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SINHA AND CHATTERJEE 

I I T R  O D  U C T I  O N  . . . . . . . . . . . . . . . . . . . . . . .  
B e  present study of t he  u l t ra -v io le t  abrarptiefl 

8peCtroa3 Of p f l u o r o  phonetole ha8 the  .la Of extending 

the analyr i8  of the  spectra  of mono rubst i tuted phenetOlO8. 

A br ie f  report on t h e  ultra-violot ab80rption spectrum of 
t h i s  ~mpa tmd  W 8 8  pr tb l i l ed  by Iharmr and Singh (1967). 

B e  present paper i r  the  first dotai led report a0 it8 

ultra-violet absarpt iar  rpectram in which tho e l e c t r a r l c  

t r rnai t lao her been c lass i f led ,  the frequencies of t he  

ground and excited olectronlc s ta tos  have boon Ident i f ied  

and t h e i r  probable mode Of arsignments ha8 boon dIrCU88Od. 

B X P L R I M I I T A L  . . . . . . . . . . . . . . . . . . . . . . .  
"b a b r ~ r p t i ~ n  rpectrum of para-fluoro phonetole was 

photographed in t he  regiao 2930-2690 1' using rpecial 

i l l f o r d  1-30 p la t e r  on the  Hilger medium and la rge  qartr 

10,25,60,75 and 100 em. Temperature varied f r a  O0c t o  60% 

Iho aamplo p-fluoro phenotole war of specpare grade obtained 

from Heswrs Kaoh U g h t  L8baratorier Ltd; England, B e  

80UrCe Of Continuour rrdirtion Wa8 

rpOctrOgr8ph, I 8  t he  V 8 p m  pb.80 having path longth 

E%&#Or and watt8 hydrogen 

lamp, run or) d i rec t  current 0.S U p  drawn ffOm 8 8t8blI8Od 

PGIOI 8Upplr. 6XpWUPO8 Varied fr- 10 Dt8 t o  4 h-8. 

Gonerally, a11 the bands on t he  violot and a few efl t he  

red-side of t he  ( o,o) b a d  rppoared with f a i r l y  goad 

In tenr l ty ,  with path longth 76 cm and temperature 30°C. 

TQ develop band8 ca the  higher wave length ride a 100 cm tub. 

war used with the temperrtlue varying from 3OoC t o  WOC. 
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PARA-FLUORO PHENETOLE VAPOUR 

To prevent tho depo8ltlon of Vapcrura on wlndars, 

temperature of the vapaarr oxposed t o  l i g h t  was alvays Itopt 

h igher  than Its reservoir's tenporature. The band8 have boen 

meamrod with the  holp of a camparatar of l e a s t  count 

0.001 m. me expected accuracy IS 5 1 o i l  for the very 

rharp bands ( thorn having 11x18 l i k e  8tructtue), with the 

accarocy dininirhing t o  2 5  cm-1 for the  extremely d i f fuse  

bandre The cross-uire Of the CwParatOr W.8 fO~u88d a t  

the  odger of the  8h-p bands and a t  the  ln ten8l ty  peak8 for t he  

d1ffU.O bad.. 

R B S U L T 8 :  
****I********* 

About 136 burdr, a11 degraded t o  tbe red, hare been 

warttred in t he  region 2930-2620 A". A t  Ooe only two b a a 8  

could be recorded a t  2846.6 Ao and 2782.0 A', of which 

2846.6 Ao probably reprerant8 ( 0 , O )  b u d  of pf luoro  phenetole 

molecuh. With the rire of temperature, a few more bands 

appear dll t he  l m g e r  war0 l a g t h  a t  r.My temp.ratur0 a11 the  band8 

t o  t h e  v t l l e t  m d  a fov t o  the red of tho ( 0 , O )  band begia t o  
appom. Band8 on the  l a g e r  wave longtb rid. of rpoctrru appear 

in t he  roglon 2896.2 - 2921.7 A" with path longth 100 CB in the  

t o ~ p e r a t u r e  range Ooc t o  gOoc. Bad8  lying below 2896.2 Ao 

merge in the  continuaa8 ab80rpti011. me wave length and the  

carrerpondlng wavo nlube~r8 of t h e  obrorrod band8 are given 

i n  t 8 b h  1. Vl8U.l 88tiBated I n t e n S I t ~  I8 a the  Scale 

v w  - very very weak, vv - very weak, mw - medium weak, 

w- weak, m - medium rtrong, S- Strong, V8- Very Straag, 

w8- very very rtrong. The bands f a l l  I n t o  several  group., 
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SINHA AND CHATTERJEE 

