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VIBRATIONAL SPECTRA OF SOME SUBSTITUTED BENZENE D E R 1 V : i T I V E S  

V.N.Vermau 
Department o f  Phys ics 

Banaras Hindu U n i v e r s i t y  
U aranasi-2 21 005 

I n d i a  

ABSTRACT 

The i n f r a r e d  s p e c t r a  o f  1,2,3-; 1,2,4- and 1,3,5- 
t r ime thy lbenzenes  have been reco rded  i n  the  l i q u i d  phase i n  t h e  
r e g i o n  250-4000 cm-I on a P e r k i n  Elmer G r a t i n g  Spectrophotometer model 
521. Under t h e  g e n e r a l  symmetry cons ide ra t i ons ,  t he  molecule 1,2,4- 
belongs t o  C2" p o i n t  group, t h e  1,2,3-isomer be lcngs t o  Cs and t h e  
1,3,5-isomer t o  D3h p o i n t  group. The observed bands have been ass igned 
t o  d i f f e r e n t  modes o f  v i b r a t i o n s .  

INTHODUCTION 

The v i b r a t i o n a l  s p e c t r ?  o f  methylbenzene and d ime thy l -  

benzenes have been analysad and r e p o r t e d  by many workers (1-9). The 

work on t r i s u b s t i t u t e d  benzenes where s u b s t i t u e n t s  a r e  t h e  same a re  

l i m i t e d .  The v i b r a t i o n a l  s p e c t r a  o f  1,3,5-tr ichlorobenzene have been 

r e p o r t e d  by Daviev e t  a1.(10) and o f  1,2,4-tr ichlorobenzene by Deb 

and Baner jee (11 ). S i m i l a r l y  t h e  v i b r a t i o n a l  analyses o f  s y m - t r i f l u o r o -  

benzene and sym-t r ich lorobenzene have been presented by s e v e r a l  

* P r e s e n t  Address: Department o f  Chemistry, The U n i v e r s i t y  of Southampton, 
U n i t e d  Kingdom. 
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350 VERMA 

workers (12-16). The s p e c t r a  c f  t r ime thy lbenzenes  h2ve however been 

s t u d i e d  t o  a very l i m i l e d  ex ten t .  Ben t ley  and W a l f o r t h  (17)  have 

recorded t h e  i n f r a r e d  s p e c t r a  o f  s e v e r a l  a lky lbenzenes b u t  no a n a l y s i s  

was proposed. T h e o r e t i c a l  es t ima tes  o f  s e v e r a l  fundamental f requenc ies  

of 1,3,5- t r ime thy lbenzene  and 1,2,4- t r ime thy lbenzene  have been made 

by honnenmacher and Mecke (18)  and by aogomolov (19). Banerjee and Pledhi 

(20 )  have observed t h e  e f f e c t s  o f  changes due t o  phase on t h e  s p e c t r a  

o f  1,2,4- and 1,3,5- isomers i n  t h e  r e g i o n  600-3100 cm . Raman 

s p e c t r a  o f  these isomers a r e  a v e i l a b l e  from t h e  e a r l i e r  work o f  

Venktashwaran (21)  and Kohl rausch and Pongratz  (22). I n  t h i s  a r t i c l e  

a complete v i b r a t i o n a l  a n a l y s i s  o f  1,2,3-; 1,2,4- and 1,5,5- t r i m e t h y l -  

benzenes s p e c t r a  has been presented. 

-1 

EXPERIMENTAL 

The l i q u i d  samples o f  these isomers were ob ta ined  

from Koch-Light Labora to r ies ,  U.K. and were f u r t h e r  p u r i f i e d  by r e d i s t -  

i l l a t i o n  under reduced p ressu re  b e f o r e  uae. The i n f r a r e d  s p e c t r a  have 

been reco rded  i n  t h e  l i q u i d  phase i n  t h e  range 250-4000 cm" on a 

P e r k i n  Elmer G r a t i n g  Spectrophotometer Model 521. The s p e c t r a  a r e  

reproduced i n  F igs .  1,2 and 3. 

