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VIBRATIONAL ANkLYSIS OF 2665 A' 

SYSTlM OF ZDLUENBO(-d3 

G. N. f l  Tripathi 

Department o r  Physics 

University of Gorakhplr 

OORAKHPZlB 273001 

I NDI A 

& 

B. N. Tmari 

Kisan Degree College, Bahra lch .  

The vibrational analysis of the near ultraviolet 

spectmm of tolueneo(-d3 molecule has been ddna 

band has been assigned a t  37515 car1 (26648 A). 

bands hove been interpreted In terns of the ground state 

fundmental frequencies 201, 305, 402, 500, 624, 793 & 1005 emw1 

and excited state frequencies 9 8 ,  316, 430, 5%, 733, 930, 970 

The (0.0) 

The observod 
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354 TRIPATHI AND TEWARI 

& 1130 anm1. 

Bunan and electronic spectra of toluene and toluene D(-d3 molecules 

a r e  oorrelated. 

assigned to Czv point group i n  the ground electronic  state. 

A non-planar geometrical configuration i n  the excited e l ec tmnic  

s t a t e  has been agges t ed  t o  explain the in t ens i ty  of some of the 

upper s t a t e  fundamentals of low magnitude. 

o f  40 

w i t h  respect t o  the  nonnll toluene molecule. 

The Pundamantala determined iroa the inPra red, 

The toluene and toluene e(-il3 m l e m l e s  are 

An i s a top ic  s h i f t  

has been found for  the ( 0 , O )  band O P  toluene o( -dg 

The eleetronic band system w h i c h  appears i n  the 

waveJ.agth mgion 2600,3000 A" i n  benzene derivatives 

corresponds t o  the symmetry forbidden t r ans i t i on  Au-Ba 

of benzene. The role of a a b s t i t u a n t  grmp, which replaces 

one of the six hydrogen atoms oP benzene, i s  t o  a l t e r  i t s  

h i g h  symmetry and hence t o  allow the transit ion.  The i n t ens i ty  

and  s h i f t  i n  the spectra o f  a benzene derivative i s  interpreted 

i n  terms of  Inductive and mesomeric rffects.  In  the der ivat ives  

exerting weak inductive and mesomeric a f f ec t s ,  l i k e  -bi3 group, 

t he  electronic spectra are  expected to  have more correspondence 

w i t h  the benzene molecule. TherePore, toluene molecule should 

exhibi t  the pecu l i a r i t i e s  of an allowed t r ans i t i on  while s t i l l  

retaining some features  of the forbidden 2600 A" t r ans i t i on  
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2665 A' SYSTW OF TOLUENE a-d3 355 

oP benzene, whlch makes the vlbratlonal asdgnaent of olectronio 

spectrum of toluene molecule qui te  Interesting. The near u l t r t  
v lo lo t  spectra of toluone molecule was studled by Oulsberg 

e t  al(3) whilo InfrqLspectmn oP toluene and tolu.ne4-dg by 

Wilmshurrt and Bernsteln'?) T r i p a t h i  e t  .1 4' ') rtudlod 

noar u l t r a v i o l e t  spectra oP a few dorlvativss oP toluene. 

L a  md Snyder(1) have correlated Bmm and lnfra red Prequencies 

red 

Of t 0 l U W 0 ,  tolUUIe -% Uld t a l U e n O o ( - d 3  mlOa~le& The 

electronic  spectra of only a Pew d a t e r a t e d  benzenes are reported, 

i n  l i t e r a t u n .  

vibrational a n a l y d s  of t h e  electronic  absorption spectlua 

The prosmt paper considers I n  detai l  the 

O f  tolUaeo<-dg mlealle. The 8peCtNrP Of t h i s  l l o l O c U l e  

10  expected to show a close resaablance with tha t  oP normal 

tolueno. 

