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VIBRATIONAL SPECTRA AND CONFORMATIONAL AXALYSIS OF ISOMERS 

OF 1,3-DIPHENYL PROPANE AND 4-(3-PHENYL PR0PYL)PYRIDINE 

T.D.Z. k tvars* ,  D.N. Dibbern and E. Sabadini 

Departamento de Fis ico-Quimica 

I n s t i t u t o  de Quimica - Universidade Estadual de Campinas 

13.100 - Campinas, S.P., B r a z i l .  

ABSTRACT 

The Raman and i n f r a r e d  spectra o f  1,3-diphenyl propane and 4-(3-phenyl 

p ropy1)pyr id ine  were recorded i n  the  l i q u i d  s ta te ,  a t  room temperature, i n  

t h e  range from 4000 cm-l t o  200 cm-’. The v i b r a t i o n a l  assignments allowed 

us t o  i d e n t i f y  t he  presence o f  t h ree  staggered conformers, AA, AG and GG. 

No evidence was found o f  ex is tence o f  the  GG1 conformer w i t h  the two p a r a l l e l  

phenyl (or  p y r i d i l )  r i n g  groups. 

the normal mdes from these molecules wi th those from the  po lys ty rene and 

po lyv iny lpy r id ine .  

These r e s u l t s  have been used t o  c o r r e l a t e  

1. INTRODUCTION 

The v i b r a t i o n a l  spectra and molecular s t ruc tu re  o f  polystyrene has been 

repor ted  by many persons (1-5) and many d i f f i c u l t i e s  found t o  assign the  nor- 

* 
To whom the  correspondence must be sent.  

2 2 3  
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224 ATVARS,  D I B B E R N ,  AND S A B A D I N I  

ma1 modes. 

molecular models f o r  t h i s  polymer and were ab le  t o  show t h e  i n f l uence  o f  t he  

cha in  conformations and con f igu ra t i ons  on the  i n f r a r e d  and Raman spectra o f  

these models. These s tud ies  were very h e l p f u l  i n  the  i d e n t i f i c a t i o n  o f  t he  

conformat ional  sequencies o f  t he  a l i p h a t i c  cha in  w i t h  a l t e rna ted  phenyl 

groups as subs t i t uen ts  and the  cha in  termined w i t h  methyl groups. 

persons had s tud ied  molecular models f o r  po lys ty rene which were n -a l ky l -  

benzene de r i va t i ves  and a l so  i n  these cases the  models have methyl groups i n  

the end o f  the  a l i p h a t i c  chain.  

the  presence o f  t he  methyl groups added a d d i t i o n a l  compl icat ions i n  the  

assignment o f  t h e i r  normal modes due t o  the  i n t e r a c t i o n s  between t h i s  group 

and many o ther  normal modes by t h e  r i n g ,  making impossible an undought 

assignment o f  t h e  v i b r a t i o n a l  spectra.  

case o f  the  p o l y v i n y l  p y r i  d ine  mo1 ecul  e. 

Recent ly Jasse and C O ~ . ( ~ - ' )  had repor ted  s tud ies  r e l a t e d  w i t h  

Others 

Although the  importance o f  these studies,  

No complete study was done i n  the  

We have chosen the  1,3-disubst i tuted propanes, as 1.3-diphenyl propane 

(DFP) and 4-(3-phenyl p ropy1)pyr id ine  (FPPy), t o  reso lve  p a r t i a l l y  t he  

problem o f  the  assignments o f  t he  v i b r a t i o n a l  frequencies, s ince  they  don ' t  

have methyl-groups i n  the  a l i p h a t i c  chain.  However the  spectra remained 

s t i l l  compl icated because o f  t h e  number o f  the  normal modes and the  i n te rac -  

t i o n s  between t h e  a l i p h a t i c  and r i n g  groups t h e  molecules. By comparing t h e  

DFP and FPPy spectra (wave numbers and contour o f  t h e  bands) it was poss ib le  

t o  separate the  wave numbers o f  t h e  n o r m 1  modes from t h e  r i n g s  and from the  

a l i p h a t i c  chain, as we l l  t o  i d e n t i f y  t he  presence o f  th ree  s tab le  conformers 

i n  the  l i q u i d  s ta te ,  a t  room temperature. These conformers are  spec i f ied  by 

the  n o t a t i o n  AA, AG and GG, where A and G n o t a t i o n  descr ibe  a n t i  and gauche 

con f igu ra t i ons  between a C- r ing  and a nex t  t o  neares t  C-C bond.('*) as shown 

In the f i g u r e  1. 

