technical personnel of some thirty 
six companies showed that some 75 % of these will need analytical 
services, 75% -R & D; general ~onsultation-70%, personnel 
training-46% , and quality control-25%. 

Eventually, the Philippine Institute of Pure and Applied 
Chemistry, or FIFAC was organized in 1972. The Board of Trus­
tees consists of three members from the university, one from the 
government on a technical basis, and five from various industrial 
sectors. 

The activities in which PI PAC was envisioned to be engaged 
are: 

1. Analytical Services 
2. Chemical Research 
3. Training Program and Workshops 
4. Standards ~esting Laboratory 
5. Environmen al Pollution Monitoring 
6. In-plant Analytical Procedure 
7. General Chemical Consultation 

Table II below shows the increase in the number of chemists 
serviced by FIFAC, as well as the increase in the income, and 
operating expenses indicating the extent and growth in the oper­
ations of PIPAC: 

TABLE II. SUMMARY OF ~RE EXTENT AND GROWTH OF PIPAC ACTIVITIES 
FROM 1975-1979 

Growth Indicator 1975 

No. of Chemists served 1J 

Gross Income 111,600 

Operating expenses 1 6, 800 

* 

1976 

40 

PI05,500 
1 68,000 

From January to Aueust 1979 only. 

1977 

70 

1328,000 

P157,000 

1978 

66 

P379,000 
P243,000 

80 

P450,000 

P350,000 

SOME LIMITATI ONS IN .THE PRAC~ICE OF THE RELATED PROFESSIONS 

The legal de fjnition of the practice of chemistry, pharmacy, 
and chemical engineeri ng contained in the laws controlling the 
pract ice of these thr~ professions clearly shows the unavoidable 
overl apping of their f unctions. Cham1~try , in its various facets, 
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along with cognate princlp~es . of physicaljlnd biological sciences, 
is essential in the practice of pharmacy. · The different methods 
used to determine whether a certain pharmaceutical preparation 
is efficacious, of a standard and consistent potency and purity, 
and acceptable as to color, flavor, and physical appearance are 
definitely chemical in nature and these analytical procedures 
are within the sphere of operation of a chemist. The same can 
be said of chemical engineering. It is a branch of engineering 
concerned primarily with the application of chemistry, physics, 
and mathematics in the manufacturing processes of modern industry. 
Chemical engineers are now employed in quality control labora­
tories of industrial firms, and as such they perform the work of 
a chemist. 

It is indeed not an easy task to delineate the sphere of 
these three professions as it is not easy to determine with pre­
cision and certainty the sphere of the three departments of the 
government. In the words of Justice Holmes of the United States 
Supreme Court in the case of Government vs. Springer, 27 U.S 189: 

"The great ordinances of the Constitution do not establish 
and divide fields of black and white. Even the more specific of 
them are found to terminate in a penumbra shading gradually from 
one extreme to the other. When we come to the fundamental dis­
tinctions, it is still more obvious that they must be received 
with a certain latitude or our government could not go on." 

"It does not seem to need argument to show that however we 
may disguise it by veiling words, we can not carry out the dis­
tinction between le~islative and executive action with mathema­
tical precision and divide the branches into water-tight com­
partments, were it ever desirable to do so, which I am far from 
believing that it is, or the constitution requires". 

The principle of separation of powers and delienations of 
functions and responsibilities envisioned by the law cannot be 
enforced with pedantic rigor. It is only a relative theory. 
The more practical way of looking at it is to consider the pro­
fessions as circles which partly overlap. There must be some 
ground which each of the three professions may occupy. However, 
there should be no absorption of legitimate functions of each 
group and shor t of that, the merging or blending of fun ctions is 
allowable. These professions while separate and coordinate, 
should not be ant agonistic to each other. One shou ld not 
frustrate the othe r. They should work hand in hand to attain 
their objectives . 
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ASIAN CHEMICAL CONFEREN CE ON PRIORITIES I N CHEMI STRY IN 

DEVELOPMENT OF ASIA ~ 

UNIVERSITY - INDUSTRY INTERACTION : 

THE SINGAPORE EXPERIEN CE IN AN INDUSTRIAL OR IENTATION 

PROGRAMME FOR SC IENCE STUDENTS 

Mu ch has been and will continue to be writte n on thi s all 

important area of unive r s ity-indus try inte rac tion l - 3 . Like 

many othe r areas of common conce rns , concepts alone , though 

intellectually stimulating and appealing , may be in danger 

of remaining permanent precepts . On the o ther hand , a 

prece pt that can be translated into practice would be 

wel comed by both academics and industrialists alike and 

especially th l atter . W believe such an idealised 

situation may be seen in th Ind ust ri al Orient9tion 

Programme for sc i ence students i n Singapo r e 4 , 5 . 

This ve ry confere nce with its apt theme on "Priorities in 

Chemistry in Development of Asia " is a timely reminder and 

challenge to all of us especially those concerned with 

Chemical Educa tion and Industries . The author is grat~ful 

f o r the op portun ity of s ha r ing the experiences embodied in 

this paper and we l comes the comments and s uggestions t hat a 

gathering of this nature may be able t o make to the 

enrichment of all concerned . 



Tertiary Chemical Education in Singapore dates back to the 

f 6-1 0 days 0 Raffles Col l ege , more than half a century ago 
.,.. ... 

Since then , many chemistry graduates have b~n produced , 

whose contributions on both sides of the causeway have been 

considerable . Conferees here will undoubtedly concur that 

the challenge of Chemical Education is indeed fascinating . 

The teaching and learning of this practically all - embracing 

science call for all the r esources at our comm~nd . The 

extent and r ange of chemistry is indeed ex panding rapidly 

with ever- wide ning frontiers and demands the very best from 

us . 

These thoughts , together with the take off in the Industrial 

Progr~mme of Singapore in the e~ rly s ixties , focussed on the 

need that the academic training in the University could be 

beneficially matched with some form of work experie nce in an 

industrial environment . Such an experience will go a long 

way to help stude nts plan their ca r eers and be of better 

service to the community . 

Although tertiary education in chemistry in Singapore has 

not included a f ormal programme of industrial training , 

yet the Science Faculty was ope n to several possibilities 

whe reby students could obtain this type of expe ri ence . One 

such possibility was to make use of the long vacation for 

students to be exposed to the working situation outside the 

lJnivcl~sity , l' ''lh'cialJy in industry and commcn:c . Thi s move 
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was i ndeed WF; ] come by (ill quarters as it has been generally 

r ecogni sed that diplomas a nd d~grees a r e no t~n e nd in 

themsel ves and that stude nts must al so be e xposed t o the 

work- a- day wo rld in both governm nt , quasi - gove r nment and 

private secto r s . 

Wh ile it was possih l e f or the Science Fncu lty a~d/or the 

Chemistry Department to make use of of thei r own con acts 

with va ri ous bodi es outs ide the University , especially 

through its own graduates , t o seek places f or its stude nts 

f or such trai ning , y t it was thought best that the 

activities s hould be carried ou t through a cent r ali sed body . 

Thi s would he lp f acjljtate coope ra t j on wit h o the r 

ins tituti ons having simil ar as pirations . This need was 

take n up by the Science Coun ci l of Si ngapore , a s tatuto r y 

body estab l ished primarily to advise the govern~e nt on 

scientifi c policies and matters a nd r e l ated i ssues . In 

turn , the Science Council appointed a body known as the 

CCnl t'i-ll flp; nc y , ; 1 c;\Jb - ( tllnrllll1.. ( n f 1 h( r')lInc il .' rld 

compri sing r epresentati ves from t he Council , government 

mini s tries a nd various comm c r c i 1 and du cat i ona l hod i es . 

One c ru c i a l front-l ine conli'l buL inn of t.hc Cr- nLr:l1 A[",( ncy i " 

making known this pr ogramm to ou tsjde bod i es . I t makes 

pu bli c announceme nts and invitations t o variolls 

,establj shme nts in the pr i v<1Lc and publi c secto r' s f o r this 

programme . lnv il<lllllrl c ir'(lIla l"s i1 nd rrsponsc f (wms are sent 

] 



out many months before the onse t of the student vaca tion . 

On receiving positive replies from these est~li s hments as 

to the facilities they can offer , the Agency proceeds to 

place students in appropriate establishments through the 

University Liaison Officers. 

To he l p launch the programme as well as in its early year 

Chinese Chamber of Singapore gave financial as we ll as 

strong moral support . This has now been foll owed up by the 

Singapore Manufacture rs ' Assoc iation , the International 

Chamber of Comme rce and the Singapo re Employers ' Federation . 

Recognition of this programme is also afforded by the 

Mi n j s try o f De f ence t.ht'o ll [,; 11 ti l(' g r' ;mt 1 rI{'; nf def" t'mc n L to 

Nationa l S rvice me n from any training that coincides with 

the ori e ntation period . Likewise , these establishments nee d 

not apply for wo rk permits f o r ou r foreign stud~nts engaged 

in this programme . Other' e ncouraging e x mpti ons are in the 

areas of the skills developme nt fund l evy and the payment of 

payroll tax in co nj un c t i on wi th the "empl oyment " of thE' S 

students . Media coverage including those over national 

televisi on and radi o hav e bee n s upportiv e and e ncouraging . 

As anti c ipated , th r espo nse on the part of both 

establishments and s tud e nts has been wa rm and app r ecia tive . 

Tabl e 1 presents an overview of the r es ponse by the 

es tablishme nts . Th E' total numbe r of such establishments and 

the total number of training placements they off r ed are 
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listed for the pe ri od 1971 to 1983 . 

Ex ce pt for a f ew irregularities the figures show a steady 

growth . Tabl e 2 e l abo ra tes on these es tablishments and 

training placements by classifying them into the " public " 

and " private " sec t o rs . While the private sector comprises a 

multitude of compani s ove r a wide spectrum , ~anging from 

small family en e rpr ises to the giant multi -national s , the 

public sector comprises re l ati ve ly large gove rnment or s mi ­

gove rnment bodies with the capacity t o off e r large r numbe rs 

of training placements . 

Table 3 provides some indication of the number of years the 

different establishments hav e bee n off e ring places . The re 

is the constant need to ensure that not only are more and 

more s tablishments involved but participating ones 

e ncou raged to k e p on off e ring places . Thi s exercise itself 

i s an important aspect of unive rsity- industry interac tion . 

Yet ano the r , is the need 0 e nsure that the placements are 

meaningful to the students who volu n teer f or this programme . 

Whe neve r possible the training and experiences ga in ed should 

be r~l evant and/or compl ementary to the courses they are 

read ing at t he Univ rsity . Wherever possible , s tudents 

should be given assignments whi~h commensurate with their 

academi c background , training or interest . 

Table 4 furni s hes th numbe r of places off e r ed in relation 



Table 4 furn ishes the n ~~b~ r_ of places off e r ed in rel atio n 

--to cou r ses of study . The patterns he r e is a possib l e 

refl ection of the empl oyment and ca reer situations 

preva ili ng at t hat time . The high figures f o r chemistry 

placements and the fast - growing ones f o r compute r science 

(listed under ma thematics ) are certai nly good indicators of 

career op portunities . 

Tabl e 5 s hows the period of attac hm ent f or our stude nts 

participating in Industrial Orien tation . The six wee k 

period dominates simply because this is the offi c ial length 

of attac hm ent indicated in all our offi cial co rres ponde nce , 

r e l e ases etc . Whe r e the establishment i s able to offer good 

placeme nts even though t hey may not be able to off e r the 

suggested si x wee k period , we , neve rthe l ess , gratefu lly 

accept s uch placements . It is encouraging to no te that in a 

l arge numbe r of cases whe r e the training e xceeds sjx weeks 

it has been due to the establi shments ' initiative t o extend 

the programme on the basis of the students ' kee ness , 

pe rfo rman ce , use fuln ess etc . 

It may also be of interest to note the way chemi s try 

students have been pl aced in the vari ous establis hments , 

classifi ed by their industrial character . These details a r e 

given in Table 6 . The students ' response has been positive . 

This has bee n all the mor e e ncouraging noti ng the 

voluntary/opt i onal nature of the pr og ramme and the many 

competing and attractive a l ternatives ope n t o our students 
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in their l ong vacation . Students who take pa rt in this 

programme are usually paid a nominal allowan ce , the cu rre nt 

rate be ing $7 per day . Where the establis hment is ab l e to 

pay mor e , it would of cou r se be an added area of 

satisfaction and /o r even motivat i on for the students . Whe r e 

the establishment is not able to pay the minimum rate of $7 

to the student pe r day , the University will make up the 

diffe r ence . Students who hav e compl eted their second year 

are given priority ove r first and third year studen ts . 

Another use ful area of interaction is the assessment of ou r 

students by the es tabli s hm e nt . Attitude towards work , 

pe rforman ce , adaptability , r e l iabi l ity , interest/initiative 

ClrE' rf'porLE'd hy thf' f's Lahlishmr nt (TClh l f' 7) Clno mon H orcd by 

us i n t he Uni ve r sity . The fi gures in the tabl E'~a nd our own 

impressions suggest that s tudents do show a sense of 

responsibility and keeness . These could also be due to the 

inc r easing realisation on their pa rt of the in t rinsic value 

of s uch a programme . 

Playing important roles and the r eby al so benefitting from 

the s am e in this university- industry i nte rac ti on are the 

academic staff (Table 8) . They are appo inted Liaison 

Officers by the University on a voluntary bas i s . These 

'offi ce r s would keep i n cl ose contact wi t h the establishment , 

before , during and after the Orientation Progrmme . The 

duties of the Liaison Off icers include getti ng in touc h with 
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the establi s hm e nt so thaL the approp ri a t e programme can be 

drawn up having r egard t.e . t flcf ilC iliLl c.5 LhaL hav e bee n made 

---available by the establis hments . They kee p in touc h with 

bo th students and the s upe rvisors at es tablishment 

throughout the period of training . Whil e no hono raria or 

allowances are giv e n to the s taff , the University however , 

reimburses them for ex pendi tu r e incurred in transport . The 

Liai son Officers are key pe r sonnel in this programme in this 

rrop; rCl.mm e in th"t the y Cl.t'(' 1 i nl< hC't,w('C'n the Unj vc r s i ty on 

the one hand, and the es tablishments on the other . At the 

end of the training programme , reports by the 

establi s hme nts , Liaison Officers and the s tudents are 

studied with a vi ew to improving future programmes . Table 9 

s hows the involvement ove r the years by s taff membe r s . A 

f ew of t hesC' Li a j so n Offi ce r s a l so se rV E as fa culty co-

o rdinators t o give oversight gene (ally as well as to 

represent the fa culty on the Central Age ncy . 

The voluntary nature of thi s programme and their role makes 

understandable the turn- over of staff involvement. Long 

term committments are idea l es peci ally in building up 

relations hips , confiden ce e t c with the establis hments . 

Their inputs would he lp optimise the benefits gained by the 

stud e nts (Table 10) . The tabl e also shows that not only 

have we fulfilled our immediate objec tives (example , 

application of theo ry , technical knowl edge gai ned) been 

attained but a l so seen be nefit s accrue in othe r vital areas 
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like work e xp~rie nce and human r elati ons . The f eedback 

given by Liaison Off icers a r e 31so valuab l e (Tabl e 11 ) . 
~ ... . 

A very important development in thi s univ e r s ity- industry 

interaction is the t ran s f e r e nce of responsibility by t he 

Ministry of Trade and Industry of the wo rk of t he Ce nt r a l 

Agency from the Sci~ncF Council to t he National Uni ve r sity 

of Singapo r e in 1982 . Th~ Dean of Sc i e nce now ~eads th~ 

progl"amme whi ch oversees the WCJl"k involvi ng thousand of 

students in our tertiary institutions . 

Through this programme , the Uni ve rsity becomes more aware of 

the prob l ems of the industrial and comm e rcial secto r s and 

will t hus be i n a better posit i on to adv ise on the placement 

and training of graduates more suited to the changing 

r equirements of empl oye rs and nat~onal economy and 

development . On the other hand , indust r ies t hrough contact 

with these Liai son Officers may also become aware of some of 

the faci l ities and expertise avai l able i n the te r tiar y 

insti tutions . 
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UNIVERSITY-INDUSTRY I~~RACTION: THE SRI LANKAN EXPERIENCE 
(COUNTRY PAPER) ~ 

R.S. Ramakl'ishna 

University of Colombo, Sri Lanka 

A B S T R ACT 

The gl'owth of Univel'sity institutions and development of 
the Chemical industl'Y in Sl'i Lanka is l'eviewed. The current state 
of University-Industry interaction details relevant programmes of 
research and training. 

A mechanism to relate University programrrles to local indus­
try and enlist the cooperation of industl'Y has resulted 1:n the f ormation 
of the National Committee fOl' Univel'sity-Industl'Y Intel'actions in 
Chemistl'Y (NCUIIC). The scope of NCUIIC and strategies evolved to 
promote interface activity is discussed . Reseal'ch, Training and 
Sel'vice al'e the keynotes of this intel'action. A strategy for its 
promotion is presented. 

The Country Papel' outlines the roles of Upiversities, 
Industries. National professional societies and International organi­
sations fOl' use of this interaction in Chemistry for development. 
This paper would also itlustl'ate some recent activities and experiences 
in promotion of University-Indust~1 interaction in Sri Lanka. 
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INTRODUCTION 

A Country Paper should necessarily reflect the theme of this 
workshop which discusses mechanisms and experiences. The need for 
University chemistry to orient its priorities for development is 
increasingly recognised. The concept of a University in a developing 
country solely as a centre for higher learning needs rethinking.' 
University-Industry relationships ~ecognise the growing perception 
that industrial products and services are increasing dependent on 
fundamental scientific understanding. Basic ideas and approaches are 
used in both Universities and Industry. The distinction between basic 
and applied work often disappears. This interaction is necessary to 
resolve problems of national economic importance. Experiences and 
factors inhibiting such interaction need to be examined. 

UNIVERSITY CHEMISTRY IN SRI LANKA 

Since 1920s to the early 1940s, Universit y Chemistry in Sri 
Lanka was a model of the curricula of the Universit y of London, since 
it was a University Callege reading for the examinatiom' uf that 
University. Although the University structure in Sri La nka saw several 
changes with the establishment of the University of Cpy lon in 1942, 
programmes in Chemistry have only first begun t o show some awareness 
to local needs. There now exist 6 independent Univcls ities and 2 
University Colleges coordinat ed by a University Grant s Commission. 
The Chemistry curricular in the Universiti 0s vary som0 what in structure. 
However, a 3-year general science degree in Chemistry as one of three 
subjects and a 4-year Special degree in Chemistry reflect the general 
pattern. 

University of Colombo provides for a 2-year basic course in 
three subjects. In Chemistry, this includes emphasis on such basic 
concepts as structure, bonding, reactions, quantum mechanics, thermo­
dynamics, kinetics, mechanisms, electrochemistry as well as introduc­
tory analytical and industrial chemistry. The laboratory course is 
intended to teach skill and methodology rather than an ability to solve 
de fried chemical problems this is so planned as effective laboratory 
instruction at pre-Un~versity classes leaves much to be desired. 

A 1-year 'build' on this basic course, provides for optional 
oriented Course units in Chemistry for a General Degree in Science, 
requiring 9 Courses among the subjects. This orientation bear some 
relevance to industry, as well as to basic academic needs. Thes e by 
design lack rigid entrenchment in the traditional areas and so reflect 
the integration that is ' so essential in the practice of Chemistry 

Topics 
" 
" 
" 
" 

" 
in Natural Products Chemistry 

Pol~er Chemistry 
AnalYtical Chemistr'y ... -" 

" Solid and Surface State Chemistry 
" Biochemistry 
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This coverage provides a base and emphasises fundamental 
aspects. The laboratory course . .attempts to teach skill and methods 
related to the lecture courses. ' 

The 2 year build on the basic course which includes both 
scheduled and optional courses in special topics, provides for the 
Special degree in Chemistry. These graduates are primarily inten­
ded to fit into research and development positions in acedemic, . 
agriculture and industrial sectors . The course is largely with an 
academic orientation and does provide the base for graduate study and 
research. Special f eatures include: research project, seminar 
industrial work experience , and industrial visits. The evaluation , 
tests understanding and application. In addition, exercises in 
literature survey , planning for research projects and basic knowledge 
in Chemistry are built into the examination scheme. At present, 
universitie s in Sri Lanka are regionally positioned in the North, 
South, Eas t and West to promote liasion between Univeristy and Industry. 

CHEMICAL INDUSTRY IN SRI LANKA 

Prior t o independence in 1948, Sri Lanka expo rte d raw materials 
from the main plantation sector tea, rubber and COC( lnut to import 
finished goods. A pro gramme of industrialisation wa ,~ begun after 
World War II, wi t h a view to diversifying the economy t o meet r educed 
imports of consumer goods . A department of Industr i (' s was set up in 
the early 19405, to meet some of the immed ja t e needs . Production of 
acetic acid for use as a coagulant in the rubber industry; a Shark 
liver oil industry as a substitute for Cod liver oi l ; glass factory; 
tyre r etreading; leather products etc. 

With independence in 1948, several industries have been set 
up, largely based on local natural resources tyre, ceramics, mineral 
sands, oils and fats , sugar, paper, salt and salt based industries, as 
well as production units , on imported raw materials such as for steel 
and petroleum. 

Small scale industries as Paints, soap, food, cosmetics etc 
and some cottage industries are largely private owned. 

Innovation and development of natural resource s to advantage, 
have largely been the private sector initiative. Illustrations 
include: manufacture of alkyd resins from rubber seed oil the 
seed once an agricultural waste posing problems of disposa l. There 
is an estimated availability of 4000 ~illion tons per annum. Most 
of the oil finds a ready export market while some is conve rted to 
epoxidi zed rubber seed oil for a variety of purposes. There are yet 
other uses for its fatty acids in manufacture of factice. Castor 
oil a dry zone crop, is used in the manufacture of Turkey red oil 
for u se in th e t extile industry as well as for motor oils, medicines 
and paints industry . This oil awaits further exploitation. 
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Kaolin and China clay for ceramics and paints; activat ed 
carbon from coconut shells; perfumery from essential oils are other 
areas of activity. The mineral resources of Sri Lanka include 
limestone, dolmite, mica, apatite, mineral and glass sands, gems and 
peat. Their location and those of the University institutions bear 
special significance. 

MECHANISMS 

National Committee for University Industry Interactions in 
Chemistry was forme d in March 1982 by the Ministry of Higher Education 

a 5-member committee representative of the University, Stat e indus­
try , private industry and UNESCO , with the Chairman, U.G .C. as its 
Chairman. A small but workable group with firm commitments to 
promote this int e ra c tion . The inauguration of this national committee 
was followed by a r eg ional workshop on 'Chemistry, Industry and the 
Citizen' organi sed by the Institute of Chemistry, Cey lon and a UNESCO 
meeting of the nati onal r epresentative s of UIIC, bo th he ld in June 1982. 
The guide line s for ac tion formulat ed at the s e mee tin gs could be se t 
out as follows : 

Preparation of the National Chemical Directory on Chemical 
Industries~ 

University facilities for Industr y 
tancy and tra ining. 

s e r VIces, consul-

Univers ity-Re s earch Institute-Indus try ill L,'rac tion. 

Resour ce s devel opment . 

Interaction of National Committe e s in the region for 
promotion and exchange of know-how and transf e r of 
technology . 

Incentives and a cademi c r e cogni t i on to univ ersity staff 
contribution to industry . 

Creati on a nd s tre ng thenin g o f ce ntre s o f exce llence on 
the primary r e source s of the country . 

lInivcrs iL y- in dus t ry int e r act i on i s [l "two-way " process ; 
just as mu ch as th e uni ve ri s t y i s no t a l ways awa r e of the na ture and 
needs of i ndus tr y , rhe indu s t ry i tse lf i s un aware of t h curricul a 
and prog r ammes o[ t he Uni ve r s it y Chemi st r y . The Na tional Committ ee 
has brought out i ts f ir s t i ss ue o( a bi a nnua l News l e tt e r. Thi s is 
intended to be informat i ve , a s we ll as pr ovid e the incentive f o r 
interac ti on. The secand is s ue inc lude s r e s earch r e sults of unive r­
sit i s of r e l evance t o industry . They have l ong r emained accompl i sh­
ment s on t he l abu r a l o r y bench and r equire expl o it a tion and con~e r­
ciali sation. Th ~ pro bl ems o f chemi cal i ndu s try , troubl e shooting 

~ 
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and studies on potential of natural resources will no doubt highlight 
the needs of industry. This .. ~s -one way of bridging a gap of aware-
ness between these two groups. ~ 

There is little research and development activity in the 
industrial sector in Sri Lanka. Multinational organisations continue 
to be served by the research and development centres in developed 
countries. There is little research and development centres in ' 
developed countries. 

There is still much dependence on expertise from industrialised 
countries to develop natural resources to advantage. It is essential 
that local activity should have control over its resources, if they 
are to get the best economic benefit. Skills in Chemistry for 
research and development, production and quality control need there-
fore to be acquired. 'Fertilizers provide a case in point. About 
four fifths of all phosphate raw material comes from the third world. 
Yet the third world makes only 8 per cent of all fertili zer and 
consumes about 15 per cent'. A find in early 1970s in Sri Lanka, is 
a vast deposit of Apatite. The economic potential of this phosphate 
bearing rocks is yet to be realised. Mining of Graphite is one of 
the oldest industries of the country. Development of this rich 
resource to give value added products as collodial graphite, graphite 
crucibles and electrodes has still to receive attention. 

Much of the chemical knowledge, expertise and resources needed 
to solve problems already exist. Problem perhaps, is mobilisation of 
this expertise and to adapt knowledge to local condit ions, constraints 
and opportunities. A mechanism to promote this int eraction for deve­
lopment could include the following components: 

Orientation of university programs for industry. 

Problem solving in chemical industry. 

Utilisation of local raw materials in industry, adding 
value to our resources. 

Dissemination of information between universities and 
industry. 

EXPERIENCES 

Orientation of University p~ogrammes should provide for research, 
tralnlng and services as the keynotes of this interaction. These 
should necessarily be built on a solid core of fundamental or basic 
chemistry and include ingredients for awareness and relevance. 
Special degree students at the University of Colombo, who form about 
10%' of the annual admissions for Chemistry, take an 8-week WORK 
EXPERIENCE progratmne in industry at the end of their examina t ions. 
This required careful planning and monitoring. It ha s enabled industry, 
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both from the private and the State sector to identify problems for 
study. Illustrations of these projects are: 

Preparation of a fat liquor 
use in the leather industry 
in a local leather tannery. 

oil from castor oil for 
the product was tested 

Study of the components of smoke of fuel sources deposited 
on rubber smoked sheets. 

Study of corrosion problems in heat exchanger tubes in 
Ammonia/Urea plants in fertilizer manufacturing industry. 

Polar lipid degradation during manufacture of black tea. 

Removal of clay and stain from the feed to a r utile/zircon 
processIng plant. 

Phenol absorption capacity of activated coconut shel l ­
charcoal. 

These are but a few, representative of exposures to problem 
solving actIvIty. This program was intended to provide opportunities 
to put theory into prac tice in real life situations . It has had the 
added advantage of work with local resources as ilme nite , tea, rubber , 
coconut, castor oil e t c . 

The next phase of this programme was centred around the 
larger number (90%) that read Chemistry f or a General degree . 
University of Colombo had the advantage of streaming students into a 
Special degree and a General degree at th e end of a 2-year grounding 
in the three science subjects. A proposal f or a cooperative programme 
with industry was formulated to provide a third stream for a selected 
group. It sought to provide for a one-year employment placement in 
a local chemical industry. These students on completion of this 
industrial exposure would return to the university to complete the 
final third year of the General degree. In essence, a "SANDWICH" 
one-year to allow the students to increase their awareness of the needs 
of local industry. An orientation programme which is intended to 
achieve a number of objectives: 

Opportunity to obscure professionals at work. 

Lessons i~human relations through association with 
people in an adult environment. 

Period of growth as students put learning into practice 
in real life situations. 

Acquire attitudes, working discipline and maturity. 

Enhance employment potential In industry. 
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This programme will pr~vide the neces~y feed-back from 
industry to the univeristy to orient the teaching programmes. Career 
counselling, ease of transition from university to the work world, 
partnership between student, employer and the university, constructive 
work experience to r e late to academic study are additional credits of 
this prograrrune. 

There are of course other advantages that accrue from this 
programme to the employer, industry and the student. The employer 
of such a student is taking on an individual who has completed two 
years of a degree course and who, having two-thirds of the way to 
graduation, is capable of making a useful contribution, while using 
t~e opportunity to acquire further skills and techniques from seasoned 
pblctitioners. For many employers , who cooperate with the university 
iri·':'finding places for students in their 'industrial' year, it is no 
doubt a chance to assess talent for themselves. Student could return 
to their employers on graduation. Industry may as well support 
youngsters through their academic years. In either way, the fact of 
actively working with the university to train recruits for a real role 
in local industry should produce considerable benefits to the student, 
the university and the industry. 

An interim programme has been put into effect with the general 
degree graduates as INDUSTRIAL TRAINEE placements. 6 s uch graduates 
commenced this programme last year, in private and sta t e sector 
industry. Teaching staff assist in monitoring thi s r rogramme and 
report on quality of placement, working cond itions, s tudents' progress, 
as well as other factors affecting future placement. The success of 
this effort would largely depend on the selection of trainees, interest 
of employers and e thusiasm of academic staff. It ~s hoped that the 
experience gained would identify additional inputs as in management, 
process technol ogy etc. so as to institute a formal postgraduate 
certificate programme for Chemistry and industry. 

COOPERATIVE PROGRAMMES such as these serve the orientation 
of chemical sciences in development. President Gerald Ford in an 
address to t he Ohio State University calls for this emphasis, 
fl •••• For you, the time has come to test the theories of the academic 
world in the laboratories of life. As President, I invite students, 
graduates and faculties to cont ribute their energies and their genius 
in the solution of massive problems facing America ...•.•. Show us how 
Universities can work with industries and labour unions, to devise a 
whole new community of learning across this great land. Show us how 
work study programmes can become a part of the ongoing educational 
process .... fI. How much more would all this mean to the developing 
nations? 

UNIVERSITY RESEARCH has long remained accomplishments on the 
laboratory bench. Its relevance to industry, value addition proces­
ses of our natural resources and control of industrial products have 
received little attention. Some of the projec ts carried out by 
university institutions in Sri Lanka are listed: 

65 
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Studies on the use of dolomite as a substitute for coral 
limestone as finishing coats in masonary a pilot 
scale application of dolomitic quicklime under 
recommended conditions have shown promising results. 

Electrochemical r eduction of the product of hydrolysis 
of rubbe r seed oil to form crystaline stearic acid 
an 83.5% yield has been recorded, the method has receiv'ed 
local patent. 

Use of local oi ls in preparation of analytical reagents 
for hydrometal lurgy. 

Reduction of chlorate contaminant ~n causti c soda from 
the chemicals corporation. 

Isolation of solid pectins from lime and passion fruit 
peel . 

Manufacture of Cassava starch for t ex til e finishing. 

Pozzolanic cement manufacture from local po zzo lans. 

Res e arch projects such as these are of direct local relevance. 
Collation of such inJormation as well as others, r e-extraction proce­
dures for essentia l o ils, pe rfumery materials, alka loids etc. is being 
carried out. It s usefulness to industrialis ts in prod uct develop­
ment and value addition processes of local nat ural r esources will be 
disseminated through the Newsletter of the National Committee. 
Given the right contac ts between the two groups, a s trong univeristy 
research effort should contribute greatly to a strong industr ial 
effort in chemistry. The role of individual contacts and initiative 
are important in the development of such relationships. Yet another 
recommendation of the National Committee, is the need to provide 
advisory, analytical and consultative SERVICES to industry. It has 
recommended the set up of a 'Chemical Services and Consultancy Fund' 
in all the universities. This needs to be self-financing, provide 
incentives to staff involved and would maximise utilisation of 
resources as equipment, expertise and technical library facilities. 

There are two aspects of service to i ndustry which provide 
experiences of university chemistry: University of Colombo, besides 
providing instrumental facilities has set up facilities for such areas 
as standardisation of analytical techniques, corrosion service and 
consultancy, water quality and analysis of pollutants. 

University of Peradeniya has accomplished opera tional research 
study of industries, for analysis of rate of factory production , 
revealing mismatches in the utilisation of various operations and to 
provide the basis for increasing efficiency. 

Another area of activity concerns chemical analysis in LOCAL 
SMALL SCALE INDUSTRY. A national chemical directory is being prepared 
to provide information~ the needs of ' small . scale industry for chemical 
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analysis of the ir products. The project is now at its initial stages. 
The direc tory is int ended as~~ackground material for a field oriented 
analytical chemistry course; of service to small~cale industry. 
The objectives are to assist industry in making available advice and 
preparation of a source book of methods for associated chemical 
analysis. It should also provide the incentives for industry to set 
up simple analytical procedures at minimal cost. " In this effort, the 
collaboration of the C.I.S.I.R. and the Industrial Development Board 
has been sought this is "a UNESCO sponsored project of the IOCD. 

STRATEGIES 

Resources development would necessarily include components 
of resources monitoring, development and conservation. There are a 
numbe r of mine rals hither to discovered, like iron ore, apatite, dolomite, 
magnetite , serpentinite, silica sands (to mention a few) which have 
yet to be processed. It is here, that chemistry and chemists can play 
a decisive role to develop and build mineral based industry i n Sri 
Lanka into a major programme and stable one for the future. Resources 
monitoring is an essential prerequisit e to resources dpvelopment. 
The need for an integrated expertise of biology, chemis try and geology 
IS impo rt ant to establish chemical relationships. 

Our unive rsities are gold mines of human r esources, creativity, 
know-how and expertis e . The combination of knowledg~ with the enthu­
siasm of the students constitu t e an outstanding potential. Curricula 
should reflec t to the students about the world in which they will have 
to work tomorrow. Hultidisciplinary programmes , new work schemes and 
the recognition of service teaching ~re important. ~ 

The grea t est resource is people, who need an informed aware­
ness and learning to so lve problems rather than merely discuss them. 
Any country that wants to develop its industrial and agricultural 
production and the services it provides to its people, must develop 
its s c ience and technology for self sustaining development. 

Research institu t e s in Sri Lanka include the C.I.S.I.R. and 
thos e of T.R . I. , R.R.I. and C.R.I. which cater t o the major plantation 
sector of tea, rubber and coconut . These and s uch others could be 
effecti ve cata ly sts in promoting interaction between the University 
and Indust r y . Effo rts are be ing made in this direc tion by encouraging 
join t r esearch programmes to enable these research institutes to 
br idge the communic a tion gap . 

Incent ives and academic re cognition one of the important 
aspects of t lli s int e raction is the mechanism to pr ovide incentives and 
academic recognition fOl" lIni vers i ty staff to enable contribution t o 
industry . Thi s has proved difficult in Sri Lanka. The reasons are 
many. There is still the 'hangover' of the postgraduate programmes 
of study the yo ung recruits are exposed to in developed countries . 
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A Ph.D. on return to his home country is unable to work with the 
resources available. He has often been a 'pair of hands' in a re sear ch 
programme of academic merit. This situation needs study and recogni­
tion. Cooperation of academics of developed countries is essential 
in this effort. 

One approach could be a collaboration between the academic 
staff member of the developing country and his counterpart in the 
developed country where the young student is reading for his post­
graduate degree. Project formulation, scope for continued research 
on return to his home country, relevance of research etc. are basic 
aspects that need be looked into. A 'split' Ph.D. programme would 
cater to some extent the constraints and attitudes to research and 
study on problems of relevance to the developing country. 

In Service Programmes in universities of one or two weeks 
duration could be used to widen the horizons or deepen the knowledge 
in a particular area of an industrial or university scientist. 
These could be of the 'recent advances' or 'special technique' type 
where chemists from the industry and university cooperated in the 
teaching. Industry and university chemists with mutual interests 
and enthusiasm would forge a healthy interaction. The role of 
INSTITUTE OF CHEMISTRY in promoting interaction is effec tive parti­
cularly in areas where opportunities or upgrading technica l expertise 
is provided. The Institute mobilised its membership from activity 
to interact with national development programmes in industry, agri­
culture, mineral and natural resources, environmental studies, etc. 
It has been involved since 1981 in the TRAINING of analytical chemists 
in the varied sectors of employment. RESEARCH programmes are being 
actively pursued and its orientation to meet the needs of industry 
has been important. Analytical SERVICE to industry is being provided. 
The centre is aimed at interacting with other universities, research 
institutes and government departments. An international conference 
on 'Analytical Chemistry in Development', August 1984 marks the ful­
fillment of the objectives of this project. 

Of the practising graduate chemists with professional 
expertise in Sri Lanka, university academics account for 25%, the 
research institute, 25%, the government scientific departments, 20% 
and industry 20% and about another 10% distributed in the pr ivate 
commercial sector, the number of chemists presently serving industry 
is grossly inadequate. Many industrial corporations employ chemists, 
but several are without laboratories for study of product qual ity, 
analytical controls and for research and development. This number 
needs to be increased at least five times over. Employment sector 
~n industry for chemists 1S widespread: 

Cement 
Ferti I izer . 
Oils and Fat 
Steel 
Ceramics 
Sugar 
Textiles 

Paper 
Leather 
Mineral Sands 
Glass 
Distilleries 
Pharmaceut.i<;.§: 
Graphite-: etc 
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Over 90 % of such cherAi~ts are involved in quality control 
and chemical analysis . It is here, that the s~e of the centre at 
University of Colombo assumes such significance. 

INTERNATIONAL ORGANISATIONS 

Several international organisations are development oriented. 
A recent significant feature is the formation of the International 
Organisation for Chemical sciences in Development, IOCD by UNESCO in 
1981. There have been several programmes pursued through specialist 
panels: 

The chemical synthesis programme launched in March 1982 
aims to develop new drugs to parisitic diseases. 
Several laboratories in 8 countries are carrying out 
the first stage, synthesising new compounds for tests. 
These diseases account for large proportion of the fatal 
diseases In African and other developing countries. 
A concerted research effort becomes an urgent priority. 

IOCD has linked into the UNESCO regional ne tworks in 
chemica] sciences such as SCM-tAP . Training programmes , 
exchange visits, workshops, research collaboration etc. 
in study of medicinal and economically us e ful plants 
are some of its activities. 

The third programme initiated 1n 1982 i s s pecifically 
designed to create links between llniver s itles and indus­
tries in the third world. Mobilisation of university 
chemi s ts to help create and set up small scale industries 
in the developing nations.' 

Thes e prograrunes should receive the highest priority among 
the activiti e s of a tional and Regional associations of chemists. 
FACS should become the focal point of action in Asia and use IOCD 
programmes to "redre s s the imbalance between countries by directing 
much effort and expertise in the chemical sciences toward the solution 
of problems of developing nations". 

!l 
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o T. Navaneeth Rao 

Osmania University, Hyderabad-~India 

ABSTRACT 

The Department of ChemLstry at OsmanLa UnLver s Lty has Launched 
UnLversLty-lndustry coLLaboratLve teach Lng and re s earch programmes to 
make ChemLstry teach Lng and research meanLngfuL and reLevant to the 
LndustrLaL growth Ln the regLon. At the post-graduate LeveL the ChemLstry 
courses whLch have reLevance to LndustrLes, sLtuated cLo s er to UnLversLty 
have been taLLored and Lntroduced as eLectLve course s for teachLng. We 
Ln Hyderabad have a number of LndustrLes and resea~ch Laborat orLe s around 
the campus of the OsmanLa UnLversLty. 

For gLvLng LnstructLons for these eLectLve courses the Depart­
ment has teachLng coLLaboratLon from the scLentLsts of the Lndu s trLes 
Ln the cLty . ALL the eLectLve courses are not offered every year. 
Those of the LndustrLe s Ln whLch more of the ChemL s try s tudents are 
needed for mannLng the Lndu s try are offered as eLe ct Lve s ubje ct s to 
the student s to s uLt the needs and demands of the Lndust ry. A con stant 
assessment Ls made of the utLLLty of the cour s es offered fr om the 
Lndustry and unLvers Lty poLnt of vLew. A partLcuLar e Le ct Lv e wLL L be 
offered for 2 to 3 years then some other eLectLves wL LL be offered 
depend Lng on the demand and man-power requLrement s of the chemLcaL 
Lndustry to make unLversLty-Lndustry coLLaboratLve t ea ch Lng programmes 
more effectLve and meanLngfuL. ExpertLse Ls draw n from t he - Lndu s trLes 
to the academLc bodLe s for maLntaLnLng and en s urLng pro per LLnkage and 
co-ordLnatLon Ln re s earch and teach Lng actLvLty. Re s ear ch whL ch Ls 
reLevant and us efuL for the Lndustry Ls aLs o carrLed out , maLta LnL ng 
contLnuous LLnk Ln teachLng and research act L v Lt ~ e s between the Industry 
and the UnLversLty. From experLence, Lt has been found that s uch 
UnLversLty-lndu s try co LLaboratLon has been very usefuL. 

A continuous and systematic evaluation of the syllabi in various 
science subjects including Chemistry enabled the educationists in India 
to suitably revise the course contents in order to meet the demands of 
the society. Today chemistry is recognised as a highly organised and 
systematic science subject. This is in contrast to the past, say t~ll 
forties and fifties, which studends shunned this subject because of the 
erronious impression that it is made up of numerous unrelated factors 
worthy of mere rememberance. But, the present day graduate student 
of Chemistry not only learns the fundamentals of the subject but also 
the application of the basic ideas in various fields like industry, 
medicine, biochemistry, etc. 

It is often observed in a developing country like India that 
an average student of Chemistry gets confused in understanding the 
relevance to practical life of the knowledge he has acquired i n the 
lecture hall, library and laboratory. He is also at loss to visua­
lise the role he can play for the betterment of the society which not 
only supports his education but also enables him to acquire severa l 
academic honours. It must be accepted that his educationa l traini ng 
in Chemistry is not suitably oriented to provide him clear under-
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standing of its applications to industries mainly chemical industrie s 
related to drugs, dyes, polymers, food additives etc. As the student 
fails to visualise the transformation of theoretical knowledge to 
practical purposes, an element of frustration may creep into his young 
mind. Event hough a Chemistry teacher takes pleasure in talking to 
his students abou t the various benefits that man has been drawing from 
chemistry-knowledge, he does not pl~y sufficient role in impressing the 
students about the mechanics of industrial production responsible 'for 
such benefits. Also, the course contents in the graduate study do not 
give sufficient scope in this regard. 

Keeping these points in view and taking into consideration the 
increasing number of talented graduate students in Chemistry, we at the 
Department of Chemistry, Osmania University, Hyderabad, India, have 
introduced University-Industry collaboration in teaching and research 
programmes. In the teaching programme we have introduced elective 
subjects in the final year of graduate study . It may not be out of 
context to mention here briefly about the course contents and scheme 
of evaluation during the four semesters of study, leading to Master's 
degree in Chemistry. 

All the students admitted to the post-graduate courses (M.Sc.) 
in Chemistry undergo common training during the firs t t wo semesters 
(one year). The candidates take up examination in both l heory and 
practical courses in various brances of Chemistry like inorganic, 
organic and physical chemistry . These examinations a re in addition to 
continuous evaluation through internal assessment. Afte r the completion 
of the second semester, the students are admitted into different 
specialised courses like inorganic chemistry, organic chemistry, 
physical-organic chemistry and physical chemistry on merit-cum-preference 
basis in the third semester. The student thus undergoe s intensive 
training in one of the specialised fields in the third and fourth 
semesters (i.e. second year of M.Sc. degree). Grades are awarded on 
the basis of over-all performance in the four semesters. 

The elective topic mentioned above constitutes one of the 
theory courses of the fourth semester and has approximate 50-60 
contact hours. The different electives offered have relevance to the 
industries and research laboratories in and around Hyderabad city. 
They are: 

1. Dyes, drugs and intermediates 
2 . Explosive s 
3. Medicina l Chemistry 
4. Natural Products 
5. Polymers 
6 . Agr ochemical s & Fertilisers 
7 . Nuc lear f uel s 
8. Catalysis 
9. Electrochemistry 

10. Phtochemis~. 

The course contents of these elective have been framed in 
consultation with the re search development personnel of the 
corresponding industries and research laboratories. This would enable 
the student to gain a fir s t-hand knowledge of the application of 
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chemical principles t~edifferent industrial uses. This type of colla­
boration also helps the student to serve ~fectively in the respective 
institu tions if he gets a chance. Some of the research chemists of 
these institutions have also been associated with the University academic 
bodies such as Board of Studies in Chemistry and Academic Council so as 
to have an effective industry-university interaction. Not all electives 
are offered at one time. Depending on the demand courses are chosen and 
offerend from time to time keeping in view to avoid unemployment ~n a 
particular specialisation. 

Both the faculty members of the Chemistry Department and the 
Research & Development personnel of the industry concerned are involved 
in training the students in these elective courses . Quite often the 
training is right in the premises of the industry and the students are 
taken round the different plants to obtain a close view of the different 
stages of industrial technology. The Indian Drugs & Pharmaceuticals 
Limited, The Nuclear Fuel Complex, The Indian Detonators Limited and 
the Regional Research Laboratories, all situated in the around Hyderabad 
are some of the institutions that are closely associated with this 
collaborative venture. 

We also have collaborative research programmes with some of 
these industries. Extraction of natural products from the local 
plants and forests, removal of the toxic materials from t he effluents 
of the industrial units, to avoid pollution and search f or better 
and effective catalysts are some of the areas of mutua l collaborative 
research programmes. The research scholars and s cienti s t make use of 
the facilities available at these institutions to the rnaximum possible 
extent. 

We are glad to note that this experiment of teaching-research 
collaboration between university and Industry has proved quite 
successful and well received by both students and industrial personnel. 
It is also heartening to note that a good number of such students, after 
successful completion of the training, have been absorbed by the 
industries and since doing well. It is our earnest hope to enlarge 
the scope of such co-operation and collaboration with industries wfiich 
would enable the graduate students in chemistry to serve the society 
better. 
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. ~ .. Salag Dhabanandanr.l,... 
Chulalongkorn University, Thailand 

ABSTRACT 

Among many facet s of "Lndustry", rural LndustrLes hos emerged 
a s one of the major development st rateg Les to pursue durLng the SLxth 
ThaL NatLona l Development Plan perLod (1987 - 1991). It has been Lden­
tLfLed that rura l Lndu s trLalLsatLon , Lf Ls properly promoted, can Lncrease 
employment and Ln come am ong the populatLon outsLde the major cLtLes. A 
team of scLe nt. Ls t engLneer s and economLsts from ChuJ.,alongkorn UnLversLty 
has been commL s s Loned to corry out a study on some aspects of rural Lndus­
trLalL s atL on and employment ge nera tLon . They wLl l undertake an LnvestL­
gatLon of spe cL fL c prob l em s of local entrepreneurs Ln rural LndustrLes 
Ln sele ct ed provLn ce s . Re sults of the LnvestLgatLon wLll be analysed and 
approprLate polL c Le s and programme for actLon wLll late r be formulated. 

HISTORICAL DEVELOPMENT 

From the inception of the Fifth National Economic and Social 
Development Plan in 1981 , Chulalongkorn University has set up a number 
of Task Forces such as the Task Force for Energy Research, the Task Force 
for Drug Rese arch, t he Task Force for the Promotion of Industrial Rese­
arch and Deve lopme n t e tc . within the Office of the Vi ce Rector for Rese­
arch. E~c h Task For ce is charged with the responsibility to define topics 
of int ere s t , create r esearch teams of critical mas s and obtain appropriate 
and worthwhi l e re s ul ts . It is obvious that t he research topics must 
be problem or i ented multidisciplinary nature which Chul a longkorn Univer­
sity is in a un i que position to undertake a research endeavour of that 
kind sinc e she has 14 FAculties with a full spectrum .... of Sciences, Techno­
logy, Social Sciences and Humanities and over two thousand Faculty 
memb ers . 

Duri ng the first two years, the Task Force for the Promotion 
of Industrial Research and Development has placed the main emphasis on 
pooling the expertise within the campus to form research teams on few 
areas of industrial research and development, each team comprises of 
scientist and / or engineer and economist. Feasibility studies were also 
included in each project. Researchers were informed prior to their 
commitment to the projects that the expected results of their work are as 
much to funfil their own interests as to stimulate the interest of 
industries. In the first year, Chulalongkorn University has spent over 
one million bahts on these industrial research projects in the areas of 
agro and some basic industries. Few projects were dropped out after the 
evaluation at the end of the first year while some were received conti­
nued support and found to have industri~l applications . By the end of 
the second year, a new aspect of industrialisation emerged, the. "rural 
industry". In order to probe into the interest of our Faculty members 
and to stimulate the interest of policy makers at the national level, the 
Task .Force for the Promotion of Industrial Research and Development 
organised a one day seminar last August, entitled "Industry and Employment 
Genera t ion Outs i de the Metropolitan Area". The Seminar was successful 
and was support ed rather eagerly by the Office of the National Economi c 
and Social Development Board (NESDE) who was planning to include rural 
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industrialisation as one of the major development strategies to inc re as e 
employment and income among the population outside the Bangkok Metropo­
litan area in the next development plan. However , a preliminary study 
must be carried out covering several types of problems faced and assis­
tance needed by the existing rural manufacturers before policies and 
plan of action can be formulated. The Task Force for the Promoti on of 
Industrial Re search and Development at Chulalongkorn Unive rsity as well 
as other institutes and government departments were invited to join in 
the study group to be set up by NESDB around last October. 

DEFINITION OF RURAL INDUSTRIES 

It is deemed appropriate to define rural industries as all 
types of manufacturing whether it be large or small, modern or t r adi ­
tiQnal which owned by Thai s and situated outside the Bangkok Metropolitan. 

Scope of the Work 

Rural industrie s are known to have problems relating to tech­
nology, finance, management and labour. It was decided at the National 
Seminar on Employment Generation at Pattaya early November last year that 
how their problems can be solved must be worked out togethe r by the 
government departments whi ch are directly responsible to that sort of 
the problems, in consulati on with the entrepreneurs and (other specialists 
on the subject. Successful implementation of the promol lonal measures 
and assistance must have institutional base whi ch is local and fa i rly 
full autonomy on its own. It was also agreed that in 1984 only eight 
out of sixty eight towns outside Metropolitan area wil l be covered by 
this project. The s e towns will be uniformly di s tributed in four provinces. 
Pitsanuloag was selected anonymously as the first to wn that the study 
group will conduct the investigation. The main induslr ie s of this town 
are agricultural machinery, processed food, ri ce mi ll . The organised 
group of entrepreneurs has already been formed and may s erve as the 
institution arrangements for disemmination of the government's assistance. 

