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VIBRATIONAL ANALYSIS OF THE 2665 A°
SYST® OF TOLURBNE t:(-d3

G, N, R Tripathi
Department of Physics
University of Gorakhpur

GORAKHPUR 273001

INDIA
&

B, N, Tewari

Kisan Degree College, Bahraich,

The vibrational anslysis of the near ultraviolet
spectrum of toluene X-d; molecule has besn done. The (O, 0)
band has been assigned at 37515 ol (2664,8 A), The observed
bands have heen interpreted in temms of the ground state
fundamental frequenciss 201, 305, 402, 500, 624, 7% & 1005 cuw~ !
and excited state frequencies 28, 315, 430, 528, 733, 930, 970
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354 TRIPATHI AND TEWARL

& 1130 ei~l. The fundsmentals detemined from the infra red,

Raman and electronic spectra of toluene and toluene  -dg molecules

are correlated, The toluene and toluene o(-43 molecules sre
assigned to c2v point group in the ground electronic state,

A non-planar geometricsl configuration in the excited electronic
state has been suggested to explain the intensity of some of the
upper state fundamentals of low magnitude., An isotoplc shift
of 40 cm*l has been found for the (0,0) band of toluene  -dg

with respect to the nomal toluene molecule,

INTRODUGTION

The electronie band system which appears in the
wavelength region 2600.3000 Ao in benzene derivatives
corresponds to the symmetry forbldden transition A]g'Bax
of benzene, The role of a substituent group, which replaces
one of the six hydrogen atoms of benzene, is to alter its
high symmetry and hence to allow the transition, The intensity
and shift in the spectra of & benzens derivative is interpreted
in tems of inductive and mesomeric effects, In the derivatives
exerting weak inductive and mesomeric effects, like -Gig group,
the electronic spectra are expected to have more correspondence
with the benzens molecule. Therefore, toluene molecule should
exhibit the pecullarities of an allowed transition while still
retaining some featires of the forbidden 2600 A° trangition
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of benzene, which makes the vibrational assignment of electronic
spectrur of toluene molecule quite interesting, The near ultra-
violet spectra of toluene molecule was studied by Gulsberg

ot al( 3) while 1nrr:z‘:pectmn of toluene and toluene«({-dgz by
Wilmshuret and Bernstein'”?) Tripatnt et ‘%) studted

near ultraviolet spectra of a few derivatives of toluene,

Lan and &lyderu) have correlated Raman and infra red frequencies
of toluene, toluene -dg and toluenec(-d, molecules. The

electronic spectra of only a few deuterated benzenes are reported,
in literature. The present paper considers in detall the

vibrational analysis of the electronic absorption spectrum

of toluenecX-d; molecule, The spectrum of this molecule

is expected to show a close resemblance with that of normal
toluens, The replacement of hydrogen atom by deuterium
affects some of the fundamentals in the ground and excited
electronic states. This helps in identifying the fundamentals
sensitive to substitution (x-sensitive). The (0,0) band may
also show a shift with respect to the parent molecule due to
change in the difference of zero point energles in the two
electronic states, We have determined several ground and
excited state fundamental vibrational frequencies and their
corresponding vibrational modes have been assigned taking help
of the infra red and Raman spectrns 1'2’3’6) Some of the
fundamentals in the excited state have been chosen just to
explain the difference frequencies and the symmetry of the

toluene and tolueneo{-dg molecules in the upper electronic
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state 13 discussed 1in the 1ight of the appreciable intensity
of the bands involving these fundamental s,

Exparimental Procadure:- A sample of tolueneo¢(-d3 compound

of high purity was procured from M/S Merck Sharp & Dohme, Canada
and was used as such, The spectrum was photographed on Hilger
medium quartz spectrograph using absorpfion path of 50 e~
long tube, at room temperatures., The exposure time was varied
from 20 mimtes to one hour, The hydrogen lamps was used

as a source of contimious energy and an iron arc for ihe
recording the standard spectrum of iron to compare the spectrum

of toluenex-d3. Only a fraction of a drop of the compound,

when inserted in the absorption column, results into sifficient
quantity of vapours to canse the absorption of important bands.
The weaker bands have baen developed by increasing the amount
of compound in the absorption column,