a f f e c t s  srme of t h e  fundamentals i n  the graand and excited 

electronic states. This holps I n  identifylng the fundamentals 

sensi t ive t o  substi tution (x-sensitive). The (0,O) band may 

also show a &lit with respect t o  the parent molecule due t o  

change I n  the  difference oP zero point energies I n  the two 

electronic states. We have determined several g r a n d  and 

excited state fundamental vlbratlonal frequencies and the i r  

00 rrespondlng vlbratlonal modes have been assigned trking he lp  

of the i n f n  red and B.mM SpeCtrk (1 9 2 9 396) 

fundamentals I n  t h e  excited s t a t e  have been chosen j u s t  t o  

explaln t h e  difference frequencies and the symmetry of  the 

toluene and toluened-d3 molecules In  the upper e lectronic  

ILho replacement of hydrogon atom by dater lum 

&me of the 
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356 TRIPATHI AND TEWARI 

s t a t e  is dlscurrod in the l i g h t  of the approelable in tons i tp  

o f  the bands involving thore f indman ta l a  

-8- 

of  high purl ty  was procured from M/S Her& 91arp Lk Dahmo, Canada 

and was used as m&. 

medium quarts apectrograph using absorp$ion path of 50 cfn” 

long tube, a t  room taperaturo. 

fmm 20 minutes t o  one hour. 

as a source of continuous mergp and an i ron  arc 

recording tho standard SpOCtNm o f  i ron t o  compare the spectrum 

o f  tolurngGdg 

when inserted i n  the absorption column, r e a r l t s  i n t o  su f f i c i en t  

quantity of  vapours t o  cause the absorption o f  important bands. 

The weaker bands havo been developed by increasing the amount 

of compound In the  absorption column. 

A ramp10 of tolu.neo(-dg compound 

The rpectmm wa8 photogrephod on Hilger 

The oxpornre time was varied 

The hydrogen lamps was used 

f o r m  

Only a f ract ion of a drop of  t h e  compound, 

!he band p o d t i o n s  of the molecule corrocted t o  the 

vacuum, their i n t e n s i t i e s  and vibrational assignments are 

given In Table 1. In Table 2, the !‘UndMental frequencies 

of toluene&-dg are compared with the frequencies reported in 
Ramon and i n f r a  red spec t r a  Those are elso compared wlth the 

values for  toluene and tolueneo(-dl, molecules. 

of our observations I s  3 3 aa-l for sharp bands and 2 5 

f o r  diffused and weak bands. 

sample has been confirmed by non appearance of even the strongest 

bands of toluene i n  the spectmm of toluened-dg 

The accuracy 

The puri ty  of the toluene&-d3 
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2665 A' SYSTEM OF TOLUENE a-d3 357 

A8 pointed m t  In Introduction the -(Xi3 and -cD3 substi- 

tuont graups have n mall porturbotion effect on the o r b i t a l s  

o f  phony1 ring electrons. Therefon, the spectrum of  toluene 
i r  a p e c t e d  t o  r e t a in  certain features of benzene spectmm 

as w e l l  as other features  arlcdng from the reduction of symmetry 

from 4 h  h w l r  SJRaetW tn0. The (0,o)  b a d  1 8  a p e c t e d  
to  appoar dth appreciable intensity. Bpon~r'~)  has assigned 

a symmetry C, and Ginsberg e t  

8peCtnam of toluono. 

Q,, t o  oxplain Raman spectrum of toluene and Lru and slydrr'l) 

I n  the analysis of Rmm and i n f r a  rea spectra of toluene, 

toluenea(-d3 nnd toluene -%. Our attempt i s  t o  verlfy 

these points fraP the vlbrational analysis of toluenea(-dg 

proposed here. 

molocule, the  A l e  - B a  t r ans i t i on  o r  Denzene w l i i  appear 

as A1-B2, the olectronic  moment lying i n  the plane of molecule 

md perpendicular t o  the La3 Pxia 

typo al, b2 and n2 aro allowed t o  appear as C L 1  and L O  transi- 

t i o a a  However only those vibrat ions vhich induce the electric 

momat in the direct ion of L. ox i s  W i l l  be strong and as mch 

the t r ans i t i ons  accompanying the vibrations of  symmetry type a1 

should have appreclrble i n t e n d t y  a l e  those accompanying b2 

Cz, to u p l a i n  the electronic  

Pltrer Md Scott(3) considered symmetry 

If we assign ';zv point group t o  t 0 l u e n e 4 - d ~  

The vibrat ions of symmetry 

and % type of  vlbrat ions should be weaker. 

