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Abstract @ The chemical composi‘rion of cinnamon leaf, stom bark and root bark oils
has been examined receatly using GLC methods.  Infra-red spectroscopy has been used.
in essontial oil studies, malaly as a qudhmmm technique. In this study, infra-red
spectroscopy has been employed to  quantitatively estimate the main constituents
of the cinnamon oils. Theseinclude sugenel, cinnamaldehyde, acetyl eugenol, cirmamyt
acetate and benzyl benzoate In leaf oil ; cinnamaldehyde, cugenol and cinnamyl
soetatem stem bark oil ;  camphor, 1 :8 cinesole and cimnamaldehiyde in xoot bark oil.
The results obtained arc in close agresment with those obtained by GLC.

1. Intvoduction

Tofra-ved spectroscopy has been widely used in analvtical studies on esseniial oils,”™

together with other modern instrumental methods such as CLC, NMR. and Mass
Spectrometry.  Farnov® has discussed the relative merits of the infra-red speciroscopic
technigues and chromatographic methods in the analysis of essential oils, e has
atternpted to identify the spectra of many of the essential oils in terms of the features
of the spectra of the major constituents in each of them.  For example, the infra-red
epectra of lavender oil, lavendin oil and spike oil show striking similarity. The two
former otls confain malmy linalool and linalyl acetate and their spectra display the
features of the spectra of these mmwdual compounds. Spike oil, on the other hand,
CONLAILS bl;b stantial quantitics of 1 : 8 cineole and camphor, in addition to linalool,

refor

and its spectrum Llf re displays much of their characteristics. C’M‘L‘OH and Price?

have used infra-red spec umcow as o ruunm, analytical mum for analysis of essen-
tial Ol.‘.s ; they bave used peak | mlvam of citronella
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cil.  Das Gupta and Pbattachar}u*‘ have succeasiully used i :m:(,.;xomu;_;:,;,«
amhoo uf distingui i 1tre

y part of a P': . tht; Off Sri Lanka, Colombo

Campus) of Kanthi B Fonseka.
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Qualitative and semi-gquantitative analytical data based on the infra-red spevira of a
great many essential oils have been compiled by Bellanato and Hidalgo.?  Our studies
on the Sri Lanka cinnamon oils have revealed °everal ambiguities and errors in the
assigniment of peaks in the spectra of these oils by thesc workers.  Infra-red spoct
copy has hitherto been used successfully to supplement GLC methods in the sf
sssential oils 1215 However, its tole has been pritnarily qualitative. We have su y
ively determining 1.La major

fully used infra-red spectra n3 2 means of quantit
mrﬁsLamenw of the cinnamon cils. Our studies are being exiended 10 other vssential
. produced in Sri Lanka.

nontal

2.3, Samples of of

Samples of essential oifs analysed were genuine oils obtained {rom reliable commere
‘ in Sri Laanka ; some samples were distilled by us from authentic plant

material gathered from the cinnamon growing arcas in

island: these samples were also used in a pravious st
2.4 Yuered s

¥l

ratng used octrophotometer

The app

with sodium chloride
chioroform (spec

as solutions

1

Tinthep

us dus i‘o i.hc ..c}\'cnt,.
s for measurement of the ossen

salutions were made using Hamilton mi
oils and components.

The validity of the Beer-Lambart Law for gquantitative analysi first establis

by plotting Absorbance at selected tu.Jmﬁtmos against Concentration, o lacar

relationship being obtained.’®

2.3, Messarement of absorbance

Absorbance was measured by use of the ‘baseling rechmgue.?

2.4, Assigement of absorbance peaks

The nssignments of the peaks of the infra-red spectrum of an essential ot as being due
to various individoal constitusnts were made by comparison with the characteristic
peak frequencies in the individual spectra oi the pure constituents.  The peak enhance
ments in the spectrs of the esse m‘;izﬂ oil caused ‘)y tie addition of a small amount of a
pure constituent helped to further indicate such peaks as being due to that par 7

constituent (Figure 1),
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2.6, uantitation

The quantitations were made gra; ,
this value to read the percentage f ron a prevff‘ isly ploticd calibration
But this method was found to be com pa atively tedious as a calibration curve was
necessary for every compound.  Alternatively, the average value ot the absorbance at

a selected frequency for a PUre co wment was used o measure fhe amount of the
same substance present in the e ‘%eﬂt‘i::l o,‘if{ by making use of the Beer-Lambert Law,

By this faw,

¥ == J.e —ym

loge ~ = kel

1é. A = el 13

~

where  f, == Intensity of incident light

I = Intensity of transmitted light

S
f
“"‘.i

Rwtinction coefficient

¢ = Congentration in g/l

{ == Path length in cm

A = Absorbance or optical density

$))

For » pure substance if the absorbance 4 is determinsd fora known ¢ and known 7,
then equation (1) could be used to find the bnkinown conce ntration ¢ in the essential
oil if the absorbance 47 of the essential oil is determined for a known or same /.

