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SPECTROSCOPY LETTERS, 9 ( 6 ) ,  377-390 (1976) 

ELECTRONIC ABSORPTION SPECTRA OF SOHE PLWRGAI"tIl\rOTCLUhNEY 

S.J. Singh 

Department o f  Phys ics ,  Univers i ty  o f  Corakhpur, 

Gorhkhpur 273001. 

Abstract 

The near  u l t r a v i o l e t  absorp t ion  s p e c t r a  of 

2- f l u 0  ro- 5-amino- ; 3- f luo ro-kemino- , 3- f luo ro-&ami no- 

and 4-fluoro-2-aminotoluene have been I n v e s t i g a t e d  In 

vapour phase. The s t ronges t  band appear ing  at 

2887.'; 1 (34621 cm-l), 2966.1 1 (33704 crn-'), 3026.7 'A 
(33029 cm-') and 2891.4 

molecules has  been I d e n t i f i e d  as t h e  C , O  band, A l l  the 

bands have been aoa lysed  in terms o f  some ground and 

exc i t ed  s t a t e  fundamentals.  The assignment of t h e  

fundamental  f r equenc ie s  t o  t h e  probable modes o f  

v i b r a t l o n  have a l s o  been discussed.  

(34575 cm-') I n  t h e  respective 

3 7 1  

( 'opyr ight  CiJ 1976 hy M u w l  L k k k e r .  l i i c  Nei ther  th i s  wcwh n o r  a n y  p r t  
may t w  i e p r o d u c r d  o r  t r a n s m i t t e d  in a n y  f o r i n  o r  h i  .iny mrans. electronic o r  r i i cchan ica l .  inc luding  
p h o t o i o p y i n g ,  iriicrc)fiIniing, .itid record ing .  or h y  .illy in fo in i , i I i c ,n  s torJgv  d n d  re t r ieva l  cystcill. 
w i t l i o ~ i t  permiabioii i n  wr i t ing  Ir<rrn t h r  p~ih l i s t ie r  
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J n t  m d u c  t l o n  

S INGH 

It has been  e s t a b l i s h e d  tha t  2880 1 band sys tem 

o f  a n i l i n e  i s  a b a t h o c h r o m i c a l l y  s h i f t e d  secondary band 

system o f  benzene (a round 2600 'A) and not  due t o  a 

c o n j u g a t i o n  as s u g g e s t e d  b y  Klevens and P l e t t  . 1 

The f u r t h e r  s u b s t i t u t i o n  o f  CH3 g m u p  i n  t h e  

r i n g  would a g a i n  modify t h e  e f f e c t  o f  N H 2  group s u b s t i -  

t u t i o n  on t h e  benzene s p e c t r a .  S p e c t r a l  s t u d i e s  o f  such  

t y p e s  o f  molecules i n  which CH3 and NHZ b o t h  groups  are 

p r e s e n t  t o g e t h e r  ( t o l u i d i n e )  have been  done by a number 

o f  w ~ r k e r s ~ ' ~ ' ~ .  

a b s o r p t i o n  s p e c t r a  from vapour t o  l i q u i d  t o  s o l i d  at 90°K, 

o f  t h e  th ree  i somers  of  t o l u i d l n e .  When t h e  s u b s t a n c e s  

were l i q u i f i e d  t he  narrow bands o b t a i n e d  i n  t h e  vapour 

phase  were r e p l a c e d  by t h e  ex tended  b r o a d  bands. These 

b r o a d  bands  p e r s i s t s  down t o  90 K when t h e  l i q u i d  were 

s o l i d i f i e d .  Recent ly  t h e  s t u d y  o f  t h e  e l e c t r o n i c  

a b s o r p t i o n .  s p e c t r a  of  o - t o l u i d i n e  i n  vapour phase has 

been done b y  D.K. Qhose . 

B i s w a s 5  has s t u d i e d  t h e  change i n  

0 

6 

However, no d e t a i l e d  s t u d y  o f  t h e  a b s o r p t i o n  

s p e c t r a  of  ha logenated  t o l u i d i n e s  seems t o  have b e e n  made. 

