
RAMAN EFFECT IN SOME TERPENES. 

By G. V. Nevgi and S. K. Kulkarni jatkar. 

INTRODUCTION. 

Bhagavantam and Venkateswaran (Nature, 1930, 125, 237) have 
found, in the optical isomers of pinene, appreciable differences in 
the relative intensities of some of the lines, especially the line corres- 
ponding to the infra-red wavelength of about 74 u was particularly 
strong in the dextro while it was comparatively much weaker 
in the la.vo form. The spectra of the dextro and lam) pinenes 
produced with ordinary and polarised light have been shown to 
be identical by A. Kastler (C. R., 1930, 191, 565), the differences 
found by Bbagavantam and Venkateswaran being attributed to 
impurities. The latter authors have recently _published another 
paper (Indian journal of Physics, 1932, 7, 583) in which they 
obtained identical values for land d pinene. 

The purpose of the present investigation is to study a number 
of optical isomers having the empirical formulae C lo th °  for their 
Raman Spectra, in order to settle the point of their identity. 

As the last three substances were available only in very small 
quantities, a special tube, with fused .flat ends, was designed and satis- 
factory results were obtained with 7-8 c.c. of the liquids. The physical 
constants of these substances and other optical properties are 
discussed in a paper by one of us (S. K. K. Jatkar) and PadmanAbhan 
in a paper under publication in the Journal of American Chemical 
Society. 

RESULTS. 

In the following tables, the results of the complete analysis of 
the Raman Spectra of all the eight isomers are given. In the case 
of dextro A 3  —carene, the results agree with those obtained by 
nil em 	 „flA Lfllnrrl ( Rn/i Sac. Chim., 1931, 49-50, 1401) using 
a_z 	 EJCLUI 	 iicts a 	wirm 	

• 

the 4358 A of mercury as exciting line. 
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The Raman frequencies, with their intensities, are also gra- 
phically represented in Fig. 1. 
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TABLE I. 

dia- Pllow an= 47.1 	Pinene. a,D  =44-3 d.a- Pi 'enc. a =47 -1 1.a-Pinew. a =44-3 i.  

* 

Authors 	lInfra-red Authors 	1Infra-red 

.. 

 Authors 	'Infra-red I 	Authors I Infra red 

145(3) (a) 

210(1) (a) 

265(3) (abgh) 

314(1) (a) 

396(2) (a) 

427(1) (ag) 

480(2) (aefgh) 

574(3) (ace& 

626(2) (abe) 

669(4) (aceg) 

• • 

• • 

780(3) (aeg) 

846(3) (aefgh) 

• • 

907(1) (ae) 

954(3) (at) 

• fp 

1044(2) (eh) 

.. 

.. 

. 	. 

.. 

- . 

• • 

	

146(3) 	(a) 

	

208(1) 	(a) 

264(3) (abgh) 

	

314(1) 	(a) 

	

394(1) 	(a) 

	

431 (1) 	(ag) 

.. 481(2) 	(afgh) 

- - 574(2) 	(aceg) 

.. 625(2) 	(abe) 

.. 671(4) 	(aceg), 

712 • • 

758 .. 

787 778(3) 	(aeg) 

848 849(3) 	(aefh) 

877 • • 	• 

.. 905(0) 	(ae) 

952 953(3) (ace) 

990 • • 

1010 • . 

.. 1046(2) 	(eh) 

'10843(2) 	(ae) 

• . 1127(2) 	(e) 

.. 1173(2) (efh) 

.. 1222(2) 	(ae) 

.. 1268(2) (aeg) 

•• 1330(2) (eh) 

.. 1381(2) (ae) 

.. 1450(4) (aefh) 

• • 

.. 	1658(3) 	(agh) 

714 	•• 

758 	• • 

• • 	 p . • 

848 	• • 

877 	• • 

• . • • 

943 2881(2) (e) 

990 2919(5) (adeg 

1016 299313) (efh) 

.. 3030(3) (aefh) 

• W. W. Coblentz, Investigations of bbra-red Spectra, 
pp. 144-145. 