«
oSO
tio

Obsezved absorbance A for path ?ww"u O 5 cm (1)

l TEQUENCY Cri
selected

A
Lom"‘or md Concentra

Pugmci

[ I WY
I N

1
1 3]
acetate 0.43 +
Iwn@yl benzoate 0.41 376
Cinnamaldehvde 0.41 0.7?.9
L0 8.83 0.720
H neole 3.33 0.652

|
|
|
|
|
l
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2.7, Quantitation techaigue with chasgmg baseline

Tn some cases, altho: c ]
the spectra of the essential 011 thu direc 1 es 1 mation of that wnvprmm* by malking use
of equation (1) was not possible.  This was due to the basehm of iim peak in f;,_h«:;
spectrum of the essential oil changing markedly from that , onent,
In such cases, it was possble to obtain an estimate by ad uirw, a small qnam‘iiw (mea
sured amount) of the pure component to the esscutial oil and measnring the new
absorbance. It was found that the addition of a little of the pure comnonent to the
essential oil did notin mostcases change the baseline of the peak given Dyihc sssential
oil itself to any appreciable extent.  As an example, say the required ~oacentrntion
of a pure substance in the oil iy X

i1, Then the absorbance 1s given by,
A kel = KX 3!
In this equation, 4 can be.found experimentally. 1t a little amount X, is added 1o
the oil, with the base line remaining virtually the same, the new absorbance
A = KX A X ' %)
Hence, by measuring 47, and kKnowing Yo, X can be fuund from the fwo equaiions

(2} and (3).

Qur estimation of cugenol in the clnnamon root Tba:rk_ oil was based on this mathod
where we emplovvd the absorbance at 1505 cn-
2.8. (}nmtii Hion with multiple absorbances
When a certain peak is due to two or wmore coustituents and ihe constituents age
uym,ctly assigned, the additive relationship of absorbance could be used for
estimation. '

Ay = > & ooy @
A IS w
‘~—-J
»(

or for iwo components

o 6l kg oyl ' (5

‘vherf‘ both components absorb at mo same :ﬁﬁeq‘wc&u In our estimation of

: 8 cineole tn cinnamon root bark oil, equat ) p oyn d. Here, the peakat
“/!Smu 1is contributed by ci .. Since the concentration
of cinnamaldehyde can be ‘fo s, this 975 contabsorbance gave an
casy estimation of 1:8 m (5), A = K, ¢+ K, ¢
If the subscripts | and 2 ¢

;R cineole res pwuwiv R
¢, can be found by measuring . for the pure components,




Tante 2. Peak assignments for qualitative
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analysis of cinnamon leaf ofl.

Frequency cml

thuting components

3560
2400 |
3065
3000
2970
2940
2910
2840
2740

2640
2580
2540
2400
2300
2250
2060
2160
1970
1840
1755
1735
1713
LOT75

1633
1600
1510
1440
1460
1450
1430
1363
1270
1230
1210
1200
1180 {3hy
1150
1120
1070
1030
990
575
950
915
850
8is
755
745
710
890

Bugenol (O-H stretch)

Fugenol ( =C-H stretch aromatic)
Eugenol (alkenes)
bigenol (aliphatic CH vibratiops)
genol
senol (mzinly) - Acetyl eugenol, Safrol. Linalool, ete.
Fugenol (mainly) + Acetyl cugenol. Cinnamaldehyde, ete.
Cinnamaldehyde
H
e
(— € CH stretch) -+ Bugenol