o f  (+€I6 are expected t o  m a i n  i n  the spectmm of toluened-&, 

&nee some reatures 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



- 
The assignment of observed frequencies of t0 luene4-d~ 
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n164 
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Table One (cont.) 
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Table One (cont . )  
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Table One (cont.) 
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366 TRIPATHI AND TEWAKI 

41644 4123 

4 166 2 1457 

4169 2 4177 

41723 42@ 

41752 4237 

4178 1 4266 

VVW b 3 ~ 1 1 3 b 7  33 

a h2x7 33~3x9 30-9 3 

a b2X73~3x930-74  
I 0*&9 30+2x7 33.54 

a W2x7 3343x9 30- 24 

* 0 ~ 2 x 7  3&&9 30 

v = very, s = strong, m = medium, w = weak. 

I n t e n s i t y  (I)  P a t  h i g h  vapour PressIre,  (11) a t  low vapour 
pressure, 

the components of 608 (a2,> vibration of benzene should play 

a s i g n i f l c m t  mle  towards the in t ens i ty  of the spectrum and 

therefore,  ahauld  appear strongly even if one of them belong 

t o  syermetry type b2. The bl symmetry type  whldh i s  not expected 

t o  appear as 0-1 or L O  t ransi t ions,  may g i v e  rise t o  prominent 

bands i n  1-1 transit ions.  I f  the toluenea<-d3 moleaxle is 

c la s s i f i ed  t o  belong t o  C, point grmp, all the vibrations 
3rr 

o f  benrem are contained o n l y p m  symmetry classes 1.e. a' & 0" 

and both of these are 8llowed, of course, a" being much weaker 

thnn a' vibrations. 

The e n t i r e  band system of toluene&-dg molecule covers 

the  region 2767-2430 A'. 

and analysed. The bands am sharp i n  general and degraded 

towards red, 

Nearly 225 bands have been measured 

A t  the lower vepour p r e e s a r e  oP the tolU@ned-d3 
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368 TRIPATHI AND TFWARI 

.oleaule,  the strongest band appears a t  37515 (26648 A) 

on the higher wavelength slde of the absorption spectrum. 

This band has  been assigned as the (0,O) band 

o f  (0,O) band of toluene has been reported a t  37473 cm-’ by 

Sponer and 37478 car1 by GinsbeFg e t  al.(3) 

the two values,ie , 37475 ano1 as the p o d t i o n  of (0,O) band 

f o r  toluoru molecule, a v lo le t  s h i f t  o f  40 am’’ is observed 

f o r  tolueneo(d3 molecule, wlth respect t o  the normal toluene. 

Dwlvedi e t  al(*) havo reported (0,O) band poslt ion f o r  toluene- 

d - d l  a t  37484 cm-’, i e ,  a f i f t  of 19 m i 1  towards v io l e t  end. 

Thus ieotoplc  s h i f t  for tolueru4(-d3 is more than two times 

as ampared t o  the toluene +dl mle~ule ,  which is as expected. 

The i so top ic  sh i f t  is obvlously due t o  the change i n  the zero 

point energy of the  gmUnd and excited electronic  s t a t e s  oP 

the molecule. 

An intense band appears a t  37461 ama1 a t  a reparation 

The posit ion 

Taking mean oP 

of  84 aa-l on the longer wavelength s ide  of ( 0 , O )  band, 

i s  a difference froquency, as none of the vibrations of benzans 

is oxpected t o  have this magnitude. The high i n t e n s l t y  of 

t h i s  band ind ica t e s  that this diffel’0nce frequency ehould 

be explained as L1 t rans i t i on  of the vlbrat ions of low 

mgnitnde. The lowest fundamental i n  the i n f r a  red and Runan 
speotm has been reported a t  203 and 204 

by L a  & Snydedl). 

been assigned t o  c l a s s  bl by them. 

the vibrations of this c l a s s  are not expected t o  p a r t i d p a t e  

This 

respectively 
This frequency i s  depolarised and has 

As discussed e a r l i e r ,  
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2665 A" SYSTEM OF TOLUENE a-d3 369 