The comparison between the  wave numbers o f  t he  normal modes f rom t h e  DFP 

w l t h  those f rom po lys ty rene and from t h e  FPPy w i t h  those from p o l y v i n y l -  
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FIGURE 1. The staggered conformers o f  1,3-disubst i tuted propanes: X=Y=phenyl 

groups i n  the case o f  DFP; X = phenyl group, Y = p y r i d i l  group, 

i n  the case o f  FPPy. 

p y r i d i n e  have ind i ca ted  t h a t  the conformations of the  polymer chains are the  

same i n  both cases. 

11. MATERIALS AND METHODS 

?he Raman spectra were recorded employing an argon i o n  l ase r  (Spectra 

Physics model 165) us ing  the  514.5 nm l a s e r  l i n e  as exc i ta t i on .  A Spex 14018 

Ububle monocromator equipped w i t h  a 1800 g / m  holographic g r a t t i n g  was em- 

ployed as a spectrometer and a te rmoe lec t r i ca l y  cooled RCA C3103 photomult i -  
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p l i e r  tube de tec to r  was coupled w i t h  a photon count ing  system. 

s l i t  w id th  was 3 cm-' and the  r e s o l u t i o n  was < c 1 cm- . 
The spec t ra l  

1 

I n f r a r e d  spectra o f  l i q u i d  samples were recorded on a Perk in  Elmer model 

180 spectrophotometer us ing  a CsI selead l i q u i d  c e l l  w i t h  path l eng th  o f  0.05 

mn. 

1,3-diphenyl propane (F r in ton  Lab.) and 4-(3-phenyl propyl  )py r id ine  

( I C N  Pharmaceuticals Inc . )  were chromatographed over d ry  A1203 and s i l i c a  ge l .  

The so lvent  was evaporated and the  sample was d r i e d  i n  a vacuum inmed ia te ly  

before the  use. An uncorless l i q u i d  was obtained i n  bo th  cases. 

111. RESULTS 

I h e  normal modes o f  the  phenyl group has been assigned upon analogy w i t h  

the v ib ra t i ons  of monosubstituted benzenes as used by Varsanyi'lO). 

assumed t h a t  t he  molecules belong t o  the  Cs p o i n t  group, w i t h  the  C,-H 

bonding coplanar w i t h  the benzene ring.") I n  t h i s  s i t u a t i o n  a l l  o f  t he  

normal models must be a c t i v e  e i t h e r  i n  t h e  case o f  the  Raman o r  i n f r a r e d  

Spectra. 

It i s  

The normal modes from t h e  benzene o r  p y r i d i n e  r i ng ,  can be d i v ided  i n  

th ree  classes: 

numbers independent on the  a l k y l  group; 2. t he  mass s e n s i t i v e  normal modes, 

whose wave numbers change by the  e f f e c t  o f  t h e  subst i tuent(") ;  3. the  con- 

formational sens i t i ve  normal modes, whose wave numbers a re  dependent on the  

conformation of t he  a l i p h a t i c  

modes are  shown i n  the  t a b l e  1, i n  the  case o f  t h e  c lasses 1 and 2, and i n  

the  t a b l e  2, i n  the  case o f  t he  c lass  3. The normal modes o f  t h e  c lass  3 

were i d e n t i f i e d  as: in-plane bending from the  bonding r i ng -subs t i t uen t ,  and 

the  out-of-plane angle deformat ions f rom the r i n g  and from the  r i ng -subs t i -  

t uen t  groups('-'). 