N
AN

O

Fugenol
Fugenol
Bugenol
Hugernol
Eugenol
Eugenol
Eugenol
Eugenaol
Eugenol
Bugenol
Acetyl eugenol (C = O streich)
Cinnamyl acstate (C = O streich)
Benzy! benzoate (C = O stretch)
Cinnamaldehyde <+ Eugepol
(C = O strefch in Cinnamaldehyde)
Eugenol
Bugenol
Eugenol
Euagenot
Eugenol
Bugenol
Engenol
Bugenol . .
Bugenol - Benzyl benzoate (C — O — steetch; aryl in both)
{Bugenol -+ Cinuamy! acetate (C—O-—stretch in both)
Bugenol -+ Acetyl eugenol (C—Q—streteh)
Eugenol -+ Acetyl eugenol (C—O—stretch)
Fugenol
Fugenol
Bugenol
Eugenol
Bugenol (-0 CH3)
Fugenol ¢ o
Cinnamaldehyde 4~ Cinnamy! acetate (trans CH deformation)
Bugenol (—CH=CH--CH,)
Fugenol - Safrol
Bugenci!
Fugenol
Eugenol
Bugenol
Pugenol
Cinnamaldehyde 4 Ciunamyl acetate
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Mm ¥ 3. Pmk 4<:s1grzmc1us for qualitaiive analysis of cinnamon stern bark oil

H”iﬁ

Frequency em-1

2940
2860
2825
2740

16G0
1570
1510
1450
1460
(450
1385
1365
1330
1300
1270
1250
1240
1210
1180

Ji60
1150
1120
1670

Contributing components

(,Jnnamyl alcohol—OH stretch
Cinnamaldetiyde

Cinnamaldehyde

Cinnamaldehyde -+ Cinnamnyl acotate
"’ugepol (C-H vi‘arfitions)

Eugenol - Linaload, 3
J

Cmnam),l We..(.,tx.

Cinnamaldehydet (overtone of the aldehydic bending vibration)
Cinnamaldehyde (Aldehydic C-H stretch)
Cinnamaldehyde

Cinnamaldehyde

Cinnamaldehyde

Cisnamaldehyde

Cinpamaldchyde

Cinnamaldohyde

Cinnamyl acetate (C=0 stretch o § uvnsatnraied}
Cinnamaldehyde "
Cimnamaldehyde

Cinnamaldehyde

Cinnamaldehyde

Cinnamaldehyde

Cipnamaldetvde 4 Cinnamyl aceiote
Bugenol

Cinnamaldehyde 4 Cinnamyl acetate
Cinnamvi acetate

Cinuamyl acetate

Cjnn"tmald.ehyde

Cu,lxamal dehyde

Cinnamyl acetate -4 Huogenol

Cinnamyl acetate -+ Cinnamaldehyde + Hugennt
Cinnamaldehyde

Cinnarmaldehyde

Cmnama,dchvde -+ Bugenol

<zmwldcbydc

namyl acet ,‘
samaldehyde

/(’

)

- Cinnarmy! acetate {trang C yrmation)

=

Cinnamyl acetate
Cinnamaldehyde »} Ci'maxm’i acetate
Cin ndmammy; - Cinnamyl acetate
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TasLr 4. Peak assignments for cimmamon rool bark oil.

Frequency cm-i Contributing compounds
3540] Fugenol
3400 Terpineol
307G Cinnamaldehvde, Eugenol
2960 Camphor, L : 8 Cineole, Lugenol
2900 Camphor, 11 8 Ciaecle, Terpineol, Fugenal
2875 Camphor
2740 Cinnamaldehyde
1740 Camphot
1675 Cinnamaldehyde
1620 Cinnamaldehvde
1600 Ciunamaldebyde, Fugenol
1505 Fugenol
1450 Camphor, 1 : 8 Cineole, Terpineol, Cinnamaldehyd:
14{3 Camphor
1390 Camphor, 1 : 8 Cineole
1370 Camphor, 1 : 8 Cinenle, Terpiaeol, 1
1320 Camphor
1300 Camphor 1 : 8 Cineole, Cinnamauldehyde, Terpineol
1270 Camphor, ! : § Cineole, Fugenoi
1240 1 : 8 Cineole, Fugenal
1210 Eugenol
1200 Fugenol
1165 1 : 8 Cineols, Terpineol
1150 Bugenol, Terpireol
1135 Cinnamaldehyde, Engenol, Terpinco
1120 Hugenol, Terpineol, Cinnamaldehyde
1095 Camphor
1080 12 8 Cineole, Cinnamaldehyde
1045 Camphor, 1 § Cineole
1020 Camphor, 1 : 8 Cineole, Fugeno)
9RO 1 : 8 Cineole, Cinnamnldehyde
950 Camphor, Cinnamaldehyde, Terpinecof
Q33 Terpineol
210 Fugenoi, Terpineol
R90 1 : 8 Cinsole
845 1 8 Cineole, Fugenol
815 Terpineo!
795 Eugenot
745 Camphor, Cinnamaldehvde, Bugenol

