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ABSTRACT 

The far i n f r a r e d  absorp t ion  epoc t r a  of cyclohex- 

20 - 509 cm'l f r e  - anol -OD have been measured in the 

quency range f o r  c r y s t a l  111, 11, I and liquid phases. 

Comparison with cyclohexaiol-CH and the  is0 tope d i i e c t  

ia diecussed. 

INTaODUCTION 

Far i n f r a r e d  s t u d i e s  of s o l i d  a lcohols  are meager. 
2 Some data are ava i l ab le  f o r  methanol' , t e r t -butanol  

and ethiiuio13. Therefore i t  was considered t o  be usefu l  

t o  extend far infrared inves t iga t ions  o f  cyclohexanol- 

OH / C H O I I / ~  t o  its deutera ted  de r iva t ive  cyclohexmol- 

OD /CHOL-OD/. 

895 

Copyright 0 1981 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



896 SCIESINSKA AND SCIESINSKI 

The polymorphism of cyclohexanol was f u l l y  dis- 

cussed i n  Heference 4. Thie d iscuss ion  w a s  based on 

the x a r  i n f r a r e d  s p e c t r a  as well  as on o ther  p re sen t ly  

ava i l ab le  experimental  data. Here only the  main re- 

s u l t s  need t o  be reported.  Cyclohexanol exists i n  two 

ordered c r y s t a l l i n e  r o d i f i c a t i o n a  : cryetal  I11 and 

c r y s t a l  11. Cryata l  I11 traneforme t o  c r y s t a l  I1 at 

oa. 245 K, bu t  both phaaes are a t a b l e  below their 

t r a n s i t i o n  poin ts  at l e a s t  on a time s o a l e  of rseveral 

days. In a d d i t i o n  CHOL 8hOWa two disordered crystal-  

l ine  phases: c r y e t a l  I p l a s t i c  and a metaetable 

c r y s t a l  MS /Fig. 6 of Referenoe 4/. Crys ta l  I can be 

obtained through the c r y s t a l  I1 - o r y s t a l  I t r a m i t i o n  

at 265 K o r  from the l i q u i d  phaee at the f r e e z i n g  

point  299 KO It o a n  a l e o  be eupercooled down t o  l i q u i d  

n i t rogen  temperature. All phaaee r evea l  both axial and 

equa to r i a l  oonformere of the moleculee. The fol lowing 

desc r ip t ion  of the phaeee is propoeed on the bas ie  of  

the far infrared 8pectra .  Crye t s l  I11 c o m i e t a  of 

ohain polymers of hydrogen-bonded e q u a t o r i a l  conform- 

e ra  and  chain polymer8 of hydrogen-bonded axial con- 

formers. The l i n e  group of the cha in  is t he  C2 group. 

Crye ta l  I1 is b u i l t  up of c y c l i c  dimers of hydrogen- 

bonded equa to r i a l  conformers and c y c l i c  dimere o f  

axial conformera. The point  group eymmetry o f  t he  

dimers is the Ci group. 
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FAR INFRARED SPECTRA 897 

RESULTS AND DISCUSSION 

Absorption measurements on po lyc rys t a l l i ne  sam - 
Plea o f  CHOL-OD were ca r r i ed  out with a DIGILAB FTS-14 

spectrometer in the  20 - 500 cm” frequency range and 

96 - 305 K temperature range. TPX and polyethylene w a s  

used as window mater ia l s  below 120 and over 50 cxn-’, 

respec t ive ly .  Resolut ion w a s  kept  at 2 cm-’. An experi-  

mental method is descr ibed i n  Reference 4. Figure 1 

and Tables 1 and 2 summarise the  r e s u l t s .  Figure 1 

shows the  r ep resen ta t ive  s p e c t r a  of  c r y s t a l s  I11 and 

11 a t  low and high experimental  temperatures. The spec- 

tra of l i q u i d  and p l a s t i c  phase I a re  a l s o  given f o r  

comparison. The last two a p e c t r a  are p r a c t i c a l l y  iden- 

t i c a l ,  aa is usual ly  observed f o r  p l a s t i c  c r y s t a l s .  I n  

the  range o f  i n t e r n a l  modes they show only th ree  bands: 

a weak one a t  310, a s t rong  and broad one a t  343 and a 

medium one at 405 cm”. The range above ca. 420 cm” 

was h a r d l y  measured f o r  CHOL-OD on account of the  high 

background of  the OD out of plane bending mode. There- 

f o r e  the  two h ighes t  modes could not  be loca t ed  f o r  

disordered phases. But f o r  ordered c r y s t a l s  the  OD 

mode s h i f t s  upward and becomes narrowed, which allows 

for qu i t e  good q u a l i t y  of the  spectra .  The range of 

ex te rna l  modes for the  l i q u i d  and  c r y s t a l  I s p e c t r a  is 

covered by a broad abaorpt ion showing one d i s t i n c t  m a x -  

imum at 177 cm” and w i n g s  peaking at 95, 135 and 235 
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SCIESINSKA AND SCIESINSKI 898 

