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ABSTRACT.

Raman spectra of benzene, chloroform and carbon-tetrachloride are
studied using a high dispersion spectrograph. The benzene 3u band is
observed to split up into five different components. Two new lines 225162
em~land 22748'3 em~! are observed on the benzene plate, their probable
assignment is given as 2188 cm~! and 1961 em~Idue to A4046 excitation.
A new frequency 3072'4 cm=!is reported for chloroform along with the
80173 em~! already reported by previous workers. Details of the spectral
charaoters of the various Raman lines of these liquids are recorded. A
winged nebulosity is observed accompanying the unmodified Hg lines in
benzene. This appears with reduced breadth in chloroform, but is hardly
noticeable in CCl,.

1. Introduction.

Since the discovery of the Raman effect early in 1928, a
large mass of data on the subject has been published, but very
few workers have so far examined the Raman spectra of
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substances under high dispersion. Wood ! was the first to make
a high dispersion study of the Raman spectra of benzene and
carbon-tetrachloride by using a 6 inch plane grating with a
lens of three metres focus. In a recent investigation Langer
and Meggers ? have also employed a grating spectrograph to
study a few common substances. The only satisfactory exa-
mination, however, seems to have been done by Séderqvist ®
who used a two-prism spectrograph with a high dispersion,
and has observed some interesting results in the case of ben-
zene, the most frequently studied liquid.

The present investigation was undertaken to study the
Raman spectra of some typical common substances, under
fairly high dispersion. For this purpose a Hilger quartz E,
spectrograph having a dispersion of 13 A.U. per mm. at A4000
was very kindly placed at the disposal of the author by Prof.
Sir C. V. Raman, The instrument was set up for the visible
region as only glass containers were used for the liquids
studied. Wood’s arrangement was followed to get the scattered
light. Even with the best conditions of illumination the
spectrum observed visually was far too weak to show any
thing but the incident Hg line \4358. Consequently prolonged
exposures of 24-36 hours had to be given to get fairly well-
exposed plates using Isozenith plates. To make the instru-
ment least susceptible to the thermal variations of the atmos-
phere during such long periods of exposures, all the exposed
parts of the instrument were carefully covered by quilt pieces.

A comparison spectrum from an iron arc was recorded on
each plate. The plates were measured on a Hilger cross-
slide photo-measuring micrometer reading up to 0001 mm.
Wave-lengths were computed by linear interpolation between
close iron lines not more than 15-20 A. U. apart, or by Hart-
mann’s interpolation formula, taking suitable iron lines as

' Wood, Phil. Mag. VI, p. 1262 (1928).

* Laoger and Meggers, Jour, Bur. Stend., 4, p. 711, (1930),
' Bbderqist, Z. f,Phys. 68, p. 446 (1030).



RAMAN SPECTRA UNDER HIGH DISPERSION 209

standards. Very faint and diffuse lines that could not he seen
clearly under the high magnification of the measuring instru.
ment, were visually estimated correct to one Angstrom unit.

2. Results.

The Raman spectra of benzene, chloroform and carbon-
tetrachloride are studied and the results are given in tables
I-III. The first two columns give the intensities and wave
numbers in vacuo per cm. of the Raman lines observed. The
third gives the frequency shifts or the Raman-frequencies
Av in vacuo per cm., the letters a,b, c, etc., denote the various
exciting Hg lines according to the lettering given in the
following table.

Table IV—Hg arc in vacuo.

|
Ain AU ¥ VaC. per cm. J ’ A in AU ¥ vac. per cm.
a 3650-14 27388-5 ‘ e 4077-84 24515-7
b 3651-83 273534 , f 4339-25 23088-7
¢ 3663-27 927290-3 | g 4347-50 299949
d | 104680 247038 ' R 43834 | 239378

The results of some of the previous workers and of the
present investigation are given in the comparative tables V-
VII. It will be seen that the agresment between the various

values is quite good.