TABLE I 

2927.7 

2925.8 
2922.7 
2920.5 
2917.7 
2914.9 

2912.0 
2906.9 
2904.6 

2901.8 
2898.9 
28m.2 

s m  .2 
2891.5 

2888.3 

2885.3 
2833.0 
2880.2 
2876.8 

e872.9 
2871.9 

2870.6 
2869.5 
2867.7 
2866.9 

2864.2 

34 147 

34169 
34205 
34231 
34264 
34296 

34331 
34391 
34418 

34451 
34486 
34518 

34542 
34570 

34612 

34648 
34676 
34710 
34751 

34774 
34799 

34826 
34839 
34861 
34883 

34904 

pn 

W 

w 
V 

ms 
V 

mi 
v w  
W 

m 
V 

Ips 

w 
W 

DIY 

V 

W 

W 

w 

.s 
W 

09 

my 

S 

M 

a 

-972 

-Qso 
-914 
-888 
-855 
-823 

-788 
-728 
-101 

-668 
-633 
-601 

-m 
-&9 

-so7 

4 7 1  
443 
-409 
-368 

-345 
-320 

-293 
-280 
-m 
-236 

-2l6 

b-855-4~29 L 971 

0-888-3x29 = 942 
0-855-2x29 2 913 
0-855-29 z 884 
0-855 

10-633-35 = 978 

10-633-187 z 820 
I 0-855+ 32 F 623 

0-855thr32 1 7 9 1  
0-633-3x29 z 720 

4 0-6334x29 = 691 
I 0-855t151 5 7Q4 

0-633-29 = 662 
0- 633 

1 0-345-258 I 603 
10-633t32 = 601 1 

0-2x258-2x29474 
10-2x258-29 9 545 
1 0-855 + 306 e 549 
1 0-258-187-!&29=503 
10-2 x258 2 516 

0-258-187-29474 
0-258-187 s 445 
0--187-29 t 403 
b-345-21 9 366 
b-2 x 187 st 374 

0-345 
10-2584x29 s 316 
f 0-85Stb97 e 328 

0-258 - 29 s 287 
0-258 - 21 s 279 

0-258 
10-187-42 m 229 
1 0-258+ 32 5 226 

0-187 - 29 = 216 
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PARA-FLUORO PHENETOLE VAPOUR 

2861.9 
2860.4 
2859.0 
28% 9 
2853.9 

2861.8 
285000 

2850.0 

2849.0 
2848 e3 

2846.6 
2845 -4 

2844 00 

2841.6 
2837 -3 

2835.5 

2 8 3  04 

2832.2 

2829.6 
2827.1 
2825.3 
2823 04 
2822.0 
2819.7 

2817.6 

2815.3 

2812.7 

34932 
34950 

34967 
35005 
35030 

35055 
35066 

35077 
35090 
35098 

35119 
35134 
35151 
35181 
35234 

36257 

35270 

35298 

35330 
35362 
35384 
35408 
35425 
35454 

35481 

35510 

35543 

a 
W 

ms 
UlS 

S 

s 
vs 

vs 
VVS 

8 

w s  
0lS 

ob 
W 

mS 

W 

S 

W 

mv 
W 

UlS 

WI 

s 
ms 

mw 

W 

ms 

- 187 
-169 

-152 
-114 - 89 

-64 - 63 

- 42 

-29 - 21 

15 
32 
62 

1lS 

138 

151 

179 

211 
243 
266 

28s 
306 
335 

362 

3 91 

424 

0- 187 
0-187+ 15 
0-187 i 32 
0 4  x 29 

1 0-3 x 29 
4 0-2 x 42 

0- 42 -21 
10-2x29 
f 0-21 - 29 

0- 42 
0 -29 
0- 21 

o* 0 
0 415 
0 32 
0 ~ 2 x 3 2  

1 O+ 151-42 
1 O+ 966-855 
0 + 151-21 

0 +151 

= 172 

z 155 
= 116 
I 87 
% &  

L 63 

= 58 
= 50 

? a  
I 109 
r 111 
E 130 

f 0 + 151 + 32 = 183 
b 0 4816 -633 z 183 
0 t151+2x32 z 215 
0 t306-42-21% 293 
0t306-42 s 264 
0 +306-21 z 285 
0 t306 
0 t306 + 32 r 338 

