
(f'a-per nccz,u:~d: 37 April 1974) 

Abstract : Tlw chernica! cornporio'on or'cinnaraan leaf, stel11 b ~ r l c  a136 root b?rk oils 
has bsen exaxlined secentlp r:sing GLC meihobs. Inl'rz.-red spe::tr.oscopy h;ls been usvd 
inesscntjal ail studies, mainly as a clualitative technique. In tlus study* inrra-rest 
spcetroscopy has been employed to q~xar,titatively estirnate thc: maill coxrstitxer~ts 
of the cirlcsmon oils. Thescinc:ndeeugenol, dnnan~aldehyde, acetyleugenol. cix~namyl 
acetate and  bezzjd benzoate in ieaf oii ; cianarnaidel~yde, cugenol and cinniirnyl 
n~e:atcm stem barlc oil ; camphor, i :8 cinwie and cinnamnldcl~ycie in root bark oi?. 
'The res~dts obtained arc cIvsk agrecmcnt with 2-!~osc obtained by €31-C. 

Infaa-rcd spectroscopy has been wi.delv used In anillvtical studies orr essential, ~ ) i X s , ~ - ~  
togetl~.e:p ;vith other 111oderpl instrumental methods s ~ ~ c h  as CLC, NMR and Mass 
Spectro~~ietry. Farnous has discussed the relative ~nerits of the infra-red spectroscopic 
lecb~:iquizs and cb.rumatographic methods irk the a~ralysis of essential oils. He flas 
i l t te~~q~tcd to ideri';ify the spectra. of niany of  "Ihc essential oils in terius of the beatura 
of the spectra of the .m@r cunstituents in each. of them. :For exampie, the infrz-scd 
cpcctra of lavender oil, lavendi:~ oil and. spike oi1 slrow striking similarity. The two 
folrnier oi!s contain maiilly iiuaIooI arid iinalyl acetate and their spcctra display the 
features of she s,pectt.a of th.esc individoal. ccmpounds. Spikt: oil, on the other hand, 
contaim substa~~tia: q ~ a r ~ t i i i ~ s  of X : 8 ci:xole anct camphor, in addition Ic lin;l.lnol, 
and its sgzct~um therefore displays much of their dlaracteristIcs. C'asso-oll and Rice4 
have use2 icf~:a-.l-ed spcctrascopy as a rc;utioe al~alytical rnethccl .fcr a~alysis of es!;e!r.- 
tial oils ; they ha.ve used peak istensity meas:;remc;~ls in the 3laalysis of citrolacl!~ 
oil. Dzs C q t a  2nd Bhattacharya4 ilav;: succcssh~lly uscd itlfxa-red spccicroscopy as a 
method of ciistingu!shing bel.wezn tile two gerai~fois obtained .from Java citrv:aellx oil 

. . . . 
a:ld lr~.dian p:>l~ej:osa ail. Our expcrie!ici; with SI-i L a n k  cl.n.;u?;;orl olIs 13 that the 
g:n!ni:ae:;s or cthcrwis r ~ f  these oils could be readiljr r-eveaieci by a castrat exz:xiraa- 
' i j n l~  or thair inSx.3.-red 

t This JortrnkI, f (2.j : 67-81 is now cnnsidc~cd as [Part I d ibis Series. 
This w o k  ~ 2 1  :'ijIi11;11 vz r t   fa pk D. tI?.esi~ r.eg~?i~:erj~ent [University o i  SrE Lanka. Colearba 
n samplas! of ;<al?i:hi :E. Fonseka. 



@alitati~c aixd semi-q~zntitative analytical ciafa based oil the inrfii-reci sj~xi-l-a. ol'a 
great many essential oils hay; been cuinpifed by Be!:ar?.ato and i-;_ida.lgo.* Our st?ldies 
03 the Ssl Lanka cinnzmoa oils have revc.,.ciled ser~era! an~bignities and errors in bile 
assignme~t of peaks iil the spectra of filese oils by t!l.esc workers. Infi-a-red spcci,~oi;-. 
c q y  bas hitherto been used snccessfi-~l!y to suppleineat GLC rllethoiis in tile s t ~ ~ c i y  1):' 

essentisll oiis.12-l5 However, its role has b3en priin~rily quaiitaii.;~. We have suc-ccss- 
tkiiy used infia-lad spectra :is :i means or' qnanritafively tlerzi-minint+ the n;;ijor 
consti'cuents of t11:; cjnnamor.~ oils. Our stirdies art: bzing exi:n:cied i o other rs::scnkisf 
oils produced in Sr i  1,azka 

