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I NFRARED STUDY OF SOL1 D CY CLOHEPTANOL 
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ABSTRACT 
I n f r a r e d  a b s o r p t i o n  s p e c t r a  of cyc lohep tano l  -OH 

have been measured i n  t h e  50 - 3700 c m - l  f r e q u e n c y  

range for c r y s t a l  11’. 11. I and  l i q u i d  phases .  

Order -d i so rde r  behaviour  conce rn ing  o r i e n t a t i o n a l  , 

conformat iona l  and hydrogen-bond p r o p e r t i e s  is 

d i  sc ussed.  

I NTRODUCTI ON 
This i n v e s t i g a t i o n  of  polymorphism of 

cyc lohep tano l  by  means of i n f r a r e d  s p e c t r o s c o p y  is a n  
1-3 

e x t e n s i o n  of p r e v i o u s  w o r k s  on t h e  c y c l i c  a l c o h o l s  . 
The phase  behaviour  of cyc lohep tano l  is i n t r i c a t e .  

E igh t  k i n d s  of stable and metastable c r y s t a l l i n e  phases  

i n c l u d i n g  t h e  g l a s s y  c r y s t a l  w e r e  r e v e a l e d  by means of  
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4 an a d i a b a t i c  c a l o r i m e t r y  method . Among t h e s e  s t a b l e  
crystals I .  I1 and I11 are cons ide red  to  be plastic.  

i .  e. o r i e n t a t i o n a l l y  d i so rde red  according t o  t h e  

Timmermans c r i t e r i o n  . This is supported by t h e  

m o t i  onal nar r o w i  ng phenomenon of t h e  NMR spec t r a4 and 
by d i e l e c t r i c  measurements for phases I and I1 . On t h e  
con t r a ry ,  t h e  en t ropy  of I1 -11 ' t r a n s i t i o n  amounting t o  
17.2 J m o l  K would r a t h e r  i n d i c a t e  c r y s t a l  11' t o  be 

a normal ordered c r y s t a l  - C r y s t a l  11' is t h e  

low-temperature s t a b l e  phase. The 11-11 ' t r a n s i t i o n  
t a k e s  p l ace  from t h e  supercooled phase I1 denoted sII. 
The a i m  of t h i s  w o r k  is t o  s t u d y  t h i s  order-disorder  

behaviour of d i f f e r e n t  phases i n  more d e t a i l  . I n  
gener a1 , t h r e e  k inds  of order i - e .  conf or m a t i  onal , 
hydrogen bondi ng and or i e n t  a t  i onal o rde r  shoul  d be 

considered. 

5 

6 

-1 -1 

4 

7 

EXPERIMENTAL AND RESULTS 
I R  abso rp t ion  s p e c t r a  i n  t h e  frequency of 50 - 

3700 c m - I  and temperature  of 96 - 300 K range under 
va r ious  hea t ing  and coo l ing  c o n d i t i o n s  for t h e  sample 

hol der  w i  t h  pol yethyl  e n e  or K R S - 5  w i  ndows f i 1 1 ed  w i  t h 
1 i qui d C+iI 30H w e r e  measured w i  t h a Four i er t r ans fo rm 

FTS-I4 Dig i l ab  spectrometer  with 2 c m - I  r e s o l u t i o n .  

Phase sequence of l i q u i d ,  phases I ,  11, sII and I1 * w a s  
s t u d i e d  i n  t h i s  way. Represen ta t ive  r e s u l t s  are shown 

i n  F ig .1  for t h e  30 - 500 and i n  F i g . 2  for 450 - 
1550 cm-' range. An erroneous s t r u c t u r e  is observed f o r  
s t ronge r  bands i .  e. f o r  472 and 1035 cm-', because t h e  

sample t h i c k n e s s  w a s  t o  be f i t t e d  t o  w e a k e r  f e a t u r e s  of 
t h e  s p e c t r a .  Observed f r equenc ie s  below BOO an-' are 
l i s t e d  i n  Table  1 .  
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FIG. 1. I n f r a r e d  a b s o r p t i o n  s p e c t r a  of c y c l o h e p t a n o l -  
OH i n  t h e  l a t t i c e  and s k e l e t a l  m o d e  range:  f r o m  t h e  t o p  
l i q u i d  a t  300 K.  phase  I a t  205 K.  phase  I1 a t  235 K .  
supe rcoo led  phase  I1 i .e.  s I I  a t  180 K and phase  11’ a t  
96 K. 

