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inajoi- port ion of the l'crt ill: hnd non, ulltlcr ctili ivxt ;vn.  
?v1:3r,y ofthcsc crops reqi~i re  o!lly \z li.i11 is ~ c n c ~ ; i ! l y  ci l I !cd 
primary prnccsiag to give i iocl  cornli~otlirics 
for i l l ?  pcoplc. A rcw m:!) ~'cclktirc: ;I ! I t1 lc 111c:l.c tfi;rt~ u 
f irst  jtage of' processing, f-clr cxitlnpJi: I icc ul'tcr Ilasvsbt 1:s 

clc:~nr;d and dried. Then if i s  lal.;cn 1'o.r ntilling and 
p o l i ~ l l i ~ i g  bL'1br.c ~ h c  consilrner c;1i1 L I ~ C  r t .  
CVhc:i! t,cilu 1r.e~ fui.tltcr rni l l  ing t (1 s ivc  f IULII.. 
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i11lx11 on[>.. On ~ l ~ e  olher iland. u conintciliiy s~tcllu>!ca 
rec ju i t -csn~arccoi~~plcuproces~ . inp .  ' I ' l ~ c t i : ; r i ~ ~ d i ~ ~ t ~ y i s ~ +  
~ o u d  ~.,xarliple of Ilt.>\v cltcrnis~.r)~ i:. I ~ ~ \ ' o l \ c d  ill  ~wo'cch:. i l , ,.~ 
one o r  our Inocr val!li~blc I . ~ > , J ~ I . c ~ ~ ~ ~ .  
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\ v [~ , l c~ l l   gill^ \ ~ i t l l  tllu p!~ic,k ili?; n!' ! /;cr tclit!r:~. LOP\ 1" Ill(; 
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diagram silo\s.s.tJle iiia!~:, ht i lgc : .  nf ihe  pl-oocss 01' 
~ ~ ~ ; i k i n $  blirch tea. 



i'ca pluckers llarvest vnly the topniost !,arts 
consisting c:f two leaves and the bud. The Iravested 
leaf is called the "flush" and tllis is t l ~ e  only raw 
mstcrial whicil is reqiiired for ~na!,ing tea. Processes 
using chemistry and technology with 1.h.e lrclp of various 
machines turn this leaf illto a product of very mu.ch higher 
value called black tea. More than half of our foreign 
exchange earnings are obtiiirted from this  ant- ~:ornn;ociity. 

?:-he frcslx leaf is allowcci to x.i~llrs fc>r a ,lumber of 
hours and become limp by losing some moisture. 
This mitterial is :lext passed throttgh rollers which crush 
and tear tlie leaf with a rolling motion. Fresh un-withered 
leaf would have disintergrated in this process so 
withering is important. The most important effect of 
rolling is to rupture the cells in tea leaf causing 
the juices within the cells to  mix aiillL <.Ili.f~s inbct~cti:  
cells, etc. This is Ihc stage where chemical reactions 
begin to occ,ur. :'he roiled leaf is then spread out in 
warm r o o ~ i ~ s  to  expose them to air. The reactions whicll 
started in the rolling stage can now go on to  create the 
two most importacl properties of a good tea. They are: 
(i) Flavour and ( i i )  Colour. 

All these reactions are catalystd by cnzymes and 
oxygen from air is an important factor. Over a 
period of seventy flve years or more, ~hemicts in 

many countries ~ncludlng those at rht: Tea Yesearch 
Institutein Talawakelle have studied the chemistry of tea. 
The flavour of good tea I S  a complex mlxture of more 
than three hundred different compounds and about two 
hundred (200) have been identified. However no  one has 
uptonow been able to produce a good synthetic tea flavour. 

The colour is the second most important factor in 
assessing the quality of tea. 'The deep golden 
brown colour of a tea brew is due to  t v ~ o  classes ofpigments 
known as Theaflavins which are yellow to orange 
in colour and Theart~bigens which are more reddish. 
The black colour ol'the black tea itself is said t o  be due to 
the presence of chlorophyll and its break-down 
products in addition to the other pigments. 
Very little of the green pigment is water soluble so t h e  
brewed tea liquor is reddish instead of being black. 

The I'errnent'ttiol~ stage requrres three to f ibe  houls 
~ n d  then the ieaf goes into a drying oven on a conveyor belt. 
The driers are at about 85" C and at tllic temperature 
the chemical reactions are arrested and the mvisture I S  
quickly removed. The product coming out froni the 
driers look very similar to the black tea seen in the market. 
The other stage5 are a g a i ~  mechanical such as s i e ~ , i ~ ~ g ,  
pxkagiag. %,orage, etc 

The two sets of cllemical reaction\ can he illustrated 
as follonls. 

