
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

The Vibrational Spectra of 9-Fluorenone and Some of Its Isotopic Isomers
Ts. M. Koleva; I. N. Juchnovskia

a Institute of Organic Chemistry, Bulgarian Academy of Sciences, Sofia, Bulgaria

To cite this Article Kolev, Ts. M. and Juchnovski, I. N.(1991) 'The Vibrational Spectra of 9-Fluorenone and Some of Its
Isotopic Isomers', Spectroscopy Letters, 24: 7, 1023 — 1038
To link to this Article: DOI: 10.1080/00387019108020680
URL: http://dx.doi.org/10.1080/00387019108020680

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019108020680
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 24( 7&8), 1023-1038 (1991) 

THE VIBRATIONAL SPECTRA OF 9-FLUORENONE AND SOME OF 
I T S  I S O T O P I C  ISOMERS 

KEY WORDS:’ I R  spectra:  Raman spect ra:  isotope 
1 abe 1 1 i ng : 9-F 1 uorenone ; 9-F 1 uorenone- I8O; 
9-Fluorenone-d8; v i b r a t i o n a l  assignment; d i f e r e n t i a l  
i n f r a r e d  l i n e a r  d i c h r o i c  spect ra I n  nematic s o l u t i o n s .  
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ABSTRACT 
V i b r a t i o n a l  spect ra o f  9-Fluorenone, 9-Fluorenone-180 

and 9-Fluorenone-d8 have been recorded i n  the s o l i d  
s t a t e  and s o l u t i o n s  i n  the  i n f r a r e d  and (4000-100 cm-’) 
and i n  t,he Raman(4000-50 cm-’). D i f f e r e n t i a l  i n f r a r e d  
l i n e a r  d i c h r o i c  spect ra have a l s o  been measured. The 
assignment o f  t he  v i b r a t i o n a l  bands i s  performed us ing  
the group v i b r a t i o n a l  concept, i s o t o p i c  s h i f t s  and 
p o l a r i z a t i o n  features of  t h e  normal modes. 

INTRODUCTION 

c r y s t a l  have been s tud ied  by Zwarich e t  a l l  [ I ] .  
I n f r a r e d  and Raman spect ra o f  9- f luorenone as a s i n g l e  

1023 
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1024 KOLEV AND JUCHNOVSKI 

Although thorough i n f r a r e d  and Raman s t u d l e s  o f  
9-f luorenone and some r e l a t e d  compounds a re  a v a i l a b l e ,  
d iscrepencies i n  the  assignments o f  t h e  normal modes 
s t i l l  remain e s p e c i a l l y  i n  the i n  and out-of-plane 
deformat ion v i b r a t i o n .  I n  t h i s  connect ion t h e  syn tes i s  
and complete v i b r a t i o n a l  assignment o f  9-f 1 uorenon-180 
and 9-fluorenone-d8 have been undertaken. The 
c rys ta log raph ic  determinat ion o f  t he  s t r u c t u r e  o f  
9-f luorenone was made by Luss and Smith [ 2 1 .  The 
c r y s t a l s  belong t o  the orthorombic system w i t h  t h e  
space group Pcab (D2h15) .  The s i x t e e n  molecules a re  
packed, two per asymmetric u n i t ,  I n  a u n i t  c e l l  having 
dimensions a=16.068, b=18.650 and c=12.550 A .  The 
molecules i n  the asymmetric u n i t  a re  almost p a r a l l e l ;  
the angle between the  planes o f  t he  two d e f f e r e n t  
molecules i s  5.9'[21. The individual r i n g s  o f  each 
molecules are bent about l o w i t h  respect  t o  t h e  o v e r a l l  
molecular plane so t h a t  the cover ing molecular 
symmetry 
9-f luorenone has 60 normal v i b r a t i o n s  d i s t r i b u t e d  I n  
~=21A1t9A2t10B1t20B2. 
a c t i v e  exept f o r  the A 2  symmetry c l a s s  fo rb lden  i n  the 
I R .  

I R  and Raman spect ra o f  9-f luorenone ( F L )  
9-fluorenone- 0 ( F L -  0 )  and 9-fluorenone-d8(FL-d8) as 
w e l l  as d i f e r e n t i a l  i n f r a r e d  l i n e a r  d i c h r o i c  spect ra 
( D I R L D )  o f  FL  and FL-d8. 