Stzmples of zssclxtiai oiis arsa!yse:l_ werc g~niiiir: oils obi-ain.etSfiorn rei.iabic ~:onm~c:.ciat 
sotlr~cs in Sri Ln&:i ; sc-,rlle s.:t;~~gil(>s cvai-e dis:j!lcd !>y 13s frir.rja~ outhcniit; platry 

. . 
rnater~al gxthsred koln :he ciriililii~nrl growixg areas in thi: soi~t!iert~ part cif :b.e 
ista.nd; r;hzse san~ples werc also ased .in :>. :previ,~is :;!-udy" ~cr*lping;og (3l-,C incthods. 

The appariitus rrsi:<l was a Pzrki~z-.EImer ix~oi!el 709 c',~ilb!r;-beni~~ $lxctrophol.omcIcr 
with  sclciiurn chloride c~gtics. Sp-clra were recortlcd ;xi; .;incars or. as so1r:lion:; in 
chiorofora~ (qectro grad-) ; c)ptirnuin di.il.xtions ani! c-I1 t!?iclr-r~c::;scz w c x  pre- 
scIected. An eq~iva'lent ccli coi.ila.iniag clilorofnrrn ;~l;iceif in  "11.3 path oF:ixr: r.ck,rence 
bean: w;w eiqloy'ed to compcnsatc for tbe absorplj:,ns duz to the sizlvcnt. Ail, 
soIutiuns were made usiiig H>~.miiion micrc-sjrrir~gcs for meas.jremcnt of' tile ct;s:i:lti:-:j 
oils and. cornj3onents. 

The -validity of the Beer-l,amS-ri Lxw Coy ~j11~n!; i ta t i~~ ;i~):tiysi~ w11.s firs(. c::i;!i)lisi)~:l 
by p.iottii~g A b o r b a ~ c z  at  sels.;ted frcqucxlc;.ies against C::C>~Y<ZI> tr:!'icrrl, :i li w a r  
ri:iai:in-usl?ip be!:lg ~bf.ai?;,ed.~~ 

Absorbance wa5 measured by usc of ~jle 'baseixnc' techr?!rluc 

r ~ fhe I-rssignincr?ts ofthe peaks of the ii~ft:;-a-red spectrum of an essentiil oik a:; being d ~ e  
t o  variirgs individ ~ r s l  constitrr ;.rats were .made by cv;~:parisol;, the cl1arar.t;7~'istic 
peak l'req~terlcizs in the lodivldanf spectra or the pure conslih!ents. The peak enhance- 
rrrenl-4 in the spectrz nf the ~ssen-tia! oil ca~~sed  by the ai!ct-itinn ijf  a :small xmolint of a 
gars coras~itueilt !ar;ipcd to fzrther indicate such pe:iks a.s heiitg rive TO f l a t  partic.,i.:ar 
~on.sti tue~>l (Fig~re 1. 



F I G ~ J ~  I - 1'~i~k ei~hnncemci~r caused b y  ailill!ion ~ii' ssi;!yl cu;ger:ol. tcl ciu!~r~rni>!t lcn!' oil. 
Conli~iuous line -- Cir!naiix:n leaf oil. 
Uottfvd line . - Cicitatnon 1e:ci'ujl i:: which :i~r:i);l  culrenal ).>as bce~! ;~c?itrd, 

. ., , 'Tf.,c p.-.nk as!;igili13cr;~.s -,.;;-rc ,- cai;5::ijrti by dl ;~il:;.?!lii;!l spectr.o:,ct,ny. 1'' 1 fcrc, ?. sin?aii 
an:ut~;:t ?,i' tha 1.i;:;3>,.ctj .I '- vc j~~1i.c !:~in pouiici:; ,xa.j :xcliieti. u~ le  n t  i\ Liuzc, i t )  ill:: s(>lvcnt 
in the t.zi'excncc be;itri. 'Tm?7i.; resiilteci ii, ~ i ~ c  pe;!L: :!~!e .t.o tj.i ls ajonsi.itr.rc:-kt h ~ l i ~ l ;  
.r:cdl:ced (Pigrirc, 2). f f  the q ~ a i ~ i i l y  ~i-ld+:d ~ b , . ? i  e:.:.ic!ly cqual lo tllc ;l~li.ou!lt prescmt 
in tile oil [whcre t3.e pczk i s  duc svlely ire, tl~i:; C ~ I - I ~ ~ W W I ~ ~ ) ,  th2 cai~~:>li;te disappeaial;::~ 
of this pcali wiis c~bserverl. 'Thus, nil~cr Chi: c::jr:?ations i-)y l he  methods di~cussctl in 
2.6, below were carried out, the accl.i:aq c;; tl?c,ic i:sA.imwli:s .r~:ls ehei:k,ecl b y  obtai1:inp 
tile diKcreneiai :,pccir~~xn.. 
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:&v%.E 2. Redpction of C?e intcnsits or' penjt: 175.5 i:l cinrrtiman ISaf' aji{ ;arlsed $,he 
add~ljon oE acr.tyl eugeuol to the reference 'seaix 
Connnnous line --- Ci~4r;;tnnn leaf fii:.. 
.Dotted line --- Cinna~noil leaf oil when ~rjrrrpi..it~",ccl 3cr:l$ susenul 