PLAVOUR PRODUCING Oxygen PLAvOUK 
' SUBSTANCES OR 1 I COM 

FLAVOUR PRECURSOLS I POUNDS 
- --- 

ENZYMES j 
-. -- 

, CULOUli  PRODUClNG Oxygell kleat I'IGME~Ts 
' SUBSTANCtS OR 
/ PIGMENT PRECURSORS > BLACK TEA 

ENZYILlES - -  l o p  
There are oilier aspccls of this industry where 

ciler?iis!ry plays very impurtanl roles. Any crop tliut is 
cultivated has t o  be fcrtiiized and yrotccted fi.eni pests 
and diseases. Both these aspects involve chemistry in 2 
large way. A very large portion of the fertiliscrs 
applied T O  crops are ariil'icial mixtures of chemical 
cainpounds. The application of these have to be carefully 
c~ntrolied and the correct rnix~ures selected after careful 
survey of the soil nutrients already present. 
Crop proteclion is now an equally inlportant and equally 
exacting process. The majority of pest control 
methods used even now are based on con~plex chemical 
compo~ands which arc powerful enough to disable or kill 
weeds, illsect pests, fungi a d  \iir~~ses. E\,eryone 
linows of'the great concern which environment 
protection agencies (EPA) and governments :Ire 
sho\vint. with regard to pollution caused by these toxins. 
Urifortunatcly there are only very few aon-chemica I 
iiiethods for pest control at present. Biological 
rnethods are being developed rapidly but 
ciieruic:~! pest control will be with us for qgite sometime. 

Spiczi anci zssc~iti~,l oils ;,re plan( based resowccs 
Tor whicli Sri Lank?\ was famous long before such major 
crops like tcit, ~.ubber, coffee, etc. Even today they 
contribute a small but valuable portion to our economy. 
I t  is said that the history of tile South Asia11 Region 
changed xignificantly because of spices. Sea-going 
explorers collected spices such as Pepper, Cloves, 
Nutmeg, Cardamom, Ginger and Cinnamon from 
this region and introdticed them to the west. 
A11 these apices are now available inn Sri kanlta, 
l~owever we arc best lcnowri f01 "Ceylon Cinnamon" 
with 35 % of the world production. The cinnamon 
plant is economically valuable because in addition to the 
spice from the bark, cinnamon leaf oil is produced from 
the leaves cut off during harvesting. Essential oils 
are the volatile :iromatic oils found in spices 
and other plants such as Citronella, Lemon grass, and 
Eucalyptus. 'i"1ley are obtained by a process called 
steam distillat:on zrnd this prclcoss lcads to a high ralue 
product from apparently low cost rnateriais. 
'The cl.,emistry of essential oils Iiave been studied in 
great detail :and many valuablc and interesting results 
have bee11 obtained. Studies on cinnamon by our own 
chemists enabled the Minor Export Crops Department 
to select and breed improved varieties of cinnamon and 
other ~pices for future crop diversificaticin. 

A long standing problem concerning adulteration 
in cjtroilslla oil with kerosene was finally settled 
only after the author studied the detailed chernical 
conipusit ion oi'citronclla nil from Sri Lanka a n d  
and compared it with oils from Java anci China. 

The results of such studies have been most 
important in standardising and quality assessment of spices 



arid oils. Ci~e!nibl s il~lve ; t 1 h >  1 ~ ~ 1 1  ;1b1~' 10 p r~)d~ice  mnny 
;lew a i d  nun-tr,~ditional products froin spices. 
01:oresins and dried green pspper are two such products 
and ihzse hclp in ii1ir:;lsing tile added value 
r ; ~ r n ~ ~ n c i i t  in ti12 in:rk,:ting of spices. 

S ~ ~ s a r  is an cssciitial iicm of diet ii1 man. 
Sugdr is c11:micilly known as sucrose, an organic 
iomp,)and with the formula CIZHZOI I .  