remains e s s e n t i a l l y  C2,. The molecule of  

A l l  bands a re  Raman and I R  

The present a r t i c l e  con ta ins  exper imental  data f o r  t he  

18 18 

EXPERIMENTAL 
A l l  ketones were obta ined and p u r i f i e d  by m u l t i f o l d  

r e c r y s t l l i z a t i o n  from hexane and isooctane fo l l owed  by 
subl imat ion i n  vacuo. Reagent grade FL-do (F luka AG)  
was a l so  p u r i f i e d  by the same double sub l ima t ion  and 
r e c r y s t a l l i z a t i o n .  The p repara t i on  o f  F L -  0 was 18 
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VIBRATIONAL SPECTRA OF 9-FLUORENONE 1025 

c a r r i e d  ou t  according t o  Halman and Pinchas [31. FL-d8 
was obtained from deuterated f luorene by o x i d a t i o n  w i t h  
Na2Cr207 . I n f r a r e d  spectra 
recorded i n  CsI and polyethy lene p e l l e t s  w i t h  a Bruker 
IFS-113 v F T I R  spectrometer i n  the 4000-100 ern-'. 
D i f f e r e n t i a l  i n f r a r e d  l i n e a r  d i c h r o i c  ( D I R L D )  spect ra 

o f  the s tud ied  compounds were taken w i t h  a Bruker 
IFS-113 v F T I R  spectrometer i n  the  4000-400 cm-’ 
reg ion  apply ing the method descr ibed i n  Ref. 4. 
Raman spectra,  4000-50 cm-’, were r e g i s t e r e d  us ing  a 

60 mW e x i t a t i o n  w i t h  the 514.5 nm l i n e  o f  an A r t  l aser  
on a Coderg t r i p l e  monochromator spectrometer. The 
deuterium and I8O content i n  FL-d8 and FL-  
determined by mass spectrometry. 
RESULTS AND DISCUSSION 

The observed bands and t h e i r  assignment a re  g iven i n  
Table 1. The nomenclature c i t e d  i n  Ref. 5 i s  used here 
f o r  the d e s c r i p t i o n  o f  the v i b r a t i o n a l  modes o f  
o -d isubs t i tu ted  benzene r i n g s  s imultaneously w i t h  the 
assignment o f  Zwarich [I]. 

o f  a l l  ketones were 

18 0 was 

Table 1. 

V i b r a t i o n a l  assignment o f  f luorenone-do, I8O and d8 

“ i  F 1 -do F 1 - l 8 O  F 1 -d8 Assignment 

(ern-') I R  Ra I R  Ra I R  Ra 

1 3088 3093 3088 3092 2289 2292 al 

2 3080 3082 3088 3088 2281 2280 b2 
20a 
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8 

9 

10 

1 1  

12 

13 
14 
15 

16 

17 

1 8  

19 

20 

21 

22 

2 3  

24 

25 

2 6  

27 

2 8  

3069 3067 

3049 3049 

3049 3049 

3029 3025 

3018 - 

3018 - 

1719 1715 

1613 1613 

1598 1602 

1594 -- 

1594 - 
1481 1481 
1476 1470 

1450 1452 

1444 1444 

1342 1341 

1322 1322 

1371 1371 

1368 1367 

1297 1292 

1212  I 2 1 2  

1194 1198 

1186 1180 

1158 1159 

1148 1150 

1148 1150 

Table 1 Continued 

3069 3067 2279 

3049 3049 2275 

3049 3049 2274 

3025 3025 2270 

3018 -- 2266 

3018 - 2266 

1681 1680 1711 

1613 1613 1587 

1599 1602 1572 

1594 - 1546 

1594 -- 1546 
1481 1481 1386 
1476 1470 1378 

1450 1452 1338 

1444 1444 1330 

1342 1341 1301 

1322 1322 1296 

1371 1372 1038 

1367 136.7 - 

1298 1292 - 

1212 1212  - 

1194 1198 873 

KOLEV A N D  J U C H N O V S K I  

2 280 

2274 

2274 

- 

2266 

2266 

I 108 

1583 

1576 

- 

1546 
1384 
1376 

- 

1330 

_. 

1295 

1036 

- 

- 

1200 

872 

186 1180 764 765 

158 1159 (46 763 

148 1150 739 736 

148 1150 1090 1090 

20b 
b2  

b2 

a l  

a l  vc=o 

a l  

a1  2 

b2  7a 

b2  8a 

b2 8 b  

19a * 
a l  

b2 
19b 

b 2  14 

3 

b2 e 2  
a l  v(C-C) 

‘1 9a  

b2  

9b 

a l  el 
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- 
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594 
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5 70 

- 

519 

625 

- 

- 

405 

b2 
18a 

a1 1 
b2 

17a * 
* 
* 17b 

b2 * d2 

bl 10a 

15 * 

a l  
* 
* 11 

al dl 

a’ 4 
* 

a’ 6a * 
* 6b 

0 ~ 1 .  555 b,  6(C=O) 

418 416 

412 405 * 
376 - 

b1 16a 

al 

(continued) 
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1028 KOLEV A N D  J U C H N O V S K I  

Table 1 Continued 

16b 
55 400 - 399 - 368 - * 
56 285 285 276 276 - - --r ( C=O 

57 285 285 285 285 283 281 6 ( c-co-c 
58 207 208 207 208 203 - G(Ph.pl.Ph 

59 175 165 175 165 - 170 r ( P h . p l  .Ph 

60 120 129 120 129 - 120 'y(Ph.pl .Ph) 

Tentat ive assignments a re  marked w i t h  an a s t e r i s k .  