The band positions of the molecule corrected to the
vacuum, their intensities and vibrational assignments are
given in Table 1, 1In Table 2, the fundamental frequencies
of toluenoo(-da are compared with the frequencies reported in
Raman and infra red spectra. These are elso compared with the
values for toluene and toluenes-dy, molecules, The accuracy
of our observations is » 3 am~1 for sharp bands and *5 en~?
for diffused and weak bands, The purity of the toluene x-dg
sample has been confimed by non appearance of even the strongest

bands of toluens in the spectrum of toluene «(-dg3
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Bemlts & Discussiopn:-

As pointed ocut in introduction the -(ij and -CDg substi-
tuent groups have & small perturbation effect on the orbitals
of phenyl ring electrons. Therefore, the spectrum of toluene
is expected to retain certain features of benzene spectrum
as well as other features arising from the reduction of symmetry
from Dgp to lower symmetry type, The (0,0) band is expected
to appear with appreciable intensi ty. Bponor(a) has assigned
a gymmetry C; and Ginsberg et 11‘3) 02' to explain the electronic
spectrum of toluene, FPitzer and Seott( 3) considered symmetry
Coy to explain Raman spectrum of toluene and Laa and Snydor( 1)
in the analysis of Raman and infra rea spectra of toluense,
toluene A=-dg and toluene -ds. Oour attempt is to verlfy
these points from the vibrational analysis of toluenec(-d3
proposed here, If we assign Cgy point group to toluenexX=-dgq
moleculs, the Ajg - By, transition ot penzene will appear
as Al-Ba, the electronic moment lying in the plane of molecule
end perpendicular to the -(Dj axis. The vibrations of symmetry
type &), by, and &, are allowed to appesr as O-1 and 1.0 transi-
tions, However only those vibrationg wvhich induce the eilectrie
moment in the direction of X- axis will be strong and as such
the transitions accompanying the vibrations of symmetry type 4
should have appreciable intensity while those accompanying by
and &, type of vibrations should be weaker, Since some reatures
of Cglig are expected to remain in the spectrum of tolueneo-d3,
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The assignment of observed frequencies of toluone«:(-da

Band Difference Assignment
position from (0,0) (1 11)

36120 ~-1386 W 0-1386
36302 -1213 . 0-.1005-201,0-1213
36382 -1133 . 0-1005-115
36425 -1090 - 0-1005-74
36510 -1005 v 0. 1005
36548 - 964 vw 0.759-201
36590 - 925 . 0-624-305
36624 - 891 . 0-759-137
36682 - 833 a 0-759-74
36700 - 815 . Q.-759.54
36723 - M2 v 0-759-36
36756 - 7% n 0-75
36783 - 732 vw 0-.624~.105
36793 - 722 v 0.624.93
36837 - 678 v 0-624.54
36852 - 663 vvw 0-624- 36
36870 - 645 . 0-624-24
36891 - 624 ] 0-€24
36907 - 608 v 0.500-1C5
36926 - 589 n 0.500.93
WD - 566 vvw 0-500-74
26964 - 551 v 0-500-54
36080 - 535 vvw 0-500. 36
36096 - 519 . 0. 50022

Contd, , /-
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37015
37061
37082
37113
37127
37142
37164
37195
37210
37220
37241
3725
3727
37299
37314
3733%
37366
37378