The first workshop was held at Pitsanuloag on l Oth January 
1984. About sixty participants from l ocal industries and various 
governmental departments involving in the industrial promotion , a team 
of experts comprising the repre sentatives of IFCT, SIFO, NESDB, Indus­
trial Service Division, Centre for the Industrial Promot ion in No r thern 
Region, Chulalongkorn University were pre sent. The main objec tive of 
the workshop was to i ntroduce thr project to the local entrepreneurs and 
to get a general first hand informations relating nto their problems in 
the area of Fi nance, Management, Technology and Labour. The workshop 
has achieved that goal of objective reas onably well and the follow up 
workshop was scheduled to take place in mid February among entrepreneurs 
and officers in charge of- the industrial promotion in Pitsanuloag when 
more specific problems would be listed and compiled in group. The 
entrepreneurs and the specialists in t he fo ur areas of problems mentioned 
above will meet again in Mar ch and the major problems will be discussed 
and technical solutions t~the problems will be dealt with by the 
expe rts who have seen and studi ed those p~06lems before hand from 
the compi led l ist obtained from the second workshop. As far as the 
technol ogical problems are concerned, the problems will first be screened 
by the Centre for Industrial Promotion in Northern Area. Only those lie 
beyond the capability and re sponsibility of the Centre will be s ent to 
the Universi ties/Institutes fo r further investigation. Other form of 
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co-operation is a l so f ormed i.e ., the universities / institutions will, on 
request, make available a team of experts to serve as lecturers or 
trainers in the training courses or workshop organised by Industrial 
Service Division or Centre for Industrial Promotion i n Northern Area. 

CONCLUSION 

It may be too early to report the results of the activit·ies 
of this study group. It is however, believed that such a kind of 
assistance should alleviate the problems of the rural industries to such 
an extent that it will increase local employment in a long run as well 
as to induce a more stable economy in the region. For the universities, 
it is about time to start "marketing" their capabilities and research 
facilities to the industrial public and it is up to the universities to 

- make the first step fo rward. 



UNIVERSITY-INDUSTRY INTERACTIONS: 
INDIAN EXPERIENCE (COUNTRY PAPER) 

. ---A. R. Vasudeva Murthy ' 
Department of Inorganic and Physical Chemistry 

Indian Institute of Science 
Bangalore-560012 (India) 

ABSTRACT 

IndLa LS cons Ldered to be a deve lop Lng country . However, there 
has been a phenomenal growth of chemLcal Lndustry Ln IndLa durLng the post 
three decode s after Independence. The cont rLbutLons of t he chemLcal 
Lndustry to the total gross outp ut has been of the order of 15 . 5% and 
ronks second only to food product s whLch account for about 15.6% In the 
early stages of dev elopment the chemLcal Lndustry depended heavLly on 
foreLgn collaboratLon . Hardly any attempt was made to e s tablLsh Ln-hou s e 
Rand 0 capabLlLty. 

There ha s been on equally phenomenal rapLd g rowth Ln the 
developmen t of SCLentLfLc ManP owe r durLng the some perLod. Over 120 
UnLversLtLe s and In s tLtute s of Technology turn out a large number of 
graduates, po s t-graduate s and doctorates Ln SCL ence and EngLneerLng e very 
year. Several of them have a ct Lve re s earch center s on theLr Campu s 
specLally Ln the fLeld of ChemLcal ScL en ce s . Rand 0 programme s , 
leadLng to the devel opment of tec hnology , are Ln progre ss Ln s everal 
NatLonal Laborator Les and other Government e s tablL s hment s . Thu s IndLa 
has already Lnvest ed s LgnLfLcant amounts Ln s ettLn g up Rand 0 fa cLLLtL es 
and bULLdLng a va s t Lndu st rLal Lnfra-st ru ct ure . 

Technology POLLCY Statement adumbrated by the Go vernment of 
IndLa (1983) LS aLmed toward s t he attaLnment of tec hno~ogLcaL s eLf 
re lLanc e makLng use of LndLgenous re sources avaLLabLe bot h Ln Lndu st ry 
and academLc sectLons . Appr oprLate fLnancLaL Lncen tLve s and tax benefLt s 
are gLven for s ett Lng up Rand D unLt s Ln Lndu st ry and coLLaboratLve 
programmes wLth a cademL c Lnst LtutLons . WLth su ch s upp ort and en courage­
ment as welL a s Ln t era ctLon between a cademLc s and Lndu s try, Lt has been 
possLbLe to deveLop Ln d Lgen ou s tec hn oLogy and bULLd commercLaLly vLabLe 
chemLcaL Lndu st rLe s Ln IndLa Ln the re cent po s t. ThLs wLLl ~e 

LLLust rated wLth a few s ucc ess fuL ca s e s tudLes . 

INTRODUCTION 

India is cons idered to be one of the developing countries in 
the modern world . lIowcve r, in the earlier period India was one of the 
leading workshops of the world like China . India was known for its 
manufacture of speci.al i ty chemical s like jndigo and s teel. Indian 
stee l was the best steel unLil the BE SSEMtR PROCE SS became popular In 
the WEST during the laLte r half of the nineteenth centur y . The local 
technology anJ indu s try su ffered practically a total destru c ti on durj ng 
the colonial rule of eighteen Lh and nineteenth centuries . 

A century oC indu s trial deve lopment based on modern technology 
during the co lonia l rule pales into insignificance when compared with 
the indu s trial stride made during the pas t three decades of planned 
development after independence. The rate of g rowth of the Chemi cal Industry 
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has been fasler than lhe average of a ll manufac tu ring industries. The 
contributions of the chemical indu s try to lhe tutal gross output ha~ been 
of the order of 15 . 5% and ranks second only to food products which 
account for about 15.6%. The products of Chemical Industry are used 
extensively in widely dispersed sectors of the economy producing vital 
material s such as drugs, textiles, fertilisers, other agricultural 

.products, and so on . The Chemica-l Industry is dependent on inputs from 
a variety of other sectors like power and transport. The developments 
of Chemical Indus try are closely linked with the rest of the economy. 

It is well known lha t Chemist ry is the only branch of Science 
devo ted to trans f orming matter into useful products. Chemistry is the 
obviou s means of bringing i n Le llectual power to bear on sa t isfying the 
needs of the society . The nature of chemi cal industry is different f rom 
much of the resl of the ind ll st rial sec tor. Its bas i c st r ategy is to 

- start from natura lly occurring ores, or ma n made chemicals or agricul­
tural products as raw materials and finish up with consumer products 
through a series o f physico-chemi cal change s . In this it differs from 
manufac Luring indu s tries wll i ch are assembly oriented and not c r eative 
in the sense a s a re Lh e chemica l and a llied industries. Chemical 
Industry plays a promi_nent r o le in the development of Indian economy. 

CW~IlI':NT STATUS OF INDIAN CI-II':MICAL lNDliSTHY 

The bas i s of economi c development of Ind ia is Government 
Planning t hrough a s eri es uf 5 year plans. The first plan was i mplemented 
in 1951 by the Planning Cummi ss ion of the Government of I nd ia . While 
we are running currently through the sixth Plan, t he seventh plan is 
under preparation. Rapid industriali sation has be en thc continued aim 
of planning through public and private ente rpri se . A comparative set 
of s tatistics is given for a few i mportant chemi ca l a lld allied indus trie s 
in Tables I to V. The data have been classified under five broad 
headings: (I) INOHGANIC Cm:MJCALS, (II) CHEMIC AL S BASE:D ON NAT UH.AL AND 
AGHICULTURAL PHODU CTS , (II1) SYNTm:TIC ORGANIC CHEM ICALS, (IV) MF.TAL­
LURGICAL AND MINEHAL PIW DI JCTS AND ( V) TEXTILI~ PHODUCTS. 

HAW MATT\RIALS PICTURF. 

A hrief <1ccoun L 3bouL t he HAW MATERIALS PICTURE for these 
Chemical Industrie s in fndja may be <lpp r opri ate at this stage . India 
is we] 1 end owed wi III a large varieL1 es of mi neral s . Iron and coal 
re se rv es are In nbundnnce , 20 and 1\0 billjon tons respecLively. Curren L 
annual output is or the order of 40 million tons of iron ore and 120 
million Lons of coal . Jnd ia ranks third in the world deposits of 
manganese (116 MTS). Jndi:'\ is the rnajor producer (RO%) in the world 
supply o f MTCA. [ndiu i s rich in BAUXITE and mine over 5 million tons 
every year. SubsLanti;{1 :1mo\lnls of other ores and min er::tls a re SC<1tler'ed 
over the country nnd these include: Ilr:RYL, BAn.YTI~S. CLAYS of different 
kind a nd qUCllity, CllnOMln: ( 11l. 2 MTS), CHALCO PYHITI~S (455 MTS), CALCITE, 
DOLOMITI': , LIMI':STONI<, D1.4MOND ( 5 . 5 l akh carats), GYPSIIM (l205 MTS), 
ILMENJTI~ (51\0 MTS), u:~ and ZI NC (] 60 -MTS) , .NICKI':L OHIO: (160 MTS) . India 
is also rjch i_ll a t omjc minE'ral s i n the ..fonfl- of beach sand of KI~ nALA 

containi_ng monozite , z i r cull, sllliminite and others. Kolar GoLd Mines 
are the deepest in th~ world and continue to supply go Ld be a rin g rocks 
(0.8 MTS ) fo r t he extraC'Lion of' Lhe precious metal (6 5 tons). Haw 
materi a l s for org;mic, ph :\f'm;,ccuLjval and l.ext tIe indusLrie s arf' a l s o 
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in adequate supply. India pro~u~es over 7 million tons of sugar and about 
700 million liters of industrial arcohol. While The oil reserves are 
estimated to be over 350 million tons, 15 mill ion tons of petroleum crude 
is produced in the count ry. Oil refineries suppy feed stock for petro­
chemicals and other industries. 

FOREIGN COLLABORATION 

It is important to point out that most of the chemical plants 
thus far established have been supplied by foreign collaborat ion in the 
push to meet the growth demand. Out of 7,000 collaborative industries, 
over 2 ,000 come under chemical and allied industries. A DIRECTORY OF 
FOREIGN COLLABORATION IN INDIA (1974) provides some details of the 
capital, source of the foreign technology production capacity, etc., for 
all these i ndustrie s . Hardly any atempt was made to establish any in­
house Research and Development capability in the early stages. Even now 
Rand D activity in Indian chemical industry is not adequate enough 
to generate technology wh ich will enable the industry to design, engineer 
and commission new plants or evern to expand existing plants. Very few 
opportunities exist for Indian chemists and chemical engineers in these 
industries for innovation and c reat ive approach through Rand D programmes. 
The center of gravity of Hand D programmes of these collaborative 
industries lies in their home organisations. There is no need to 
belabour the point that Chemical Industry must invest in Science to 
secure its future and at the same time seek opportunity in a country 
where the vast majority has been denied the fruits of modern industry. 
There is vast scope for future improvements and innovation. Such 
developments could come out of collaborative efforts of both industry 
and Rand D laboratories in the country. Now let us have a look at 
these Research and Development Centers in India. 

DEVELOPMENT OF SCIENTIFIC MAN POWER AND R&D CENTRES 

It is of interest to observe that an equally phenomenal growth 
is witnessed in India on the development of Scientific Man Power and R 
and D Centers after independence. Today there are over 120 Universities 
and 11 Institutions deemed to be Universities. 9 other Institutions 
including Indian Institutes of Technology (IITs) which have been declared 
by Parliament to be Institutions nof National Importance. Hundreds and 
thousands of graduates, postgraduates and doctorates come out of these 
academic institutions every year. Quite a good number of these well­
trained Scientists and Engineers take up overseas assignments while 
others fill the national needs. Several of these academic institutions 
have flourishing centers of research specially in Chemical Science and 
Technology. There are many R and D programmes leading to the development 
of indigenous technology in several of the Laboratories established by 
the Central and state Gove rnments and these include: Laboratories of 
Council of Scientific and Indust rial Research (CSIR), Defence Science , 
Department of Atomic I ~ nergy and Space , Indian Council for Agricul tural 
Research (lCAR), Indian Council for Medical Research (ICMR), Railways, 
Post and Telegraphs, etc. Thus India has already made substantial 
inve stments in setting up Rand D facilities and in building a vast 
industrial infrastructure. The t echnological potential inherent in 
this system of interlinking capabilities must be fully utilised for 
further development from within the system. In-house Rand D units in 
industry and sponsored or collaborative projects between industry and 
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university and National Laboratories provide a desirable and essential 
interface for both the sectors. 

The Technology Policy statement enuciated by the Government of 
India is aimed towards the attainment of Technological self-reliance and 
to reduce vulnerability, particularly in strategic and critical areas 
making the use of indigenous resources. Appropriate financial and other 
incentives and tax concessions are provided to induce the Industry for 
setting up in-house Rand D units on their camps. About 1,000 industries 
have so far registered with the Department of Science and Technology and 
are making substantial investment. 

FROM LABORATORY TO INDUSTRY 

It has been well recognised that the problem of technology 
transfer from laboratory to industry is much more complicated than 
horizontal transfer of technology from one industry to another in which 
fase technologies are already proved on an industrial scale. There is 
no doubt about the success of production and the buyer can confidently 
take up the venture. On the other hand, technologies in a Laboratory 
(industrial or academic) will only be on a bench scale and the problem 
of scaling up will always be there before the establishment of a commer­
cial unit. Invariably work on a pilot plant becomes nece s sary. Even 
with successful pilot plant work, it is difficult to prove t he success 
of the technology on ~ comme rcial scale. It is needle ss t o emphasise 
the limitations on the resources and infrastructure needed for carrying 
out the task on a large s cale in an academic laboratory. 

The input s required for transferring technolo gy from laboratory 
to industry a re of various kinds. First of all it may become obligatory 
to prove the success of a laboratory process on a pilot plant scale 
before an entrepreneur takes up the technology for scaling up further. 
Setting up of commercially viable Chemical Plants will be a cooperative 
effort among many disci plines. A chemi s t will have to learn to work 
with engineers (Chemical, I~ lectrical, Instrumental and Mechanical) which 
he is not obliged to do while he is working in his laboratory . 

It is therefore, necessary that when the process is being 
considered for ultimate commercial uses, the engineers are brought into 
the scheme at the early stages of the innovative chain. Such coopera­
tive efforts will give the Rand D project an orientation which would 
make the whole scheme go in such a way that when ultimately the results 
are to be used in industry, there would be as little trouble as possible. 
It is also desirable that a competent consulting engineering f irm be 
associated closely with the development phase of the project. They can 
be involved in the design of the pilot plant and carrying out economi c 
analysis of the various processes steps so that an optimum technology 
can be evolved. There are a number of Indian Consultancy firms which are 
ready to offer their services for such projects. The industrial . infra­
structure avail able in the country could be gainfully employed for this 
purpose provided there is a complete understanding and agreement be tween 
the academic s and industrial experts in working out a cooperative and 
collaborative project. There is always a considerable amount of time 
lag in technology transfe'r from laboratory . tQ_oindustry, invariably of 
the order of 8-10 years before a process -developed on bench scale becomes 
a successful and well establisl!.ed industry run on a commerc i al scale as 
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it has to go through several stages of assessment including pilot plant, 
market development, etc. -

In India one often observes that there is a great amount of 
resistance and reluctance in buying indigenous technology from Rand D 
laboratories . There is always a loud cry and demand that the indigenous 
technology should be proved on a commercial scale before the entrepreneur 
can accept to purchase it. Entrepreneurs in India are invariably not 
prepared and willing to take the kind of risks which entrepreneurs in 
other countries have taken before such technologies have been established 
and hence the rush for import of foreign technology. Indian chemists 
and chemical engineers have to win over the confidence of industry and 
build up credibility to attract venture capital. 

The National Research Development Corporation of India (NRDC), 
New Delhi, a public sector undertaking of the Central Government set up 
in 1953 acts a a link between research and industry. It is also entrusted 
with the task of promoting inventive talents in the country. The NRDC 
will also provide nr SK CAPITAL to induce industries to become partners 
in the development of technology. Many processes developed at the 
National Laboratorie s and other Rand D institutions in the country are 
now in actual production . NRDC helps to streamline these operations. 
Among the more prominent chemical industries for which the technology 
has been developed in these laboratories are (1) Infant f ood, (2) Pine 
oil, (3) Mica insulating bri cks , (4) PENTAERYTHRITOL, (5) BENZYL 
Chemical s, (6) Plastisizers, (7) Insecticides, (8) Ferro al loys and 
several others. For purposes of illustration, a few case studies of 
successful technologies are presented briefly. 

CASE STUDIES (1 TO 8) (Attached) 

CONCLUSIONS 

We observe that chemicals and chemical products rank first 
(with 12.2%) among the industries according to their contribution to 
the net value added to the raw materials followed by basic metal s and 
alloys (11%). Thus the chemical industry i s today in the forefront of 
economic activity in India, with over dependence on purchases of 
technology from foreign countries. It has become imperative to the 
chemical industry to seriously consider the establishment of a mean­
ingful Rand D base without which the pace and cost of growth are 
likely to become increasingly costlier and progressively uneconomical. 
Such efforts will also make the country self-rel i ant and free from 
vagaries and visissitudes of the commercial policies of industrially 
advanced countries. This is pos s i ble only with the joint efforts of 
both industry and academics. The potential role of the chemical 
community is tremendous. 

Chemists should get involved in solving the fundamen tal 
problems of economic production and productivity in a developing 
countpy like India. Innovative Rand D programmes should not remain 
merely as laboratory curiosi ties but should contribute with co­
operation and co llaboration with industry to t he commercial realisa­
tion of the fruits of the experi mental results whi ch in its turn will 
improve th e quality of life of our people by aiding to provide clean 
air, drinking water , nutritious food, adequate housing and clothing, 
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improved health, effective population control and for satisfying the 
aesthetic and intellectual needs. 
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CASE STUDIES 
_ .... 

1. MANUFACTURE OF SILICON BASED MATERIALS ~ 

Rand D programmes on silicon based materials have been in 
progress at the Indian Institute of Science for over two decades. The 
technical knowhow generated in the laboratories have been transferred to 
industry for commercial exploitation. In collaboration with the rnstitute, 
M/S METTUR CHEMICAL AND INDUSTRIAL COPORATION LTD., METTUR DAM, have set 
up manufacturing units for the production of silicon tetrachloride of 
about 1,000 tons per annum. Ethyl silicate-40 is also manufactured on 
a similar scale. Silicon tetrachloride has become an important industrial 
chemical for the manufacture of a variety of silicOQ based materials. 
Ethyl silicate finds extensive uses in foundry industry, refractories, 
paint and varnishing industry and for silicone processing and ln 
electrical industry. Commercial reactors have been designed, fabricated 
and commissioned, totally based on the indigenous technology. These 
chemicals conform to the international specifications and are competi ­
tive in the world market and exported to industrially advanced countries 
such as U. S.A ., U.K . and other countries in Europe and Australia. A 
plant is under commission to manufacture semi conductor grade silicon 
to meet the demands of electronic industry and photovoltati c solar 
cells for harnessing so lar energy. 

2 . INFANT FOOD 

A good deal of work has been done in developed countries on 
standardisation of conditions for production of infant food from cow's 
milk. In Indi a, while cow's milk is in short s upply, buffalo milk is 
available i n abundance. Scientists at the Central Food Technolo&ical 
Research Institu t e (CFTRI) at MYSORE have been success ful in developing 
a proce ss f or production of infant food from buffalo milk, with a 
digestibility comparable to that of infant food based on cow's milk. 
The indigenous process involves pasturization of fresh buffalo milk, 
its standardisation to optimal fat content (2.5%) and addition of buffer 
salts, sugar solution and vitamine premix. The infant food base thus 
obtained i s homogeni zed, concentrated and roller or spray dried. The 
process is found to be economical and commercially viable. 

The work was carried out on 50-100 liters/batch pilot plant 
scale. Two plants bas ed on the above technology having a total capacity 
of about 4,000 t ons per annum are in production in the country. 

3. BENZYL GROUP OF CHEMICALS 

(i) BENZYL CHLORI DE, (ii) PHENUL ACETIC ACID, (iii) BENZYL 
ALCOHOL, BENZYL ACETATE and BENZYL BEN~OATE. 

Benzyl chloride is an important intermediate for a variety 
of chemicals like phenylacetic acid, phenyl acetamide, pheno-oarbital 
benzyl cyanide, pathadine, AMPHETAMINE, benzyl alcohol, benzyl acetate 
and benzoate. The s e chemi cals find extensive application in pharmaceu­
ticals, perfumery, textile chemicals, dyes and i ntermediates. All the 
raw materials (BENZE NE, TOLUENE, CHLORINE, ETHYL ALCOHOL, HYDROCHLORIC 
ACID, SODIUM CYANIDE) are available in India. 
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The processes have been developed at the REGIONAL RESEARCH 
LABORATORY (R.R.L.), Hyderabad on a pilot plant scale of 200-300 kg / day. 
Based on these processes, commercial plants are in operation with the . 
following capacities. 

( 1 ) BENZYL CHLORIDE (Two plants) 15 metric tons / 
year 

(2 ) BENZYL ACETATE (One plant) 20 MT / year 
(3 ) BENZYL BENZOATE (One plant) 40 MT / year 
(4 ) PHENYL ACETIC ACID (Two plants) 160 MT / year 

4. METHYL CHLOROSILANE 

Chlorosilanes are the basic raw materials required for the 
manufacture of SILICONES which have number of industrial applications 1n 
the form of soils, emulsions, resins, greases. The National Chemical 
Laboratory (Poona) has successfully developed a technology for the 
manufacture of methyl chlorosilanes. Silicon metal is treated with methyl 
chloride in the presence of catalysts and promoters in a mechanically 
agitated fluidized bed reactor and the crude methyl chlorosilanes are 
fractionated into individual components in continuous distillation 
columns. 

The laboratory had developed the technology on a 3 .5 kg / hour 
scale. A pilot plant with a capacity of 100 tons / annum was designed, 
built and commissioned in collaboration with industry (HICO). The 
process is now being commercially exploited by the firm with a capacity 
of 1,000/ 1,200 tons per annum, has been just commissioned to meet the 
entire national demand and there is a possibil i ty for export market 
also. 

5. TITANIUM SUBSTRATE INSOUBLE ANODES 

Till recently chlor-alkali industry was completely dependent 
on graphite anodes in India in spite of their inherent limited life and 
other drawbacks. Titanium Substrate Insoluble Anodes (TSIA) have been 
found to be quite stable anodes not only for the manufacture of caustic 
soda bu t also in the production of chlorates and perchlorates. The 
process i nvolves the preparation of insoluble anodes by depos iting 
platinum or a combination of platinum group of metals (Rhodium, Indium, 
Ruthenium and palladium) or their oxide on a sheet of titanium or 
titanium tantalum allo~. The technology was developed by Central 
Electrochemical Research Institute in collaboration with a chloroalkali 
industry. 

The technology has been licenced to two firms one of wh i ch 
went into production 5 years ago and has been able to convert 30% of 
the total installed capacity of the caustic soda in the country from 
graphi te anodes to TI SA. Anodes manufactured by this firm have _been 
installed in more than 16 chlor-alkali plants and this has res~lted 
1n substantial savings of power . 

..,.,... 

6. CINEMA ARC CARBONS 

India is one of the world's largest producer of motion 
pictures. Normally two pairs of carbon elec trodes are consumed in 
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show of three hours. The National Physical Laboratory (New Delhi) has 
developed a technology for tJu+ rva1'\ufacture of carbon electrodes making 
use of raw materials available in the country whieh include petroleum 
coke, carbon black, coal-tar pitch, rare earth salts and graphite. 
Cinema arc carbons based on this technology are at present produced by 
three firms. 

7. BETA-NAPHTHOL 

The beta-naphthol industry is directly linked wi th the dye­
stuff industry whi ch not only meets the demand of home needs but also 
is exporting to the industrially advanced countries. The Central Fuel 
Research Institute (Jealgora) has successfully deve.1oped a process for 
the manufacture of Beta naphthol using indigenously available raw 
materials, viz., naphthalene and sulphuric acid. The process involves 
sulphonation of naphthalene and separation of ~-naphthalene sulphuric 
acid by steaming. Beta naphthalene sulphonic acid neutralised with 
caustic soda at 300 - 380

0 C. quenched with water and acidified to 
liberate Beta naphthol and purified by solving extraction and vacuum 
distillation. 

A Beta-naphthol plant of 1,000 tons per annum capacity based 
on the above technology is in operation and a 5,000 tons per annum 
capacity is under construction . 

8. ENDOSULFAN 

Endosulfan also kp own as THIODAN is a broad-spectrum of 
syntheti c organic contact pesticide useful to control of pests and 
mice s whi ch i nfe s t fruits, vegetables and also useful for crop protec­
tion. In s pi te of its high effectiveness agairst pes t s, it has a very 
low toxi c ity towards mammals and therefore is a high1y valued pesticides 
in great demand. 

The process developed at National Chemical Laboratory (Poona) 
involves two steps: (1) DIELS-Alder reaction in which hexachlorocyclo­
pentadiene (HCCP) is reacted with cis-2 butene-l,4-diol to obtain endo­
sulfan alcohol and ( 2 ) condensation reaction in which the endosulfan 
alcohol is reacted with thioryl chloride ENDOSULFAN. The first step 
was standardised on 25 kg/ batch scal e and the second on 35 kg / batch 
scale. 

The process has been taken up by a reputed firm manufacturing 
organic chemical will go into production soon. Another public sector 
industry has already commissioned the plant on a commercial scale. 

9. MAGNESIUM DRY BATTERY 

The development of the magnesium-manganese dioxide dry cell 
is relati vely a re cent one, having mainly evolved in U. S. A. The Indian 
Institute of Science took up a project fo r the development of the 
magnesium dry battery i n close collaboraticn with the BHARAT ELECTRONICS 
LTD., BANGALORE in 1973. 
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The magne sI um dry battery star·ds out from the conventional dry 
cell in such respects as energy input, cell voltage and the range of 
operating temperature. It also has a longer shelf life than the conven­
tional dry cells . 

During this development project, several scientific and enginee­
ring problems were encountered and solved. Some of these problems were 
tocling compatibility for scale up, process control measures, acceptance 
tests and indigenisation of raw material s. with the co~pletion of the 
project, magnesium dry cells of acceptable quality are now being produced 
on a pilot plant scale at the 8.E.L., BANGALORE. A larga scale manu­
facture unit is also coming up and will be commissioned soon . 

. ...... 
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82'UJ)Dl'l' S&MIR,... AND PROJECTS 111 CHDIIS'mY 
. .....,. 

DI ~LOPMII'l' OP ASIA 

A : ' SJWrIVASA!I 

LOYOI.\ COl"LBGS - UlII'RRSI'l'Y OP MADRAS, DUJIA 

Abstract 

1he 1atroducUon ef preqr s 11k. Ml'ld.nars aad projectl 
would Dot ODly enricb the curriC\llull in c~.try but would 
also enbaDee the quality aDd "_dud of ch.ucal education 
i llparted in 8Cbcola and coll8CJ88 in Aaian cOUDtrles to • coast­
derable exteat. Tears of exper1eDce in conducting these ano-
v ati.e progr.... have revealed the marked iDflu_ce GIl atudenta 
i n developing their .elf c _f1dace _d skills _d the iJlpact 
on society. 

The 'uce888 of laapl..-atiDq the.e .t1llal&t1DCJ progr ...... 
d!epeads .NUy QQ teacbers ad guidu who pl., orgazU.a., super­
vise and evaluate .. lB1nu pres.tatioD aDd project woJ:k cUvltr. 
The .otivaUoD. OO"ldt.eat aDd tbe bel.pful attitudes of te.:be,;e 
aDd guidlta tow~ tbeir ~ta alODq with their CIMp kaewledge 
and wi&, backCJrouDd 1n the field of atudy, VO\lld 1Dfl_DCe _ d 
i n.pire RUdeDta to participate _tbuaiut1cally in __ Dars .ad 
projects. 

Probl .. Of tM local c:_1a1t.y ad 1llduat.r1u cOQld l)e 
identified aDd tackled through project work ect1v1ty. aelwaat 
project work progr_. if orv_iaed effectively could •• EYe .. 
a br1dgo between" edllCational 1_1:1 tat1.s ad local 1DdQlltri" 
end act .s a potaDtial 1D.t~ for 1ndustrl 1 cS.-lopi8Dt ed 
.oc1 al prc)9re.. iD Asia. 

III this presontatioo the _thor .hue. his .cperleece ill 
COQ~CtiD9 ... nara aDd project work 1D c~t1Y aD4 diacu .... 
the uHful r:01 .. that C-w.ty, 1D4IIa.try aad state could play 
112 .upportiDg rel_ant project werle progJ' ..... for tbe wlfare 
aDd P%'09~. of lJCIC1et1e. i8 Aslan COQDt.r1 ••• 
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PRIOCHEM ASIA 1984 . Part II . V/I Interaation Workshop 

SEMINAR PRESENTATION 

Innovative Programmes 

Tr.ining students of1Chemis try through semin ~r presentation 
.nd project work activity enhance the quality and standard of 
chemic a l educati on imparted. Inclusion of such innovative 
programmes in teaching chemistry at all levels of education (in 
schools, colleges and universities) in Asian countries would not 
only enrich the curricula but would also develop sound teaching 
and training methods with far reaching impacts on students in 
particular and on society in general. 

The stimulating courses like seminars and projects have 
rec~ived enthusiastic response from majority of students as these 
programmes are forw~rd looking and challenging to their abilities 
and imagination. Through iCtive participation in seminar end 
project work programmes students develop the sense of self confi­
dence and variety of skills, in logical preparatio n of materials 
for writing a concise - r~port and in precise oral pr~sentation of 
matter during semi'nar, employing vi sua l aids and charts. Further 
students develop the~r skills in cOl11nunication and in carrying 
out systematic experimental work. Thus the versatile programmes 
of semin.;o.r and project occupy unique pOSitions in educa tic'")nal 
methods of t r~ining and would help student effectively to aim at 
excellence in their field of work and study. 

Role of Te ache~s and guides 

The success of implementing seminar presentation and project 
!jerk, programrre effectively depends entirely on t he teachers and 
guides who plan , organise, supervise and evalua t e these programmes. 
The motivatio n commitment and the helpful attitudes of teacherS 
and guides towards their students, along with their deep knowledge 
.nd wide background in the field of study would in f luence and 
inspire students to participate actively in seminars and projects. 

Teache r s and guides have a special responsibility in identi­
fy ing local problems of chemical interest from the community and 
nearby industries that could be tackled through carefully planned 
and well organised project work in consultation with officials 
of industry and leaders of community. Results of such investigations 
would help to solve some problems of the industry and the community. 
Thus project work would serve as a bridge between the educational 
institution and local community and industry' It is i ndeed a 
potential instrument for SOCial progress. 

Purpose and plan of presenting samin.rs 

The main purpose ()f traini ng stup.~!:lts to partiCipate in the 
seminar programme is to provide a convenient forum, to present and 
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Students Seminars And Projects In Chemistry I n Deve ~opment Of Asia 

, 

diacuse the.1r chos8ll probl_' of scientific 1nterest freely 
aDd frankly 11'1 pre.ence of their fellow .t'UdeDts and staff 
advisers. Such presentations would help th_ to overcome 
.tage-fear and develop 11'1 tb_ a. 8e of .. If coaf1CJ1mc • 
III adell tJ.on seminar presentation dav4ll.op. aDd strengthen sk11la 
in cOImlU1lication. 1a collctin9 aDd revitnd.nq materials for 
report and in preparation of e11d .. eharts aDd transpurenci­
for proj action. 

The moment a student decides to preset •• .unar he haa 
to chooaa a topic that has excited his curl ity aDd interest 
and start COllecting materials frc. .everal book" journals 
and magazines. The collected material hu to be rearraged and 
organised for presentat10n with details of introduction, earlier 
work, recent work and present stat. of knowled.g co the chosen 
topic with references. lor exhibiting tables, graphs and 
figures he has to prepare s11des aDd chart. and transpar8'Dei" 
wel l in adv51ce. He must study the materialS prepared thoroughly, 
consult h1.a staff advisers and f llow .tudenU and give a 
rehearsal .. minar before fin&! pr8seatatioa. 

Por making seminar preaeDtation quite int.re8t1ng, informa­
tive and at.1Jllulating the student DU8t taka care to choose a 
good subject matter of current iaterest, arrange the matter 
collected, in 10tJical order vith fact. aDd fiqures and pre.ent 
the materials in loud and clear voice takicg ", care of the language 
aDd style of presentation. He mat _ploy visual aida to DDlte 
his presentation quite impressive informative and enlightening 
to the audi .. ce. If neee •• uy he Dlay have to U88 the black 
board, writing neatly ana clearly to explain hi. point.. He 
.ust atop hia preseDtation fev IIlirmtes earlier before the allotted 
tilDe and Jl!tU8t be ready to aD war question. fram tbe ald18DCe 
wi th eonf1c1eace. He llUat be prepared to ac:knowledge whlan 9004-
suwestiona are made or when \detul additional informations are 
given. '!hue are aome of the e .. et1al ingredients of • good 
• ..unar pre ntation. 

Coeduct of a.inus at loyolt College 

'!'he DllpartlDaDt of Chemiatry of Loyola Colltlge hu prov1ded 
ataff adviMra. to help the participating stud D~ in choosing 
suitable topics, 1n preparing •• Dd.nar reporta with reter~u~c .. 
and in pr ... nt1nq tbe matter with the aid of thR blackboard. 
projeetors end charta. Twenty f1ve minutes vue set apart for 
Mlliftar preMDt.aUon. The laat fi". lI1Dute. were .et apart far 
answering questions f~ the aud1ence. 'l'vo Reh aemiDara were 
cODd\leted during the '.ainu hour .ery .eek to ktlllp the at.t_tioD 
aDd iDtere.t of the atudeats .cUve and ali.e. It wu tound 
quite u .. fnl eDU<JbteniD9 and _joyable. 
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Encouraged by the favourable response from the students 
and the influence of the seminar programme on undergraduate . 
s tuden ts in traini ng them to f ace the audience confi dently, 
present the m.tter precisely and participate in the discussion 
effectively, the department has introduced with the approval 
of College Academic Council, one credit seminar course for the 
final year B.Sc. Chemistry major students. This weekly seminar 
has become a regular feature in the Chemistry Department. 

Semi ncr programme Tor the semes~er is worked out well in 
advance, fixing the d. t e, time, spe.ker, topic an d st a ff advisers 
for each seminar. The list i s exhibited in t he notice board 
ind icating the programme. Students have been advised to at tend 
the semin ar regu1 ~rly, participate in the discussion and note 
dQwn the salient features in a separate note book. To earn the 
credit for this course, students must attend the seminar 
regularly, present a seminar for 30 minutes submit a well-writt en 
Qr neatly typed seminar report 1N i t h references an d face an oral 
examination on the top ic of his choice and sorre general questi o ns 
from the other semin a rs he has attended. 

Evaluation of the seminar 

At Loyola, the seminar is ev aluated by hal f a dozen staff 
advisers. Standard of the subject matter and mode of presenta­
t ion are taken into consideration for evaluation. Critical 
ev a l uat ion is attempted by the st.ff who follow the seminar 
closely looking into the various points stated in the ev a lu ation 
slip provided for grading. The form at of the eValuation slip 
empl oyed at Loyola College is repro8uce d bel ow for informatio n. 

LOYOLA CP.EI"lISTRY SEMIKAR 

TQpic 

Speaker 

Class 

. . 

SUBJ~C r MATTER 
D. No.: 

1) Standard of subj ect & plan 
2) Prepar.tion & maste ry 
3) Originality & logical development 
4) Answers to questions 
5) Summary & references 

MODE OF PR ESENTATI ON 
1) Economy of time 
2) Voice as • tool of communication 
3) Blackboar:rt use & teaching ai ds 
4) Language diction _ " . -" 
5) Relating to the audience 

Evaluator: 
Na:ne 
Signa.ture 

4 

Total 

Date: 

10 
10 
10 
10 
10 

-SO 

10 
10 
10 
10 
10 

50 
mark --:-:-: •• % 
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Marn are awarded by staff a(,\viaers iD th evaluation stipe, 
fo r each 88l!D1naI' and tbe·~"r~ ...-Jc i. ~D for .-inar 
pr.entatlon. student. are further encouraged Dr the _ard of 
prizes and certificat of .erlt for their participatioa aDd 
for their outatanding perf-o%"IRaDOe in the sa.1nu co~ .. ' 

Ai. and 1,act of Project Work 

Project won aims at thorouQh lDve8tigatlon of a specific 
problem within a lbl1ted period uDder the supervision of a 
C~Dt staff advlser or quide. It offers opportuaity to 
concentrate aDd work CD a amall ue. ud aake an indllpth atu~ 
of the sl*l1f10 probl ChoHD. Partic1pation 1D project WODt 
proqr_e provides intitr .. tiD9 and act ting experieoee 1n the 
purauit of tnth empl0f1D9 eeientif1c IMthod. 

The provr.,.... of project wodc developa a spirtt. of 
adventure, and a MDae of diaccwery. It 1s foantJ to enbabc:e 
the skill 1D dlwlsiD9 aD appropriate sebeme for studying a 
proble" and ln baDd1J.D9, claaaifying, interpretiraq ud prea __ 
t ioq infor1llaUon through tables. graphs and chart.. Proj ect 
work devel~ courage and .elf confidence and h.l~ .tu~t. 
to apply prwlously by .cqu1red ltaowledge to tba. D_ situ.U.s. 
!bus training in project work l~c:es ori01Dallty aDd ialepeDd_t 
outlOOk to face cballengJ.Dq probl s effectively. 

Project work b .. ade 4eeper 1apact on atu~t. in ac:boo18 
and colleqe. then the routine laboratory exercis.. __ of which 
are dull aDd stertle. Project work Beite the lat-rest and 
curiosi ty of sQ1denta u it 1. forwud-1GOkiDg and challengJ.ng. 
Bgen atudat. of ordinary calibre cd .. era ;8 aD111ty were 
faucd to take 4Mp lotereat in project actiVity, CODccmtr tiD; 
OD th81r prOCJraDd outside the c 1... hour. aDd on bol1dq. . -
It 1. evident that c~fUlly pI Md ",ell orq8ll1a d project 
of .relavaoce i. bound to have arJced 1m 1 \Ie DC in tra1Ding 
.tua.ata and in aolviDg tbe local. pro})l'" of 'ociat.y aDd ir¥lu8tXYe 

Search of P£Obl for ProJect Work 

Ide .. for aeleet1Dg aultabl proble for tackliDg. thro\1i9b 
project work. -.y be obta1Hd frca ac1ence book., jCKlrDU • • 
_&guine. sd re.-.rc:b reports aDd alao froll atteacl1Dq of 
aem.nar8 ud ~ai.. Dlacua810n witb eaapetent per.olS 1n 
t ba field of .tuI1y _d carer.al oe.e".t1oD~f life .1tuat:1oaa 
1n U4 U'OUD4 the co.u 1ty aDd al:1 .tri .. would provide 
fre.h lei11a. for ldent.tfyiDl rel_.t projecu of iatereat. 
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Once the problem is ic1entified extensive search for _tedal . 
should be undertaken by referring the relevant l1teratute. 
In the process of reviewing t he c.llected· aateriala, new a nd' 
fresb ideas and auqge.tions-Will .merge for identifYinq- problam. 
for project woxt. 

ProJect work eawerlence of lI07o'la College, Madru 

In the light of experience gained for over ten years in 
conductinq project work for M. Sc. s tudent. in thB department 
of clwm1stry of Loyola Colle98, Madras, an effective progr ..... 
of training has Deen developecl •• 1'he author wish .. to share hi. 
experience in org'anising and cODcDcting project work progr .... 
which r eeei ved good reaponse from studeata and teachers. 

M. 50. chemistry. Pt"09r-- i. a two year poe.t-graciuate 
course at Loyola Colloqe, Madru. Tne course is conducted 1n 
four s .. sters. Students are initiated into project von, during 
the third and fourth s e.ters in the Meond year of M.Sc. course. 
Project worle 11D conducted i n two phases in the third end fourth 
se • • ters. 

f 

In third s.ae.ter 0017· t hree hours per week are allotted 
for project work. Dlrtng thiS period stu4ent is permitted to 
discuss freely with members of the f aculty and read in the 
library to identify his probl. aDd choose a guide for his wark. 
Later he starts collection of materials froa recent bookS, 
journal s and research reporta GIl his chosen probl_. Prom t he 
collected material a concis e report is prepared, reviewing 
earlier worle ad ind.1cat1Dg his a1aIS , objectiv •• and proqranmea 
of his proposed project wark. '!'he report is "amated and graded 
by tha staff adviaer at the e nd of the thi1'd __ ater after oral 
u aRlinatiooe 

Purther the student is directeCl to pre.eat a .a_nu OD 
hi. proposed proj ect work fro. tbl materiala be baa alre.dy 
collected. The seminar is critically waluated by .taff, 
offering suggestions and qu1dance for hi. future project work . 
In addi tiOD the stu nt i. adyi.ed t o plara aDd secure the 
necessary ch8ll1cala and equlpmcts for hi. experiJaatal work 
to be conducted in the fou rth .... ter. Thus, by tbl .nd of the 
third .emester the student i. fully equipped with sufficient 
n owledg., aDd definite proqr ...... and plan to carry out hi 
experimental inveat1gat1oDS wi th eonfidenc aDd courage. 

~ing the fO\arth s .... ~er the student i. free to concentrate 
on hi- experilleDtal work . ~tbrwgb the week. He carries OIl 
.teadily hi. labarato . aDd library. worle c cording to definite ... -

6 



plan and programne, approved by his guide. He notes down 
carefully all his experirre.nta}- results in his record. The 
progress of his work is reviewed every wee~and discussed 
through short seminars. During this period he works systema­
tically and seriously a~ost like a research scholar creating 
an atmosphere of a research institute in the college laboratory. 

After completion of his experimental work if his· project, 
student starts writigg his final project report following 
the standard pattem and procedure. In the introductory 
chapter, the earlier work is briefly reviewed followed by the 
aim, programme and scope of the proposed project work under­
taken. It is followed by chapters on Materials and Methods , 
Experimental Results (with tables, graph, figures and charts), 
DiSCUSSion and Summary and ends with bibliography. The 
manuscript of the report is critically reviewed by the guide 
and the neatly typed and attractively binded project report is 
subadtted for evaluation by experts appointed as examiners. 
The project Is evaluated and graded after oral examination. 

After completing the course in project work, the student 
Is encouraged to present his results in the Annual Inter­
collegiate symposium regularly organised by The Indian Institute 
of Technology, Madras with transparencies and slides. Later 
he is advised to wri te a paper under the guidance of his staff 
advlser, on the results of hi- proj ect work and present it for 
publlcation in a reputed journal, thus provlding hlm all the 
opportunltles to develop his talents, personality and professional 
canpetence. In the years to come the staff of Loyola College 
would strive their utmost to improve Project Work Programme 
further to serve the students effectively. 

At Loyola College several project work prograrrmes of 
relevance have been undertaken to stimulate teaching and 
research In chemical education. Projects on analysls and 
preservation of milk and milk proteins, analysiS of local ores 
and minerals and nearby canal water Involving pollution and 
soil and coal ash analys ls have been attempted. In addition 
projects like construction of models as teaching aids and 
development of questlon bank are being perused with great 
interest. 

The impact of project work in training students effectively 
for a sclentiflc career and its influence on industrlal develop­
ment and soclal progress have been,well recognlsed. For 
strengthening and developing such innovative programm in 
educational institutions, the local community, industries and 
State Should take active interest and particlpate in planning 
and organisation Of project work in schools and colleges, 
offerIng all assi3tance and help, for the welfare of the 
society. 
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Teachers in consultation with local community and 
industries can identify relevant problem for project work 
and plan and prepare the programme of work. Industries must 
share freely their problems and encourage viSits of students 
~o the factories and workshops and provide them short training 
programmes to develop skills and appreciation for industrial 
work. 

The community and State should belp in organiSing work­
shops for teachers on project guidance to enhance their 
competence in the field. Summer camps for project work, may 
be organised for talented high school boys and girls to develop 
their curiosity and interest andexci..tihgflsense of discovery. 
These workshops and summer camps would certainly provide 
opportunities to create future scientists to serve teaching, 
research and industry for the welfare of the nation. 

While concluding this presentat!on the author wishes to 
recall the statement of D. McCormick of Manchester and RegIon 
Centre for Education in Science, United Kingdom on the role of 
science teacher in revolutionising chemical education through 
project work. -If every science teacher were to examine 
critically the relationship between the teaching of his subject 
and its potential scope in rapidly changing world and in the 
light of this had to justify to himself every topic taught, 
not only with regard to the logical framework of the subject, 
but also with regard to its far wider implications - then we 
might have a revolution in scieoce educat.ion. If one occurs, 
I hope, project work will be recognised as an essential aspect 
of chemical education-. 
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UN IVEHS 1 TY - iNDU5 TRY IN TERACTION : TI-I[ rv1ALAYS IAN EXPER lEN a:: 
(r,oUN TRY PAPER) 

ProfeEi~-vY' r-ranc is Mors i ngh 

--In dustrial Research and Cons ultancy Service 
Universiti Sains Malaysia 

Penang Malaysia 

Abstract 

This coun try paper outlines University- Industry Interaction in 
Malaysia . Although a rela tively new endeavour in this country , 
it is officially encoura~ed and is gaining momen tum. A case 
stud y , using \Jnl ver si t L Sains Mal aysia is documented . 

1 am p resentin[J a [~ourltr y paper from Malaysia. For the ben fit of 
partic ipants from overseas , Malaysia is divided into Peninsular 
Malaysia and Eas t Malaysia . The latter cons ists of the States of 
Sabah and Sarawak whi l e in Peninsular Malaysia there are eleven 
states. There are five L1niversi ties in the coun try name l y : 

Universiti 53 9i113 Malaya - University of Malaya 
Universiti Sains Malaysia - University of Scienc e, Malaysia 
Universiti Kebangsaan Malaysia - National University of 

Malaysia 
Universiti Pertanian Malays ia - Unilfersity of Agricultul'e , 

Ma laysia 
Universiti Teknologi - University of Tec~~o logy , Malaysia . 

Other t han Univer siti S ains Mal aysia which is situated in Penang, 
400 kilometers north of Kua l a Lumpur, t he other fo ur Universities 
are situated within a few mile s of Kuala Lumpur . 

A sixth University situated near the Tha i border in t he State of 
Kedah will begin its first session in June 1984 . It is ten tatively 
to be c alled tile Univrcr's iti utara Ma l aysia (T1 18 Uni versity of 
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Northern Malaysia). In addition there is an international university 
known as the Islamic University . 

Industry University interac tion or Industrial Liaison is a relatively 
new conc ept i n Ma l aysia . In March 1980 a Malaysian National Works hop 
on Cooperation among Industries, Research Institutions and Universities 
was held in Kuala Lumpur under the auspices of the United Nations 
Development Programme . At this workshop there was consens us regarding 
the need for cooperation between the three sectors . One of the main 
recommendations which arose was the establishmen t of Industria~ 

Liaison Uni ts i n order to promote active collaboration between the 
Universities, Research Institutes ,and Industry . 

On his return from the workshop, the Vice-Chancellor, Universiti 
Sains Malaysia instructed the Deputy Vice- Chancellor (Research and 
Development) to carry out"a feasibilit y stud y on the possibility 
of setting up such a Unit at Universiti Sains Malaysia . It was 
found that staff were already providing services to industry bu t 
on an ad hoc basis . A report was prepared and accepted by Senate 
in November 1980 . A month later, Council agreed in principle that 

_ an Industrial Liaison Unit Gould operate without any commitmen ts 
or funds as a service . In April 1982, the Deputy Vice-Chancellor 
visited a number of industrial liaison units in Australia and he 
returned favoura bl y impressed with what t hese units had achieved 
in that country. In May 1981 , the Industrial Research and 
Consultancy Service (IRCS) was started at Universiti Sains Malays ia. 
The IRCS deals in all matters related to the science based Schools 
(departmen t s) . In addition the University has another body called 
The Centre for Policy Research (CPR) which deals with matters 
related to socio-econ omic problems . It was founded in 1974 to 
enable the University to underta ke research (including commissioned 
research , mainly for government and other public bodies ) on a 
scale and over a range of problems t hat would not have been possible 
within t he existing academic structure . The aims of the centr e 
could be summarised as follows : 

"In very broad terms, it was hoped tha t thro ug hits pro jec ts the 
Centre could collect, analyse and store data on crucial subjects 
on a con tinuing an d s ystematic basis so that it would be easier 
at any time t o monitor the nature of change, assess trends in 
development, measure t he impact of existing policies and e valuate 
the need for new orientations in public policy . It was also hoped 
that the Centre would, through its own as well as through commissioned 
studies, generate information that could assist in the solution of 
specific problems. The data collected through these studies c ould, 
in addition to bein g used in policy formulation and review, also 
enhance t he relevance"" and quality of teachin g and research in areas 
where knowledge was lacking or was deficient." 

Thus at Universiti Sains Malaysia we have two separate bodies inter­
acting with the public. 

As I had mentioned, earlier, Industrial Liaison is relatively new 
in Malaysia . There is enc ouragement from the Government to start 
Industrial Liaison Units at all the Universities . Presently, each 
University is carrying out studies on how best to c arry out these 
aims. Universiti Keban~aan Malaysia nas a Bureau of Research and 
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Consultancy similar to that of the Centre of Policy Research at the 
Universiti Sains Malaysia . They are working on how to incorporate 
the Sc ience- based Departments into the Bureau to do consultancy work . 
The Engineering Faculty at· ~rhe University of Malaya have been pro­
viding consultanc y services on an ad hoc basis~or a long time . 
Staff members at the Faculty are very keen to formalise their present 
arrangements . I gather that they are working out a scheme for the 
whole University to get involved in liaison activ ities. Work at the 
University of Agriculture is related to food and agricultural 
prblems while that at the University of Tec hnology is related to 
arc hitecture, buildin g and engineering problems. 

I shall now e l aborate on the Industrial Research and Consultancy 
Service (JRCS) at Universiti Sains Malaysia. The princ ipal function 
of IRCS is to develop contacts and c ontracts with'industry, gover nmen t 
agencies and the community at large in areas of mutual interes t. 
All contrac ts leading to fee for service are undertaken on a strictl y 
c ommercial and confidential basis in accordance wi t h established 
professional con duc t and prac tice. The IRCS acts as the interfac e 
and c oordinating centre for such contacts and contracts . The 
resources of the Univer sity can be marshalled to advi se, assess , 
s ervice and solve problems using the expertise and facilities 
available in the Science based Schools . The public can contact 
individual staff members themselves if they know the staff members 
personally or they could ring the Coordinator with their enquir i es 
who will then arrange to contact t he necessary expertise who are 
interested in the pro blems presented . Fees are charged by the 
Service for the professional services of academic staff and for 
access to scientific equipment and other facilities. The Service 
has a r esponsibility to conduct its affairs in a businesslike 
mann er and to provide s ervices of a high professional standard . A 
breakdown of the t ype of services provided can be divided into the 
followin g categories : 

(a) Research and Deve lopment 

( b) Consultancies 

(c) Use of facilit i es and equipment 

(d) Routine tests and services 

(e) Courses. 

Since this is a chemical conference , it was suggested that we s hould 
give as many examples from chemistry as possible. In the areas of 
(a) Research and Development and (b) Consultancies, it has to be 
stated with much regret that it is very difficult t o arrange such 
work at the present state of our industrial development . The main 
reason is that the chemical industry is a c apital intensive industry 
and the large plants that are operating in this country are mainly 
run by multi~lational corporations. Smaller plants are tied by 
technical agreements and do not do an y development work locally . 
The main area where we do extensive work for industry is in routine 
testing . Here we Ilave a policy of not competing with commercial 
testing labor'atorios and to do this we price ourselves above that 
of c ommercial laboratories . With this limitation, industry still 
comes to t he University for two main reasons (a) they need verifi­
cation from an independent s ource and ( b) the Univers ity has 
equipment to carry out tests which are not obtainable at commercial 
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laboratories. 