I 

_ _  
1 I I 1 

Fig .  1 Par infrared spectra of cyclohexanol-OD. From 
the top: l i q u i d ,  crysta l  I ,  orystal  I1 /239 and  96 K/, 
and crysta l  I11 /223 and 96 K/. 
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FAR INFRARED SPECTRA 899 

T A B U  1 

Internal Mode Frequencies  /cm'l/ and Assignment 

C r y s t a l  I11 C r y s t a l  I1 

Assignment CHOL C H 0 L - OD CHOL C H 0 L -OD 
C, 93 K 97 K 225 K 94 K 95 K 241 I[ 

A' 240 240 w 243 

All 245 244 w 238 eh 
247 247 a h  25 1 

A' 332 331 m 331 341 

345 340 s 340 343 $ 6  % g  
A' 347 346 w and 

324 A" 357 352 m 350 346 

32 EU 

E 

a 3 72 

404 401 8 400 

451 450 m 448 
457 B 455 eh 459 

450 468 va 462 478 
478 B 476 

485-h 

co Opb A" 409 407 s 406 41 1 

a CO opb A" 461 

8 co i p b  A' 485 

243 w 

251 m 245 

340 8 339 

363 s 360 
372+ w 

392 bw 

403+eh 
408 va 407 

450+eh 
455 m 453 

477 YS 475 

~ ~~ ~ - 

Notat ion:  a,  strong; m, medium; w, weak; v,  v e r y ;  b, 
broad; sh, shoulder; a, axial and 8, equatorial 
conformer; Ipb ,  in plane and opb, o u t  of p lane  bending 
modee; +, s p u r i o u s  band. 
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900 SCIESINSKA AND SCIESINSKI 

TABLE 2 

La t t ioe  Mode Frequencies /cm” / and Aaeignment 
o f  OYclohe~ol -OD 

C r y e t a l  I11 C r y s t a l  I1 
Beaign- Aaaign- 

96 K 238 K 
s z  ment 96 K 223 K ment 

38 m 35 

52 u 47 

60 u 55 

67 w 63 

81 u 

Inter- 

ohain 

modes 

and 

d& 84 1 76 
dr/T/ 1lOve 103 

1488h 
Jp /R/ 153Sh 

Jp/’J!/ 171 a 168 

156 a 147 and 

& /Tx/198vs 1 93 

38+1% 235 w 224 

& /T,/25 9va 248 

1.03 2 43 eh 
Inter- 49 8 42 1.00 3 

1.02 1 
d i a e r  57 sh 

1.01 1 62 m 53 1.00 2 
transla- 

1.00 2 68 w 60 
t i o m  75 8 68 1.005 2 

82 m 73 1.006 2 

1.00 2 96 w 

Intra-136bvs 129 1.00 3 
dimer 152 sh 

1ibra-189bve 185 1 .OO5 2 
1.012 0.5 180 m 176 

1.011 0.5 t i o m  192 Sh 

1.01 1 

Notation ae in Table 1. Additiorml notat ion:  3 4 ,  J p  
and da hydrogen bond s t r e toh ing ,  in plane and out of  
plane bending modea. P and B, t r a n e l a t i o n a l  and libra- 
t i o n e l  modea. x, the chain axie. S arnd $, i so top ic  
ehift f a c t o r  and its $ error .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



FAR INFRARED SPECTRA 901 

cm-'. These feature6 are connected with the hydrogen 

bond s t re tching 46 and bending s p  modes. 