1. the  mass i n s e n s i t i v e  normal modes, which have s tab le  wave 

The i d e n t i f i c a t i o n  o f  these normal 
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The 1,3-disubst i tuted propanes have n ine  poss ib le  conformations o f  the  

a l i p h a t i c  chain,  exc lus ive  o f  several  c i s  

s t a b i l i t y  f o r  these conformers a re  AA > AG = AGl - GA = GIA > GG = GIG1 > 

GG1 = GIG. 

s t e r i c  and e l e c t r o s t a t i c  repu ls ions  between the  two r i ngs (12 ) .  

former may be observed i n  the e lec t ron i c  exc i ted  s t a t e  and i t  i s  known as the  

s t r u c t u r e  o f  t he  eximer from DFP(13). I f  t h e  two subs t i t uen ts  as i d e n t i c a l ,  

the  two forms AG and GA a re  equ ienerget ics  and on ly  th ree  conformers may be 

observed i n  the  l i q u i d  s ta te ,  as i nd i ca ted  i n  the  f i g u r e  1 and tab le  2. 

The order  o f  

The equ iva len t  GG1 and GIG forms are no t  poss ib le  due t o  l a rge  

This con- 

3.1. Conformational Independent Normal Modes 

S t re tch ing  CH normal modes 

There are f i v e  normal modes f o r  the CH s t re t ch ing  v i b r a t i o n s  o f  mono- 

subs t i t u ted  benzene r i n g s  and f o u r  f o r  p y r i d i n e  ones. Three o f  them are  

i d e n t i f i e d  i n  the  i n f r a r e d  spectra, as a s t rong  bands i n  crescent order of 

i n t e c s i t y ,  as v~,,~, u~~ and uZob. 

in tense Raman band and t h e  normal mode v~~ cou ld  be assigned i n  the  Raman 

spectra.  s ince  it i s  not reso lved i n  t h e  in f ra red ' " )  ( f i g u r e  2 ) .  This  nor- 

mal mode i s  absent i n  the p y r i d i n e  monosubst i tuted r ing(14-19).  

lengths o f  these normal modes are  given, as f o r  t he  o thers  below i n  the  tab le  

The normal mode u2 i s  assigned as the  most 

The wave- 

I. 

S t re tch ing  CC (CN) normal modes 

The tangen t ia l  s t r e t c h i n g  CC and CN v i b r a t i o n s  from the  r i n g s  a re  almost 

i n s e n s i t i v e  t o  s u b s t i t u t i o n  and they can be shared i n  two groups: 1. the  nor-  

mal modes uBa and u , ~ ~ ,  w i t h  wave numbers independent on the  n i t rogen  atom i n  

the r i n g  and, 2. the  normal modes usb and u,9b whose wave numbers f o r  the 

case of the  p y r i d i n e  group a re  s h i f t  40 cm-I from those o f  benzene r i n g  (10)  . 
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3200 3000 2 800 
I I I 

3 100 3000 2 900 2 800 

WAVELENGTH ( cn i '  1 

FIGURE 2. Infrared ( a )  a n d  Raman ( b )  spec t ra  of DFP ( 1 )  a n d  FPPy (2) i n  the 

range of 3200-2800 cm- . 1 
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232 ATVARS, D I B B E R N ,  AND S A B A D I N I  

The normal mode vt4 was observed at 1379 cm-' for the case of DFP and at 1379 

cm-' for the case of pyridine ring of FPPy, both as medium intensity bands in 

the infrared spectra, as shown in the figures 3 and 4. 

Stretching C-X normal modes 

The normal mode related to the C - X  stretching vibration was identified 

by u13 for light substituent(lO). This normal mode can be considered as a 

combination o f  symmetric and antisymnetric motions of the ring-substituent 

vibrations, as was done by Pearce"'). 

wavelength at 1204 cm-' for the antisymmetric C - X  stretching of DFP (1210 

cm-l for FPPy) and the wave number at 1120 cm-l to the symmetric C - X  

stretching. 

number and intensity don't change in the case o f  DFP or FPPy, as shown in 

the figure 4. 