Before concluding, I shall briefly outline with figures the amount 
of work that we have carried out in the two years that we have 
operated. The work was c arried out in t he Science based Schools 
and include the followin g : 

School of Applied Scienc es 

School of Biological Sc ienc es 

School of Chemical Sc iences 

School of Mat hematical Sc iences 

School of Med ic al Se ienc es 

School of Housing, Building and Planning 

School of Pharmaceutical Sciences 

School of Physics . 

The total value and vol ume of work f or 1983 are as follows: 

(1982 figures are in brac kets) 

ROUTTI'JE "TESTING $53,254 ,00 ($15,451) 175 (57 ) 

HTI1E OF FACILITIES 2,402 . 50 ($14,032) 2D (25) 

mNS UL TANCIES 91, 075 .60 ($21,913) 13 ( 6 ) 

mURSES 16 , 693 . 00 ($10, 530 ) 4 ( 3) 

$163,425 .10 ($61,926) 212 (91) 
=============================== 

It can be seen t hat t her e is an increase in the amount of work done 
in 1983. 

In addition we have major researc h contracts where staff accept to 
do work usuall y during the vacations . Such con tracts can be divided 
into three categories: 

(a) Staff undertake to do such work for t he experience gained. 
They receive no pa yment but all their expenses in the project 
are paid for e.g. pollution studies on behalf of the State 
Government. 

(b) Staff are paid an honorarium and have all expenses of the 
project paid f or. 

(c) Staff rec eive a consultanc y fee according to commercia l rates. 

In conclusion it can be stated t hat the establishment of an 
Industrial Research and Consultancy Service at Un iversiti Sains 
Malaysia has marked a f ormal commitment by the Univers ity to inter­
act with industry . T~ overall objec tive is to contribute to 
Malaysia's industrialisation by estab~~~g strong links between 

Un~versiti Sains Malaysia and industry . Exper ience gained in two 
years of operation i ndica tes t hat there is ample scope and need 
for such a service that will prove beneficial to bo t h t he University 
and industry. 
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UNIVERSITY - INDUSTRY INTERACTION : 

THE BANGL* DE5H EXPERIENCE 

S. Z. Haider 

Department of Chemi~t ry, Dhaka University, B~nilade8h. 

ABSTRACT 

The reasons for the ill-defined process of University-Industry 
interaction in most developing countries as in Bangladesh have 
been summarised on the basis of purely comme~cinl and solely 
profit-oriented motivation of industries both in private and 
public sectors ignoring the vital need of devel opment of endoge­
nous scientific and technological infrastru ctures. Industries 
mainly established on turn-key basis depend on imported techno­
logy, foreign expertise and advisory services for production 
rather than having rapport with the universities and research 
organisations for innovation, modificgtion, expansion and inven­
tion of techniques and materials. Some examples of the efforts 
extended toward uni versity-industry interaction in Bangladesh 
have been cited to show how much benefit have been derived by 
developing the collab orative programmes . In order to achieve this 
objective collaboration between university administ ration, 
industrial management and modification of the cour se contents 
research and training programmes have been suggest ed. The metho­
dology of establishing the university-i ndus try interaction and 
the fields of collabora tion have been identified. 

\.IHY UNIVERSITY-I NDUSTRY INTERACTION IS NECESSARY? 

The modern concept of development is based on the generation of 
skill and increase in endogenous industrial inf rastructure and 
production. In Bangladesh th ere is the crying need to develop 
skills through education, training and research so that the pro­
duction rat es in the fields and factories can be expeditiousl~ 
increase d. It has been universally recognized that the industrial 
progress, creation of technological infrastructur e and the pro­
grammes of education, research and training are mutually benefi­
cial and interdependent. The pressing need i n all development 
sector is the improvement of skill in maRagement and technical 
knOw-how aimed at achieving the goal of continually increased 
production . The nat10na l developmen t therefore emphasizes the 
urgency o f uni versity-industry interaction for the purpose of 
raising the standard and quality be products and advancement 'of 
normal academic programmes. The unive rsi ty has to be involved 
with the industries for the generation of new ideas, innovation 
of processes, developmen t of the quality of g oods. The strengthen­
ing ~f nat ional technological capabilities of developing countries 
in line with the philosophy of self-reliance in 8 wide range of 
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activities demands th e collaboration between the educational 
systems and the industr ial enterprizes. Naturally, the goal 
can only be reached with the belp of a st~ong foundation for 
academic plans in science and technology education directed 
to develop the endogenous industrial, agricultural, medical 
and technological capabili ties so as to create the local expertise 
for absorption, adaptation, innovation and expansion of the 
11I·sctice of science and technologY in terms of experience in 
enquiry and the realization of the practical values and applica­
tions of knowledge for &oeio-economic benefit of man in the 
region. 

What i8 to be Done at the University Level? 

~e m~y summarise the basic needs of a university for collaboration 
with industries particularly concerning those of a developing 
country like Bangladesb; 

1. Planning of academic training and research activities of the 
university based on relevance to the need of tbe industrial 
development of the country. 

2Q The production of s,killed manpower reeources for the management 
and progress of industries. 

J Q The generation of facilities for changing the requirement8 of 
teaching and research according to the changing needs of the 
industry from time to time. 

4. A strong research and training programme of the university 
contribute greately to develop a strong industrial base in 
the long run. 

5. Looking to the developed world we know that the research and 
training programmes of the universities have contributed to 
the modern technological superiority in fields such as petro­
chemicals, agt"ochemicala, plastics, paper, pharmaceuticals, 
housing, building, heavy structural industries, metals, 
alloys, glass, ceramics, Oils, fats, health, family planning 
textile, fibres, pollution control, transport,communication, 
electronics, instrumentation , new sources of energy, space 
exploration etc etc. 

6. The training and research programme of the university have 
a180 been conduci ve towa rd development of the production of 
consumer goods of daily usc. 

BANGLADE SH EXPERIENCE OF UNIVERSITY-INDUSTRY INTERACTION 

The practica l courses in chemistry and applied 
chemistry particularly of Dbbkb University have been designed 
from the very inception of the University in 1921 so 8S to 
serve the commercial, te'Chnical and ·in~ q~.tria l needs of the 
then Indian sub-continent. But in view of tbe rapid pace of 
industrialization and enhanced activities in the fields of 
manufacture, imports and exports etc. in the area now known 
a8 Bangladesh , the exist ing facilities appear to be extremely 

14 



UniverHitu - TnduntY'il /ni.c'{'(l f! t/nn : The Banglad~sh E'xpgri~nc~ 

limited. The interaction between industries and the universities 
in Bangladesh is lacking because of many reasons such as: 

10 The attitude and the mo~:irv.at'ion of the large industrial 
sectors mainly established on turn-key ~sis, both in public 
and private, sectors, which thrive only on imported techno­
logy and depend entirely on foreign expcrti.se and technical 
know-how. 

2. Lack of interest in research and development by the industries 
considered as economically nonproductive. 

3 0 Policy of suspicion and industrial secrecy by the industrial 
sectors. 

4. Communication gap between the university and industry on 
account of isolation of both from the common socio-economic 
structures. 

5. University faculties are too busy in course work and fundamen­
tal research to give attention to industrial problems. 

6. Degree and diploma-oriented education system mainly for the 
purpose of acquisition and distribution of the stamps of the 
university as the end product of learning process without 
training in skills and having no relevance to the need of the 
country. 

7. Lack of properly trained staff fnr the purpose of establishing 
liaison between the university and the industry at both ende. 

8. Lack of industrial funds to support resea r ch and aceademic 
programmes of universities for hea l thy rapport between the 
university and industry. 

Nevertheless, of late, we have develope d some~ meaningful inter­
actions between the universities and industry based on programmes 
involving the institutions and mostly the individuals: 

1. Arrangements have been made for a four week in-course train­
ing of our post-graduate students in different industries. 
The students receive a nominal per diem from the industries 
and in return they perform duties dealing with processing 
and production. 

2. Every year batches of general students visit industries for 
a period of two weeks to have on-the-spot experience of 
production under the guidance of teachers. 

3. Occasionally university st a ff are i nvolved in training of 
industrial staff pa rticularly in COurses of analytical 
chemistry and use of laboratory equipments. ~e have a180 
developed cours e s for industrial workers in relevant fields. 

4. Consultancy service on individual contact basis to assist the 
industries exist but at present there is no institutional 
arrangements to offer such services and the industries mainly 
depend on foreign imported expertise o 
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5. In genersl, the communication bet~een university teachers, 
resear~h ~orkers and industrial staff takes place during 
seminars, symposia and national conferences. These are of 
transitory nature and has not been much significant for a 
meaningful rapport. 

6. Private industrial enterprizes which are mostly of small 
scale or moderate capacity sizes approach university faculty 
on personal contacts for solutions of problems and analysis. 
I recount some of my personel experience, both good and bad, 
in this direction. 

a. Food and Allied Industries Corporation enquired about the 
cause of frequent fire in the ~are house of oil seeds. The 
problem was 80lved by proper arrangements of stacking of the 
sackings containing oil ~eedQ (rape seeds) and hu.idity 
e-ontrol. 

b. The starch produced from 'Sati' became bro~nish in colour. 
The cause of this ~as found and steps were taken to get a 
white product. 

c. Analysis of raw materials and finished products are normally 
done in our laboratories frequently. 

~ 

d. A glycerine recovery plaut from soap lye set up on consulta-
tion and technical know-how of a local research organisation. 

e. The proposal for setting up a nicotinaimde production plant 
from cigarette factory ~astes was submitted. 

f. A private firm set up a plant to 
scopalaime hydrochloride, on the 
research organisation. The firm, 
but never went into production o 

produce the alkalOid, 
basis of work in a local 
although set up the plant 

g. We have recently set up a paper and building board plant 
baQed on water hyacinth fibres. A private firm came for~ard 

to set up the industry on the basis of the research and 
fea~ibility report. At one pOint during discussions I men­
tioned that research results are not always positive and that 
the firm should not be disheartened by the negative reaults 
at the initial stages. The propriter and tbe manager fled 
a~ay from tbe scen e never to be seen again. 

h. Proposal of utiliZation of waste iron obtained a8 a by-product 
in the Steel Mill industry in Bangladesh haa not been success­
ful sO far. 

i. Industries in Bangladesh generally use the services of tbe 
stftndard and Te~ting Laboratory which is a Government organi­
sation or utilizo better facilities at the Atomic Energy 
Centre particularly' for analytical problems. 

. ..-
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How to E~tablish Better Collaboration between the Universities 
and Industries ? _ ... 
The main line of action is to find ways nnd ~eans to bridge the 
communication gap in order to increase the universities awareness 
of the industrial needs and the industries eagerness to make use 
of the training and research facilities of the universityo It 
may be argued that the industry may have a full-fledged research 
and development programme of its own without caring to ~nvolve 
the universities for collaboration. But the fact remains that 
generation of new ideas and innovation of processes and products 
can best originate through the medium of appr opriate and sound 
educational and training programmes infused into the young mind 
The ways and means of establishing the link b~tween the univer­
sity and industry may be adopted as follows: 

1. Incorporation of industrial advisory services in the curricula. 

2. Nomination of industrialists representative in ~ppropriate 
bodies of the university. 

3. Financing research programmes at the university on the problem 
of the industry. 

4. Sandwich and In-Service courses for industrial workers at the 
university. 

5. Secondment of industrial staff at the university and vice­
versa both on short term and long term basis. 

6. Nomination of academic staff on the boards of industries. 

7. Arrangement& for refresher courses, workshop~, seminars on 
topics of mutual interest and importance to industries at the 
two premises. 

8. Involvement of industry in the supervision work of the research 
degree at the university. 

9. Sharing of capital equipments and instruments. 

10. Exchange of information through liaison Centre&. 

11. Coordina ted research programmes between industry and university 
on topics of current interest having future industrial prospects. 

12. Financial assistance to the university by industry as loans, 
gifts, grants, endowments, scholarships, fellowships, equip­
ments, specialized laboratories in order to effect the general 
upliftment of the standard of teaching, training and research 
in the universities. 

Unfortunately none of the points of proposal have ever been given 
any considerat ions by the industries in Bangladesh for reasons 
mentioned before. 
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what are the Areas of Interaction? 

The cooperation and collaboration for research and development 
between the university and industry in a developing country 
naturally suffers due to the absence of a policy as regards "the 
areas for interaction. For this purpose the industry has no clear 
concept of a scientific, social and precisely humanistic approach 
to industrial production and are involved mainly in profit-orien­
ted goal on commercinl lines. Toe areas of cooperation which can 
benefit the industries in the long run may be cited as: . 

1. Improvement of products. 

2. Process development. -' 

3. Development of analytical technique. 

4. Standardization of existing products. 

5. Technical and commercial evaluation of products. 

6. Industrial utilization of natural products for economic benefit. 

7. Solving problems faced by industries in existing production 
linea. 

8. Research on alternative sources of raw materials. 

9. General and technical services to the users of industrial 
products. 

I may mention here that very recently a 12-man Committee of the 
National Training Council, headed by the Minister of Industries 
and Commerce has been formed in ilangladesh for the purpose of 
generating better skills and training in different fields. The 
ideals working behind the constitution of this Council is to help 
in implementing properly the programmes related to training of 
industrial personnels. 

We are aware of the historical background which ha~ brought about 
the scientific and technological advancement of the developed 
countries in modern times possibly through a lot of trials and 
tribulations. We in the developing countries have the opportunity 
to profit from their experience and make rapid strides through 
the cooperation and collaboration between the universities and 
industriea. But if we continue to depend entirely on turn-key 
basis for industrial progress our fate as LDC will be sealed for 
all time to come. 

Of course, the internati onal cooperation and assistance as well aa 
the regional links are ess enti al factors for the development of an 
LOG but the success of all international and regional scientific 
cooperation will be judged by the extent to which the indigenous 
scientific and techno19gica1 capabilities of a developing country 
have been enhanced and expanded. This should be the goal and 
mission of all international programme of cooperation and can play 
a catalytic role in bringing about university-industry interaction o 

18 



THE CHEMICAL INDUSTRY IN SINGAPORE -.,. ... 
H H Huang 

National University of Singapore, Singapore 

Economic statistics are presented to illustrate the growth and 
importance o f the manufacturing industries over the last two decades w1th 
special reference to the chemical industries and the role of the chemlst 
1n industry . The key importance of t he mul t i nationals 1n the 
export-or1ented 1ndustries is d i s cussed. The profil e of a pharma ceutical 
multinational 1S given. The role p layed by some go~ernment inst i tut10ns 
1n providing technical support to smaller industries 1S also de scribed . 
The article e nds with a brief account of the emphasls placed on high 
technology 1ndustries and Singapore's attempt t o promote R&D activ1tIes 
to support such industr1es. 

I NTRODUCTION 

When Raffles established Singapore as a British colony 1n 1819, It 
was only a small fishing village wi t h about 150 inhabitants. The colon~ 

rapldly grew in importance as a trading centre and by the turn of the 
19th century, it had developed into a maJor emporium of the East. 
However, even before the attainment of self-government in 1959, 1t had 
become clear after the 2nd World War t hat Singapore could no longer 
depend so heavily on 1tS traditional entrepot trade for its prosper1t y . 
The population had swollen greatly ove r the years lat an annual rate of 
42 per thousand). Housing was sadly l ack1ng . All the soc1a l f ac1lltle~ 

- health, education, social welfare and even publ 1l ut1l1t1es - were 
burstlng at the seams. These problems, together wlth r1s1ng 
~nemployment, made it imperative tha t alternat1ve sources of t o re1gr. 
exchange earnings be found. The advice of experts was that Singapore, 
which has no natural resources of its own , should add an Industr :di base 
to its existing trading economy to c reate employment and new s ou r ces of 
lncome . It seemed essential at that time that she should adopt a pe ll cy -
of 1ndustrialization basically simila r t o that of Malaya in order t o be 
an lntegral part of the proposed Malaya n cornmon market and 1n 
anticipation of forming a closer po litical unior. . Th1S was d PO~ l CY 

which emphasized labour-intensive impor t -substitut1on type indust r1es, 
designed primar1ly to strengthen the Malayan e~9nomy. The pol1t1 ca l 
union leading to the formation of Malaysia took place 1n 1963 , but i t was 
short-lived. In 1965, owing to irreconcilable politica l d1ffe re~ces , 

Singapore withdrew from this union. With the loss o f the potentlal 
Malaysian market, she now had no choi ce but t o shift emphasls t o the 
promotion of more capital- intensive , high technology, SOph1sticated ard 
export-orientated enterprises with the world as her market. 

, This change in Singapore's i ndustrialization policy is reflecteo 1n 

the increase in the number and funct i ons of government 
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industrialization-promotion agencies after 1965 and the Economic 
Expansion Incentives Act enacted in 1967 ,. as shown in Table 1. 

The rest of this article will f ocus on the growth of the 
manufacturing industries in Singapore over the last 15 f ears or s o w~th 
special reference to the "chemica l i ndustrl.es" including the cheml.st's 
role ~n ~ndust:y. Beca use o f the~r import ance ~n the industr~alizat~on 
effort , the role of mu l t~national c~rporat~ons w~ll be discussed. Some 
prominence will ~e g iven to the p e troleum ~ndustry whl.ch, after all, 
contributed more than one t hird to t o t a l output of manufacturing for many 
years. Since chemicals and pharmaceutica ls constituted one of the four 
industries whl.ch contr~butea most to the g r owth o f the manufactur~ng 
sector ~n recent years, a br l.ef s k etch o f t he Br~tish multinational 
Beecham Pharmaceut~cals ~n Singapore w ~ l l be g~ven. The functions of 
government institut~ons such as the Singapore Inst~tute of Standards dnd 
Industrial Research wh~ ch provide techn~cal support e ~pec1ally for 
amaller industries will also b e described. However, to avoid unnecessar) 
ambiguity, it would be useful fir st to exp la1n briefly what we mean by 
the term "chem~cal 1ndustry" b e f o r e proceed ~ng further. 

CHEMISTRY'S PLACE IN INDUSTRY 

The term "chemH.a-l 1ndustry" 1S used 1n th1S artl.cle both 1n a 
narrow sense to mean the manufacture of s~mp le cheml.cals such as 
sulphur~c acid, ammon1a, ethylene glycol a nd sl.m~lar ~norgan1c and 
urganic chemicals; and in a broader sense tu ~nclude complex products 
that are usually thought of as having othe r prLrnary functions such as 
plast1cs and resins, synthet1c rubber and f~bers, drugs, soaps and 
detergents, cosmetics and toiletries, p a1nts and varnl.shes, and 
fert1l1zers and pest1cides. Since c h eml.stry by def1nl.tl.on deals wlth the 
molecular transformatlon that mat te r undergoes, we should broaden our 
perspect1ve further t o ~nclude industrl.e s WhlCh depend on cheml.stry 1f 
some way or other: those dealing with ferrous and nonferrous metals; 
r) ~-' troleum, food; coal and coke; pulp and paper SLo ne, clay and glass; anc 
even electronic equl.pment. 

GROWTH OF MANUFACTURING INDUSTRIES 

The growth of the chemical industry l. ~ Slng a pore ha s been par a lleled 
by the growth of the manufacturing l.ndustrle s as a who le. The pos~t~or 
o f the manufacturing sector in the national economy o ver the years ~s 

summarized in Table 2. From about 13 per c ent in 1960, ~t grew to 
account for about 21 per cent of the Gross Domestic Product 1n 1982. 
Manufacturing production continued to b e increasingly oriented towards 
exports. In 1982, direc t exports o f manufactured goods accounte d for 60 
per cent of total manufac turing output. The general growth of the 
manufacturing industries can be seen in Table 3 which g~ves details about 
number of establishments, number o f workers, output, value added, sales, 
employee's remuneration, and capital e xpe nditure. Materials used cover 
raw or basic materials, chemicals and packi ng materials. The gro ss 

~ 
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output of ~ndustries refers to the total valu~f all commodities 
produced (including by-products) and services rendered during the year. 
The valuation of commodities p roduced is at ex-factory price, excluding 
outward transport charges and excise duties if any. Value added is 
derived as the differences between the value of gross output and that of 
total input and work given out. Total input covers cost of materials, 
electricity, fuel, water and inward transportation. Work given out 
refers to payments to other firms or persons for work performed on raw or 
basic materials supplied by the establishments. Capital expenditure 
covers the total expenditure on capital assets incurred by the 
establ~shment during the year. 

The princ~pal statistics f o r output by industry are given in Table 4 
for 1982. In the tables, a ll va l ues are expressed in Singapore dollars. 
Examinat~on of these t a b les shows that chem~cals and chem~cal product s 
~ncluding products of petro leum and coal experienced accelerated growth 
(more than 50 per cent g rowth rate) between 1969 - 1973 and cont~nue t o 
contribute substantia11y to t h e growth of the manufacturing sector. 

THE CHEMIST'S ROLE IN INDUSTRY 

The chemical industry ~n Si ngapore ~s very young. With the 
exception of the petroleum refin~r~es and a few other mult~nat~onals, 
"chemical" firms are small ~n size. The D~rectory of the S~nqapore 
Manufacturers Assoc~at~on shows that the bas~c chemical ~ndustry conslSt=­
of a few companies mak~ng sulphuric acid, alums, hydrochloric ac~d, 
chlorine, caustic soda, sodium hypochlor~te,industrial gases loxyge~, 

nitrogen, argon, carbon dioxide, acety lene, hydrogen, nitrous ox~de, 
cyclopropane, helium, neon, arnmon~a and butane) a;d formaldehyde and PVC 
resins. In addition, there are companies which produce a var~ety o f 
chemical products such as soap, detergents, perfumes, essences, flavou rs . 
text~le chemicals and dyes, pharmaceut~cals, adhes~ves plast~c and rubber 
goods. Most of the raw materials used are imported. The chemlst's role 
in industry ~s pr~marily in quality control. His responsibilit~es 
usually cons~st of various testing a nd evaluation dut~es to ensure that _ 
the raw materials used are correct and the quality of f~n~ shed produc t~ 

i s ma~ntained at the desired l e vel. Any research or deve lopme nt actlvlt~ 

is usually confined to incre asing the eff~ciency of the production 
process and in possible material substitution us ing locally availabl e raw 
materials. 

One-third of chemists in Singapore are employed in teachi ng 
institutions. Another third work in manufacturing industries. The 
biggest number of working chemits ar~ to be found in t e aching a nd 
lecturing, general administratio n and qua li ty con t ro l / teach ~ng /product 

evaluation . It is probably true to say that most o f the c h emi s t s work~ng 
in these two latte r areas are in industry. 

- 3 -



PRIOCHEM ASIA 1984. Part III. Seminar On Chemical Indu tries ana DevelQpment 

MULTINATIONAL CORPORATIONS 

The unprecedented growth in export sales of manufactured goods since 
1969 has been made possible mainly b~cause of the influx of multinational 
corporations although the American involvement in Vietnam has helped to 
boost sales until 1974 . Most multina tional firms in Singapore are either 
joint ventures w ~ .h local capital participation or wholly owned 
subsidiaries of fo reign flrms. From Singapore's point of view, such 
foreign investment lS particularly -'ie lcome because these multinational 
enterprises bring with them established international markets, thus 
overcoming the problems of a limited domes~ic market and the difficulties 
of domestic manufacturers in penetrating e xport markets. Singapore has 
also become attractive to export-oriented foreign investment as a 
manufacturing and distribution cenlre for internation~ l operations. The 
comparative advantages for such operations have been stated by the 
Economic Development Board in their 1970 report. 

"In particular, lndustriali sts have found that the quality of 
Singapore 's workers, t~elr productivity, their abllity to learn quickly 
and their hlgh baslc educational level have all proved valuable in 
strengthening their competltlve position in thelr home markets and In 
lnternational markets. Thus, in increasing numbers and diversity, they 
come to Slngapore with the followLng objectives - to manufacture hiqt 
quality parts and components at competitive cost for supplying parent 
companies In home countries and subsidiaries in various parts of the 
world; produce finished products in large volume at low cost for 
international markets; manufacture capital equ ipment, intermediate 
products and chemicals with cost advantage for Southeast Asia, Middle 
East and East African Markets, especially for the offshore oil 
exploratlon , mineral resources, agricultural and forestry development and 
construction proJects in these areas; use Slngapore as the 'lnvestment 
base' or 'launching site' for branching out manufacturing operations in 

surrounding countries." 

Other factors which have helped to attract foreign lnvestment 
i~c lude liberal fiscal and financial incentives offered by the 
government , the entrepreneurship of the buslness community in 
diversifying their mar~ets and prod u c t range, a well coordlnated 
industrial skill training program, and a high~y d~sciplined work forc e . 

THE PETROLEUM INDUSTRY 

Ever since Singapore embarked on its industrialization program , the 
petroleum industry has dominated manufacturing operations both in terms 
of capital investment and in domestic exports of petroleum products. The 
search for oil in Southeast Asia took the ~esi0n by storm and Singapore 
found herself in the cen~e of the black gold rush . 

. .. -
There are at present 5 major refineries in the Republic wit~ a total 

capacity of more than 1 million barrels per day, representing an 
investment of about $2 billion. 
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The big 5 are Esso, Mobil, British Petroleum, Royal Dutch/Shell, and 
the Singapore Petroleum Company. The SPC is a joint venture between the 
Singapore Government and two American Companies-Amoco (Standard Oi l of 
Indiana) and Oceanic Petroleum (subsidiary of the u.S . Summit 
Corporation). In addition, there are two lubricant blending plants owned 
by Caltex and Castrol. 

Petroleum Refining 

1982 saw the reflneries operatlng at near full capacity but falling 
prices and slower growth in demand resulted in a marginal decrease in 
output and value added. 

A number o f secondary processlng projects we re completed in 1983 -
Singapore Reflnery Company's catalytlc reformer and visbreaker and 
Shell's hydrocracker. Future developments are expected to be In process 
control systems, energy conservation, and lncreased storage capacity 
reflecting the overal l effort by oil refiners to increase operating 
efficiency and flexibility. 

With the imminent overcapacity in refining in the region and 
competition from export refineries in oil producing countries, the 
lndustry is expected to face a sev~re challenge. However, because of lts 
un l que geographical locatlon, Singapore will remain an lmportant 
balancing centre for petroleum products in the Far East supplYlng the 
shortfalls and distributing the excess supplies to other markets. 

Petrochemicals 

The basic lnfrastructure and utility facilities of the SS~ bll~lOr. 

petrochemical complex have been completely installed. The Petrochemlca l 
Corporat l on of Singapore, the Polyolefin Company (Singapore) and Denka 
Singapore are ready for start up while Phililps Petroleum Slngapore 
Chemical lS close to mechanical completion. Ethylene Glycols (Slngapore ' 
the fourth downstream company in the complex will manufacture ethy lene 
glycol and ethylene oxide as well as nitrogen gas for the whole comple x . 

BEECHAM PHARMACEUTICALS (S INGAPORE) 

Beecham's pharmaceutical factory is the result of a two phase 
development. The first phase, built for the acylation stage of 
penicillin manufacture and subsequent pharmaceutical process i ng started 
production in December 1972. Constructed a t ~ cost of S$32 million it 
was in production only 26 months after the decis ion to proceed with the 
project was taken. 

The second phase of development completed in August 1976 , comprise d 
a plant for the production of the penicillin nucleus 
6-amiopenicillanic-acid (6-APA), so enabling the factory t ,) begin 
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operations one stage earlier in the production of semi-synthetic 
penicillins. This plant together with supporting facilities was built by 
a local company at a cost of S$15 million. The plant now produces all 
the factory's requirement of the~reviously imported 6-APA. This is made 
by splitting the Penici llin G molecule using the enzyme amidase 
immobilised on an inert carrier resin. Beecham Pharmaceuticals is now 
producing six major antibiotics and will produce more advanced products 
resulting from the S$65 million annual expenditure on Research and 
Development unde~~aken by Beecham Group. Beecham Pharmaceuticals 
(Singapore) now has more than 500 employees, of whom about 10 per cent 
are graduates with degrees. in chemistry, pharmacy, microbiology, 
chemical, electrical and mechanical ensineering and accountancy. The 
remaining staff comprise a group of highly skilled engineers, technicians 
and production operators, many of whom received their initial training in 
factories in the United Kingdom. 

An encouraging feature is that Rand D is being undertaken locally 
in the development of enzynlation process for semi-syn~hetic penicillins. 

SOME RECENT DEVELOPMENTS IN THE CHEMICALS SECTOR 

Because of its diversified nature, the chemical industry was one of 
the growth sectors in - 1982 which iaw 4.6 per cent increase in output. 
While products such as household chemicals served a stable domestic 
market, other more specialised products were in demand from the growing 
offshore oil exploration and production industry. 

Some projects started include 

Exxon chemical Singapore-additives (paramins) for lubricating oil. 
The S$80 million plant is the first of its kind in Southeast Asia 
and will supply the Asia Pacific region 

Sun Ace Kokoh - PVC stabilisers 

Stahl Chemical Asia/Beatrice Chemical - leather finishing chemicals 

Major projects under construction include 

Lubrizol - a S$19 million plant to blend additives for lubricating 
oil which at a la~er stage will be integrated with the manufacture 
of chemical components for the additives 

National Oxygen/National Iron & Steel Mills Nippon Sanso - a S$ 20 
million air separation plant to produce also high purity gases for 
the electronics indus try 

Pharmaceuticals 

The three major com~nies in this section continued their expans ion . 
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Beecham is expected to begin commercial production in 1985, 
Augmentin, a new synergistic formulation effective against a wide range 
of bacteria. 

Gloxochem will increase its production of ran i tidine hydrochloride. 

Kaneka is widening its range to include valine and phenylglycine, an 
intermedia~ ~ material for the pr oduction of antibiotics while expanidng 
the capaci ty fo r hydroxyphenylglycine. 

Food and Beverages 
Product development and proces s improvement are the two new 

dimensions in the food section. The R&D project by Nestle/Eastreco is 
based on the concept of using regionally available raw materials to 
produce Asian food p roducts and subsequently developing the manufacturing 
process. Other food processing companies have also begun development in 
their respective produ'ct lines. Cerebos for instance, is combining East 
and West through the introduction of instant Chinese porridge, bottled 
bird's nest and other oriental specialities. 

SCIENTIFIC INSTITUTIONS IN THE SERVICES SECTOR 

• 
There are 3 major scientific institutions in the services sector 

which provide supportive chemical expertise in Singapore. They are l1) 

the Department of Scientific Services, (ii) Singapore Institute of 
Standards and Industrial Research and (iii) the Port of Singapore 
Authority Chemistry Department. These institutions have been set up to 
meet the demands for scientific services from government departments, 
statutory boards, commerce and industry. 

DEPARTMENT OF SCIENTIFIC SERVICES (DSS) 

This department has widened its scope f rom its traditional role of 
offering services only to the Government t o include the commerical and 
industrial sectors as well. It assists other Government Deparments by 
providing the Scientific back-up service necessary for the administ ration 
of the various Acts. In the commercial and industrial sectors, s imilar 
services are offered to enable commerical firms -to upgrade t he quality of 
their goods and to develop new ones. In the field o f export promotion 
the Departments quality certification service has been invaluable in 
enabling exporters to compete in interRational markets. 

The Department compri s es six sections: 

Forensic Science, Environmental Science, Toxicology, Food Science , 
Pharmaceutical Science, and Radiation Science. 

THE SINGAPORE INSTITUTE OF STANDARDS AND INDUSTRIAL RESEARCH (SISIR) 
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This Institute was established to help industrialists, especially 
local ones, meet internationa l standards of quality in their manufactures 
and overcome technical problems. It also undertakes a certain amount of 
industrial research. The SISIR quality certificate is now well-accepted 
as a guarantee of quality of Singapore made products in che international 
market. The Institute's programs are organised along multidisciplinary 
lines. 

Chemistry en:.:ers t he program mainJ. y i!1 the Materials Technology and 
Application Centre which has identif i e d the following areas for 
development: plastics, met~ls and chemistry. It may be noted that one of 
the successes of SISIR' s de'Q"elopmell t program has been the production of 
attractive RISIS gold-plated orchids on a commerical scale , now prov~ng 
to be quite popular with tourists looking for souvenlrs. 

PORT OF SI NGAPORE AUTH ORITY CHEMISTRY DEPARTMENT 

The Chemistry Department of the Port of Singapor _ Authority wa~ set 
up in 1974 to provide rapid scient if lc and technica l services to all the 
departments of the port and the shippi ng community. This ",-as made 
necessary because of the tremendous increase in the volume of activi t1. e~ 

in the port 1n recen t years. The PSA Chemistry DeparY.len t consists of ar 
Inspectorate of Dangerous Goods and an Analytica l Services Section. The 
Inspectorate looks after the safe~y and health of the port workers by 
carrying out 

(a) inspection of petroleum carrying vessels to ensure that they 
are gas-free before they are ,'l lowed to e nter the port and 
shipyards for repair. 

(b) inspection of dangerous and toxic cargoes to be discharged from 
vessels. On-the-spot advice is given t o workers on safety 
precautions in handling poorly packed or broken containers. 

(c) inspection for toxic fumes from vessels arising from leakage or 
accidental spillage. 

(d) inspection for carbon dioxide and oxygen on board vessels. 

The main Analytical Services consist of palm oll c.lf~:ilys is, 

examination of drinking water, analysis of slop oil from petro leum 
tankers, flash point tes ting of petro leum and monitor ing of sea-water for 
pollutants . Other serv~ces performed inc~ude the analysis of marine 
clay, oil-spilled dispersants , transformer oil, lubricating oil , rice, 
soya bean meal, cooling water in air-condi tioning plants , boile r water 
and unclaimed dangerous chemicals. The Department fumigated about 3,500 
containers and 650,000 t0~nes of grains during the year . 

CONCLUSION 

In conclusion, it can be said that if the will to upgrade skills , 
processes and the industrial base itself r e mains strong , there l ~ no 
r eason why given its cent~l location and its ~ecord of success, 
indus ~ -ial development cannot continue to ~ring economi c gains to the 
peopl e o f Singapore well into the 21st century. 
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TABLE 2 GROSS DOMESTIC PRODUCT BY .INDUSTRY 1960, 1970, 1977-1982 
(AT 1968 FACTOR COST) 

(S $ MILLION) 

1960 -< 1970 1977 1973 1979 1980 1981 1982P ------_.--- - ----~---------------

~~i_.:-~l_!y~ &_ Eis.hinS_ 877 I l8S _ J~~.3 151 . I 156_1 ___ I~~) __ !?~~ __ 145 .6 

9u_a.I.Q.0g _ _____ 7.5 _ 19} _ _ ~L1 __ ~S~_4Q.7 . "3_7 ___ S6.~ _. 7.~ ~ 

~b!'~.a\tur!ng . ___ 272:..7 _..!:.-007.0 2.032-U262.9 2l~3.0 },_009 -~ 3,192 ~ _lO_~3 . 5 
Utilltic'~ 53.4 144.9 265.7 303_0 311.4 3S7.0 383.0 . 401.5 
Con:.truction 79.3 - 343.-0 -S57i -5·14.9 551.0 611.1 718.1 91i4 - -- - -~---- --.--- ------- ------ ---- ----
!r .,j~ __ __ _________ 1.!3.4. 1 .538~ 2~5~?H4.4 2,928.6 3,\393 3.~~8.7 3,474.8 

Trall~por1 &. 
Corrl11luf,;.:-ation 297.6. _ 593.1 _1.SB)-.!.J72.9 2,049.0 2.3~2..!.6S6:.~_ ~.~~~ 

Fmancial &. Business 
Sel • i.:es 241.5 716.4 1,3'87.0 1,525.4 1,766.8 2.162 .7 2.SS1 3 2.952 () 
Other Senices 391 .9 723.6 1,110.7 1,197.7 1,265.2 1.336.8 1.417.5 I.S47.3 .- - - -- - -
Less. Imputed Bank 
Ser. i.:e Charge 35.7 106.8 349.1 409J 660.9 893.6 1.110.3 1.309.9 

Total 2,122.3 5,107 .0 9,290.3 10,08S.6 11,030.9 12.1605 13.369 3 142119 
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TABLE 4 INDUSTRIAL OUTPUT BY INDUSTRY 

/U 11100 Dollars 

l~stry 1972 1973 In4 1975 1976 1977 19711 1979 19~O 19~1 1982' 

f'ood 552.0 714.9 930.2 e:3.5 938.0 1.219.0 1,229.8 1. 452.7 1,661.5 1,692.5 1.661.4 

Beverage 73.3 80.5 97.8 lJO.5 150.7 If>l1.3 205.5 219.7 249.1 327 .2 323.0 

Ta-xo Products 102.7 129.8 142.7 14t .5 IS3.6 166 .4 171.1 166.0 171.3 193.6 198.9 

Textlles " Textlle /lanufact\Ces 192.9 3D.8 292.4 2S~ . 7 359.9 346.6 352.6 425.~ 4ijij.1I 422 .1 ))5.5 

Wear11""J .>eParel except Footwear 206.7 28'.1.3 269.1 2Il6.1 40b.l 479.5 6)3.1 737.0 d4tl. 4 924.7 937.9 

Leather " LeaU>ec Prcxluct5 Ib .7 27.9 25. 61 n .o H. l 44.2 SO.4 51.4 .7.0 49.6 38.& 

foot'oO:!ar 25.9 23.7 27. 2 30 .3 33.9 30 .~ .l4.7 5l. 5 53 .6 >1.9 42.0 

5awntlJ1lCer " Other Ib:x:I Prcxlucts 
except Furnl ture 26l.0 4fili.7 35lj .1 )11. 5 422.0 437.4 5SO.2 796.1 749 . ~ 641.0 530 . u 

F\lnHture " flXt..res except 
pcunanly ot Metal. Stone , PWtlCS 29.0 

37.9 1 
H.J 4lj.7 61.3 79.1 116.9 160.9 227 . 5 

277.11 
270.4 

Pap:c , Paper PccxJucts 60 .6 84.9 103.b 96 .lj 114.8 127 .) 158.7 209 .2 212 .7 302. 2 27 3. L 

PclJltlrq " P\1)hshll""J 143. 2 16~.3 I al. l 225 .2 290 .2 3)5.6 )7~.5 431. 2 550. 4 674.3 b6b •• 

lrdlstt laJ OlElljLcals • Gases 72 .9 10~!.11 In.l 154.5 210.1 ~27 .0 183.3 255. 2 346.1 36J . 71 3~9 . J 

Palnts, l'tlarlfioeeutlcals , Other 
0\"", ca"t Prcxluc ts 100.4 lij4.3 l 236 .7 274.8 )11. 9 )44.9 411.1 429. 9 5113 . ) b6J .4 685.! 

PetroleUll Ref lnenes , Petroleu. 
Pccdlcts l ,~o. i 1,967.9 5.7U5.5 4,7 5) .) 6,IlS.8 7.U22. 4 '.498.) 9,308.1 ll,520.5 H'453.~114' no. ! 
Pcocess 11""J of Je lut.or'q " Gun Damar IJ.l 17.6 i 2.! .b 20.2 16.4 21.0 19 .3 22 .8 25.9 28. 2 4J .o 

!U:>ter Prcxluets except FClOt>oOear i 
76.3 1 • Toys 43. 2 48 .0 , ~.b >1.3 57.K 62 .0 66.8 89.9 89.7 7~ . . 

Plasue Prcxlucts 60.) 108.2 130.0 120.7 160 .7 204 .2 271.8 380 . 7 498.1 519.0 1 50J . . 

Pottery, 01 lna , Earthenware " Glass , 

Pccxlucts 1~9 22.6 )0.0 211 . 3 37.0 41.0 49.7 60.9 6ij.0 90.J 97. ) 

Structural t lay Prcxlucts 13 . 2 17 . 2 2l.ij 16.2 20 .2 20. 4 14.2 21.3 30.7 34.9 35 . , 

(anent ~ .1 74.9 \ 127.2 157.1 161.5 165.9 179.9 125.2 277 .1 347. J 426.0 

Structur aJ CeRent , Concrete 22·~ 1 PrcrlJets H.4 32.7 '>8.2 64.4 65.3 11.2 95.5 156.5 26).9 ~2.S 

tlt:n-mi! tal He /tiner aJ Prcxlucts 30.9 511.0 I 79.0 811.4 85 .0 96.9 89.4 102.8 US •• l38.2 107.4 

!roo , Steel n.3 105.31 116.7 1411.) 152.4 145.0 192.9 272.1 ))8.1 343.1 )93. Z 

tiC:n .errous Me tals 21.1 )J.4 1 49.4 U.) )).8 53.7 56.1 135.4 190.4 . 130.5 121.9 

fair icated Me tal Prcxlucts except 
l\achlnery , Equiprent 246.4 3~0.9 i 454.0 506.9 507.1 597.9 74~.8 965.5 1,234.9 1,492.7 1,527.4 

Hacninery except &lecttica1 , 
, 
I E lee trc:nic 223.4 ))11.5 . 573.0 754.7 676.9 701.0 1!44.4 1,183. 5 1,662.7 2,484.2 2,545.0 

F.l.eetrical llaChinery, ~abJa, I 
~l L1nces , Supplies 206.4 3)2.9 1 444.0 414.5 531.8 541.1 727.4 758.4 974.4 1,050.3 958.3 

F.l.eetrO"lic Prcxluots and ~ts 529.3 905.5 1,))).4 1,229.3 1,722.6 2,l37.2 2,54lI.4 3,963.0 5,344.U 5,128.5 4,9t10.4 

Tr atlSp:IC t Equip1e,nt 463.1 636.2 918.2 1,054>.11 1,117.6 1,25L.) 1,342.8 1,548.0 2,043.5 2,223.11 2,u59.:t 

lilstturentation Equlpnent, Photo-
1211.3 1 'faplic " Optical Goods 69.2 115.9 182.3 193 .2 1114.1 237.6 276.6 382.8 290.6 296.1 

Other /Ianu£actur irq lnduatries 123.3 149.91 157.5 151.3 176.4 201.8 2211.9 337.5 455.6 505.2 462.4 

'lUlAL IWU' JiIC1'UIU}G ElICt.UlDG 
RLBIlER PRXESSIK> S,722.2 7,938.1 13.3-46.9 U,61O.l 15,317.4 17,518.2 19,666.7 25,m. 7 31,657. 936,787.1 35,650.9 

f'ltlter Process irq 385.9 148.6 867.9 555.2 814.0 744.1 801.) 1,170.2 1,052.5 772.6 4)7.1l 

'lUlAL IWU'IC'1'\.IRIlG IH:LI..IlDIO 
RUI&ll PRXl:SSIK> 6,108.1 8,686.7 U,~4.8 13,165.3 16,131 •• 18,262.4 20,4611:(1 26,303. 932,710. 4 37,559.7 36,081.9 

Gr.>nite \)Jarryirq 18'~ i 18.9 
22.2 32.1 . 0.6 31.1 24.3 21 . 1 95. 3 D4.) 17~ .1 

'lUlAL 6,126.7 8,705.6 14,237.0 U,197.4 16, 17S.1) 13,293. 5 20,492. ) 26,331. o )2,805. 8 31,6<)4.0 36,266.6 
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THE CHEMICAL INDUSTRY'S CONTRIBUTION TO AGRICULTURAL PRODUCTIVITY 
WITH PARTICULAR REFERENCE TO DEVELOPING COUNTRIES 

J D Rushton 

ICI (Malaysia) Sdn Bhd 

ABSTRACT 

The developing countries have a high proportion of the world's population 
and it is beneficial for them to improve agricultural productivity 
in order to increase output of foodstuffs and of plantation crops . 
The application of agricultura l chemicals and fertilisers~ together 
with good husbandry and the use of higher yielding varieties with 
increased resistance to disease and pests~ can substantially improve 
crop yields and prevent losses from harvested crops. The chemical 
industry can contribute towards bringing about these increases in 
yield by developing and supplying agricultural chemicals and by co­
operating with national governments in education and training programme8. 
In this paper examples are c ited of the kind of yield i mprovement 
which can be possible from effective use of the major groups of 
agricultural chemicals by which is meant insecticides~ fungicides~ 
herbicides~ growth regulators and rodenticides. The favourable cost/ 
benefit ratios quoted demonstrate that use of such products leads 
to substantial yield improvement at low cost both to farmers and to 
national governments. 

INTRODUCTION 

Today, the world's population is 4.5 billion of which two -thirds live 
in the "developing countries" as defined by the United Nations (UN). 
By the year 2000 the world population is projected to reach 6.2 billion, 
at that time almost 80% of the population is expected to be resident 
in the developing countries . Compared with this high proportion of 
world population,the developing nations at present only produce 
approximately 40% of the world's total agricultural production . 

Large increases in food production are, therefo~, necessary if 
developing countries are to maintain current nutritional standards. 
To improve on these standards, and to cope with population increases. 
a growth rate in agricultural productiv.ity above the 2.8% per annum 
achieved over the last 20 years will be required and the Food & Agricultural 
Organisation (FAO) has suggested a target growth rate of 3.7%. Improv~nt 
in output is also of immense value in plantation crops where these 
are important to a country's economy . 
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Let us look at how improvements in output can be achieved. FAO has 
estimated that only 10% of the growth in South East Asia can be obtained 
from increases in the available arable land; a further 14% may come 
from increases in cropping intensity; the majority of the desired 
growth - 76% in all - will have to be obtained by improvement in crop 
yields. In Asia as a whole, there is only 0.21 ha of cultivatable 
land per head and there is emphasis in almost every country on enhanced 
yields and better cropping patterns. Table I displays the projected 
contributions to Agricultural Producti~n growth. 

TABlE I 

Proje.cted Contribution of Area Expansion and Crop Intensification to 
Agricultu ra l Production Growth in Developing Countries - 1975-2000 

( % contribution to output growth) 

REGION ARABLE CROPPING YIELD YIELD & 
LAND INTENS ITY INTENS ITY 
GROWTH 

Averages for 
90 developing 
countries 26 14 60 74 

Africa 27 22 51 73 

South East Asia 10 14 76 90 

Lati n America 55 14 31 45 

West Asia 6 25 69 94 

Source FAO 

The farmer or planter and the agriculturalist are able to exert a degree 
of cont~ol over many factors affecting yield such as soil fertility, 
crop . ~arieties, pests, diseases and weeds. There is a lot to aim for, 
be.cau.se'i.t has been estimated that losses due to pests and diseases amount 
on · i~~rage . to 30-40% of potential production and in some circumstances 
losses can be total. A further 10% of yield on average is lost in storage. 
The chemical industry ha s the capability to help reduce these losses 
considerably and, allied with the development of higher yielding varieties 
with increased resistance to disease and pests, to participate in the 
global drive for improved y,elds. It is my hope that industry and Governments 
wi 11 together work out how best to harness - thi s- capabi 1 ity for the good 
of people everywhere: yield improvements are not a luxu ry, they are vital. 

)4 
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AGRICULTURAL CHEMICALS - WHAT ARE THE ~ ? 

My paper consi ders the role of·~!gticu1tura1 chemicals, most of which 
are the discoveries of some of the large integrate~chemical companies, 
with a huge investment in research and development . 

My own company, ICI, is typical of many of these integrated organisations 
which have large pharmaceutical and agricultural chemical divisions with 
associated animal health and public health interests. There is indeed 
a grey area between the pharmaceuticals and agri cu l tural chemical businesses; 
for example, some insecticides which have been developed for agriculture 
have been very successful in veterinary science and in improving the 
health of rural populations, for example in mal aria control with DDT. 
Pharmaceutical and agricultural chemical products are sometimes similar 
chemically and each group of products can benefi t from research work 
in the other. 

For the purposes of this paper I will define agri cultural chemicals as 
products used for the protection of crops against the ravages of pests, 
diseases and weeds. They include insecticides, fungicides, herbicides, 
plant growth regulators, rodenticides and other public health chemicals. 
In this context fertilisers are not included. I shall consider each 
of these product groups in turn, beginning with insecticides. 

Insecticides 

Crops are affected by insects whilst growing and during storage. Insects 
also have an impact on animal health and p..Ib1ic health. 

I made reference earlier to losses in storage, averaging some 10% of the 
total crop. For example, in India elimination of storage losses would 
result in so much more food being available that under-nourishment would 
be eliminated. The country's foreign exchange position would also be 
improved. In Nigeria, it has been estimated that half of stored cowpeas 
are attacked by bruchid beetle and 25% of the harvested crop is lost. 
Furthermore, damaged seed is not attractive and is less saleable and 
palatable. Typically, avoidance of losses in store through use of 
insecticides results in a cost/benefit ratio of 1 : 45; hence the low 
cost of protecting the harvested crop is a small price to pay for insurance. 
Losses in store are particularly unfortunate as the means already exist 
to protect stored crops in most cases against pests. Furthermore, as 
the harvested crop has already cost the farmer a high price in terms 
of seed, labour, fertiliser etc, losses in stor~ _are especially damaging 
from a financial point of view. 

There are also many examples of favourable cost/benefit ratios in using 
insecticides to protect growing crops ftom insects. Taking rice as an 
example, the International Rice Research Institute (IRRI) has reported, 
from a survey of over 130 trials on Philippine fa rms, that yield increases 
averaging 25% (equivalent to the production of an extra tonne of rice 
per hectare) are attributable to the use of insecticides. In the Philippines, 
the total production of rice is 8m tonnes per annum, so that a 25% yield 
loss is equivalent to 2m tonnes, worth about US$750m. Expenditure on 
rice insecticides is of the order of US$10m, so the cost/benefit ratio 
to the Philippines is highly favourable and there is the added advantage 
of maintaining self-sufficiency in rice product ion. 
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It is not only food crops which need I3r(J)tect'ion;lf'r"OIn' ttl'e rava-ges 'of insects. 
Plantation crops are also liable to attack, often with serious results 
for both t he grower and for the natiO'na1 economy.'! G.oftton; i for ex:ample, 
is a crop which frequently cannot be grown at all ' wiithQut thorou,gt.'l, 
protecti on by ' insecticides. , _J' • 

., 

./ 

'I Insect attacks often occur sporadically, sometimes LQcal1Y ,and ~o~etimes 
regionally over wide areas, and it can ,be difficult to anticlpate when ,., 
and where problems may arise. In comba'ting such atta,cKs GQlJ.ernm~flts 
and large agricultural enterprises often ' hold str.-ategic sllPp1i.es of . 
insecti cide so that they may act quickly and o~er 'a ,broad areal, It 

, . 

is, of course, possible on occ-asions to kHl some 'insect , pests mQnually~ 
althou gh usually it is a laborious and unrewarding task t ~lOOapable·. of 
controlling effectively even a modest infestati(i)n. ,1'1 

! , ) • 

The next group of products I shall cover is fungicides and there is 
no ~anua1 procedure which is really effective with these products. 

~ I" ' t t 

Fungicides I. 
... 
, . 