37400
37410

37422
37441
37461
3747
37v1
37515
37550
37569

- 454
- 433
-~ 402
- 388
- 373
- 351
- 320
- 305
- 25

- 256
- 23%
- 216
- 201
- 10
- 1l®
- 137
- 115
- 105
- 93
- 74
- 54

- 24

ugzgtugaiaigtggn

P« 3 < |

«

vvs

vvw

0500

0-402-54
0-402. 36

0-402, 02,201
0-201.179
0-305.74
0-305-54
0-201-115

Q- 305,0.201-105
0-201-23
0-201-74
0.201-54
0-2x115,0r 0-201-36
0-.2x105, 0-4x54
0-201
0.5004316, 0-.179
0-2x74
0-448+316,0.137
0-74.54

O- 4024298 , 0-2x54
0-6244528 ,0-93
Q- 5004430, 0-74
0-201%144,0-54
0-1005%970, 0-36
0-7594733, 0-24
(0,0) band
04144-105, 0435
O#144.93, Ous54

Contd,, /-
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Table One (cont.)

3755 80 vw  Owl44.74, 0480
37624 108 m  0-144-36, 0-1(0
37699 144 m Qw147

37672 157 . O4208-2x74

37688 173 W  Owld4m3s

37701 186 vvw  Os28-115

37732 217 v Ov208-.74

37752 237 W Ow208. 54

37780 265 . OnD8- 36

37796 281 vvw  Ou316-36

37813 208 s Ow208, Ow2x147

371331 316 w On316

38D 334 vvw  O0#430.93

37869 354 YW On430-74

37886 371 vw  Ow430-54

37903 388 n On430-36

37950 435 . 0#-430

3767 452 v On528-74

37085 470 s On528.54

37999 |4 v On528- 36

B8018 503 vvw  Ou528-24

38043 528 vs On528

B064 5@ v Ow733-179

K 2Y0-70) 575 m Ow733-149, Owd304144
38119 604 . Ow733-137

38135 620 » On733.115, O#2984316
3819 634 ww On733-93, Ow2x316

3B165 650 vvw  Ow733.74
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B9l
38218
38248
38280
38315
38358
38 38
38425
38445
33472
38480
38510
38544
38560
38578
38621
38645
38671
38604
38712
38740
38764
38783
3880
338832
38863
38887
338920

676
703
733
765
800
843
883
910
930
967
970
295
1020
1045
1063
1106
1130
1156
117%
1197
1225
12@
1268
124
1317
1348
1372
1405

stgtgnzlst:ﬂt:!ﬁlutuitﬂgsnit

0x733-54, Ow5284144
On733-24
0733
On733%35

09 30-137
On733%100, Ow3164528
Owp 30-54

Ow9 30-22

09 30
0e430%528

O 30#35
0#1130.137
O»1130-105
0#1130-93
08113074
O#1130-24
041130
O#5284733-105
0#5234733-93
04733052874
0#733528- 36
On733%528.22
07339528
07334528435
047338528454
0#1130#298-74
0#113042938-54
0#11308298- 22

Contd,, /-
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Table One (cont.)
3944 142 w 0#1130+28

38972 1457 On2x733, O%) 30528
38997 1482 vow 0n73349 30-179

39013 1908 s 0#7334930-190
39034 1519 m O0#733%0 30-137
39 056 1541 v O#73349 30-115
073 1558 = Ow73349 30~105
3087 1572 - 0»73340 30,93
D104 1589 \Ad O#733%0 30-74
3118 1603 " O#73340 3054
P136 1621 w On73349 30- 36
2152 1637 " Ow733%9 30-24
1?73 1658 ww On733 30
2187 1672 ] On733470.36
3206 1691 b 0e7334070~.24
2220 1705 | O%7334070
3236 1721 w 049 304070~ 179
261 1746 m 04 30w070-140
3276 1761 vw O0#9 304970137
P D9 1784 W 049 30w370-115
39337 1822 w 040 304970-74
39 356 1841 v O#9 30497054
PBO 1875 vvw O%2 304970-24
3421 1906 m 049 304070