The quazltitations ivcre made g rqh i c~ l fy  by ~neasuring the absr,l-bai1c.s ar:d tiiefi iising 
this value to rii2.6 the percer!tqe from a pl-evici:sly plonccl caiibratirtn curve. 
But; this method was found ts be coinparativeiy tcldia~s as a callbratiorr cilnc was 
necessary fcu every c~ixp~' , ind* -4Ite!-r:afi~ely, 6h.c average rrzli:c of the absorbance a i 
a selccteci frequency for a. pLlre C~i:Ip02Pl?t liras used ro C I ~ E ~ S L I T ~  iifl:~i!!ii of rl\e 
s;az,e substai~ce lsrese~t in the esseatinl cii h; I-,laking ilsc cf the Beer-Lotj;hzrt k-,:..~?. 

1.e. A - !;cd 

where Fa ", - I~atensity cf ia~iderat light 

X = fotensity of trxnsriutted light 

k - %xtlnc,tion coefficient 

A - hbsorbancc cr r>psbir;al density 

Pol- z p ~ ~ r e  subslaace if the absorbance A is de1;ermined i'or a kntrxvn c and I<~x:c~n I ,  
then epa"iio12 (1) could be tisec! pa fix? thc L:iaknown cccceiltration~ c' in the essei:iin& 
oil if the absor!~sance A' of f125 essential oil is determined for: a kno~,vr~ or a l ? x  1. 

'K.4se~ I .  Observed. t.,bsnrbance fc?r pat11 !e!!rgth 0.5 crn (Z). 
-- - ~ - - - -- 

"/, Absorb;snce Frequency 'xu---8 
Compoland Cnnmtradun A 

. 
selected 

- . . 

Bugenof -.-- 3 ?: 0.626 3540 
A.cety! ea~enn? 0.41 0.529 1750 
cinnampl acetale I?Af 0.840 1730 
Hc;lzyl beuoate Q.41 0.755 
'-Y" 

P 7 1.5 
.u~~in~mafdehyc!~ 0.41 9.7 29 1670 
Carriphor 0.83 0.720 1730 
1 : X ci.nsole 3.33 O,Q52 975 

." ~ . - ~  . 



h jome cases, aithozgh there wcrc sharp pcaks due 'L(j certaiil sit~gle cornponeni.~ in 
t h e  spectra of the essential oil, the direct estimation of tha t  component by mi?hiug l;se 
of eq~;tzat.ion (1) was no:: possible. This was due to  tiie baseline of' the peak in  tile 
spectrrrm of ti>? ezsential nil c3angir1.g miil-kedly fiom tbat o!' the purc C O J ~ O I I C I ~ ~ ,  

:!n such cases, it was pos-&!e to obtain an estiiilare by addliig a small qnantiiy (rnea,- 
siursd amo~inil) of the pure i301npo11~1ll: to the esszntia! oil and ~lzc:!snriag tllc I:CW 

absor!>a.ncc. It was ~o:mcl that rhc addii:ii;jj iii' ri. 3it::Ic a!^ the :pirc co111~011ent to tlae 
e:;seotial oi! did not i!) c?.osticases ch:!rigc -i::ie baseline oi'rhe ~ . ~ . a k ~ i v e t ~  by tlte essential 
oil itself to 2ij;v 8-np;-eciab!e extei~t. X1; an esanlple, ssy the re-ired :.*jacet:r cltioii 

..-, 
of' a. 1312:lre ~~15:jtance in the oil i s  X g j l .  I hen 1 . k ~  absorbance is given bv: 

In i-hi.; eclua:ion, A cat1 be.j-ounil expsrimzntaliy, Tia lirele amount ATo is added i.o 
. . 

the oil, .wi th  ttlx ha22 li~lc S L . ~ I ~ I Z L ~ I ~ I I ~  vi l - t~l~~I!y the ,alne, tile new absorl?ance 

I-lcncc, by z?~casuring t i ' ,  and hxo>ving ,.yo; X car1 be iuililil fi:oni. t h e  Lwo ecluaiions 
(2) and (3). 