DI SCUSSI ON 

The cyc lohep tano l  molecule  c a n  occur  i n  s e v e r a l  

conformat ions .  T h i s  depends a n  t h e  c y c l o h e p t a n e  r i n g  
conformat ion  and t h e  OH group p o s i t i o n .  R o t a t i o n a l  
i s o m e r i s m  of t h e  OH group c o u l d  be n e g l e c t e d  h e r e .  The 
m o s t  stable conformat ion  for c y c l o h e p t a n e  is t h e  
twis t -cha i r  one of t h e  C2 symmetry but an energy 
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o u t  of  p l a n e  

180 a 
215 b 
205 
300 
315 a 
322 b 
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i n  p l a n e  

375 
472 
51 0 
548 

TABLE 1 

and T e n t a t i v e  Assignment 
Low-Energy Skeletal Modes Cf requenc ie s  cm-' a t  96 KI 

Two CO bending  modes 

41 3 440 348 

a and b randomly m a r k  t h e  Cs and C2 r i n g  conformat ions  

i den t i ca l  t o  skeletal confo rma t ions ;  s u p e r s c r i p t s  1 and 

2 randomly m a r k  axial and e q u a t o r i a l  conformat ions .  

b a r r i e r  t o  t h e  c h a i r  conformat ion  of t h e  Cs symmetry is 
8 l o w  . The boat of Cs symmetry and t h e  twist-boat  of C2 

symmetry conformat ions  are n o t  exc luded  e i t h e r .  The OH 

s u b s t i t u a n t  c o u l d  l e a v e  t h e  s k e l e t a l  symmetry unchanged 

and i n t r o d u c e s  axial - e q u a t o r i a l  d i f f e r e n t i a t i o n  i n  

t h e  case of Cs symmetry. Among t h e  possible s i x t y  

i n t e r n a l  modes of t h e  molecule ,  t e n  l o w  ene rgy  modes 

below ca 000 cm-' s hou ld  appear  a t  m o s t .  These are t h e  

fo l lowing  s k e l e t a l  modes: f o u r  out -of -p lane  and  f o u r  

in -p l ane  r i n g  de fo rma t ion  modes and t w o  CO a n g l e  

bending modes. S o m e  of them c o u l d  show conformat ion  

and/or phase  s e n s i t i v i t y .  

The o n l y  s p e c t r o s c o p i c  d a t a  for c y c l o h e p t a n e  

d e r i v a t i v e s  w e  c o u l d  f i n d  are t h o s e  by Adachi . These 

are t h e  Raman and mid I R  s p e c t r a  (above 450 c m - l l  for 

l i q u i d  state and mid I R  for c r y s t a l s  I1 and 11' of 

cycloheptanol-OH. Two l o w e s t  i n t e r n a l  modes a t  179 and 

255 c m - l  are s e e n  t h e r e .  
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A gene ra l  v i e w  of t h e  s p e c t r a  i n  Figs 1 and 2 is 
v e r y  s i m i l a r .  N o  appearance  or d i s a p p e a r a n c e  of new 
bands i n  t h e  r a n g e  of i n t e r n a l  modes is observed a t  
phase  t r a n s i t i o n s .  Phase  s e n s i t i v e  modes are  clearly 

t h e  435 and 1220 cm-' bands showing c h a r a c t e r i s t i c  
i n t e n s i t y  changes.  N o  a d d i t i o n a l  s t r u c t u r e ,  i .  e. 

s p l i t t i n g s .  p e c u l i a r  t o  a n  o r d e r e d  crystal is v i s i b l e  

e i t h e r .  A n  impor t an t  f e a t u r e  of t h e  s p e c t r a ,  however. 

is an  o b s e r v a t i o n  of t h i r t e e n  l o w  e n e r g y  i n t e r n a l  
modes. I t  means t h a t  some s k e l e t a l  modes are 

conformat ion  s e n s i t i v e  and t h a t  a t  least t w o  d i f f e r e n t  
conformat ions  of t h e  molecule  appear  for a l l  t h e  phases  
of cyc lohep tano l .  A t e n t a t i v e  ass ignment  of s k e l e t a l  

modes i n  Tab le  1 is based on t h e  fo l lowing :  Adachi 
d a t a  ; c o m p a t i b i l i t y  for a l l  t h e  phases ;  comparison 
w i t h  cyc lopen tano l  . The r eason  for t h e  l a s t  p o i n t  is 
t h a t  t h e  r i n g  s t r a i n  e n e r g i e s  for c y c l o p e n t a n e  and  

cyc lohep tane  are s i m i l a r  . I t  is s e e n  from T a b l e  1 t h a t  
conformat ion  s e n s i t i v e  modes are most ly  t h e  CO modes; 
t h e  CO s t r e t c h i n g  modes are a s s i g n e d  a t  1035 and 
1130 c m - l  for  t h e  t w o  r i n g  i . e .  s k e l e t a l  con fo rma t ions .  