3 445 1930 v 0%2 304070435
3461 1946 w 0#2x970

IR 1966 a Oug70#2x528~54
D508 1993 vvw 0497 042x528- 24

P57 2022 » 0% 7042x528
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0566
2603
628
3655
PD676
P69 4
PB7%m
725
D747
772
P73
39820
844
39858
39880
39906
924
P9 42
3960
D972
3989
40012
40034
40053
40066
40111
40146

4015
40173

2053,
2088
2119
2140
2161
21
2194
2210
2232
2257
2278
2305
232
2343
2365
231
240
2427
2445
2457
2474
287
2519
253
2551
256
2631
2644
2663

] GE 4

.3:3::3:-31-3-3:513-1

O#2x1130-201
0#2x1130-179
O#2x1130-137
0+2x1130-115
O#2x1130-106
O#2x1130-23

0s2x1130-74, 07330308528

O#2x1130.54

0#2x1130. 22, 0873309708528

0+2x1130
On0 30#2x733-115
090 3042x733-94
000 30407 00430
Oh2x7 3399 30- 54
O#2x7 3349 30 36
Ow2x733-230
049 30497 0052824
On9 3040704528
O0#2x9 3047331499
0e2x9 304733137
0#2x9 30733~ 115
04D 30x2¢733.94
04733+2x9 3074
04733+2x9 3054
Ox733%2x9 30- 36
0e73382x9 30
049 3049704733
0+3x9 30.149
O0%3x9 30.137
Contq,,, /-
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Table One (cont.)

40195
40219
40247
40264
40278
40306
40337
40356
40383
4080
4042
40461
4001
40507
40531
40541
40561
40586
40602
40613
40648
40672
40838
40714
40733
40764
40786
40819

2680
2704
2732
270
2763
2791
2322
241
2368
2394
214
2046
276
292
3016
3026
3046
3071
307
308
3133
3157
3183
3199
3218
329
3271
3304

» 3« d 2« 23 <36

Etsﬁgttnzﬂls

Nt St N

O#3x930-115
Ow3x9 30.74
Ow-3x9 3054
O3x9 30 36
0e3x9 30-24
0#3x9 30

0%3x9 30436
0319 30054
0w3x9 3048 0
0319 304100
Oe2x73349 304528, O#3x970
0+3x970¢35
0*3x970054
04970x 380
0970x w109

O#9 30%3x7 33- 105
003x970+144

009 3043x7 33-54

On9 3043x733- 36

049 30+3x733

0#9 3043x733%35
049 304-3x7 33#54
0#3x1130-201
0+3x1130-179
0873340 3043x528
O#-3x1130-115
O»3x1130-74
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48 3
40869
409
40942
4176
41037
41060
41102
41127
41171
41206
41231
41288
41301
41343
4136
41408
41434
41450
41474
4197
41523
41551
41569
41534
41614

3324
3354
3p4

3461
3522
3545
3587
612
3656
3691
3716
373
3786
R2AB
RB71
R 3
1
335
PR
82
4008
4036
4054
4069
4099

v

On2x( 73340 30)
O+3x1130-36
O#3x1130
On3x1130+35
O#3x1130480

Ow7 33+3x9 30
On3x1130#157
O#3x11304186

On2x7 33+2x3 304298
007 33m349 304528

00 3044x733- 179

049 3044x7 33- 19

047 3349 30%4x 528

0#9 30#4x733-74

O#9 30%4x7 33- 36

Ond 3004x733
047334528 +3x3 30149
07334523 +3x9 30137
0#733¢523#3x9 30-115
067334528 43x9 3003
On7334528 +3x9 30-74
O8733+528+3x9 30. 36
07 33+528 +3x9 30-22
O#7 33+52843x3 30