'j ) " 

Ii 

. • I " !.' ;'! ! t . i ... I 

Strictly speaking, fungicides are c,h'em:i 'ca;ls to 'COlltr~ ' ,flmg1i J but".9Tften ~ 
the term is used incorrectly to embrace bacter,iacldes' and. ytri.c-\cle~. ".: 
Some of the world's worst famines have been due to plant diseases ; the 
Irish potato famine was caused by Phytopthora blight and the Bengal 
famine of 1943-44 was the result of an attack on rice by Helminth~~porium 
oryzae. As with insect attack, plant diseases are often the resuTt' 
of weather conditions favourable to the development of ,the dis-ease. 
When a particular crop suffers repeatedly from di:sease, the :farmer .will 
often have to resort to changing the crop or asking the plant breeder 
to try to breed varieties with increased resistance 'to dis'ease.", . - ~ 

In South East Asia, fungicidei are not widely used io ~ri£~~but i~ Ja~a~ , " 
US$180m worth of fungiciqes are used on blast and So,heath bhght " , " ,:: 
Fungicides are extensively used in the production -of ~egetable~ and _, 
fruit, not only for domestic consu~ption, but al~o for . expo~t and ,where : ~ ! 
quality control is critical. Indeed, it is doubthl jf,?ther-e' ~~uld --,',, ~ , 
be any organised horticulture without fungicides. ', ~ ,', , 1 ! hJ'-- , ,' ,:-;.', 

;,.. .~' l' • • ' ,., ( .: • ,: , ' • 

Whenever there is specialisation in monoculture as~ fo!r. e:xamp~eLin ,-planta.tions, 
the right cond itions ar~ created for epidemics tO l ari5e_ ~ Tbe t~bb~r , , 
industry has to be vigilant against ' ttle ifltrodtJe1:r;on ' of SQutoh American J~-af , 
blight whilst the tea industry regularly contends with bli5<.ter b,lig}lt. , 
Fungicides playa vital role in the protection., o-f ba ,nana ' i 'Jl9"'6nt~ltj0ns 

from SlJatoka and cocoa plantations frofll hlack .~p'Od disease',c.1 50rnetimes,~ II' " 

of course, good husbandry alone can go some way to control fungal 
diseases but often chemical methods are necessary jf the farmer ,or planta.r ,', . 
is to avoid the serious financial ' consequences that can" a'r.hi-e cfrom taking" 
inadequate precautions. ' 'i' i;, :1',,4 r • 

... o::! i • ~ J ~ L1 I 

f.ungi cides and insecticides may also -be app~ iedt ' 1!nt t'he.dse.ed . b-e;fore~ SOW1'19' 
'tHereby providing a coating to protect the young fs-eed!him-g Jfrom so:11 ~ 
borne pests and diseases a'T'fc1 this is a palrticuliqrl~ -cReal" metbo-,d, orf , ,~,' 
treatment. .. ' -' l/1G, II, .', ' Ji.~v"~I~. ,', 

L .:... .~r!J t, ',; ?)!;) I . I 

1,1£;." I' :~ {; I e I rl. ,1 ~ t q q I r r \' 'j;' .' 

I 1 ':: { ;"'! J r 't t LJ ,- i,' i' P 'I (1: •• " 
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I I~ t ' bi c ides 

The next group of products I shall consider is herbicides which are 
desc r ibed as chemicals which _~e~t~oy unwanted plant tissue totally or 
selectively either by contact or systemic action ~ 

Compared with insecticides and fungicides, this is a much less understood 
- and dare I say much more maligned - range of products. People often 
think of a herbicide as merely a chemical way of killing weeds that could 
otherwise be controlled using hand labour. There is, of course'- some 
truth in that, and where labour is cheap and plentiful, it may be correct 
to use manual labour or mechanical methods. Those of you, however, who 
are familiar with the plantations of Malaysia, will know that labour 
is no lon ge r cheap and may not be easy to obtain. I do not think, that 
from my limited experience, I can name any estate i~ Malaysia which still 
relies entirely on hand labour. 

Experience has shown that over the long-term a four or five fold reduction 
in weeding costs has been achieved by most plantations using herbi cides. ! Ff ' , .,[1 
In any event, some weeds cannot be contro11ed~other than by chemica l e IU~ro; 
means. Here I will refer to the well-known South East Asian weed Imperata -
cy1indrica (Cogon in the Philippines, alang-a1ang in Indonesia, 1a11ang 
in Malaysia) for which the introduction of compounds such as da1apon 
and glyphosate have been a boon to plantation owners and smallholders 
ali ke. 

Herbicides can be used either to kill weeds outright or to keep th~m 
under control in a form of weed management. By leaving the weeds in situ, 
a mulch of dead weeds and their roots is allowed to build up, thereby 
binding the soil and preventing erosion. In this way the soil is not 
disturbed and weeds are destroyed before the seed heads form, thereby 
avoiding the :de;e1opmentof a seed bed of weeds; as a result there are 
fewer weed seeds and progressively fewer weeds germinate each year. Under 
a crop such as tea this has led to better soil ferti1ity, less root and 
crop damage, better humus build up, less erosion, and better fertiliser 
uptake - these factors taken together give rise to enhanced yields which 
are obtained at a fraction of the alternative cost of hand weeding. 

The advent of herbicides such as paraquat and glyphosate , which are 
inactivated on contact with the soil, has opened up exciting new horizons 
through the ability to establish crops with minimal or zero cultivatl nn. -
Zero tillage is achieved where pasture or cereal stubbles are sprayed 
with a herbicide and the crop is drilled through the treated weeds , the 
dying weeds and stubble remaining undisturbed. Quick turn- round from 
one crop to the next, late grazing for stock, rapid crop establishment, 
less wind and rain erosion, and lower energy cost are some of the benefits 
of this technique . In the less extreme intermedlary form of minimal 
tillage, herbicides are used to r·educe the number of cultivations that 
are made to prepare the seed bed. ThiS technique is widely practised 
in Japan and South East Asia to prepare seed beds for vegetabl es and 
rice, and also to allow short maturing rice to be multi-cropped. 
More efficient use of fertiliser and irrigation water ensues. 
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In pa rt s of Brazil, . double-cropping of soya bean and wheat in 
rotation calls for two cuitivations per annum, thus laying the soil 
open to the elements and to serious erosion. Zero tillage has reduced 
erosion by up to 95% and this has brought major economic benefit both 
to the farmer and to the Brazilian economy. Improved moisture conservati on, 
reduction in terracing costs, improved planting rate, timeliness and . 
savings in fuel have led to increases in wheat yields, and lower production 
costs. Table 2 shows the effects of different tillage systems on run-
off and soil loss. In the USA the growth of minimal tillage and zero 
tillage has been rapid, with the advent of suitable herbicides and the 
stimulus of successive oil crises. In '1 963, only an estimated 5m acres 
were planted in any form of minimal tillage regime, yet it is forecast 
that out of a poss ible 370m acres of crop land in the USA by the year 
2010, 90% may be minimally tfl~ed and as much as 50% of all crops will 
be grown with zero tillage. These predictions were made in 1975 and 
may now seem somewhat over-optimistic, but they do illustrate the high 
potential of the techniques. 

TABLE 2 

Effect of Tillage Systems on Run-Off and Soil Erosion Under Maize for a 
Rainfall of 44.2mm 

TI LLAGE SYSTEM 

No Ti 11 age 

Ploughed 

Bare Fallow 

SLOPE 
% 

15 

15 

15 

Source Rockwood and Lal (13) 

RUN-OFF 
% 

2.2 

13.3 

21.5 

SOIL LOSS 
t/ha 

0.0015 

3. 92 

16.0 

It has been estimated that in the tropics 60 - 70% of a farmer's time 
is taken up with controlling weeds. This is well justified for researchers 
have reported that in upland rice, for example, early weed competition 
can reduce yields by at least 50%. In rice crops the use of cheap selective 
herbicides, supplemented with manual weeding, is now giving way to better 
and more cost effective broad spectrum chemicals. With direct seeded 
rice, which is an increasingly popular technique in South East Asia, 
manual weeding is almost impossible and herbicides have become almost 
essential. Over and above the significant yield improvements, it should 
not be forgotten that the use of herbicides also helps to smooth out 
the peaks in labour requir~ents that occur seasonally . 

. .. -

78 



7'il~ c'hgmi f'!aZ Indw~try ' f:' Crmtr ibuti rJn To ItgY'l :f'!uZtur aZ Prociuf'!tivity With 
tGr _t 7' f'!U Zar Rq fgy·grw q To D~vg ZlJping Countr iqs 

One other important aspect of the use of herbici ~es that I would like 
to dt'aw to your attention is that of selective activity. I have mentioned 
the selecti ve activity of he~~ i~ rdes in rice. An even greater challenge 
to the chemical indust ry is posed -by the idea of~n agricultural chemical 
which can select one srecies of grass out of an annual grass crop, the 
effect of which is com~arab1e to the control of wild oats in a crop of 
cereals. Recently, after many years of research , chemists have begun 
to invent compounds wh ich will selectively kill grasses in a broad leaf 
crop such as soya bean , potatoes or tea. 

Plant Growth Regulator (PGR) 

Let me turn now to P1a t Growth Regulators (PGR) which may be defined 
as compounds which influence plant growth and fruiting habits. Plant 
Growth Regulators are c diverse group of compounds used to stunt crops, 
prevent lodging, prune growth, stimulate flowering and hasten or delay 
ripening. For example , the plantation industry in South East Asia makes 
u~e of ethylene generat i ng compounds to stimulate latex in the production 
of natural rubber. Th(' PGR sector is one which I believe holds much 
promise for the future and this will be realised most successfully through 
collaboration of the gE'neticist, the plant breeder and the chemist. 

Rodenticides 

The last group of products I want to mention is rodenticides. Rodents 
are both an agricu1turil 1 and a public health problem. Diseases are also 
spread by other organi sms such as molluscs. 

Rats have been one of mankind's oldest enemies, not only because of the 
food that they spoil alld eat, but the damage that they do to the fabric 
of buildings and the disease they are capable of transmitting. They 
attack grain crops as well as stored and harvested produce. A few 
examples will perhaps serve to illustrate the problems and the considera ble 
benefits, both social iln d financial, of keeping rats under control. 

China - Stored Grain. Losses of as much as 20-25% of foodstuffs in store 
due to rodents are not uncommon. In China, approximately 4% of the country's 
grain production is imported, equivalent to 13 million tonnes costing 
US$2,400m in a year. Use of rodenticides could prevent destruction of 
this amount of rice in storage at a cost of only US$24m, thereby eliminating 
the import bill and showing a 1 : 100 cost/benefit ratio. Perhaps most 
importantly, China would be self-sufficient in grain. 

Thailand - Rice. Dama ge of only 1% of rice tillers before harvest by 
rats is equivalent to 1 6-7% loss in yield. In Thailand, with average 
rice yields of 3 tonnes per hectare (at a value of US$150 per tonne) 
a 5% loss of tillers, which is by no means exceptional, results in a 
fioancia1 loss to the farmer of US$135-160 per hectare. Set against 
this, protection can be achieved at a cost of rodenticide, including 
application, which is se ldom more than US$10 per hectare - a cost/benefi t 
ratio of 1:16. 
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Mal ays ia ~ Oil Palm. In a series of trials in Malaysia it was reported 
t hat ra ts cons umed on average 479 kg of oil palm mesocarp (the oil 
bear ing tiss ue) per hectare per annum. This is the equivalent of 240 kg 
of processed oil (approximately 5% of yield) and at, say, US$500 per 
tonne , l osse s amount to US$120 per hectare per annum. The cost of rat 
bait per hecta re per annum is US$4.70 (excluding labour costs) - and 
this co st i s only 4% of the potential saving . It is no wonder most 
e s tat~s attempt to control rodents. . 

The challenge to industry and governments is to achieve an understanding, 
among all growers of food and -industrial crops which suffer heavily from 
rode nt damage, of how a modest investment in rodent control can lead 
to such large financial rewards. In order to control rodents effectively, 
there is a need for co-ordination from the authorities, as an individual 
farmer or pl anter cannot adequately control them unless there is control 
in all farms and estates over very large areas. In this connection I 
shoul d say t hat indust ry has considerable experience in handling the 
logi st i cs of large rodent control campaigns in agriculture and public 
hea lth . 

The probl em s which rats cause, because they are carriers of disease, 
are well app reciated and need not be elaborated here except to mention 
the i ncrease in labour p r~ductivity which can result from an improvement 
i n hea lth i n a r ural or urban population from which rats have been 
eliminated. This ultimately is reflected not only in crop productivity 
but i n industrial output. 

Appl icat ion Technology 

Following this survey of the various groups of products it is appropriate 
to mention developments in application technology. Chemists, assisted 
by formulation experts, have over the years synthesized compounds which 
are more and more active, to the point where we now talk of application 
rate s of only a few grammes of active material per hectare. 

Howeve r , until recently, all chemicals were applied through the same 
spray machinery which had remained virtually unchanged since the development 
of the hydraulic sprayer. The importance of controlled application is 
now being recognised and the agricultural chemical industry is playing 
an active part in working with application specialists to produce new 
machines and formulations. High volume sprays delivering 200-2,000 litres 
per hectare are beginning to be replaced by low volume sprays and even 
ultra low volume sprays capable of spraying as little as t litre per 
hectare. The principles of physics, for example, centrifugal force and 
elec trostatics, are being applied in order to select and achieve the 
correct droplet size for efficient but safe application. 

In my own company a range of formulations is being developed in sealed 
conta i ner s specifically for use with ICI's new invention, the 'ElectroDyn' 
Sprayer. Droplets of the correct particle size are produced electrically 
and a charge is imparted tcrLhe droplet to' ensure its speedy passage 
from spray nozzle to plant giving even dis tr ibution and wrap-around on 
the crop. A high percentage of the emitted spray hits the target and 
con tamination of the operator and the environment is minimised . 
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The amount of chemical applied to the crop is also controlled in this 
t ec hnique. The end result is an effective, fast and highly convenient 
application method which is fi .~i nctally and techni call y within the reach 
of most fa rmers. The development of the 'El ectro~' project requi res 
a multi-disciplined team effort using the skills of chemists, physicists 
and application experts as well as the normal biulogical and commercial 
skills. 

HOW SHOULD INDUSTRY PLAY ITS PART ? 

I hope I have indicated that industry has already developed a wide range 
of cost effective compounds which is capable of great~y increasing 
agricultural productivity. Research and Development is on-going and, 
hopefully, will produce more potent and more selective compounds which 
will also meet the requirements of the registration authorities around 
the world. Industry should, therefore, work closely and co-operate with 
national authorities in the evaluation of products. Companies involved 
in developing agricultural chemicals also need to have a good understanding 
of the farmers' and planters' requirements and of national aspirations, 
which means that products must be tested and developed under local 
conditions before any attempt is made to sell them. Indeed, some chemical 
companies like mine have their own chemical screening stations based 
in ASEAN territories. 

The final decision as to whether a product is offered for sale and in 
what form, in any particular country, rests with the national registration 
authority, which has to be satisfied as to the efficacy of the product 
as well as its safety, before sales commence. In addition to research 
aimed at finding new products, it is the responsibility of the agricultural 
chemical industry to carry out development and prepare submissions to 
registration authorities, including toxicological, environmental and 
biological data. The cost of this to the industry is between US$10-20m 
for every new product and it may take up to eight years before the first 
sales are made. In connection with development costs, industry very 
much welcomes the attempts being made by ASEAN Governments to harmonise 
registration requirements. Moves of this nature are of benefit to all 
because through them the highest standards of efficacy and safety can 
be established on a regional basis whilst at the same time, through 
harmonisation of standards, unnecessary escalation of costs is avoided . 

The commitment to research and development in leading companies is very 
large indeed and many thousands of products are screened every year for 
biological activity - in leI's case the number screened is about 10,000 
every year and none of these may turn out to be a worthwhile product . 
If one major new product could be introduced every year onto our sales 
range we would consider ourselves fortunate - but successes do not usually 
come that frequently. The high cost of the sophisticated Research & 
Development necessary for the invention and registration of new products 
can only be sustained provided new and effective products are found which 
can pe sold profitably. Without profits there cannot be Research & 
Deve 1 opmen t. 
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Once a product has been approved by national registration authorities, 
there is still much to be done to ensure that it is used correctly. 
In many countries in the region national governments have the main 
responsibility for education and training of many agricultural workers; 
they also are responsible for extension work. But industry also has 
a responsibility to ensure that its products are used correctly and 
safely. Hence, it is of paramount importance for industry to work 
closely with the relevant government departments in each country. 
This calls for much free and frank discussions between industry and 
gove~nment so that products can be ev~luated objectively and thoroughly 
and appropriate application procedures developed. Industry must get 
its evaluations right for the repercussions of being wrong are not 
acceptable. I, therefore, welcome developments such as the Integrated 
Pest Management Scheme here in Malaysia which aim to secure the benefits 
which can be achieved from the use of approved agricultural chemicals 
but at the same time ensure that they are used in ways which do not give 
rise to potential hazards. Initiatives of this nature must be given 
industry's full support. It is in the industry's own interests to do so, 
for a healthy, thriving agricultural sector is the life-blood of the 
agricultural chemical industry. 

There is one other aspect of introducing effective agricultural chemicals 
which I want to mention . The agricultural economies of developing 
countries are a mix between the most sophisticated vegetable, plantation 
and export enterprises and the fairly basic small scale agriculture which 
is still sometimes at subsistence level. It is perhaps fairly self­
evident that the first sector needs a continuing flow of innovative 
products, but sO,too,do those working on a small scale. For once they 
have seen evidence of products which under their small-scale basic 
conditions are capable of transforming yields, then provided they can 
afford the product which usually means providing some form of credit 
arrangements, they will be as interested to participate as any farmer 
or planter anywhere. How else can you explain the improvements in rice 
production in this part of the world? 

The challenge to industry and to our national governments is for both 
parties to work together to demonstrate the benefits that agricultural 
chemicals can bring and for the authorities to continue where necessary 
to improve rural credit facilities so that the small scale farmer, 
if convinced, can afford to apply products which will give him higher 
yields and improved productivity. 

That eminent agricultural scientist and Nobel prize winner, Norman 
Borlaug has said that a total ban on the use of agricultural chemicals 
would not only result in production losses of 50% but could also cause 
price rises of four or five fold. Let us put that another way; if 
we want to maintain and improve crop yields - whether food or plantation -
within the region, we must improve productivity. With agricultural 
chemicals today, we already have the proven tools with which to do so. 
The challenge is for industry and government to pull together to enable 
that transformation in our agriculture to take place. 
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ABSTRACT 

The preparation o f (ns-CsHs)2Cr2{CO)4S I : ; and (T)S -CsHS)2C'r2 ( CO)S(::' 2) 
:2 ) from the faci~e reaction of (nS-CsHs) 2Cr2 (CO) G with e~ementaZ 
sulphur J together wi th their stY"IA.CturaZ features, wi ZZ be discusse..::., 
.::zgainst a brief background re~iew of avai ~ab ~e synthetic methodsmd 
known structuraZ types of transition metal sulphur comp~exes. ~~ 
significance and imp~icatio1U3 of this area of sulphur researC'h :.)1' :.­
be noted. 

INTRODUCTION 

Complexation of diatomic molecules ego O2, N2, CO, NO, CN-, 
is a subject of continuing research interest,' because of its biologlcal 
and catalyt i c implications . In the last decade, this area has been 
extended to cover the S2 ligand, which shows a remarkable versatility 
in bonding modes and thus demonstrates a ~reat potential in the 
synthesis of new metal cluster complexes. So far most of the work 
has been focussed on Fe Mo and Mn, for obvious biochemical reasons. 
Thus the interest in Fe~S clusters lies in their potential application..., 
as models for the active site in non-heme iron proteins such as ~. 
the ferredoxins. In fact the Fe4~4-cubane geometry of [(CsHs)FeS' ", 
and [(RS)FeSJt are found in the [(RS)FeSll+ units in the ferredoxin 
from peptococcus aero~enes.2 Likewise a iot of Fe-S and Mo-S 
chemistry is aimed at unravelling the nature of the en~e nitrogenase 
which converts N2 to NH3 under normal conditions and is now known to 
contain 2 proteins, one of which is an Fe protein (the electron 
carrier) containing subunits of 4Fe-4S clusters and the other a 
~'loFe protein (the reaction carrier) with 2 Mo, about 32-33 Fe and 
27- 32 II 1 ab i 1 ellS a toms. 3 
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Sulphur complexes of the rest of the transition elements, 
other than Fe and Mo, are only occa~iona11y reported. 1 Here in our 
laboratories, I have chosen to investigate the reaction of rns-CsHsCr(CO) 3lz with elemental S8 for two main reasons. First, 
despite much work on ~,1o-S 2 systems (for reasons menti oned above) 
sulphur complexes of Cr and W, the lighter congenors of Mo in Group 
VIA are unknCMn. * Se.C9ndly, by vi rtue of its very long Cr-Cr bond 
as shown by Cotton's X-ray structural ana1ysis,6 [nS-CsHs)Cr(COhh 
is much more reactive than [nS-CsHs)Mo(COh]2' as demonstrated , 
by its reaction with P(OMe)3. 7 The reaction of [nS-CsHs)Mo(COh'1z 
with S8 in ref1uxing C6H6 for 16h., has been reported to give oniy 
an unidentified insoluble polymeric material. 8 It would be interesting 
therefore to study the reacti vity of [nS-CsHsCr( COhJz tCMards S8' 

SYNTHESES OF SULPHUR COMPLEXES 
Oisu1phur complexes can be prepared by various methods, 

which can be grouped together under five main classes of reactions ,1 
name ly, vi a. 
a) a positive S2 group (agent: S ~+C12 or S8/S2C12), e.g . 

Nb + S2C1 2 ~ Nb2(S 2)2C14 
MoC1 3 + S8/S2 C1 2 ~ M0 3S(S 2)3 C1 4 + Mo2(S 2)2 C1 6 

b) a neutral S2 group (agent: S8), e.g. 
ML4 + S8 + ML 4(Sz) 

c) a negative S~- group (agent: S ~- in po1isu1phide) e.g. 
(nS-CsHs)2MoC1 2 + NaZS2 ~ (nS-CsHs)2Mo(S2) + 2NaC1 
M0 3Sd CN)r + Sr ~ iM03S(S2h 12-

d) oxidation ot S-containing ligands, e.g. 
ox 

* 

Fe(CO)dSH)z ) 

During the course of th i s vlOrk the W analogues of sane ~~0-S2 
comp1exes 4 and the first Cr-S2 comp1ex 5 were reported. 
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e) other 5-containing reagents e.g. 

H25, P4510 , C05, Na254 or Na2S, R2Sx and Na2S03' 

In recent years, method (b) has been fou nd t o lead to many new 52 
comp 1 exes, 

Unlike -most reactions of cyc100ctasu1phur with transition 
metal complexes, which require either thenna i or photochemical . 
activation for prolonged periods, 4,9 it is found that [(lls-C s H ~ )Cr(CO) ,. _ 
reacts ins tantaneous 1y wi th S8 at ambi ent temperature. A deep green 
solution of [Il S-C ., HsCr(CO h 2 in THF or toluene under nitrogen with 
1/8 equivalent of 58 turned immediately to a greenish brown solution 
from which was isolated (IlS-CSH S)2Cr2(COh5 (1), as air-stable dark 
green needle-shaped crystals (m.P. 111-1120) in 100% of isolated 
yield. With 2/8 equivalent or more of 58' a deep reddish br~n 
solution resulted. from which was isolated ( r S-CsHS) "Cr2(CO)s(52) (_) , 
as fine dark brown air-stable crystals in 90~ yield. The product 
crystallised as dark-brown rectangular prisms with curved faces from 
THF/pentane after ca , 20 days at -780. Both complexes have been 
characterised by total elementa l , complete spectral and X-ray diffractlon 
ana1yses. l O 

STRUCTURES OF S2 COMPLEXES 

Structural Variety 

The remarkable versatility of 5 as a ligand has resulted 
in a variety of bonding modes and hence a variety of structures, 
conventionally classified by Muller l as types la, IIa and IIb, III 
and IV, illustrated in Table I belo.-J. ~ledifications of these structures 
arise from the ability of the remaining one pair of electrons on 
5 to coordinate to additional metal atoms. 
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TABLE I: STRUCTURAL TYPES OF S2 COMPLEXESl 

~ Structure Example 

Ia 
/$ 

M,,! [Ir(dppe)2(S 2 ) ~ + 

$ 
/M [Mo 4 ( NO h($ 2)S$ 31 4

-

Ib M/I 
"$ 

Cp 2 Fe 2 ( S 2 ) 2 ( CO ) 

/M 
S 

Ic M/I Mn 4 ( $ 2 ) ;! ( CO h ~ 
's 

'M 

S 
,/M 

Id t~'/ I 
"$ 

M/ 'M 

Mn d $ 2) 2 ( CO) 1 c. 

/M 
I I a $ 

~ ( NH 3 ) 5 Ru ( $ 2 ) Ru ( NH l ) ~ . . 
+ 

~ 
M/ 

.......... M 
lIb $ 

Cp 2 Fe 2 ($ 2 )(SEt) ~ I 
$ 
'M 

M 
$/ 

I I c I CP 4C04 ($ 2) 4S2 S 
M/ 'M 
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TABLE 1 (conti nued) 

~ Structure Example 

M 
'-....S/ 

M 

I I d ~ 
M/ 'M 

{ S C 03 ( CO ) 7 } 2 ( S 2 ) 

I I I i~~ [Mo 2(S2)6)2-, FeZ(CO) f; (SZ) 
M M 

IV 
T 
S 

M/ '-....M 
CP 2Cr2(S2) 2S 

The complex (2) with a structure as shown in Fig. 1. 
is the first example of a Cr-S complex based on the Cr2S2 unit. 
The most outstanding feature is the simultaneous end-on and side-on 
bonding of the S2 ligand, i.e. S2 functions as an unsymmetrical bridge 
between the two Cr atoms, Sl Qe i ng bound to both Crl and Cr2 
[Cr-S = 2.348(2) and 2.~6(2)~ respectively] while S2 is bound only 
to Cr1 [Cr-S = 2.399(2):z!.J. This bonding feature, of type Ib in _ 
Muller's classification is the first of its kind for a Cr complex and 
the third of its kind among the transition metals . The two previous 
examples were l~04(NOh(S2)sS 3J4 - which posse~es four such (S 2) groups . 
[S-S = 2.048(7)~ av., Mo-~ = 2.465(5)-2.492(5) 11 and (llg-CsHs h Fe2-
(S 2h(CO) [S-S = 1.993L8)~ av . , Fe-S = 2.230(6 -2.293(6)AJ9 . The S-S 
distance in (2) [2.009'AJ is close to the arrove values and to that 
in octasulphur $8 [2.060~J12. The coordination geometry around Cr2 is 
of the 4-legged piano stool type with the metal atom having an l8e­
configuration completed via one 6~ and four 2-el ectron donor ligands" 
In contrast, Crl is electron deficient (16e-) and is best envisaged 
as having a 3-legged piano-stool coordin at i on geometry as found in 
(CGMe G)Cr(CO)3 1 3 with a single n(L)-d(M) a-bond to the nZ-bonded S2 
group. 
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FIG. 1: Molecular structure of (nS-CsHshCr2(CO)SS2, (2). 
Bond ang les at sulphur are: Crl-Sl-Cr2 = 125. 8( 1), 
Cr1-S1-S2 = 66.3(1), Cr1-S2-S1 = 63.7(1), 
Sl-S2-Crl = 50.1(1), Cr2-S1-S2 = 115.5(1)°. 

SI 

FIG. 2: Molecular structure of (nS-CsHS)2Cr2(CO)4S, (1). 
Bond angle at sulphur: Crl-Sl-Cr2 = 174.4(1)0. 
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In (1), as shown in Fig. 2, the two Cr atoms are linked 
by a si ngle ~-S bridge, the ligand arran~ement about each metal atom 
being of the 3-legged piano-stool type. l This is the first example 
of a binuclear Cr complex based on the Cr2S u~'t, i.e . a sing l e 
bridging S. The Cr-~S distances [2.067-2.076 a noticeably 
shorter than those in (AS-CsMes)2Cr2SS [avo 2. 38~ S . Indeed, the 
Cr2S unit [Cr-S = 2.072J!. av., Cr-S-Cr = 174.40 aV.i is structurally 
very ~imi lar to the Mo 2S unit in [(CN)6MoSMo(CN )ol - 14 f.Mo-S = 
2.173J!. & Mo-S-Mo = 169.50 J, and as in the Mo comp'ex, the unusually 
short Cr-S bonds are probab ly due to the presence of S -+ M 1T-bondi ng 
interactions. IS T~e parallel-antiparallel dispositions of the carbonyl 
groups are also consistent with the presence of Cr-S double-bonding. 
The observation of a single 13C (CO) resonance in both the 250 and 
1830 K NMR suggests that the barrier to rotation about the Cr-S-Cr 
axis is small. 

It is of interest to compare the metal-sulphur bonding 
features of these Cr-S complexes with those of other S complexes of 
Group VIA elements (Fig. 3). It will be noted that the bonding mode 
of S in (2) is not observed at all in (n S-CsMe shCr2S !> , the only 
other reported S complex of Cr, s nor in any of the other Mo or W 
complexes in Fig. 3. Instead, there is a strong structural resemblance 
between (nS -CsMe S)zCr2SS and (nS-CsMe s )zMo 2S4. 4 Both molecules contain 
a planar arrangement of S atoms perpendicular to the metal-metal 
bond and parallel to the two (n5-C !>Me s) planes, and both contain S 
in similar bonding modes, namely, a ~- n2 -S 2 bonding mode (Side-on 
bonded disu lphur bridging two metal atoms) and a w-S bonding mode 
(bridgin? two metal atoms). The Cr complex, however, has an additional 
novel n (w-S,S) ligand with one uncoordinated S atom. The other 
two complexes in Fig. 3, (nS-CSMeS)zW 2S3 4 and [(nS-CH3CsH4)MoS J 2,1 . 
which possess very similar structures, again show very l i ttle resemb lancp 
to (1). other than the oresence of w- S bridginq l igands and the ant i ­
parallel disposition of the M-CO and/or M-S groupings in all of them. 
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SuLphur CompLexes Of The Transition MetaLs With specia L References 
To Chromiwn 

CON Ct. US I ON 

The new complexes described above reemphasise the 
versatile manner in which sulphur can bon d to t ransition metals, 
resulting often in complexes with novel interesting structural 
features and indicate again the often-demonstrated potential of 
sulphur in the generation of high nuclearity clusters,17 particularly 
of mi xed metals, which promise to be of both biological and catalytic 
im~ortance. Apart from thi s, the unusually fact le reacti on of 
( n -CsHs)zCr2(CO)6 with Sa shows considerable potential for 
appli cation in desulphurisation reactions. 
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A NEW METHOQ. Of EDUCTIVE DEHALOGENATI ON 

OF ARYL AN D ALKYL HALI DES BY trTHI UM 

ALUMINIUM HYDRIDE 

Goh Swee Hock 

University of Malaya , Malays i a . 

The reduction cf aryl halides by lithium aluminium hydride proceeds 
via formation af raiical and/ or carbanior; in termediettes . A pho tochemi ca,' 
proced:u:re is developed foY' the reduction of various halo compoun ds i ncludi ny' 

aryl chlorides and fluorides , vinyl bromides , neophyl chloride and 7 , 7 _ 

dichloronorcarane , all of which are nOY'l71ally difficult to be reduced bb 
other methods. 

Among th e cOf11p1ex hyd r ides, lithium alumi nium hydride (LAH) is one 
of the most ve rsatile of re ducing agents capable of reducing a variety of 
functio nal types. The reagent is known to re du ce some organic halides and 
recently th is was reappraised by Krishnamurthy and Bro,..rn (1). Although the 
reactivity patte rn for aliphati c halides (RI > RBr > RC1; allylic > 1° > 20, 3 ~ 
sec-butyl » neopentyl; cyc lopenty1 > cyc1 0hepty 1 > cyclohexyl) appears to favour 
a simple SN2-type of re acti on , the substanti al reactivity of aryl ,vinyl and 
0'clopropyl halides (which are n onna~ly res is t ant to SN2 attack) i s very 
suprising. Despite previous reports (2 ,3) that aryl brOO1ides unde rgo 
uncatalysed reduction conveniently, the reacti on shou l d more appropriately 
De described as erratic. For example, p- bromotolue ne has been reported (2) 
to be on ly 7% reduced by LAH in tet rahy drofu ran at 65° afte r 24 h but 
Bondjonk (4) f ound a 20% reacti on at 250 afte r 24 h. Curiously however, 
the reduction can be accel erated by ultras oun d irrad'l ati on. 

Brown (1 ,3 ' vJ ho f irst explored the rea cti on ex tensively considered 
broadside SN2 and fo ur - centre mechanisms (Scheme 1) . Chung (5) detected 
carb ani on and radi cal f ormation wrile Singh (6) also found radical cycl 1 -

zation products. The detection of radicals is one th ing but the overall 
significan ce of r adi ca ls in the reaction may be a dif ferent matter. LAH -
reductions may give i nconsistent results , e.g. the re duction of o-allyl­
oxybromobenzene gave variable amounts of r adical cycliz ati on product. 

SQ1EME 1. PREV I OUSLY POSTUL ATED r~E CHANIS~lS 

X, 
/r. 0 

Ar- X Ar Al - -H 
:<; 
J H ' H 

W 

ArX LAH ~ Ar- , At" 
? 

A careful examination into cllf: n~chanism of th (: reducti on was 
carried ou t es pe cial ly to monitor c2rb ?ni on and r c.d ical formation and t he 
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results are summarised in Table 1. Uncle!" nitrogen, the amount of cycli­
zation (radical fonnation) was small but the large amount of deuterium 
incorporation indicates anion (or arylmetal species) formation. ,The 
presence of oxygen (or ai r) causes the rate to increase and the radi cal 
cyclizati on product also increases- considerably (Table 2). The pa"rticipa­
tion of oxygen as illustrated in Scheme 2 shows the generation of aryl 
radical and alane radical ion A1H 3·, The presence of oxygen also gives 
rise to 02-trapped products whi ch are as shown. 

SCHEME 2. INITIATION BY OXYGEN AND OXYGENATED PRODUCTS 

Ar- t O2 -+ Ar' t O
2

.1 

ArM t O2 -+ Ar· t M02 ' 

Ar' t O2 -+ Ar02" 
. 

Ar02 ' t A1H 4 - -+ ArOzH t A1H 3 -

OoCHz' !QjCH2OH 
~ I ~ ----'r ~ I. 

0 O2 LAH 0 

OH aroo 

0:> • JJ ~ ~ -7 

Having clarified the problems associ ated with the LAH reductions, 
an improvement can be incorporated into the reduction by the use of suitable 
radical initiators . This was carried out by the photolysis of di-tert-
butyl peroxide in the reaction and results obtained are shown in Table 3. 
These are in good accord wi th the mechani sm shown in Scheme 3. The 
expected increase in the ratio C/U with decreasing concentration of lithium 
alumini um hydri de was observed ......... 

SCHEi~E 3. MECHANISM OF REACTION 

ButOOBu t hv 2Bu to' -+ 

ButO o + A1HI+- -+ 2Bu tOH t A1H3.f. 

A1H3.1. t ArX -+ A 1 H 3 X- t Ar' 
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A New Method Of R~ductive DehaLogenation Of Aryl And Alkyl Halides By 
Lithium Alumi um Hydride 

The photostimulated redu c.tion was' extended to a variety of organic 
halid:s and excellent results-"were.obtained (Tab~ 4). Aryl halUes 
including fluorides were reduced in good yields and reactivity we.., of the 
expected order Ar I >ArBr >ArCl >ArF. Nuclear substituent effects were 
small. Aliphatic halides including cyclopropyl halides were similarly 
reduced. The reduction of allyl 2-bromoallyl ether and neophyl chloride 
gave cyclisation and 1,2-rearrangement products respectively as illust-
ra te c! i nS ch erne 4 . 

SCHE~~E 4. RADICAL CYCLISATION AND REARRANGEME NT 

~ -;:; LJ l:J loJ + + 
0 

24X 29% 47% 

"* U' + U· 
0 u 

Me 
I 

Ph- C- CH Q Cl + Ph-CMe3 + Ph-CH2CHMe2 + Ph- CH=CMe2 
I 

t,1e 77% 21 % 201 
10 

Ph Me 

+ ':C-CH 2-Ph 
/ 

Me Me 

lhe results presented in t hi s paper resolves most of the 
contrnversies (7) surrounding lHhium aluminium hydride reductions of 
organic halides and the procedure developed paves the way for the 
convenient dehalogenation of most org cmic halides encountered in organic 
synthesis (8), 
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TABLE 1. REDUCTIONS OF O-ALLYLQXYBROMOOENZENE AND 4(0-BROMOPHENYL) 
BUTENE-1. . -~' . ..,... 

X [LAH] 1M Time/h Yie1d/% .c/1J* Quench ~-dl f-d 1 

0 1.2 28 18 0.03 02 0 91 % 

0 0.95 64 34 0.3 02 0 69% 0% 

0 0.5(LAO) 64 17 O. 1 H2 O 19 71 

0;0 91 76 

CH z 0.4(LAO) 67 47 0.2 

+ :,~ 
~X) 

u ~ 

TABLE 2. EFFECT OF OXYGEN 

X [LAH JIM Conditions Time/h % Reaction .c11J* -

0 0.95 N2 , air 26 33 0.02 

ac:initte dafter 26h 28 40 0.2 

0 0.95 limited air 21 100 2.5 

0 1.0 1 equiv. O2 0.5 23 1.5 

2.0 56 1.8 

22 100 2.6 

CH z 0.26(LAO) limited air 8 47 1.4 

* Reactions as shown in footnote of Table 1. 

65 



TABLE 3. PHOTOLYSIS OF O-ALLYLOXYBROMO~ENZENE WITH OI-TERT-BUTYL 
PEROX I DE IN TETRAHYOROFURAN. 

[LAH]/M Time/h Reacti on/% ~/!t Quench lJ- d1 

1.0 1.6 100 2.2 02 0 8 

(1. O)b LO 14 0.7 

0.85 1.5 78 3. 1 

0. 09 1.5 23 5.7(8.1) C 02 0 30 

0.6 (LAD) 1.3 65 4.3 02 0 81 

H2 O n. d. 

a Cyclised an d uncyclised products as in footnote of Table 1. 

b Wi t hout di -te rt-butyl peroxi de 

c Corrected for 30% U-d 1 

d Not determined 

j 

TABLE 4. PHOTOSTIMULATEO REOUCTION~ BY LITHIUM ALUMINIUM HYORIOEa 

~-dl 

0 

80 

80 

Ha 1 ide 

p-Iodoanisole 
o-B romoani so le 

Time/h 

1.5 
1.5 
2.3 
1.0 
3.0 
1.9 
1. 9 
0.5 
2.5 
2.0 
3.0 

Product 

Ani so le 
Anisole 

Yield/ ~~ 

0- Ally 1 oxyb romobenzene 
p-B romoch 10 robenzene 
p-Bromo-N,N-dimethylaniline 
p- Fl uoroani so le 
p-Fluorotoluene 
7,7-Dichloronorcarane 
Ch 10 rocy c 1 ohexane 
Allyl 2-bromoallyl ether 
Neophyl chloride 

Mi xtu reb 
Ch 1 orobenzene 
N,N-Oimethylaniline 
Anisole 
Toluene 
Mi xtu rec 
eyclohexane 
Mixtured 
Mixtured 

100 
86 
96 
92 
93 
93 
90 
93 
72 
53 
91 

a Reactions were carried out with the halides dissolved in clear 1M 
solutions of LAH in tetrahydrofuran containing di-tert-butyl peroxide 
and i rradi ated b'y a high pressure Hg lamp. 

b Refer Table 3 for product dist ribu ti on. 

c Mixture of norcarane (10%), syn- 7- chloronorcarane (65%), and ant i -
7-chloronorcarane (25%); yiel d of norcarane increased for longer 
re acti on times. 

d Refer Scheme 4 for product ratios . 
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STRU CTURAL ASPECTS OF PHOTOINDUCED CHARGE SEPARATION - . 
. ...,. 

IN MICROHETEROGENEOUS MEDIA: AN ESR STUDY 

Anson S.W. Li 

Un1vers1ty of Petroleum & M1nerals 

Department of Chemistry 

Dhahran - Saud1 Arab1a 

ABSTRA'CT 

The relative locat10n of the photoelectron 1n m1celles was 
probed w1th var10US types of electron scavengers . It 1S observed that 
1n the presence of Ag ( I) . Cu(IIl and EU II II) the llfe~1me of TMB catIon 
1n SDS an10n1C m1celles Increased up to 20 t 1mes . In the presence of 
organ1c add1 tlves WhICh has been determ1ned to res1de 1n the organIc 
non-polar reg10n of the m1celle . decrease the Yleld of the TMB catlon In 
SDS an10n1C m1celles. 

The yield of TMB cat10n was observed to be much less 1n the ves­
lcle systems than In the m1celles. Th1s 1S probably due to the further 
in dlstance of TMB solubl11zat1on site to bulk aqueous phase. D1mer1-
zat10n of photo10nIzed products was observed In ves1cles but not 1n 
m1celles. ThIS also decreases the Y1eld. Both factors are evaluated 
for opt1mum charge separat10n. 
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Introduction 

Photoredox reac tions in microheterogeneous media has been under­
gone intenslve research i n the r ecent years . 1 -' This mainly stem- from 
the fact that it could be used to harve s t s olar energy. The best ~nown 
such system , probably the leas t understood, i s the photosynthetic pro­
cess from our nature. The i niti a l step of photosynthesls is photolonl­
zatlon leadlng to ne t charge separatlon and t hus stored the captured 
quanta. 7 Rapld cha rge recombination after photoionl zation lS not a 
practical way to store energy. Recently, it has been establlshed that 
an oil/water boundary ' is necessary to malntaln cha rge separatlon. I

- ' The 
interpretatlon is that the excited photoelec tron once transferred 
through the oll- wa t er interface was captured (or hydrated) on the other 
slde and could not return. Though the exac t mechanistic step lS not 
known, the exact rearrangement of the chromophore s in t he reglon of the 
oll-water phase boundary i s responsible f or t he vectoral electron 
transfer. In othe r words . one wants to know mo re about the relative 
locatlon , the local enVlrOlment of the photolonlzed species , or the slte 
where photolonlzaton takes place. Upfartunately, very little lS under­
stood in this aspec t . 10 

The elec tron spin resonance (ESR) and e lect r on spin echo spec­
trosc opy (ESE) a re well-kno ..... n for studying pa r amagnetic speCles. They 
are partlcularly adapted to the study of di sorde red system as exempll­
fled by mlcelles , mlc roemulslons and synthe tl c veslcles. We have 
recently shown how ESR and ESE can be suce s sfully used to deduce the 
relat1ve locat1on of the' ca t l on of a chromophore 
N,N,N' , N' -tetramethyl benz 1dine (THB) in or ganlzed molecular assem­
blles. II - 15 In t his paper we study the effect of various electron sca­
vengers and monitored the Yleld of the THB cation as a function of tlme . 
From the kinetlcs . the solub1l i zation sites of various electron scaven­
gers and thelr reduced species, we obtained structural information about 
the relatlve locat l on of t he photoe lec trons . We also extend our studles 
lnto the synthetic ves icles, both anlonic and ca tionic. We find lnter­
est1ng contrasts ~~th ml cellar systems that give new lnformation about 
the structural requ1rements for optl~~ photogene ra t ed charge separat10n 
1n m1crQheterogeneou5 medla . 

E x peri mental 

M1celle So l ut 1ons were prepared b~ dissolving the surfactants 1n 
tnply dis t1lla ted wate r . The micelle concen t r at ions were typ1cally 
0.1 M. The TMB solut i on was prepare d t-y adding •. 1£ to the m1celle 
solution and stirring the mixt ur e al 60°C to help solubil iz1ng the THB. 
The TMB concentration was determ1ne J _0 be! 0.3 mN by optical absorpt1on 
w1th a Cary 14. The wavelengtr. :'CLe was calibrated with a holm1um 
oXlde filter and i s accurate to .:0 .3 nm. Inorganic elec tron s cavengers 
used were silver pe rchlorate, si lver- n' trate, s ilver su l fate , eu r o­
plum(III) nitrate and copper(II) sulfate. :hey we added to the 
freshly prepared THB /mice l lar solut ions. Organic e l ec tron scavengers 
used were iodomethane .. acetone , .:>enzene, dimethyl sulfoxide (DHSO) , 
dichloromethane and"·'''''i odoe thane. Th- • 'il ctron SCi. '. enge -" added were 
typlcally 1 mM. Deute rium oxide and- .lEute rated corr.pounds we re used for 
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ESE mea surements. 

~ 

The vesicle s olutions were prepared by dissolving the synthetic 
surfactants in triply distillated water, heated to 80 DC followed by 
sonication at 80 DC for 1 hr with a Fisher Model 300 Sonic dismembrator 
WhlCh was operated at 30 W wi th a 4 mm o.d. microtip. Typical coneen­
tratlons used were 9 mg of DODAC. 6 mg of DODAB, and 0 mg of DHP. each 
in 1.5 mL of water. 

Optical and ESR sample s were prepared 1n a glovebag flushed with 
dry n1trogen . rhe ES R samples for room temperature measurements were 
contained in 75 A pipettes , and the ESR samples for l7 K and 4 K exper­
lments were prepared in 2 mm i.d. t.: 3 mm o.d. Suprasil quartz tubing. 
The samples were fro zen in 2-3 s by plunging the sample tubes di rectly 
lnto liquid ni trogen. This lS ~apld enough that the water at a micellar 
surface retains a disordere d, noncrys talline structure,ll-lS so it is 
assumed that ml ::el le and veS1C e slJape s ln the frozen solutions are 
similar to those :n llquid Solut lons . 

Photoirradiations wer e carned out wlth a 900 W hlgh-pressure 
mercury lamp (PhillpS Hodel SP). A narrow band- P3 ss fllter (Cornlng 
no. 760) was used to pass ll~ht of predom1nently 350 nm. The total 
llght flux was 1.0Xl02 W/m 1 as measured by a radlometer. Typlcal lrra­
dlation times were 200 5. The ESE spec tra were recorded at room temp­
erature and at 77 K on a Varian -E4 ESR spectrome ter. The ESE data were 
recorded at 4.2 K on a home-buil t puls e d ESR spectrometer that has been 
described. 16 Most of the surfactants and the TMB were obtained from 
Eas tman Chemicals. Dihexadecylphospha te (DHP) was obtained from Slgma 
Chemicals. Dioctadecyldimethylammon ium bromide (DODAB) was exchanged by 
chloride ion to produce dioctadecyldimethy lammon1um chloride (DODAC). lS 

Results 

TMB in micelles 
TMB dissolves in micelles has an optical absorption maX1mum at 

307 nm and is quite similar to TMB in ethanol. 17 TMB in micelle does 
not exhibit any ESR spectrum. After photoirradlation for 250 s at room 
temperature the characteristic ESR spectrum of the TMB ca tlon is 
observed. The decay of the intenslty of the ESR signal is mon1to re d as 
a function of time. A linear semilog plo t give s a first order rate 
constant of 135X10- 5 S-1. This lS the init1a l decay rate of the TMB 
cation in anionic SDS micelle at room tem~erat'..ln~. ; .. 02. the decay I'ate 
nght after the light is t urned o:f . In tl ,-: pre'ser,ce of ;l.g(I) , '':u(~'':). 
and Eu(III) the initial decay rate becomes 3, 7 anc} 7 Xl0- S s- 1 t-esj:ec­
tively. In the case o f Ag(I), the rate is measured with li0h t off since 
silver chemically reacts wi th TMB. The- maximum intensity observed from 
these samples also differ from plain THB s ample. 11: the pr L~ '.: nce of 
Ag(I), Cu(II) and Eu (II I) the maximum yield becomes 5.6, 0.6e· and 4.0 
tlmes of the plain TMB sample. The halflife change s fror.1 O. 3 ~;. of the 
plain TMB sample to 8. 3 hours and 2.3 h~urs jr the presence of Ag(I) and 
Eu( III) . TMB cation is the only paramagnetic species obse'rved in the 
above samples. The expected reduced species of Ag(I) and Eu(II) are not 
observed. Due to the broad signal of the Cu(II), it has not been able 
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to determine whether the Cu(II) signal has changed. 
In the presence of the organic eJ.ectron scavengers , acetone, 

iodomethane, benzene and duroquinone, the maximum yield of the TMB 
cation is reduced. The maximum yield of TMB cations are 90, 80, 8 t , 80, 
and 60 % of plain TMB samples in the presence of acetone, iodomethane, 
benzene and duroquinone respective-l-y. Again, TMB cation is the only 
radical observed. 

A sample wlth added iodomethane fr oze at 77 K into a white poly­
crystalline solid and no ESR signal • .. as observed before irradiation. 
After irradiation the samp l e exhibited st r ong green yellow phosphores­
cence and turned into a~~bright yellow polycrystalline matrix. The dom­
inent specie is a quartet with an isotrop i c byperfine splitting of 23 G 
and an intensity dist ribution of 1: 3 :3:1. This is identified as the 
methyl radical. The ESR signal of the TMB catlon, though heavily masked 
by the methyl radical, was indicated by the yellow color of the sam­
ple. 1) Proton spin flip lines 1 8 were observed on the methyl radical 
spectra at both low f ie ld and high f i eld of the methy l peaks in both 
protiated and deuterated water samples. The nearest protons to the TMB 
cation thus from the orga'l1ic chain of the surfactant molecules rather 
than from the aqueous protons. Thi s indi cated that the methyl radical 
is residing in Lhe organic apolar re gi on of the mice lle. This is con­
sistent with the fact that m.ethy l radical is nonpola r , and thus is 
expected to prefer the nonpolar micel l e core. The ESE decay envelopes 
of the methyl radicals in deuterated water samples did not show deuteron 
modulation. This suggested that the methyl radicals is far away from 
the bulk aqueous surrounding. 11-14 • 

Deuterated iodomethane added samples after irradiation displayed 
the character i stic spectrum of a deuterated methy l radical, a septet 
with an intensity distribution of 1:3:6:7:6:3:1. Here the TMB cation is 
clearly observed since the deuterated methyl radica l is too narrow to 
mask the broad TMB cation signa l . When iodoethane was added, the cor­
responding ethyl radical was produced after irradiation. 

The experiment is repeated wlth TMB ln cationic DTAC micelle. 
The yield of the TMB cation at room temperature is approximately 33 
times weaker than in the anionic S~S micelle. This goes to the detection 
limit of the spectrometer and thus no exper iment wi t h the added electron 
scavengers were attempted. 

TMB in vesicles 
TMB dissolv5 in vesicle so lutions has an optical absorption max­

imum at 313 nm which is more close t o TMB in benzene. TMB in vesicles 
do not exhibit any ESR signal befor e uradiation. " Ct er photoirradia­
tion at 350 nm at room temperature, the colorle s s solution turns pale 
yellow. This color fades away in a coup l e of hours in both cationic and 
anionic vesicle solutions. Thus t he ye llow color after photoirradia tion 
denotes a relatively stable p r oduct. No such color changes were 
observed in the absence of TMB. The same color changes occur in micel­
lar solutions where the oxidat ion product was confirmed by optical 
absorption and by ESR to be the TMB radical ca tio' 11- 1) Optical 
aborption spectrum is slightly different from the ~sual TMB cation 
spectrum. The cationic DODAC vesic l e shows the .:hara-teristic TMB 
cation spectrum overlapping with a b roaj peak at 385 nm. The assignment 
of the TMB radL:al e"ition was la t er confirmed with ESR. At shorter 
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photolrradiation times the 385 nm peak decreases relative to the TMB 
cation peaks. The anionic DHE~ v ' cle solution behaves similarly except 
the intensity was only 30 % . as i ntense as in th~ cationic DODAC vesi­
cles. 