P o + 1279-855-2~29~366 
4 0 t306 + 2x32 -370 

0 t1279-255-29 = 395 

0 t 1279-855 r424 
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SINHA AND CHATTERJEE 

TABLE I (continued) 

2810.4 
2809.1 

2809.1 
3806.0 
2805.8 
2804 05 
2803 05 
2802.1 

2799.2 
2798.2 

2795.0 

2791 .O 

2788 -6 
2786 .? 

2704 05 

2783 -6 

2782.0 

2781.0 
2779 07 

2776 e3 

2774 .8 

2773 03 

2772.1 
2770.4 
2768.0 
2765 5 

2761.7 
2759.0 

2756.1 

35572 
35589 

35602 
35616 
35630 
35646 
35669 
35677 

35714 
35727 

35768 

35819 
35850 
35878 

35903 

35914 

35935 

35948 
35965 

36009 

36028 
36048 

36063 
36085 
36 117 
36146 

36199 
36284 

36272 

Y 

V 

vBD 
ma 

Y 

8 

m 
V 

Y 

M 

W 

ms 
a 

va 
w a  

8 

W. 

ma . 
V 

v 
ma 

V 

a 
ma 

V 

V 

mm 

W 

453 
470 

483 
497 
511 
527 
540 

658 

695 
608 

649 

700 
73 1 
759 
784 

795 

816 

829 
046 

890 

909 
929 

944 
966 
998 

1030 

1080 
1115 

1163 

0t151t306 -457 
b 11328-855 d 7 3  
b 4 2 7  4 x 2 9  4 6 9  
0'52745 4 8 5  
0t527-29 4 9 8  
0627-21 r506 
0 +527 
Oh527t15 c542 

bt527t32 r559 
bt816-258 5558 

t2~306-21 r591 

0+2x306 -612 
e s - a s 8 + 3 2  -590 

b+hr306+32 r644 
bil279-633 c646 
Ot8164x29 
0 4816-3x29 
0 416-2x29 
0 t816-29 

0 tO16-21 

0 tS16 

Ot816+ 15 
Oc816t32 

bt966-2x42 
b+ 816 -32 
0t966-2x29 
bt966-29 
bt96642 
01966.21 
0 t966 
o+m6+32 
0 t966+2x32 

-700 
r729 
r758 
z787 

.795 

r831 
9048 

E880 

-908 
2937 
-924 
-945 

-998 
z 1030 

?a82 

0 4966 t151-42 -1075 
Ot966+ 151 21117 

Ot966+151*32 -1149 
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PARA-FLUORO PHENETOLE VAPOUR 