RESULTS AND O I S C U S S I O N  

Under t h e  u s u a l  approx imat ions t o  me thy l  group, t h e  

1,2,3- isomer may be c l a s s i f i e d  under C p o i n t  group and t h e  1,2,4- 

isomer under C p o i n t  group w h i l e  the  s y m m e t r i c a l l y  s u b s t i t u t e d  1,3,5- 

isomer would be long t o  D3h p o i n t  group. The cho ice  o f  axes a r e  i n  the  

c o n f i r m i t y  w i t h  t h e  cho ice  o f  axes o f  t h e  J o i n t  Cornmiasion f o r  

Spectroscopy. The 30 benzene l i k e  modes can t h e r e f o r e  be c l a s s i f i e d  

i n t o  d i f f e r e n t  symmetry species as fo l l ows :  

2v 

C P o i n t  group I 21a' + 9a" 

: I l a l  + 10b + 3a2 + 6bl 
2 

C P o i n t  group 

: 4a;+ 3a'+ 7e'+ 3a"+ 59'' DghPoint group 
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352 VERMA 

I n  C p o i n t  group a l l  t h e  fundamental v i b r a t i o n s  a r e  

a l l owed  i n  Raman as w e l l  as i n  t h e  i n f r a r e d  spect ra.  For t h e  C p o i n t  

group the  v i b r a t i o n s  f o r  a2 species w i l l  be i n a c t i v e  i n  the  i n f r a r e d  

b u t  a c t i v e  i n  the  Raman and t h e  v i b r a t i o n s  o f  a,, bl, and b2 spec ies  

a re  a c t i v e  i n  b o t h  spect ra.  I n  t h e  case o f  UJh symmetry, fundamentals 

o f  spec ies a; and el1 a re  i n f r a r e d  a c t i v e  and a;, e ’  and elr a re  Raman 

a c t i v e  w h i l e  t h e  fundamentals be long ing  t o  a; t y p e  would n o t  appear 

i n  any o f  these spect ra.  I n  t h e  Raman spectrum t h e  a; v i b r a t i o n s  w i l l  

g i v e  r i s e  t o  p o l a r i s e d  l i n e s  w h i l e  the  e ’  and e” v i b r a t i o n s  w i l l  r e s u l t  

i n  u n p o l a r i s e d  l i n e s .  I n  a d d i t i o n  t o  these 30 benzene-l ike v i b r a t i o n s  

s e v e r a l  a d d i t i o n a l  v i b r a t i o n s  due t o  the  d i f f e r e n t  CH3 groups would 

a l s o  appear i n  t h e  spectrum. The observed v i b r a t i o n a l  f requenc ies  and 

t h e i r  proposed assignments t o  d i f f e r e n t  modes o f  v i b r a t i o n s  a r e  g i v e n  i n  

Tables 1,II and 111. 

S 

2v 

I t  has been e s t a b l i s h e d  (26 )  t h a t  as t h e  number 

o f  me thy l  group a t t a c h e d  t o  t h e  benzene r i n g  i nc reases  the  i n f r a r e d  

spectrum g r a d u a l l y  l o s e s  i t s  a romat i c  c h a r a c t e r  and i n  extreme casee 

the  v i b r a t i o n s  o f  t h e  me thy l  groups dominate i n  t h e  i n f r a r e d  spectrum. 

The magnitudes o f  t h e  C-C s t r e t c h i n g  v i b r a t i o n s  

corresponding t o  t h e  e 

a r e  a f f e c t e d  by t h e  a d d i t i o n  o f  s u b e t i t u e n t s  i n  t h e  r i n g .  B u t  as t h e  

symmetry o f  t he  molecule is lowered f rom D b o t h  v i b r a t i o n s  s p l i t  

i n t o  two components, one hav ing  an apprec iab l y  l ower  f requency and t h e  

o t h e r  a s l i g h t l y  h i g h e r  f requency than  t h e  p a r e n t  frequency.The e 

(1485crn-’) mode of benzene i s  commonly c a l l e d  a s k e l e t a l  mode o r  

r i n g  s t r e t c h i n g ,  b u t  i s  i n  r e a l i t y  t h e  r e s u l t  o f  a c o u p l i n g  between 

C-H de fo rma t ion  and C-C s t r e t c h i n g  mode. As t h e  number o f  s u b s t i t u t i o n s  

i s  i nc reases  t h e  c o n t r i b u t i o n  of t h e  C-H moda o f  t h i s  v i b r a t i o n  becomes 

l e s s  pronounced and i t  becomes a n e a r l y  pure r i n g  s t r e t c h i n g  v i b r a t i o n .  