353(2) 

424(2) 

513(2) 

574(2) 

682(2) 

719;2) 

763(2) 

824(2) 

939(2) 

1111(4) 

1162(2) 

1231(2) 

1310(2) 

1372;2) 

1437(5) 

1641(1) 

1683,4) 

2830(3) 

2877(4) 

2920A4) 

,2008(2) 

(ab) 

(a) 

(ah) 

(aegh) 

(aegh) 

(ac) 

(ae) 

(aegh) 

(aeh) 

(a) 

(efh) 

(e) 

(aeh) 

(ae) 

(aefgh) 

(ah) 

(agh) 

(eh) 

(aeg) 

(ae) 

(efh) 
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TABLE IL 

. 

d.a 3-Canne 	1.A3-Carene. 	d-Sabinene. 	1-Sabinene. 	d.a-Thujene. 	
d.A4-Carene. 

D 	 D 	 D 

. 

a D =0 	 a = 50 •3 	 a =2-9 	 a =81 	 a =39•2  
13 	

D 

____-..... 

.. 

.. 

	

513(1) 	(h) 

	

572(2) 	(aegh) 

	

(265)(1) 	(fg) 

316(2) (ade) 

	

370(2) 	(a)' 

	

447(2) 	(a) 

	

(264)(1) 	(44) 

	

318(2) 	(ade) 

	

369(2) 	(a) 

	

448(2) 	(a) 

(299)(1) (gh) 

	

(335)(1) 	(gh) 

	

(372)(1) 	(afh) 

	

497(1) 	(abh) 

684(1) 	(agh) 506(2) (abfgh) 500(2) W.400 553(1) (agh) 

719(2) 	(ae) 569(1) 	(afg) 571(1) (afg) (621)(1) (gh) 

760(1) 	(ae) 638(2) 	(aeh) 643(3) (aeh) 670(1) (at) 

825(1) 	(aeh) 789(2) 	(ae) 788(2) (ae) 732(3) (ae) 

941(1) 	(ae) 815(2) . (aefh) 814(2) 	(aefh) 807(3) (aefgh) 

1109(2) 	(a) 868(3) 	(ae) 869(3) (ae) 843(1) 	(e) 

.. 922(2) 	(ae) 920(2) (ae) 947(1) (aegh) 

.. 962(3) 	(aefh) 963(3) (aefh) 979(1) 	(ae) 

1312(1) 	.(ah) 1035(3) 	(ae) 1037(2) (ae) 1168(2) 	(eh) 

1382(1) 	(ae) 1112(1) 	(ae) 1111(2) (ae) 1210(1) 	(aef) 

1439(3) 	(aefh) 1210(3) 	(ae) 1208(3) (ae) (1274)(1) 	(gh) 

.. 1273(1) 	(ae) 1278(1) 	(ae) 1382(1) 	(aeg) 

1685 2) 	(agh) 1310(3) 	(aegh) 1311(3) (aegh) 1145(3) 	(aefh) 

2838(1) (e) 1426(3) 	(aeh) 1423(3) 	(aeh) 1642(3) 	(agh) 

2876(3) (ae) 1453(3) (aefh) 1456(3) 	(aefh) 2875(2) (aeg) 

2917 ■ 3) 	(aef) 1652(5) (agh) 1652(5) (agh) 2910(3) (aeh) 

3008(2) 	(ef) 2877(4) 	(aeg) 2874(3) (aeg) 2980(3) 	(aeg) 

2922(3) 	(aeg) 2924(2) (aeg) 3050(2) 	(efg) 

2986(3) 	(e) 2994,3) (e) 

3036(1) 	(e) 3046(1) 	(e) 

311(1) (ah) 

354(2) (ah) 

415(1) (ae) 

485(1) (aegh) 

517(2)(acefh) 

670(2) (aegh) 

704(2) (ae) 

758(3) (aeg) 

831(2)(adegh) 

862(3) (ae) 

908(1) (ae) 

958(3) (aeh) 

988(1) (e) 

1067(2) (deg) 

1141(2) (e) 

1216(1) (e) 

1258(1) (eg) 

1304(2) (ae) 

1333(1) (eh) 

1379(2) (aeg) 

1420(1) (e) 

1448(5) (aefh) 

1554(2) (a) 

1639(1) (ah) 

1670(3) (agh) 

2876(3) (ade) 

, 2918(4) (adeh) 

3005(3) (aeb) 
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DISCUSSION. 