2754.4 
275208 
2751.0 
274901 
2747.9 
274606 

2744.8 

274209 
273906 
2737 R 

2735.2 

2732 -7 
2730.9 
2729 03 
2726.6 
2724.5 

2722 ,7 
2721 08 

2720.4 

m 08 

2715.5 
2713 04 
2711.4 

2709.1 

2707 03 
2705 05 

2704 .2 

2701.7 

2698.2 

2695.5 

36295 
36316 
36340 
36365 
36381 
36398 

36422 

36447 
36491 
36520 

36548 

36583 
36607 
36629 
36665 
36693 
36717 
36730 

36748 

367M 

36815 
36843 
36870 

36902 

36926 
36951 

36969 

37003 

37051 

37088 

vw 
Y 

UiS 

S 

ms 
VS 

V 

a 

W 

mr 

as 
w 
V 

V 

m8 

S 

VS 

ms 
vs 

V**  

w 
V 

ms 
8 

Y 

W 

w 

V 

nsB 

V 

1176 
11.97 
1221 
1246 
1262 
1279 

1303 

1328 

1372 
1401 

14 29 

1464 

1488 
1510 
1546 
1574 
1598 
16 Ll 
1 6 8  

1666 
1696 
1724 
1751 

1783 

1807 
1832 

18m 

1884 

1932 

1969 

0 +966+151+2x32 
Otl279-3x29 
0+1279-a29 
0 t1279-29 
0 il279-21 
0+1279 

0 b1328-21 

011328 
0 t2x816-258 

I 0+1279+151-21 
1 0+2x816-258+32 

0 +12?9+151 

0 k966 627-29 
0 d66 +527 

0 t2X8.816-4x29 
Ot2x816-3x29 
Ot2x816-2x29 
Ot2x816-29 
012x816-21 

Ot2x816 

0~2x816 Pb32 
Ot2x816t2x32 
Ot 966-16-2x29 
0 4816 t 966-29 

Ot816t 966 

0 t1279t 527 
Ot1328t527-21 

bt1328 t527 

Ot Ex966-42 

012x966 

0v2x966t32 

hi 2x966-2x42 

el181 
el192 
=1221 
-1250 
51258 

~ 1 3 0 7  

%1374 
-1409 
r1406 

-1430 

~ 1 4 6 4  
14 96 

?1516 
~ 1 5 4 5  
-1574 
-1603 
~ 1 6 1 1  

-1632 

r1664 
-1096 
51724 
-1753 

-1782 

51806 

r1824 

=1848 
el855 

-1890 

a1932 

21964 
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SINHA AND CHATTERJEE 

TABLE I (continued) 

2692.5 

2690.3 

2688.2 

2686.5 

2684.7 

2683.3 

2679 . 9 

2677.8 

2667.9 

2664.6 

2663.4 

2661.6 

2658.4 

2655.6 

2652.7 

2650 .O 

2640.3 

2635 e6 

2633.1 

2631.4 

2629.6 

2628 0 2 

2625.8 

37129 

37160 

37189 

37212 

37237 

37256 

37304 

37333 

27472 

37518 

37535 

37560 

37605 

37w5 

37686 

37725 

37863 

37931 

37967 

37991 

38017 

38038 

38072 

20 10 

2041 

2070 

2095 

2118 

2137 

2185 

2214 

2353 

2399 

24 16 

2441 

2486 

2526 

2567 

2606 

2744 

2812 

2848 

2871 

2898 

2919 

2953 

Or1279+816-3x29 

0,1279 tB16-2x29 

Ot1279t816-29 

0+1279+816 

0+1328+816-29 

0 i1328 1816 

0 43x816-258 

OtSx816-258 t32 

0 t3x816-3x29 

03x816-2x29 

0 +3~816-29 

043x816 

043x816~32 

0+2x1279-29 

0i127R2 

Ot 1279 t1328 

0+2x966+866 

0+9~966-3x29 

Ot 3x966-2x29 

OC3x966-29 

04x966 

Ot 2x816t1279 

Ot 2x966t 1328 

~ 2 0 0 8  

-2037 

22066 

-2095 

-2115 

-2144 

-2190 

,2222 

r2361 

52390 

-2419 

-a648 

r2480 

r2529 

72558 

-2607 

-2748 

e2811 ? 

=2840 

-2869 

r2898 

-2911 

-2960 

04 
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PARA-FLUORO PHENETOLE VAPOUR 

i n t e n s i t y  of which decreases  as one goes t o  s h o r t e r  wave 

length side of ( 0 , O )  band. In general ,  these bends a r e  

broader than those of its lcuer homologue p-rluoro anisole.  

ANALYSIS AND DISCUSSICN OF 2IIB SPECTRUM: 

p- i l u o r o  phenetole molecale,[p- f C6H4 o cg5]is obtained 

by replacing two hydrogen atoms by - F and - O C @ ~  groups 

a t  para Carbon atoms of benzene. Treating - &$I5 a s  one u n i t ,  

p-fluoro phenetole molecule belongs t o  the  C2* p r i n t  group. 

me farbidden o~octr*c t r a n s i t i o n  1 . ~ ~ ~  - b 2 u  or 4% - q 
for Benzene ( Dsh point  group) becomes a l l aved . s imi l a r ly  