In this sense, we have assigned the 

This last band i s  intense in the Raman spectra and its wave 

In-olane C - H  bendina deformations 

The in-plane C - H  bending deformations of monosubstituted benzenes are 
identified as v3, vga, v15 (absent for monosubstituted pyridines) (17) , vlBa 

and v18b(10).  The assignment of the wave number for the normal mode v15 was 

done as used for n-alkylbenzenes(lO) in the case of the DFP, as shown in the 

figure 4. 

band at 1155 an-', in the infrared spectra, had lower intensity than in the 

case of the DFP and no new band could be observed. which indicates that this 

normal mode is absent in the pyridine ring, diferently from what is assigned 

by other persons 

In the case of FPPy, we could notice that the intensity of the 

(16,18,19) 

In-plane ring bendings 

These deformations are identified by v1 (ring breathing), v ~ ~ ,  vbb and 

v,~"'). The normal modes v 1  and v~~ are almost insensitive to substitution 
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( a  I 

I700 I600 I500 I4 00 

WAVELENGTH ( c m '  1 

FIGURE 3. Infrared ( a )  and Rarnan ( b )  spectra o f  DFP ( 1 )  a n d  FPPy ( 2 )  i n  the  

range o f  1700-1400 cni- . 1 
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I400 I300 I200 I100 
I 1 I I 

I I I I 

1400 I300 I200 I I 00 

WAVELENGTH ( c1-6’) 

FIGURE 4 .  I n f r a r e d  ( a )  and Rainan ( b )  spec t ra  of  DFP ( 1 )  a n d  FPPy ( 2 )  i n  t h e  

range o f  1400-1100 c m - ’ .  

f o r  monoalkylbenzenes o r  py r id ines ,  wh i l e  wba i s  a s u b s t i t u t i o n  s e n s i t i v e  nor-  

mal mode. The reg ion  o f  wave numbers i n  which these normal modes can be ob- 

~ e r v e d ( ~ ” ~ ” ~ )  and t h e i r  wave numbers f o r  DFP and FPPy are  shown i n  the  t a b l e  

1, and t h e i r  Raman and i n f r a r e d  spectra i n  the f i gu res  5, 6 and 7 .  
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1100 I000 900 
I I i 

( a  1 

I100 I000 900 

WAVELENGTH (~6') 

F I G U R E  5. I n f r a r e d  ( a )  and Rarnan ( b )  s p e c t r a  o f  DFP ( 1 )  and FPPy ( 2 )  i n  the  

range o f  1100-900 cm-I. 
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900 800 7 00 

900 8 00 700 6 00 

WAVELENGTH (c1-6') 

FIGURE 6 .  I n f r a r e d  ( a )  and Raman ( b )  s p e c t r a  o f  DFP ( 1 )  and FPPy ( 2 )  i n  t h e  

r a n g e  o f  900-600 cin- ' .  
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600 5 00 4 00 

600 500 400 

WAVELENGTH (~6') 

FIGURE 7. Infrared ( a )  a n d  Raman ( b )  spectra o f  DFP ( 1 )  a n d  FPPy ( 2 )  in the 

range of 600-400 c m - ' .  

Out-of-plane yCH vibrations 
__ 

These are five out-of-plane yCH vibrations for  monosubstituted benzenes 

and four for  pyridine ones, as shown in the table 1 .  These normal modes are 

identified as u5, vlOa,  u , ~ ,  v~~~ and u , 7 b  (absent f o r  pyridine r i n c ~ ) ( ' ~ ' ~ ~ - ~ ~ ) .  

These normal modes show high intensi t ies  bands in the infrared spectra, low 

intensi ty  bands in the Raman spectra and overtones or  combination bands in 
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the range o f  1650-2000 cm 

the wave numbers t o  these not-ma1 modes, as shown i n  the  t a b l e  1 and i n  the 

f i gu res  5 and 6. 

( l o ) .  These observat ions have al lowed us t o  assign 

Out-of-plane Q,- .~  r i n g  deformations 

These normal modes are  i d e n t i f i e d  as u4, v ~ ~ ~ ,  which are weak bands i n  

the  i n f r a r e d  spectra,  i n s e n s i t i v e  on monosubst i tut ion‘”) ,  and v ~ ~ ~ ,  v a  con- 

fo rmat iona l  dependent normal The wave numbers o f  t he  v 4  and v~~~ 

normal modes are  given i n  the t a b l e  2 and f i gu res  5 and 6 respec t i ve l y ,  wh i l 2  

vCb w i l l  be considered bel low. 

