
220 K. Matsuno and K. Han. [Vol. 10,

STUDIES OF THE RAMAN EFFECT OF ORGANIC SUBSTANCES. 

PART IV. RAMAN EFFECT OF CEDRENE. 

By Kichimatsu MATSUNO and Kwan HAN. 

Received March 22nd, 1935. Published June 28th, 1935.

Introduction. 

In the present paper, the Raman effect of cedrene is reported, the 

constitution of which has been studied by Prof. K. Kafuku(1) and others (2) 

on the standpoint of the organic chemistry. The result of the Raman 

effect in the present investigation seems to provide an evidence for the 

organic chemists' idea regarding the constitution. The further discussion 

will be reported after studying the Raman spectra of the derivatives of 

cedrene and other terpenes, which are in the course of experiments.

Experimental.

The so-called"artificial cedrene"(b.p.116-118°/10 mm., n30D 1.494)

obtained by the dehydration of cedrol, was kindly supplied by Ass. Prof. 
T. Nozoe and Mr. K. Kuraoka. The Raman spectrum of this sample was 
taken by means of a spectrograph with two prisms. Six hours' exposure 
was enough for obtaining an intense Raman spectrum (Plate 1) in the 
total region of the visible part. The experiments were repeated by using
anew sample obtained by dehydrating cedrol(m.p.86°)supplied by

Dr. Ichikawa of the Central Research Institute of Formosa. Using this 

new sample of cedrene, the Raman spectrum was obtained with a spectro-

graph of three prisms(3) by using a saturated solution of sodium nitrite 
as a filter (Plate 2). A longer exposure of 12-14 hours was required in 
this case. No difference was found in the above-mentioned two results. 

The data of the Raman spectrum are shown in Table I.

For the purification, the substances were dehydrated over calcium 

chloride, and then redistilled over metallic sodium in vacuum (b.p. 116-

117°/10mm., n30D 1.4943).

(1) K. Kafuku, J. Chem. Soc. Japan, 55 (1934), 1235. 
(2) Simonsen, "The Terpenes", Vol. II (1932), p. 530. 
(3) This Bulletin, 9 (1934), 327.
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Plate 1. Raman Spectrum of Cedrene (I)

Plate 2. Raman Spectrum of Cedrene (II)

Table I. Raman Spectrum of Cedrene.
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Table I. (Concluded)

: (87) (2b, d) ; (124) (0d) ? ; 144 (4bb, d) ; 189 (3b, d) ; 237 (1/2d); 260 (4b, d) ; 

(288) (0) ; 308 (4) ; 317 (3) ; 340 (1) ; (364) (2) ; 389 (3b, d) ; 410 (3) ; 437 (2d) ; 
454(2d); 491(3); 532(5); (5,50)(1/2)?; 571(8); 587(4); 611(4); 630(2); 656 

(3) ; 698(3); 733 (8b, d) ; 780(8); 802(2); 819(6); (833)(1/2); 850 (4b, d) ; (873) 
(1/2d)?; 915 (5b, d) ; 938 (6b, d) ; 965 (5b, d) ; (986)(3d)?; 1001(5d); 1024(2); 
1038(3); 1066(6); (1087)(2)?; 1105(2d); 1127(5b); 1143(6b); 1167(6b); 1201 

(6b) ; 1219(2); 1237 (3b, d) ; 1275(5); 1297(5); 1325 (2dd) ; 1350(5); 1375(5); 
1434(8) 1452(8) 1475(6b,d); (1646)(1/2)?; 1666(10); 2830(2b); 2875 (2)2916(6b,d) 2937(6b)2967(6b);3030(2d)

Discussion. 

The Raman spectrum of cedrene is the most complicated one. It 

contains one-hundred-nineteen lines. And some of the Raman lines are
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observed at the equal intervals. The mean interval between them is 

25 cm.-1 , as shown below :

According to the usual estimation, the lower frequencies may be ascribed 

to the deformation of the carbon linkages. And when we put

wefind that a number of the Raman lines higher than ⊿v 630 cm.-1

are two times as great as the above-mentioned frequencies as shown in 

Table II. These lines may be taken as the overtone of the corresponding 

lower ones.

Table II. The Frequencies Associated with the Overtone.

From the result compared in Table II, it seems to be impossible to

assign the intense lines of ⊿v 733(8), 780(8), 915(5b, d), 1066(6),

1143 (6b), and 1167 (6b), simply as the overtone of the above-mentioned 
frequencies. Another origin must be taken into consideration.
As the usual assignment, the frequencies in the region of ⊿v 733-

1066 cm.-1 may be attributable to the valency frequencies of the C-C bond. 

It will be noted that the organic chemists' picture(4) of the molecule 

indicates that : 

(4) Cf. (2).
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(1) Cedrene is a tricyclic compound. 
(2) There are carbon atoms holding one, two, three, and none

hydrogen atoms, that is,

(3) The molecule includes more possibly a 1-methyl-cyclopentene-
(1) than a 1-methyl-cyclohexene- (1) ring. 