A1-B1 far C2* point  group, w i t h  t h e  t r a n s i t i o n  moment ly ing  in 

t h e  molecular plane is also allwed. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The appearance of spectrum wi th  high i n t e n s i t y  

suggests t h a t  t h e  e l e c t r o n i c  t r a n s i t i o n ,  Al- B1 is an rllwed 

one. This confirma t h e  assumed symmetry Ch for p-fluoro 

phenetole molecule. As ( 0 , O )  band w i l l  appear w i t h  s t rong  

i n t e n s i t y  on the  longer wave length side of the spectrum 

t h e  band a t  2846.6 A' (35119 d1 ) is obviously t h e  ( 0 , O )  

b a d .  Frequency s h i f t s  of t h e  vsflous bands from t h e  ( 0 , O )  

band are given in column 4 of t a b l e  I. The strmg bands with 

s h i f t s  151, 306, 521, 816, 966, 1279 and 1328 cm" a r e  e a s i l y  

I d e n t i f i e d  a s  t h e  exc i t ed  s t a t e  fundamentals and 258, 345, 633 

and 855 c.01 are i d e n t i f i e d  a s  ground s t a t e  rundamentals. 
The ( 0 , O )  band of p-fluoro phenetole is s h i f t e d  

by 1243 cm-' towards red side r e l a t i v e  t o  t h e  phenetole 

(36362 ca",. Cooper (1954) has pointed out t h a t  t he  s p e c t r a l  

s h i f t  produced by a f l u o r i n e  atom s u b s t i t u t e d  in para p o s i t i o a  
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- i 187 i 15 1 Out of plane C-X bending f mode. 
I 

1 
i 

258 1 - - I 
I 
I 

I 
635 f 633 

- I 346 1 306 

d 527 

omponents of a e; 
lbrat ion -- -,g(608cj1) ip of benzene. 

1 

* Author’s work under publicatlan. 

X- Stands for substl tutian.  

7- Conveys doubtful. 

depends on t h e  direct ing power of the substi tuent.  Thus t h e  

red s h i i t  of (0,O) band Indicates  t ha t  - 0Cg5 graup is arthapara 

directing. 

On aubst l tut lon,  drgenrrate vibrat ion I n  benzene 

(608 crn’l) s p l i t s  up into two components are  lying around 

600 CQ” known as  non-totally symmetric vibrat ion ( 6b vibra- 

t ion)  does not change very much but other camponent knawn as 

t o t a l l y  symmetric vibrat ion ( 6 a vibrat ion)  is effected t o  a 

l a r g e  extent,  l ies much belaw it. The band a t  633 om-’ t o  red 

side of ( 0 , O )  band represents non-totally rymmotrlc component 
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PARA-FLUORO PHENETOLE VAF’OUR 

B of k)B vibrat ion and corresponding excited s t a t e  I s  a t  

5 s  cm-’ t o  t h e  v io l e t  of the  ( 0 , O )  band. The band a t  306 em-’ 

in the  excited e lec t ronic  s t a t e  and cmrerponding ground s t a t e  

frequency 345 OD-’ represent l + O  and 0+1 bands of t o t a l l y  

rpmetric component d l  oi tg vlbraticm of benzene. 

t h e  frequency 816 cm-l appears frequently a t  low and saturated 

vapaar pressure wi th  an ln t ens l ty  comparable t o  ( 0 , O )  band. 

It a l s o  accurs in progressions and combinations which suggests 

tha t  it is probably a t o t a l l y  symmetric vibration. The 

frequency 855 cm” represents t h e  ground s t a t e  value of t h e  

excited s t a t e  frequency 816 cd’. cb comparision wi th  other 

disubst i tuted benzenes, It was found t h a t  a frequency of t h i s  

order generally e x i s t s  in a11 benzene coapounds. The values a re  

810, 791, 819, 794, 816, 796 and 771 cm” i n  t h e  excited s t a t e  

and 857, 844, 815, 860,858 and 808 cm’l in t he  ground state i n  

p-fluoro anisole ,  p f l u m o  toluene, p-difluoro benzene, 
p f l u a r o  chlaro benzene, p f l u o r o  phenol, p-f luoro benzaldehyde and 

p-fluor0 anisole  respectively. In a l l  these compounds, t h i s  

frequency lying around 800 cm-’ has been assigned as a t o t a l l y  

symmetric carbon vibration. Tbus t h e  excited s t a t e  frequency 

816 om” (85s cm’l i n  t h e  ground state) I s  possibly a ring 

breathing v ibra t ion  and is Ct?rrehted t o  W$ ( Qponer‘s notat ion)  

or 1 ( Wilson IIOtatlod mode of vibrat ion of benzene. 