LS
-3
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Tanue I,  Benzene.
Raman lines. ! Rawman linen,
|
R | B =
. | Wave numbers! ar I. | Wave numbers Ar
in vacuo per I in vacuo per
ci. | e,
: ! |
_ B A |
o ! 10811-3 g—3183:G (i 22516-2 i ?
0 198765 h=3061-3 od 23743-3 j 9
1B 19804-1 I =-3043-7 1 23096-7 d=1607-1
1 10843 I =20563-5 1 23120-0 d—1683-8
h—1607-6 1 2u341-1 e—1174-3
1 21930-2
e—13185-5 d—1180-3
5 29693-5
h=1583-1 e—9u2-2
1 21354-7
e=2161-0 10 237133 d—990-5
0 21466-2 £—3059-5 0 23850-1 d—844-7
0B! 214633 e—8052-4 0 23914-0 e=(01-7
0 21521-7 d—3182.1 0 284277 : I +980-9
0 216439 = 31606 2 2q100.4 | d =634
0 21561-8 e=2053-9 0 24126-5 ! ¢=3163-8
!
5B, 216417 A=3062-1 g 24169-1 b-3184-0
2B| 216661 d—-3047-7 2 24203-6 a—3184-9
h=1179-6 a—3168-0
s | alrs8e P 2265 |
d-2046-6 ¢—30063-8
0 219451 11 —092-7 4 24284-4 h—3064.0
1 290025 9—992-4 0 243043 | b—3049-1
o | 220400 1-080-7 1 248287 a—B0648
1 22085-1 h—-85637 1 24403-2 b —2450-2
3 923823 h—806-5 1 24437-8 a—2050-7

Reman-frequencies of benzene.—

3 5'

A D3 140, 8163 ,

8018-5 (1B), 2950-8 (2).
3-279, 3-388.

Ayeeen1807-4 (1), 1588-4 (1) 11761 (1), %01 2 (8), B48-7 (0), 5035“ 2).
16

Ain T — X 21 6'&14, B ﬁﬁ;

09,  11:88,
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Tasre II. Chloroform.

Raman lines. :l Ksman lines.
|

5 | e pem b | b e o
1 109205 h=3017-3 g+65
0d| 214455 ¢=3070-2 oy e {d-—lm
] T { ¢=3015-9 . p— {h +3646
h—1438:0 o~12133
0d| 216287 d=3076-1 0| 234920 d~12118
4 21685-8 d-30180 1| 206009 h+6731
2 21723-0 h=1214-8 0B| 237495 ¢~T66-2
o a0 g-1214 L1 288E ¢—666-2
av.B[ 221791 h=7687  BV.B| 23045 i-7508
OV.B| 22231 =163 s | 24001 d-664-7
8| 220603 h-6685 | o | o3 | =374
L 22323 =662 1 oal 2ms | c-3om
0 283743 f=664-1 i IB| 242544 e~2613
6 1 27 h-367 1B, B S L
1 226286 0-3663 3 | 01 . a-30104
5 226775 1' Ih—260-3 | 3 : 249664 ‘ d+%636
0 20301 . g-2648 1, %01 2+369-7
2 232033 he2846 1 206l d+6723

Ramnsn frequencies of chloroform:—

§ AA=—3072-4 (0d), J0IT-3 20, 14410 (b, 12135 2
LAin u—d23d, 3-313, 6937, 9233,

( Av==7T61-3 (3B), 6672 (6). 306 31, 2633 (4.
Ain g =13:12, 14-98, 97423, 311
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TasLi III.

Carbon tetrachloride,

Raman liives Ruman Lines
I Wave No in ar 1 Wave No in ar
VARouo per cm. Yacuo por cm.
0d 21408 I =1835 0n 23314 o+ 810 ?
24 231470 h=T780°0 1 RERTT A I+ 1503
ad 22177°6 h=700"2 ad 2301270 d—=T01'5
10 22476°1 h=461"7 2d 982 d =706
0 22638 g—4556"1 g 0517 e—=-1454"0
8 a2p31°2 h=316'6 0 IR e=p2
0 BARTG0 —3189 b RERESN ] =460 7
6 227184 g—ﬂm g 0 242076 c—218'2
U 2077560 g=21r4 8 24187°8 d =160
1 2311492 ? 3 244860 d=2178
4 231546 I+ 216°8 1 24020 o +219°2
1 2308 g+13 0 2601676 d+8127
2 232520 h+ 8142 0 456162'6 d +468'7
Raman frequencies of Carbontetrachloride—
Av—lﬁ'!l'r 0dy, 70T 2y, T59°D (2d), 450°7 (6), 8166 (1), A17°7 (4).
Adp p=0'612, 1264, 1316, a1 15. 81°08, 46°02,
TasLe V. Raman frequencies of benzene.
Baman* Pringalicim Dadien? Langor and
and Wood® and and Boderqvist Meggors Author.
Krishnan Rosen Kohlrausch
606 (1) 606°8 615 (3) 604 (4) 604°6 (2) 6057 603°9 (2)
849 (0) B47°0 867 (2) 846 (2) 840°1 (1) 8186 8487 ()
991 (10)| 9897 995 (4) 904 (10) | 9913 (5) | 992°1 00172 (8)
1176 (2) 1170'2 1188 (3) }g; (((-"i}) 11790 (1) 1177°8 1178'1 (1)
et 1479 (2) .
1681°'1 15691 () s 1683°6 (1) 16¢6'2 15834 (1)
1692 (1) 1688 (3)
1604'9 1608 (2) 1604-1 (1) | 1604°6 1607'4 (1)
o W 2046 (6) 2946'8 (‘3) 20469 a050°8 (2]
8046°9 (1) | 30454 3048'5 (1B)
8061 (10)| 8056'4 8069 (8) 8068 (8) 8061°3 (4) | 30601 306278 (4)
81629 (1) 31005 (0)
- 8184'8 (3) | 8186°0 81840 (2)