Frequencies due to definite bonds. 

The frequencies originating from various linkages are classified 
in the following table : 

TABLE 

Raman frequencies due to different bonds. 

Substance 

(1) d-Pinene 

(2) /-Pirene 

(3) d-Sabinene 

(4) I-Sabinene 

(5) d. A's Carene 

(6) 1. A 3- Carene 

(7) d a'. Carene 

(8) d. a-Thuiene 

• • 

• • 

—CIT 2 — 

1450 

1449 

C=C 

1658 

1657 

Aliphatic C-11 

	

2881, 	2919, 
2993 

	

2885, 	2917, 
2992 

11—c< 

3030 

3032 

14 20=C 

• • 	1426 1652 2877, 	2922, 3036 
1453 2986 

.. 1423 1653 2874, 	2924, 3046 
1456 2994 

.. 1437 1641 2830, 	2877, 3008 
1683 2920 

• • 	1439 1685 2838, 	2876, 3008 
2917 

.. 1420 1554 2876, 	2918 3005 

1448 1639 
1670 

S. 1445 1642 2875, 	2910, 
2980 

3050 

frequencies of the 
of 2875, 2915 and 

smaller frequency 
except the sabinenes 
a frequency at 3025. 
CH,=;--C grouping. 

In all the eight isomeric compounds, three 
C—H linkage are present with the mean values 
2975. In the dextro and hew) A' carenes, 
of 2830 is also 
contain the H—C 
In the sabinenes 

present. All the compounas 
linkage which is shown by 

the frequency 3035 is due to the 

a 
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A frequency of the mean value of 1650, 
C=C linkage is present in all the compounds. 
—carene and dextro A 4  —carene, this is split up 
components respectively. 

characteristic of a 
In the dextro A 3  

into two and three 

The —CH.,— linkage frequency of 1450 is shown by all the 
isomers, in some it is accompanied by a component of a smaller 
value. 

In pinenes, the —CH„-- linkage shows the rotational spectra of 
hydrogen around the carbon, consisting of eight sharp lines the 
distances of which from the 1450 line can be represented approxi- 
mately by the relation given by Bonino and Cella (Nature, 1930, 126, 
915), 

A v = B (4m — 4). 

By putting B = 6 , 15 and in = the even series, namely, 2, 4, 6, 8, 
etc., the calculated values of these rotational frequencies agree 
fairly well with the observed ones. Our values are in agreement 
with those recently reported by Bonino and Cella (Mein. Accad. Italia 
Chim., 1931, 2, No. 4-5-51 ; CA., 1932, 26, 2656). 

It is quite peculiar that this characteristic band in the pinenes 
is absent in the rest of 
Venkateswaran (loc. cii.) 
rep' 'on. These are due 
in pinene. The probable 
number of frequencies in 
kinds of C—H linkages in 
as in cyclohexene, the 
fortuitous. 

Smaller shifts.-T he very large number of frequencies in the 
region 200-1300 which are due to the carbon linkages, show that 
with increasing number of carbon atoms, spectra too complex for 
analysis are obtained. In a series of isomers these shifts vary 
owing to the changes in the structure which fact may be useful in 
identifying a particular compound. 

the isomers. Recently, Bhagavantam and 
have reported several faint lines in this 
to sabinene which is the usual impurity 
explanation of the occurrence of the large 
this region is the existence of different 
the compounds due to the double bond 

apparent regular spacing in pinene being 



305(1) 
348(2) 

410(1) 

479(1) 
506(1) 	511(2) 
566(2) 

292(1) 
328(1) 
366(1) 

491(1) 
547(1) 

-C 

678(1) 664(2) 
713(2) 699(2) 
754(1) 752(3) 
8191) 825(2) 

856(2) 
902(1) 

935(1) 952(3) 
982(1) 

1061(2) 
1104(3) 1135(2) 

1210(1) 
1252(1) 

1306(1) 1299(2) 
1327(1) 

1377(1) 1374(2) 
1414(1) 

1434(3) 1442(5) 

1549(2) 
1634(1) 

1680(2) 	. 1665(3) 

2833(1) 
2872(3) 2871(3) 
2912(3) 2913(4) 

3003(2) I 3003(3) 

614(1) 
664(1) 
726(3) 

801(3) 
837(1) 

941(1) f 
973(1) I 

1162(21 
1204(1) 
1268(1) 

1377(1) ) 
1 

1440(3) J 

1637(3)i 

2870(2) I 
2905(3) } 
2975(3) I 
3045(2).) 