The OH t o r s i o n  a t  ca 700 and s t r e t c h i n g  a t  ca 3300 c m - l  
broad and s t r u c t u r e l e s s  bands behave s i m i l a r l y  t o  
l i n e a r  polymer phases  of o t h e r  a l c o h o l s  C the  bands 
a t  725. 755, 792. 816. 830 and 850 c m - l  do  n o t  be long  
t o  t h e  OH t o r s i o n  band, t h e s e  a r e  CH2 r o c k i n g  and CC 
s t r e t c h i n g  m o d e s ] .  The OH s t r e t c h i n g  r a n g e  is n o t  shown 
h e r e  t o  m a k e  t h e  paper s h o r t e r .  The p o s i t i o n  vCcm-'> of 

OH s t r e t c h i n g  band of rough ly  210 c m - l  h a l f w i d t h  i n  t h e  

t empera tu re  T r ange  of 96 - 300 K is g i v e n  by  a l i n e a r  
e q u a t i o n  vCTl=3186+0.487 T w i t h i n  2 6 c m - l  l i m i t .  

4 

1 

9 

The m o s t  impor t an t  c o n c l u s i o n s  conce rn ing  order - 
d i s o r d e r  behaviour  of t h e  phases  come from t h e  l a t t i c e  
mode r ange  of t h e  s p e c t r a  below ca 250 c m - l .  One broad  
s t r u c t u r e l e s s  band s i m i l a r  for a l l  t h e  phases  is s e e n  
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t h e r e .  B e l o w  ca 130 cm-' t h o s e  bands are  

i n d i s t i n g u i s h a b l e  f o r  a l l  t h e  phases .  The l o w e s t  r i n g  

deformat ion  a t  180 and a band a t  215 c m - l  a re  m o r e  
pronounced a t  96 K.  I t  is supposed t h a t  t h e  t w o  bands 

cor respond t o  each  o t h e r  i n  t h e  t w o  d i f f e r e n t  

conformat ions  of  t h e  r i n g .  The 215 c m - l  band might 

e s c a p e  d e t e c t i o n  by Adachi due  t o  a l o w  abundance of 

t h a t  conformation.  Both t h e  180 and 215 c m - l  bands a r e  

superposed  on a broad band of hydrogen bond s t r e t c h i n g  

and bending v i b r a t i o n s .  Hence i t  is s e e n  t h a t  t h e  l o w  

t empera tu re  phase I1 ' of cyc lohep tano l  shows no  

d i s t i n c t  l a t t i c e  bands above 30 c m - l  C the  q u a l i t y  of 

measurements below 50 c m  is worse]. Such a behaviour  

of t h e  l a t t i c e  r ange  is c h a r a c t e r i s t i c  for a d i s o r d e r e d  

c r y s t a l  and w a s  earl ier observed  for t h e  p l a s t i c  phases  

of cyc l  opent  anol  and c y c l  ohexanol . I n  c o n t r a s t ,  

o rde red  phases  of  t h e  a l c o h o l s  Cphase I V  of 

c y c l  opentanol  and phases  I I and I I I of c y c l  ohexanol 1 
show r i c h  and h i g h l y  s t r u c t u r e d  s p e c t r a  i n  t h e  l a t t i c e  

r a n g e  . There fo re ,  i t  is concluded  t h a t  t h e  

low-temperature  phase  11' of cyc lohep tano l  is a 
d i s o r d e r e d  c r y s t a l .  Hence cyc lohep tano l  does n o t  show 

any  o rde red  phase .  

-1 

2 

1.2 

CONCLUSIONS 

P l a s t i c  c h a r a c t e r  of  phases  I and I1 of 

cyc loheptanol  is  suppor t ed .  Conformational  d i s o r d e r  is  

a s c e r t a i n e d  for t h e  l i q u i d  and phases  I .  I1 and 1 1 ' .  I n  

s p i t e  of t h e  summarized t r a n s i t i o n  e n t r o p y  of 

20 .31  J m o l  -'K-l b e ing  somewhat too h i g h  , t h e  

1 ow-temperature phase  I I ' is a n  or i e n t a t i  o n a l l  y 

d i s o r d e r e d  phase.  C o n t r a r y  t o  a dynamical d i s o r d e r  of 

p l a s t i c  phases ,  t h e  o r i e n t a t i o n a l  , confo rma t iona l  and 

hydrogen bond d i s o r d e r s  of  phase  11' are  of s t a t i c  

t y p e .  
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10 
Although t h e r e  are no f u l l  data for  cyc lobu tano l  

and c y c l  ooc tanol  lo*'' *", more g e n e r a l  s t a t e m e n t s  on 

t h e  polymorphism of c y c l i c  a l c o h o l s  are p u t  f o r  

cons i  d e r a t i  on h e r e .  Concer n i  ng t h e  1 ow-temper a t u r e  

o rde red  phases  i t  is  b e l i e v e d  t h a t :  a hydrogen bonding 

is  f o r c i n g  d i f f e r e n t  conformat ions  of t h e  molecule  t o  

appea r ,  a hydrogen bonding is f o r c i n g  a confo rma t iona l  

o rde r  t o  set up due  t o  some s t e r i c  e f f e c t s ,  t h e  s t e r i c  

e f f e c t s  a re  r i n g - s i z e  dependent ,  t h e r e f o r e  for t h e  

hydrocarbon r i ngs b i  gger  t h a n  t h a t  of  cycl ohexanol no  

o rde red  phases  appea r .  
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