When a. certain .p:ak is due to two or mori; i 3 u ~ t i t i i ~ 1 i t ~  and the corlstii-ucnts ai-e 
. . 

correctly assig~ied, the additive ~~;lIi?lii)~.ihlp c->f absorizar~cc could be used fox. 
cstirnxtioa.~'- 

or for i w o  c o ~ n p ~ n e n t s  

.. A -  ̂k,., c, 5 - f -  kzk c2i 
i ,i (5) 

v,7FIere b o ~ h  cunlponents ~bsijrls  at t$z sami: Reyireacy. $11. OUI esfiinafion or 
1 : 8 ciireole in cin~~arnon .root bark oil, equation f f :,vas ei~if~loyed. I:lcre, the pea.kat 
6>75 cm---I is coratributecl by sirraa.rr;al$ehjd~ and 1 : 8 cineele. Since the concet~.t.tl.ation 
of cin?~amaldehyde can be fouxzd ~'~OIYL other peaks, this 9'75 absorbance g n ~ c  an 
easy estin-txfioll of 1 : 8 cir;eole. 2'ri;ui eqiratio~z (51, A -: .K, c, -f k, c ;. 

- - 
ff the subscripts ! ar~d 2 refer t ; )  clnnamaibehyde a d  i : 8 cincolc respeciively. 
c, can bc h n d  by measuring -" fci,,r %be oil and Ki aalrd Kz F.?r :he prtre componr.;xts, 



TART~E 2. Peak assignments for tl'.~aiiiaii.ijc zzaiysis of cinnarnon lear oil. 
- ~ -- - - - -- -. . .~ 

P I ~ ~ I I C ~ C Y  cm-1 Contrhil bing compcjnesits 

Gugeno! (0-a stretch) 
Eugcco! ( = G-I3 stretch asornatic) 
Prrge~~o! (dker~es) 
Erl.gcno! (aliphatic CEI xilibra~ioni9:) 
Euge~~ol  
tir:genol (m3,inly) -i- Am.tjj1 e.uge.nc11, Safsol. Lir\:sloul, ctc. 
Fi~ilige~~ol (mainly) -4-Acetyl. ciigmai. Cinnamnldehyde, etc. 
Cinu amdd e!~yda 

Eugenat 
.A-mtyl cugenol (C - O stretch) 
Gnnamyl aczt ate (C - 0 strerch) 
Benzy! be1uznat6: (C - 0 stretch) 
Ci:innamald.ehyde 4- Eugenol 

(C - O straf;cb in  Ci~ll~arnaldchydo) 
Eug~no! 
:Eugennl 
Eug~rlo! 
Eugene! 
Eugenol 
13uge130! 
513 ~eno! 
EII~~IIOI 
Eugei~o! 4- Ra);r3'1 be~zoatr, (C - 0 -- st retch; a.ry :yl in botl<J 
(Erigenol+ Ginnarnyl acetate (C-0-stretch in both) 
Eugenol-1- A.cety1 eugmol (C-0-stretch) 
Eu~enol  -i- kcetyt eugencli !C-0-stretch) 

~ u ~ e n o l  
Gir?ns.ma!dchyde 4,- Cinna.mlrk acetaic (trans <.:I-[ de.formation) 
Bugenol (-.(DL1 - CI-I- CR3) 
Eugene! 4- Safrol 
E~rgenul 
EugeIloI 
Eugenci - cugecol - ~;1.1gefluI 
Ciniansn~aidehydc -!- Cionamyl acetate 



'rz~alx;. 3. Peak assignmatcs fur qnditazive analysis of cimarrioa stem bark oil. - -- -- - .- 

r;xe<~;c~1cy cm-1 Conldbu ting c~rnponents 
. - I _____----- . .  .. .. - ... - -  . 