The f requenc ies  observed a t  1612,1567, 1498 and 1462 cm” i n  1,2,4-TME 

( t r ime thy lbenzene) ,  a t  1608, 1579, 1503 and 1450 cm” i n  1,2,3-TME and 

a t  1601, 1572, 1508 and 1488 cm” i n  1,3,5-TMB have been ass igned t o  t h e  

c-C s t r e t c h i n g  modes a r i s i n g  f rom these two benzene modes( The degenerate 

v i b r a t i o n s  of benzene would n o t  s p l i t  i n t o  two components i n  t h i s  

molecule of DSh symmetry, The assumption o f  Dgh symmetry f o r  l,3,5- 

(1595) and elu(1485) v i b r a t i o n s  o f  benzene 
29 
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VIBRATIONAL SPECTRA OF SUBSTITUTED BENZENES 353 

TABLE I 

21 O( 4b) 
2a5(2) 

321 (6) 

432(2) 

471 (3) 

557( 8) 

715(5) 

744(8) 
807(lb) 

928( 3) 

1125(2) 

1150(1) 

1205(3)  

1239(1(3) 

ma( 3) 

354( 3) 

329( 3) 

363( 3) 

372(3) 

380( 3) 

392( 3) 

41 O( 3) 

430(6) 

466( 1 ) 
528( 4) 

624( 2) 

696(2) 

804( 10) 

860(2) 

990( 3) 

1012(4) 

1116(sh) 

1148( 3) 

C-CH3 o.p.bending 

C-CH3 o.p.bending 

C-CH3 i.p.bending 

C-CH i.p.bernding 3 

C-C-C o.p.bending 

C-C-C 0.p.bending 

C-C-C o.p.bending 

C-C stretching 
(ring breathing) 

C-H o.p.bending 

C-H o.p.bending 

CH wagging 

CH wagging 

C-H o.p.bending 

CH rocking 

CH rocking 

CH rocking 
C-H i.p.bending 

C-CH3 syrn.stretching 

C-CH3 asym.stretching 
C-CH3 asym.stretching 

3 

3 

3 

3 

3 
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1377( 10 )  

1444( 5b) 

1571 ( 4 )  

161 5( 7 )  

2731 (1 ) 
2857( 3 )  

2912(6b) 

3038( 3) 

VERMA 

TABLE I (continued) 

1378( 6 )  

1404( 3 )  

1444( 7 )  

1456( 6 )  

1462( sh)  

1473( 4) 

1498(7) 

1521(2) 

1560( 2 )  

1567( 2 )  

1612( 4 )  

1634( 2)  

1650( 2)  

1682(2) 

1717(2) 

1728(2) 

1736(2) 

1744( 2)  

1827(2) 

2716(1) 

2840( sh)  

2908( 9 )  

2946( sh)  

2983(7) 

3028(sh, b )  

C-H syrn.def.in CH3group 

528+860 

C-H asyrn.def.in CH group 

C-H asym.def.in CH group 

C-C s t r e t c h i n g  

C-H asyrn.def. i n  CH group 

C-C s t r e t c h i n g  

3 

3 

3 

990+1148-624 

990+1012-430 

C-C s t r e t c h i n g  

C-c s t r e t c h i n g  

147 3+1148-99 0 

2x329+990 

2x528+2~624 

466+624 

286+1444 

329+1404 

286+1456 

329+1493 

2( C-H syrn.def.in CH3) 

C-H syrn.stretching i n  CH 

C-H syrn.stretching i n  CH 

C-H asyrn.stretching i n  CH3 

3 C-H asyrn.stretching i n  CH 

C-H s t r e t c h i n g ( a r o r n a t i c )  

3 

3 

.................................................................... 
N.B. : The i n t e n s i t y  is g i v e n  i n  t h e  pa ren thes i s .  

i.p.=in-plane; o.p.=out-of-plane; def,=deforrnation; .syrn.= 

ayrnrnetrical; asyrn.=asyrnrnetrical; ehzshoulder and b=broad. 
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TABLE I1 

228 

269 

484 

509 

536 

654 

744 

81 0 

888 

990 

1090 

1163 

1240 

1317 

264(3) 

286( 3 )  

31 3( 4) 

370( 3 )  

391 ( 3 )  

443( 1 ) 
469( 1 ) 

4g2(  1 ) 

521 (1 ) 
64B( 1 b )  

700(9) 

753(10) 

976(4) 

9 9 7 ( 6 )  

1084( 7 )  

11 53(3) 

1236 (1 b )  

1368( Bb) 

1432(9) 

1450(sh) 

C-CH3 o.p.bending 

C-CH3 o.p.bending 

C-CH3 i.p.bending 

C-CH i.p.bending 
3 

C-C-C o.p.ring def .  