3.2. Conformational Dependent Normal Modes 

There are  th ree  normal modes o f  the benzene r i n g  which wave numbers are 

c l e a r l y  s h i f t e d  by the  in f luence o f  the conformation of the  a l i p h a t i c   hai in(^-^). 
These normal modes are: the  in -p lane BC, deformation, ugh; the  ou t -o f -p lane 

yc-x  deformation, vlOb; and the out-of-plane r i n g  deformation, v~~~ (10) . 
We have observed i n  the  i n f r a r e d  spectrum o f  DFP th ree  bands i n  the  

reg ion  of 560 cm-’, as shown i n  the  f i g u r e  7, which can be assigned t o  the  

normal mode wlbb from d i s t i n c t  

benzene r i n g  w i t h  those from the  p y r i d i n e  ones, we can n o t i c e  a s h i f t  o f  8 

cm-l t o  longer wave number side. 

p a i r  of bands t o  one conformer o f  the a l i p h a t i c  chain of  the  DFP o r  FPPy 

niolecules. 

cm-l f o r  FPPy), AG (556 cm-l f o r  DFP and 564 cm-’ f o r  FPPy) and AA (570 cm-’ 

f o r  DFP and 578 cm-’ f o r  FPPY)(~- ’ ) ,  as shown i n  the  t a b l e  2, and ind i ca ted  

i n  the f i g u r e  1. 

By comparing the bands from 

This f a c t  have al lowed us t o  c o r r e l a t e  each 

These conformers are  i d e n t i f i e d  as GG (544 cm-’ f o r  DFP and 552 

The normal mode vgb genera l l y  has shown up as a weak Raman l i n e  and a 

I t s  wave numbers were medium i n t e n s i t y  band i n  the  i n f r a r e d  spec t rum( lO) .  

assigned a t  the  reg ion  o f  230 cm-’ f o r  many a l k y l b e n ~ e n e s ( ~ - ’ ) .  We have 
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239 VIBRATIONAL SPECTRA 

observed th ree  bands i n  t h i s  region, a t  the  wave numbers o f  206  in-^, 214 

cm-‘ and 230 cm-l, as shown i n  the  f i g u r e  8, w i t h  medium i n t e n s i t y ,  which a re  

assigned t o  the  conformers GG, AG and AA, respec t ive ly .  

almost i n s e n s i t i v e  t o  py r id ine  r i n g  subs t i t u t i on ,  i n d i c a t i n g  t h a t  the  s t renght  

o f  t h e  bonding r i ng -subs t i t uen t  as w e l l  the  s t e r i c  e f f e c t  o f  benzene o r  

p y r i d i n e  r i n g s  a re  almost the  same i n  bo th  molecules. 

These bands are  

The in f luence o f  the  conformat ional  s t r u c t u r e  o f  the  a l i p h a t i c  cha in  on 

the  wave number o f  the normal mode vlOb i s  more complex (6-9). I n  the  case o f  

sow alkylbenzenes i t  was observed t h a t  the  band a t  184 cm-l i s  coupled wi th 

the  t o r s i o n  of the  methyl group and i t  was assigned t o  the  normal mode vlOb 

due t o  the  conformer w i t h  four C-C bondings i n  a t r ans  conf igura t ion .  

have observed, as shown i n  the  f i g u r e  8, a medium i n t e n s i t y  i n f r a r e d  band a t  

181 cm-l (6-9). Since we don ’ t  have a methyl group i n  the  e x i s t a n t  molecules, 

t h i s  band i s  assigned t o  the  conformer AG(7) o f  the  DFP and FPPy molecules, 

w i t h  overtone a t  the wave number o f  363 cm- . 
151 cm” r e l a t e d  t o  t h e  normal mode v,,,~ from terminal  phenyl group o f  the  

gauch conformation the 

isomer o f  t he  2,4-dipher1ylpentane(~) and they a re  assigned t o  the  normal modes 

vlOb from the  conformer AG. It was a l so  o b ~ e r v e d ( ~ - ~ )  a t  163 cm-’ one band 

which was assigned t o  the  con f igu ra t i on  o f  the  cha in  w i th  a l l  t r ans  conforma- 

t i o n  o f  t h e  chain. As shown i n  the  f i g u r e  8, we have observed one medium- 

weak i n t e n s i t y  band i n  the  i n f r a r e d  spectrum o f  DFP, a t  323 cm-’, which i s  

assigned t o  the  overtone o f  the  normal mode vlOb from the conformer AA o r  GG, 

