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Introduction.

The Raman effects of a series of esters of benzoic acid and phenol esters 

of fatty acids have been recently studied.(1) In order to confirm the con-

stitutive influences exerted on the frequencies attributable to the benzene 

ring, between mono- and diderivatives, and to study the influences exerted 

on the -C=O linkage and the valency frequencies, of the -C-O-R system, 

the Raman spectra of the following nine kinds of alkyl esters of aromatic 

acids, viz., methyl phenyl acetate, ethyl phenyl acetate, ethyl phenyl 

propionate, ethyl cinnamate, iso-propyl cinnamate, dimethyl phthalate, 

diethyl phthalate, methyl salicylate and ethyl salycilate, and also for the 

comparison, methyl phenyl carbinol have been studied in the present 

investigation. Kohlrausch and Pongratz(2) have shortly published the 

Raman spectra of dimethyl-phthalate and ethyl cinnamate. Their results 

are good agreement with ours, though the experimental data of ethyl 

cinnamate have not been thoroughly reported.

(1) This Bulletin, 8 (1933), 333. 
(2) Ber., (B) 66 (1933), 1-12.
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Experimental.

The experiments were carried out with the same apparatus as described 

in our previous paper.(l) All the substances used were prepared in our 

laboratory by the following processes, excepting methyl salicylate. 

Methyl and ethyl phenyl-acetates(3) were made from the dehydrated 

alcohols and phenyl-acetic acid (made in Japan) by the action of conc. 

sulphuric acid. 

Ethyl phenyl-propionate(4) was prepared from dehydrated ethyl alcohol 

and phenyl-propionic acid which was obtained by reducing the cinnamic 

acid with natrium amalgam. 

Ethyl and iso-propyl cinnamate(5) were prepared from the corresponding 

alcohols and cinnamic acid (m.p. 133•Ž.), by the action of conc. sulphuric 

acid or dry hydrochloric acid gas. 

Di-methyl and di-ethyl phthalates(6) were prepared by boiling the 

corresponding absolute alcohols and phthalic acid in the presence of cone. 

sulphuric acid. 

Ethyl salicylate(7) was prepared from the absolute alcohol and the acid 

by the action of hydrochloric acid gas. As to methyl salicylate, Kahlbaum's 

was used. 

Phenyl methyl carbinol(8) was prepared from benzaldehyde by the action 

of magnesium methyl iodide, that is, the Grignard reagent. 

For the simplification, the name of the substance, the number of the 

table (Th. No.), the numbers of the Raman lines (n), the number of the 

plate (Pl. No.) and the conditions under which the spectra were taken, viz., 

breadth of the slit (St), electric current (C) working the mercury vapour 

lamp, temperature of the sample during the experiment (T) and the time of 

exposure (t), are tabulated.

(3) Ber., 2 (1869), 208. 
(4) Ann., 137 (1866), 334. 
(5) Ber., 28 (1896), 3254. 
(6) Monat. Chem., 25 (1904), 1204. 
(7) Ann., 197 (1879), 17. 
(8) Ber., 31 (1898), 1003.
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Table A.

A small quantity (3-10 c.c.) of methyl-, ethyl phenyl-acetates, ethyl 

phenyl-propionate, iso-propyl cinnamate and methyl phenyl carbinol was 
used for each experiment. From the fact of the coincidence of most of the 

Raman lines in ethyl phenyl propionate and ethyl cinnamate, it is considered 

that the small quantity of the cinnamate may be mixed with ethyl phenyl 

propionate due to the insufficient reduction. 
The strong back grounds in the plates of methyl-, ethyl- and phenyl-

acetates and methyl- and ethyl salicylates could not be removed even when 

the pure samples obtained by the repeated purifications were examined. 

The data of the Raman spectra are tabulated as follows.



1934] Studies of the Raman Effect. Part II. 91

Table I.

Methyl phenyl acetate C6H5•ECH2CO•EO•ECH3.

△ν: 187(3(d); 362 (1/2 b, d) ; 481(3 b, d) ; 527 (1/2 d) ; 622 (3 b) ; 695 (1/2 b, d) ; 761(3 d) ;

818(3d); 924(1d); 998(8); 1026(3); 1083(1b); 1112 (3 b, d) ; 1162(3b); (1189)(5d); 

(1271) (1/2 b, d) ? ; 1306 (1/2 b) ; 1436 (1/2 bb, dd) ; 1601(6 b, d) ; 1742 (2b, d) ; 2922 (3 b) ; 2953 (5 d) ; 
3057 (7 b, d).
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Table II.

Ethyl phenyl acetate C6H5•ECH2•ECO•EO•ECH2•ECH3.