620

{Chonamaldehyds
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Tasre 5. Comparison of results by IR and GLC methods.
(I Cinnamon leal oil

o Pf‘rcentam

Compound by IR by GL.C
Bugenol 79.9 80.0
Acetyl cugenol 37 2.1
Cinnamyl acetate 3.2 1.8
Benzyl benzoate 4.5 3.4
Cinnamaldehyds 2.0 2.4

(M} Cinpamon bark oil
- chcmram

Compound by IR l)y G LC
Cinnamaldehyde 63.5 63.0
Cinnarayl acetale (3.0 5.0
Fugenol 8.0 [0.0

(I1¥Y) Cipnamon root bark o}

Porcentage
Compou nd by IR by GLC

mphor

. 8 Cineole
Hugenol
Cinnamaldehvde

3.4, Cinsamon leal oil

Ny

The mfra-red spectrum of a sample of Sri Lanka ciunamon leal oil is strikingly
igenol, its main constituent (Figures 3 and 4. However,

“Hyreadily

similar to the spectrum of”.
the appearance of four distinet peaks in the carbony! vegion (1750-1670 cm
distinguishes cinnamon leaf o1l from eugencl. The O s"’rv‘chmﬂ frequency at
3540 cm1 38 suitable for quantitative assay of e.i:ngcrlol in cimnamon leal o1l, as confri-
butions from other hydroxylic compounds are igl The peak due to GH
{strotch) appears as a broad band in the specirum{rom a film of the oil, but in specira

trom dilute solutions of the oil in many organic solvents, it becomes narrow and '«;iwm‘p
Ta 2.33% chloroform seluticns employed in this study, it gave a reproducible absor-

bance of 0.626 for a path fength of 0.5 mm. Accordingly, this peak was used to
estimate the eugonol content of cinnamon leaf oil, using the Beer-Lambert relation-
ship. After cach estimation, the differential spectrum of the leaf oil was recorded with
the estimated amocunt of’ eugenol added to the solvent in the erence bearn.
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i,

The complete disappearance of all peaks assignable to cugenol confirmed the accuracy
of the estimation. When the estimate was iucorrect, L.e. when it was too high, or too
low, this was indicated by the appearance of negative or residual peaks respectively

Beside the OH steetch peak at 3540 con—2, other sharp peaks due 1o eugenol could also
be emploved for its guantitation. Beside sugenol, all other peak assignments too
were confirmed 1o similar fashion by differential spectra. By this means, several
assignments reported by Bellanate and Hidalgo® were found to be ervoncous.  These
authors have assigned peaks at 2910and 2840¢m 7 as due to sugenol, but in fact other
compounds are also partly responsible for these peaks (Table 2).  Likewise, the peak
at 2740 et again assigned only to engenclhas a confribution from cinvamaldehyde
as well faldehyde C-H streich).

FREQUENCY (Can)
4600 34600 200 2800 21400 2000 1300 1800 18100 1200 oR0 0L 550

20

Freorr 3. spectrom of eugenol

FREQUIENGY (A ) B
1038 wabs T %na 230 2405 2002 1o OO0 1400 e 1600 400 G5

«

Frauee 4. Spectram of cimnamon leaf ail,
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In the carbonyl region, there are four peaks which appear at 1755, 1735 (shoulder)
1715 and 1675 cmt, Using the mzthods described above, these have been confirmed
as substantially due to acetyl eugenol, cinnamyl acetate, benzyt benzoate and cinna-

ma.lde.hyde respectively.  The presence of acetyl cugenol and beonzyl benzoate as a
constituent of cinnamon leaf oil bas not been recorded by Bellanato and Hidalgo?
in their IR studies. Although Angmor er al% report the »
their GLC studies on cinnamon leaf oil, they do not record the presence of benzyl
benzoate. However, it has bzen reported in the sarly work of Guenther” and Glichitch?