¢ Bsmso snd Erishnan, Proc. Roy. Boc., 122, p, 28 (1029).
' Wood, Phil. Mag. VI, p. 729, (1928).
¢ Priogsheim snd Bosen, Zs. . Phy. 60, p. 741 (1928).
' Dadisu sud Eohlrsusch., Phys. Zs. 80, p. 884 (1829).
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TasLe VI: Raman frequencies of chloroform.

Wood Pringsheim and Ganessn and® Lianger and Author.
] Venkateawaran Meggers
221 287 (6 261 (6) 2611 L a3
806°6 868 (4) 867 (8) 8658 366°9 (B)
668°'2 688 (4) 869 (6) 6884 6673 (6)
7671 786 (8) 762 (8) 760°1 761°8 (3B)
1214 (2) 1218 (2) 1216°0 1285 (@
1441 (1) 1410 (B
3009 (2) 8010 (4) 8018°7 | @
807124 (0d)

TapLe VII, Raman frequencies of carbon tetrachloride.

Roman Priogsheim Ganesan \ Llndgar
Kr?:t?unn o R:ggn Venk::‘:waun Ho‘;gm Aiee
219 216°3 217 ) 216 (5) 2188 AuT? (@)
312 8130 316 (5) 313 (1 9199 8156 (&)
467 4569 458 (5) 459 (8) 4593 4697 (6)
68 | 7671 767 (5 762 (3) 1 T581 7590 (3d)
791 7874 703 (5) 701 (3) 7893 7907 (d)
1539 (2) 1635 (0) Io158900 1335 (0d)
i i

3. Discussion of the Results.

Benzene.—This liquid has been thoroughly studied by
Soderqist and also by Langer and Meggers. The present in-
vestigation confirms the result of Sdderqvist that the single
band at p found by earlier workers is in reality a group of
five different bands of Raman-frequencies 31840 cm-i.

* Gaoosan and Venkateswarsu—Ind. Journ. Phye. {, p. 105 (LiMe).
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3160'6 em-1. 3062'3 cm=1, 3048'56 em-1. and 29508 em-1,
The mean 3080 cm~! of these five is in remarkable agreement
with the infra-red frequency 3076 cm-! of the single broad
band at 326y obtained by Coblentz. The frequency 30623
em=-1is the most prominent one in this group, almost as in-
tense as the 991'2 em—1." The corresponding Raman-lines are
considerably broad, the estimated width of the 30485 cm-!
line is nearly 3 A.U, and that of the 3062'3 cm~—! line is 1'6
A, U. for \4046 excitation.

The most prominent frequency is 991°2 em~1, the inten-
sity and sharpness of the corresponding lines being compar-
able to some of the incident Hg lines. Other frequencies of
benzene are weak except the 6039 cm—1,

In the present investigation two new feeble and diffuse
lines with frequencies 22616°2 om~! and 22743'3 cm~! are
observed which have mot been previously reported. The
possible assignments of these lines are 422 ¢cm-1 and 195 cm™!
due to A 4358, or 2188 cm-! and 1961 cm-! due to A016.
The former frequencies are too low to be admitted in the case
of a compaet molecule like benzene. The latter assignment
appears to be more likely as the frequencies correspond to.
infra-red bands 46y and 51p which fall very nearly in the
same position as some bands which Daugherty ° gets in a recent
infra-red study of benzene. No definite choice of the assign-
ment can however be made until a single-line excitation pic-
ture is taken. Soderqvist also reported a feeble line 227927
cm -1 of uncertain assignment in this region.

One very interesting and remarkable thing that the
author finds in the Raman spectrum of benzene is the pre-
sence of a winged nebulosity with fairly definite edges, accom-

panying the unmodified Hg lines. Similar nebulosities were
observed by Baman and Krishnan, and Cabannes and Daure
in their earliest studies. It has been explained as due fo the

*  Dauglerty, Phy, Rev. 84, p.1540 (1929).