I n  0-1 and L O  t r a n d t l o n s ,  and therefore, a band of appreciable 

in t ena i ty ,  a t  a separation of 203 an-' on higher wavelength 
side of the ( 0 , O )  band I s  not expected t o  appear. Me have 

observed a vory very w e a k  band a t  a reparation of 201 cm-l 

on tho higher waalength d d e  of the (0,O) band. rPhe extremely 

weak inCensity of  a fUda111Ont81 frequency of class b l  j u s t i f i e s  

tho classi f lcat ion of tolueneo(-dg molecule t o  belong t o  Qv 

point  ( r a p  in the ground state. 

order of magnitado I s  n p o r t e d  a t  308 emn1 in infra red and 

R m r n  spectro. 

by L u  & 

in the  near  u l t m r l o l e t  apectzua with weak intensity.  Ye 

have obtained a medium Intense band a t  frequency difference 

305 a-1 on the lower inquoncy d d e  o r  the spectmm.  his 

tibration belongs t o  1 r b  vibration of benzene moleaule. The 
difference frequency 54 can' should flnd oxpluratlon in terms 

o f  m y  one of  these two g r a n d  s t a t e  fundamentals, 1.e. 201 

or 305 am-', pnferencia l ly  the lower one, 

o f  f indmental  201 em-' explains t h e  d ~ i ~ o r e n c e  irrquencp 

54 d', i t s  Woited state counterpart ahauld have a frequency 

147 ang1 with u1 ut reae ly  we& i n t ens i ty ,  although I t s  

double u l l t i p l o  may havo appreciable intensity.  

analgais, we find a band of medium I n t e n s i t y  a t  a separation 

of 144 cmol on the shorter wavelength side of the ( 0 , O )  band. 

A8 there is no a l t e rna t ive  explanation f o r  the frequency 

The next grand  s t a t e  fundamental in the ascending 

This frequoncy belongs t o  c l a s s  b2 a s  assigned 

and may appear as 011 o r  L O  t r ans i t i on  

Y 

If L1 t r ans i t i on  

I n  vibrational 
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370 TRIPATHI AND TEWARI 

144 -01, i t  can be assigned 8 s  an excited s t a t e  fundomental. 

The occurance of 8 fundmental of b l  class W i t h  medium 

l n t e n d t y  i n  the  excited s t a to  ind ica t e s  a possible departurn 

of the molecules from %v symmetry in the u x d t e d  atate. 

This can happen due t o  nonplanrrlty of the geometrical 

configuration of the molecule in the excited state. No observod 

o x d t e d  s t a t e  frequmcy can be c o r n l 8 t e d  with the g r a n d  s t a t e  
fundamental 305 clam' t o  axplain 54 a-1. Haroover t r ans i t i on  

a t q i n g  from a vibrational l eve l  of fmqucmcy 201 cmol w i l l  

be stronger than 8 t r ans i t i on  s t a r t i ng  fran 8 vibration frequency 

305 cmol due t o  Bol tmum factor. 

r 

The first prominent band on the shorter wavelength s ide  

of the (0,O) band has  been measured a t  37813 u d  and involves 
1 an e x d t e d  s t a t e  froquency 288 cm- . This can b u p l a l n e d  aa 

-147-&14, However, an a l t e rna t ive  aasignment a s  an a d t e d  

s t a t e  fundamental has been preferrd f o r  this frequency. I t  can 

be correlated wlth one of t h e  ground stato findamentala 305 o r  

402 aaol. The l a t e r  f indmental  has been meamred a t  406 Cla'l 

i n  infrared M d  a t  405 i n  BUaPn 8peCtrai1) (md 1s dOpOl8d8@d. 

I t  belongs t o  symmetry class a2 8nd is related t o  the 1 6 a  v i b r e  

t l o n  of Benzene, If one correl8tes  the ground a t a t e  fundamental 

402 emo1 With the u d t e d  s t r t e  fundamental 288 claol, a dIfferonC0 

freWoncy 104 cmol i s  axpected 80 8 M a l t  of t h o i r  1 1  t ransi t ion,  

which has been actual ly  observed. 

not  token as fundamental, the g r a n d  atate frequency 402 

.L 

If the frequency 288 ano1 l a  
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2665 A' SYSTEM OF TOLUENE a-dg 371 

cm also be explained as 2x201. L a  & Snyderc1) have j u s t l t i e d  

the  fundamental nature of 402 an-' by theo r i t l ca l  calculations,  

and the same j u s t i f i c a t i o n  holds good i n  taking the frequenoy 

298 cm-l as a fundamental. 