0% 3x733+2x9 30
0e2x733%3x2 3014

Contd., /-
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41644 412 vww On3x1130+733
41662 1457 . Ow2x7 33%3x9 30-9 3
41692 4177 . 0e2x733¢3x9 30-74
41723 4208 . O#3x9 30#2x733-54
41752 4237 . 0e2x7334-3x9 30- 24
41731 4266 - 0+2x7 33%3x9 30

v = very, 8 = strong, m = medium, w = wesak,

Intensity (1) = at high vapour pressure, (ii) at low vapour
pressure,

the components of 608 (02‘) vibration of benzene should play
a significant role towards the intensity of the spectrum and
therefore, should appear strongly even if one of them belong
to symmetry type b, The by symmetry type whidh is not expected
to appear as O-1 or 1.0 transitions, may give rise to prominent
bands in 1-1 transitions. If the toluenec(-dj molecule 1s
classified to belong to C4 po:.lnt group, all the vidbrations
of benzens eare contained only'ttwo symmetry classes 1,e a' & a'!'
and both of these are allowed, of course, a'' being mich wesker
than a' vibrations,

The entire band system of tolueneoct-dg molecule covers
the region 2767.2430 A°. Nearly 225 bands have been measured
and analysed, The bands are sharp in general and degraded

towards red, At the lower vapour pressire of the 1:oluex1€|o<,-c13
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molecule, the strongest band appears at 373515 el (2664.8 A)
on the higher wavelength side of the absorption spectrum.
This band has been assigned as the (0,0) bgnd, The position
of (0,0) band of toluene has been reported at 37473 ot by
Sponer and 37478 el by Ginsberg et ul.(a) Taking mean of
the two values,ie , 37475 cal as the position of (0,0) band
for toluens moleculs, a violet shift of 40 ow™! 1s observed
for toluene «dz molecule, with respect to the nomal toluene.
Dwivedl et 11(8) have reported (0,0) band position for toluene-
X-d) at 3704 "l e, a shift of 19 el towards violet end.
Thus isotoplc shift for toluene«-d43 is more than two times
as compared to the toluene «-d; molecule, which is as expected,
The 1sotopic shift is obvicusly due to the change in the zero
point energy of the ground and excited electronic states of
the molecule,
An intense band appears at 37461 ot
of 54 cu~} on the longer wavelength side of (0,0) band, This

at a separation

is a difference frequency, as none of the vibrations of benzenas
is expected to have this megnitude. The high intensity of

this band indicates that this difference frequency should

be explained as 1-1 transition of the vibrations of low
magnitude, The lowest fundamental in the infra red and Raman
spectra has been reported at 203 and 204 cn~l respectively
by La & Snyder(l). This frequency is depolarised and has
besn assigned to class by by them. As di scussed earlier,

the vibrations of this class are not expected to participate
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in O-1 and 1-0 transitions, and therefore, a band of appreciable

1 on higher wavelength

intensity, at a separation of 203 cm™
side of the (0,0) band is not expected to appear. We have
observed a very very weak band at s separation of 201 cm1l
on the higher wavelength side of the (0,0) band. The extremely
weak intensity of a fundamental frequency of class by justifies
the classification of toluene«(-d3 molecule to belong to Cay
point group in the ground state,

The next ground state fundamental in the ascending
order of magnitude is reported at 308 en"l in infra red and
Raman spectra, This frequency belongs to class ba as assigned
by Lau & Snydor( 1) and may appear as O-1 or 1.0 transition
in the near ultraviolet spectrum with weak intensity, We
have obtained a medium intense band at frequency difference
305 aw=l on the lower frequency side of the spectrum, This
vibration belongs to lé; b vibration of benzene molecule, The
difference frequency 54 oxl should find explanation in terms
of any one of these two ground state fundamentals, 1,e, 201
or 306 a‘l, preferencially the lower one, If 1-1 transition

of fundamental 201 cu"l

explains the difference frequency

54 e-"l, 1ts excited state counterpart should have a frequency
147 el With an extremely weak intensity, although its

doudle miltiple may have appreciadble intensity., In vibrational
analysis, we find a band of medium intensity at a separation
of 144 ol on the shorter wavelength side of the (0,0) band.