C-C 

:=C 

In TableI owing to the vacuum correction not bei 

The shifts in Table IV are 5 s 6 Cm
al less than those given 

rig applied. 
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TABLE IV. 

Classification of frequencies of all the isomers. 

(/-pinene 

----- -- 

1391) 
204(1) 

/-pinene nene 
1-sabi- 
nene 

d. 6 3 - 
Caren P 

140(3) 
202 ( 1 ) 

259(3) 258(3) 258(1) 258(1 ) 
308(1) 308(1) 311(2) 312(2) 

347(2) 
364(2) 363(2) 

390(2) 388(2) 
421(1) 425(1) 418(2) 

441(2) 442(2) 
474(2) 475(2) 

500(2) 500(2) 507(2) 
568(3) 56S( 2 ) 563(1) 565(1) 568(2) 

620(2) 619(2) 632(2) 637(3) 
662(4) 665(4) 677(2) 

714(3) 
774(3) 772(3) 784(2) 783(2) 757(2) 

809(2) 808(2) 818(2) 
840(3) 843(3) 

862(3) 863(3) 
901(1) 899j)) 917(2) 915 2) 
949(3) 9483) 958(3) 958(3) 914(2) 

1038(2) 1040(2) 1030(3) 1031(3) 
1081(2) 1084(2) 
1121(2) 1123(2) 1107(1) 1106(2) 1106(4) 
1167(2) 1167(2) 1156(2) 
12172) 1217(2) 1205(3) 1203(3) 1225(2) 
1262! 2) 1264(2) 1268(1) 1273(1) 

1  1304(3) 1306(3) 1305(2) 
1324(2) 1324(2) 
1376(2) 1377(2) 1367(3) 

1421(3) 1418(3) 
1445(4) 1444(4) 1449(3) 1450(3) 1432(5) 

1653(3) 1652(4) 1647(5) 1648(5) 1636(1) 
1678(4) 

2825(3) 
287&2) 2880(2) 2872(4) 2869(3) 2872(4) 
2914(5) 2912(5) 2917(3) 2917(2) 29164) 
2988 3) 2986,3) 2981(3) 2989(3) 
3025(3) 3027(3) 3031(1) 3041(1) 3003(3) 

1.A 3- I d. &- 
raven° 	en rene 

ri. 
tlittjene 

isomers shows that the 
pinenes, 370 and 868 

Further the A -carene 
by the presence of 

former compound. 

A careful study of the shifts of all the 
frequencies 145 and 845 are characteristic of 
of sabinenes, 353 and 719 of A' -carenes. 
can be distinguished from the A" —carenes 
additional frequencies 758, 958 and 1067 in the 
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COMPARISON OF THE DEXTRO AND LAEVO FORMS. 

The Raman frequencies of the dextro and lwvo forms of the 
pinene and the sabinene are identical in value and also in intensity, 
within the limits of experimental error. The absence of some 
frequencies in la3vo 	 i -carene and the difference n the intensities of 
the frequencies of dextro and leevo forms are due to the substance kvo 
As -carene being not sufficiently pure. This latter fact explains the 
cause of faint lines obtained by Bhagavantam and Venkateswaran i n  
lievo pinene, the commercial samples of which show rotations as low 
as 22°. 

SUMMARY. 

1. The spectra of the dextro and hew) forms of a series of 
isomeric terpenes are shown to be identical. 

2. The structural changes among the isomers are shown in 
smaller shifts which may be useful in identifying these compounds 
in essential oils. 

Our thanks are due to Dr. H. E. Watson for guidance during 
the course of this work. 
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