With t h e  view of  s t u d y i n g  O,O band s h i f t  and t h e  

m o d i f i c a t i o n  o f  t h e  v i k r a t i o n a l  f r e q u e n c i e s  i n  such  

molecules  t h e  p r e s e n t  work has  been under  taken.  T h i s  
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ABSORPTION SPECTRA OF FLUOROAMINOTOLUENES 379 

paper comprises work of the  i n v e s t l g a t l o n  of  t h e  e l e c t r o n i c  

abso rp t ion  spectrum of  2- f luo  ro- 5-amino- ; 3- f luo ro-4- 

amino- ; 3- f luo ro- 6- amino- and 4-f luo ro- 2-amino t o  luene  

(hereafter r e f e r r e d  as 2F5AT , 3F4AT 3F6m and 4F2AT 

respect i v e l y )  i n  vapour phase. 

Experi  ment a1 Procedure 

The s p e c t r a  o f  these molecules have been photo- 

graphed on medium qua r t z  spec t rograph  on Kodak B10 

I l l f o r d  N3O plates us ing  s l i t  wid th  o f  30 . The 

atjsorpt ion column of  l eng th  100,  150 ana 200 cm were 

used over a varying temperature  ranging from 20 t o  100 C. 

Hydrogen d ischarge  lamp was used as source of cont lneous  

r ad ia t ion .  I r o n  arc spectrum has  been used as t h e  

s tandard  spectrum f o r  comparison. The observed bands 

have been measured on Hl lge r '  s comparator having least 

count of  .@01 mm. Pure chemicals  ob ta ined  f r o m  W S  

K. L igh t  Labora to r i e s ,  England were used as such. 

and 

0 

R e s u l t s  

The gene ra l  range o f  abso rp t ion  i n  t h e  molecules 

o f  p resent  s tudy l i e s  I n  the r e g i s n  2700 - 3000 8. 
'cgnds are i n  g e n e r a l  d i f f u s e  and are c o r r e c t  t o  a measure- 

ment o f  10 cm-l. The s t ronges t  band at 2887.5 % 
(34621 car1) I n  2F5AT 

The 

2966.1 8, (33704 cm-l) i n  3F4AT, 
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380 SINGH 

3026.7 1 (33029 om”) i n  3F6AT and 2891.4 5\ (34575 Cm”) 

i n  4F2AT has been i d e n t i f i e d  as t h e  0,O band. Sepa ra t ions  

of t h e  some of the  in t ense  bands f r o m  0,O band on both 

side of  i t  agree  wi th  t h e  f r equenc ie s  o f  t h e  inf ra red7 .  

These have been taken  as t h e  ground and e x c i t e d  s t a t e  

fundamental f requencies .  The e n t i r e  spectrum have been 

explained on t h e  basis of t he  these ground and exc i t ed  

s ta te  fundamentals (Table  1-4). T h e  assignment of  t h e s e  

fundamental t o  t h e  probable  modes o f  v i b r a t i o n  has  been 

presented  i n  t a b l e  5. 

D I  scuss io  ng 

Assuming NH2 and CH3 group each aR s i n g l e  mass 

p o i n t s  C, point  group may be a sc r ibed  t o  a l l  t h e s e  molecules. 

T h i s  point  group having only  one element o f  symmetry, 1.e. 

molecular plane,  con ta ins  two  t ypes  of  v i b r a t i o n s  (1) 

eymmetric and (11) antisymmetric t o  it. 

forbidden t r a n s i t i o n  of  benzene w i l l  t r ansform t o  a n  

allowed t rans i t ion13 A’  - A’ w i t h  t h e  t r a n s i t i o n  moment 

The A l g  - Bzu 

l y i n g  i n  t h e  plane o f  t h e  molecule. It is, t h e r e f o r e ,  

expected that  t he  s t ronges t  band on t h e  longer  wavelength 

side w i l l  be 0-0 band i n  each molecule, On both s ide o f  

t h e  0-0 band a number of  bands have appeared under 

d i f f e r e n t  cond i t ion  of temperature  end pressure  due to  

t h e i r  d i f f e r e n t  Ebltzman f a c t o r s .  These have been 
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ABSORPTION SPECTRA OF nUOROAMINOTOLUENES 381 

e x p l a i n e d  i n  terms of  fundamenta ls ,  t h e i r  combina t ion  and  

o v e r t o n e s .  

Carbon V i b r a t i o n :  I n  t h e  spectrum o f  benzene there  are 

o n l y  two t o t a l l y  symmetric v i b r a t i o n s .  But  in t h e  p r e s e n t  

case t h e i r  number has i n c r e a s e d  t o  21. This means t h a t  o n l y  

t o t a l l y  s y m m e t r i c  v i b r a t i o a  will m o s t l y  a a p e a r  in t h e  

spectrum. The r e s u l t s  of  i n f r a r e d  s p e c t r a  have b e e n  u s e d  t o  

f a c i l i t a t e  t h e  a n a l y s i s  o f  u l t r a v i o l e t  a b s o r p t i o n  spectrum. 