As t h e  upper s t a t e  frequency 966 cm-’ farms 

1 

4- 

O f  a l l  the  excited s t a t e  fundamental frequencies 

I 

progresriona and occurs with a strong in tens i ty  i t  represents  

t o t a l l y  rymmetric carban vibration, on camparision w i t h  other 
rubst i tuted beI1zellel* me cmrespmding ground s t a t e  frequency 
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SINHA AND CHATTERJEE 

could not be observed as  the spectrum did not extend beyond 

2927. 7 Ao even a t  100 CIP path length and temperature of 6O0C. 

Para-fluoro pheaetole molecule m y  be expected t o  have 

two fundamentals in t h e  region 1260-1360 cm-l, one due t o  C-F 
st re tching and the  other due t o  % bending in ethaxy group. 

ue have ident i f ied  two fundamentals a t  in9 cm-1 8nd 1328 em-’ 

in the  d c i t e d  s ta te .  Assuming t h e  fundamentals given by Sree- 

ramamthy (195?), t h e  frequency a t  1328 ~m-~exploin$$g a few 

un-interpreted bands. One such band is a t  a separation of 258 cm” 

from the  0,O band t o  i t 8  red side, which is t h e  most intense band. 

The excited stnte frequency 1279 cm’l, on comparision 

is probably C-F s t re tching frequency (trble 111). Close t o  this 

the  Q13 bending frequency a l s o  wcur8. An a l te rna t ive  

in te rpre ta t ion  of 1279 om” is t h a t  it may present CH3 bending 

frequency in ethmy group. 

t h e  excited s t a t e  frequencies 161 cb’  a re  of poor Intensity.  

meir def in i t e  Interpretat ion has not been possible. The 258 

cm’l (ground s t a t e )  is possibly 8 C-F bending mode. s imi la r  
frequency a l s o  occurs in f luorinated aromatics. 

occur bands a t  21, 29, 42 and is, 32 cnr-1 . of these, t h e  29 cad1 
occurs a s  1 x 29, 2 x 29, 3 x 29 and 4 x 29. It is a l s o  fauna 
t o  occur in cOmbiniti0~1 wi th  nearly a l l  of t h e  ground and excited 

stnte fundamentals, and a s  summation bonds and a l s o  w i t h  

overtones. This has  been oscribed t o  a difference frequency 

between a ground s t a t e  and an excited s t o t e  vibrat ion 

me ground s t a t e  frequenater 187 and 268 cm-l and 

Close t o  the  0,O band on t h e  red and v io le t  side 
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PARA-FLUORO PHENETOLE VAPOUR 

TABU - I11 --_------ 
“VALW C- F STRRTCHIA~QUENCY IN SCPIE DISUBSTITUTBD BENZENES” 
--------------------__________u____I____---- 

----I------------------------------- 

Molecule jGraund S ta t e  j Excited S ta t e  References 

4- ----Urn----------- +LcaL+-i-*L-- -1 

B - difluorobensene i 1277 1 1267 i (10) 

m - f lua romlao le  1 1280 1 1277 I (11) 

---- 
i i 
i I - f luo ro  Baazaa i t r i te I  1218 i 1269 1 (11) 

I i 1 
i 126s i (12) 
i i 
1 1842 P (13) 
I i 
i 1247 1 (14) 
I i 
4 1237 8 (15) 

i i I 
(9 1 

i 1 1 1290 

I Ins 

o - Difluorobenzene 

o - f luorobenzaldehyde 

p - fluarophenol 

p - fluaochlorobencene i 1293 

p- Difluoro benzene 1260 i 1250 

p - f l u m o  phenetole 

P 1257 

t 
127s i Present work. 

1 

t h a t  is,. so ca l led  1 3  1 type of t ransi t ion.  Possibly 

t h e  ground s t a t e  frequency 855 cm-l and corresponding excited 

s t a t e  frequency 816 caw’ are  responsible (855- 816 29 cm”) 

far i t s  appearance. The frequency 32 cmol on t h e  v io l e t  of 

0 , O  band a l s o  occurs wi th  a large number of fundamentals 

(grauad and exci ted)  combination frequencies and wortones. 
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