△ν: 209(1/2dd)?; 622 (3 b, d) ; 680 (2 b)-758 (2 b) ; 788 (2b)-858 (2 b) ; 997 (8) ; 1025 (4) ;

1108(1d); 1164 (5 dv) ; 1207 (5 b, d) ; (1265)(2d)?; 1395(1/2d); 1455 (1 bb, d) ; 1601(7 dv) ; 
1737 (1/2 dd) ? ; 2922(2b); 2981(2b); 3055 (7 b, d).
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Table III.

Ethyl phenyl-propionate C6H5•ECH2•ECH2•ECO•EO•ECH2•ECH3.

△ν:  178(1d); 237 (2 d) ; 339 (1/2 d) ; 618 (2 b, d) ; (820) (1/2 b) ? ; 859 (1 b) ; 995 (7) ; 1023 (2) ;

(1105)(2d); 1173(6); 1196(6); (1267)(5b)?; 1379(1/2); 1448 (2b, d) ? ; 1491(1/2) ; 1595(8); 
1628(7); 1661(1/2); 1701(2) ; 2914(6); 2963(6)?; (3024)(5); 3055(5b).

Table IV.

Ethyl cinnamate C6H5•ECH:CH•ECO•EO•ECH2 CH3.
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Table IV.-(Concluded)

△ν:  177(2b, d)?; 279 (2 bd) ? ; 403 (2d) ; 475 (0) ? ; 571(4) ; 616 (6 s) ; 717 (4 b, d) ? ; 836 (5) ;

867(5 d); 977 (1 d) ; 996 (10 s) ; 1026 (3) ; 1116 (3 b, d) ; (1156) (3) ; 1178 (8) ; 1200 (8) ; 1269 (6 d) ; 

1303(5d); 1331(3) ; 1363(3); 1392(3); 1447(5); 1494(5); (1536)(3); 1572(3); 1597(10); 
1634 (10) ; (1669) (1) ; 1706 (8 d) ; 2922 (3 d) ; 2981(3) ; 3067 (5 d).
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Table V.

Iso-propyl cinnamate C6H5•ECH:CH•ECO•EO•ECH(CH3)2.

△ν: 183(1bb); 399(1/2); 475(0); 569(1d); 616(4); 681(1); 727(2); 770(1); 814(5);
861(5) ; 891(1/2) ; 996(8); 1025(2); 1113(1); 1177(7); 1201(7) ; 1266(5d); 1305(4d), 
1391 (1/2 d) ; 1450 (4) ; 1494 (4) ; 1597 (9) ; 1632 (10) ; 1707 (8) ; 2822 (1) ; 2926 (1 d) ; 2971(1/2 d) ; 
3070 (4 d).
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Table VI.

Dimethyl phthalate C6H4•(CO•EO•ECH3)2.

△ν:  (230)(1d)?; 297(0); 393(1d); 650(3d); 793(1/2); 819(6); 964 (2 b, d) ; 1040(6);

1123(3d); 1160(1); 1277(5d); 1443(1); 1486(1); 1580(2); 1602(6); 1722(8); 2849(1d); 
2947 (4) ; 3071 (7 b, d).
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Table VII.

Diethyl phthalate C6H4(CO•EO•ECH2•ECH3)2.

△ν: 346(1b, d); 393(2); 644(5s); 779(2d); 843(5); (923)(1/2); 1016(1); 1034(8s);

1120(2d); 1160(2b); 1270(7d); 1362(2); 1451(3); 1487(2); 1530(1/2)?; 1574(3); 1597(9s); 

1718(8b); 2871(5d); 2928(4b); 2974(3b); 3070(8b).
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Table VIII.

Methyl salicylate C6H4 
CO•EO•ECH3 

OH

△ν: 184(4); 264(1/2 d)?; (356)(2); 423(1); (514)(1/2)?; 560(4); 804(6); (845)(1/2)?;
1032(4); 1081(1); 1132(3d); 1244(5); 1326 (5 b, d) ; 1462(4d); 1578(2d); 1603(1d); 

1672 (5 b, d) ; 2950(3); 3084 (5 bb, dd).
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Table IX.

Ethyl salicylate C6H4 
CO•EO•ECH2•ECH2 

OH

△ν: 167(3b, d); 245(1/2d)?; 452(2)?; 559(4); 808(4); 848(2); 1034(4); 1141(1/2b);

1242(6); 1318 (5 b, d) ; 1366(1/2); 1395(1/2); 1463 (4 b, d) ; (1586) (1 b, d) ? ; 1605 (1/2 b, d) ? ; 
1670(5d); 2932(1d); 2980(1d); 3080 (5 b, d).
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Table X.

Methyl phenyl carbinol C6H5•ECH-CH3 .