we imp or^ a IL1rgz ~,(,rtio~i of our SLI: l r  ~+~qui rzmznts  
and ~ l l c  rest i s  obtained from local resources. 
Sugarcane, of course, takes f ~ r s t  place as a source of sugar, 
bur rherz arl: lnsny othar plants wilic!l can give 
sugar clnd othcr s~~:t;iliiig i~~at i t r ia!~.  Palm sap from 
c,xonut, kitul, p~linyi-ah and talipot contain sugar 
2ndLhe I icluid is c.illcd swezttoddy. They contain 
15-23 stigar and on c~nceiltration by cvaporatiol~ 
vield:;~~gi:r, jaggery or treacle. The chemi:;try 
{nvolved:n the sugLir making pr<)cilss is quite 
intcrzsting. For instance, tlie sweet-toddy ii.cs11 
i'rorn tlre p.tliii c,>rlt-\ins nlnnst purz sucrose, 
b:rl iheri: ai.i z,i.l.;in cilzylti:s in this sap which 
hrz;lkdown 01- hydrL)lyse the sucrose to give two other 
sugars of smi~llcr ;n ti:zular wzigllt called glucose and 
fructos~. 'Tilt enzyln2s are called irzvertaseq. The 
[altei- s i ~ g ~ ~ s s  :ire m3re .lifficult to cryst:illize than sucrose. 
Therefore i f  tllz swL::t-toddy is not carefully 
collected alrd qaickly evaporzted t11c chances of gztting 
high yizl is of c ry~t~ i l l i t~e  sugar decrzases. The final 
product in lnnlting pal111 yugar depends upon the 
extent to which sucrxe  liad been hydralysed. Sugar 
will result if only little was hydrolysed and treacle 
willbl: obt:~ins.d if.:nzyilieactivity hadgonc ahead. 
raggery c o ~ ~ l c '  bzc-lllcd .in intei-mediate between these two. 

Cliemists have Sol~nd thiit i i i ~ l ~  pbl (basic media) 
prevmts invcrtas. activity 

Sucrose 
Clucose 
Fructose 

Therefore swzet-toddy is ilow collzcted in pots 
wiiicll are coated inside with a t l ~ i n  layer of fresh lime 
(c.ilciurn hydroxide). -fixis helps to kc-ep the rnediunl 
at  :;);--i grcLttci. Lilac1 7  id prevent invi-(Lase activity. 
Evzil in s~g,ir;~~:i!.; p r ~ c - s  ; ins :: srnall a ~ n a u n t  of sucruce 
uniii:rg XS ilycir.~lysi~~. 'i'his r~on-crystrilli11ee i-ractiori 
gives (!LC w;llkl~ocvn by-product mo1:issc~. 
It i; an iln:)aitant :itartii.;g nlaterial for another 
chemistry b-lsed industry which is tile production of ethyl 
alcohol. Hcre the sugar solution is fermented with 
yeast to produce a dilute wlution of ethyl alcohol 
containing [races of other compounds. This product is 
then carefully distilled to give pure ethyl aicohol. 
Large amounts ofthis "Molasses spirits" is uscd in mrtkinq 
blended arrack c~lllil1Xlly known as "gal". Rum 
whicn is t 11.e national bzverage in ille Carribean 
ie,:io!~ is 17roduccd from calic !n;,~las>.t:s. 

I will not cliscl~ss tile large number of other plant 
resources we have in Sr i L-ink-a wil icll are used f o produce 

c:) unt 1c.s i i ~ i ~ n  bcrs cif'conlniodit ici for local I I ! L ~ I . ~ ~ L . L ' :  

,i!iqi ussrs abroad, where che:nistry plays solnc 
irn;mrta~it role. 111 comniiercial icrms, these are fhc 
added-value products of less expensive resources. 

Let LIS now considcr a Sew of our mineral resources 
wilere inorgai~ic chemistry plays important roles. 
The commonest mincral resourccs we have are rock3 
;{!id clay. Brick, iilz 2nd pottery incl~iat~ies h a w  
long histories and the old traditional methods arc still 
being used. 'Fhe technology is mainly mechanical 
with very little chemical involvement. Li~nestonc on 
the other hand is a very i m p o r t a ~ t  raw material for cement 
and g l ~ s s  industries. Both these depend on high temper- 
ature reactions of substances such as limestone, 
clay and sand Lo give tlie endproduct according to the 
compxition o f  :;is ~iixiure .  

Relatively large deposits of kiiolin (China clay) 
are found around Piliyandala, estisn2:ted at many 
 nill lions of tons. This is a valuable raw material in the 
local ceramic industry wllicli prodt~ces plates, dishes, cups 
and saucers and sanitary ware. Tlic chemistry of 
czrarizic making i s  ;tgain 2- co~nplex series of 
high temperature react i~ns producing con~plex silicates 
of calziurn, aluminiuni, sodium and potassiuni. 
T11e coiourzd glazrs on tableware is produced by 
ndding elelncnts such ;:s copper, cobalt, chromium 
and iron to the  ~ J ; I ~ c  i l i l X ; ~ l i . ~ .  

A natural SCSOLII-ci' of great value lo our 
increasing crop growing cf'forts is the apatite deposit at 
Eppawela. Apatite is crystaliine calciuni phospliate 
with addi~ional chlorine and fluorine in i t .  These minerals 
are called ch1orap;ztites and fluorapatites. Unfortunately 
this mincral is higlily insol~ible and the phosphorous 
available to  plants from this source is very limited. 
Most fertilizer mixtures contain super phosphate or 
triple phosphate which are inore soluble 
forms. Chemi.:ts a t  it number of researclz 
instituticnt; lire t ~ y i ~ i g  hard to mc-dify or improve 
OLIY apatite by chemical lnethods or heat treatment, etc., 
so that more of ill!: pl~ospliorous could become 
;,vailable Tor i2l:i1lt~. I S  such a breaktlzrough is oblained 

large ailloi~nt of foreign exchange spent in inlporling 
phosphates foi. il-rtili~er could be i:rvect. 