The vesicle solutions con taining TMB rapidly frozen to 77 K 
formed a white polycrystalline matri~. After photoirradiation , it gives 
strong phosphorescence in green and changes to a yel ~ow matrix. These 
characten.s tic s are the same as observe d for frozen micellar solutl.ons 
contal.nl.ng TMB. ESR spectrum aga in dl.splays the familiar TMB cation 
radical. The Yl.eld of the TMB ca tl.on was apprxl.mately 2 times more for 
the catl.onic DO DAC than the anionl.c DHP vesl.cles. 

ESE studies at 4.2 K observed that the TMB cation-water interac­
tl.on is much weaker in the vesicle when compared to the micelle. It is 
approximately 25 % weaker than t he ml.celle. 

Discussion 

We first look at the effect of adde d inorganic electron scaven­
gers in the TMB/micelle sys tems. The kinetic stuc ,es clearly show the 
effect of these added l.ons. In t he pre sence of these l.ons , the l.nl. t l.al 
decay rate decreases from 135 to 3 X 10- 5 5- 1. The decay rate de creases 
a factor of 20 tl.mes. The maximum yield of TMB cation is also l.ncreased 
to roughly 4 and 6 times. This suggests that the photoejected electron 
is scavenged by the metal ions to prevent some back reaction with the 
TMB cation. This agrees well with prevl.OUS workers. 19-10 The interpre­
tation is that the photol.onizatl.on t'akes place in the organic core of 
the micelle. The photoelectron is ejected from the apolar core to the 
polar buk aqueous phase and is rapidly hydrated. Some recombinatl.on 
reaction of the hydrated electron with the parent cation insl.de the 
micelle core is prevented by the negative ml.cellar surface potentl.al of 
the anionic micelle. Our ESR studies at room temperature gives physical 
supporting evidence for this model. The expected paramagnetic products , 
Ag(O ) and Eu(II) , are not stable at room temperature and so can only be 
l.nferred by ESR. The black precipitates observed indicated the forma­
tion of clusters of reduced Ag(I).21 The kinetic study and maXl.mum 
Yl.eld also inferred competing process of the Eu ( II) with the photoelec­
tron. 

The sample with added Cu(II) shows a sll.ght decrease in the max­
l.mum yield of the TMB cation. This could be due to the fact that Cu(II) 
has a high degree of being solubilized on the ml.celle surface. 22 The 
adsorbed Cu( II) ions are at a muc h closer distance to the TMB catl.on 
than when in the bulk aqueous phase. Thus the Cu(II) l.ons that captured 
the photoelectrons are capable of back donating .the electrons to the TMB 
cations. It has been reported that the back donation of the photoelec­
tron from Eu(II) to TMB cation ~s observed in methanoic so l ution. 20 

Similar reaction may take place in the micelle. Thus Cu(II) acts as a 
mediator for the back donation thus enhancing the back reac tl. un rather 
than blocking it. Therefore the observed maximum yield of the TMB 
cation is lowered in t he presence of CU(II). 

Proton spin flip lines arise from dipolar interactions ~ ith 

neigpboring protons. 11 Since it is observed on methyl radicals in de u­
terated water samples, the protons are from the organic chain of the 
micelle rather than from protons of t he bulk aqueous phase. Thl.s 
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suggests that the location of the iodomethane is in the organic region 
of the micelle. ESE decay envelopes do not· show deuteron modulation in 
deuterated water samples again confirms this. The lack of linewidth 
change of the methyl radical lines on going from protiated to deute r l ted 
water samples further strengthened this assignment. Back donation from 
the reduced organic scavengers to tfie TMB cations is thus enhanced· by 
the close distance of the organi~ scavenger s to the TMB. This is actu­
ally what is observed. All added organic scavengers lower the yield of 
the TMB cation. 

The two types of. electron scavengers form a self consistent pic­
ture. Both provides physical evidence to SUPP( rt the model that the 
photoelectrons leave the micelle core af ter photvionization. 

Photoionization of TMB in the vesicle solutions at room tempera­
ture generates a low concentration of the stable TMB cation radical 

_ based on the optical and ESR spectra. But, in addition, another specles 
with A(max)=385 nm appears to be formed. Based on recent reports, these 
other species are probably t he nonparamagne tic diamine-diimine charge­
transfer complex which formed from t wo TMB cation radicals. 23 Because 
of the large number of TMB molecules per vesicle, it seems possible that 
two TMB cations may be formed in some ve sicels.This is supported by the 
decrease of the 385 nm peak relative to the TMB cation peaks at shorter 
irradiation times. ·In other vesicles only one TMB cation is formed and 
so is stabilized as such . In frozen solutions TMB catlon is localized 
at ltS formation site and formation of the charge-transfer complex does 
not occur. 

The average environment of TMB'in mlcelle and vesicle systems lS 
different as suggested by the ESE spectroscopy. The weaker catlon-water 
interaction in vesicles when compared to micelles suggests that the 
average interaction distance between TMB cation and the nearest solvent 
water molecule is greater in the vesicle systems. This indicates that 
there is less water penetration into the vesicle surface than into the 
micellar surface. Therefore TMB is in a worse environment for hydrogen 
bonding in the vesicle system as compared to t he micellar system. ThlS 
explalns the observation that the absorption maximum of TMB in veslcle 
1S at shorter wavelength than in the micelles. A semiquant1tative 
evaluat 10n of the ca tion-water in t eraction indicates a TMB catlon to 
solvent water interaction distance 0: 0.5-0.6 nm. 

Finally we look at the yield of tne TMB cation. The yield of 
the THB cation is the net permanent chemical change, 1.e. the net charge 
separation maintained. The yield 1 3 much l ower in the vesicle systems 
than the micelles. Base on the s tructur al information obtained from 
this studies, the reason is two fold. First ly the TMB solubilizing slte 
is approximately 20 % further away from the bulk aqueous phase In the 
case of vesicles as compares to rr,icelles. his lowers the chance of 
photoionization. It is partly dt:.e to the 20 % more distance required 
from the photoej ected . electron, in order to transport accross the 0111 
water interface and get hydrated in the other side. Secondly dimeriza­
tion of the photo ionized species also brings t he y : l d down. The 
micelle systems is slightly supe rior in this aspect. The small size of 
the micelle shortened-the travel dls·t ance of the photoelectrons. The 
compartmentalization of the micelles ..l i ft the n;'l.mber of .: hromophores 
per micelle and t 11US reduce the chance of dimeriza t io:1. 
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Conclusion 

The present study provides physical evidence for supporting the 
model that photoelectrons leave the micelle after photoionization. From 
the point of view of charge separation. the micelle systems are struc­
turally superior than the vesicles. A travel distance of O.4-0.Snm from 
site of photoionization to oil/water interface is probably the limit for 
eff i cient charge separation in these organized molecular assemblies. 
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OCCURRENCE OF. UNUSUALLY HI~LEVELS OF 
SQUALENE IN THE LIVER OF THE SHARK 
CENTROPHORUS ARMATUS 

R. C. W-<'juwuivr.a., W.M.N. Ratnayake. and C • Ukc.lvtama.ge 

Ceylon Institute of Scientific and Industrial 
Research, Colombo, Sri Lanka 

A VaJr.-<.e;ty on ~haJr.k Cz.nt.JtophOJtM aJr.ma.U.w u..v-<..ng -i.n the deep-~ea on 6 
S~-i. Lanka ~ been 60und to be a good ¢o~ce on ¢qualene. The Uvvr. 06 t~ 
~pe.ue~ noJtm~ a1.moM a quaJttvr. 06 i..u body we.-<..ght and conta.i..M mOJte than 80% 
(w/w) oi..£. The Uvvr. 0-<.£ U made up on M much M 70-98% lw/w) ¢qualene. 
The o-i.£ conta.i..M Mgn-<..Mca.n.t qu.a.n:tA:.U..u 06 glycvr.y£ aheM M we.U. Squalene 
..u, -<mpOJttant corrmvr.ua..l.ly M d .u., Med M a.n a.v-<..a.U.on WM-i.ca.n.t a.nd a..L60 
M a cO.¢me.tic i..ng~ed-<.e.nt. The pa.pvr. dUM-<'bu a Jr.a.p-i.d a.nd Jr.e.l-<..a.b.le gM 
chJr.omatog~a.ph-i.c me.thod 60~ the qua.ntitati..ve det~na.t-<..on o~ ¢qualene -i.n 
~haJr.k Uvvr. o-<.~. I~o£a.t-<..on and i..de.nt-i.n-<'ca,t,(.on 06 alkyl g£ycvr.yl ethvr.~ -<..n 
C. aJr.m£ttu..6 Uvvr. D-<.l aJr.e a..L60 d-<'~cl,L,Med. 

1. I NTRODUCT ION 

Although hydrocarbons are w~dely d~str~buted In marlne organlsms 
they are generally found only as minor constituents. However, some species 
of shark, especially those living in deep-sea are known to contain relatlve1y 
large amounts of hydrocarbons with squalene as the dominant component (1-10) . 
For example, the sharks Cent.Jtopho~M g~a.nu.lo~M (1), Cent.Jtopho~M uyato (2) 
and Cent.Jto~cymnM 6MCM (3) have been reported to contaio as much as 80-90' 
of squalene in their liver lipids . 

Altogebher about 250 varieties of sharks are known, out of wh~ch 22 
species, distributed among the four families O~e.cto£ob-<'d~r.. Lamn-<..da.e, 
SCljUMh-i.n-<.da.e. and CaJr.chaJr.-i.n-<.da.e. ,are found in Sn Lankan waters (11) . The ­
species Ce.nt.JtophMM aJr.m~ lives near the sea-bed. 300-475 metres deep, 
where the temperature of the water is about lOoC . In size, it is smaller 
than the common shark varieties, the average length and weight of a fully 
grown individual being 85cm and lkg respectivel y . It has fins at the first 
and second dorsals, and rather large, protruding . ~yes. 

Squalene is commercially important as it is useful as a cosmetic 
ingredient as well as an aviation lubricant. This paper reports on the 
presence of unusually high contents of squalene in the liver oil of the 
shark Cent.Jtopho~M aJr.m~, which is being commercially exploited. 
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2. EXPERIMENTAL 

2.1 Source of Mate rials 

Two male sharks, one mat ure and the other immature, of 
length 59.5 and 52.5 em, and weighing 1030 and 685g respectively were used 
for the experimel. ~ . They .,ere taken in the deep-sea, about 3 kilometers 
from the Trincomalee harbour, which is on the northeastern coast of Sri 
Lanka. The sharks ~ re caught by employing the long-line technique and 
transport ed to the laboratory in ice baKes. The tissues were stored at 
-20°C under methanol containing 2,6-di -~~-butyl-~-cresol (BHT) and the 
lipids extracted with chlorof orm/methan ol according to the method of Bligh 
and Dyer (12). 

Commer cial C.arom~ liver oil obtained from two local 
exporters were also examined. 

2.2 Thin Layer Chromatography 

Analytical thin layer chromatography was carried out on 
plates (20x5cm) coated with silica gel G (O,lmm) . The developing solvent 
was a mixture of petroleum ether (b . p, 40-60 0 C), diethyl e ther and acetic 
ac id (80 : 10 : 1) , The comp onents were detec t ed by heating the plate at 10SoC 
for 5 minutes after spraying with a~ ethanolic solution of phosphobolybdic 
acid (10%) when they appeared as brown spots in a green background, 

2.3 Separation of Lipid Classes 

Commercial C.a4m~ liver oil (40g) was partially separated 
into its component lipids by chromatography on silica gel (lkg) using 
petroleum ether (b . P.40-60oC) containing increasing quantities of diethyl 
ether as the eluting solvent. Pure squalene~ 7,3%) was obtained with 
petroleum e ther, but diacylglyceryl ethers Itr1acylglycerols eluted as 
mixtures (12.6%) with petroleum ether containing 10% of diethyl ether . 

The diacylglyceryl ethers and triacylgl yce ro l s were 
s eparated from each other by preparative thin layer chromatography on plates 
(20x20cm) coated with silica gel G (0,5mm) using upto 50mg of mixture per 
wlate. Petroleum ether containing 10 % diethyl ether was used as the develo­
p,ing solvent, and the components were detected by viewing under ultraviolet 
light after spraying with an ethanolic solution of 2 ' ,7' -dichloroflurocein 
(0.2%) . The separated components were extracted with diethyl ether . 

214 Gas Liquid Chroma tography 

Gas liquid chromatography was carried out on a Varian model 
2440 chromatograph equipped with a flame ionization detector . Glas s columns 
(1.5m x 4 rom i. d.) packed wi th 10% SP-2340 coated on ;00/ 120 chromosorb W 
AW or 3% OV-l coated on Gas-chrom Q 100/120jwerKe ~.so·columns were operated 
at 190

0
C and 240°C respectively, using Argon as the carrier gas. 

. .. . ..:. 

78 
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3. RE SULTS AND DISCUSSION -
3.1 Size of the Liver and Oil Con t ent 

The weights of t he fresh livers of the mature and immature 
individuals were 247g and 147g r e s pectively, and represented 24% and 21% 
respectively of their body weight s . The content of oil in the respective 
livers were 87. % and 81 % (w/w) as de t ermined by the method of Bligh and Dyer. 
The livers we ;- e virtuall y bags of oil and near quantitative oil extraction 
could be obtained by merely cutti ng them up. 

3.2 Chrac teristics of C.~matG~ Oil 

Shark liver oils ri ch in squalene are easily distinguished 
from other fish oils by their ra ther l ow saponification values and extra­
ordinarily high unsaponifiable matte r content (Table I). For example, 
ordinary shark liver oil produced fo r us e as a Vitamin A supplement for 
animals has a saponi f ication val ue of 191 and unsapvnifiable matter content 
of only 1.6%, whereas the val ue s fo r C.akmatu4 liver oils were 26.3-19.6 and 
70.3-98.7% respectively. Low spe cific gravity and high iodine value are 
also chracteristic of squalene-ri ch oils. 

TABLE 1 PHYSICAL AND CHEMICAL PROfERTIES OF C.ARMATUS LIVER OIL 

Matur~ Immature~ b Ccmmer- - Ccmmer-
cia1 1 

Specific Gravity, 0.863 0.858 0.857 
300 C 

Refractive 
') 

Index, 10 C 1. 492 1. 488 1. 481 

Iodine Value 237 230 214 

Saponi fication 
Value 20.7 21. 9 26 .3 

Uns aponi fi ab Ie 
Matter 98.7 87.3 70 . 3 

Squalene 98.0 84 . 2 68.5 

a C.akm~ liver oils from individual sharks 

b Bulk C.aromatu¢ liver oil produced for export 

c Ordinary shark liver oil produced by the 
Fisheries Corporation of Sri Lanka. 
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3.3 Composition of C.~ Oil 

Thin layer chromatography of the C.~atu4 lipid showed the 
presence of three main ccmponents ~he le ast polar of which had mobility 
similar to that of hydrocarbons. The other two had mobilities indicative of 
diacylglyceryl ether and triacylglycerol respectively. 

3.3.1 Identification of the Hydrocarbon as Squalene. Gas chromatographic 
analysis of the hyd r ocarbon fraction isolate d by column chromatography 
showed the presence of a sin~le component with retention times of 14.2 and 
8.9 relative to n-eicosane on liquid phases SP -2340 and OV-l respectively. 
On hydrogenation, it was converted quantita tively to squalane . 

The infrared spect rum of the hydrocarbon showed the pattern 
expected of a long-c~Ti n alkene including the presence of c=c stretching 
vibration at 1650 cm . Its ~lR spectrum was identical with that of 
authentic squalene . 

It has been reported that high levels of squalene in fish 
livers are usually accompanied by small amounts of other hydrocarbons, 
notably pristane (6). Careful glc analysis of C.~atu4 oil, however, 
failed to show any hydrosarbons other than squalene. 

3.3.2 Quantification of squalene. Quantitative analysis of squalene in 
the oil samples was carried out by ~bjecting the oil directly to gas 
chromatography 1n the presence of squalane as an internal standard. 3% OV-l 
was preferred as the column material as it gave sharp, fast eluting peaks 
for both squalane and squalene . It afforded a rapid and reliable method for 
quantitative determination of squal ene in the oils; a glc run being complete 
in about 20 minutes. 

The liver oils from the mature and immature C.arom~ 
specimens comprised as much as 98.0% and 84.2% squalene. The two commercial 
samples examined had squalene contents of 68.5% and 89.7%. 

3.3.3 Other component lipids. Removal of squalene from commercial 
C.aromatu4 oil by column chromatography furnished a mixture of two 
components (12.6%) which were then separated from each other by preparative 
tIc. The more polar of the two (5.5%) was identified as triacyl glycerol on 
the basis of its tlc mobili ty and infrared spectrum. 

The infrared spectrum of the less polar component (7.1~1 
also had a~~orption peaks characteristic of long-chain esters (22~0 cm 
and 1740 cm ), but in addition displayed a sharp peak at 1110 cm showing 
the presence of C-Q-C groupings. Treatment with alcoholic potassium 
hydroxide followed by ether extraction yiel~ld a product whose infrared 
spectrum did not show absorp t ion at 1740 cm (ester C=O) , but displ aye d a 
new strong peak at 3300 em (O-H). On this evidence and on the basis of its 
tIc mobility, the component was identified as alkyl diacylglyceryl ether. 
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3.4 The Component Acids C.aAm~ Lipids 

The fatty acid composition of C.~ liver oil as well as 
that of its flesh lipids were examined by gas liquid chromatography on 10% 
SP 2340 after conversion into methyl esters (Table 2). 

TABLE 2 FATTY ACID COMPOSITION (% wt) OF 
AND FLESH LIPIDS 

Acid Liver Flesh 

Saturated (29.4) (13.8) 

14:0 2.0 0.7 

16:0 23.8 7.1 

18:0 3.6 6.0 

Monoenes (53.4) (11.8) 

16: 1 7.8 

18: 1 40.7 11.1 

20: 1 3.2 0.7 
22: 1 1.7 

24: 1 

n-6 Polyenes (9.8) (14.6) 

18: 2 1.6 1.0 

18:3 0.3 0.1 

20: 3 0.6 .,. 

20:4 2. 7 10.6 

22:4 1.0 2. 2 
22:5 3.6 0.7 

n-3 Po1yenes (5.5) (56.5) 

18:4 0.2 0.1 

20:4 

20: 5 1.3 1.6 

22:5 0.9 0.8 

22:6 3.1 54.0 

Others 1.9 3.3 

The liver oil of C.aAm~ contains much less 

C.aAma.tu..6 LIVER 

Ordinary Shark liver 
oil 

(33.7) 

3.3 

22.3 

8.1 

( 16.4) 

1.6 

11. 7 

1.8 

1.3 

(l1.U 

1.0 

0.9 

0.2 

3.0 

0.2 
5.8 

(35.8) 

0.3 

0.4 

3.8 

2.8 

28.5 

3.0 

polyunsaturated acids (15.3%) 
t b n that of ordinary shark (46.9%). Its flesh lipid (3.0 % w/w) , on the 
other hand, ~s rich in polyunsaturated acids (71.1%) with 22:6 n-3 (54.0%) 
dominating. 
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. 
3.5 Significance of High Contents of Squalene 

It appears that the presence of high levels of hepatic 
squalene is peculiar to sharks living in the deep-sea. The basking shark, 
which is caught at the surface is known to contain squalenp. ; however, there 
1S evidence that it may winter in deep water. The reason for the presence 
of such high contents of squalene is not clear, but is seems probable that 
it provides buoyancy as well as cold and pressure resistance to the fish 
living in deep-sea. 

Squalene is an intermediate in the biosynthesis of choles­
terol, and so it would be of great significance to know how deep-sea sharks 
accumulate large amounts of squalene while maintaining only slightly 
elevated cholesterol levels. It is conceivable that in the deep-sea sharks 
ch.Qlesterogenesis is blocked just beyond the step of squalene synthe,sis 
because of the lack of oxygen or other factors including co-enzymes required 
for cyclization. 
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NEW NATURAL PRODUCTS FROM I~ALAYSIAN TERMITES 

s. H. Goh and C. H. Chuah 

University of Malaya, M;;.lays ia 

The chemical defence secretions of Mataysian termi tes (Nasutitermiti nae, 
IsopteraJ were anaLysed chromatographically and 8pectrometrically. 
New diterpenes discovered have novel biayclic 8eootrinervitane, triayclic 
tr~nervitane, tetraayclic kempane and spirotetraayclic longipane 
ske letons, which are of c0r!8iderab le significance in the understanding of 
the biosynthesis of these dome-shaped diterpenes by the termites. 

Tennites (Isoptera ) are socia l insects and are ubiquitous In 
this part of the world. To protect the colony and the individuals that 
forage for food, most species have deve loped soldier castes having a vast 
array of defensive behaviour. In general, tennites can depend on mechanical 
mode of defense (e.g. biting, flicking or snapping with mandibles), chemical 
defense (brushing or squ irting secretions) or a combination of these modes. 
Tennites of the subfamily Nasutitennitinae are enti rely dependent on chemi cal s 
for defense and have developed a most elaborate chemical defense mechanism. 
The secretion is delivered via a lo zzle-shaped projection on the top 
of the head and is 'shot' out at predators. 

The defence se creti on of Nasutitenniti nae so 1 di ers cons is ts 
mainly of a mixture of mono- and di-terpenoids . sometimes accompanied by 
trace amoun ts of sesqui terpe nes. Two compounds i so 1 ated from extracts of 
Bulbitermes singaporensis 1 were s pectrometri-cally identified as kempa-6.8-
dien-3B,14a-diol 3,14-0-diacetate (1) and kempa-6, 8-dien-3a,14a-diol 
3,14-0-diacetate (2) as show n in Figure 1. EI-MS spectral of kempane 1 
(m/e 386, C24H3404) and 2 (!T,/e 386, -C24H3404) show similar fragmentation 
pattern whi le IH-NMR exhib i ted four methyl, two acetate methyl and two 
olefinic proton signals. The configuration at C- ·/ was assigned as 
3B-acetoxy in compound 1 and 3a-al etoxy in compound 2 ,on the basis of the 
follONing observations.- Firstly, the chemi cal shift~of equatorial H-3a is 
m'ore dONnfi e 1 d than the axi a 1 H- 3tL Secondly, H-3a bi sects the ang le of 
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H-2a and H-28 to give Yirtua-l-ly equal coupling constants, while axial 
H-38 is nearly orthogonal to H-28 and couples only to H-2a with 
a reduced axial-axial coupling. Finally, the axial nature of the 
3e-acetate is sterically permissible while maintaining the chair 
conformation for that 6-membered ring. In this configuration, the axial 
acetate does not deshield the H-18 methyl protons (1.11 ppm in l) while 
the equatorial acetate... does affect the shift of that methyl (1.~3 ppm 
in f). Reduction of the known 3-oxo-kempa-6,8-dien-14a-ol 14-0-

acetate l (structure established by X-ray crystallography) with 
excess LiA1H4 gave two isomeric diols which on acetylation gave compounds 
! and ~, thus ve ri fyi ng the correct ass i gnment. 

Trinervita-l~(12),15(17)-dien-3a,ge,13a-triol tripropionate 
(1), isolated from Nasutitermes matagensis 3 had mass .spectrum mle 
488 (M+, C29H440G) ' and IR (CC1 4 ) 1732 an-I (ester C::O). In its IH-NMR 
spectrum, tripropionate 4 shCMed three methyl, three propionate and two 
terminal olefinic protons as summarised in Figure 2. In the I3C-NMR 
spectrum, one quaternary, seven methine, eight methylene and four olefinic 
carbons were present. The 360 MHz IH-Nt1R of trinervita-11(12),15(17)­
dien-3a,ge,13a-triol 9-0-acetoxy-3,13-dipropionate (3) showed the same 
resonances as tripropionate ~.with the follOfling exceptions: 64.90 
(S, H-9), 2.30(q, 7.3Hz, propionate methy1enes), 2.03(s, acetate methyl), 
and 1.21(t, 7.3Hz, propionate methyls). The structural assignment was 
proved by X-ray diffraction. Dipropionate monoacetate ~ had mass spectrum 
mle 474 (M+, C2sH4206) and had fragmentation pattern analogous to that 
of tripropionate 1. 

The bicyclic secotrinervita-7(8)~11(12),15(17)-trien-3a-ol 
(~) (Figure 3) and secotrinervita-7(8),1l(12),15(17)-trien-2B,3a-diol 
(§) (Figure 4) isolated from Longipeditermes tongipes 4 showed 6 olefinic 
carbons from i3C-NMR spectrum and also showed three methyl (two 
overlapping), allyli c and vinyli c protons from 90 MHz IH-NMR. 
Secotrinervitatriene mono-acohol 5 and diol 6 have mass spectra mle 
288 (M+, C2o H320) and mle 304 (M+,-C20H3202) ~espectively and both show 
similar fragmentation patterns. The bicyclic secotrinervitane structural 
type was discovered at the same time by Braekman in the defence secretion 
of a Papua-New Guinea species Nasutitermes priceps~ 5 and the structural 
skeleton was established by X-ray crystallography. 

The new compound trinervita-l(15},8(19}-dien-2B,3a-diol 2-0-acetate 
(Z) which was secreted in relatively large quantities in HospitaLitermes 
wnbrinU,86 was identified on the basis of its proton NMR, IR, and mass spectral 
data; hydrolysis with methanolic sodilJ1l hydroxide gave the known trinervita-
1(15),8(19)-dien-2B,3a-diol. In its IH-NMR, diol rnonoacetate Z shows four 
methyl signals (two s, one d. one acetate methyl), two terminal olefinic proton~ 
and a hydroxymethine as shC7l'ln in Figure 5. The C-2 ,proton appeared as a 
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broad 9 Hz doublet at 65.37. - The IR (CC1 4 ) shaws absorptions -at 
3500 (O-H), 1735 (C=O.) and 905 cm- 1 (C=CH 2). The EI-mass spectrum 
of this diol monoacetate 7 did not show the molecular ion but only 
the M-AcOH ion. Howeyer,~the. trimethy1silyl derivative gave the correct 
molecular ion and an expected fragmentation pattern, including a 
retro-Di e ls Al der fragment IMe3Si OCH=CMeCH 2CH 2CH=C=CH 21 +. at mle 
196 (13%). 

A nove 1 compound 10ngi peno 1 (6) wi th new spi rotetracycl i c 
skeleton isolated from Longipedite:t"1Tles l.ongipes 4)'shows three CH 3 
signa1s(two d, one s), a hydroxymethine coupled to two non-equivalent 
hydrogens, and two terminal olefinic protons as shawn in Figure 6. 
In its 13C-NMR spectrum, two quaternary, six methine, seven methylene, 
three methyl cprbons, and a characteristic pair of 1,1-disubstituted 
olefinic carbons were present. Longipeno1(§) had mass spectrum 
mle 288 (M+, C2o H32 0) with a strong peak at m/e 255 (85%) while the 
trimethylsilyl derivative ~ave strong peak at m/e 360 iM+, 57%) and 
a RDA fragment at m/e 196 IMe3Si OCH=CMeCH2CH2Q-l=C=CH21 : 

The diterpenes prese'lt1y isolated from nasute termites are 
of interest in relation to earlier postulated biogenetic schemes. These 
compounds are knawn to be biosynthesized by nasute termites independently 
of the dietary source. Cembrene A, previously isolated from Nasutitermes 
exitiosus 7 and from Cubitermes,8 or its J,4-expoxide Ug) would be an 
obvious choice as a precursor to the observed dit~rpenoids. As shown in 
Figure 7, a one-step cyc1ization of (R)-cembrene-trans-3,4-epoxide (12) 
would yield directly the secotrinervita-7(8),1l(12),15(17)-3a-ol (~)~~ 
Interestingly, after isomerisation ~ has the double bonds positioned for 
further cyclisations to give longipeno1(§), trinervitane-3a-ol (11) 
and Kempane-3a-ol (}9). The methyl-shifted rippertenol (~) would arlse 
similarly via step-wise cyc1isation using bicyclic secotrinervitatrienol 
and tricyclic trinervitadienol as intermediates. 

The new diterpene skeletal types found in Malaysian termites 4 ,lO 
have provided a better understanding of the biosynthesis of these dome­
shaped diterpenes produced by nasute termite soldiers . Besides interest in 
a new class of "'Compounds, perhaps continuing research would show forth 
new uses for these and related compounds . 
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New Natu~al Produots From Malaysian Te~tes 
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urmEPORTED CONSTITUENTS FROM ELAEI5 GUINEEN515 

5 . H. GOH & P. T. GEE 

Un i ve rs i ty of Ma 1 aya , Ma 1 ays i a 

Chromatographic and spectroscopic techniques were used f or 
t he s t ructure elucidation f or newly isolated consti tuents from ELaei s 
guineensis . Aliphatic and t erpenoid hydrocarbons ~ and methyl ketone 
homo logs were isolat ed and characterised. Hy drocarbons~ terpenoids 
and es ters were i solated and identi f ied f rom t he exocarp of the palm 
f rui t s . Estrago'l"e was found to be the maj or component 'of the vo LatiLes 
i solated from t he male infLorescence of the oiL palm. 

INT RO DUCTI ON 

Despite thepreem i nentpos ition of palm oi l in this country, 
most of the composition of palm oil is very much based on earlier 
work, principally of Jacobs be rg (1). Recently revi ews have 
appeared from PORIM on mino r components in palm oil in view of their 
values (eg. ca rotene and vitamin E) and their ro les in affecting 
oil quality (2 ). In t his paper, a preliminary account of a study of 
selected minor an d trace components from palm oi 1 ~ is presented. 

RESULTS AND DISCUSSION 

In th e sear ch for non-caro tenoid hydrocarbons in palm oil it 
was found that hydrocarbons (ca. 2-3%) could be re adily isolated fran -
PFAD. -High performance liquid chromatography (HPLC) and gas liquid 
chromatograp hy (GLC) revea led that the major component of the hydrocarbons 
is squalene, a common acyclic triterpene. 

FIG . I : SQUALENE 
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Squalene constitutes ca. 60% of the total hydrocarbons and was 
identi fied by HPLC and GLC and-further confinned by gas chroma-­
tography-mass spectroscopy (GCMS) and nuclear magnetic resonance 
(NMR) spectroscopy. Also identified were ionene and dimethylnaphthalene. 
These two compounds as well as toluene and xylene are known to form 
from the thermal decomposition of 8-carotene . 

The hydrocarbons occur as a complex mi xture and had to be 
further purified by repeated chrcmatography before spectroscopic analysis . 
Results obtained are s(Jl11l1arised in Table 1. 

TABLE I: HYDROCARBONS 

Fonnul ae Relative amounts a As s i gnments 

C1 s H32 T n-pentadecane 
C17H36 T n-heptadecane 
C1s H30 S pen tadecene 
C16 H32 T hexadecene 
C17H34 T heptadecene 
C18H36 M octadecene 
C19H38 T nonadecene 
C2 1H42 S heneicosene 
C24 H4 8 M tetracosene 
C26 Hs2 S hexacosene 

C23 HI+4 S tri cosadiene b 

CZi)HSO M hexacos adi eneb 

C24-HSO T branched alkaneb 

C2 7Hs6 S branched alkaneb 

C26 H48 S hexacosatri eneb 

C2 0H32 L di terpene hydrocarbonb 

C30 Hso VL squalene 

C13H1 8 M i onene 

C1 2H12 S dimethylnapthalene 

aT = trace quantity, S = small, M = medium , L = lqrge and 
VL= very 1 arge 

bTentative aS Si gnment. 
'*"' 
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Unreported Constituents From EtaBis GuinegnBis 

Typi ca lly. on ly traces of n- alkanes were present. 
Monoenes were present in fairly substantial amounts 'consisting 
mainly of C15. C18, C2l, C24 and C26. A few cyclic or polyene 
hydrocarbons(relatively small to trace amounts) remained unidentified; 
so were some di terpenoi d hydrocarbons. 

Among the more volatile components of PFAD, toluene, xylene, 
ionene and dimethylnapthalene were readily detectable by GCMS. The 
formation of these have been the subject of muth speculation. A 
resonable scheme depicting their fonnation from thenmal degradation 
of e-carotene is given in Fig. 2. 

ionene 

FIG. 2: ' DEGRADATION OF 8-CARUTENE 
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Methyl ketones were isolated by silica gel column chromatography 
on the unsaponifiables of PFAD. The structures were deduced from the 
GCMS studies , being further ~upported by proton NMR spectroscopy. 
GCMS of methyl ketones showed pronounced McLafferty rearrangement 
and a-cleavage giving characteristic fragment with of mle 58 and mle 
43 res pe cti ve ly . . 

These methyl ketones were rather unusual differing from the 
expected 2-pentadecanon (4) which could arise from microbiological 
action of C16 fatty acid (5). The composition of methyl ketone 
homo logs found were summarised in Table II. 

TABLE II: METHY L~ETONES 

Methy l ketones Fonnu 1 ae Re 1 ati ve amoun ts 

2-pen tadecanone C1sH30 O sma 11 

2-heptade canone C17H340 1 arge 

2-nonadecanone.,.. C19'H 38O large 

2-heneicos anone C21 H42O medium 

2- tri cos an one C23H46 O sma 11 

Extracts of palm fruit exocarp were examined by column 
and TLC. Apart from 9 lyceri des : h' 'dl~ocarbons, es ters, terpenoi ds 
and sterols were f( nd. GLC again ~vealed that the major 
hydrocarbon componen tis squa lene . ME'thy'i es ters i denti fi ed were 
methy l myristate. methyl palmitate and ~thyl oleate (major). Methyl 
esters have characteristic mle 74 fragment in GCMS and sharp slng1et 
at ca. 3.7 ppm in H::MR spectrum. 

Two triterpene methyl ethers If/ere also iso1dted and 
tentatively assigned as arundoin and eomotiol methyl ether (I) or 
12,13-dehydro-20,30-dihydrolupeol methyl ether (II). Isomers (I) and 
(II) cannot be distinguished by mass spectroscopy, as the spectra of 
these two isomers may not show any di fference. The mass spectrum 
shows characteristic fragment ions at mle 440 (W), 408 (M+-OMe), 
218 and 175. These fragment ions reveal that a double bond is at 
C-12 position giving the retro-Diels-Alder rearrangemer ion at mle 
218 followe d by loss of an isopropyl group (m/e 175). 

. .. ... 
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FIG. 3: MASS SPECTRAL FRAGMENTATION OF ISOMER (1)/(11) 

m/e 440 

1 
retro- Oiels­
Alder 
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m/e 218 

• m/e 425 

~30H 

m/e 393 

~ m/e 203 
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(I) Rl = C3H7, R2 = H neomotiol methyl ether 

(II) Rl = H R2 = C3H7 l2,13-dehydro-20,3Q-dihydro1upeol 
methyl ether 
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Arundoin shows a different fragmentation pattern. Retro-Diels-Alder 
reaction is not significant due to the presence of methyl groups at 
positions ' .3 and '4, which enhance the fragmentation to occur at the 
C/D ring juncture giving a characteristic m/e 273 ion. 

FIG. 4: FRAGMENTATION OF ARUNDOIN 

l~ 
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CH 30 
m/e 287 

l-CH~OH 1 
m/e 255 

-CH 3OH 

m/e· 241 , 

~ ni/e 273 
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Unreported Constituents prom Elaeis Guineensis 

Finally, a simple compound was easily isolated from the 
male inflorescence by vacuum distillation. GLC and NMR revealed 
that estragole, 4-MeOC6H4 CHzCH=CH z , is the major component (>90%). 
The structure was verified by proton NMR. Estragole is responsible 
for the characteristic odour of the palm f lowers. 
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THE ALKALOIDS OF LEUCONOTIS GRIFFITHII (APOCYNACEAE) , 

S.H. Goh and Abdul Razak Mohd Ali 

University of Malaya and Forest Research Institute 
Malaysia . 

A study of the Malaysian woody ~limber, Leuconotis griffith~~ 
( A;ocynaceae), provided five alkaloids of which three have been positively 
jrien ti f ied by spectroscopy, Two of them, nortluorocurarine (II) and 
ebu rnamine (IV) are known whilst the third, norfluorocurarine N-oxide (III) 
is :ew, The other two alkaloids were given tenta tive structural assignments. 

I NTROD' C:TION 

The chemistry of alkaloids has always been an active and 
i~p)r t~ ~t par t of organic chemis t i'y and has provided many of the mos t 
cha llenging and subtle of a.ll chemical problems, both of structural 
deductions and synthesis. By definition, "alkaloids occur charateristically 
in plants , and are frequently distinguished by their remarkable physiological 
activity . They contain carbon, hydrogen and nitrogen, and in most cases 
oxygen as well; in many respects they resemble the alkalis (hence the name )". 
This definition was given by Meyer in 1896 (1) and is still generally 
applicable today but needs some modifications. Initially , alkaloids are 
found only in the plant kingdom, but recently, t hey have also been discoverec 
in the animals as well. For example, castoramine , samandrine and 
tet.rodotoxin are some of the anima] alkaloids that have so far been 
isolated (1) . Secondly, it is true that most of t he alkaloids are considered 
as strong bases. For example, strychnine has a pKa value of 8.26. However, 
colchicine is a lmost neutral in its properties (1). ~ 

There are over 6000 alkaloids that have so far been isolated 
fro~ both plants and animals. During the last 40 years, research in t he 
f ield of alkaloids has focussed its attention on the search of compounds 
of pharmacological interest. More re ~ently, the work has been geared to 
finding alkaloids with anti-cancer activity. 

The genus Leucono t is (farlily Apocynaceae) contains 10 specles _ 
altogether (2), but in Peninsula,' l1alaysia, it is represented by three 
species only. T~ey are L. eugenifolia , L. griffi ~hii and L. maingayi. All 
of them are woody climbers. The I~tex produced has been used in folk 
medicine for the treatment of yaws (3). Alkaloid tests have shown that 
the leaves , bark and wood of t he ~ irst two s pecies contain alkaloids, but 
in L. maingayi only the bark c, ' D Lains alkaloidS". 

Not much chemi cal ',"or :( has been done on any of the Leuconotis 
species . However, some work was do~e on the species L. eugenifolia where 
some Indian workers reported the isola~ion of a fev' t riterpenes (4,5). 
Among the triterpenes isolated were two new triterpenoid esters p-amrenyl 
behenate (Ia) and ~-arnrenyl eicosonoate (Ib) (6) , 
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RESULT AND DISCUSSION 

The air dried, powdered bark and wood of L. griffithii were 
extracted and purified to give 0.15% of crude alkaloid extract. The 
alkaloids were furtper separated using column chromatography and 
preparative thin layer chromatography. Five different alkaloids were 
isolated and subjected to spectroscopic analysis. 

Norfluorocurarine 

The first alkaloid identified was norfluorocurarine (II). The 
alkaloid has a molecular weight of 292 and a molecular formula of 
C1qH20N20 . The mass s pectrum shows charateristic indole fragmentation 
pattern by having peaks at mle 130, 143 and 144. The base peak at mle 121 
is a charateristic feature of-all akuammicine type of alkaloids. --

-1 The infra-red spectrum shows absorption at 3320 and 1605 cm 
due to ~ge pres~nce of secondary NH. It also shows the absorption at 
1645 cm ,show1ng the presence of a hydrogen bonded carbonyl group . The 
presence of the olefinic bond in conjugation with_~ carbonyl group is 
shown by the presence of an absorption at 1610 cm • The U.V . spectrum 
shows absorption at 202, 228 and 360 nm. 

The proton spectrum shows an exchangeable proton at 10. 2 d. 
This peak which integrates for one proton is assigned tothe hydrogen on 
the secondary nitrogen. A sharp singlet at 9.2 a also integrates for 
one proton. This is assigned to the aldehyde proton. The spectrum also 
shows the presence of aromatic protons at 7 to 7.2 d. 

The completely decoupled C-13 spectrum accounted for all 
the 19 carbons . It clearly shows the presence of a carbonyl carbon with 
a peak at 188 ppm. There are 11 carbons in the lower field and 8 carbons 
in the higher field . The high field carbons at 61, 56.5 and 56 ppm are 
assigned to carbons attached to the tertiary nitrogen. The carbon at 
58 ppm is assigned toJWhe aliphatic quarternary carbon. 
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A partially decoupled spectnum of the alkaloid clearly 
differentiates the types of carbons present in the molecule. The spectrum 
shows a quartet (CH

3
) at 13 ppm,·triplets (CH2 ) at 31, 46, 56 and 56.5 ppm, 

doublets (CH) at 31.5, 61 and 188 ppm and singlet~(C) at 58, 111, 137, 
139 and 169 ppm. The doublet at ~8 ppm indicates the presence of. an 
aldehyde carbonyl carbon. The five peaks at 120 to 127 ppm represent the 
five aromatic and olefinic CH carbons present in the molecule. 

Spectral information confirms the structure of norfluorocurarine 
which was also previously isolated from several Vinca species (7). 

II 

III 

Norfluorocurarine N-oxide 

N 

H 
(10.2) 

N 

I 
H 

(9.9) 

46 56 

56.5 

111 

II 
~13 

41 70 

75 

II 
O~H '-...14 

(9.2 ) 

The second alkaloid identified was norfluorocurarine N-oxide 
(III). The alkaloid has a molecular weight of 308 and a molecular formula 
of C1qH20N202' The mass spectrum shows a major fragment at mle 292, . 
correSpondIng to a loss of an oxygen. It also shows fragments-at mle 130, 
143, 144 and 156, and the base peak at ~/~ 121. -1 --

The infrared spe~~rum shows absorption at 3320 cm due to -1 
the secondary NH, at 1660 cm due to the carbonyl group and at 1615 cm 
due to the olefinic group. The U.V. spectrum shows similar absorptions to 
that of norfluorocurarine, i.e. at 202, 228 and 360 nm. 
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The proton spectrum also sho~s distinct similarities to that 
of norfluorocurarine. It shows the presence of an exchangeable proton ~t 
9.9 a and the one proton singlet at 9.2 d. Similarities in the comple ·,,~ly 
decoupled C-13 spectra of the two alkaloids are also distinct. All the 
carbon chemical shifts are quite-lUnchanged except for the chemica~ shifts 
of three carbons. They are the carbons at 61, 56.5 and 56 ppm in the 
norfluorocurarine spectrum which are shifted to 79, 75 and 70 ppm ' 
respectively in the N-oxide spectrum. These three carbons are the carbons 
that are attached to the tertiary nitrogen. 

Since the alkaloid has only one oxygen more than norfluoro-
. curarine, and the presence of this oxygen affects only the chemical shifts 
of the three carbons attached to the nitrogen, it is concluded that the 
oxygen is bonded to the nitrogen as an N-oxide. 

Eburnamine 

Ehllrnamine(.IV) has a molecular weight of 296 and a molecular 
formula of C1qH~4N20. The alkaloid has previously been isolated from 
Hunteria eburne~ (7). The identification of this alkaloid was based 
mainly on the interpretation of the mass spectrum. 

The completely decoupled C-13 spectrum shows the presence 
of 11 carbons in the high field region. The carbon at 77 ppm is assigned 
to the carbon attached to an oxygen. The carbons at 59, 51, 44 and 43 
ppm are the four carbons adjacent ~o the nitrogens. The proton spectrum 
shows the presence of an exchangeable proton at 1.9 6 due to the 
presence of a hydroxy group. 

The mass spectrum of that alkaloid shows similar fragmentation 
pa t tern with that of eburnamenine (V), a knOtm alkaloid of molecular 
weight 278 mass units. It was earlier reported (8) that eburnamine is very 
sensitive to dehydration. As a result of the loss of a water molecule, 
the mass spectrum of eburnamine looks similar to that of eburnamenine. 

IV V 

. .. ..... 
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The Alkaloids Of Leuconotis Griffithii (Apoaynaagae) 

Alkaloid 326 and Alkaloid 376 

~ 

The other two alkaloids that have been isolated are Alkaloid 
326 and Alkaloid 376. They are tentatively named according to their 
molecular weights. Alkaloid 326 is a major alkaloid of this plant. From 
the mass spectrum, the alkaloid has a molecular formula of C19H22N203. 
The proton n.m.r spectrum shows the presence of an NH and OH 
by the presence of exchangeable peaks at 8 . 2 and 5.4 a respectively. It 
also shows a sharp singlet integrating for one proton at 5.9 o. The 
triplet at 0.5 d shows the presence of a methyl group adjacent to a CH2 group. 

The infrared spectrum shows the presence~ of a carbonyl group 
and confirms the presence of the OH and NH groups. The completely 
decoupled C-13 spectrum of the alkaloid confirms the presence of a 
carbonyl group. The spec t rum also shows the presence of 7 quarternary 
carbons, 5 CH, 6 CH2 and one me t hyl group. structural elucidation of 
these compounds is in . progress. 
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Oily component of sap of the lacquer tree 
originating in Burma and Thailand, Melanorrhoea usitate 
is analyzed by using high performance liquid 
chromatography. Novel phenolic lipids, w-phenylalkyl-
phenols, are found in addition to previously known 
homologues of thitsiol, urushiol and laccol. 

INTROD UCTION 

In 1922 (1), Majima repo~ted that 4-substituted catechols 
having a e 17 n-alkyl side chain is the main constituent of sap ot 
the lac tree, Melanorrhoea usitate grown in Burma, and he named 
this cOMpound thitsiol (isourushiol). In the report, he also 
pointed out that other saturated substances were included in the 
sap besides thitsiol in a considerably g reat amount, though theIr 
nature and chemical structures could not be elucidated. 

We have recently developed a general method to separate and 
analyze oily component of sap of lac trees based on high 
performance liquid chromato~ra p h y (hplc) ( 2-4). Urushiol of the 
lac tree, Rhus vernicifera ( Ch i na and Jap a n) was separated into 
more than ten congeners as dimethyl ethers and the structure of ­
olefinic side chains was exactl y de termined by ozonolysis 
accompanied with hplc-identifi c ation of d i nitrophenylhydrazones 
derived from ozonolysis product s (4). More recently, high-
resolution l.c. separation of i ntact urushiol has been achieved 
by reversed-phase l.c. using weakly acidic, eluent (5). 

In a preliminaly report ( 6 ), sap o f tn e lac tree, 
Melanorrhoea usitate (Burma) wa s examined after methylation and 
hydrogenation to simplify ana lyti cal proc e dure, as it was found 
to be a highly complicated mixture 'of man y constituents. As a 
result, it was revealed to contain congeners of laccol and 
urushiol as well as those of th i tsiol. A more significant fact 
is that in addition to these classical subst an ces, it includes 3-
or 4-substituted catechols with 10'-pheny l decyl or 12'­
phenyldodecyl groups and 5-substituted resorcinol~ with similar 
substituents. 

To determine exact structures of these novel compounds, or 
in order to clarify whether t hey have olefinic groups in the side 
chain or not, we executed separ a tion of oily component of sap of 
Burl!lese lac as the intact for m. This wa s succeeded by usin g the 
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recently developed reversed-phase l.c. method, which was applied 
to the analysis of sap of Rhus vernicifera (5). 

Tn this paper we report the result of exte'l c..; i've analysis of 
sap of llurmaese lac, presenting complete structures of novel 
dihydric phenols with -phenylalkyl substituents and some new 
constituents, monohydric phenols with a variety of substitu " nts. 
We also wish to emphasize that a highly complicated substance as 
the present subje c t can be readily analyze d by a modern 
chromFltogrFlphic technique. 

EXPERIMENTAL 

[:Iaterial 
Sap of the lacquer tree, Melanorrhoea usitate originating In 

Rurma was obtRined by the courtesy of The Burmese Embassy in 
Tokyo and The South Se a Association (Tokyo). It was mixed wit h 
~- fold F1mount of acetone and the mixture was filtered. The 
Ii Itrate was ~vaporated and the ohtained residue was subjected 
too gel permeation chrom;}tography (g.p.c.) to remove polymeric 
matC'rial. C. p.c. technique is adequate to pre-treatment of the 
air- s ensitive sap as it is executed under mild conditions 
c ompared wlth c las s i ca l distillation. The o btained monomerI c 
preparatjon ,,,ns se)Jrlrated by hrl c. 
Instruments 

Hplc was c arried out with a hand-made apparatus compriSIng n 
mini pump (Nihon Seimitsu Co., Tokyo), rl pressure gauge, R 
syringe-loading sample injection valve (Rheodyne Tnc., CA) . 
Effluent was moni.tored with a UV-detector (Oyobunko, Co ., Tokyo) 
at 254 nm. A 2.2 x 30 cm stainless steel column packed with 
5 ~m ODS-silica (Hitachi #3053) and a 0 .8 x 25 cm colum n packed 
with OOS-si] i.ca (T S K- ge l LS -41 0 , 5 ~m) were used. G.p .c. was 
done with the hand-made apparatus equipped with an RI monotor 
(RI-2, Japan Annlyti ca l Industries, Tokyo) on lIitachi A-120 and 
A-110 c olumns (0.8 x 50 c m) using chloroform as eluent. G.l. r. 
was done with a Hewlett-Packard 37<)0 instrument equipped with a 
flame ionization detector on a fus e d-silica WeOT column (ULTRAR l , 
0.2mm x 25 01) coated with methylsi licone (the thic kness of I iquj rl 
phase, 0.33 Hml. T.r. spectra was recorded on a JASCO IRA-2 
j nstrument. II-N.m.r. spect r a were meas ured wi th a .TEOr. r.X-400 
s p e c t rom e t e r (r e son an c e f r e que n c y , 4 00 ~I 11 z ). E. i • - m. s . d i a g ram ~ 
were obtained with a Hitachi Rt-'llJ-6 E mass spectrometer (ionization 
voltage, 70 eV). c..l.c.-m.s. measureme nt was executed with PI 

Hewlett-Pa ckard ,)996A g . c .-m.s. system. 

RESULT S AND DI SClJSSTOH 

Fig. 1 is a chromatogram of intact Oily c omponent o f sap ot 
Rurmese lac on a 0 . 8x25-cm ODS-silica co l um n using aceto nitril e · 
water/acetic acid (80/20/2, v/v) as eluent. Eac h peak was 
extensively separated on a 2.2x30-cm ODS-s ili ca column; if an 
obtained fraction wa.s composed of more than one co mponent as 
revealed by high-r eso lution g . l . c .... · i~ · WClS a g ajn suh irc ted to 
second l.c. separation on a 0 . 8 x2 "i-cm colu mn. I:ach fraction wa s 
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Fig. 1. CHROHATOGRAM OF INTACT OILY COMPONENT OF SAP OF 
Melanorrhoea usitate. CONDITIONS: COLUMN, TSK-GEL LS-4lU, 
0 . 8x25cm; ELUENT, CH 3CN/H 20/C H3COOH (80/20/2, v/v); FLOW RA:t , 
2.5 ml/min; DETECTOR, 254 nm. 

evaporated at 30 C to remove most of acetonitrile and the 
remained dispersion was extrac t ed with n-hexane. The hexane 
solution was evaporated to g i ve s eparated constituents of sap of 
Melanorrhoea usitate. Som e f ractions containing several 
components were subjected to g.l. c.-m.s. analysis. 