We 

1 One o ther  band was observed a t  

These two bands were observed i n  the  meso 

as i n  the  case o f  t he  racemic conformers o f  the  2,4-diphenylpentane (7) . 

3.3. V ib ra t i ona l  Normal Modes from the A l i p h a t i c  Chain 

S t re tch ing  CH v i b r a t i o n s  

These a re  th ree  symmetric and th ree  an t isymnet r ic  CH s t r e t c h i n g  v ib ra -  

t i o n s  f rom t h e  methylenic groups o f  t he  1,3-disubst i tuted propanes. D i f f e r -  
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FIGURE 8. I n f r a r e d  ( a )  and Raman ( b )  spec t ra  o f  DFP ( 1 )  and FPPy ( 2 )  i n  t h e  

range o f  400-200 cm- . 1 
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e n t l y  from the  1,3-dihalopropanes (21-23), which had shown an acc identa l  

degenerescency of some o f  these normal modes, t he  Raman spec t ra  o f  the  DFP 

and FPPy have al lowed us t o  assign s i x  wave numbers from CH s t r e t c h i n g  v ib ra-  

t i ons ,  i n  the  reg ion  o f  3000 t o  2850 cm-’, as shown i n  the  f i g u r e  2. The 

assignment o f  the  wave numbers have been done. cons ider ing  t h a t  the  h igh  

in tense i n f r a r e d  bands are due t o  the  an t isymnet r ic  CH2 s t r e t c h i n g  v ib ra t i ons  

and the  h igh  i n t e n s i t y  Raman bands are  due the  symmetric ones. These assign- 

ments were shown i n  the  t a b l e  3. 

C-C s t r e t c h i n g  v ib ra t i ons  

There a re  two kinds of  C-C s t re t ch ing  v ib ra t i ons  from the  a l i p h a t i c  

cha in  o f  the DFP and FPPy: 

i n t e n s i t y  bands i n  the  i n f r a r e d  spectrum and 2. t h e  symmetric s t re t ch ing  

which are  low i n t e n s i t y  bands. The wave numbers o f  these v ib ra t i ons  a re  

dependent o f  t he  conformation o f  the  cha in  (24325). 

i n f r a r e d  spectra o f  DFP and FPPy th ree  medium i n t e n s i t y  bands a t  1073 cm-’, 

1064 cm-’ and 1040 cm-’, which are  assigned t o  the  antisymmetric s t r e t c h i n g  

from the  GG, AG and AA conformers, respec t ive ly .  

symmetric v i b r a t i o n  can be assigned, a t  t h e  wave number of 1018 cm- , as a 

shoulder a t  the lower wave number s ide  o f  the  normal mode w18a f rom the  

benzene r i ng .  

1. the  ant isymmetr ic s t r e t c h i n g  which a re  medium 

It was observed i n  the 

Only one band from the  
1 

CH2 methylenic groups bending 

There are  fou r  types o f  bendings from the methylenic groups, as known as: 

sc issor ing ,  wagging, t w i s t i n g  and rock ing  v i b r a t i o n s  (10) . 
1 The sc i sso r ing  v i b r a t i o n s  were observed a t  t he  reg ion  o f  1460-1420 cm- 

(24D25) ,  the same reg ion  o f  many o the r  v ib ra t i ons  f rom the  benzene and p y r i d i n e  

r i ngs .  

f o r  bo th  DFP and FPPy as being the  sc i sso r ing  v i b r a t i o n s  by comparison o f  

We cou ld  assign th ree  bands a t  t he  1458 cm-l, 1444 cm-l and 1436 cm-l 
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t h e i r  i n f r a r e d  and Raman spectra. 

observe t h a t  wh i l e  the  bands due t o  the  CC s t re t ch ing  v ib ra t i ons  are  strong 

bands i n  the i n f r a r e d  spectra and weak i n  the  Raman, as shown i n  the  f i g u r e  4, 

t he  sc i sso r ing  v ib ra t i ons  are observed as medium i n t e n s i t y  i n  the  Raman spec- 

t r a .  