The next ground s t a t e  frequency has been reported a t  

447 an' i n  Raman spectmm which I s  polarlsed and belongs to  

symmetry c l a s s  b t  

tr i n f r e r e d  spectmm as reported by ~ a u  & SnyderL1). Its 

appearance as 0-1 t r ans i t i on  i n  the electronic spectrum i s  

not apected,  but as pointed cu t  ealier,  I t s  Ll t r ans i t i on  

may appear. 

"hj.9 frequency appears a t  448 m i 1  i n  

We, therefore, correlate  the frequency 316 QU-' 

o f  e x d t e d  state with t h i s  (443 an-'> frequency of ground 

s t a t e ,  M d  get  an cuplanation for a medium intense band at  

138 cm" (CL448+316=132) on the red side of the (0,O) band. 

The absence of a ground s t a t e  frequency of 448 cm" ( c l a s s  b l )  

i n  near u l t r a v i o l e t  l s p h e  c o n f i m l t y  with CZv symmetry of 

the molecule. 

im 

However, i f  the excited s t a t e  frequency 316 cm-l 

represents a vlbration of the same symmetry i n  the upper electro- 

n i c  s t a t e  w, i t s  appearance with appreciable i n t e n s i t y  in 

the e lectronic  spectrum can only be explained on the basis  of 

nonplanar geometrical configuration of the excited molecule. 

I n  the electronic  spectrum of benzene der ivat ives  the 

components of the 608 (ez , )  vlbrat lons of benzene are qu i t e  

Important. 

and' 620 ( w )  as the graund s t a t e  fundamentals 6a and 6b respecti- 

vely in the nomal toluene molecule. 

0 

-1 / 

Ginsberg e t  d3) have reported the frequency 514 ( w )  

Dwivedi e t  al'8) have 
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372 TRIPATHI AND TEWARI 

roported two g r a n d  s t a t e  findrmentals a t  Sl9 and 632 cm-l i n  

tolueneq-dl molecule. 

vibrat ion 

L a  Md Snyder”) have assigned 6a 

t o  a frequoncy 439 amm1 observed in liuaan as well as 

l n f r a  red spectra WNle 6b t o  a frequency 622 

frequency i s  polarlsed and belongs t o  elass a1 vhile  l a t e r  

i s  deprlarlsed and related to b2 rymmetry claas. Therefore, 

t he i r  appearance In the electronic rpeotmm of to1uone~~c-d~  

molecule i s  oxpected wlth appredable  i n t e n d t y .  

medium Intense band a t  37015 ang1, 10, at  a reparation of 

500 cm-l from ( 0 , O )  band on the lowar fnquoncy aide, and 

another an intense band a t  WEBI am-’, i e ,  a imwencJr separL 

tlOn 624 cum’ on the same aide. 

g r a n d  state findamentals 6r 8nd 6b respectively. The 6a 

vibrat ion has been rssigned a value 856 

in toluene i n  the B2 state. 
soparatton of 528 ang1 on the h ighe r  frequency d d e  of the (0,O) 

band has been obtoinsd in the spectrum o f  tolurneO<-d3 and 

can be very safoly considered as the 6b d b r a t i o n  in the B2 

e lec t ron io  state. 

ming the  correlation. Hence ‘YI, note t h a t  the 6b  vibration 

has almost the same magnitude I n  toluene, toluoned-dl and 

toluene 4-d3  molecules. It i 8 not  against  expectations, since 

t h i s  (6b) vlbration i s  Independent of the substi tuent graups 

in monoderlvatives of benzene. 

s t a t e  has been reported a t  454 and 456 f o r  md 

toluene d-dl molecules(8) respectively. A medium Intense band 

’Ehe former 

Ye observe 

We CM asslgn than a s  the 

and 6b t o  528 an” 

An intonae band a t  8 frequency 

I t s  1-1 t r ans i t i on  appears a t  97 ti’ confir- 

The 6~ component i n  the u d t e d  
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2665 A" SYSTEM OF TOLUENE a-d3 373 

appears at  a frequency difference 430 an" and has been assigned 

a s  a fundamental, representing 60 mode i n  the upper electronic 

' he  Ll t r ans i t i on  appears a t  74 a- 1 . I t  i s  noted 

t h a t  60 vibration has lower Prequency I n  toluenec(-dg compared 

t o  toluone I n  tho A1 as well as  B2 electranic states. 

shows that the vibration I s  x-sensitive which i s  expected 

frwl the node of t h i s  vibration In benzene. 