Isolated constituents wer e identified by measuring i.r., I IT _ 
n.m.r. and mass spectra to g iv e r e sults summarized in Table 1. 
Symbols attached to peaks i n Fig . 1 are corresponding to 
identified compounds in this Ta ble. 

Dihydric phenols with alkyl or alkenyl sid~ chains 
In m.s. diagrams of co mpounds la-Ie, Ie, 19, 2a-2c and 2f 

appeared a intense molecular i~ n peak and peaks of fragment ions 
given by cleavage of the bo nd be t a. to the aromatic ring (m/z 12j) 
and by the McLafferty rearran gem ent ( m/z 124) of the molecular 
ion (7): · 

CH2+ /-CH2 CHz
H ~" 

O(a-Il, '" 
e CH-R UH ~ {I 

;:. + . H 

(OH)2 
(OH)2 

m/z 123 m/z 124 
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Compounds la-Ie, Ie and Ig exhibiied out-of-plane bending 
def~rmation bands of 1,2,4-trisubstituted benzene (810, 850 
cm- ), and were identified with congeners of thitsiol. f he 
numbers of carbon atoms and double bonds in the side chain were 
determined from the M+ valu~ l~ and Ie include iS1Iat~~ trans 
olefin groups as they have an i.r. band at 960 cm- • 

In Lr. spectra of 2a-2e and 2f, out-of-plane bending 
deformation bands_pf 1,2,3-trisubstituted benzene were observed 
at 730 and 770 cm • From M+ values, 2a-2c were identified with 
congeners of laccol and 2f, with saturated urushiol. 

Compounds Id, If, 2d and 2e were obtained as mixtures with 
other compounds and characterized by g.l.c.-m.s . measurement. 
They also showed mplecular ion peaks and peaks due to 
dihydrobenzyl ion 0m/z 123) and cyclohexadiene ion (m/z 124). 
Substituted position could not be determined from these m.s. 
data, but were suspected based on their retention time in the 
l.c. chart. 

OH OH OOH 60H 
R 

R 

la R = C 1 7': 3 2a R = C17 : 3 
Ib R = C17 : 2 (t) 2b R C17 : 3 (t) 
Ie R = C17 : 2 2e R = C 1 7: 1 
Id R = CI7 : 2 (t) 2d R = C17 : 1 (t) 
Ie R = C17 : 1 (t) 2e R = C 15: 1 
If R CIS: 1 2f R C15 : 0 
Ig R = C15 : 0 

The complete side chain structure of each homologue of 
thitsiol, laccol and urushiol found in this stud y should be 
determined in due time. 

Dihydric phenols with W-phenylalkyl side chains 
Compounds 3a, 3b, 4a, 4b, Sa and Sb showed very simple mass 

spectra, where only a molecular ion peak, peaks due to the m/z 
1 2 3 and 1 2 4 ion san d the m / z 9 1 1 0 n .w er e pro min e n t • The 
presence of m/z 123 and 124 ions indicates that they are 
derivat i ves of dihydric phenol. As the m/z 91 ion stands for 
tropyllum ion derived from monoa lkylbe nzene, an alky lphenyl group 
is included in t~ese compounds. This was confirmed by the 
exi 1tence of an intense i.r. band of monosubstituted benzene ( 700 
cm-). The substituted position of phenolic nucleus in these 
compounds was determined from characteristic i.r. bands of out-
of-plane bending deformation of the benzene ring. Consequently, 
it is established that 3a and 3b are 4-(10'-phenil decyl)- and 4-
( 1 2 ' - P hen y I dod e c y I )-c ate c hoi, res pee t i vel y , 4 a and 4 bar e 5 - ( 1 0 ' -
phenyldecyl)- and 5-(12'-phenyldodecyl)resorci nol, and Sa and Sb, 
3-(lO'-phenyldecyl)- and 3-(12'-phenyldodecy l)catec hol • 

. ...... 
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OOH . ~ •• - OH O~: 

HOOR 
~ 

6~H 
~ 

3a R = -(CH 2 )10C 6H5 4a R = -(CH 2 )10 C6H5 Sa R = -(CH 2 )10C 6H5 
3b R -(CH 2 )12 C6H5 4b R = -(CH 2 )12 C6H5 5b R -(CH 2 )12 C6H5 

In the lH-n.m.r. spectra of Sa and 5b appeared superimposed 
triplets due to methylene protons at the l' and 10' (12') 
posit i ons (6 2.59), quintets from methylene protons at the 2' and 
9 ' (11') positions (6 1.60), two singlets of hydroxyl protons ( 6 
4.95, 5.08), a multiplet due to monosubstituted phenyl protons (6 
7.17, 7.1 8) , an apparent singlet of protons of 1,2,3-
t r is u b s tit ute d ph e n y.l g r 0 up (6 6. 71), and in ten s emu 1 tip 1 e t s 0 f 
methylene protons of the remaining portion of the molecule (6 
1.27, 1.30). 

3-Substituted monohydric phenols 
Compounds 6d-6f showed simple mass spectra with a distinct 

molecular ion peak, peaks of m/z 107 and 108 and the m/z 91 peak . 
The m / z 1 0 7 and 1 0 8 ion s w ere' d e r i v e d bye lea vag e 0 f the bon d 
beta to the aromatic ring and the MacLafferty rearrangement 01 

the molecular ion, respectively. This means that these 
compounds are monohydric phenols substituted with a long alkvl 
side chain. They also include a monoalkylphenyl group as a peak 
due to tropyllium ion (rn/z 91) was detected. In their Lr. 
spectra, absorption bands due to out-of-pl~ne bending deformatio n 
of 1,3-disubstituted benzene (750, 790 cm- ) and that of 
monosubstituted benzene (700 em-I) were observed. Then these 
compounds are 3-substituted phenols with an -phenylalkyl side 
chain. From the M+ value, 6d was revealed to be 3-(10'-
?henyldecyl)phenol and 6e, 3-(12'-phen yldodec y l)pheno1

1 
6£ 

showed an Lr . band due to a keto function at 1700 cm- , a n d a 
fragment ion of m/z 245 was found in the m.s. diagram which wa~ 
g iven through a-cleavage with loss of a hydroxybenzyl group; 

OH 

I 

107 i 245 
I 

f>f 

In the I H- n• m•r . spectrum were obs~rved a sin g let of methylen e 
protons at the l' position (6 3.51) and two triplets due t o 
met h y len e pro ton sat the 3' (6 2. 4 2) and 1 2' p 0 s'i t ion s (6 2. 6 0 ) . 
From these data, the unique structure of 6f has been established • 

. Compounds 6a-6c, 6g and 6h were obtained in a very small 
amount as mixtures with other compounds and characterized b y 
g.l.c.-m.s. measurement. The m/z 107 and 108 ions were common 
for all of their m.s. diagrams, leadin g that these compounds are 
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monohydric alkylphenols. 6a show~d series of fragment ions 
characteristic of n-alkenes and was revealed to be substituted 
wit haC 1 7 n - a 1 ken y 1 g r 0 u p wit h two d 0 ubi e bon d s fro m the 1'1 + 
value (328). Compounds 6b and 6c showed relatively weak 
mol e cuI a rio n pea k s (m / z 3 7 ian d 3 7 3) and pea k s 0 f m / z -2 6 5 and 
263, each of which was accompanied with a peak due to a fragment 
ion given by elimination of water. It was then revealed ' that 
they have a hydroxyl group at C-2' in the side chain. The 
number of carbon atoms and double bonds in the side chain were 
elucidated from the M+ value. 

6g exhibited in the m.s.' diagram a molecular ion peak (m/z 
380) and a fragment ion of m/z 273 and no peak derived by 
dehydration as found in compounds 6d and 6e, and was concluded to 
contain a keto functiRn at the 2' position. In the m.s. diagram 
of 6h, the molecular ion (m/z 382) and the fragment ion (m/z 27S) 
were associated with peaks dereived by loss of water from these 
ions, indicating that this compound has a hydroxyl group at the 
2' position. 

The substituted position of these minor constituents was 
- tentatively assigned to meta considering the biosynthetic route 
proposed for formation Of!)henolic lipids (8, 9). 

6a R = ~CA~eH(OH)Cl7:2 OH 6b R :! 

QR 
6c R = -CH itCH(OH)C l7 : 3 
6d R = -(C 2)lOC 6HS 
6e R = -(CHe)~eC6Hs 
6f R = -CH 2 0 H2 )lOC 6HS 
6g R = -CH2CO(CHJ)C~C~lIs 
6h R = -CH 2CH(OH ( 2 l2C 6HS 

CONCLUDING REMARKS 

Co ntent of each constituent was listed in Table I. One 
should notice that these values may not represent the exact 
composition of oily component of native sap as it exudates from 
lac tree, since the sample used in this investigation included 
only SO% of monomeric fraction presumably due to the 
polymerization during the storage and the transportation. 

Nevertheless, it has been clarified that sap of Melanorrhoee 
usitate contains .everal types of phenolic lipids, i.e., 
thitsiol, laccol, urushiol, 3- and 4-(w-phenylalkyl)catechols, 5-
(w-phenylalkyl)resorcinols and 3-substituted phenols with unique 
side chains. Latter novel compounds with w-phenylalkyl side 
chains may be the substance which Majima suggested to exist in 
sap of Burmese lac in addition to thitsiol about ' 60 years ago. 

An unusual phenolic lipid having a keto function at C-2', 
campnospermanol (3-(2'-oxo-9'(Z)-nonadecyl)phenol), has 
previously been isolated from Campnospermum auriculate (8). In 
the present study, have been found some compounds with a keto or 
hydroxyl function ~cifically attached to C-2'. This 
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specificity relates to th~ biosynthetic "polyketide" pathway 
which has been proposeo9 ds the general ~chanism of formation of 
phenolic lipids (8, 9). · . 

The analytical procedure presented here may be effectively 
applied to the quality control of natural products from plants 
grown in Southeast Asian countries. Th~ more easier method 
based on modern capillary g.l.c. technique will be presented in a 
separate report. 
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TABLE I. CHARACTERISTICS OF CONSTITUENTS OF SAP OF Melanorrhoea 
usitate 

apparent m.s. {m/z} 
(cm- l ) compound content M1= others i • r • 

wt% 
la 2.0 342 123, 124 810, 850 
Ib 2. 1 342 123, 124 810, 860, 960 
Ie 12.4 344 123, 124 810, 860 
Id ud* 344 123, 124 
Ie 1.4 346 123, 124 810, 860, 960 
If tr** 318 123, 124 
Ig 1.0 320 123, 124 810, 860 

2a 0 . 8 342 123, 124 73O, 77 0 
2b 0.9 342 123, 124 730, 770, q7 (1 

2e tr 346 123, 124 730, 770 
2d tr 346 123, 124 
2e tr 318 123, 124 
2f 2.7 320 123, 124 730, 770 

3a 0.5 326 123, 124, 91 
3b 1.8 354 123, 124, 91 810, 850, 700 
4a 0.4 326 123, 124, 91 830, 700 
4b 0.3 354 123, 124, 91 830, 700 
Sa 8.6 326 123, 124, 91 730, 770, 70 u 
5b 45.4 354 123, 124, 91 730, 770, 700 

6a tr 328 107, 108 
6b tr 372 107, 108, 354, 265 
6e tr 370 107,108,352,263,245 
6d 0.6 310 107, 108, 91 750, 790, 7U u 
6e 0.7 338 107, 10.8, 91 750, 790, 700 
6f 0.5 352 107, 108, 91 245 750,790, 70U, 1700 
6g tr 380 107, 108, 91, 273 
6h tr 382 107,108,91,364,275,257 

"- undetermined. ,~ 

** trace. 

. .. -
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THE DEVELOPMENT OF A SIMPLE METHOD 
FOR TREATIvlENT OF TIMBER I PERMEABILITY HEASURElvrENTS 

~ . IV.J<.. Nair 

Unive-rsiti Sains Malaysia, Malaysia 

A simp ~e idealized model for treatment of t1:Tnber is a singLe step 
immersion process in a preservat1:ve hath . The first stage in deveLoping 
such a method is to obtain precise permeabi li ty da ta. An experimental study 
hap, been made to idendfy thp factors involved in acquiring reLiable and 
perroducible permeah1"lity data () f lJood . 

INTRODUCTION 

The vol~e fl ow rate per unit area through porous media is given hy 
Darcy's law: 

where is the volume fl ow rate of a fluid of 
dt 

of cross - sectional area A and length ~ under a 
K is the permeability constant, characteristic 
independent of the penetratjng fluid. 

viscosity 1 through a medium 

pressure differential A p. 
of the penetrated medium and 

While wood scientists generally assume that fluid flow in wood obeys 
Darcy's law, there is considerable evidence in the literature to indicate 
that this can be a questionable assumpt i on. Several investigators of liquid 
flow in wood (1 , 2, 3) f ound that, contrary t o Darcy' s law, liquid flow rate 
t.hrough wood decreased with time. Subsequently, it was shown (4 ,5. 6) that 
t,he decreasing rate of fl ow was cRused by blockage of submicroscopic pit 
pores by extraneous materials and r,as hubbIes, and that filtered , gas-free 
water could be passed through wood at. a constant f low rate. Bailey (7) 
f01lld that liquid flow rate inc r eased more t han expected wi t h increased 
applied pressure and at.t.ributed t.h i.s to the compress i. on and flushing out of 
gas bubbles restricting cri tical passages . A deviation in t he opposite 
di rection was observed by Suco ff (8) , who f nund that in passing water in the 
axial directi on through northern white cedar sapwood increases in flow 
rate with increased pr esG1rre d i fferent.ial were substant ially below those 
predicted by Darcy ' s law . They considered that air blockaee and pit closure 
were nut the causes of deviati on rlnd attributed -it rather t o turbulence and , 
non-linear laminar fl ow . 

It is evident fr om Litera tllre thflt. t.her e i s 
appli cation of Darcy' s Law to all wood specimens . 
investigation was therefore desirnpd to ascertain 
be used to determine longitudjnal permeability of 
(Koompasia Malaccens i s)_ 
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EXPERIMENTAL 

The apparatus constructed was identical to that detailed by 
Kininmonth ( 9), but the level of the hydrostatic pressure was automatically 
maintained by a carburettor float. The flow rate through the specimen was 
measured with a Tri-Flat flowmeter which takes ten seconds to give a 
reliable reading after a steady flow is established. The liquid inlet and 
outlet sections to the specimen were sealed between the flanges by two 
neoprene O-rings of 14.5 mm in diame~er. The O-rings were aligned with 
respect to the grain in order to prevent water spillage. The specimen cel: 
assembly was then clamped between two perspex sheets, machined to accept the 
glass flanges, by bolts and nuts. 

A~l specimens were cut from the sapwood of Kempas (Koompasia 
Malaccensis), microtomed and outgassed prior to permeability measurements. 
To remove air from the specimens, a beaker containing the submerged specimen~ 
was placed in a dessicatoT and evacuated by a water-suction pump. The 
vacuum was released and the specimens were allowed to soak in the water. 
This cycle was repeated over a period of two days. Finally the specimens 
were left for 12 hours under vacuum. The method adopted for the deaeration 
of water was by ultrasonic cavitation under reduced pressure, the ultrasonir 
generator used being a Soniprobe, made by Dawe Instruments Ltd. 

RESULTS ANb DISCUSSION 

It is generally considered by wood scientists that Darcy's law is 
obeyed with respect to length of the wood specimen. The effect of specimen 
length on wood permeability is shown in Fig. 1. It is apparent from ':ne 
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FIG. 1 PERMEAB~LITY AS A FUNCTION OF SPECIMEN LENGTH 

36 



The Development Of A Simple Method For Treatment Of Timber I Permeability 
Measurements 

curve that only specimens _grea~er than 20 mm obey Darcy's law . ?ecause all 
specimens were microtomed, water has unimpeded~ccess to the lumens at the 
end faces, so that the effective ~~rmeation length is sligthly less than 
the measured length . If the specimen is long this effect will be negligible. 
But, it is reasonable to assume that with shorter specimens, some of 
conducting paths will now offer very little resistance to flow . Consequently. 
in such cases, the permeability will be abnormally high as observed 
suggesting a deviation from Darcy's law. 

Fi g. 2 shows the variation in flow rate with time for a specimen whose 
:ength was 22 mm. The flow rate decreases very rapidly during the first 
) min . of flow after which the decrease continues at a much slower rate. If 
the direction of flow is reversed, flow would start at a rate considerabl~' 
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FIG. 2 FLOW RATE AS A FUNCTI ON OF TIME WITH DOUBLE-DISTILLED 
FILTERED WATER. 

higher than t hat which prevailed j ust prior to reversal and then decrease 
in the same manner as before. These observations could be accounted for b~ 
t he presence of minute particles in the water. These particles would become 
trapped in the pores and progressively reduce the permeability of the 
specimen. Reversal of the direction of the flow would remove some of the 
obstructions thus increasing the flow rate as observed. However when flow 
wa s temporarily interrupted, the flow rate recovered to a similar extent as 
when the direction of flow was reversed indicating that the decrease in flow 
rate with time was not due to obstructions in the flow paths caused by 
particles in the water. 
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Kelso (8) attributed the decrease in flow rate with time to the 
formation of air bubbles. Wood is composed of a complex series-paralle ~ 
arrangement of conducting vessels ~th constrictions. If under co~ditions 
of constant mass flow, a constriction is placed in an uniform cylindrical 
conductor, the linear velocity must increase at the point of constrictioh. 
It follows from Bernoulli's principle that when the linear velocity of a 
fluid in a conductor is increased, the pressure is decreased accordingly. 
When a fluid is passed through wood, the size and distribution of the 
constrictions in the path of flow wou+d similarly influence the linear 
veloci ty and pressure distribution. If the liquid contained dissolved gas. 
then the gas may evolve from the liquid at a constriction where the pressure 
is below the original saturqtion pressure for the gas. The resulting 
bubbles could then be trappe&at the next downstream constriction thereby 
progressi vely reducing the wood's permeability. This explanation is 
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FIG. 3 COMPARISON ,,()F THE RATES OF FLOW OF DEAERATED WATER WHICH 
WAS NOT DEAERATED THROUGH TWO OUTGASSED MATCHED SPECIMENS. 
o DEAERATED WATER; • NON-DEAERATED WATER. 

consistent with the results shown in Fig. 3 where the flow rates with time 
?f deaerated water and water which had not been deaerated for two matched 
specimens are compared. Almost constant flow was obtained with deaerated 
water over a period of 30 min. The slight decrease in flow rate can be 
a ttributed to re-aeration of water during the measurements. However no 
explanation can currently be offered for the increase in flow rate observed 
in the ini tial region of t~ deaera ted water pl .. <:.t. 
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Fig . 4 shows the variation in flow rate with time for a specimen that 
was not outgassed but where deaerated filtered water was used for permeation. 
The specimen was end-matche~·~Q t he specimens in Fig. 3. The expected 
initial rapid decrease in fiow rate is observed ~t this is followed by an 
increase in the permeability of the specimen . The increase in fl ow rate 
suggests that the air bubbles causing blockage of pit pores are being 
removed probably because of its solubility in deaerated water . However, in 
all ca ses the initial flow rate of end-matched deaer ated and non-deaerated 
water were similar . 
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FIG. 4 FLOW RATE AS A FUNCTION OF TIME OF DEAERATED FILTERED 
WATER THROUGH A SPECHAEN THAT WAS NOT OUTGASSED. 

The rates of flow with filtered (100 nm) and urliiltered deaerated 
t.apwater are shown for two matehed specimens in Fig. 5. The constant flow 
rate with filtered t.apwatAr was similar to that obtained with double­
distilled filtered water, an indi~ation that. t,he pore size of the pits in 
the specimen was in exeess of 100 run. With unfiltered tapwater the flow 
ra t e dropped t .o hal fi t.; ·Ja LI(, in about 12 min. 
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CONCLUSIONS 

i . The specimens of length greater than 22 rom were fOW1d to obey Darcy' s 
law. 

ii. With extreme care constant flow can be achieved through a degassed 
sample with deaerated double-distilled wa t er. 

iii. The flow rate decreased sharply for specimens --- -degassed or when non-deaerated water ·s . used. 
of aeration is small, the initial flow rate is 
have been if complete deaeration had occurred. 

tha t llave not been 
However, if the degree 
the t ame as it would 

i v. Reliable permeability values can be calculated f or E'pecimens us ing the 
ini tial flow rate, even if deaera tion was not complE·te in wood or water. 
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THE STUDY OF AMMONIUM BIFLUORIDE AS A FLUORINATING AGENT 

Chun-Bsu Lin, Guan-Su Slu:rLJ, Tseng-Rong Wu, 
Ching-Yuan Lee, Mou-Thai Wu " 

Chung Shan Institute o f Science & Technology 
Taiwan, R . O. C . 

ABSTRACT 

The utilization of amnonium bij1uoride as j10urinating agent is reLative­
ly inexpensive and easy to handle hence worthwhile to be investigated ex­
tensively. Reactions of qrganochloro-si Lanes, -phosphorus compounds and 
organosulfonyl chlorides with amnoniwn bij1uoride have been studied and 
the proposed mechanisms discussed. 

INTRODUCTION 

The various applications of organiC fluoro-compounds and ri ­
Sing demand for them stimulated the interest in searching for 
more versatile fluorinating agents. Ammonium bifluoride , NH4 -
HF2, readily obtainable by reacting ammonium hydroxide with 
hydrofluoric acid, seems to be a potential fluorinating agent 
though its capability in this respect has not been often re­
ported .1-5 

Fluorination using NH4HF2 showed the advantages of relative 
low cost and simple handling of the reactipns. In this work , 
fluorination of organochloro-silanes, -phosphorus compounds 
as well as organosulfonyl chlorides were investigated. 

RESULTS AND DISCUSSION 

Organic Silicon Fluorides 

R S OX NH4HF2 R S'F n 1 4-n ~ n 1 4-n 

For X was a chlorine and R were some alkyl groups, the reac­
tion gave 91-98% yield of fluorinated products under room tem­
perature. While X was a chlorine and R were several different 
aryl groups, yields of 60-87% were obf a i ned. For X was alkoxy 
or amino groups and the reaction was carried out in refluxing 
CCl 4 , 82-85% yield of products were obtained. 
The less satisfactory yield of arylfluorosilanes was owing "to 
the splitting of C-Si bondi ng b y hydrogen chloride generated . 
from the reaction of ammonium bifluoride and chlo"rosilanes. 
Bott 6 had proposed a mechanism o f electrophilic aromatic sub­
stitution to explain the cleavage o f C-Si bond. 
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HCl + 

In consistence with this mechanism, we found the carbon-sili­
cone bond splitted easily in the polar solvent, but much more 
sluggishly in the nonpolar solvent 7 . 

Organic Phosphorus Fluorides 

RnP(X)mC1 3-n NH4HF2 , RnP(X)mF3-n 

For the pentavalent phosphorus compounds, the corresponding 
fluorinated products have been prepared under mild conditions 
and the yields were r.~latively high. Whereas, in case of the 
trivalent phosphorus compounds only gave low yield of the de­
sired halogen exchange products. When R was alkoxy group, the 
mixture of final products containing RCI, PF3 as well as their 
corresponding fluorinated compounds were obtained. For ins­
tance, the reaction of (C2H50)PCI2 and ammonium bifluoride 
gave a reaction mixture which consists of EtOPF2, EtCI, PF3 
and FHP(O)OH. The ~echanism b~ow was proposed to interpret 
the formation of these compounds. 

EtOPC12 + NH4HF2 ,. EtOPF2 + HCI + NH4CI (1) 

EtOPF2 + HCI ) EtCI + F2POH (2 ) 

F2POH ~ F2P (O)OH (3) 

2F2P(O)H ~ PF3 + FHP(O)OH ( 4 ) 

It has been known th a t hydrogen chloride can split the carbon­
oxygen bond of alkyl phosphites (eq.(2)). The phosphinous 
acid, F2POH, thus formed was converted readily to difluoro­
phosphine oxide, F2P(O)H (eq.(3)), which was then dispropor­
tionated to phosphorus trifluoride and phosphinic acid FHP(O)­
OHa. 
It was reported that C6H5PF3H was the reaction product of 
C6H5PCl2 and potassium hydrogen fluoride 9 . In our experiment. 
using carbon tetrachloride as solvent, fluorination of phenyl­
dichlorophosphine b~ NH4HF2 yield C6H5PF4 and trace of C6H5P­
(O)F2. This result can be explained by the following scheme. 

6 + 0-
RPCl 2 + CCl4 ,. RCl2P .--- CI CCl3 

NH4HF2 
~ 

RP(O)F2 
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..... ... 

Carbon tetrachloride played an ~mportant role to form a cbm­
plex with phenyldichlorophosphine. This complex was then re­
acted with NH4HF2 to produce phenyltrichlorofluorophospnoranel~ 
which was further fluorinated to C6H5PF4. Consequently, C6H5-
P(O)F2 was produced by hydrolysis of C6H5PF4. 

Organic Sulfonly Fluorides 

RS02CI NH4HF2) RS02F 

For this kind of compounds the rate of halogen exchange reac­
tion was quite depending on solvent system. Sulfonyl chlori­
des could readily be converted to the corresponding fluorides 
by ammonium bifluoride ~n H20, DMSO or DMF under ambient tem­
perature. When acetonitrile or o-dichlorobenzene was used as 
solvent, this conversion proceeded under reflux. 
Acid-binder (i.e. triethyl amine) was required to promote this 
fluorination reaction, in case of the solvent uSBd was toluene 
or petroleum ether. 

EXPERIMENTAL 

Fluroination was carried out in the usual way using Pyrex fla­
sk fitted with reflux condenser on the magnetic stirrer. The 
analytical instruments used were 

HI NMR: Bruker WP 80, internal TMS 

Fl9 NMR: Jeol FX90Q, internal CFC13 or CF3COOH(TFA) 
negative chemical shifts refer to high field . 

The experimental results are list on the table I - III. 
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TABLE I. SYNTHESIS OF ORGANIC SILICON FLUORIDES 

Condi- Rxn. . H1 NMR F19 NMR 
Reactants Products Solvent T' Yleld 6TMS 6TFA ppm tion lme ppm 

(hr) ' % (C03)2CO (C03)2CO 

CH 3Si C1 3 CH 3SiF3 CC1 4 r. t. 0.5 98 O.66(q) -S7.1(q) 
JHr4.0Hz JHF =4.0Hz 

(CH3)2SiC12 (CH 3)2SiF 2 CC1 4 r. t. 0.5 95 0.35{t) -55 . 1(heptet) 
JHF=5.9Hz JHF =5.9Hz 

(CH3)3SiCl (CH 3)3SiF CC1 4 r . t. 2 98 0.24(d) -80.9(decet) 
JHF=7.2Hz JHF =7 .2HZ 

(CH3)3SiOMe (CH 3)3SiF CC1 4 reflux 2 91 " " 

(CH3)3SiNHPh (CH 3)3SiF CC1 4 refl ux 2 85 " " 

• 
(CH3)3SiNEt2 (CH 3)3SiF CC1 4 reflux 2 83 " " 

(CH 3)2Si (OCH 3)2 (CH 3)2SiF2 CC1 4 reflux 4 82 " " 

PhSiC1 3 PhSiF3 CH 2C1 2 r. t. 2 60 7. 6(m) ,3H -66.3(S) 7. 4(m) ,2H 

Ph 2SiC1 2 Ph 2SiF2 0-C6H4C1 2 r. t. 2 81 7.70(m) -66.2(S) 

Ph;SiC1 Ph 3SiF C6H6 r. t. 4 62 7.54(m) -92.9(5) 

Et35iC1 Et3SiF C6HSN02 r. t. 2 85 0.6-1.0(m) -99.4(m) 

(CH3)2Ph5iC1 (CH3)2PhSiF CC1 4 r. t. 2 87 O. 45( d) ,6H -84.8(heptet) 
JH~(8.0HZ JHF =8.0HZ 
7.5 m) 5H 

CH 2=CH5iC'3 CH 2=CHSiF3 CC1 4 r . t. 2 94 6.0-6.8(m) -65.2(5) 
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TABLE II. SYNTHESIS OF ORGANIC PHOSPHORUS FLUORIDES 

Reactants Products Rxn. Rxn. Condi- Yield B.P . of F19 NMR oCC13F ppm 
Time Solvent tion ~ Products CDC1 3 

0 0 
II II 

78oC/20nm (EtO) 2PCl (EtO) zPF 2 hr CC1 4 r~t . 51 -81 .55,Jp_F=975Hz 

0 0 
" " 82-30C/2Onm ( i-PrO)2 PCl (i -PrO) 2PF 2 hr < CCl r . t. 69 -78.7, J p_F=973Hz -, 4 

0 0 
II II 

86-7oC/20nm PhPC1 2 PhPF 2 2 hr CC1 4 r. t. 50 -65.7, Jp_F=1105Hz 

S S - " II 
59-60°C CH 3PC1 2 CH 3PF 2 2 hr CC1 4 r. t. 40 -42.75,Jp_F=1142Hz 

PhPC1 2 PhPF 4 2 hr CC1 4 r.t. 42 132-4oC -55.4, Jp_F=966Hz 

PhOPF (1) 
. • I 

PhOPC1 2 2 hr CC1 4 r.t. 40 124-50 C -44.5, J = 1327Hz I 2 P-F i 

EtOPC1 2 
EtOPF (2) 

2 2 hr CC1 4 r. t. . 20< 16°C -49.3, Jp_F=1288HZ 

(1) Other trace amount of impurities were PhOPC1F (19F o-53.3,d), PF 3( 19F o-32 .9,d), 

FHP(O}OH (19F o-61.2,dd). 
(2) Other trace amount of impurities were PF 3 (19F o-33.4,d), FHP(O)OH (19F o-60.7,ddl . 

. .. -
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TABLE III. SYNTHESIS OF ORGAN~ SULFONYL FLUORIDES 

Rxn. Rxn. Yield F19 NMR 6CC1 3F ppm Reac tan ts Products Solvent ( Et ) 3N Temp. T~p. 
(hr) ( C) (%) CDC1 3 

CC1 3502C1 CC1 SO F" 3 2 xylene 4 reflux no 

ether I 24 r. t. no 

H2O 18 r. t. no 

H 0+ 
a6etone 18 r. t. rib 

CH 3S0 2Cl CH 3S0 2F DCB 4 r. t. no 61.l(q) 

DCB 8 reflux 57 

CH 3CN 4 r. t. no 
CH 3CN 72 refl ux 64 

H2O 6 r. t. 50 

Df1S0 0.2 r. t. 89 

or'IF 0.2 r. t. 64 

o-N0 2C6H4S0 2C1 O-N02C6H4SOl toluene 4 refl ux trace 64.6(5) 

toluene I . 4 refl ux 75 

H2O 18 r . t. 95 . 3 
H20+ 
acetone 18 r. t. 93.8 

p-N0 2C6H4S0 2C1 p-N0 2C6H4S02F xylene 4 r,t. no 65.7(5) 

xylene 5 reflux trace 

toluene I 3 reflux 75 
I H?O 24 40 87 

p-CH 3C6H4502Cl p-CH3C6H4SOl toluene 5 reflux trace 65.8(5) I toluene I 3 reflux 73 

I - H ° 24 r, t. 22 B~nzene 
H?O 14 r. t. 85 I 

PhS0 2Cl PhS°zF xylene 5 refl ux 43 65.4(5) I 
I 

xylene 4 r. t. no t 

CH3CN 4 r. t. no 

CH 3CN 72 refl ux 60 

H2O 48 r. t. '-, 73 I 

Df1S0 0.2 r.t. 74 

p-BrC 6H4S02C1 p-BrC 6H4S°zF toluene 5 refl ux trace 65.9(5) 
I 

tOluene ; 4 reflux 80 I 
: 

H?O 20 40 94 I 
SO',C1 S02 F xylene 5 reflux no 67.8(5) 

I CH3~CH3 CH~3 Petroleum; 3 reflux 60 I ether 
H3 H3 H2O 20 40 89 I 

I 
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OCCURRENCE OF-UNUSUALLY HIG~EVELS OF 
SQUALENE IN THE LIVER OF THE SHARK 
CENTROPHORUS ARMATUS 

R. C. W-ije.-6undVta., W.M. N. Rai.nCllfake. and C .W'<'civtamage 

Ceylon Institute of Scientific and Industrial 
Research, Colombo, Sri Lanka 

A vaJt-ie;ty 06 -6haJtk Cz.n.tJtophO./t/..L-6 aJtmai.u.-6 u..v-<..ng -tn the de.e.p--6e.a 066 
~~ Lanka ha-6 be.e.n 60und to be. a good -6o~~e 06 -6quale.ne.. The. i-tVeA 06 th.<.-6 
-6pe.Ue.-6 60JUn-6 cWno-6t a quaJtteA 06 ~t-6 body we.-<..ght and ~OntMn-6 mOJte. than 80% 
\w/w) o'<'l. The. i-tVeA o-il ~ made up 06 a-6 mu~h a-6 10-98% \w/w) -6quale.ne. 
The. o-il ~ontMn-6 .o-<.gMM~a.nt qu.a.n.ti.Ue.-6 06 g.ey~eAyl e.thVt-6 a-6 well. Squ.alene 
.<...0 hnpoJttant ~OtmleA~-<"ally a-6 J. -<..-6 /..L-6e.d a-6 an av-<..aV~on wbIC.-i~ and al..-60 
a-6 a ~O-6me.U~ -tngJte.d.<.e.nt. The papeA de.-6~-ibe.-6 a Jtap-i.d and Jte.l-<..a.bie ga-6 

~hJtomai.ogJtaph-<.c me.thod 60Jt the quant-ttat.tve de.te.Jtm.<.nat-<..on oA -6quale.ne ~n 
-6haJtk i-tVeA o-il-6. I-6olat-<..on and ~de.nU6~~~on 06 alkyl gly~eAyl e.theA-6 -<..n 
C. aJtma.tU-6 i-tveA o-<.l aJte. al..-60 d.<.-6c.u-6-6e.d. 

1. I NTRODUCT ION 

Although hydrocarbons are widely d1strlbuted 1n marlne organ1sms 
they are generally found only as minor constituents. However, some species 
of shark, especially those living in deep-sea are known to contain relatIvely 
large amounts of hydrocarbons with squalene as the dominant component (1-10) . 
For example, the sharks Ce.n.tJtophoJt/..L-6 gJtanulo4U-6 (1), Ce.n.tJtophoJt/..L-6 uyai.o (2) 
and Ce.ntJtO-6C1jmnu.o 6/..L-6~ (3) have been reported to contain as much as 80-90' 
of squalene in their liver lipids. 

Altogebher about 250 varieties of sharks are known, out of WhICh 22 
species, distributed among the four families OJte.&olob-id~{>.. LamMdae, 
S~l.<.oJth-<.~dae. and CaJtchaJt~Mdae.,are found in SrI Lankan waters (11) . The -
species CentJtophOJt/..L-6 aJtmai.u.-6 lives near the sea-bed. 300-475 metres deep, 
where the temperature of the water is about lOoC . In size, it is smaller 
than the conmon shark varieties, the ave rage length and weight of a fu lly 
grown individual being 85cm and lkg respectivel y. It has fins at the first 
and second dorsals, and rather large, protruding eyes. , 

Squalene is commercially important as it is useful as a cosmetic 
ingredient as well as an aviation lubricant, This paper reports on the 
presence of unusually high contents of squalene in the liver oil of the 
shark CentJtophoJt/..L-6 aJtmai.u.-6, which is being commercially exploited. 

77 



PRIOCHEM AE'!A 1984 . Part IV. ChemicaL R~seaMh 

2. EXPERIMENTAL 

2.1 Source of Mate rials 

Two mal e s harks, one mature and the other immature, of 
length 59.5 and 52.5 em, and weighing 1030 and 685g respectively were used 
for the experime l. ~ . They .le r e t aken , in t he deep-sea, about 3 kilometers 
from the Trincomalee harbour, which is on the northeastern coast of Sri 
Lanka. The sharks 2r e caught by employing the long-line technique and 
transported to the laborat qry in i ce boxe s. The tissues were stored at 
-20°C under methanol containing 2,6-di-.ttIt.t-butyl-I'-cresol (BHT) and the 
lipids extracted with chloroform/met hanol according to the method of Bligh 
and Dye r (12). 

Commer cial C.~~ l i ve r oil obtained from two lo~al 
exyorters were also examined. 

2.2 Thin Laye r Chromat ography 

Analyt i ca l thin laye r chromatography was carried out on 
plates (20x5cm) coated with silica ge l G (O.lmm). The developing solvent 
was a mixture of petrole um e the r ( b. p . 40-60 0 C) , diethyl ether and acetic 
acid (80 : 10: 1) . The c~p onents were de tected by heating the plate at 10SoC 
for 5 minutes after spraying with a~ ethanolic solution of phosphobolybdic 
acid (10%) when they appeared as brown spots in a green background. 

2.3 Separation of Lipid Classes 

Commercial C.~~ liver oil (40g) was partially separated 
into its component lipids by chromatography on silica gel (lkg) using 
petroleum ether (b . P.40-60 oC) containing increasing quantities of diethyl 
ether as the eluting solvent. Pure squalene ~7.3%) was obtained with 
petroleum ether, but diacylglyceryl ethers Itr1acylglycerols eluted as 
mixtures (12.6%) with petroleum ether containing 10% of diethyl ether . 

The diacyl glyceryl ethers and triacylglycerols were 
separated from each other by preparative thin layer chromatography on plates 
(20x20cm) coated with silica gel G (O.Srnm) using upto 50mg of mixture per 
~late. Petroleum ether containing 10 % diethyl ether was used as the develo­
Ring solvent, and the components were detected by viewing under ultraviolet 
light after spraying with an ethanolic solution of 2' ,7'-dichloroflurocein 
(0.2%) , The separated components were extracted with diethyl ether. 

2 , 4 Gas Liquid Chromatography 

Gas liqui d . hromatography was carried out on a Varian model 
2440 chromatograph equipped wi th a fl ame ionization detector. Glass columns 
(1.5m x 4 mm i .d .) packed wit h 10% SP-2340 coated on;00/120 chromosorb W 
AW or 3% OV-l coated on Gas - chrom Q 100/1 20/werKe ¥~o'columns were operated 
at 190°C and 240 0 C respect~ly , using Argon as the carrier gas. . ... ..... 
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Occurence of Unusually High Leve ls Of Squalene In The Liver Of The Shark 
Centl 'ophorus 

3. RES~TS AND DISCUSSION _ ... 
3.1 Size of the Liver and Oil Content 

The weights of the f re sh livers of the mature and immature 
individuals were 247g and 147g respectively, and represented 24% and 21% 
respectively of their body weights. The content of oil in the respective 
livers were 82% and 81% (w/w) as determined by the method of Bligh and Dyer. 
The livers we ~ e virtually bags of oil and near quantitative oil extraction 
could be obtained by merely cutt ing them up. 

3.2 Chracteristics of C.a4m~~ Oil 

Shark liver oils ri ch in squalene are easily distinguished 
from other fish oi ls by their rather low saponification values and extra­
ordinarily high unsaponifiable matter content (Table I). For example, 
ord inary shark liver oil produced for use as a Vitamin A supplement for 
animals has a saponification value of 19 1 and unsapunifiable matter content 
of only 1.6%, whereas the value s for C.a4matu4 liver oils were 26.3-19.6 and 
70.3-98.7% respectively . Low specific gravity and high iodine value are 
also chracteristic of squalene-rich oils . 

TABLE 1 PHYSICAL AND CHEMICAL PROfERTIES OF C.ARMATUS LIVER OIL 

Mature~ Immature~ b Coouner- - Coouner-
cial 1 

Specific Gravity, 0.863 0.858 0.857 
300 C 

Refractive 
Inde x . 10 '1C 1. 492 1.488 1.481 

Iodine Value 237 230 214 

Saponi fication 
Value 20.7 21. 9 26.3 

Unsaponifiable 
Matter 98 .7 87.3 70 . 3 

Squalene 98.0 84.2 . 68.5 

a C.arom~ liver oils from individual sharks 

b Bulk C.aromatu4 liver oil produced for export 

c Ordinary shark liver oil produced by the 
Fisheries Corporation of Sri Lanka. 
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3.3 Composition of C.aromatu¢ oil 

Thin layer chromatography of the C.~atuA lipid showed the 
presence of three main ccmponents ~he least polar of which had mobility 
similar to that of hydrocarbons. The other two had mobilities indicative of 
diacylglyceryl ether and triacylglycerol respectively. 

3.3.1 Identification of the Hydrocarbon as Squalene. Gas chromatographic 
analysis of the hyd r ocarbon fraction isolated by colwnn chromatography 
showed the presence of a si'1'lgle component wi th retent ion times of 14.2 and 
8.9 relative to n-eicosane on liquid phases SP-2340 and OV-l respectively . 
On hydrogenation, it was converted qu antitatively to squalane. 

The infrared spectrwn of the hydrocarbon showed the pattern 
expected of a long-c~tin alkene including the presence of c=c stretching 
vibration at 1650 cm . Its ~lR spectrwn was identical with that of 
authentic squalene. 

It has been reported that high levels of squalene in fish 
livers are usually accompanied by small amounts of other hydrocarbons, 
notably pristane (6). Careful glc analysis of C.~atuA oil, however, 
failed to show any hydrocarbons other than squalene. 

3.3.2 Quantification of squalene. Quantitative analysis of squalene ~n 

the oil samples was carried out by gubjecting the oil directly to gas 
chromatography ~n the presence of squalane as an internal standard. 3% OV-l 
was preferred as the column material as it gave sharp, fast eluting peaks 
for both squalane and squalene. It afforded a rapid and reliable method for 
quantitative determination of squalene in the oils; a glc run being complete 
in about 20 minutes. 

The liver oils from the mature and immature C.~atu4 
specimens comprised as much as 98.0% and 84 .2% squalene. The two commercial 
samples examined had squalene contents of 68.5% and 89.7%. 

3.3.3 Other ccmponent lipids. Removal of squalene from commercial 
C.anm~ oil by colwnn chromatography furnished a mixture of two 
components (12.6%) which were then separated from each other by preparative 
tIc. The more polar of the two (5.5%) was identified as triacyl glycerol on 
the basis of its tIc mobility and infrared spectrum. 

The infrared spectrum of the less polar component (7.l ~ 1 
also had a~!orption peaks characteristic of long-chain esters (22qo cm 
and 1740 cm ), but in addition displayed a sharp peak at 1110 cm showing 
the presence of C-O-C groupings. Treatment with alcoholic potassium 
hydroxide followed by ether extraction yiel~Id a product whose infrared 
spectrum did not show absorption at 1740 cm (ester C=O), but displ ayed a 
new strong peak at 3300 em (O-H). On this evidence and on the basi s of its 
tIc mobility, the component was identified as alkyl diacylglyceryl ether . 
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CentY'ophoY'Us 

3.4 The Component Acids C.a4maiu4 Lipids 

The fatty acid composition of C.~~ liver oil as well as 
that of its flesh lipids were exam~ned by gas liquid chromatography on 10% 
SP 2340 after conversion into methyl esters (Table 2). 

TABLE 2 ~ATTY ACID COMPOSITION (% wt) OF 
AND FLESH LIPIDS 

Acid Live r Flesh 

Saturated (29.4) (13.8) 

14:0 2.0 0.7 

16:0 23 . 8 7. 1 

18:0 3. 6 6.0 

Monoenes (53.4) 01.8) 

16: 1 7.8 

18: 1 40.7 11.1 

20: 1 3.2 0.7 
22: 1 1.7 

24: 1 

n-6 Polyenes (9.8) (14.6) 

18:2 1.6 1.0 

18:3 0.3 0.1 

20: 3 0.6 .,.. 

20:4 2.7 10.6 

22:4 1.0 2.2 
22:5 3.6 0.7 

n-3 Poly-enes (5.5) (56.5) 

18:4 0.2 0.1 

20: 4 

20: 5 1.3 1.6 

22:5 0.9 0.8 

22:6 3.1 54.0 

Others 1.9 3.3 

The liver oi 1 of C.a4m~ contains much less 

C.aIlinaiu4 LIVER 

Ordinary Shark liver 
oi 1 

03.7) 

3.3 

22.3 

8.1 

06.4) 

1.6 

11. 7 

1.8 

1.3 

(11.1) 

1.0 

0.9 

0.2 

3.0 

0.2 
5.8 

05.8) 

0.3 

0.4 

3.8 

2.8 

28.5 

3.0 

polyunsaturated acids 05.3%) 
th n that of ordinary shark (46.9%). Its flesh lipid 0.0 % w/w) , on the 
other hand, 1S rich in polyunsaturated acids (71.1%) with 22:6 n-3 (54.0%) 
dominating. 
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. 
3.5 Significance of High Contents of Squalene 

It appears that the presence of high levels of hepatic 
squalene is peculiar to sharks liv.ing in the deep-sea. The basking shark, 
which is caught at the surface is known to contain squalene ; however, there 
is evidence that it may winter in deep water. The reason for the presence 
of ·such high conten~of squalene is not cle ar, but is seems probable that 
it provides buoyancy as well as cold and pressure resistance to the fish 
living in deep-sea. 

Squalene is an intermediate in the biosynthesis of choles­
terol, and so it would be of great significance to know how deep-sea sharks 
accumulate large amounts of squalene while maintaining only slightly 
elevated cholesterol levels. It is conceivable that in the deep-sea sharks 
cholesterogenesis is blocked just beyond the step of squalene synthesis 
because of the lack of oxygen or other factors including co-enzymes 'required 
for cyclization. 
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STRUCTURAL ASPECTS OF PHOTOINDUCED CHARGE SEPARATION 

IN MICROHETER04F.N~OtiS MEDIA: AN ESR STUDY 
~ 
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Dhahran - SaudI ArabIa 

ABSTRKCT 

The relative locatIon of the photoelectron 1n m1celles was 
probed w1th varIOUS types of electron scavengers. It 1S observed that 
1n the presence of Ag ( I) . Cu(IIl and EUIIII) the l1fet1me of TMB cat10n 
1n SDS an~onIC m~celles 1ncreased up to 20 tImes. Ip the presence of 
organ1c addl t1 ves WhICh has been determIned to resIde 1n the organ1c 
non-polar regIon of the mIcelle . decrease the Y1eld of the TMB catIon 1n 
5DS an~on~c m1celles. 

The YIeld of TMB catIon was observed to be much less 1n the ves-
1cle systems than 1n the m~celles. Th1S 1S probably due to the further 
1n dIstance of TMB solubll~zat1on site to bulk aqueous phase. D~merl­

zat10n of photo~on1zed products was observed 1n vesIcles but not 1n 
m1celles. Th1S also decreases the YIeld. Both factors are evaluated 
for opt~mum charge separat~on. 
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Introduction 

Photoredox reactions in microheterogeneous media has been ~nder ­

gone intenslve research in the recent yea r s. 1 - 5 This mainly stem ~ from 
the fact that it could be used to harvest solar energy . The best ~own 

such sys tem , probably the least understood , is the photosynthetic pro­
cess from our nature. The lnitial step of photosynthes ls is photolonl­
zatlon leadlng to net charge separatlon and thus stored the captured 
quanta. 7 Rapld charge recomblnation a fte r photolonlzation lS not a 
practlcal way to store ene r gy. Recent l y , 1 t has been establlshed that 
an oil /water boundary ' is nec es sary to malnta l n charge separatlon.'-9 The 
lnterpre tatlon is t hat t he exc ited photoel ec tron once transferred 
through th@ oll-wate r inte r face wa s capture d (or hydrated) on the other 
slde and could not retu r n. Though the exact mechanistic step lS not 
known , the exact r earrangement of the chromophores in the reglon of the 
oll-water phase boundary lS responsible for the vectoral electron 
t r ansfer. In other words , one wan ' s t o know more about the relative 
locatlon , the loca l e nv~ r olmen t of t he photoionlzed specles , or the site 
where photolonlzat on ta kes place. V~fortunate _y, very little lS under­
s t ood in t hlS aspect . 1 0 

The elect!"on sp l n re sonanc e (ESR) and electron spin echo spec­
troscopy (ESE) are we ll-knot,.'n for studying paramagnetic specles. They 
are partlcularly adap t ed to the study of disordered system as exempll­
fled by mlcelles , mlc r oemul s l ons and synthetlc veslcles . We have 
recently shown how ESR and ESE can be sucessfully used to deduce the 
relatlve locatlon of the' cat l on of a chromophore 
N.N,N' ,N'-tetramethylbenZldlne (1MB) in organlZed molecular assem­
blles . 11 - 15 In this paper we study t he effect of various electron sca­
vengers and monitored the Yleld of the TMB cation as a function of tlme. 
From the klnetlcs, the solub1 l ization sites of various electron scaven­
gers and thelr reduced speCles , we ob tained structural 1nformation about 
the relatlve locat1on of t he photoelectrons. We also extend our studles 
lnto the synthetic vesic l es , both anlonic and cationic. We flnd lnter­
estlng contrasts \ _th mlcella r s ystems that give new 1nformatlon about 
the structural requ1rement s f or opt ,l'num photogene rated charge separatlon 
1n m1croheterogeneous medla. 

E x peri mental 

M1celle So lu t1ons were p r epared b) dlssolving the surfactants 1n 
tr1ply dist1llated water . The [,Iicelle concen t rati ons were typlcally 
0.1 M. The TMB Solut1on was p re.pared t- y addi ng _.1£ to the m1celle 
solution and stirring the mixture al 60 Q ~ to he lp solubiliz lng the TMB. 
The TMB concent ration was dete rm1a eJ _0 b· 0 . 3 mM by optical absorptlon 
wlth a Cary 14. The wave lenc;;t~, .,:'Le was calibrated with a holmlum 
oXlde filter and is accurate to '0 .3 nm. I norganic electron scavengers 
used were si lver perchlo ra t e, sil'..;er n j t!" a t e, silver sulfate , euro­
plum(III) nitrate and coppe r(II) sulfate . T': i'!y we aGded to the 
freshly prepared TMB/micella r solutlons . Or ganic ele~tron scavengers 
used were iodomethane, acetone, .Jenzene, dimetny l .5ulfo't ide (DMSO) , 
dichloromethane and 1:'odoethane. T;!- ."' 1 ~t ron c;;c~ -, enge j added were 
typlcally 1 mM. Deute r ium oxide and -ie utera t ed corr.pounds were used for 
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ESE measurements. 
-... . 

The vesicle solutions were prepared by di~olving the synthetic 
surfactan ts in tnply distillated water, heated to 80°C followed by 
sonication at 80 DC for 1 hr with a Fisher Model 300 Sonic dismembrator 
which was operated at 30 W with a 4 mm o.d. microtip. Typical coneen­
trat10ns used were 9 mg of DODAC . 6 mg of DODAB. and 0 mg of DHP, each 
in 1.5 mL of water. 