and confirmed recently by GLC studies as well'* The 1675 cm! peak is not solely
due to cnnamaldehyde, there being a very smﬁﬂ contribution to it from eugenol.
Previous assignment® of the peak 1630 cm? as due o cinnamyl acetate is incorrect,
ag therels no pealk at 1630 1n the IR spectrum u‘ pure cinnamyl acetate. The peak
1510 et previously assigned to safrole is duc to both eugenol and safrcle. It has
been noticed that intense peaks in the specira of benzyl benzoate, cinnamyl acetate
and acetyl eugenolare at 1270, 1230 and 1210 cm~?* respectively. Hence o the spectrum
of cinnamon leaf o1l inwhich these compounds are present, there should be certain
contributions i the carbonyl region due to ecach of them. This was verilied by means
of differential spectra. Further, the 975 cin™ peak bas been found to be due o
cinnamalc deb as well as to cinnamy! acetate and cinnamyl alcohol. This infense
peak s due to rrans CH deformation .

esence of acetyl eugenol in

3.2, Chwmamon stem bark oil

Of the three essential oils obtainable from cinnamon, caonamon stem bark oil is the
most expensive.  This is due to its pleasant and acceptable aroma and its use in the
food and b:vvg,mge industries. The major constituent of cinnamon bark oilis cinna-
maldehyde and tu the infra-red spectrurm of cianamon stem bark oil, the doninant
peaks are due to it (Figures 5te 8). Some peaks due o clonamyl acetate, eugenol and
linalool ave also displaved depending on the quality of the oil. The countent of cinna-
maldehyde and even the authenticity of clnnamon @tcm bar,k oil could be readily
evaloated from an infra~red spectrum ol 1tin the form of a fdm. The infra~-red spectra
of good quality cinnamon stem bark oil bears a smkmg resemblance to that of
cnpnamaldehyde (Figures 5 and 6). Here, the intensities of the peaks 2740 cros

(stroug) agree very closely to those of

{medium) 1675 con? (strong) and 975 ¢+ (s
vinnarpaldehyde.  In certain samples of the oil the terpeaic fraction was found to be
high thereby reducing its quality.  This may be due to faulty distillation or the

use of inmmature bark for distillabon. In this case, the intensities of C-H stretching
absorptions which app=ar in the range 2976-2945 cmi~tare very much higher (Figure 7).
Also, the peaks 2740 and 1670 oo™t become reduced in intensity.  These peaks
arve due o aldehydic C-H stretch and carbounyl sivetch from cinpamaldehyde.  Some-
frmes the bark is distilled along with twigs, in which case the q uality of the oil becomes
poorer and the oil thus obtained is known n Sei Lanka as “katta thel” (Figure g).
This oif containg a higher amount of cugenol and is readily detectable as there are
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enhanced eugenol peaks 3540, 1500, 1420, 1270, 1230 and 1030 cm—'. A similar
situation arises when there are adulterations of cinnamon stem bark oil with the
cheaperleafoil.  In this case too eugenol peaks become prominent.  The hroad band
3540-3400 cm* is contributed by eugenol and other hydroxylic compounds present
such as linalool and cinnamyl alcohol. However, it has been assigned previously?
as due to cugenol entirely.  Similarly, previous assignment of peakf:: at 3040, 2940,
2860, 1620, 1510, 1490, 1450, 1385, 1250, 1240, 1210, 1180, , 820 and 690 cm !
vere found to be erroneous, and the correct assigninents are given in Table 3. Owu
igninents are based on the methods discussed previously (2. 4).  The quantitation
OL Cit mmnaldc‘rzy e was carricd ont by using the peak at 2749 cm~'. This could also be
; snfag The

LVATY 3500 14200 7200 400 1600 1430 12490 o Teo

&
g

e } : ! N ! R

[N SU S

treurr 8. Cinpamon bark od of poor quality { *“Kata Thel”).

3.3, Cinnamon reot bark oil

The mfra-red snectfum of cinnamon root bark oil dappears very similar to that of
camphor, § )ﬂp ipal constituent in it (Figures 9 and 10): there are additional peaks
due to 1. 8 cine ls and others. The estimation of camphor in root bark oil was
;zc;:compl shed by using the carbonylabsorbance at 1740 cm—, and cinnamaldehyde aad
b2 8 cineole by use of the absorbanceat 1575 cm !, and 980 cm ™ respectively. Since
the peak at 980 e is contributed by both cinnamaldehvde and 1 : & cinzole, the
mti'm'"ioq of 1 1§ cineole was a,chievcd by using the merbod described earlier (2.4),
The eugenol content was estimated by using the method discussed in 2.8

€D
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4, Conclusion

{R spectroscopy can be wmloycd to give a ranid and accurate estimate of the princig
constituents of the 1al oils of cin namcl, Tl ")ethod zﬂi’ords anotbcr vﬂh.» '
parameter in the assessment o of g

for routine application.
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