This 

l b e  explanation Por a differonce frequency 179 cnol has 

been Intriguing. 

has a l s o  been observed in toluene by Ginsberg e t  ~il'~), but 

A difference frequency of t h i s  magnitude 

no p'rusible explanation could be given by them. 

can be made t o  explain this frequency as a combination of 

t he  e x d t e d  state fundamentals 316 ano1 and the  g r a n d  

s t a t e  htndmental 500 df 

w l t h  approdable in t ens i ty ,  as I s  the case, only when the 

moleaule looses  al l  i t s  symmetry olements i n  the exxdted 

electronic state. 

An attempt 

Ilhis transition can appear 

A very strong frequency appars in Raman spectmm 

o f  t 0 l u m e 4 - d ~  a t  758 an" which i s  polarised, 10, t o t a l l y  

symmetric and belongs t o  symmetry class a1 as reported 
by Lsu & This Prequency i s  observed a t  760 ano1 

I n  lnfra-red spectnrm, and has been correlated w i t h  bu 1010 aa- 

vibration of benzene ring. In case of  toluene, i t  appears 

a t  788 cm-1 in ~ m ~ n  and i n f r a red  spectra. 

1 

~ l e  have found 

a medium intmss band a t  7 3  aa" on the lower frequency side 
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374 TRIPATHI AND TEWARI 

o f  the ( 0 , O )  band uhlch 1 8  arshgned o r  fundamental. 

terpaht  I n  the u c d t e d  state I s  the IrWUOnCY 733 ano1 uUch 

dill produce a very weak band 4t  a reparation 26 an-' on the 

red side o f  ( 0 , O )  band as a m m l t  of L l  t r r n d t l o n .  

a very MIJL band a t  24 ap-1 

I t s  caun- 

we flnd 

confirms our correlation. 

We highest ground s t a t e  fundamental Identif led I n  

ul t ra-violet  %a llpectlum I s  1006 me frequency appears 

a t  1003 rm" In Ruaan and Infrared and the rlng cha rac t e r l s t l c  

of benzene I s  aorrelated ulth thla The frequency is polarised 
and t o t a l l y  rynmetric as mported by Lm & Snyder(1). 

e x d t e d  s t a t e  counterpart of this fundamental h a s  been fcund 

a t  930 ang1. 

of bonzene lnterrdx t o  r e m l t  I n t o  a composit mode In benzene 

derivatives, We prefer  t o  asaign the  fundamentals 758 (ES 733) 

cm-1 and 1006 (ES 930) as the lower and upper oamponents 

of  the t o t a l l y  symmetric composite rlng vibrations. 

component I a x- send tive. 

The 

The 993 (alg) and 1010 ( b b )  an" vibrations 

The lower 

The CLB3 stretching frequency (70) has been assigned 

a vUue 1211 Clrl I n  Infrared and R~UIM (polarlsed) spectra. 

Glnsberg e t  

t ron ic  spectlum of toluene. 

1384 ano1 I n  Infrared and 1182 an-' I n  Raman spectra has been 

observed. The counterpart of this frequency i n  the excited 
1 e lec t r an ic  state of toluene has been reported a t  1189 am- . 

Here again we expect a lower value f o r  tolueneo(-d3 molecule. 

have reported I t  a t  1212 d1 ( v w )  in elec- 

I n  tolueneo(-dg molecule a frequency 
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2665 AO  SYSTEM OF TOLUENE a-dg 375 

Therefore the axxoited findamantal 1130 00'' has been assigned 

to  represent CCD3 (7a vlbratlon) frequency . 
Moat of the bandsin tbe absorption spectrum are assigned 

to  m a l t  due to combination of the hndementols as  discussed 

oarliar. 

8bove di scursed findolsentals M d  the1 r overtones. ( Table 1). 

The prominent bands have been Malysed i n  t e w s  of 
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