E x c i t e d  a t a t e  fundamental  v i b r a t i o n s  750, 680, 786 

768 and 727 cm-' a p p e a r  s t r o n g l y  i n  t h e  e l e c t r o n i c  s p e c t r a  

o f  2F5AT, 3F4AT, 3P6m and 4F2AT r e s p e c t i v e l y .  Most o f  these 

are traced upto two quantas .  Combinations o f  these e x c i t e d  

state fundamentals  are also found in t h e i r  r e s p e c t i v e  

spectrograms.  I n  t h e  absence  of  t h e  c o r r e s p o n d i n g  ground 

s ta te  v a l u e s  i n  t h e  u l t r a v i o l e t  these e x c i t e d  state 

v i b r a t i o n s  have b e e n  c o r r e l e t e d  wi th  i n f r a r e d f  f r e q u e n c i e s  

of t h e  r e s p e c t i v e  molecules .  I n  view of  the  i n t e n s i t y ,  

comblnabi l i  t y and a v a i l a b l e  11 t erature8'10 these v i b r a t  i o n s  

have been  a s s i g n e d  t o  t he  r i n g  b r e a t h i n g  mode c o r r e s p o n d i n g  

t o  A l g  ( 9 9 2  cm'l) o f  benzene. 

I n  the spectrum of  2F5AT the weak band at 33578 

cm'l I s  due t o  fundamental  f r e q u e n c y  o f  1043 cm-l i n  ground 

state.  A few combinat ion of  t h i s  w i t h  o t h e r  ground s t a t e  

fundamentals  have also been  observed.  Corresponding t o  t h i s  

v i b r a t i o n  no band o n  t h e  s h o r t e r  wavelength s ide o f  the 0-0 
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382 SINGH 

TABLE 1 ANALYSIS OF THE ELECTRONIC ABSORPTION MID8 OF 
2-FLUORO-5-AMI NOTOLUENE 

b-*- - LIr  - - - - lfiih'fi-oG 

s-- --x, - - - -  1-w- - -  l--- - - -  - - - - - - -  - 
- - - - - - - - - - - - - - 

Ass lgment P position - XfntensitpX0,O b 

32 311 vw 0-2 310 011258-1043 
32559 vw 0-20'62 0-804-1258 
32792 vw 0-1829 0-571- 1258 
32935 vw 0-1656 0-529-1255 
33011 VW 0-1610 0-2x804 
33144 v 0-1477 0-429- 1043 
33363 mb 0-12.53 &u58 
3340 3 vw 0-1218 0- 125 5+56 
33575 wb 0-1043 0-1043 
33761 W 0- 860 0-804-50 
33517 mb 0- 804 0- 804 
33861 vw 0-760 0- $04+36 
33096 v 0-625 0-571-50 
34050 wb 0-571 0-571 
34 192 vw 0-429 0-429 
342 81 W 0- 340 0-29 3-50 
34325 w 0-293 0-293 
34333 W 0-233 0-238 
34423 vw 0-198 0-238+36 
34515 W 0- 100 0-2x50 
34571 W 0-60 0-50 (0-504+750) 
34621 VS 0-0 0-0 
34657 wb 0+36 0+36 
34692 W 0+71 0+71, 0+2x36 
517 33 W O+ll2 0+71+36 
34797 W 0+176 0+282-2x!50 
349.53 m 0+2 37 0+282-50 
34903 S 0+282 0+252 
34947 W 0+326 0+282+36 
35006 W Ot 386 0+439-2280 
35054 m 0+4 33 0+459-50 
35110 8 Ot459 0+4N 
35 147 W 0+526 0+489+36 
35136 wb 0+565 O W 3 9  t 7 1 
35279 wb 0+658 0+750-2x50 
35330 mad 0+709 0+750-50 
35371 S 0+750 0t750 
35411 W Ot790 0+750+36 
35443 W o+s22 0+760 +71 
3S4a wd 0+361 0+750+36+71 
35683 W 0+9 32 0+2uLQ9-50 
35599 m 0+97? 0+489X2 

Cont hued.  . a 
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bbWOSLxZ+O 
OSL+GbPxZ+O 