The conjugat ion o f  the carbonyl  group w l t h  both 
phenylene groups favors a planar molecular 
c o n f i g u r a t i o n .  The c r y s t a l o g r a p h i c  data o f  Luss and 
Smith show as mentioned t h a t  the d ihed ra l  angle between 
the i n d i v i d u a l  r i n g s  o f  each molecule i s  about 1' . 
The I R  spec t i a  o f  FL-  0 a re  shown i n  the F ig .  1 and 2. 
The I R  spectrum o f  FL-d8 i s  presented i n  F i g .  3. 
D i f e r e n t i a l  i n f r a r e d  d i c h r o i c  ( D I R L D )  spectrum o f  FL-do 
o r i e n t e d  i n  the nematic l i q u i d  c r y s t a l  Z L I  1538 
(Merck). measured by 30' C i s  shown i n  F ig .  4 .  The 
Raman spectrum o f  FL-  0 i n  the  4000-50 ern-' Rarnan 
s h i f t s  frequency r e g i o n  i s  presented i n  the  F ig .  5 and 
6. 

The new spec t ra l  i n fo rma t ion  contained i n  Table 1 
concerns the  I R  and Raman spect ra o f  FL -  
Data f o r  FL-  0 were a l s o  i nc luded  i n  Table 1 al though 
exept f o r  t h ree  carbonyl  bands they co inc ide  w i t h  those 
f o r  F L  w i t h i n  1-2 cm-'. The I8O i s o t o p i c  s u b s t i t u t i o n  
prominent ly in f luences o n l y  the  c h a r a c t e r i s t i c  carbonyl  
frequencies . The (C= 0 )  s t r e t c h i n g  bans appears a t  
1680 i n  the Raman and 1681 cm-' i n  IR. The in-plane 

18 

18 

18 0 and FL-d8 
18 

18 
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V I B R A T I O N A L  S P E C T R A  O F  9 - F L U O R E N O N E  1029 

8 0 0  1200 1600 

WAVENUMBERS, (cm-')  

F i g . 1 .  I n f r a r e d  s p e c t r u m  o f  f l u o r e n o n e  - l 8 0  i n  t h e  r n i d d l e -  

f r e q u e n c y  r e g i o n  2 0 0 0 - 4 0 0  crn- l .  

deformat ion v i b r a t i o n  6(C=O) i s  found a t  555 cm-' i n  
both I R  and Raman w h i l e  the out-of-plane one, r(C-0) 
l i e s  a t  285 cm-'. 

r(C=O) con f i rm  unambiguously the band assignment. 
Hence, the  assignment o f  the deformat ion v i b r a t i o n s  
repo r ted  i n  r e f .  1 i s  r e v i s e d  here. 
Ring v i b r a t i o n s  

I s o t o p i c  s h i f t s  o f  10 cm-' f o r  6(C=O) and 9 cm-I f o r  
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The f i v e  normal v ib ra t i ons  having a predominant 
character as (C-C)-ring s t re t ch ing  modes, namely 8a, 
8b, 19a, 19b and 14 are s i t ua ted  i n  the 1612-1290 cm-’ 
frequency reg ion and they are not  g r e a t l y  in f luenced by 
the conjugat ion w i t h  the carbonyl group i n  fluorenone. 
The frequencies o f  the v ib ra t i ona l  p a i r  8a and 8b are 
a t  1613 and 1001 cm-’ (Ra) and 1612- 1599 cm-’ ( I R ) .  
Deuterat ion causes -. o f  s h i f t  about 26 cm-l, the 
corresponding i so top ic  s h i f t  by the benzophenone i s  29 
cm-’[61. Our assignment i s  i n  a good agreement w i t h  the 
p red ic t i on  o f  Fuson’et a l l  [51 and Varsanyi [71. As i t  
i s  known [8,91, the frequencies o f  the v i b r a t i o n a l  p a i r  
8 i n  d i subs t i t u ted  benzenes are ra the r  i n s e n s i t i v e  t o  
the nature o f  the subs t i tuent  w h i l s t  the deutera t ion  
in f luences these frequencies t o  a greater ex ten t .  For 
t h i s  reason , the i so top ic  s h i f t  o f  26 cm-’ observed i n  
FL-d8 i s  i n  accordance w i t h  the observed s h i f t  f o r  
deuterated chlorobenzenes [51. The assignment o f  
v ib ra t i ons  19a and 19b o f  F L  and i t s  i so top i c  species 
i s  a l so  i n  a good agreement w i t h  our previous r e s u l t s  
[61 and w i t h  the r e s u l t s  o f  other authors [81. The 
strong IR bands a t  1451 cm-’ i n  the FL spectrum s p l i t s  
i n  the D I R L D  spectrum i n t o  two bands o f  opposi te 
po la r i sa t i on  a t  1459 and 1453 cm-’ (F ig .  4 ) ,  due t o  
in-plane r i ng - r i ng  i n te rac t i on .  