As there 1s no alterative explanation for the frequency
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144 an~1l, 1t can be assigned ssam excited state fundamental,
The occurance of a fundamental of by class with medium
intenglity in the excited state indicates a possible departure
of the molecules from Cy, symmetry in the excited state.
This can happen due to nonplanarity of the geometrical
configuration of the molecule in the excited state. No observed
excited state frequency can be correlated with the ground state
fundamental 305 em~! to explain 54 @~ Moreover e transition
stafing from a vibrational level of frequency 201 e~ will
be stronger than & transition starting from a vibration frequency
305 cn™! que to Boltzmann factor.

The first prominent band on the shorter wavelength side
of the (0,0) band has been measired at 37813 carl and involves
an excited state frequency 28 el This can be explained as
2x147=234, However, an alternative assignment as an excited
state fundamental has been prefered for this frequency, It can
be correlated with one of the ground state fundamentals 305 or
402 ™, The later fundamental has been measired at 406 cm~ !
in infrared and at 405 ca~l in Reman spoctrau) and is depolarised,
It belongs to symmetry class ap and is related to the 16:9. vibra-
tion of Benzene, If one correlates the ground state fundamental
402 ol with the excited state fundamental 298 a"l, a difference
frequency 104 a‘l 1s expected as a result of their 1-1 transition,
which has been actually observed. If the frequency 8 an™L is

not taken as fundamental, the ground state frequency 402 o1
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ecan also be explained as 2x201, La & Snyder(l) have justitied
the fundamental nature of 402 cm~l by theoritical calculations,
and the same justification holds good in taking the frequency

1 as a fundamental,

28 om”
The next ground state frequency has been reported at

447 em“l in Raman spectrum which is polarised and belonmgs to

symmetry class b1, This frequency appears at 443 a1 in

<® infra-red spectrum as reported by Lau & Snyderu‘). Its
appearance as O-1 transition in the electronic spectrum is

not expected, but as pointed out ealier, its 1-1 transition
may appear, We, therefore, correlate the frequency 3156 e
of excited state with this (448 cn™ 1) frequency of ground
state, and get an explanation for a medium intense band at

13 cm'l ( 0-4484316=132) on the red side of tha (0,0) band.

The absence of a ground state frequency of 443 et (class b1)
in near ultraviolet 1svﬁ.he confimity with Cy, symmetry of

the molecule, However, 1if the excited state frequency 313 !
represents a vibration of the same symmetry in the upper electro-
nie state m 1ts appearance with appreciable intensity in
the electronic spectrum can only be explained on the basis of
nonplanar geometrical configuration of the excited molecule,

In the electronic spectrum of benzene derivatives the
components of the 608 (928) vibrations of benzene are quite
important, Ginsberg et 11(3) have reported the frequency 514 (w)
and 620 (w) as the ground state fundamentals 6a and 6b respecti-

vely in the normal toluene molecule, Dwivedl et 31(8) have
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reported two ground state fundamentals at 519 and 632 cm‘l in
toluenex-d, molecule, Lm and &xyder( 1) have assigned 6a

vibration to a frequency 49 en"l observed in Remen as well as

infrea red spectra while 6b to a frequency 622 m'l. The former

frequency 1s polarised and belongs to class a) vhile later

is depolarised and related to b2 symnetry class, Therefore,
thelir appearance in the electronic spectrum of toluene=-dg
molecule 13 expected with appreciable intensity, We observe @
medium intense band at 37015 an"l, ie, at & separation of

500 ca~1 fram (0,0) band on the lower frequency side, and

another an intense band at 363891 el"]'

s 18, a frequency separs.
tion 624 ca”! on the same side, We can assigh them as the
ground state fundsmentals 6a and 6b respectively, The 6a
vibration has been assigned a value 456 cn-l and 6b to 528 !
in toluens in the By state, An intense band at & frequency