Optical and ESR samples were prepared 1n a glovebag flushed with 
dry n1 trogen. rhe ESR samples for room temperature measurements were 
contained in 75 A pipettes, and the ESR samples for 77 K and 4 K exper-
1ments were prepared in 2 mm i. d. b: 3 mm o. d. Suprasil quartz tubing. 
The samples were frozen in 2-3 s by plung1ng the sample tubes directly 
1nto liqU1d nitrogen. Th1S 1S ~a~ld enough that the water at a micellar 
surface reta1ns a d1sordered , noncrysta ll1ne structure, ll- l5 so it 1S 
assumed that m1c: e lle and ves1cl e shapes 1n the frozen solutions are 
similar to those :n llquid solut1ons. 

Photoirradiat1ons wer t: carr1ed out w1th a 900 W h1gh -pressure 
mercury lamp (Phihps Model SP). A nar row band- pass £llter (Cor n1ng 
no. 760) was used to pass lI ght of predom1nently 350 run. The total 
llght flux was 1.0X102 W/m2 as measured by a radiometer . Typ1cal 1rra­
diation times were 200 6. The ESR spectra were recorded at room temp­
erature and at 77 K on a Vari an-E4 ESR spectrometer . The ESE da ta were 
recorded at 4.2 K on a home-built pulsed ESR spectrometer that has been 
described. l6 Most of the surfactants and the TMB were obtained from 
Eastman Chemicals. Dihexadecylphosphate (DHP) was obtained from Slgma 
Chemicals. Dioctadecyldimethylammonium bromide (DODAB) was exchanged by 
chloride ion to produce dioctadecyldimethylammonium chloride (DODAC). 15 

Results 

TMB in micelles 
TMB dissolves in m1celles has an optical absorption max1mum at 

307 run and is quite similar to TMB 1n ethanol. 17 TMB in micelle does 
not exhibit any ESR spectrum. Afte r photoirrad1ation f or 250 s at room 
temperature the characteristic ESR spectrum of the TMB cat10n is 
observed. The decay of the intens1ty of the ESR signal is mon1to re d as 
a function of time. A linear semi log plot gives a first order rate 
constant of 135X10- ss- l • This lS the init1al decay rate of the TMB 
cation in anionic SDS m1celle "t room tem~ ~r at"-ll-e, :_.c . the decay (-ate 
right after the light is turned o~ f. In t h~ pre~ence of Ag(I), Cu(-I) , 
and Eu(III) the initial decay rate becomes 3, 7 ani 7 X10- 5 S- 1 t-espec­
tively. In the case of Ag(I), the _ rate is measured with li0ht off since 
silver chemically reacts with TMB. The maximum intensity observed from 
these samples also differ from plain THB sample . Ir: the pr L:..d1ce of 
Ag(I), Cu ( II ) and Eu(III) the maximum yield becomes 5.6, 0.60 and 4.0 
t1mes of the plain TMB sample. The halflife changes fro~ 0 . 3 hr of the 
plain TMB sample to 8.3 hours and 2.3 h~urs ir the presence of Ag(l) and 
Eu ( III) . TMB cation is the only paramagnetic species observed in the 
above samples. The expected reduced species of Ag(I) and Eu(II) are not 
observed. Due to the broad signal of the Cu(II), it has not been able 
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to determine whether the Cu(II) signal has changed. 
In the presence of the organic eJ.ectron scavengers, acetone, 

iodomethane, benzene and duroquinone, the maximum yi eld of the TMB 
cation is reduced. The maximum yield of TMB cations are 90, 80, 8t 80, 
and 60 % of plain TMB samples in the presence of ace tone, iodome thane, 
benzene and duroquinone respective-l-y. Again, TMB cation is the only 
radical observed. ' 

A sample with added iodomethane froze at 77 K into a white poly­
crystalline solid and'-no ESR signal was observe d before irradiation. 
After irradiation the sample exhibited strong green yellow phosphores­
cence and turned into a bright yellow polycrystalline matrix. The dom­
inent specie is a quartet with an isotropic byperf ine splitting of 23 G 
and an intensity distribu tion of 1: 3: 3: 1. This is identified as the 
methyl radical. The ESR signal of the TMB cation, though heavily masked 
by the methyl radical, was indicated by the yellow color of the sam­
ple. 13 Proton spin flip lines 11 were observed on the methyl radical 
spect ra at both low field and high field of the methyl peaks in both 
protiated and deuterated water samples. The nearest protons to the TMB 
cation thus from the organic chain of the surfactant molecules rather 
than from the aqueous protons. This indicated that the methyl radical 
is residing in the~ organic apolar region of the micelle. This is con­
sistent with the fact that m.ethyl radical is nonpolar, and thus is 
expected to prefer the nonpolar micelle core. The ESE decay envelopes 
of the methyl radicals in deuterated water samples did not show deuteron 
modulation. This suggested that ,the methyl radicals is far away from 
the bulk aqueous surrounding . 11-14 ' 

Deuterated iodomethane added samples after irradiation displayed 
the characteristic spectrum of a deuterated methyl radical, a septet 
with an intensity distr ibution of 1:3:6:7:6:3:1. Here the TMB cation is 
clearly observed since the deuterated methyl radical is too narrow to 
mask the broad TMB cation signal. When iodoethane was added , the cor­
responding ethyl radical was produced after irradia tion. 

The experiment is repeated with TMB in cationic DTAC micelle. 
The yield of the TMB cation at room temperature is approximately 33 
times weaker than in the anionic S~S micelle. This goes to the detection 
limit of the spectrometer and thus no experiment with the added electron 
scavengers were attempted . 

TMB in vesicles 
TMB disso lv~ in vesicle solutions has an optical absorption max­

imum at 313 nm which is more close to TMB in benzene. TMB in vesicles 
do not exhibit any ESR signal before irradiat ion. ~ ~ter photoirradia­
tion at 350 nm at room temperature, the colorless solution turns pale 
yellow. This color fades away in a couple of hours in both cationic and 
anionic vesicle solutions . Thus the yellow color afte r photoirradiation 
denotes a relatively stable product. No such color changes were 
observed in the absence of TMB. The same color changes occur in micel­
lar solutions where the oxidation produc t was confirmed by optical 
absorption and by ESR to be the TMB radical catio: 11- 13 Optical 
aborption spectrum i~ slightly different from the usual TMB cation 
spectrum. The cationic DODAC vesi ~ ' ows the chara-teristic TMB 
cation spectrum overlapping with a broad pea;~ at 385 nm. The assignment 
of the TMB radi..: al cation was later confirmed with ESR. At shorter 
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photoHradiation times the 385 nm peak decreases re l ative to the TMB 
cation peaks. The anionic DH:e .. v~So!.cle solution behaves similarly except 
the intensity was only 30 % -as intense as in th~cationic DODAC vesi­
cles. 

The vesicle solutions ccnta ining TMB rapidly frozen to 77 K 
formed a white polycrystalline matrix. After photoirradiation, it gives 
strong phosphorescence in green and changes to a yel ~ow matrix. These 
characterls t lcs are the same as observed for frozen micellar solutions 
contalnlng TMB. ESR spec trum again disp lays the familiar TMB cation 
radical. The yield of the TMB cation was apprxlmately 2 times more for 
the catlonic D0DAC than the anionlc DHP veslcles. 

ESE studies at 4.2 K obs e rved that the TMB cation-water interac­
tlon is much weaker in the vesicle when compared to ~he micelle. It is 
approximately 25 % weaker than t he mlcelle. 

Discussion 

We first look at the effect of added lnorgan ic electron scaven­
gers in the TMB/micelle sys tems. The kine tic stu~, es clearly show t he 
effect of these added lons. In the presence of the s e lons , the lnl tlal 
decay rate decreases from 135 to 3 X 10 - 5 S - 1 . The decay rate de r:: reases 
a factor of 20 times. The maximum Yl eld of TMB cation is also lncreased 
to roughly 4 and 6 times. This suggests that the photoejected electron 
is scavenged by the metal lons to prevent some back reaction with the 
TMB cation. This agrees well with preVlOUS workers. 19-20 The lnterpre­
tation is that the photolonizatlon t'akes place in the organic core of 
the micelle. The photoelectron is ejected from the apolar core to the 
polar buk aqueous phase and is rapidly hydrated. Some recombinatlon 
reaction of the hydrated elect ron with the pa r ent cation inslde the 
micelle core is prevented by the negative micellar surface potentlal of 
the anionic micelle. Our ESR studies at r oom tempera~ure gives physical 
supporting evidence for this model . The expected paramagnetic products , 
Ag(O ) and Eu ( II) , are not s tab le at room temperature and so can only be 
lnferred by ESR. The black precipitates observed indicated the forma­
tion of clusters of reduced Ag( 1).21 The kinetic study and maxlmum 
Yleld also inferred competing process of the Eu(II) with the photoelec­
tron. 

The sample with added Cu(II) shows a sllght decrease in the max­
lmum yield of the TMB cation. This could be due to the fact that Cu,II) 
has a high degree of be ing solubilized on the mlce lle sur face. 22 The 
adsorbed Cu (II) ions are at a much closer dis t ance to the nIB ca tlon 
than when in the bulk aqueous phase. Thus t he Cu(II ) lons that captured 
the photoelectrons are capable of back donatlng _~~e electrons t o the TMB 
cations. It has been reported that the back donation of the photoelec­
tron from Eu(II) to TMB cation is observed in methanoic solution. 20 

Similar reaction may take place in the micelle. Thus Cu( II ) acts as a 
mediator for the back donation thus enhancing the back react10 ~ rather 
than blocking it. Therefore the observed maximum yield of the TMB 
cation is lowered in the presence of CU(II). 

Proton spin flip l i nes arise from dipolar interactions ~ ith 

neighboring protons. 11 Since it is observed on methyl radicals in de u­
terat.ed water samples, the protons are from the organic chain of the 
mic elle rather than from p r otons of the bulk aqueous phase. ThlS 
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I suggests that the location of the iodomethane is in the organic region 
Jof the micelle. ESE decay envelopes do nob show deuteron modulation in 
deuterated water samples again confirms this. The 'lack of linewidth 
change of the methyl radical lines on going from protiated to deute r~ ted 
water samples further strengthened this assignment. Back donation from 
the reduced organic scavenge rs to tfie TMB ca tions is thus enhanced by 
the close distance of the organic scavengers to the TMB. This is actu­
ally what is observed. All added organic scavengers lower the yield of 
the TMB cation. 

The two types of el ectron scavengers form a self consistent pic­
ture. Both provides physical evidence to suppcrt the model that the 
photoelectrons leave the micelle core after phot~ionization. 

Photoionization of TMB in the vesicle solutions at room tempera­
ture generates a low concentration of the stable TMB cation radical 
based on the optical and ESR spectra. But , in addition, another spec~es 

- with A( max)=385 nm appears t o be forme d . Based on recent reports, these 
other specie s ar e probab ly t he nonparamagnet i c diamine-diimine charge­
transfer complex which formed from t wo TMB cation radicals. 23 Because 
of the large number of TMB molecules per vesicle, it seems possible that 
two TMB cations may be formed in some vesicels.This is supported by the 
decrease of the 385 nm peak relative to the TMB cation peaks at shorter 
irradiat ion times. I n other vesicles on ly one TMB cation is formed and 
so is stabilized as' such. In frozen solutions TMB cation is localized 
at 1tS formation site and formation of the charge-transfer complex does 
not occur. 

The average environment of TMB'in micelle and vesicle systems ~s 
different as suggested by the ESE spectroscopy. The weaker cat1on-water 
interaction in vesicles when compared to micelles suggests that the 
average interaction distance between TMB cation and the nearest solvent 
water molecule is greater in the vesicle systems. This indicates that 
there is less water penetration into the vesicle surface than into the 
micellar surface. Therefore TMB is in a worse environment for hydrogen 
bonding in the vesicle system as compared to the micellar system. Th~s 

expla1ns the observation that the abso rption maximum of TMB in ves1cle 
is at shorter wavelength than i n the micelles. A semiquant1tative 
evaluat10n of the cation-water inte rac tion indicates a TMB cat10n to 
solvent water interaction distance of 0 .5-0.6 nm. 

Finally we look at the yie ld of t ne TMB cation. The yield of 
the TMB cation is t he net permanent chemica l change, i.e. the net charge 
separation maintained. The yield i 3 much lower in the vesicle systems 
than the micelles. 'Base on the s t r uc tural informat i on obtained from 
this studies, the reason is two fold . Fi r stly the TMB solubilizing s~te 
is approximately 20 % further away f rom t he bulk aqueous phase 1n the 
case of vesicles as compares to n:ice l les. This lowers the chance of 
photoionization. It is partly due to t he 20 % more distance required 
from the photoej ected electron , ir. orde r to transport accross the o~l/ 

water interface and get hydrated in the othe r side. Secondly dimeriza­
bon of the photo ionized spec ie s also brings t he y: l,d down. The 
micelle, systems is slightly supe r io r in t hi s a spect. The small size of 
the micelle shortened the trave l d1S t ance of t he photoe l ectrons. The 
compartmentalization oT the micelles ' li iJ:_' t he n,lmb er of .:: hromophores 
per micelle and t 11US reduce the chance o f dime riz a l io:1. 
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Conclusion 

The present study provides physical evidence for supporting the 
model that photoelectrons leave the micelle after photoionization. From 
the point of view of charge separation , the micelle systems are struc­
turally superior than the vesicles. A travel distance of O.4-0.Snm from 
site of photoionization to oil/water interface is probably the limit for 
efficient charge separation in these organized molecular assemblies. 
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A NEW METHOD- EDUCTIVE DEHALOGENATION 

OF ARYL AN D ALKY L HAll DES BY LI nn UM 

ALUMINIUM HYDRIDE 

Goh Swee Hock 

Un i ve rs i ty of Ma 1 aya, Ma 1 ays i a. 

The reduct ion cf oxyl halides by lithium aluminium hydride proceeds 
via formation of radical and/ or carb anion intermediates . A photochemica: 
procedure i s deve loped for the reduction of various halo compoWtds i ncludi n~' 
xtyl chlorides and fluorides, vinyl bromides , neophyl chloride and 7, 7_ 
dichloronorcarane, all of which are normally difficult to be reduced by 
other me thods • 

Among the cOO1p1ex hydrides, lithium aluminium hydride (LAH) is one 
of the most versatile of reducing agents capable of reducing a variety of 
functio nal types. The reagent is known to reduce some organic halides and 
recently this was reappraised by Krishnamurthy and BrCMn (1). Although the 
reactivity pattern for aliphatic halides (RI>RBr>RC1; allylic > 1~ " 2 Q, 3~ 
sec-butyl » neopenty1; cyclopentyl > cycloheptyl > cyclohexyl) appears to favour 
a simple SN2-type of reaction, the substantial reactivity of aryl ,vinyl and 
qyc1opropyl halides (which are normany resistant to SN2 attack) is very 
suprising. Despite previous reports (2,3) that aryl branides undergo 
uncatalysed reduction conveniently, the reaction should more appropriately 
De described as erratic. For example, p-brcxnoto1uene has been reported (2) 
to be only 7% reduced by LAH in tetrahydrofuran at 65° after 24 h but 
Bondjonk (4) found a 20% reaction at 250 after 24 h. "' Curiously however, 
the reduction can be accelerated by ultrasound irradiation. 

BrCMn (1,3' vJho first explored the reaction extensively considered 
broadside SN2 and four-centre mechani sms (Scheme 1). Chung (5) detected 
carbanion and radical formation while Singh (6) also found radical CYC11-

zation products. The detection of radicals is one thing but the overall 
significance of radicals in the reaction may be a different matter. LAH 
reductions may give inconsistent results , e.g. the reduction of o-allyl­
oxybromobenzene gave variable am OU:1ts of Y' adical cyclization product. 

SQiEME 1. PREVIOUS LY POSTULATED r~ECH ANIS HS 

~ 

Ar- X 

ArX 

Ar 

? 

H 

f-! 
/ 

Al-H . .. " 

H 

A careful examination into ;:hr:: rr:e chan ism of th e: reduction was 
carried out especially to monitor c2.rb?ni on and rt'di cal fOl1ll atio l1 and the 
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results are summarised in Table 1. Un~t nitrogen, the amount of cycli­
zation (radical fonnation) was small but the large amount of deuterium 
incorporation indicates anion (or arylmetal species) formation. The 
presence of oxygen (or ai r) causes the rate to increase and the radi cal 
cyclization product also increases- considerably (Table 2). The pa-rticipa­
tion of oxygen as illustrated i n Scheme 2 shows the generation of aryl 
radical and alane radical ion A1H 3l'. The presence of oxygen also gives 
rise to Oz-trapped products whi d1 are as shown. 

SCHEME 2. INIT IATION BY OXYGEN AND OXYGENATED PRODUCTS 

Ar- + O2 
-~ Ar' -+ 

ArM + O2 -+ Ar-

Ar' + O2 -+ Ar02 .. 

Ar02' + A1H 4 - -+ Ar02 H 

~CH2' __ 

~o) O2 

+ 0 2 ~ 

+ M02 ' 

. 
+ A1H g -

--, 
LAH 

~H 

Having clarified the problems associated with the LAH reductions, 
an improvement can be incorporated into the reduction by the use of suitable 
radical initiators. This was carried out by the photolysis of di-tert-
butyl peroxide in the reaction and results obtained are shown in Table 3. 
These are in good accord wi th the mechanism shown in Scheme 3. The 
expected increase i n the ratio CjU with decreasing concentration of lithium 
aluminium hydride was observed.- -

SCHEi"1E 3_ MECHANISM OF REACTION 

ButOOBu t 

Bu to_ + 

A1H3.1 + 

hv 
-+ 

A1H 4 - -+ 

ArX -+ 

~ A1H 4 -
) 

2B u to ' 

2Bu t OH + A1H g '!' 

A1H 3 X- + Ar' 

u 

~ 
~)lo) ,, -" 

C -
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Lithium ALumium Hydride 

The photos timu 1 ated re·ducti on was' extend~ to a variety of organi c 
hali<Es and excellent results were obtained (Table 4). Aryl halires 
including fluorides were reduced in good yields and reactivity wa.J of the 
expected order ArI >ArBr >ArCl >ArF. Nuclear substituent effects were 
small. Al i phatic halides including cyclopropyl ha·lides were similarly 
reduced. The reduction of allyl 2-bromoallyl ether and neophyl chloride 
gave cyclisat i on and 1,2-rearrangement products respectively as illust-
ra te d i n Scheme 4. 

SCHH~E 4. RADICAL CYCLISATION AND REARRANGEME NT 

0../ B r .-:;:/ 
~ -:;:; L;J l:J I : ~ loJ + + 

" 0 / 0 
24X 29% 47t 

~. ~ U· U· loJ -+ ~ 

() 0 

Me 
I 

Ph- c- CH ~ Cl -+ Ph- CMe l + Ph-CH 2CHMe 2 + Ph- CH=CMe 2 
I 

Ivle 77% 21 % 2% 

Ph Q Me 

I~e- C- CH 2 • -+ Me -+ ·C-CH2-Ph 
I / 

~~e Me Me 

lhe resu lts presente d in this paper re solves mos t of the 
con trnversies (7) surrounding l"i th ium aluminium hy dride reductions of 
organic halides and the procedure developed paves the way for the 
ronven i ent dehalogenation of most org an ic halides encountered in organic 
synthesis (8), 
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TABLE 1. REDUCTIONS OF o-AiIv"LOXYBROMOBENZENE AA D 4{ O-BROMOPHENYL) 
BUTENE-l. 

x [ LAH) 1M Time/h Yield/% .c/lJ* Quench ~-dl f-d 1 

0 1.2 28 18 0.03 D20 91 % 

0 0.95 64 34 0.3 D2 0 69% 0% 

0 0.5(LAD) 64 17 O. 1 H2{) 19 71 

D20 91 76 

CH 2 O. 4{ LAD) 67 47 0.2 

LAH/THF H2 0 
o ; ----, 

22-25 ,N 2 (D2 0) 

+ :~ 
~X) 

~ 

TABLE 2. E FFE CT OF OXYGEN 

X [LAH JIM Conditions Time/h % Reacti on .c/!J* -

0 0.95 N2 , air 26 33 0.02 

a<i1li tte d a fte r 26h 28 40 0.2 

0 0.95 limited air 21 100 2.5 

0 1.0 1 equiv. O2 0.5 23 1.5 

2.0 56 1.8 

22 100 2.6 

CH 2 0.26 (LAD) limited air 8 47 1.4 

* Reacti ons as shown in footnote of Table 1. 
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TABLE 3. PHOTOLYSIS OF O-ALLYLOXYBROMO~ENZENE WITH DI-TERT-BUTYL 
PEROXIDE IN TETRAHYDROFURAN. 

[LAH] /M Time/h Reacti on/% ~/!t Quench lJ- d1 

1.0 1.6 100 2.2 D2 0 8 

(l.O) b 1.0 14 0.7 

Ou 85 1.5 78 3. 1 

0.09 1.5 23 5.7(8.1) e 
D2 0 30 

0.6 (LAD) 1.3 65 4.3 02 0 81 

H2 O n. d. 

a Cyclised and uncyclised products as in footnote of Table 1. 

b '..Ji thout di -tert-butyl peroxi de 

e Corrected for 30% U-d 1 

d No t dete rmi ned 

d 

TABLE 4. PHOTOSTIMULATEO REDUCTION~ BY LITHIUM ALUMINIUM HYORIOEa 

~-dl 

1 

0 

80 

80 

Ha 1 ide 

p-Iodoanisole 
o-B romoani so le 

Time/h 

1.5 
1.5 
2.3 
1.0 
3.0 
1.9 
1.9 
0.5 
2.5 
2.0 
3.0 

Product 

Ani so le 
Anisole 

Yield/ ~t 

0- Ally 1 oxyb romobenzene 
p-B romoch 10 robenzene 
p-Bromo-N,N-dimethylaniline 
p- Fl uoroan i so le 
p- Fl uoroto luene 
7 ,7-0i chloronorcarane 
Ch lorocyclohexane 
Allyl 2-bromoallyl ether 
Neophy 1 ch 1 ori de 

Mi xtu rflJ 
Ch 1 orobenzene 
N,N-Oimethylaniline 
Anisole 
Toluene 
Mi xtu ree 

Cyclohexane 
Mixtured 
Mi xtu re d 

100 
86 
96 
92 
93 
93 
90 
93 
72 
53 
91 

a Reactions were carried out with the halides dissolved in clear 1M 
solutions of LAH in tetrahydrofuran containing di-tert-butyl peroxide 
and irradiated by~a high pressure Hg lamp. 

b Refer Table 3 for product dist r ibu ti on. 

e Mixture of norcarane (10%), s ~' n-7-chloronorcarane (65%), and anti-
7-chloronorcarane (25%); yield of norcarane increased for longer 
reaction times. 

d Refer Scheme 4 for product ratios. 
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SULPHUR COMPLEXES OF THE TRANSITION METALS 
WITH SPECIAL REFERENCE TO CHROMIUM 

Dr> • Lai-Y oong Goh 

Department of Chemistry, University of Malaya, 
Malaysia 

ABSTRACT 

The preparation o f (n 5-CsH s) 2C1'2 (CO) 4S ( : I ' and (T)5 _CsJi ShC1'2 (CO) s (::' 2) 

:~ ) from the faciLe l'eaction of (nS-C5Hs) 2C1'2 (CO) 6 with eLemental 
suLphur J togethel' with theil' stY"UCtw>aZ featul'es, will be discuss e ,:: , 
J.gainst a bl'ief background l'eqiew of avai Lab Le synthetic methods mJ 
known stl'Uctul'aZ types of tl'ansition metal sulphur comrLexes. ~~ 
significance .::md impLications of this area of sulphur l'eseQJ'C'n :,) 1' : ' 

be noted. 

INTRODUCTION 

Complexation of diatomic molecules ego O2 , N2 , CO, NO, CN-. 
is a subject of continuing research interest, because of its biologlcal 
and catalyt i c implications . In the last decade, this area has been 
extended to cover the 52 ligand, which shows a remarkable versatility 
in bonding modes and thus demonstrates a ~reat potential in the 
synthesis of new metal cluster complexes, 50 far most of the work 
has been focussed on Fe Mo and Mn, for obvious biochemical reasons. 
Thus the interest in Fe~5 clusters lies in their potential application..., 
as models for the active site in non-heme iron proteins such as 
the ferredoxins. In fact the Fe4~4-cubane geometry of [(C5Hs)Fe5'~ 
and [(RS)Fe5n- are found in the [(RS)FeS14 units in the ferredoxin 
from peptococCU8 aer0genes . 2 Likewise a iot of Fe-S and Mo-S 
chemistry is aimed at unravelling the natu~re of the enzyme nitrogenase 
which converts N2 to NH3 under normal conditions and is now known to 
contain 2 proteins, one of whi ch is an Fe protein (tne electron 
carrier) containing subunits of 4Fe-4S clusters and the other a 
~loFe protein (the reaction carrier) with 2 Mo, about 32-33 Fe and 
27 - 32 II 1 ab i 1 e"S a toms. 3 

51 



PRIOCHEM ASIA 1984. Part IV. Chemical Research 

Sulphur complexes of the rest of the transition elements, 
other than Fe and Mo, are only occa.:iionally reported. 1 Here in our 
1 aboratori es, I have chosen to i nves ti gate the reacti on of rns-CsHsCr(CO)3lz with elemen~al S8 for two main reasons. First, 
despi te much work on t·1o-S 2 systems (for reasons menti oned above) 
sulphur complexes of Cr and W, the lighter congenors of Mo in Group 
VIA are unknOfln. * S~econdly, by vi rtue of its very long Cr-Cr bond 
as shown by Cotton1s '-X-ray structural analysis,6 [n S-CsHs )Cr(CO)3h 
is much more reactive than [nS-CsHs)Mo(COh]2, as demonstrated . 
by its reaction with P(OMe)3. 7 The reaction of [nS-CsHs)Mo(COh12 
with S8 in refluxing C6H6 for 16h., has been reported to give oniy 
an unidentified insoluble polymeric material. a It would be interesting 
therefore to study the reacti vity of [nS-CsHsCr(COhh tOflards 58' 

SYNTHESES OF SULPHUR COMPLEXES 

Oisu lphu r complexes can be prepared by vari ous methods, 
which can be grouped together under five main classes of reactions ,1 
namely, via. 

a) a positive 52 group (agent: 5~+C12 or 58/S 2C1 2), e . g. 

Nb + 52C1 2 ~ Nb2(S2)2C14 

MoC1 3 + 58/S 2C1 2 ~ M0 3S(S2)3 C1 4 + M0 2(S2)2 C1 6 

b) a neutral S2 group (agent: Sa), e.g. 

MLq + S8 + ML 4 (S2) 

c) a negative S~- group (agent: S~- in polisulphide) e.g. 

(nS-CsHs)2MoC12 + Na2S2 ~ (nS-CsHs)2Mo(52) + 2NaCl 

M0 3Sd CN)r + 5r ~ \M0 35(S2hI 2-

d) oxidation of,S-containing ligands, e.g. 

* 

ox 
Fe( COh( SH)z ) 

Ouri ng the course of thi s \'Jork the W analogues of 'Sane t10-5 2 
complexes 4 and the first Cr-S 2 complex s were reported. 

52 



SuLphur CompLexes Of The Transition MetaLs With SpeciaL Reference 
To Chromium 

e) other S-containing r~agents e.g. 

H2S, P4S10 , COS, Na 2S4 or Na 2S, R2Sx and Na2S03' 

In recent years, method (b) has been fou nd t o lead to many new S2 
comp 1 exes. 

Unlike ·most reactions of cyclooc t asulphur with transition 
metal complexes, which require either therma l or photochemical 
activation for prolonged periods, 4'9 it is found that [(n S-C sH!:» Cr(CO) , .. 
reacts ins tantaneous ly wi th S8 at ambi ent temperature. A deep green 
solution of [T) S-C ., HsCr(CO) 3 2 in THF or toluene under nitrogen with 
1/8 equivalent of S8 turned immediately to a greenish brown solution 
from which was isolated (1l 5_CsH s )2Cr2(COhS (1), as air-stable dark 
green needle-shaped crystals (m.P. 111-1120 ) in 100% of isolated 
yield. With 2/8 equivalent or more of S8, a deep reddish br()Nn 
solution resulted. from which was isolated ( r S-CSHS) LCr 2(CO) S(S2) ( ~) , 
as fi ne da rk brown ai r-s tab 1 e crys ta 1 sin 90~ yi e 1 d. The product 
crystallised as dark-brown rectangular prisms with curved faces from 
THF/pentane after ca . 20 days at -780 . Both complexes have been 
characterised by total elemental, complete spectral and X-ray diffractlon 
ana lyses. l O 

STRU CTURES OF S2 COMPLEX ES 

Structural Varietl 

The remarkable versatility of S as a ligand has resulted 
in a variety of bonding modes and hence a variety of structures, 
conventionally classified by Muller l as types la, IIa and lIb, III 
and IV, illustrated in Table I below. ~ledifications of these structures 
arise from the ability of the remaining one pair of electrons on 
S to coordi nate to additi ona 1 met.a 1 atoms. 
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TA3LE I: STRUCTURAL TYPES OF 52 COMPLEXESl 

~ Structure Examp le 
5 

Ia w";,, I [Ir(dppe)2(S2)~+ 
"5 

S 
........-M [Mo4(NOh(S2) 5S3J 4-

Ib M/I 
'S 

Cp 2 Fe 2 ( S 2 ) 2 ( CO ) 

/M 
S 

Ie M/I Mn 4 ( 5 2 ) L ( CO h ~ 
'5 

'M 

S 
/M 

Id ~~ /' I . 
'S 

Mn4(S2) 2 (CO)1 ~ 

M/' 'M 

........-r~ 

IIa S 
~( NH 3)5 Ru(S2)Ru(NH 1) ~ . . .. 

........-~ 
M 

/M 
IIb 5 Cp 2 Fe 2 ( 52 ) ( 5 E t ) . I 

5 
'M 

M 
S ......... 

I I c I CP4 C04 (S2) 4S2 S 
W ........ 'M 
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~ 

TABLE 1 (continued) 

~ 5tructure Examp 1e 

M 
'5/ 

M 

lId ~ 
M/ 'M 

{ 5 C 03 ( CO ) 7 } 2 ( 5 2 ) 

I I I i~\ [Mo2(5 2}6]Z-' Fe2(CO)(,(S2) 
M M 

T 
IV S 

M"'/ 'M 
CP2 Cr 2(5 2) 25 

.... 
The complex (2) with a structure as shown in Fig, 1, 

is the first example of a Cr-5 complex based on the CrZ52 unit. 
The most outstanding feature is the simultaneous end-on and side-on 
bonding of the 52 ligand, i.e. 52 functions as an unsymmetrical bridge 
between the two Cr atoms, 51 ~eing bound to both Cr1 and Cr2 
[Cr-5 = 2.348(2) and 2.~6(2)~ respectively] while 52 is bound only 
to Cr1 [Cr-5 = 2.399(2)J!.j. This bonding feature, of type Ib in -
Muller's classification is the first of its kind for a Cr complex and 
the third of its kind among the transition metals. The two previous 
examples were l~odNOh(S2)s53J 4- which posse~es four such (5 2) groups. 
[5-5 = 2.048(7)~ av., Mo-~ = 2.465(5)-2.492(5) 11 and (1l6-CsHshFe2-
(S2}z(CO) [5-5 = 1.993L8);rl. avo, Fe-5 = 2.2~Q(6 -2.293(6)AJ9. The S-S 
distance in (2) [2.009~J is close to the above values and to that 
in octasu1phur 58 [2.060~J12. The coordination geometry around Cr2 is 
of the 4-legged piano stool type with the metal atom having an 18e­
configuration completed via one 6- - and four 2-e1 t ctron donor ligands. 
In contrast, Crl is electron deficient (16e-) and is best envisaged 
as having a 3-legged piano-stool coordination geometry as found in 
(C6Me 6 )Cr(CO)3 1 3 with a single n(L)-d(M) a-bond to the Ilz-bonded 52 
group. 
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Crl n , 

. \ 
/ rik 
~ ~ 

~ ~ 

FIG. 1: Molecular structure of (nS-CsHS}zCr2(CO)sS 2, (2 ). 
Bond angles at sulphur are: Cr1-S1-Cr2 = 125.8(1), 
Cr1-S1-S2 = 66.3(1), Cr1-S2-S1 = 63.7(1), 
Sl-S2-Cr1 = 50.1(1), Cr2-S1-S2 = 115.5(1)°. 

FIG. 2: Molecular structure of (nS-CsHshCr2(CO)4S, (l}. 
Bond angle at sulphur: Cr1-S1-Cr2 = 174.4(1)0. 
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.,... ... 

In (1), as shown in Fig. 2, the two Cr atoms are linked 
by a single ~-S bridge, the ligand arran~ement about each metal atom 
being of the 3-1egged piano-stool type. l This is the first example 
of a binuclear Cr complex based on the Cr 2S u~'t, i.e. a sing Le 
bridging S. The Cr-~S distances [2.067-2.076 a noticeably 
shorter than those in (j:ls-CsMeshCr2SS [avo 2. 38~S. Indeed, the 
Cr2S uni t [Cr-S = 2.072J!. av., Cr-S-Cr = 174.40 av;~ is structurally 
very ~imilar to the Mo 2S unit in [(CN)6MoSMo(CNhl - 14 [Mo-S = 
2.l73~ & Mo-S-Mo = l69.50J, and as in the Mo comp'ex, the unusually 
short Cr-S bonds are probab ly due to the presence of S -+ M 7T-bondi ng 
interactions. lS The parallel-antiparallel dispositions of the carbonyl 
groups are also consistent with the presence of Cr-S double-bonding. 
The observation of a single 13C (CO) resonance in both the 250 and 
1830K NMR suggests that the barrier to rotation about the Cr-S-Cr 
axis is small. 

It is of interest to compare the metal-sulphur bonding 
features of these Cr-S complexes with those of other S complexes of 
Group VIA elements (Fig. 3). It will be noted that the bonding mode 
of S in (2) is not observed at all in (nS-CSMeS)2Cr2S ~ , the only 
other reported S cOOlplex of Cr,s . nor in a-ny of the other Mo or W 
complexes in Fig. 3. Instead, there is a strong structural resemblance 
between (n S-CsMeS}zCr2SS and (n S-CsMes}zM0 2S4 .4 Both molecules contain 
a planar arrangement of S atoms perpendicular to the metal-metal 
bond and parallel to the two (nS-C~Me5) planes, and both contain S 
in similar bonding modes, namely, a ~-n 2 -S 2 bonaing mode (side-on 
bonded disu lphur bridging two metal atoms) and a ~ -S bonding mode 
(bridgin~ two metal atoms). The Cr complex,however, has an additional 
novel n (~-S,S) ligand with one uncoordinated S atom. The other 
two complexes in Fig. 3, (nS-CSMeS)zW 2S3 4 and [(n S-CH 3CsH4 )MoSz]2,1 ' 
which p0ssess very similar structures, again show very little resemblancp 
to (1 ), other than the oresence of ~-S bridginq ligands and the anti­
parallel disposition of the M-CO and/or M-S groupings in all of them. 
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Sulphur Complexes Of The Transition Metals With Specia l RefeT'ences 
To ChT'omium 

CON C1. US ION 

The new complexes described above reemphasise the 
versatile manner in which sulphur can bond to transition metals, 
resulting often in complexes with novel interesting structural 
features and i ndi cate agai n the often-demonstrated potenti al of 
sulphur in the generation of high nuclearity clusters,17 particularly 
of mixed metals, which promise to be of both biological and catalytic 
im~ortance. Apart from this, the unusually faci.:Je reacti on of 
(~ -CsHs)2Cr2(CO)6 with 58 shows considerable potential for 
application in desulphurisation reactions. 
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NEW NATURAL PRODUCTS FROM f..,ALAYSIAN TERMITES 

S. H. Goh and C. H. Chuah 

University of Malaya, Mal aysia 

The chemical defence secretions of Malaysian termi tes (Nasutitermitinae, 
IsopteraJ were anaLwsed chromatographically and speatrometrically. 
New diterpenes discovered have novel bicycUa seootrinervitane, tricyclic 
tr~nervitane , tetracyclic kempane and spirotetracyclia Longipane 
ske letona, which are of considerab le signifiaance in the understanding of 
the biosynthesis of these dome-shaped diterpenes by the termites. 

Tennites (Isoptera) are social insects q,nd are ubiquitous 1n 
this part of the world. To protect the colony and the individuals that 
forage for food, most species have developed soldier castes having a vast 
array of defensive behaviour. In general, tennites can depend on mechanical 
mode of defe nse (e.g. biting, flicking or snappin g with mandibles), chemical 
defense (brushing or squirting secretions) or a combination of these modes. 
Term; tes of the s ubfam; ly Nasutite nni ti nae are enti rely dependent on chemi ca 15 
for defense and have developed a most elaborate chemical defense mechan~sm. 
The secretion is delivered via a 10~zle-shaped proj ection on the top 
of the head and is 'shot' out at predators . 

The defence secreti on of Nasutitenniti nae so 1 di ers cons; s ts 
mainly of a mixture of mono- and di-terpenoids ~ sometimes accompanied by 
trace amounts of sesquiterpenes. Two compounds is olated from extracts of 
Bulbitermes singaporensis 1 were spectrometrica11y identified as kempa-6,8-
dien-3B,14a-diol 3,14-0-diacetate (1) and kempa-6, 8-dien-3a,14a-diol 
3,14-0-diacetate (2) as show n in Figure 1. EI-MS spectral of kempane 1 
(m/e 386, C24H340 4) and 2 (m/e 386 , CZ4H3404) shCJ.oi similar fragme ntation 
pattern whi 1e IH-NMR exh,bi ted fo ur methy l, two .:tcetate methyl and two 
olefinic proton signals. The con f iguration at C-', was assigned as 
3B-acetoxy in compound 1 and 3a- dcetoxy in compound 2 ,on the basis of the 
follCJ.oiing observati ons. ~ Firstly, the chemi cal shift-of equatorial H-3a is 
more dC1fmfie1d than the axial H- 38. Second ly , H-3a bisects the angle of 
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H-2a and H-28 to give Yirtua-l-ly equal coupling constants. while axial 
H-38 is nearly orthogonal to H-2B and couples only to H-2a with 
a reduced axial-axial coupling~ Finally. the axial nature of the 
3B-acetate is sterically permissible while maintaining the chair 
conformation for that 6-membered ring. In this configuration. the axial 
acetate does not deshi~ld the H-18 methyl protons (1.11 ppm in 1) while 
the equatorial acetate does affect the shift of that methyl (1.~3 ppm 
in f). Reduction of the known 3-oxo-kempa-6.8-dien-14a-ol 14-0-

acetate l (structure established by X-ray crystallography) with 
excess LiA1H4 gave two isomeric diols which on acetylation gave compounds 
! and ~. thus verifying the correct assignment. 

Trinervita-l~(12).15(17)-dien-3a.98.l3a-trio1 tripropionate 
(1). isolated from Nasutitermes matagerwis 3 had mass spectrum m/e 
488 (M+, C29H440G) ' and IR (CC1 4) 1732 an-I (ester C:::O). In its IH-NMR 
spectrum. tripropionate 4 shC7rled three methyl, three propionate and two 
terminal olefinic protons as summarised in Figure 2. In the 13C-NMR 
spectrum, one quatern.ary, · seven methine, eight methylene and four olefinic 
carbons were pre·sent. The 360 MHz IH-Nt1R of trinervita-ll(12) ,15(17)­
dien-3a,9B,13a-triol 9-0-acetoxy-3,13-dipropionate (3) showed the same 
resonances as tripropionate 4.with the follC7rling exceptions: 64.90 
(S, H-9), 2.30(q, 7.3Hz, propionate methylenes}, 2.03(s, acetate methyl), 
and 1.2l(t, 7.3Hz, propionate methyls}. The structural assignment was 
proved by X-ray diffraction. Dipropionate monoacetate 2 had mass spectrum 
m/e 474 (M+, C2sH4206) and had fragmentation pattern analogous to that 
of tripropionate 1. 

The bicyclic secotrinervita-7(8)~1l(12),15(17)-trien-3a-ol 
(~) (Figure 3) and secotrinervita-7(8),11(12),15(17)-trien-28,3a-diol 
(§) (Figure 4) isolated from Longipeditermes Longipes 4 showed 6 olefinic 
carbons from i3C- NMR spectrum and also showed three methyl (two 
overlapping), allyli c and vinyli c protons from 90 ~1Hz IH-NMR. 
Secotrinervitatriene mono-acohol 5 and diol 6 have mass spectra m/e 
288 (M+. C2o H320) and m/e 304 (M+,-CzoH3202) ~espectively and both show 
similar fragment at ion patterns. The bicyclic secotrinervitane structural 
type was discovered at the same tilT'e by Braekman in the defence secretion 
of a Papua-New Gu~nea species Nasutitermes priceps~ 5 and the structural 
skeleton was established by X-ray crystallography. 

The new compound trinervita-l(15),8(19)-dien-2B,3a-diol 2-0-acetate 
(Z) which was secreted in relatively large quantities in HospitaZitermes 
wribrinus 6 was identified on the basis of its proton NMR, IR, and mass spectral 
data; hydrolysis \v; .th methanolic sodi lJ11 hydroxide gave the known trinervita-
1(15}.8(19}-dien-2B,3a-d;ol. In its IH-NMR, diol rnonoacetate Z shows four 
methyl signals (two s, one 'd. one acetate methyl), tw0 terminal olefinic protons 
and a hydroxymethine as shown in Figure 5. The C-2 ,proton appeared as a 
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4.79(br s) 
4.95(br s) 

1.06(s)\'· 
2.40(br d, 11) 

H 
3.9 8( d, 9) OH 

H 5.37(br d, 9) 

OAe 
2.19(s) 

7 

O.93(d, 6.6) 

FIGURE 5: Trinervita-l(lS),8(19)-dien-2B.3a-dio12-o-acetate 

? 



PRIOCHEM ASIA 1984. Part IV. Chemical Research 

broad 9 Hz doublet at 05.37. - The IR (CC1 4 ) shOt'ls absorptions . at 
3500 (O- H), 1735 (C=O.) and gO? cm- 1 (C=CH 2). The EI-mass spectrum 
of this dial monoacetate 7 did not show the molecular ion but only 
the M-AcOH ion. Howeyer,~the trimethylsilyl derivative gave the correct 
molecular ion and aQ expected fragmentation pattern, including a 
retro- Di e ls Al der fra-gment I Me 3$i OCH=CMeCH 2CH 2CH=C=CH 21 +" at m/e 
196 (l3%). 

A novel compound longipenol (6) with new spirotetracyclic 
skeleton isolated fran LongipediteZ'TTIes longipes 4)'shows three CH 3 
signals(two d, one s), a hydroxymethine coupled to two non-equivalent 
hydrogens, and two terminal olefinic protons as shOt'ln in Figure 6. 
In its 13C-NMR spectrum, two quaternary, six methine, seven methylene, 
three methyl carbon~, and a characteristic pair of l,l-disubstituted 
olefinic carbons were present. Longipenol(§) had mass spectrum 
mle 288 (M+, C2o H32 0) with a strong peak at mJe 255 (85%) while the 
trimethylsilyl d~rivatiye ~ave ~trong peak at m/e 360 iM+, 57%) and 
a RDA fragment at m/e 196 IMe3S10CH=CMeCH2CH2CH=C=CH21 : 

The diterpenes presef}tly isolated fran nasute termites are 
of interest in relation to earli-er postulated biogenetic schemes. These 
compounds are knOt'ln to be biosynthesized by nasute tennites independently 
of the dietary source. Cembrene A, previously isolated fran Nasutitermes 
exitiosus 7 and fran Cuhitermes,8 or its 3,4-expoxide (]g) would be an 
obvious choice as a precursor to the observed dit~rpenoids. As shown in 
Figure 7, a one-step cyclization of (R)-cembrene-trans-3,4-epoxide (12) 
would yield directly the secotrinervita-7(8),1l(12),15(17)-3a-ol (~)~ ~ 
Interestingly, after isomerisation ~ has the double bonds positioned for 
further cyclisat i ons to give longipenol(§), trinervitane-3a-ol (11) 
and Kempane-3a-ol (19). The methyl-shifted rippertenol (~) would arlse 
similarly vi a step-wise cyclisation using bicyclic secotrinervitatrienol 
and tricyclic trinervitadienol as intennediates. 

The new di terpene skeletal types found i n Malaysian tennites 4 ,lO 
have provided a b€tter understanding of the biosynthesis of these dane­
shaped diterpenes produced by nasute tennite soldiers. Bes i des interest in 
a new class of compounds, perhaps continuing resea r ch would show forth 
new uses for these and related compounds . 
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Nel;) Natural P1'oduats From Malaysian Terrrrites 
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un REP ORTED CONSTI rut r 5" FROM ELAEIS GUINEENSIS 
.; .... . ..,- ... -1 \. ~ 

S. H. · COE & ·P. t; GEE 
'i "1'''-

Uni versi tY'QJ Malaya" Ma lays ia 

L ,~, .0.1 ) r \ 

Chromatographic and 'spi/ci tN5scopic t echni ques were used f or 
t he struct ure elucidat ion f or neuJly isolated constituents from Elaei s 
gui neensis . Aliphatic and terpenoid hydr ocarbons J and methy l ketone 
homologs were isolated and characte~:sed. Hy drocarbons J terpenoids 
ana- est er s were i solat ed and i dent ified f r om t he exocarp of t he palm 
frui ts . Estrago'le was found to be the maj or component of the volati l es 
isoz.-iifed from t he male inflor escence of t he oi l palm. 

INT RO DUCTION 

Despite thep reeminen t positi on of palm oil in this country, 
most of the composition of pa lm oil is very much based on earlier 
work, principally of J acobsberg (1) . Re ce ntly reviews have 
appeared fr om PORIM on mi no r comp onents in palm oil in view of their 
values (eg. ca rotene and vi tamin E) and their roles in affecting 
oil quality (2 ). In t his pape r, a pre l imi nary account of a study of 
selected minor and trace components from pa l m oil is presented. 

RESULTS AN 0 DISCUSS ION 

In the sea r ch for non-caro teno id .hy drocarbons in palm oil it 
was found ' th at hydro carb Qns (c a. 2-3%) cou ld be readily isolated from 
PFAD. High per formance l i quid chromatography (HPLC) and gas liquid 
chromatography (GLC) re vealed tha t t h~ major component of the hydrocarbQns 
is squalene, a common acyclic t ri te rpene. 

" i. 

FIG. I: SQUALENE 
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Squalene const i tutes ca. 60% of the total hydrocarbons and was 
i dent i f i ed by HPLC an d GLC and-further confi rmed by gas chroma·­
tog raphy-mass spect ros copy (GCMS) and nuclear magnetic resonance 
(NMR) spectroscopy . Also identified were ionene and dimethylnaphthalene. 
These two compounds as well as toluene and xylene are known to form 
from the therma l decomposition of 6-carotene . 

The hydrocarbons occur as a complex mixture and had to be 
furthe r purified by repeated chrOOlatography before spectroscopi c analysis. 
Results obtained are 6unvnarised in Table 1. 

TABLE I : 

Formu l ae 

C1S H32 

C17H36 

C1 s H30 

C16H32 

C17H34 

C1 8H36 

C19H38 

C2 1H42 

C24 H4 8 

C26 Hs2 

C23H44 

C2.GH::, o 

C24-HSO 

C2 7Hs6 

C26 H4 Cl 

C2o H32 

C30 Hso 

C13H18 

C12H12 

HYDROCARBONS 

Re lative 

T 

T 
S 
T 
T 

M 

T 
S 
M 

S 
S 

M 

T 
S 

S 

L 

VL 
M 

S 

amounts a Assignments 

n-pentadecane 
n-heptadecane 
pentadecene 
hexadecene 
heptadecene 
octadecene 
nonadecene 
heneicosene 

tetracosene 
hexacosene 
t · d' b rlcosa lene 
hexacosadieneb 

branched alkaneb 

branched alkaneb 

hexacosatrieneb 

di terpene hydrocarbonb 

squalene 
i onene 
dimethylnapthalene 

aT = trace quantity, S = small, M = medium, L = lqrge and 
VL = very 1 arge 

bTentative ass ignment. 
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Unreported Constituents From. ~ei8 Guineensi8 

Typically. only traces of n-alkanes were present. 
Monoenes were present in fairly substantial amounts consisting 
mainly of C15, C18, C2l, C24 and C26. A few ~clic or polyene 
hydrocarbons(re1ative1y small to trace amounts) remained unidentified; 
so were some diterpenoid hydrocarb:6ns. 

Among the more volatile components of PFAD, toluene, xylene, 
ionene and dimethy1naptha1ene re readily detectable by GCMS. The 
formation of these have been the subj~ct of much speculation. A 
resonab1e scheme depicting their fonnation from thenna1 degradation 
of B-carotene is given in Fig. 2. 

Ref,! 

;onene 

FIG. 2: ' DEGRADATION OF 8-CA"ROTENE 

Cyclizatioo / 
of 

polyene 

~ toluene 

8-cal"otene 

)0#lenes 
cnmethy1naptha lene 

adical clevages 
,_ i ; 

or 

tl ,7J or 
[1,91 
sigmatropic H-shift 

/:
lectrocyc 1 i c 
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Methyl ketones were isolated by silica gel column chromatography 
on the unsaponifiables of PFAD. The structures were deduced from the 
GCMS studies, being further supported by proton NMR spectroscopy. 
GCMS of methyl ketones showed pronounced McLafferty rearrangement 
and a-cleavage giving characteristic fragment with of m/e 58 and m/e 
43 respectively . 

These methy~ ketones were rather unusual differing from the 
expected 2-pentadecanon (4) which could arise from microbiological 
action of C16 fatty acid (5). The composition of methyl ketone 
homologs found were summarised in Table II. 

TABLE II: METHY L .~ETONES 

Methyl ketones Fonnulae Re 1 ati ve amoun ts 

2-pentadecanone C1sH30 O small 

2-heptadecanone C17H34O 1 arge . 
2-nonadecanone • C19H3SO large 

2-heneicosanone C21 H42O medium 

2-tri cosanone C23H46O sma 11 

Extracts of palm fruit exocarp were examined by column 
and TLC. Apart from glyceri des, hydrocarbons, esters, terpenoi ds 
and sterols were fc cnd. GLC again revealed that the major 
hydrocarbon component is squalene. Methyl esters i denti fi ed were 
methyl myristate. methyl palmi tate and mE-thy'l oleate (major). Methyl 
esters have characteristic m/e 74 fragment in GCMS and sharp slnglet 
at ca. 3.7 ppm in HNMR spectrum. 

Two triterpene methyl ethers were also isolated and 
tentatively assigned as arundoin and n'eomotio1 methyl ether (I) or 
12,13-dehydro-20,30-dihydrolupeo1 methyl ether (II). Isomers (I) and 
(II) cannot be distinguished by mass spectroscopy, as the spectra of 
these two isomers may not show any di fference. The mass spectrum 
shows characteri s ti c fragment ions at m/e 440 (W), 408 (~1+-0Me), 
218 and 175. These fragment ions reveal that a double bond is at 
C-12 position giving the retro-Diels-Alder rearrangemen ~ ion at m/e 
218 followed by loss of an isopropyl group (m/e 175). 