These comparations have allowed us t o  

I t  had been observed t h a t  the wave numbers o f  the  wagging, t w i s t  and 

rock ing  v ib ra t i ons  a re  dependent on the conformation o f  the a l i p h a t i c  

chain(11y24-26).  

i n f ra red  and Raman spectra o f  DFP and FPPy, s ince  the  t w i s t  and wagging 

v i b r a t i o n s  a re  low i n t e n s i t y  bands and the  reg ion  o f  t h e i r  wave numbers are  

t h e  same as many o ther  normal mdes o f  the  benzene and p y r i d i n e  r ings .  But, 

even w i t h  these compl icat ions the  comparison o f  the i n f r a r e d  and Raman spec- 

t r a  o f  bo th  molecules, as shown i n  the  f i g u r e  4, have allowed us t o  assign 

the  wagging v ib ra t i ons  as a se t  o f  th ree  p a i r s  o f  bands, a t  the  wave numbers 

1353 cm-l and 1348 cm-l, 1338 cm-l and 1320 cm-l and 1271 cm-l and 1260 cm-'. 

An equ iva len t  assignment was done w i t h  the  t w i s t  v ib ra t i ons  and the  corre- 

spondent wave numbers are: 1297 cm-l and 1290 cm-'; 1198 cm" and 1188 cm-'; 

and 1148 cm-l and 1135 cm- . 
type o f  v i b r a t i o n  o f  t he  three s tab le  conformers, bu t  we are  no t  able t o  

ass ign  an unargueable se t  o f  wave numbers f o r  each conformer. 

This fac t  b r i ngs  i n  a new k ind  o f  compl icat ions i n  the  

1 Each p a i r  o f  these wave numbers are from one 

I n  the  case o f  the rock ing  v ib ra t i ons  i t  was observed, l i k e  f o r  1,3- 

d i c h l o r o  propane"'). th ree  se t  o f  bands which have been assigned t o  these 

1 v i b r a t i o n s  from each s tab le  conformer. 

858 cm-' and 845 cm-l, which can be overlapped w i t h  the  ulOa, u5 and u , ~  

normal modes from the  benzene and p y r i d i n e  r i ngs ;  807 cm-', 797 cm-' and 783 

cm-', probably coupled w i t h  the  normal mode w 1  from the benzene r i ng ;  and 

751 cm-l, 736 cm-' and 727 cm-', probably coupled w i t h  the  normal modes u4  

and ul, f rcm the r ings .  

o f  these no rm1 modes have been poss ib le  by comparing the wave numbers and 

i n t e n s i t i e s  o f  each band from the i n f r a r e d  and Raman spectra f o r  bo th  

molecules. 

These wave numbers are: 866 cm- , 

I n  each case, the  i d e n t i f i c a t i o n  of the  wave numbers 
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BcCc angle bending v i b r a t i o n s  

The wave numbers o f  these v i b r a t i o n s  are  a l so  dependent on the  conforma- 

The bands observed f o r  these normal t i o n s  o f  the  a l i p h a t i c  

modes a re  medium-weak i n t e n s i t y  i n  the  i n f r a r e d  spectra and they have been 

assigned, i n  o rder  o f  inc reas ing  i n t e n s i t i e s ,  t o  the  f o l l o w i n g  conformers: GG 

a t  287 cm-l, AG a t  264 cm-l and AA a t  277 cm-'. This o rder  o f  i n t e n s i t i e s  i s  

the same as observed f o r  the normal modes vgb and v ~ ~ ~ ,  f rom t h e  p y r i d i n e  and 

benzene rings; 

numbers s ide  t o  279 ern-', 257 c d '  and 270 cm-l respec t i ve l y ,  as shown i n  the  

f i g u r e  8. 