1 on the higher frequency side of the (0,0)

separation of 528 em™
band has heen obtainad in the spectrum of toluene <-d3 and

can be very safely considered as the 6b vibration in the By
electronic stats, Its l-1 transition appears at 97 ai' confir.
ming the correlation, Hence we note that the 6b vibration

has almost the same megnitude in toluens, toluenex-dy and
toluene %X-dg molecules, It is not against expectations, since
this (6b) vibration is independent of the substituent groups
in monoderivatives of benzene. The 6a& component in the excited

state has been reported at 454 and 456 an  for toluene and

toluene a(-dl molomlosw) respectively, A medium intense band
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appears at a frequency difference 430 m‘l and has been assigned
s & fundamental, representing 6a mode in the upper electronic
gtate., The 1.1 transition appears at 74 a”l It is noted

that 6a vibration has lower frequency in toluene o(-d3 compared
to toluens in the A; as well as By electronic states, This
shows that the vibration is x-sensitive which is expected

from the mode of this vibration in benzene,

The explanation for s difference frequency 170 cu~t has
been intriguing, A difference frequency of this magnitude
has also been observed in toluene by Ginsberg et al(S), but
no Plausible gxplanation could be given by them, An attempt
ean be made to explain this frequency as a combination of

the exclted state fundamentals 316 an™> and the ground

state fundementsl 500 ex™l, T™is transition can appear
with appreciable intensity, as is the case, only when the
molecule loeses all 1ts symmetry elements in the excited
electronic state,

A very strong frequency appears in Raman spectrum
of toluenec(-d at 758 o™ > which is polarised, le, totally
symmetric and belongs to symmetry class &, as reported

by Lau & Snyder(l). This frequency is observed at 760 em™>

in infra-red spectrum, and has been correlated with blu 1010 em'l
vibration of benzene ring, In case of toluene, it appears

at 788 cm'l in Raman and infrared spectra, We have found

1

a medium intense band at 75 o™~ on the lower frequency side
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of the (0,0) band which is asgigned 8s fundamental, Its coun-
terpadt in the excited state 1s the frequency 733 om™> which

1on the

will produce & very weak band at a separation 26 o™
red side of (0,0) band 8s & result of 1.1 trensition., We find
& very weak band at 24 un"l which confirms our correlation,
The highest ground state fundamental identified in
ultra-violet s spectrum is 1005 u"l. This frequency &ppears
at 1003 o™} in Raman and infrared and the ring characteristic
of benzene is correlated with this, The frequency is polarised
and totally symmetric as reported by Lam & ‘Snyder( 1). The
excited state counterpart of this fundemental has been found
at 930 ca™}, The 993 (23g) and 1010 (byy) e~ vibrations
of bengzene intemmix to remult into a composit mode in benzene

derivatives, We prefer to assign the fundamentals 759 (BS 733)

co~l and 1006 (BS 930) u"l as the lover and upper components
of the totally symmetric composite ring vibrations, The lower
component 1s x-sensitive,

The C-(Hy stretching frequency (7a) has been assigned
a value 1211 car! in infrared and Raman (polarised) spectra,
Ginsberg et 11(3) have reported it at 1212 en~1 (vww) 1in elec-
tronic spectrum of toluene, In tolueneo(-dz molecule a frequency
1184 can~? in infrared and 1182 en™ ' in Raman spectra has been
observed, The counterpart of this frequency in the exclted
electronic state of toluene has been reported at 1139 al

Here agaln we expect a lower value for toluenecx-ds molecule,
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Therefore the excited fundamental 1130 ¢:||'1 has been agsigned

to represent C-CD3 (7a vibration) frequency .

Most of the bandsin the absorption spectrum are assigned

to remult due to combination of the fundsmentals as di scussed

earlier, The prominent bands have been analysed in terms of

above di scussed fundamentals and their overtones, (Table 1).

8,
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