35007 Eugcnol -k Li~ldocil, -I 
3400 j Cinn~~nyl alcohol---OF' strctch J 
3330 Ci~iwama!clehyde 
3070 Cinnamaldehyde 
3040 Cj~inamdlildehydc 4 Cir~narnyl accta1.e 
2970 Fugelzol. (C-W vibrations) 
2940 Ci~~namyl acetate -f Eugrnol 
2860 Cii~namyi xcetztrte 
2825 Cinnamaldehydes (overtone of the aldehydic heading vibration) - ,, 
L (4' Cinnanlaldehhyde (Aldehydic C-EI strctcl~j 
2450 Cjnnaniald chyde 
2250 Cinnarnaldehyde 
1970 (?innamaldehy be 
1950 Cinn amaldel~yde 
1880 Cim, amaldchydc 
f SO0 t~innarnaldclryde. 
1750 C;i~inamhyl acetalc ( C - 0  stretch ;L 6 unsnt~iraiedf 
1675 C:in~iarnalcieh yde 
1620 Cinnamaldehyde 
1600 Cj~i~amaldel~yde 
1570 Cinnamaldehyde 
I510 C;innamal de hqrde; 
1490 Ci~~namalde!~ycLc. -+ Cinnamy 1 ace:~;llc 
Id60 Eu.ge~.oi 
1450 Cionamaldehydc 4- Gnnarnyl n.ccl-atc 
13F5 Cinnainyl acetate 
1365 Cinnz!nyl zcetnlc 
1330 Cinnamaldehq.de 
1300 ~ncainaidehhydc 
1270 Eugeuol 
i 250 Cinna~xaldcl~yde 
i 2.40 Cin~lan~yl aceLa1.c + 15ugenol 
1210 Cinnarr1)d acetn!e + Cinnarnaldehyde 4- Etlgeno! 
! 180 Cinnarnalclehyde 
li60 Ciilnarnaldcilyde 
1150 Cinrran~aldchyde $ Eugenol 
1120 Cir::arna!del~yde 
3 070 ., ,nr:dl:~aidehgde 
1010 Cir~namyl acetare +. E~rge~lo: 
1019 Ciimameldc!? yd e 
970 Cinnamaldehycle -i- Cinnarrrp! acelate (trans CB alckxmi~ii~ni 
910 Cinna!naldehydc -+ Bugenol 
G50 Cinnamz!dehydrle 4- Eugesol 
8ZT: Cillixirnyi acetate 
7 ,i .15 Ciilnain;.,ide!7 yde + Ci:lna~n;'i acetate 
69C Cinnarnaldehyde + Cirnlarn~~l acetate 

. . _ -- . -. - - -  - 

6-1 334.6 



T ~ n m  4. Peak assignmenrs for cinnarnon rout bark oil 
--- -- - -- - - - A - - - - 

Freq~mcy cm-i Contribueing compounds 
- - -  -- ~ . 

Eugenol 
Teipineol 
Cinna.maldehyc1e, Eugep.01 
Camphor, L : 8 Cineole, 1'ugc:cnol 
Camphgr, 1 : S Ci~lcole~ Teipincol, FLI.~~?IW~ 
Carnphor 

Ci~?namaldcl~.yc~e 

Carcphor 

Ci ni1amaide11y34 

Cii;na:;laldeh?;.de 

Cimamaidcb~dc, Eugennl 

Eugenol 

Camp?lgi-. 1 : S Cjncolc, 'I'ctpineol. Cinnnm:~ldc 1ly:I-r 

i:aniphor 

Cam~!,o~-, 1 : S Cineole 

Camph~r ,  I : 8 Cineole. rl'erpi~leol, Bu%~iri>l 

Camphor 

Camphor I : 8 Cjneuir, C;inr~arnalikliyrle, Tcrpincnl 

Camphor, 1 : 8 Cineolc. t>~gerioi 

1 : 8 Cineole, >:ugcnol 
Eugennl 
Eugenol 
1 : 9 Cineole, Ter-pineol 

Eugenol: Terpir::ol 

Cin~iamaldehyde, Eugenol, Tr.rpii~col 

Eugerrol. 'Yerplneol, Cii~nam;~ldohytle 
Carnphor 

? : S Cincole, Cinnamaltlehyde 

Camphor-? 1 : 8 Cineola 

Catil;,hor, I : S Cilxole, E:igenol 

1 : 8 Cineolc, Citlnari1?k113hyde 

Caniphor, L'inna:-i?aldc,h).de, 'i'crpiilcol 

Terpineo! 