DABADGHAO

PLATE X
© b -
: :
i 3 3
1

Raman Spectra

1. Benzene 2. Chloroform 3. Carbon tetrachloride



RAMAN SPRCTRA UNDER HIGH DISPERSION 216

rotationof the molecules under the action of the incident
light. This nebulosity however does notshow any structure
under the fairly high dispersion employed in the present invéti-
gation. An interferometric study is in progress to study the
nature of the origin of this nebulosity which is a general
phenomenon observed in case of liquids with a fairly high
degree of anisotropy.

Chloroform.—~From table VI it will be seen that a new
weak froquenoy 30724 cm~1 has been obtained for chloroform
by the author. This shift is observed by three different exci-
tations which gives this new frequency a definite footing. The
band at 3. is thus seen to be in reality a double one and not
a single one as reported by Bhagavantam and Venkateswaran."
This band, assigned to the C—H vibrations is usually found
to consist of a number of close components in case of aliphatio
and also aromatic compounds, and it is not at all surprising
that chloroform also shows the same splitting. In fact these
two frequencies 3017-3 cm=! and 30724 cm~! are in close
agreement with two frequencies 3022+1 cm~-! and 3071-5om-1
which Rasetti’ and others getin their study of the Raman
spectrum of gaseous methane (the parent substance of chloro-
form). Itis however very surprising that the most intense
frequency 29148 cm-! of methane is absent in chloroform.

A glance at the chloroform plate shows that each Raman
line has a distinct character of its own, supporting the view
that the observed Raman frequeucies are none other than the
fundamental frequencies of the chloroform molecule arising out
of primary oscillations within the molecule. The three promi-
nent frequencies 2628 cm-1, 367'5 om~! and 6665 cm~1 give
a first impression that they are all alike, but a careful exami-
nation of the lines shows that the first is distinctly the widest
and the third decidedly the most intense and the sharpest.

'® Raman and Erishuan, Nature 122, pp. 278 and 882 (1033).
"' Bhagavantam snd Venkateswaran, Proe. Ruy. Soo,, p. 360 (1930).
'*  Dickinson, Dillon and Rasetti, Phy. Rev U1, p. 882 (1929),
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Quite different in appearance from these three is the fre-
quency 761'8 em-1, assigned to the C-Cl vibrations. The lines
corresponding to this frequency have huge breadths, as much
as 6 A. U. for the \4358, 4 A. U. for the \ 4347 and 5 A. U.
for the \ 4046 excitations. This breadth may be the result of
the coupling of the rotation of the entire molecule with the
C-Cl vibrations, superimposed on the small broadening due to
the presence of the other isotope of chlorine.

Compared to the above the Raman lines corresponding
to the frequencies 30173 em-1and 3072'4 cm-! are much
sharper. It may be noted here that the line corresponding
to 3017'3 em~-1 due to A4046 appears to be diffuse towards the
red, the other lines show a slight shading towards the violet.
Asin benzene, the winged nebulosity makes its appearance
here also, but it is very much narrower, as is expected due to
its higher molecular weight and lower anisotropy.

Carbon tetrachloride.—Of the six observed frequencies
the first three, viz., 2177 em-1, 316'6 cm-1 and 459'7 cm—1
can be placed in a distinctive group by themselves, the cor-
responding lines being intense and fairly sharp—although
amongst themselves they differ from each other as regards
their intensities and sharpness. The last one is the sharpest
and the most intense, the other two being comparatively
broader.

The lines corresponding to the doublet frequency 7599
em-1 and 7907 cm are rather diffuse, but much sharper than
the 761'8 cm-1 band of chloroform. There isa remarkable

resemblance between these two lines as regards their intensity
and diffuseness.

An important feature of all the Raman lines of this sub-
stance is that they are all slightly shaded off towards the
violet, probably due to the presence of the chlorine isotope.
The nebulosity observed in the previous two liquids has
almost completely disappeared in this case. This gives a
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strong support to the view that this nebulosity is intimately
connected with the molecular anisotropy.

4, (Conclusion.

It will be seen from the above investigation that apart
from accurate measurements, a high dispersion study of the
Raman spectra helps to bring out valuable information as
regards the spectral nature of the various Raman lines.
Further work is in progress and will be communicated in due
course of time.

In conclusion the author desires to express his sincere
thanks to Professor Sir C. V. Raman for his inspiring guid-
ance and interest in the progress of the work. The author
is also thankful to the Nagpur University for the award of a
Research Scholarship.
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