The investigated spec t ra l  region include the low 

energy in te rna l  modes of the molecule above ca. 220 

cm-' and l a t t i c e  modes below this value. Table 1 gives 

a tentat ive assignment o f  in te rna l  modes. For all skez- 

e t a l  modes symmetry species under the C, point group 

are  given. I n  fact this group holds only f o r  the meta- 

s tab le  phase IS. For the ordered phaees I11 and I1 the 

molecule show8 only the C1 point group symmetry proba - 
blg due t o  a gauche posit ion of the OH group. Hence the 

actual  symmetry species of all the modes is A. R i n g  

deformation modes are  a lso  described i n  terms of corre- 

sponding cyclohexane r ing  modes under the D3d point 

group . These modes are  common t o  both  equator ia l  and 

a x i a l  oonformera. The majority of the modes show intra-  

polymer correlat ion s p l i t t i n g  at  low temperature. Some 

of them, mainly the CO bending modes are sens i t ive  t o  

iaotopic substi tution. The frequencies.of CHOL are  

quoted i n  Table 1 f o r  comparison. Some ekele ta l  modes 

change markedly on phase transit ion.  These are three 

higher ring deformation modes which come close togeth- 

e r  at the o r y s t a l  I11 - I1 t ranai t ion,  giving only one 

band under wome reaolution. Thl.8 indicate6 that some 

constraints a re  operating i n  the cryatal. The change 

of the axial CO i p b  mode seems t o  be connected mainly 

5 

4 
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902 SCIESINSKA AND SCIESINSKI 

with the  changeable charac te r  of the hydrogen bond f o r  

both c r y s t a l s .  There are some weak spurioue bands 

/marked by + i n  Table 1 /  i n  the  range of i n t e r n a l  

modes. These can be assigned t o  CHOL contamination. 

But some of them might be due t o  a phase I11 admixture. 

It waa a hard experimental  t ask  t o  grow the pure phase. 

L a t t i c e  mode frequencies  and q u a l i t a t i v e  aasign- 

ments a r e  given i n  Table 2. These modes divide i n t o  

intrapolymer hydrogen bond s t r e t c h i n g  and bending 

modes derived from t r a n s l a t i o m  and r o t a t i o n s  of the 

molecules, and interpolymer t r a n s l a t i o m  and r o t a t i o n s  

of the e n t i r e  polymers. But because of the C, s i t e  

point  group for ordered phases, t he re  can be mixing of 

the  t r a n s l a t i o n a l  and l i b r a t i o n a l  motions, I n  s p i t e  of 

t h i 8  a desc r ip t ion  o f  the l a t t i c e  modes i n  terms of 

translatione and r o t a t i o n s  is given i n  Table 2. This 

is expected t o  hold at l e a a t  q u a l i t a t i v e l y  under weak 

mixing. The amount of mixing could be, i n  p r inc ip l e ,  

estimated from experimental  i so top ic  s h i f t  f ac to r s .  

But it would demand that the accuracy be much be t t e r .  

The predicted s h i f t  f a c t o r s  are 1.005 f o r  t r a n s l a t i o n s ,  

for r o t a t i o n s  1.013, 1.020 and  1.032 f o r  an axial con- 

former, and 1.012, 1.016 and 1.005 for an equa to r i a l  

conformer. The moments of i n e r t i a  of CHOL a r e  245.0, 

185.6, 143.1 and 313.7, 227.3, 116.0 amuR2, respec- 

t ive ly .  The experimental  e r r o r  of a h i f t  f a c t o r s  v a r i e s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



FAR INFRARED SPECTRA 903 

between 0.5 and 4.0 per cent depending on the energy 

and the ehape of the band. 

The second question is  the isotope e f f e c t  i t s e l f .  

According t o  Novak6 some posit ive isotope e f f e c t  can 

be expected f o r  alcohols causing the s h i f t  fac tors  t o  

increase. The reported r e s u l t s  exclude any s igni f icant  

effect .  Somewhat lower values o f  the s h i f t  fac tors  f o r  

c rys ta l  I1 i n  comparieon t o  c rys ta l  I11 seem t o  sup- 

port the cycl ic  polymer character o f  c r y s t a l  11. 

The extension of measurements down t o  20 cm” f o r  

both CHOL-OD and CHOL, and the overal l  behaviour of 

the spectra  i n  t h i s  range make the existence o f  fur- 

ther  modes below, unlikely. This means that f ive  inter-  

polymer and s ixteen intrapolymer modes predicted f o r  

c rys ta l  111 /Reference 4/ should be found amorig the  

fourteen experimental l a t t i c e  modes. This indicates  

that  some accident ia l  degeneracies are  very prooable 

f o r  intrapolymer modes i n  t h i s  c a e .  
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