OH

△ν: 141(5b, d); 249 (2 b, d) ; (319)(1d)?; (377)(0d)?; 483(1/2); (531)(1/2)?; 614(4);

763 (4 b) ; 852 (1/2 d) ; 899 (2 b) ; 993 (10) ; 1021(1/2) ; 1073 (1/2 b, d) ; (1103)(1/2d); (1161)(5d)?; 
1201 (7) ; 1395 (1) ; 1446 (2 d) ; 1597 (8) ; 1678 (4 b, d) ; 2922 (6 dr) ; 2971(7) ? ; 3054 (8 b, d).
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(1) Methyl phenyl acetate C6H5•ECH2•ECO•EO•ECH3

(2) Ethyl phenyl acetate C6H5•ECH2•ECO•EO•ECH2CH3

(3) Ethyl phenyl propionate C6H5•ECH2CH2•ECO•EO•ECH2CH3

(4) Ethyl cinnamate C6H5•ECH:CH•ECO•EO•ECH2CH3

(5) Iso-propyl cinnamate C6H5•ECH:CH•ECO•EO•ECH(CH3)2
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(6) Di-methyl phthalate C6H4•E(CO•EO•ECH3)2

(7) Di-ethyl phthalate C6H4•(CO•EO•ECH2CH3)2

(8) Methyl salicylate C6H4 
CO•EO•ECH3

 OH

(9) Ethyl salicylate C6H4 
CO•EO•ECH2CH3 

OH

(10) Methyl phenyl carbinol C6H5•ECH 

CH3 

OH
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Discussion of the Results. As reported in this and the previous 

paper,(1) the frequency of ‡™ƒË = 3060 cm.-1 which has been known to be 

attributable to the C-H linkage in the benzene ring, was found as one 

of the most intense lines in the Raman spectra of the aromatic compounds 

investigated. For the comparison, the data observed are shown in the 

following :

The results of other authors(9) are ;

From these experimental data, we may suppose that in the aromatic 
compounds this frequency is influenced, to the first degree of approxima-
tion, only by the characteristics of the group or the atom adjacent to the 
carbon atom in the benzene ring.

It is observed that the frequency in question is found to be ‡™ƒË = 3055

cm.-1 in the compounds of type, 3065 cm.-1 in those of

type and 3070 cm.-1 in those of type. In the case of C6H5•ECO•E•

C6H5(9) the shift is exceptionally small, i.e. is 3052 cm.-1 which may be due 

to its symmetric form. 

The fact that the freauencv in question is found to be 3067 cm.-1 in

ethyl and iso-propyl cinnamates and 3056 cm.-1

in ethyl phenyl propionate shows that the higher

(9) Kohlrausch, " Der Smekal-Raman Effect," 328-332.
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value of the frequency is due to the influence of the double bond of the

carbon, adjacent to the benzene ring, viz.,

Systematic studies(10) of the derivatives of benzene have shown that 

the benzene nucleus is characterized by a number of very constant fre-

quencies, viz., ‡™ƒË = 616, 1000, 1166 and 1595 cm.-1, and the aromatic C-H 

frequency of 3060 cm.-1 which has been just mentioned. 

In the present experiment, it was observed that frequencies of ‡™ƒË = 615 

and 1000 cm.-1 were shown in a good constancy in monoderivatives of 

benzene and they disappeared in the case of di-derivatives such as phtha-

lates, salicylates and o-kresyl acetates. In place of 615 cm.-1 in the 

di-derivatives (ortho), however, the frequency of ‡™ƒË = 562 cm.-1 in o-kresyl-

acetate and 560 cm.-1 in methyl and ethyl salicylate were observed with the 

same intensity. And both the frequencies of ‡™ƒË = 571 and 616 cm.-1 were 

observed in ethyl and iso-propyl cinnamates.

△ν=562cm.-1  △ν=560cm-1 △ν=571,616cm.-1

Since all the substances studied contain the C=O group, the comparison 

of the influences on the frequency due to this linkage seems to be interest-

ing. The lines associated with this linkage are broad, diffuse and intense. 
The constitutive influences of the substituents attached to the carbonyl 

group have been studied by Dadieu-Kohlrausch.(11) Considering the data 
we obtained in the previous and the present experiments the following 

facts are recognized. 

The C : O frequency is directly influenced by an atom or atom group 
attached directly to it, and independent of the group faraway from it. As 

shown below, in the cases of phenol esters of fatty acids and o-kresyl 
acetate, the shifts due to the C : 0 group are practically the same, i.e., 1760 

and 1764 cm.-1 So are the cases in the benzoates and the alkyl phthalates, 

the value of the shift in the latter esters decreases about 40 cm.-1 from 

that of the former.

(10) Monat. Chem., 60 (1932), 253; 61 (1932), 426; Kohlrausch, " Smekal-Raman 
Effect," 227. 

(11) Ber., (B) 66 (1933), 1-12; Kohlrausch, " Smekal-Raman Effect," 157.
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△ν =1761cm.-1

△ν = 1764 cm.-1

△ν=1720.