94+09UrZ+O 
osutz+o 

09-OS~Z+O 
os~z-osLrtz+o 
'IL+OSL+6&V+O 

0 SL+ 6bV+O 
OE-OSL+68P+O 

osxz-osL+68P+o 
-tL+9€+68PXZ+O 

'c L+ 6& PX z+ 0 
9€+68VXZ+O 

6& 61 +O 
bZL1+Q 
9€ST+O 
zos'1+0 
€PP1+0 
S6€'1+0 
9'1€'1+O 
0!2 ZT*O 
s8'1'I+O 
SV'1'1+0 
L&O'C+O 
6PO'I+O 
9'1o'I+o 

01996 
6W98 
15t98 
6 2'1% 
W09E 
9'109P 
1665e 
0985q 
906 s€ 
9910e 
EiOLSG 
019e6 
1€9% 

E8E S3N3fllOLONI~O~OflU d0 W33dS NOILdXOSKV 
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384 SINGH 

TABLE 3 ANALYSIS OF THE ELECTRONIC ABSORPTION BANDS OF 
3-FLUORO- 6- AMI NO TOLUENE . 

-m-d- - - - - - - -shTfT -*oml - - - - - - - - - - - - - 
Y - cmll- - -1- - - - - -1- -cm-- - 1 - - - - - - - - - - - - - posi t ion 1 Intensity*X 0,O b d Assignment 

32 581 W 0-148 0-96-2 x26 
32933 m 0-96 0-96 
33003 ms 0-26 0-26 
33029 vs 0-0 0-0 
33079 ms 0+50 0+50 
33131 W 0+102 0 +2 x50 
33224 vw 0+19.5 0+222-26 
33251 m s  0+222 0+222 
33333 m 0+304 0+304 
33386 W 0+356 Ot %4+50 
33446 m 0+417 0+446-26 
33475 m 0-6 0+446 
33644 W 0+615 0+2xEQ4 
33704 vw 0+675 0+765-96 
33768 vw 0 +7 39 0 +768-2 6 
33796 m 0+768 0+768 
34026 W 0+997 0+768+2 22 
X137 W 0+1108 0+1213-96 
34242 m 0+1213 0+1213 
34294 vw 0+1265 0+1213+5 0 
34339 v w  0+1310 0+1213+2 ~ 5 0  
34458 vw 0+1429 0+1213+2 2 2 

band h a s  been observed. T h i s  v l k r a t i o n ,  c o r r e l a t e d  w l t h  

inf ra red’  value a t  1035 cm-l h a s  been ass igned  t o  t h e  carbon 

t r i g o n a l  bending mode. 

U n d e r  C, symmetry t h e  two component o f  doubly 

degenera te  v l b r a t i o n  e2g (608 cm-l) o f  benzene w i l l  appear  

s epa ra t e ly .  I n  t h e  present  i n v e s t i g a t i o n  t h e  p a l r  o f  

i n t e n s e  e x c i t e d  s t a t e  v i b r a t i o n s  tit (282 and 469 c u r l ) ,  
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ABSORPTION SPECTRA OF FLUOROAMINOTOLUENES 385 

TABLE 4 ANALYSIS OF THB ELQCTRONIC AE80RPTION BANDS OF 
4-FLUORO-2-AMI NOTOLUENE. 

34206 
34309 
344365 
34392 
34437 
34484 
34510 
34526 
34.575 
34597 
34619 
34639 
34735 
34768 
34805 
34823 
34863 
34909 
349 65 
35031 
35055 
35077 
35 100 
35 167 
35225 
35302 
35747 
3602 5 

W 
W 
vw 
vw 
W 
vw 
W 

vs 
m 

ms 
ms 
mw 
vw 
vw 
vv 
W 

vw 
pw 

vw 
vw 
vw 
vw 

ms 

ms 

mw 
ms 

mw 
vw 

0-369 
0-266 
0-210 
0-183 
0-138 
0-91 
0-65 
0-49 
0-0 
0+22 
0% 
0+64 
0+160 
0+193 
0+2 30 
0+248 
0+258 
0+334 
0+390 
0+456 
0+450 
0+502 
0+525 
0+592 
0+653 
0+727 
0+1175 
0+1450 

0-369 
0-266 
0-266+64 
0-2x91 
0-2- 
0-91 (0-825+727) 
0-65 
0-49 
0-0 
0+22 (0+288-266) 
0+2x22 
0+64 
0 +2 88-2 x65 
0+283-91 
0+288-65 
0+239-49 
0+288 
OW6-2~65 
0+456-65 
0+456 
0+456+22 
0 +456+2&2 
0+456+64 
0+727-€!~6!! 
0+727-65 
0+727 

0+2~727 
0+727+456 

( 3 8 1  and 556 cm-l), (304 end 446 cm'l) and (288 and 456 om-') 

i n  2F5AT. 