C-C-L 0.p. r i n g  def. 

C-C-c o.p.ring def .  

C-C-C O.P. r i n g  def .  

C-C s t r e t c h i n g  
( r i n g  b r e a t h i n g )  

C-H o.p.bending 

CH wagging 

CH wagging 

C-H o.p.bending 

CH3 r o c k i n g  

CH r o c k i n g  

C-H i.p.bending 

C-CH3 syrn.stretching 

C-CH asym.st retch ing 

3 

5 

3 

3 

3 C-H sym.def.in CH 

C-H asym.def.in CH3 

C-C s t r e t c h i n g  
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356 VERMA 

1468 

1589 

TABLE I1 (continued) 

3 C-H asym. daf . in  CH 

C-H asym. de f . i n  CH3 

1455( 9 )  

1466( 10)  

1503(4) C-C s t r e t c h i n g  

1537(4)  443+1084 

1579( 7 )  C-C s t r e t c h i n g  

1606(2)  C-C s t r e t c h i n g  

1630( 2 )  264+1368 

1642( 2 )  648+997 

1649(2) 286+1368 

1668(2) 7 00+97 6 

1681 ( 2 )  463+1236 

1701 ( 2 )  264+1632 

1716( 2 )  264+1455 

1764(2) 286+1466 

1826( 2 )  31 3+2x753 

1837(2) 753+1084 

1900(2)  443+1455 

2829(9) 2(C-H sym.def.in CH3) 

2983( sh)  

2866 C-H asym.stretching i n  CH3 

3 
3045 C-H s t r e t c h i n g (  a romat i c )  

C-H asym.st retch ing i n  CH 

3710(2) 2x264+2xI 579 

N.B. t As i n  t h e  f o o t n o t e  of  Tabla I. 

t r ime thy lbenzane  i s  j u s t i f i e d  o n l y  as l o n g  as t h e  CH3 group i s  taken  

as a p o i n t  mass. For t h e  assignments o f  t h e  r i n g  v i b r a t i o n s  t h i s  i s  t o  

some e x t e n t  j u s t i f i e d .  However, as CH3 i s  n o t  r e a l l y  a p o i n t  mass t h e  

a c t u a l  symmetry of t h e  molecule i s  n o t  e x a c t l y  Dgh and the  degenerate 

v i b r a t i o n s  may show a s p l i t t i n g  as assumed i n t h e  p r e s e n t  case. Ofcourse, 

one can n o t  be comp le te l y  c e r t a i n  on t h i s  p o i n t ) .  Th i s  shows t h a t  

s h i f t s  i n  t h e  components o f  1485 cm” from the  p a r e n t  f requency a r e  much 

l e s s  i n  1,3,5-TMB as compared t o  t h e  o t h e r  isomers. T h i s  seems t o  be a 

genera l  r e s u l t  f o r  t r i s u b s t i t u t e d  benzenes, as corresponding mode i s  
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TABLE I11 

51 9 

578 

847 

976 

998 

1036 

1255 

1301 

1357 

1380 

(1 438) 

................................................ 
233 C-CH3 ~ . ~ . b e n d i n g  

275 273( sh) C-CH3 i.p.banding 

300( 2 )  C-CH3 o.p.bending 

322( 2) C-CH3 i.p.bending 

330( 2 )  

338( 2 )  

353( 2 )  

378(3) 

4OO( 3b) 

456( 3b) C-C-C o.p.bendimg 

C-C-C o.p.ring def .  

f-c s t re tc l&ng 
ring brea 1 9)  

662( sh)  C-C-C O.P. r i n g  def. 

687(8) C-C-C 0.p. r i n g  dcf. 