From these points of view, let us compare, in the first place, the 
Raman spectrum of cedrene with those of the other simple paraffine 
molecules which have been observed by Kohlrausch and Koppl(5). As
shown in Table III, in the paraffine series,the frequencies of ca. ⊿v 840

and 890 cm.-1 are found in the normal compounds, while the corresponding

shifts in their isomerides are ca.⊿v 780 and 950 cm.-1. It is also found

that ⊿v 1335 cm.-1 disappears in the normal compounds, and⊿v 1066 cm.-1

does in the iso-compounds.

Table III. Raman Frequencies of the Normal- and Iso-Praffines.

In the second place, let us consider the Raman spectrum of tetra-

methyl-methane which was studied by the above authors(7) and Rank.(6)

Kohlrausch and Koppl(7)have ascribed ω1 732(10),ω2 332(4b),ω3 921

(7b), and ω4 416(1)in tetramethyl-methane to the vibration frequencies

of the linkage, while ω1 795(9),ω2 371(4b),ω3 965(4b)and

ω1 437(1)in iso-butane to the linkage. From the fact that

(5) K. W. F. Kohlrausch and F. Koppl, Z. physik. Chem., (B) 24 (1934), 377. 
(6) D. H. Rank, J. Chem. Phys., 1, (1933), 572.
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the above-mentioned Raman lines are also observed in the other isomerides

of paraffines and their derivatives having the valency bond of

or as shown in Table IV, and the fact of the disappearance

and the displacement of the frequencies in the normal compounds of the 

paraffine series as shown in Table III, we may ascribe the frequencies 

in the regions of 732-795 and 915-965 cm.-1 to the valency frequencies

of the linkage.

Table IV. Raman Frequencies Possibly Associated with

the Linkage.

(7) K. W. F. Kohlrausch and F. Koppl, Z. physik. Chem., (B) 26 (1934), 219. 
(8) K. W. F. Kohlrausch and F. Koppl, Monatsh., 63 (1933), 269. 
(9) H. Kopper, R. Seka and K. W. F. Kohlrausch, Monatsh.,61 (1932), 403. 
(10) John W. Murry, J. Chem. Phys., 2 (1934), 618.
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Table V. The Vibration Frequencies Associated with

the Linkage.

Table VI. The Valency Frequencies of the Carbon Bonds.

It may, therefore, be possible to assign the frequensies of⊿v 733,

780, 915, and 965 cm.-1 in cedrene as due to these linkages in the cedrene 

molecule. The vibration frequencies associated with the linkage in ques-

tion in cedrene are compared also with those in iso-butane and tetra-

methyl-methane as shown in Table V. It is interesting that the relation 

of the intensities of these lines in the latter are similar to that in the 

former. As to the other Raman lines in the region of 802-850 cm.-1 , 

they may be attributable to the -CH2-CH2- linkage of the ring. 

Further, let us compare the Raman lines which are possibly associated 

with the valency frequencies of the carbon linkages in cedrene with those

(11) S. Venkateswaran and S. Bhagavantam, Ind. J. Phys., 7 (1933), 585. 
(12) G. Dupont, P. Daure and J. Allard, Bull. soc. chim., 49 (1932), 1401. 
(13) The details will be published shortly in this Bulletin.
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in the other terpenes, such as α-pinene,β-pinene, and sabinene, which

have been known to have the carbon linkages of

- CH2- and -CH3(Table VI). The frequencies of ⊿v 780,873, and

965cm.-1 in cedrene are also found in u-pinene,β-pinene, and sabinene.

The frequencies of ⊿v 819,915 and 938 cm.-1 appear in cedrene, a-pinene,

and sabinene, but not in β.pinene. The frequency of ⊿v 850 cm.-1 appears

in cedrene, α-pinene, and β-pinene, but not in sabinene. The fact that all

the shifts between ⊿v 733 and 986 cm.-1 in cedrene are found also in

α-pinene,β-pinene, or sabinene seems to give a verification of the organic

chemists' idea regarding the constitution of cedrene.

Table VII. Comparison of the Raman Frequencies in Cedrene, 
1-Methyl-cyclopentene-(1) and 1-Methyl-cyclohexene-(1).

(14) The details will be published shortly in this Bulletin. 
(15) Marcet Godchot, Etienne Canales, and Germaine Cauquil, Compt. rend,, 

197 (1933), 1408. 

(16) Leon Piaux, Compt. rend., 199 (1934), 67.
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The facts that almost all the Raman lines observed in cyclohexane 
occur also in decahydro-naphthalene and decahydro-acenaphthene(14) and 
that many of the Raman lines of cedrene coinside with those of 1-methyl-
cyclopentene- (1) and 1-methyl-cyclohexene- (l) (Table VII) give an 
another evidence of the organic chemists' constitution of cedrene.