16 



FIG. 3: MASS SPECTRAL FRAGMENTATION OF ISOMER (1)/(11) 

m/e 440 

1 
retro- Oiels­
Alder 

l~ 

m/e 218 

l~ 

• m/e 425 

~30H 

m/e 393 

~ m/e 203 

~ m/e 175 

(I) Rl = C3H7, R2 = H neomoti 01 methyl ether 

(II) Rl = H R2 = C3H7 12,13-dehydro-20,3Q-dihydro1upeo1 
methyl ether 
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CH 30 

PRIOCHEM ASIA 1984. papt tV: Ch.fJnrical ReseaNih 

Arundoin shows a different fragmentation pattern. Retro-Die1s-A1der 
reaction is not s igni fi cant due to the presence of methyl groups at 
positions 1.3 and 14, which enhance the fragmentation to occur at the 
C/D ring juncture giving a characteristic m/e 273 ion. 

FIG. 4: FRAGMENTATION OF ARUNOOIN . 
. -~ 

l~ 

, . 
m/e 440 

1 

CH 30 
m/e 287 

l-C!i~OIi 1 
m/e 255 

-CH 3OH 

m/e 241 • 

nile 273 
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Unreported Constituents Prom Elaeis Guineensi8 

Finally, a simple compound was easily isolated from the 
male inflorescence by vacuum distillation. GLC and NMR revealed 
that estragole, 4-MeOC6H4 CH2 CH=CH z , is the major component (>90%). 
The structure was verified by proton NMR. Estragole is responsible 
for the characteristic odour of the pa lm flowers. 
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THE ALKALOIDS OF LEUCONOTIS GRIFFITHII (APOCYNACEAE) . 

S,H. Goh and Abdul Razak Mohd Ali 

Uni versity of Malaya ,..an . f"ores t Research Institute 
t-lalaysia. ......-

A study of the Malaysian woody ~limber, Leuconotis griffithi~ 
(A,-acynaceae) , provided five alkaloids of which th'ree have been positively 
"0t~ tifi ed by spectroscopy, Two of them, norfluorocurarine (II) and 
ebllrnamine (IV) are known whilst the third, norfluorocurarine N-oxide (III) 
,,5' , et" , The other two alkaloids were given tentative structural assignments. 

ItJTROLT::TION 

The chemis try of alkaloids has always been an active and 
irr ,rt ~ '1 t par ~ of organic chemis t: 'y and has provided many of the mos t 
challenging and subtle of all chentical problems, both of structural 
deductions and synthesis, By definition, "alkaloids occur charateristically 
in plants, and are frequently distinguished by their remarkable physiological 
activity. They contain carbon, hydrogen and nitrogen, and in most cases 
oxygen as well; in many respects they resemble the alkalis (hence the name )". 
This definition was given by Meyer in 1896 (1) and is still generally 
applicable today but needs some modifications. Initially, alkaloids are 
found only in the plant kingdom, but recently, they have also been discoverec 
in the animals as well. For example, castoramine, samandrine and 
tet.rodotoxin are some of the anima] alkaloids that have so far been 
isolated (1). Secondly, it is true that most of the alkaloids are considered 
as strong bases. For example, strychnine has a pKa value of 8.26. However, 
colchicine is a lmost neutral in its properties (1). 

There are over 6000 alkaloids that have so far been isolatea 
frc~ both plants and animals . During the last 40 years, research in the 
fieid of alkaloids has focussed i t s attention on the search of compounds 
of pharmacologi cal interest. More re ~ently , the work has been geared to 
finding alkalolds with anti-cancer activity. , 

The genus Leuconotis (fanily Apocynaceae) contains 10 specles 
altogether (2), but in Peninsu l a'.' 11alaysia, it is represented by three 
species only. T, ey are L. eugenifolia, L. griffi :hii and L. maingayi. All 
of them are woody climbers. The l ctex produced has been used in folk 
medicine for the treatment of yaws (3). Alkaloid tests have shown that 
the leaves, bark and wood of the fi rst two species contain alkaloids, but 
in L. maingayi only the bark c, nLains alkaloids. 

Not much chemical \ 'or k has been done on any of the Leuconotis 
species . However, some work was done on the species L. eugenifolia where 
some Indian workers reported the isolation of a fev. t riterpenes (4,5), 
Among the triterpenes isolated were two new tritel"'penoid esters B-amrenyl 

. I 
behenate (Ia) and J-amrenyl eicosonoate.(Ib) (6) . 
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RO 

RESULT AND DISCUSSION 

The air dried, powdered bark and wood of L. griffithii were 
extracted and purified to give 0.15% of crude alkaloid extract . The 
alkaloids were further separated using column chromatography and 
preparative thin layer chromatography. Five different alkaloids were 
isolated and subjected to spectroscopic analysis. 

Norfluorocurarine 

The first alkaloid identified was norfluorocurarine (II). The 
alkaloid has a molecular weight of 292 and a molecular formula of 
C1qH20N20. The mass s pectrum shows charateristic indole fragmentation 
pattern by having peaks at mle 130, 143 and 144. The base peak at mle 121 
is a charateristic feature of-all akuammicine type of alkaloids . - -

The infra-red spectrum shows absorption at 3320 and 1605 cm- 1 

due to ~ge presence of secondary NH. It also shows the absorption at 
1645 cm ,showing the presence of a hydrogen bonded carbonyl group. The 
presence of the olefinic bond in co~jugation with_~ carbonyl group is 
shown by the presence of an absorptlon at 1610 cm • The U. V. spectrum 
shows absorption at 202, 228 and 360 nm. 

The proton spectrum shows an exchangeable proton at 10.2 d. 
This peak which integrates for one proton is assigned tothe hydrogen on 
the secondary nitrogen. A sharp singlet at 9.2 a also integrates for 
one proton. This is assigned to the aldehyde proton. The spectrum also 
shows the presence of aromatic protons at 7 to 7.2 d. 

The completely decoupled C-13 spectrum accounted for all 
the 19 carbons. It clearly shows the presence of a carbonyl carbon with 
a peak at 188 ppm. There are 11 carbons in the lower field and 8 carbons 
in the higher field. The high field carbons at 61, 56.5 and 56 ppm are 
assigned to carbons attached to the tertiary nitrogen. The carbon at 
58 ppm is assigned to the aliphatic quarternary carbon. 

-' 
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The Alkaloids Of Leuconotis Griffithii (Apooynaaeae) 

A partially decoupled spectnum of the alkaloid clearly 
differentiates the types of car~Qn~ present -in the molecule. The spectrum 
shows a quartet (CH

3
) at 13 ppm, triplets (CH2 ) a~1, 46, 56 and 56.5 ppm, 

doublets (CH) at 31.5, 61 and 188 ppm and singlets (C) at 58, 111, 137, 
139 and 169 ppm. The doublet at 1-88 ppm indicates the presence of-an 
aldehyde carbonyl carbon. The five peaks at 120 to 127 ppm represent the 
five aromatic and olefinic CH carbons present in th~ molecule. 

Spectral information confirms the structure of norfluorocurarine 
which was also previously isolated from several Vinca species (7). 

II 

III 

Norfluorocurarine N-oxide 

58 

N 

H 

(10.2) 

N 

I 
H 

(9.9) 

46 56 

56.5 

111 

II 
~13 

41 70 

75 

II 
O~H "14 

(9.2 ) 

The second alkaloid ident ified was norfluorocurarine N-oxide 
(III). The alkaloid has a molecular weight of 308 and a molecular formula 
of C H20N 02. The mass spectrum shows a major fragment at mle 292, . 
corrJ~pondfng to a loss of an oxygen. I t also shows fragments-at mle 130, 
143, 144 and 156, and the base peak at ~/! 121. -1 --

The infrared spe~rrum shows absorption at 3320 cm due to -1 
the secondary NH, at 1660 cm due to t he carbonyl group and at 1615 cm 
due to the olefinic group. The U. V. s pectrum shows similar absorptions to 
that of norfluorocurarine, i.e. at 202, 228 and 360 nm. 

23 



PRIOCHEM ASIA 1984. Part IV. ChemioaL Researoh 

The proton spectrum also shows distinct similarities to that 
of norfluorocurarine. It shows the presence of an exchangeable proton at 
9.9 a and the one proton singlet at 9.2 d. Similarities in the complev~ly 
decoupled C-13 spectra of the two alkaloids are also distinct. All the 
carbon chemical shifts are quite-lUnchanged except for the chemical shifts 
of three carbons. They are the carbons at 61, 56.5 and 56 ppm in the ­
norfluorocurarine spectrum which are shifted to 79, 75 and 70 ppm 
respectively in the N-oxide spectrum. These three carbons are the carbons 
that are attached to the tertiary nitrogen. 

Since the alkaloid has only one oxygen more than norfluoro­
curarine, and the presence of this oxygen affects only the chemical shifts 
of the three carbons attached to the nitrogen, it is concluded that the 
oxygen is bonded to the nitrogen as an N-oxide. 

Eburnamine 

Ehnrnamine{.IV) has a molecular weight of 296 and a molecular 
_ formula of C1QH?4N20. The alkaloid has previously been isolated from 

Hunteria eburnea (7). The identification of this alkaloid was based 
mainly on the interpretation of the mass spectrum . 

The completely decoupled C-13 spectrum shows the presence 
of 11 carbons in the high field region. The carbon at 77 ppm is assigned 
to the carbon attached to an oxygen. The carbons at 59, 51, 44 and 43 
ppm are the four carbons adjacent ~o the nitrogens. The proton spectrum 
shows the presence o~ an exchangeable proton at 1.9 6 due to the 
presence of a hydroxy group. 

The mass spectrum of that alkaloid shows similar fragmentation 
pattern with that of eburnamenine (V), a kno\~ alkaloid of molecular 
weight 278 mass units. It was earlier reported (8) that eburnamine is very 
sensitive to dehydration. As a result of the loss of a water molecule, 
the mass spectrum of eburnamine looks similar to that of eburnamenine . 

IV V 
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The ALkaLoids Of Leuconotis Griffithii (Apocynaceae) 

Alkaloid 326 and Alkaloid 376 

The other two alkaloids that have been isolated are Alkaloid 
326 and Alkaloid 376. They are tentatively named according to their 
molecular weights. Alkaloid 326 is a major alkaloid of this plant. From 
the mass spectrum , the alkaloid has a molecular fo'rmula of C 19H22N203' 
The proton n.m.r spectrum shows the presence of an NH and OH 
by the presence of exchangeable peaks at 8.2 and 5.4 d respectively. It 
also shows a sharp singlet integrating for one proton at 5.9 o. The 
triplet at 0.5 d shows the presence of a methyl group adjacent t o a CH2 group. 

The infrared spectrum ShO~lS the presence "'Of a carbonyl group 
and confirms the presence of the OH and NH groups. The completely 
decoupled C- 13 spectrum of the alkaloid confirms the presence of a 
carbonyl group. The spec t rum also shows the presence of 7 quarternary 
carbons, 5 CH, 6 CH

2 
and one me thyl group . Structural elucidation of 

these compounds is in . progress. 
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ANALYSIS OF OILY COMPONENT OF THE SAP OF LACQUER TREE IN BURHA 
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Oily component of sap of the lacquer tree 
originating in Burma and Thailand, Mel anorrhoea usitate 
is analyzed by using high performance liquid 
chromatography. No vel phenolic lipids, W-phenylalkyl-
phenols, are found in addition to previously known 
homologues of thitsiol, urushiol and laccol. 

INTRODUCTION 

In 1922 (1), Majirna repo~ted that 4-substituted catechols 
having a e17 n-alkyl side chain is the main constituent of sap ot 
the lac tree, Melanorrhoea usitat.e grown in Burma. and he named 
this compound thitsiol (isourushiol) . In the report, he also 
pointed out that other saturated substances were included in the 
sap besides thitsiol in a considerably great amount. though their 
nature and chemical structures could not be eLucidated. 

We have recently developed a general method to separate and 
analyze oily component of sap of lac trees based on high 
performance liquid chromatography (hplc) (2-4). Urushiol of the 
lac tree, Rhus vernicifera (China and Japan) was separated into 
more than ten congeners as dimethyl ethers and the structure of 
olefinic side chains was exactly determined by ozonolysis 
accompanied with hplc-identification of dinitrophenylhydrazones -
derived from ozonolysis products (4) . More recently, high-
resolution I.e. separation of intact urushiol has been achieved 
by reversed-phase I.e. using weakly acidic eluent (5). 

In a preliminaly report (6), sap o f th e lac tree. 
Melanorrhoea usitate (Burma) was examined after methylation and 
hydrogenation to simplify analytical proc ~d ure, as it was found 
to be a highly complicated mixture of many constituents. As a 
result, it was revealed to contain congeners of laccol and 
urush io l as well as those of thitsfol. A more significant fact 
is that in addition to these classical substances, it includes l ­
or 4-substituted catechols with lO'-phenyldecyl or 12'­
phenyldodecyl groups and 5-substituted resorcinol~ with similar 
substi,.tuents. 

To determine exact structures of these novel compounds, or 
in order to clarify whether they have o lefini c groups in the side 
chain or not, we executed separation of o i ly component of sap of 
Burmese lac as the intact form. This was succeeded by using the 
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recently developed reversed-phase l.c. method, which was applied 
to the analysis of sap of Rhus vernicifera (5). 

Tn this paper we report the result of exte'l ,-; ive analysis of 
sap of Burmaese lac, presenting complete structures of novel 
dihydric phenols with -phenylalkyl substituents and some new 
constituents, monohydric phenols with a variety of substitu " nts. 
We also wish to emphasize that a highly complicated substance as 
the present subje c t can be readily analyzed by a modern 
chromatogr<iphic technique. 

EXPERT~1ENTf\L 

i'/laterial 
Sap of the lacquer tree, Melanorrhoea usitate originating In 

Burma was obtained by the courtesy of The Burmese Embassy in 
Tokyo and The South Sea Association (Tokyo). It was mixed with 
1-fold <imount of acetone and the mixture was filtered. The 
t i Itrate was evaporated and the obtained residue was subjected 
to gel permeation chromnt 'ography (g.p.c.) to remove polymeric 
mntC'rial. C.p.c. technique is adequate to pre-treatment of the 
air-sensitive sap as it is executed under mild conditions 
compared with c lassi c al distillation. The obtained monomerIc 
preparation loins separated by hpl c . 
rnstruments 

Hplc was c arrled out with a hand-made apparatus comprislng n 
min i p u m p (N i h 0 n S e i mit sue 0., T C?,k yo) , apr e s sur ega u g e , <i 
syringe-loading sample injection valve (Rheodyne Inc., eA). 
Effluent was monitored with a UV-detector (Oyobunko, Co., Tokyo) 
<it 254 nm. A 2.2 x 30 cm stainless steel column packed with 
S ~m ODS-silica (Hitachi #3053) and a 0.8 x 25 cm column packed 
with ODS-si 1 ica (T S K-gel LS-410, 5f..l.m) were used. G.p.c. was 
done with the hand-made apparatus equipped with an RI monotor 
(RI-2, Japan Analytical Industries, Tokyo) on Hitachi A-120 and 
A-110 columns (0.8 x 50 em) using chloroform as eluent. G. 1.e 
was done with a Hewlett-Packard 37QO instrument equipped with a 
flame ionization delector on a fus e d-silica WeOT column (ULTRA# l , 
O.2mm x 25 m) coated with methylsilicon e (the thickness of liqulri 
phase, 0.33 f..l.ml. I.r. spectra was rec o rded on a JASeO IRA-2 
instrument. II-N.m.r. spectra we re mC' s sured with a .TEOT CX-40n 
s p e c t rom e t e r (r e son an c e f r e que n c y , 4 00 ~I Hz). E. i . - m • s. d i a g ram s 
were obt<iined with a-Ilitachi RtvIU-6F. mass spectrometer (ionization 
voltage, 70 eV). G.l.c.-m.s. measlIrC!ment was executed with '" 
Hewlett-Packard <:"99611 g.c.-m.s. s ystem. 

RESULTS AND DIS e US S IOM 

Fig. I is a chromatogram of int a ct oily component o f sap ot 
~urmese lac on a 0.8x25-cm ODS-silica c olumn using ac~tonitrile 
water/acetic acid (80/20/2, v/v) as e luent. Each penk was 
extensively separrlted ..-a n a 2.2x30-cm OD S-silica c ol umn; if an 
o b t a i ned f r act ion 101 a s com po sed 0 f I" e" '"t han 0 ne e 0 m p 0 n e n t a s 
revenled by high-resolution ' g.l.c .• jt was agnin sub !('ctee! to 
second I.c. separation on a 0. 8 x 2')-cm c olumn. i: nch fraction was 
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Fig. 1. CHROHATOGRAM OF INTACT OILY COMPONENT OF SAP OF 
Melanorrhoea usitate. CONDITIONS: COLUMN, TSK-GEL LS-41U, 
0.8x25cm; ELUENT, CH 3CN/H 20/CH 3COOH (80/20/2, v/v); FLOW RA '!'f , 
2.5 ml/min; DETECTOR, 254 nm. .-

evaporated at 30 C to remove most of acetonitrile and the 
remained dispersion was extracted with n-hexane. The hexane 
solution was evaporated to give sepa rated constituents of sap of 
Melanorrhoea usitate. Some fractions containing several 
components were subjected to g.l.c.-m.s. analysis. 

Isolated constituents were identified by measuring Lr., ll !_ 
n.m.r. and mass spectra to give results summarized in Table I. 
S ymbols attached to peaks in Fig. 1 are corresponding to 
identified compounds in this Table . 

Dihydric phenols with alkyl or alkenyl side chains 
In m.s . diagrams of comp ounds 1a-Ic, Ie, 19, 2a-2c and 2f 

appeared a intense molecular ion peak and peaks of fragment ions 
given by cleavage of the bond beta to the aromatic ring (m/z 123) 
and by the McLafferty rearrangement- (m/z 124) of the molecular ' 
ion (7): ' 

CH2+ /.CH2 C~H ':-".." 

O(Q.O, < 

e CH-R GtH :s Vi 
:> t. H 

(OH)2 
(OH)2 

m/z 123 m/z 124 
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Compounds la-Ie, Ie and 19 exhibiied out-of-plane bending 
def1rmation bands of 1,2,4-trisubstituted benzene (810, 850 
cm- ), and were identified with congeners of thitsiol. Th e 
numbers of carbon atoms and double bonds in the side chain were 
determined from the M+ valu~ lb and Ie include is~lat~~ trans 
olefin groups as they have an i.r. band at 960 cm- • 

In i.r. spectra of 2a-2c and 2f, out-of-plane bending 
deformation bands pf l,2,3-trisubstituted benzene were observed 
at 730 and 770 c m -. Fro m- M + val u e s, 2 a - 2 ewe rei den t i fie d wit h 
congeners of laccol and 2f with saturated urushiol. 

Compounds ld, If, 2d and 2e were obtained as mixtures with 
other compounds and characterized by g.l.c.-m. s. measurement. 
They also showed mOlecular ion peaks and peaks due to 
dihydrobenzyl ion (m/z 123) and cyclohexadiene ion (m/z 124). 
Substituted position could not be determined from these m.s. 
data, but were suspected based on their retention time in the 
1.c. chart. 

OH OH 

OOH (r0H 
R 

R 

la R = C17 : 3 2a R = C17 : 3 
lb R = C17 : 2 (t) 2b R = C17 : 3 (t) 
Ie R C17 : 2 2e R = C 1 7: 1 
ld R C17 : 2 (t) " 2d R C17 : 1(t) 
Ie R = C17 : 1(t) 2e R = CIS: 1 
If R = CIS: 1 2f R = C15 : 0 
19 R = C15 : 0 

The complete side chain structure of each homologue of 
thitsiol, laccol and urushiol found in this study should be 
determined in due time. 

Dihydric phenols with w-pheny lalkyl side chains 
Compounds 3a, 3b, 4a, 4b, Sa and sb showed very simple mass 

spectra, where only a molecular ion peak , peaks due to the m/z 
1 2 3 and 1 2 4 ion san d the m / z 9 1 ion ,w e re pro min e n t • The 
presence of m/z 123 and 124 ions indicates that they are 
derivatives of dihydric phenol. As the m/z 91 ion stands for 
tropyllum ion derived from monoalkylbenzene, an alky1phenyl group 
is included in these compounds. This was confirmed by the 
exi 1tence of an intense i.r. band of monosubstituted benzene (700 
cm-). The substituted posit ion of phenolic nucleus in these 
compounds was determined from characteristic i.r. bands of out-
of-plane bending deformation of the benzene ring. Consequently, 
it is established tbat 3a and 3b are 4-(10'-phenildecyl)- and 4-
(l2'-phenyldodecyl)catechol, respectively, 4a and 4b are 5-00'­
phenyldecyl)- and 5-(12'-phenyldodecyl)resorcinol, and Sa and sb, 
3 - ( 10' - p hen y 1 dec y 1 ):;...; and 3 - ( 1 2' - p.h e n y I ,d 0 dec y 1 ) cat e c hoI. 
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6~ 
OH Of .. : 

HOOR 
~ OC 

R 

3a R -(CH 2 )10C 6H5 4a R -(CH 2 )10C 6 II 5 Sa R = -(CH 2 )10C 6HS 
3b R = -(CH 2 )12 C6HS 4b R = -(CH 2 )12 C6H5 Sb R = -(CH 2 )12 C6H5 

In the lH-n.m.r. spectra of Sa and Sb appeared superimposed 
triplets due to methylene protons at the l' and 10' (12') 
posit i ons (6 2.59), quintets from methylene protons at the 2' and 
9' (11') positions (6 1.60), two singlets of hydroxyl protons (6 
4.95, 5.08), a multiplet due to monosubstituted phenyl protons (6 
7.17, 7.18), an apparent singlet of protons of 1,2,3-
trisubstituted phen~l group (6 6.71), and intense mu1tiplets of 
methylene protons of the remaining portion of the molecule (6 
1.27, 1.30). 

3-Substituted monohydric phenols 
Compounds 6d-6f showed simple mass spectra with a distinct 

molecular ion peak, peaks of m/z 107 and 108 and the m/z 91 pea K. 
The m / z 1 0 7 and 1 08 ion s w ere' d e r i v e d bye 1 e a vag e 0 f the bon d 
beta to the aromatic ring and the MacLafferty rearrangement 01 

the molecular ion, respectively. This ~eans that these 
compounds are monohydric pheno1s ·'substituted with a long alkyl 
side chain. They also include a monoa1ky1pheny1 group as a peak 
due to tropyl1ium ion (m/z 91) was detected . In their i.r. 
spectra, absorption bands due to out-of-pl~ne bending deformation 
of 1,3-disubstituted benzene (750, 790 cm- ) ~nd that of 
monosubstitute d benzene (700 em-I) were observed. Then these 
compounds are 3-substituted phenols with an -phenyla1kyl side 
chain. From the M+ value, 6d was revealed to be 3-(10'-
?henyldecy1)pheno1 and 6e, 3-C12'-phen y1dodec y1)phenol

i 
6f 

showed an Lr. band due to a ket o function at 1700 cm- , an d a 
fra g ment ion of m/z 245 was found in the m.s. diagram whic h w a~ 
g iven through a-cleavage with loss of a hydroxy benzyl group; 

OH 

I 

107 i 245 
I 

6f 

In the 1H- n. m•r • spectrum were obs~rved a sin g let of methylene 
protons at the l' position (6 3.51) and two triplets due to 
met h y 1 e n e pro ton sat the 3' C 6 2. 4 2) and 1 2' p 0 s· i t ion s (6 2. 6 0 ) . 
From these data, the unique structure of 6f has been established. 

Compounds 6a-6c, 6g and 6h were obtained in a very small 
amount as mixtures with other compounds and characterized by 
g.l.c . -m.s. measurement. The m/z 107 and 108 ions were common 
for all of their m.s. diagrams, leading that these compounds are 
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monohydric alkylphenols. 68 show~d series of fragment ions 
characteristic of n-alkenes and was revealed to be substituted 
with a Cl7 n-alkenyl group with two double bonds from the M+ 
value (328). Compounds 6b and 6c showed relatively weak , 
mol e c u 1 a rio n pea k s (m / z 3 7 2 and 3 7 3) and pea k s 0 f m / z '2 6 5 and 
263, each of which was accompanied with a peak due to a fragment 
ion given by elimination of water. It was then revealed that 
they have a hydroxyl group at C-2' in the side chain. The 
number of carbon atoms and double bonds in the side chain were 
elucidated from the M+ value. 

6g exhibited in the m.s. diagram a molecular ion peak (m/z 
380) and a fragment i<on of m/z 273 and no peak derived by 
dehydration as found 'i"n compounds 6d and 6e, and was concluded to 
contain a keto function at the 2' position. In the m.s. diagram 
of 6h, the molecular ion (m/z 382) and the fragment ion Cm/z 27S) 
were associated with peaks dereived by loss of water from these 
ions, indicating that this compound has a hydroxyl group at the 
.2' position. 

The substituted position of these minor constituents was 
tentatively assigned to meta considering the biosynthetic route 
pro po sed for for mat ion o·f ph e n 0 I i c 1 i pi d s (8, 9). 

68 R = ~CA~tH(OH)CI7:2 OH 6b R ~ 

OR 6c R = -CH
iI

CH(OH)C I7 : 3 
6d R = -(C 2)IOC 6HS 
6e R = -CCHt)ttC6HS 
,6f R = ~CH2 0 H2 )IOC 6HS 
6g R = -CH2COCCH})C~C~I1s 
6h R = -CH 2CH(OH ( 2 12C 6HS 

CONCLUDING REMARKS 

Conten t of each constituent was listed in Table I. Onp. 
should notice that these values may not represent the exact 
composition of oily component of native sap as it exudates from 
lac tree, since the sample used in this investigation included 
only SO% of monomeric fraction presumably due to the 
polymerization dur~ng the storage and the transportation. 

Nevertheless, it has been clarified that sap of Melanorrhoee 
usitate contains several types of phenolic lipids, i.e., 
thitsiol, laccol, urushiol, 3- and 4-(w-phenylalkyl)catechols, 5-
(w-phenylalkyl)resorcinols and 3-substituted phenols with unique 
side chains. Latter novel compounds with w-phenylalkyl side 
chains may be the substance which Majima suggested to exist in 
sap of Burmese lac in addition to thitsiol about ' 60 years ago. 

An unusual phenolic lipid having a keto function at C-2', 
campnospermanol (3-(2'-oxo-9'(Z)-nonadecyl)phenol), has 
previously been isola~ed from Campnospermum auriculate (8). In 
the pre sen t stu d y , h a v e bee n f 0 u n d _s €> ~€ com po u n d s \If i t h a k e too r 
hydroxyl function specifica·lly attached to C-2'. This 
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specificity relates to the biosynthetic "polyketide" pathway 
which has been proposed as the general mechanism of formation of 
phenolic lipids (8, 9) ...... -

The analytical procedure presented~ere may be effectively 
applied to the quality control of natural products from plants 
grown in Southeast Asian countries. The more easier method 
based on modern capillary g.1.c. technique will be presented in a 
separate report. 
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TABLE I. CHARACTERISTICS OF CONSTITUENTS OF SAP OF Melanorrhoea 
usitate 

apparent m.s. {m/z2 
(cm- l ) compound content M~ others i • r . 

wt% 
la 2 .0 342 123, 124 810, 850 
Ib 2. 1 342 123, 124 810, 860, 960 
lc 12.4 344 123, 124 810, 860 
Id ud* 344 123, 124 
Ie 1.4 346 123, 124 810, 860, 960 
1 f t r ** 318 123, 124 
Ig 1.0 3 20 123, 124 810, 860 

2a 0 . 8 342 123, 124 730, 770 
2b 0 .9 342 123, 124 730, 770, q"7 (I 
2c tr 346 123, 124 730, 77 0 
2d tr ~ 346 123, 124 
2e tr 318 123, 124 
2f 2. 7 320 123, 124 730, 77 0 

3a 0.5 326 123·, 124, 91 
3b 1.8 354 123, 124, 91 810, 850, 700 
4a 0.4 326 123, 124, 91 830, 700 
4b 0.3 354 123, 124, 91 830, 700 
Sa 8.6 326 123, 124, 91 730, 770, 70u 
5b 45.4 354 123, 124, 91 730, 770, 700 

6a tr 328 107, 108 
6b tr 372 107, 108, 354, 265 
6c tr 370 107,108,352,263,245 
6d 0.6 310 107, 108, 91 750, 790, 7Uu 
6e 0.7 338 107, 10.8, 91 750, 790, 700 
6f 0.5 352 107, 108, 91 245 750,790,70 0 ,1700 
6g tr 380 107, 108, 91, 273 
6h tr 382 107,108,91,364,275,257 

* undetermined. ....... trace . ..,..,. 

. .. .... 
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THE DEVEWPfv1ENT (IF' A SIMPLE METHOD 
FOR TREATMENT OF TIMBER I PERlv1EABILITY HEASUREJv1:ENTS 

.N..K. Nair 

-­Uni ve:csiti Sains Malaysia, Malaysia 

A simple idealized model f nr treatment of timber is a single step 
irrunersion process in a preservnUve hath . The first stage in developing 
such a method 1:S to obta1.:n rrec1'se permeability data . An experimental study 
has been made t.() identlfy thp factors involved /n acqu1~ring reliable and 
l'err()duc1:ble pe"('111eab1"lity data () f /.Jood . 

INTRODUCTION 

The volume fl ow rate per 'mit area through porous media is given bv 
Darcy' s law: 

dQ KA.A " 

dt l r -
dQ 

where is the volume flow rate of a fluid of 
dt 

of cross-sectional area A and length ~ under a 
K is the permeability constant, characteristic 
independent of the penetratjng fluid. 

viscosity I through a medium 

pressure differential A P. 
of the penetrated medium and 

While wood scientists generally assume that fluid flow in wood obeys 
Darcy's law, there is considerable evidence in the literature to indicate 
that this can be a questionable assumption. Several investigators of liquid 
flow in wood (I , 2 , 3) found that . contrary to Darcy' ~ law, liquid flow rate 
t.hrough wood decreased with time. Subsequently, it was shown (4,5 .6) that 
t.he decreasing rate of flow was C'Rused by blockage of submicroscopic pit 
pores by extraneou:; materials Rnd ras hubbIes, and that filtered, gas -free 
water could be passed t,]lrough wood at a constant flow rate. Bailey (7) 
fOlmd that liquid flow rate increased more than expected wi th increased 
applied pressure and at.tributed this tl! the c0mpressioTl and flushing out of 
gas bubbles restrie t.ing ~ ri tic!'!l passages . A deviation in the opposite 
(ii rection was (lbserved h,v S\lcoff (R), who found that. in passing water in the 
axial direction through northern white eedar sapwoorl increases in flow 
rate with increased pres[;u.re cJ i fferent.ial were substant ially below those 
predi cted by Darcy's law . They eonsidered that air blockage and pit closure 
were nut the causes uf deviatinn !'!nd RttributecL it rather to turbulence and 
non-linear laminar flow. ~ 

It is evident fr om Literal1lre IhR1. there i s 
application of Darcy's law to all wnod " specimens . 
investigation was therefore desirnpd to ascertain 
be used to determine longitudinal permeability of 
(Koompasia Malaccensi f; ). 

some tfficertainty in the 
The rresent 

whether Darcy's law could 
the sapwood of Kempas 
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EXPERTh1ENTAL 

The apparatus constructed was identical to that detailed by 
Kininmonth (9) , but the level of the hydrostatic pressure was automatically 
maintained by a carburettor float . The flow rate through the specimen was 
measured with a Tri-Fla t flowmeter which takes ten seconds to give a 
reliable reading after a steady f~ow is established. The liquid inlet and 
outlet sections to the specimen were sealed between the flanges by two 
neoprene O-rings of 14. 5 mm in diameter. The O-rings were a ligned with 
respect to the grain in order to prevent water spillage . The specimen cel~ 
assembly was then clamped between two perspex sheets, machined to accept :he 
glass flanges, by bolts and nuts. 

All specimens were cut from the sapwood of Kempas (Koompasia 
Malaccensis ) , microtomed and outgassed prior to permeability mea surements . 
To remove air from the specimens, a beaker containing the submerged spe~imen~ 
was placed in a dessicatoT and evacuated by a water-suction pump . The 
vacuum was released and the specimens were allowed to soak in the water. 
This cycle was r·epeated over a period of two days. Finally the specimens 
were left for 12 hours under vacuum. The method adopted for the deaeration 
of water was by ultrasonic cavitation under reduced pressur e, the ultrasoni~ 
generator used being a Soniprobe, made by Dawe Instruments Ltd. 

RESULTS ANt DISCUSSION 

It is generally considered by wood scientists that Darcy's law is 
obeyed with respect to length of the WOQd specimen . The effect of spec i mer. 
length on wood permeability is shown in Fig. 1. It is apparent from 'ne 
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FIG. 1 PERMEABTLITY AS A FUNCTION OF SPECIMEN LENGTH 
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curve that only specimens greater than 20 mm obey Darcy's law. ?8cause all 
specimens were microtomed, water has unimpeded access to the lumens at the 
end faces, so that the eff~ctlve_ ~~rmeation le~th is sligthly less than 
the measured length. If the specimen is long this effect will be negligible. 
But, it is reasonable to assume that with shorter specimens, some of 
conducting paths will now offer very little resistance to flow. Consequently. 
in such cases, the permeability will be abnormally high as observed 
suggesting a deviation from Darcy's law. 

Fig. 2 shows the variation in flow rate with time for a specimen whose 
:p.ngth was 22 mm. The flow rate decreases very rapidly during the first 
5 min. of flow after which the decrease continues at a much slower rate, If 
the J.irection of flow is reversed, flow would sta:r:.t at a rate considerabl." 
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FIG. 2 FLOW RATE AS A FUNCTION OF TIME ~TH DOUBLE-DISTILLEr 
FILTERED WATER. 

higher than that which prevailed - just prior to reversal and then decrease 
in the same manner as before. These observations could be accounted for b~ 
the presence of minute particles in the water. These particles would become 
trapped in the pores and progressively reduce the permeability of the 
specimen. Re ver al of the direction of the flow would remove some of the 
obstructions thus increasing the flow rate as observed. However when flow 
was ' temporarily interrupted, the flow rate recovered to a similar extent as 
when the direction of flow was reversed indicating that the decrease in flow 
rate with time was not due to obstructions in the flow paths caused by 
particles in the water. 
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Kelso (8) attributed the decrease in flow rate with time to the 
formation of air bubbles. Wood is composed of a complex series-paralle: 
arrangement of conducting vessels '!ith constrictions. If under cOI}ditions 
of constant mass flow, a constriction is placed in an uniform cylindrical 
conductor, the linear velocity must increase at the point of constriction. 
It follows from Bernoulli's principle that when the linear velocity of a 
fluid in a conductor is increased , the pressure is decreased accordingly. 
When a fluid is passed through wood, ~he size and di stribution of the 
constrictions in the path of flow would similarly influence the linear 
veloci ty and pressure distribution. If the liquid contained dissolved gas . 
then the gas may evolve frow the liquid at a constriction where the pressure 
is below the original satura~on pressure for the gas. The resulting 
bubbles could then be trapped at the next downstream constriction thereby 
progressively reducing the wood's permeability. This explanation is 
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FIG. 3 COMPARISON OF TIlE RATES OF FLOW OF DEAERATED WATER WHICH 
WAS NOT DEAERATED THROUGH TWO OUTGASSED MATCHED SPECIMENS. 
o DEAERATED WATER; • NON-DEAERATED WATER. 

consistent with the results shown in Fig. 3 where the flow rates with time 
~f deaerated water and water which had not been deaerated for two matched 
spec imens are compared. Almost constant flow was obtained with deaerated 
water over a period of 30 min. The slight dec rease in flow rate can be 
attributed to re-aeration of water during the measurements. However no 
explanation can currently ~offered for the incr-ease in flow rate observed 
in the initial region of the deaer&ted wate~ pl;l. 
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Fig. 4 shows the variation in flow rate with time for a specimen that 
was not outgassed but where deaerated filtered water was used for permeation. 
The specimen was end-matched· tOo the specimens iI;l.. Fig. 3. The expected 
initial rapid decrease in flow rate is observed but this is followed by an 
increase in the permeability of the specimen. The increase in fl 0 W rate 
suggests that the air bubbles causing blockage of pit pores are being 
removed probably because of its solubility in deaerated water. However, in 
all ca ses the initial flow rate of end-matched deaerated and non-deaera ted 
water were s imilar. 
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FIG. 4 FLOW RATE AS A FUNCTION OF TIME OF DEAERATED FILTERED 
WATER THROUGH A SPECI~lliN THAT WAS NOT OUTGASSED. 

The rates of fl ow with filtered ( 100 nm) and uruiltered deaerated 
t.apwa t er are shown for two makhed specimens in Fig. 5. The constant flow 
rate with filtered t.apwat p. r wa s s i.milar to tb~t obtained with double­
distilled filtered water. an indi cation that the pore size of the pits in 
the specimen was in ex('ess of 1 no nm. With unfiltered tapwater the flow 
rat.e dropped to half i ts valu€' i"n about 12 min. 
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CONCLUSIONS 

i . The specimens of length greater than 22 rom were found to obey Darcy's 
law. 

ii. With extreme care constant flow can be achieved through a degassed 
sample with deaerate~ double-distilled wa ter. 

iii. The flow rate decreased sharply for specimens 
degassed or when non-deaerated water is used. 
of aeration is small,~he initial flbw rate is 
have been if complete deaera~ion had ~ccUired. 

tha t :1ave not been 
HoweiTer, if the degree 
the Hame as it would 

iv. Reliable permeability values can be calculated for specimens using the 
initial flow rate, even if deaeration was not complete in wood or water. 

40 



The Development Of A Simple Method For Treatment Of Timber I Permeability 
Measure 

-.., • ""REFERENCES 

1 . Anderson, B.E., Gartner, R.A., Schmitz, H. (1941), Factors affecting 
the decreasing rate flow of -liquids through wood. Tech. Bull. Minn. 
Agr. Exp. Sta., No. 145. 

2. Hartman-Dick, U. (1954), Untersuchungen liber die Durchlassigkeit des 
Holzes bei Druckfiltration. I. Durchlassigkeit fUr Wasser. Forstwiss 
Zbl., 73, pp 40-62. (Can. Dep. Forest. Rural Develop. Transl. No. 83 ) . 

3. Huber, B., Merz, W. (1958), On the significance of bordered pit closure 
for t he axial water conductivity of conifer~. Parts I and II. Planta. 
~(5) , pp 645-672. 

4 . Eri ckson, H.D. (1960 ), The effects of storage conditions and time upon 
permeability of green sapwood. Amer. Wood Preserv. Ass. Proc., 56 , 
pp 156-165 . 

5. Eri ckson, H.D., Estep, E.M. (1962), Permeability of Douglas-fir 
heartwood from Western Washington. For. Prod. J., 12, pp 313-324. 

6 . Ke lso, W. C., Gertjejansen, R. O., Hossfeld, R.L. (1963), The effec t of 
air blockage upon the permeability of wood to liquids. Tech. Bull. 
?vlinn. Agr. Exp. Sta., No. 242, 

7. Bailey, P.J. (1965), Some st~dies on the permeability of wood in 
relation to timber preservation. Rec. A. Conv. Br. Wood Preserv. As s .. 
pp 31-50. 

8. Sucoff, E. I., Chen, P.Y.S., Hossfeld. R.L. (1965), Permeability of 
unseasoned xylem of northern white cedar. For. Prod. J., 15(8) , pp 
321-324. 

9 . Kini nmonth, J.A. (1970), An evaluation of timber drying problems i n 
terms of permeability and fine structure. Ph.D. thesis, School of 
For estr y , University of Melbourne pp 72-90. 

41 



THE STUDY QF AMMONIUM BIFLUORIDE AS A FLUORINATING AGENT 

Chun-llsu Lin, Guan.-Su Sh.azJJ, Tseng-Rong Wu, 
Ching-Yuan Lee, Mou-Thai Wu 
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ABSTRACT 

The utilization of amnoniwn bifl,uoride as fl,ourinating agent is relative­
ly inexpensive and ?asy to handle hence worthwhile to be investigated ex­
tensively. Reactions of qrganochloro-siLanes, -phosphorus compounds and 
organosulfonyl ch7,orides with arrrnoniwn bifl,uoride have been studied and 
the proposed mechanisms discussed. 

INTRODUCTION 

The various applications of organic fluoro-compounds and ri­
sing demand for them stimulated the interest in searching for 
more versatile fluorinating agents. Ammonium bifluoride,NH4 -
HF2, readily obtainable by reacting ammonium hydroxide with 
hydrofluoriC acid, seems to be a potential fluorinating agent 
though its capability in this respect has not been often re­
ported .1-5 

Fluorination using NH4HF2 showed the advantages of relative 
low cost and simple handling of the reacti~ns. In this work , 
fluorination of organochloro-silanes, -phosphorus compounds 
as well as organosulfonyl chlorides were investigated. 

RESULTS AND DISCUSSION 

Organic Silicon Fluorides 

R S OX NH4HF2 R S"F n 1 4-n • n 1 4-n 

For X was a chlorine and R were some alkyl groups, the reac­
tion gave 91-98% yield of fluorinated products under room tem­
perature. While X was a chlorine and $ were several different 
aryl groups, yields of 60-87% were obtained. For X was alkoxy 
or amino groups and the reaction was carried out in refluxing 
CCl 4 , 82-85% yield of products were obtained. 
The less satisfactory yield of arylfluorosilanes was owing to 
the splitting of C-Si bonding by hydrogen chloride generated 
from the reaction of ammonium bifluoride and chlo'rosilanes. 
Bott G had proposed a mechanism of electrophilic aromatic sub­
stitution to explain the cleavage of C-Si bond. 

43 



PRIOCHEM ASIA 1984. Pat't IV. Chemical Research 

HCl + 

In consistence with this mechanism, we found the carbon-sili­
cone bond splitted easily in the polar solvent, but much more 
sluggishly in the nonpolar solvent 7 • 

Organic Phosphorus Fluorides 

RnP( X )mC13-n NH4HF2 ,. . RnP (X )mF3-n 

For the pentavalent phosphorus compounds, the corresponding 
fluorinated products have been prepared under mild conditions 
and the yields were r~latively high. Whereas, in case of the 
trivalent phosphorus compounds only gave low yield of the de­
sired halogen exchange products. When R was alkoxy group, the 
mixture of final products containing RCI, PF3 as well as their 
corresponding fluorinated compounds were obtained. For ins­
tance, the reaction of (C2H50)PCI2 and ammonium bifluoride 
gave a reaction mixture which consists of EtOPF2, EtCl, PF3 
and FHP(O)OH. The mechanism b}ow was proposed to interpret 
the formation of th~se compounds. 

EtOPCl2 + NH4HF2 .. EtOPF2 + HCI + NH4CI (1) 

EtOPF2 + HCI J EtCI + F2POH ( 2 ) 

F2POH .. F2P (O)OH (3 ) 

2F2P(O)H , PF3 + FHP(O)OH (4 ) 

It has been known that hydrogen chloride can split the carbon­
oxygen bond of alkyl phosphites (eq.(2». The phosphinous 
acid., F2POH, thus formed was converted readily to difluoro­
phosphine oxide, F2P(O)H (eq.(3», which was then dispropor­
tionated to phosphorus trifluoride and phosphinic acid FHP(O)-
OHa. _ 
It was reported that C6H5PF3H was the reaction product of 
C6H5PCl2 and potassium hydrogen fluoride 9 . In our experiment. 
using carbon tetrachloride as solvent, fluorination of phenyl­
dichlorophosphine by NH4HF2 yield C6H5PF4 and trace of C6H5P­
(O)F2' This result ~an be explained by the following scheme. 

6+ 6 -
RPCl 2 + CCl4 .. RCl2P un Cl CCl3 

NH4HF2. R-~:.~.Cl+9C13~RPC1 3F + CHC1 3 + NH4F 

iT " ~fNH4F /c FJ 
RPF

4 
hydrolysis. RP(O)F2 
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Carbon tetrachloride played anlmportant role to form a com­
plex with phenyldichlorophosphine. This complex was then re­
acted with NH4HF2 to produce phenyltrichlorofluorophospnoranel~ 
which was further fluorinated to C6H5PF4. Consequently, C6H5-
P(O)F2 was produced by hydrolysis of C6H5PF4. 

Organic Sulfonly Fluorides 

RS02Cl NH4HF2 ~ RS02F 

For this kind of compounds the rate of halogen exchange reac­
tion was quite depending on solvent system. Sulfonyl chlori­
des could readily be converted to the corresponding fluorides 
by ammonium bifluoride ~n H20, DMSO or DMF under ambient tem­
perature. When acetonitrile or o-dichlorobenzene was used as 
solvent, this conversion proceeded under reflux. 
Acid-binder (i.e. triethyl amine) was required to promote this 
fluorination reaction, in case of the solvent used was toluene 
or petroleum ether. 

EXPERIMENTAL 

Fluroination was carried out in the u~ual way using Pyrex fla­
sk fitted with reflux condenser on the magnetic stirrer. The 
analytical instruments used were 

HI NMR: Bruker WP 80, internal TMS 

F19 NMR : Jeol FX90Q, internal CFC13 6r CF3COOH(TFA) 
negative chemical shifts refer to high field. 

The experimental results are list on the table I - III. 
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TABLE I. SYNTHESIS OF ORGANIC SILICON FLUORIDES 

Condi- Rxn. . Hl NMR F19 NMR 
Reactants Products Solvent Time Yleld 6TMS ppm 6TFA ppm tion (hr)· % (CD3)2CO (C03)2CO 

CH 3SiC 13 CH 3S iF 3 CC1 4 r. t. 0.5 98 0.66(q) -57.l(q) 
JI-\f=4.0Hz JHF =4 .0Hz 

(CH3)2SiC12 (CH 3)2SiF2 CC1 4 r. t. 0.5 95 0.35(t) -55.1(heptet) 
JHF =5.9Hz JHF =5.9Hz 

(CH3)3SiCl (CH 3)3SiF CC1 4 r. t. 2 98 0. 24(d) -80.9(decet) 
JHF =7.2Hz JHF =7.2Hz 

, 

(CH3)3SiOMe (CH 3)3SiF CC1 4 refl ux 2 91 " " 

(CH3)3SiNHPh (CH3)3SiF CC1 4 ref1 ux 2 85 " " 

(CH3)3SiNEt2 (CH 3)3SiF CC1 4 
• 

reflux 2 83 " " 
. 

(CH 3)2Si (OCH 3)2 (CH 3)2SiF 2 CC1 4 refl ux 4 82 " .. 

PhSiC1 3 PhSiF 3 CH 2C1 2 r. t. 2 60 7 .-{i(m) ,3H -66.3(S) 7 .4(m) ,2H 

Ph 2SiC1 2 Ph 2SiF2 0-C6H4Cl 2 r. t. 2 81 7.70(m) -66.2(S) 

Ph;SiC1 Ph 3SiF C6H6 r . t. 4 62 7.54(m) -92.9(S) 

Et3SiC1 Et3SiF C6H5N0 2 r. t. 2 85 0.6-1.0(m) -99.4(m) 

(CH 3)lhSiC1 (CH3)2PhSiF CC1 4 r . t. 2 8}_ O.45(d) ,6H -84 .8(heptet) 
JHF=8 . 0Hz JHF =8 .0Hz , 
7.5(m) 5H 

CH 2=CHSiC1 3 CH 2=CHSiF3 CC1 4 r . t. 2 94 6.0-6.8(m) -65.2(S) 
-
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TABLE II. SYNTHESIS OF ORGANIC PHOSPHORUS FLUORIDES 

Rxn . Rxn. Condi- Yield B.P. of 19 
Reactants Products F NMR 6CC1 3F ppm 

Time Solvent tion % Products CDC1 3 
0 0 
II II 

78oC/20nm (EtO)2PC1 (EtO)zPF 2 hr CC1 4 r.t. 51 -81.S5,Jp_F=975Hz 

0 0 
II It . 

'-- CC1 82-30 C/2Omn (i-PrO)2PC1 (i-PrO)2PF 2 hr 4 r. t. 69 -78.7, Jp_F=973Hz 

0 0 
II II 

° PhPC1 2 PhPF 2 2 hr CC1 4 r.t. 50 86-7 C/20nm -65.7, Jp_F=110SHz 

S S 
11 II 

59-60°C CH 3PC1 2 CH 3PF 2 2 hr CC1 4 r. t. 40 -42.7S,Jp_F=1142Hz 

PhPC1 2 PhPF 4 2 hr CC1 4 r. t. 42 132-4oC -55.4, Jp_F=966Hz 

PhOPF (1) 
• 

124-SoC PhOPC1 2 2 hr CC1 4 r.t. 40 -44.5, J = 1327Hz I 2 P-F i 

EtOPC1 2 
EtOPF (2) 

2 2 hr CC1 4 
r. t : · 20< 16°C -49.3, Jp_F=1288Hz 

(1) Other trace amount of impurities were PhOPC1F (19F 6-53.3,d), PF 3( 19F 6-32.9,d). 

FHP(O)OH (19F 6-61.2,dd~. 
(2) Other trace amount of impurities were PF 3 (19F 6-33.4.d), FHP(O)OH (19F 6-60.7.ddl . 
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TABLE Ill. SYNTHESIS OF O~JC-SULFONYL FLUORIDES 

Reac tan ts Products 
Rxn. Rxn. 

Solvent (Et}3N Temp. T~p. 
(hr) (C) 

1 
Yiel d F19 NMR 6CC1 3F ppm 

(X) CDCl 3 

CCl SO F;1'1 
3 2 xylene 

ether I 

H20 

H 0+ 
aEetone 

DCB 

DCB 

CH 3CN 

CH 3CN 

H20 

Dt1S0 

0I·1F 

4 

24 

18 

18 

reflux 

r. t. 

r. t. 

r. t. 

r . t. 

8 refl ux 

4 r. t. 

72 refl ux 

6 r . t. 

0.2 r . t. 

0.2 r . t. 

no 

no 

no 

no 

no 

57 

no 
64 

50 

89 

64 

o-N0 2C6H4S02Cl o-N02C6H4S0 2F toluene 4 refl ux trace 

toluene I • 4 reflux 75 

p-N02C6H4S02F xylene 

xylene 

to 1 uene ( 

p-CH 3C6H4S0 2F toluene 
toluene ( 

H 0 
B~nzene 
H?O 

PhS0
2
F xylene 

S02 F 

CH 3rSrCH 3 

1:3 

xylene 

CH 3CN 

CH 3CN 

H20 

0I1S0 
toluene 

tOluene ; 

H?O 
xylene 

Petroleum; 
ether 
H20 

18 

18 

4 

5 

3 

24 

5 

J 

2<'., 

14 

5 

4 

r . t. 

r . t. 

r,t. 

reflux 

refl ux 
40 

reflux 

refl ux 

r, t. 

r. t. 

refl ux 

r . t. 

95.3 

93.8 
no 

trace 

75-

87 

trace 
73 

22 

85 

43 

no 

4 r. t. no 

72 reflux 60 

48 r . t. 73 

0.2 r.t. 74 

5 renux trace 

4 reflux 80 

20 40 94 

5 reflux no 

3 reflux 60 

20 40 89 
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61. l(q} 

64.6(S) 

65.7(S} 

65.8(S) 

65.4(S) 

65 . 9(S) 

67.8(S) 

I 
I 
I 
1 

I 
I 
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