Euge~~oj, Terpi~~eol 

1. : 8 Ciaeole 

I : 8 Cineole, i3ugenoi 

Tc!-pineo! 

En~en_oi 

Camplm r, (3i11 na~~al tkhvde,  i<~geno l  

C inr!ama!dchyde 
~ - 



T+BLE 5 .  Comparison cf results by 1R i i ~ d  GLC methods 
(1) Gnnw:loit leaf orl 

- -.-- 

-- Percentage 
Compound by FR by G L ~  

Eugenol 
Acety t e~zenol  
Cinnamy 1 acetate: 
Denzyi l x c z ~ a t e  
Cinnamaldehyde 

(11) Clnnarnon bark oil 
- -- - - - - -  

Percenragc -- - - - - -- 
tompeund by l R  hy GLC 

!iIi) Cianarnon root bark ail 
~ ~ 

f'erccntase 
C;ompnu nd by IR by GLC 

. . .~ - . . - - 

3,1. Cianamm ]led oil 

'T'h.e in-ka-red specirr!ri; of a salilple af Sri Lar:?ca i;ir~~~ar;lon IcaF oil is striki~~gly 
simiiar to ih.:: spectl-:;m of s~genol ,  its main constii:l-~cnt (Figures 3 and 4). IXowever, 
the appearance offcur disrinct periks Ii-1 the carbo~yi  regioii (1750-1670 cm-') rezdily 
distinguishes cir:namon lzaf oil from cugen.~:. The OW stsctcliing Sreqx~ency a t  
3540 cm-1 -is suitable for quantitative asszy of eugcr~ol in cinna~non !ear oil, as canid- 
butions fi:om other hpciroq~lic cornpoiifids are negligibie. 'The pcak due t,o OZ-F 
(stretcl<) appears as a broad band in the spectrumi'~:om a film oi'the oil, 'out in spcclra 
f r c m dilrite soiutians of rh.e ai! in ma!?y ::rganic so!.i?e:lis, i t  b ~ c o ~ n e s  narrow and si~arp. 
?a 3.33 ch!r:r.ororix s~!:rlici~s cmp!c?yed in this st~.idy, it gave a. reproducible absos- 
bxrrce of O.626 f ~ r  a path leilgtli oi' 0.5 mm. hccordil.;gly, this peak  was wed to 
estimate. the eugzr;ol colltent of ciananlon leaf oil, using tile Beer-Lambert rclatlon- 
sbip. After each estimaj-ion, the diifcrential s p x t i u ~ ~  of the leaf oil was rccorded wit11 
the estimated arnc~nt of eugenol added t~ ihc solvent in the  rcfeaencc bcam. 



The complete disappeal-ance of all pei~ks assignable to cugenol corifirmed the accuracy 
of the estirntition. When t%le cstimate was incc>rrect, i.e. when i t  ivas too high, or too 
low, t.&s was indicated by the appearance oT negstivs or rcsidual -peaks respectively, 
Beside the OH s t r e t ~ h ~ z k  at 3540 cril-I, otll-er sharp peaks due io  eugeirot could also 
be cm_~lloy;ieiI for its quantitstion. r3eside eugen~i, 3.11 other pcak assignments too 
werecoi~firmed in similar i'a.skion by diKerentia! spectra. By this meaas, scwcral 
assignments reported by Bellai~atc and 1-iidalgo2 \ve~-e jbnncl to bc crroncous. ' ~ I I ~ s c  
a ~ t t ~ o r s  have assigned gzaks at 2910 ~lild 2840cm ! 2 :..: i l  UP to cugeno I, !>o t i n  Fact other 
coriapuu~.il.szre a1s0 p;r.rtl.y responsibl;. for these peaks (Tai2Jc 2). ! ,ikeu.~.je, th.2 -peak 

2'7.20 clil--l again assigilecl <>lil>l to eugelx~l ?ins a con I1.i baiion f ~ o ~ i )  cina;~i~laliIchycle 
as well Ci~fdehyde C-W. strcich.). 