The most intense line at ⊿v 1666 cm._i in cedrene is attributable to

the inner vibration of the C=C bond. This frequency is generally in-
fluenced rather remarkably by the adjacent atoms or atom groups of the
bond in the molecule. The frequency of ⊿v 1666 cm.-1 in cedrene is

compared with that in the other molecules which have the C=C linkage, 

as shown in Table VIII. 

From the results we may summarize that the Raman frequency due 

to the C=C linkage indicates a constant value for each type of the 
molecules. And by the substitution of a methyl or methylene group for 

a hydrogen atom attached to the double bond of the carbon atoms the 
frequency is increased about 20 cm.-1 , with an exception of cyclopentene 

in which it is increased about 40 cm.-1, as shown below :
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Table VIII. Raman Frequencies Associated with the C=C Bond.

(17) M. Bourguel, Bull. soc. chim., 53 (1933), 495. 
(18) B. Gredy, Compt. rend., 195 (1932), 313. 
(19) M. Bourguel, Bull. soc. chim., 53 (1933), 480. 
(20) M. Bourguel, B. Gredy, and L. Piaux, Compt. rend., 195 (1932), 129. 
(21) M. Bourguel, Bull. soc. chim., 53 (1933), 474.
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Table VIII. (Concluded)

Table IX. The Raman Frequencies Associated with the Linkage.

From these results, we may conclude that the most intense line

corresponding to the freauencv of dv 1666 cm.一1 in cedrene is attributable

to the C=C bond in the type of as described by

the organic chemists. By comparing with the corresponding Raman

(22) M. Godchot, etc., Compt. rend., 196 (1933), 780. 
(23) M. Godchot, etc., ibid., 197 (1933), 1407. 
(24) L. Piaux, ibid., 199 (1934), 67. 
(25) Cf. (13). 
(26) Cf. (12). 
(27) G. B. Bonino, and P. Cella, Mem. Accad. Italia, 3 (1932), No. 4, 20. 
(28) Kohlrausch, "Smekal-Raman-Effekt", (1931), p. 322-327. 
(29) G. B. Bonino and P. Cella, Mem. Accad. Italia, 3 (1932), No. 4, 22. (30) Ibid

., p. 21. (31) Ibid., p. 8. (32) Ibid., p. 6.
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shift in 1-methyl-cyclopentene-(1)(⊿v 1660 cm.-1)and 1-methyl-cyclo-

hexene-(1) (⊿v 1675 cm.-1), it seems that the frequency in question

appears more likely in the case of 1-methyl-cyclopentene- (1) than in the 
case of 1-methyl-cyclohexene- (1). The difference is, however, too small
to distinguish the latter from the former, as the frequency ⊿v 1666 cm.-1

in'cedrene is situated between the frequencies in 1-methyl-cyclopentene- (1)

and 1-methyl-cyclohexene- (1). That is: ⊿v 1660 cm.-1;cedrene

In conclusion, the authors wish to express their thanks to Ass. Prof. 

T. Nozoe for his kind advices and supply of the sample. The authors 

express their indebtedness also to Dr. Ichikawa for his supply of cedrol. 

Laboratory of Physical and Inorganic Chemistry,
Taihoku Imperial University, Taihoku, Japan.

⊿v 1666 cm.-1; ⊿v 1675 cm.-1 This fact gives an evidence of

the presence of a methyl group attached to the carbon atom of the double 
bond. The question whether the molecule of cedrene contains 1-methyl-
cyclopentene- (1) ring or 1-methyl-cyclohexene- (1) ring is still unanswered 
from the study of the Raman effect.

Another possible evidence of the existence of the linkage

in cedrene may be given by the occurrence of the Raman frequency of

⊿v 1.375 cm.-1. This frequency has been observed in the Raman spectra

of such molecules as methyl-butadiene, isoprene, chloropropylene, 

geraniol, linalool, pulegone, 1-methyl-cyclopentene- (1), 1-methyl-cyclo-
hexene- (1) , 1,2-dimethyl-cyclohexene, and 1-methyl-cycloheptene- (1), etc., 
but not in butadiene, cyclopentene, cyclohexene, and cycloheptene, etc., as 
shown in Table IX.

Summary.

The Raman spectrum of cedrene has been studied. The frequencies

of ⊿v 733,780,915 and 965 cm.-1 are established to be attributable to the

valency frequencies of the linkage, in the

molecule of cedrene. The most intense line at ⊿v 1666 cm._1 is assigned

to characterize the C=C bond. The occurrence of the Raman line at

⊿v 1375 cm.-1 seems to give an evidence of the linkage in the

cedrene molecule,

In conclusion, the authors wish to express their thanks to Ass. Prof. 

T. Nozoe for his kind advices and supply of the sample. The authors 

express their indebtedness also to Dr. Ichikawa for his supply of cedrol. 

Laboratory of Physical and Inorganic Chemistry, 
Taihoku Imperial University, Taihoku, Japan.