frequency range establ ished by Whif fen 191 and Varsaniy 
171. 
I n  the Fig.4 one can see t h a t  a l l  bands belonging t o  
the symmetry c lass  A 1  have p o s i t i v e  (t) s igns wh i l e  
the bands o f  c lass  B2 are found t o  have negat ive ones. 
The bands of c lass  B1 cannot be d is t ingu ished from 
those of 
d i rec to r  of the nematic so lvent ,  there fore  i t  i s  
d i f i c u l t  t o  determine t h e i r  signs. 

The r i n g  v i b r a t i o n  14 “Kekule“ i s  found i n  a 

A 1  because o f  the averaging arround the 
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The very weak i n f r a r e d  band a t  1149 cm-I o f  FL  i s  
assigned here t o  the  v i b r a t i o n  el(al band). The h i g h  
i n t e n s i t y  o f  t he  Raman coun te rpa r t  a t  1150 cm-’ support  
unambiguously t h i s  a t r i b u t i o n .  
The band a t  1297 cm-’ and t h a t  one a t  1149 cm-’ have 
opposi te  p o l a r i z a t l o n  i n  D I R L D  spectrum t h a t  c o n f i r m  
the assignment t o  e2 and el s t r e t c h i n g  v i b r a t i o n s  o f  
F 1 .  
C-H i n  plane v i b r a t i o n s  

and 1034 cm-’ a re  assigned t o  syn- and anti-phase 
components o f  v i b r a t i o n s  3, 9a, 9b and 18a . The 
s p l i t t i n g s  between 3 and 26 cm-’ a re  c l o s e  t o  those o f  
benzophenone [61. 
C-H out-of-plane v i b r a t i o n s  

complex spectra,  w i t h  the normal v i b r a t i o n s  a r i s i n g  
f rom the  phenylene r i n g s .  For comparison purposes we 
have u t i l i z e d  the assignment f o r  the normal modes o f  
benzophenone [61 has been sub jec t  o f  our prev ious 
i n v e s t i g a t i o n .  Our proposed asslgnment f o r  t he  
phenylene C--H out-of-plane bending v l b r a t i o n  o f  FL and 

i t s  i s o t o p i c  isomers i s  g i ven  i n  Table 1 together  w i t h  
the  observed I R  and Raman spectra.  As be seen the  
above mentioned frequencies l i e  very c lose  t o  those o f  
benzophenone and i t s  i s o t o p i c  d e r i v a t i v e s  [61. A normal 
coord inate c a l c u l a t i o n  might  probably c o f i r m  the 
assignment proposed here. 

Ring bending v i b r a t i o n  
The s t rong  Raman band a t  1016 cm-I and weak I R  one a t  
1011 cm-I a re  assigned t o  the b rea th ing  v i b r a t i o n  o f  
t he  FL.  The band a t  724 cm-’ i s  a t r i b u t e d  t o  d, mode. 
The remaining v i b r a t i o n s  o f  t h l s  group a re  d2, 4 ,  6a, 
6b, 16a and 16b. They c o i n c i d e  w i t h  the  corresponding 

The bands a t  1371, 1368, 1194, 1186, 1097. 1084, 1060 

We s t a r t e d  the v i b r a t i o n a l  a n a l y s l s  o f  those r a t h e r  
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v i b r a t i o n s  o f  benzophenone o r  l i e  i n  t h e i r  v i n i c i t y .  
The bands above 285 cm-I a re  assigned t o  the bending 
mot ion o f  the carbonyl  group w i t h  respect  t o  the  bo th  
phenyl ene r i ngs. 

spect ra o f  F L ,  FL-d8, F L -  
s t a t e  and i n  o r i e n t e d  nematlc s o l u t i o n s ,  we propose an 
assignment o f  the observed bands t o  the  i n t e r n a l  
fundamental v i b r a t i o n s .  The assignments a re  supported 
by the comparison o f  the present data w i t h  the 
corresponding v i b r a t i o n a l  a n a l y s i s  o f  benzophenone [61. 
The used i s o t o p i c  s u b s t i t u t i o n  w i t h  
carbonyl  group l e d  t o  an unambiguous d e t e c t i o n  o f  the 
in-plane and out-of-plane carbonyl  bands. 

On the bas i s  o f  measurements o f  the i n f r a r e d  and Raman 
18 0 i n  s o l u t i o n  i n  the s o l i d  

I8O i n  the 
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