△ν=1718cm.-1

In the case of salicylates, the OH group exerts a remarkable influence 

on the C : O linkage, even when the OH group is not directly attached 

to the same carbon atom of the C : O linkage. By the exchange of the
-CO-O-R group of alkyl phthalates into OH, the shift decreases from
1718 cm.-1 to 1672 cm.-1

△ν=1718cm.-1 △ν=1672cm.-1

On the other hand, the Cl atom seems to exert an opposite influence on 

the C: O group. Benzoyl chloride(1) and acetyl chloride(12) have the high 

values of 1768 and 1797 cm.-1 respectively, compared with the low values of 
alkyl benzoates and acetyl acetate.

△ν=1768cm.-1

CH3・CO・Cl

△ν=1797cm.-1

△ν=1720cm.-1

CH3・CO・O・CH3

△ν=1737 cm.-1

(12) Kohlrausch, " Smekal-Raman Effect," 318.
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Thus the difference between 

the frequencies of C=O linkage 
in esters and the corresponding 

acid chlorides is about 50 cm.-1 

It was observed that the in-

tensities of the frequencies due 
to the C=O linkage are strong 

in the case of esters of benzoic 

acid, cinnamic acid, phthalic acid, 

salicylic acid and benzoyl chloride, 
but weak in the case of phenol 

esters of fatty acids, alkyl esters 

of phenylacetic acid and ethyl
Fig. 1.

ester of phenyl propionic acid. The difference of the intensities of these 

two kinds is so distinct that we can recognize it even under the visual 

measurement. It may be considered, in this case, that the -C=C- attached 

to the -C=O group strengthens the intensity of the latter linkage. 

The frequency of ‡™ƒË=804 in methyl salicylate and that of 814 cm.-1 in 

dimethyl phthalate seems to be corresponded to that of 814 cm.-1 in methyl 

benzoate(l) which may be attributable to the frequency of the system of

In ethyl salicylate and diethyl phthalate, the frequencies of

845 and 843 cm.-1 have been observed, which may be attributable to the

vibration of the system as in the case of ethyl benzoate.(1) A

very weak line of ‡™ƒË = 845 in methyl salicylate observed may be considered 

as due to its impurity. These two kinds of frequencies were observed also 

in methyl- and ethyl-phenylacetates. They were, however, broad and

△ν in cm.-1

Fig. 2.
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diffuse, moreover, on acount of the strong back ground appeared on the 

plates, the measurement could not be done exactly. 
Two frequencies of 836, 867 cm.-1 in ethyl cinnamate and 814, 867cm.-1 

in iso-propyl cinnamate were clearly observed. It may be explained that 

the lower frequencies, viz., 836 in ethyl- and 814 cm.-1 in iso-propyl cinna-
mates. are arising from the same origin mentioned above, namely that they

are caused by the group, but the higher one,

viz., 867 in both cases is caused by other linkage of the molecular rest. 
The confirmation on the facts however, will be made in near future, by 

studying the corresponding acid and other compounds. 

The frequency of 763 cm.-1 in methyl phenyl carbinol is estimated as 

the vibration between benzene ring and the carbon atom attached to it. 
The reason is this. The same frequency is observed in all the substances 

which have a vibration system, benzene ring and an attaching carbon like ;

such as cinnamates, ethyl phenyl

propionate, alkyl phenyl acetates,

o-kresyl benzoate, o-kresylacetate,

as shown in these experiments. Toluol, ethyl benzol and

phenyl nitromethane(13) etc. have also the same shift in their Raman spectra.

Summary.

(1) The Raman spectra of methyl phenylacetate, ethyl phenylacetate, 
ethyl phenylpropionate, ethyl cinnamate, iso-propyl cinnamate, dimethyl 

phthalate, diethyl phthalate, methyl salicylate, ethyl salicylate and methyl 
phenyl carbinol were studied. 

(2) The constitutive influences exerted on the C-H of the benzene 
ring were observed. It was found that the carbon with the double bond

attached to the benzene ring such as in the case of

C6H5•ECO•EO•ER and C6H5•ECH=CH•ECO•EO•ER gave the higher frequency (‡™ƒË =

3070) than that (‡™ƒË = 3055) in the case of and other

(13) Kohlrausch, "Smekal-Raman Effect," 329-332.
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compounds of the type, C6H5•ECH2-X which have no carbon with double 

bond directly attached to the benzene ring. 

(3) The constitutive influences exerted on the carbonyl group were 

observed. 

(4) Disappearance of 615 cm.-1 in diderivatives and appearance of 

560 cm.-1 in salicylates, o-kresyl acetate, o-kresyl benzoate and cinnamate 

were observed.

(5) Estimation of the valency frequencies of the linkage
was confirmed.

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