The inost irnpor~iil~t elc~r~ent in ~t l'ertilizer mixture 
is nitrogen :+rid tlie compound I!rca is one of the most 
widely used s o u 1 . c ~ ~  of nitrogeli for w,opi. 
Urea (49.7 7; nitropen) is a simple vrga~iic compound 
synthesi~ed In very large tonnages for fertilizer. 
The urea manuf~cturing plan? ct Sapugaskanda is 
cupected to produce about 300,000 ions r:zr year. 

The chemistry of urci! synlhesis is rather simple, 
Isut the technology for largescale product ion is very 
con~plc:.r. 

Only tlirec basic raw ~nateriols :ire reyuircd, 
llydrogen. nitrogzn and ciirbon dioxidz. The 
resctions :hnt take p!occ arc: 
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of salt per Tlicre are a large number ;ref ~;E_emica'l 
industries babcd vlt sodium clttori!lc. l.vcally wc 
have oldy t he c a u ~ t i c  soda plki~l( XI l';!l~iblllll;ln ;i I ! C ~  

i l  f ni O ~ I I C T : ,  ~ i l ~ l l  i iS  ><)di~ ~ ~ 1 1 ;  ~1110~i i )e~ J~JCIKOC!II(>I.!L 
acitl and I'VC plants. 7 he i~c?tI~ct. I l ~ j i l r ~ 1  ;\i'~cr- (b4)<)> jlit)t! 
ill' aiklt is callcti tile l?ittc1-11~- 'l hcsc l > i l  te1.11~ 
c(!llf ;ti11 ;I Iwge nur-~i.hct oi' c ~ t  Ilo. I niporte I:L s~~i)h(;?~i&-ca 
5uch 2 5  ill;Igllcsi:~~n s~:lp!in~c al-!d cllli~uide, c . : i i ~ , t r 1 t 1 i  

t.!.ilpl~;~tc. pct tass i l~m anci S O < ~ J I . I J I I  I~~-!imidt'-, r:c 
111 111any coril~tr ics t i~.c~-c i11.c illdustr-i;~l plan::, cx~!.;ictlnj: all 
tllcsc uac f~ i l  clcrricnts ;111d C ' C ) ~ I ~ ~ C ) L I I I ~ ~ S  l i m n  :ica \vat,t;r, 
Loc;~lfy ahabd POI) ~ : ) I I S  of mfcl Irm s ~ ! l p l ~ ; ! i ~  (Gypsu~)~  1 
is pxoctucetb l'or tllc ccmcn? c.orpo~.ili rot1 ;1j16 \ c1.y 
rcc;cnLly a p!ant i'or prodi~cin.~' i.p>011> s;llla i!i~;~;;l!et!vrn 
sr!lpl?atc) wa:, upcncd in Ilirn~l)aiiir,to. 

?+/hat I I1nc.c : ~ ~ I e i i ~ l ) [ ~ i l .  to do 1s to sho \~  I r o \v  c11ci111str.a. 
;u1c! chemical ii~clllocfs coini~i~lcd \ v r l l i  tetlinol~)gy 
!) . i l?t:  z iven  an enormous !-;i~?gc or  111;itcrialy aild 
! :n~~in~oci i t i r~ ,  t o  11s ~ Y O I I I  11111 !(eel 11 1111ihcr 01' loczl I ~ ~ ~ S O I I ~ ~ C C S .  

111 niost of' thesc i ~ i s t ; t ~ l ~ c s  tllc \/;1111~-addcc+ 
t'aclor dirc tci processing is man); \ijnc:; tlic ~ ' ; I ~ L I ( ;  oC llte 
raw !~iatcrinl. Thcsc i11ri1ii.t I i-5 Iia\.c ; ~ l > c :  111;rtli: liir2.s 
~ < l l l i ~ ' ~ L > i l t  ioiib to\+,;>i-<ih i I ICIT;IS  ill:! c j i ~ j ~ l o ~ ~ ~ i c r ~ ~  ['or t l ~ c  
abu l l da~~ l  hunIn11 ~.zsoi!rccs available iimollg ~ib. 


	VIDU 6_1_ 4.pdf
	VIDU 6_1_ 4 (2).pdf
	VIDU 6_1_ 4 (3).pdf
	VIDU 6_1_ 4 (4).pdf