835( 10)  C-H 0 . p .  bending 

CH r o c k i n g  

CH r o c k i n g  
980(sh) 3 

3 
1033( 2 )  C-H i.p.bending 

C-CH3 syrn. s t r e t c h i n g  

C-CH asym.st retch ing 

C-CH3 asyrn.stretching 
3 1337(sh, b )  

1372(3) C-H sym.def.in CH3 

1464( 4)  

1472(4) 

1488(3) C-C s t r e t c h i n g  

1508( 2) C-C s t r e t c h i n g  

1525( 2 )  

1541(2) 

C-H asyrn.def. i n  CH3 

C-H asym. def. i n  CH3 
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1611 

2724 

2857 

291 7 

TABLE I11 

1572(sh) 

1601 (1 0)  

2852(4) 

2912(8) 

2924( sh) 

2964(sh) 

301 2( 8)  

(continued) 

C-C s t r e t c h i n g  

C-C s t r e t c h i n g  

2(C-H sym. def . in  CH3) 

3 C-H sym.stretching i n  CH 

3 C-H sym.st retch ing i n  CH 

3 C-H asyrn.stretching i n  CH 

C-H asym.st retch ing i n  CH3 

C-H e t r s  t c h i n g  (aroma t i c  ) 

N.E. t As i n  t h e  f o o t n o t e  o f  Table I. 

( ) v a l u e  taken  f rom Hef.(22). 

r e p o r t e d  a t  1475 cm” i n  t h e  

t r i f l u o r o b e n z e n e  (27). I n  c o n t r a s t  t o  t h e  above f o u r  C-C v i b r a t i o n s ,  

t he  C-C s t r e t c h i n g  mod0 ( r i n g  b r e a t h i n g  ) a r i s i n g  f r o m  the  a 

o f  benzene mode i s  cons ide rab ly  a f f e c t e d  by t h e  s u b s t i t u t i o n .  Taking 

i n o t  account t h e  v iews from Vareenyi  (28), t h e  observed bands a t  557 cm- 

i n  1,2,4-TMB, and a t  648 cm” i n  1,2,3-TMB a re  ass igned t o  t h i s  mode. No 

such band is observed i n  t h e  i n f r a r e d  spectrum o f  1,3,5-TMB, b u t  

a band observed a t  578 cm” i n  t h e  Raman spectrum may be assigned t o  t h i  

C-C s t r e t c h i n g  v i b r a t i o n .  A f requency o f  magnitude 575 cm” observed 

i n  t h e  f l uo rescence  spectrum o f  1,3,5-TMB has been ass igned t o  t h i s  

mode by Dirum and Sveshnikov (29). I t  has n o t  been p o s s i b l e  t o  c o r r e l a t e  

any o f  t h e  observed f requencies w i t h  t h e  C-C s t r e t c h i n g  mode observed 

a t  1309 crn” i n  benzene. I n  the  case o f  D3h symmetry, t h i s  mode 

belong t o  t h e  a; symmetry species and is f o r b i d d e n  b o t h  i n  i n f r a r e d  

and i n  Raman spect ra.  Normal Coord inate Analyses u s i n g  UVFF have 

i n d i c a t e d  t h a t  t he  magnitude o f  t h i s  v i b r a t i o n  for t r i s u b t i t u t e d  benzene 

would be l ower  t h a t  1300 cm” (30). 

v i b r a t i o n a l  spectrum o f  symmet r i ca l  

(992 cm”) 
19 

The two v i b r a t i o n s  i n  t h e  s u b s t i t u t e d  benzenes c o r r -  

(404 cm-’) o f  benzene a r e  h i g h l y  s u b s t i t u e n t  esponding t o  t h e  e 

s e n s i t i v e .  The two component v i b r a t i o n s  g e n e r a l l y  l i e  i n  t h e  r e g i o n  

420-600 cm” i n  t h e  s p e c t r a  o f  t r i s u b s t i t u t e d  benzenes (31 ). Taking 

these f a c t s  and t h e  expected f requency ranges f o r  these v i b r a t i o n s ,  

2u 
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t h e  two components o f  t h i s  mode have been ass igned t o  t h e  bands 

observed a t  430 and 466 cm” i n  1,2,4-TMB, a t  492 and 521 cm” i n  

1,2,3-TMB and o n l y  one band a t  456 cm” i n  1,3,5-TMB. 