Xn thz carbony l region, there are I3s.j: pidcs w%lcll appear i t t  1755, 1735 (5houlde1) 
1715 alcl 1675 cn---I. Using f:he m.z-thoils described a b ~ v e ,  these have been confirnled 
as substantiaily due to a-ce'iyl e.ugeno!, cii~rlamyl acctatc, benql  benzoate a d  ciima- 
maldet~yde respectively. T.he preseoce of acetyl eugeni:l and beaq-i benzoate as a 
ccmstituent of cinnamon leaf oil has nirt b e e n  recorded by Bellanato and I-1itla.lgo' 
in their IIR. skdies. iIlthough Angmor er ill" r e p r t  thi- presence of acety! ctigenol j11 
their GLC studies on cin~la~non leaf oil, xiley do not record. the presence or l-,enzy-l 
Seu.zoa~e. .!-J.ower~er, it has b x : ~  reported ; I :  theearly work ofGuent-her: and Cilichitch! 
nilcl confirmed. 1-ece:ltly by GLC studics as well.l"Il'hi, 1675 crn-l peak. is ~ ~ o t .  soleily 
dse to cjnnamalilcii~de, there bei??g 3 veq  s!nall contrib~i.tion to it r'r-sm eugenol. 
Prcvious assigamenl%f the p-ak 1530 c!n- as due to cimamyl acctafc is iilcon-ect, 
as tlzere is no peak at  1630 in t!le IK spectriira of p-urc cin-narnyl acelate. 'T'he peak 
15711 cm--Qprevious!y assigiled to safrofe i s  iluu to both eugeltol and wTrcle. It has 
been noriced tb.at i-ntcnsc :peaks ia the ; s ~ c c ! s : ~  orbenzy.1 benzoate, cinna:ny[. acetate 
aild ac..ta;l eugellol are at 1270, I230 anc! 1210 <:III--' respectively. Hence irr kh.e spectruol 
of cinnamon leaf oil ill which. these cornpoi~nds are preserlt, there ihos~lcl be certain 
mnti-ilxltions in ihe carboilyl region due to cacb of them. 1911s was veriiied by means 
of' diiX'erential spectra. F~.~i~her:, the 975 cm-"peak l-1.2s been fount1 to be dire LO 

cin-r-~:~mali!r:hycle as we!! as  .to cit~namny! aceraze arld cial[rarnyl alcn hctl. This iaf-ensc , 
peak: i:; due lo trar~s CH dcfor.nmticn 

3.2. Cilrnamon stem hark oil 

Of the Lhi-ee essential oils obtainable kern ckiiiarnun, cinsrilrnon stcxvi bark oil is the 
.-7 mosi e>:pensive. I his is clae to its pleassnt and accc;ptr;r.hk aroma ant1 its use in  the 

foi,,d. anti bcvzrage industries. The major. constituent oi' cinnamon b:wk oil is ciuna- 
n.aldsl?yie and 111 the ink-red spectrur;; of cimamon stem bark oil, tfic dornitlant 
peaks are C!.LIC to it (Fig1.11-es 5 to 8). Some peaks dl13 to cinna~nyl acekale, eugel-rol alld 
1in.aiooi arc. xlso displayed depending on thc quality of the oil. Thc cont:e~il: of cinna- 

. , 

inalilehyclc and eves the autt~.entlclty r ~ f  cirinamon slc~rl bark o ~ l  co~ild be readily 
t.v:i:unlecl 5-om ail infi.a-.~-ea specl.run1 of it in the form of a film. 't'he il-rfi-a-red spectra 
of' goorf qtrality ccii~nnmon sfem bark oil bears striking resemblance to that of 
cinnamaLdehyde (:Figures 5 anil 6). -Elere, rlre intensities of the peaks 2740 an-1 
(mneciium) :675 cm-  1 (:strong:) and 9'74 zm- I (s t r~ag) agree Yery closely to tliose of 
cinea.r~a.ldehyde, I n  certxiil s:1.;11p1es of the oil the terpeaic fractioa wa.s f~i;nnd lo be 
bjglr th~reby reducing its qL~a . l i~y .  This iaay 'or dire to i'arrlty dislillation or the 
use ofimtnature bark for distjllafo~?.. Irt this case, ihe kitensities of C-FI stretching 
abscjl-ptions whicl~. appZ%ar in tile range 2976-294-5 eni.-'art. very irllrch higher (Figure 7). 
.:Qso, the peaks 2740 and 1670 crtl-1 bezvrtre redriced ir t  ii).tensity. 'These pca.ks 
ace dr!c to aldeltydjc C-W stretch sad carbvnyl skre:ch born cirroamaldehytle, Some- 
times the bark is clisti!led alo~-,g with isvjgs, in wi~icb  Ca:e the qaali ty of  ilxe oil Fecornes 
poorer arid the oil thus obiainecl is known TI Sri Lanka as "'li;tttn. the!" Figure 8). 
This oil contains a higher anlounr oFciigenrol and is rei:ci.ily deteckable as these are 