I n  t h e  case o f  FPPy, these bands are s h i f t  t o  the  low wave 

It was observed one s t rong  i n t e n s i t y  band I n  t h e  i n f r a r e d  spectra o f  DFP 

a t  596 cm-' and FPPy a t  600 cm-l. 

c r y s t a l 1  i ne  2,4,6,8-tetraphenyln0nane(~), b u t  no assignment was done. 

band cou ldn ' t  be observed i n  the  case o f  i s o t a c t i c  po lys ty rene i n  the  quenched 

o r  annealed forms, bu t  one band i n  t h i s  reg ion  was observed i n  the  case o f  

the  c r y s t a l l i n e  form(5). 

molecular systems ( 1 1 g 1 2 ) ,  no prec ise  assignment was done. 

i nd i ca ted  t h a t  t h e  wave number o f  t h i s  normal mode are  dependent on the  subs- 

t i t u e n t  of the  a l i p h a t i c  cha in  as we l l  o f  the c r y s t a l l i n e  s t a t e  o f  the  no le -  

c u l a r  system(5s9s11'12), b u t  i t  i s  independent on the  conformat ion o f  t he  

a l i p h a t i c  chain, s ince  o n l y  one band has been observed i n  each case. 

t e n t a t i v e l y  assigned t h i s  wave number t o  the  H-Ca-ring angle deformation, 

which are  decoupled w i t h  o the r  molecular motions o n l y  i n  a r i g i d  system, l i k e  

i n  the  c r y s t a l l i n e  s ta te ,  o r  i n  molecules w i thou t  long  chain o r  w i t h  o ther  

te rmina l  subs t i tuents .  I n  these cases, t h i s  normal modes are coupled w i t h  

This band was observed f o r  synd io tac t i c  

This 

Although t h i s  band had a lso  been observed f o r  o the r  

Our r e s u l t s  have 

We have 

o ther  angle deformations from the  a l i p h a t i c  cha in  and i t  i s  observed one band 

a t  350 cm- 1 (6-9) 

S W R Y  AND CONCLUSIONS 

As we can see i n  the  tab les  1 and 2, t he  wavelengths o f  t he  normal modes 

from the  benzene r i n g  a re  c lose  t o  the  values o f  t h e  po lys ty rene molecules ( 1  1 . 
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The same r e s u l t s  have been obtained w i t h  t h e  wave numbers o f  the  normal modes 

from t h e  p y r i d i n e  r i n g  and those from the  po ly - (4  v i n y l  py r id ine ) (27 ) .  These 

f a c t s  i nd i ca te  t h a t  the  i n f r a r e d  and Raman spectra o f  these molecular models 

a re  very  use fu l1  i n  the  assignment o f  t he  v i b r a t i o n a l  modes f o r  these two 

polymers. 

The ana lys is  of the  conformat ional  s t ruc tu re  o f  these molecules have 

ind i ca ted  t h a t  there  are  th ree  s tab le  conformers i n  t h e  l i q u i d  s t a t e  and the  

s t a b i l i t y  o rder  may be o f  the  AA, AG and GG conformers, the  same as observed 

i n  the  3-halo propyl  benzenes(12), as shown by the  normal modes ugh, vlOb and 

w16b from the  r i n g s  and BcCc f rom the  a l i p h a t i c  chain. 

o f  the  polymers, the  chain conformation are p r e f e r e n t i a l l y  a t rans  conf igura- 

t i o n  r e l a t e d  t o  the  a l i p h a t i c  chain, w i t h  the  phenyl groups perpendicular t o  

t h e  as i n  t h e  case o f  t h e  GG conformers. These r e s u l t s  i nd i ca te  

a s t rong  compromise between the  s t e r i c  e f f e c t s  o f  thc  subs t i tuents  o f  the 

a l k y l  chain, i n  es tab l i sh ing  the  f i n a l  s tab le  conformation. The energy c a l -  

cu la t i ons  from these th ree  s tab le  conformers o f  the DFP and FPPy are i n  

progress. 

However, i n  the  case 
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