3F4AT, 3F6AT and 4F2AT respect ively are found t o  

account f o r  large number of bands. These vibrat ions a r e  

i n  good agreement wi th  the observed inf ra red  frequencies. 
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The c o r r e l a t i o n  o f  these f r e q u e n c i e s  w i t h  t h e  i n f r a r e d  

v e l u e  is o n l y  t e n t a t i v e .  The assignment o f  t h e s e  v i b r a t i o n s  

t o  t h e  components o f  ezg (608 cm-l) I s  I n  f a i r  agreement 

wi th  t h o s e  made i n  c a s e  o f  o t h e r  t r l s u b s t l t u t e d  b e n ~ e n e s f ’ , ~ ~ , ~ ~  

S u b s t i t u e n t  Vibrations: The ground and e x c i t e d  s ta te  bands  

at 0,O - 1258 cm-l i n  2F5AT and a t  0,O 1232 cm-I in 3F4AT 

and 0,O 1213 cm-I i n  3F6AT combine w i t h  o t h e r  v i b r a t i o n a l  

f r e q u e n c i e s  t o  e x p l a i n  l a r g e  number o f  bands  o f  t h e  system. 

These  b a n d s  have b e e n  a s s i g n e d  t o  C-F s t r e t c h i c g  mode i n  

accordance  w i t h  t h e  p r e v i o u s  l i t e r a t u r e  o n  f l u o r i n a t e d  

a romat ics .  12,15,22 

S t m i l a r l y  on t h e  basis o f  t h e  a v a i l a b l e  data o n  

f l u o r i n a t e d  benzenes  19-22 ground state fundamental  a t  238 

cm-l i n  2F5AT and at 266 cm’l i n  4F2AT1 e x c i t e d  s t a t e  funda- 

mental  181 cm-’ w i t h  i t s  ground s ta te  c o u n t e r p a r t  at 

239 cm-l i n  3F4AT and e x c l t e d  s t a t e  fundamental  at 222 cm” 

i n  3F6AT have been  a s s i g n e d  a s  C-F nonplanar  bending 

v i b r a t i o n s .  

and 49 and 65 cm-l in 4F2AT i n v o l v i n g  small s h i f t s  t o w a r d s  the  

l o n g e r  wavelength side of  t h e  0 , O  band have been  I d e n t i f i e d  

t o  r e p r e s e n t  ‘v-v t r a n s i t i o n t  where as the band at 3 6 ,  64, 

50 snd 22 cur1 towards  t h e  s h o r t e r  wavelength s ide o f  0 , O  

band I n  t h e  r e s p e c t i v e  molecules  have been a s s i g n e d  as  due 

t o  t v - v l  t r a n s i t i o n ’ .  

The hands  at 50 cm-’ i n  2F5tV2, 38 c m - l  i n  3P6U D
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The comparison of 0,O band o f  t h e  molecules of 

present  study. with 

o - m - p - f l ~ o m t o l u e n e s ~ ~  (Table 6)  shows that  band system o f  

a n i l i n e s  have appreciably been  s h i f t e d  by t h e  s u b s t i t u t i o n  of 

CH3 group i n  t h e  r ing .  

o -mp- f luo  r o a n i l i n e s 2 6 ,  toluenee4 

TABLE 6 COMPARISON OF 0,O BAND OF THE MOLECULW OF P R E S m  
STUDY WITH FLUORINATED ANILINES AND TOLUENE 

Toluene 

0- f luorot oluene 

m-f luorotoluene 

p-f  luorotoluene 

mi l ine 

o-f luoroaniline 

m- f luoro aniline 

p-f luoroaniline 

2-f luoro-5-aminot oluene 

3-f luoro-4-amino t oluene 

3-f luoro-6- amino toluene 

4-fluoro-2-aminotoluene 

37480 24 

37576 ) 
1 

37398 ) 25 
1 

36576 ) 

340 32 2 3  

345 86 

34615 

32654 

34621 ) 

33704 
) Present work 

33029 1 
1 

34575 1 

1 
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