REURP. 4. Cinnamon bark oil coralainli¶g a hig'i proportion of terpenes. 



enhanccd eugenol peaks 3540, i500, 1420, 1270, 1230 mcl 1030 cnz-I. A similar 
situation arises when there are adulterations of cinnamon stem bark oil with tl~ize 
ch8:aper leaf oil. In this casc too eugenol peaks becoma p~orxinent;. Th!: broad band 
3540-3400 cm- is contributed. by eugenol and other I~ydnoxyiic cos~~pou~tds present. 
such as linalool and cinn-amyl aleoh.ol. Ho-wsvsr, it has bten assigaed previor1sly2 
as due to eugenol entirely. Similarly, previous assigrrmerlt of peaks at  3040, 2940, 
2560, 1620, 15f0, 1490, 1450, 1385, 1.250, 1240, 12l0, 1180, 1150, 820 arrd 690 CM--1 

.*>L>> 

were Found. to be errcncous, a ~ l d  the correct assigx~mcnts are given i : ~  Table 3,  Otli 
===...-. 
assigamca~: are based on ::he mrthods disci.~sved previo~rsiy c2. 4). 'Tl-re quarrtitai.ion 
*-,. ,. 
of ci:lnama.ldciryde was can-icd ou t  by L I S ~ I I ~  .the peak a% 2740 cm-1. 'This couTd also be 
,.=- 
achicvcd from a gragl~ 01 absor:bai>ce vzrsus perceutaze of ciuna malde hyde. ?he 
carbony1 absorb~~xce at 1675 cm-1 coi1l.d as wzl! bc: e~~nployecl (hr this purpose 

f IGVXE 8.  C:ianarm)ct bazk oil of 110or qualiry ( .'Ri:tt;i The1"). 

3,3. C l n ~ a m ~ n  r a ~ t  bark nil 

The infra-red spectrum of cii~namon riro'r ha.& oil acpcars very si:nilzr to thiir (IF 
cainplmr, tbP priacipai c~nsti t i ient ill. il: [Fig~ires 9 and 10) tllere are adtlition.al peaks 
c i ~ e  r o  1 . 8 ciaeole and o'ihcrs. '-1'lxe cst i r -  ,11ntlon ;. ' of cai~~pklor i11 TO& bark oil was 
accotnplishetl by  sing thc carbony! a bsorba:ics at 1740 cm-I, and cinna.maldehyde and 

J-: VV n t  1575 crn--ll and 980 em-1 r-cspectivzJy. Since I : X cineole by use of the ?bsorl - 
the peak at 980 crii-1 is contributed by boct~ c i n ~ t d e v  and I : 8 citlcofr:, the 
esti~naction of  I : 8 cineole was achieved by z~.~.,ing I!>.% :rrr,iiro(ll tl:~scrll?-cl cnr-llcx (2.4). 
'I'1.r~ etrp,enal content wa.8 esti~naied by lusing t1i.e method die ,cussed -~ irr 2.8. 





i . I i  S~CC'LJ-ascopy C : L ~  be en~p!c;ycd. to give a ranid and accrrraie estknate ofthc princ.ipai 
i:onstjttrents or the e~~ei~.ttja! oiIs of ci~insmnl:. Tfze method affords another vnl~.iabie 
paraineter i o  t h e  assessment. of qualitv in es.se:itial nils, arzd I s  p~r t jc~~las ly  saitahk 
!*or routiite a-pplicat;ior:. 

'-KRis work ba.s been parti\; supportc::! by gr-ants from the Ministry of Plantattoll 
Lndustrles iind tile Nati9:ial Scielice Counclj of Sri T,anka. Thc authors arc 
~ ~ t t c i ' l i !  to ?,4iss Cloclagh i*lethsingh:!, Chief Librarian. C:.I.S.i.R. for assistan.-:: 
\i:ith rhc lire;-zlurc, f r ~  Mrs. Sbirar~i C'oion-lbage ancl MI-. P.C.M. Verrlando %I- 
kcin in the prepi:tdation c,F th- manuscript a.nd to Mr.. T . .  N .  Fernando Car vall~al:lc 
rztr.ht-,ii-a! ;ts:iistaircc ill. repard to the inh-a-~eci spcciroscapic tne~hoc!~. 
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