The C-H asymmetr ica l  s t r e t c h i n g  mode i n  t h e  me thy l  

groups a r e  expected t o  g i v e  r i s e  t o  s t r o n g  bands i n  t h e  neighbourhood 

o f  2900 cm”. Two such bands a r e  observed a t  2946 and a t  2983 cm-’in 

t h e  i n f r a r e d  spectrum o f  1,2,4-TMB and a t  2944 and 2968 cm” i n  t h e  

spectrum o f  1,3,5- TMB, b u t  o n l y  one band i s  observed i n  t h e  spectrum 

o f  1,2,3-TMB a t  2983 cm”. A l l  a r e  ass igned t o  C-H assymmetr ica l  s t r e t c -  

h i n g  mode o f  v i b r a t i o n  i n  the  CH group. The corresponding v i b r a t i o n s  

i n  0-, in- and p-xylenes have been r e p o r t e d  a t  2950 cm” and 2970 cm” 

(5,6,9). The C-H symmet r i ca l  s t r e t c h i n g  modes have been i d e n t i f i e d  

as be ing  i n v o l v e d  i n  t h e  bands observed a t  2840 and 2908 cm” f o r  

1,2,4-TMB and a t  2852 and 2912 cm” f o r  1,3,5-TMB. The co r respond ing  

bands a r e  n o t  observed i n  t h e  i n f r a r e d  spectrum o f  1,2,3-TMB, b u t  appear 

i n  i t s  Raman spectrum a t  2866 and 2914 cm”. The v i b r a t i o n s  a r i s i n g  

f rom t h e  C-H de fo rma t ion  i n  t h e  m e t h y l  group a r e  very c h a r a c t e r i s t i c s  

o f  t h e  group and appear i n  t h e  r e g i o n  1475-1340 cm”, The asymmet r i ca l  

de fo rma t ion  modes a r e  found t o  have t h e  h i g h e r  f requency i.e. i n  t h e  

neighbourhood o f  1460 cm” . These bands p o s i t i o n s  remain u n a f f e c t e d  by 

t h e  s u b s t i t u t i o n  u n l e s s  a s t r o n g l y  e l e c t r o n e g a t i v e l y  element o r  

unsa tu ra ted  group i s  s u b s t i t u t e d  i n  t h e  neighbourhood. The i d e n t i f i c a t i o n  

o f  these bands i s  t h e r e f o r e  co r respond ing ly  easy and medium s t r o n g  

prominent  bands observed a t  1473, 1456 and 1444 cm” f o r  I,Z,i-TMB, a t  

1466,1455 and 1432 cm” f o r  1,2,3-TMB and a t  1472, and 1464 cm” f o r  

3 

/ 

1,3,5-TMB a r e  ass igned t o  the  asymmet r i ca l  C-H de fo rma t ion  

symmet r i ca l  de fo rma t ion  modes o f  t h e  CH group l i e  towards 

l i m i t  o f  t h e  above mentioned range o f  1385-1 370 cm” (32). 

p o s i t i o n s  a r e  more a f f e c t e d  by o t h e r  s u b s t i t u e n t s  a t t a c h e d  
1 

The band observed a t  1378 cm” f o r  1,2,4-TMB, a t  1368 cm- 

3 

and a t  1372 cm” f o r  1,3,5-TMC have been ass igned t o  t h e  C-H symmet r i ca l  

deformation. 

modes. The 

t h e  l o w e r  

Theee 

t o  t h e  r i n g .  

f o r  1,2,3-TM8, 

The r o c k i n g  modes o f  me thy l  groups have been 

r e p o r t e d  t o  have t h e  magnitudes below 1000 cm” i n  t h e  m e t h y l  s u b s t i t u t e d  
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benzenes on t h e  b a s i s  o f  t h e o r e t i c a l  c a l c u l a t i o n  by Kovner (33) and 

by Kovner and Peregudov (34). The bends observed a t  928 cm” i n  t h e  

Raman spectrum o f  1,2,4-TME as w e l l  as t o  two bands a t  990 and a t  1012 

cm observed i n  t h e  i n f r a r e d  spectrum o f  t h i s  molecule a re  ass igned t o  

t h i s  mode. For 1,2,3-TMB o n l y  two bands observed a t  976 and 997 cm-’ i n  

t h e  i n f r a r e d  spectrum c o u l J  be i d e n t i f i e d  t o  t h i s  mode whereas f o r  

1,3,5-TM8 

have been assigned t o  t h e  r o c k i n g  mode o f  me thy l  groups. I n  t o l u e n e  

t h i s  mode has been r e p o r t e d  a t  1041 cm” w h i l e  i n  p -c reso l  a v a l u e  

o f  1045 cm” has been repor ted.  

-1 

one i n f r a r e d  band a t  980 cm” and a Raman band a t  998 cm” 
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