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O D I C  PHASES BETWEEN TE[E SOLIDS AND THE 
L I Q U I D  CRYSTALS 

JERZY A. J A N I K  
I n s t i t u t e  of Nuclear Physics,  Krakdw,Poland 

Facul ty  of  Chemistry o f  the  Jag ie l lon ian  
Universi ty ,  Krakbw, Poland. 

J I W I N A  Ye JAMIK 

Abstract Normally the re  e x i s t  two separa te  
groups of substances which a r e  intermediate  
between c r y s t a l s  and l i qu ids .  One group forms 
t h e  so-called l e s t i c  c r y s t a l s  ( o f t e n  known 
as ODIC phases!. The o ther  group forms var i -  
ous  phases of  l i q u i d  c rys t a l s .  
This  l e c t u r e  concerns two substances of the  
P M  homologous s e r i e s ,  i n  which a mixed se- 
quence was discovered, There are t h e  n=4 and 
n=5 members o f  the  PAA s e r i e s .  In  both sub- 
s t ances  &penceS a* * :  c r y s t a l ,  ODIC crys- 
tal, nematic l i q u i d ,  i s o t r o p i c  l i qu id .  An 
i n d i c a t i o n  o f  such a "mixed" behaviour has  
been obtained i n  t h e  calor imetryr  en t rop ie s  
o f  fus ion  are f o r  both substances much lower 
than those f o r  smal le r  and l a r g e r  n. Pore- 
over, t he  neutron q u a s i e l a s t i c  s c a t t e r i n g  
experiments as wel l  as t h e  d i e l e c t r i c  rela- 
x a t i o n  measurements show a n  exis tance of mo- 
l e c u l a r  r o t a t i o n s  i n  the  ODIC phases before 
melting. 

IBTRODUC T I  ON 

It is  widely known t h a t  there  e x i s t  phases which 
a r e  intermediate  between c r y s t a l s  and l i qu ids .  
They appear i n  two r a t h e r  d i s t i n c t  groupst plas- 
t i c  c r y s t a l s ,  on one hand, and l i q u i d  c r y s t a l s ,  
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358 J. A. JANIK AND J. M. JANK 

on the other.  P l a s t i c  c r y s t a l  phases are  some- 
times ca l led  the ODIC ( o r i e n t a t i o n a l l y  disordered 
c r y s t a l )  ones. In most wses known 80 f a r ,  pa r t i -  
cu la r  substances exh ib i t  e i t h e r  the  sequence crys- 
t a l  phases - ODIC phases - l i q u i d ,  o r  t he  sequen- 
ce  c r y s t a l  phases - l i q u i d  c r y s t a l  phases - li- 
quid. The former sequence appears when the  mole- 
cu les  a r e  near ly  globular  (ego (CH3)3CC1),  and 
t h e  l a t t e r  one does when the  molecules are rod- 
- l i ke  (eg. H 3 C 0 . C ~ H ~ . ~ 0 ~ , C ~ H ~ . 0 C H 3 ) .  
This paper provides evidence o f  the  ex is tence  of' 
ODIC phas 68 (with fast un iax ia l  r eo r i en ta t iona )  
between normal c r y s t a l  phases and l i q u i d  c r y s t a l  
ones, corresponding t o  the  sequence t c r y s t a l  
phases - ODIC phases - l i q u i d  c r y s t a l  phases - 
l iqu id .  These O D I C  phases were observed by our 
Cracow Molecular Cry8 tals and Liquid Crys ta l s  
Group during a systematic  s tudy o f  seven members 
o f  the di-alkoxy-asoxybenzene s e r i e s  (i.e. of 
H2n+l C,O* CgHq *Nono CgH4 0CnH2,+I with n=l - 7) by 
the  neutron q u a s i e l a s t i c  s c a t t e r i n g  and the  d i -  
e l e c t r i c  methods) substances with n=4 and n=5 
exhibi ted then a q u a s i e l a s t i c  component in t he  
neutron s c a t t e r i n g  p a t t e r n  and also a d i e l e a t r i c  
r e l axa t ion  i n  the  GHe range i n  the  phases below 
the  melting point /1-5/. It has t o  be pointed out 
here  tha t  the  neutron q u a s i e l a s t i c  s c a t t e r i n g  me- 
thod is s e n s i t i v e  t o  s t o c h a s t i c  changes o f  t he  
posi t iona of  protons i n  the  molecule, whereas the 
d i e l e c t r i c  r e l axa t ion  method is responding t o  
changes o f  d i r e c t i o n  of the e l e c t r i c  d ipole  mo- 
ments . 
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ODIC PHASES BETWEEN THE SOLIDS AND THE LIQUID CRYSTALS 359 

QNS AND DIELECTRIC BEHAVIOUR OF !THE TWO SUBSTANCES 
I N  THE NEblATIC PHASE 

The substance wi th  n.14 , di-but oxy-aeoxybenzene, 
abbreviated as BOAOB, exhib i t s  the f o l l o w i n g  
phase sequence t 

CrIII +48C + CrII.-- +85C C r I  +104c, N-I, /6/, 
The substance wi th  n=5, di-pentyloxylazoxybenzene, 
abbreviated as POAOB, exhib i t s  the phase sequencet 

9 /6/* +68C CrII A cr I I +f 24C,~ 
The neutron quas i e l a s t i c  s c a t t e r i n g  spec t r a  (abbr .  
QNS) o f  t h e  two substances show in  the nematic 
phase typ ica l  broad wings, as i t  is  presented i n  
Pigs 1 and 2 ,  llhese wings a r e  in t e rp re t ed  as cau- 
sed by an i n t e rna l  r o t a t i o n a l  d i f f u s i o n  i n  the re- 
spect ive molecules. Reorienting u n i t s  a r e  the  mo- 
i e t i e s  composed of the  alkoxy tails  coupled wi th  
the  benzene rings /4/, The C-N bonds i.e. the  
bonds between the benzene rings and the c e n t r a l  
BON group serve as t h e  axes around which the reo- 
r i e n t a t i o n  takes place,  The r eo r i en ta t iona l  corre- 
l a t i o n  time (T,)  is - 4.5 p8 /1,2/ f o r  both POAOB 
samples, f o r  the one with deuterated alkoxy tails 
(dZ2)  and the nondeuterated one (do).  Since deu- 
t e r a t i o n  meana masking i n  the incoherent neutron 
s c a t t e r i n g  method, the f a c t  that the co r re l a t ion  
time is the same f o r  bo th  samples supports the 
statement that the alkoxy tails together with the 
benzene rings form r i g i d  u n i t s  (at least f o r  the 
neutron t i m e  sca le ) ,  Similar r e s u l t s  were obtained 
f o r  BOAOB i n  the nematic phase / 5 / ,  
We believe tha t  the r eo r i en ta t iona l  motion we sug- 
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I 

1 

J. A. JANM AND J. M. JANM 

dl8 'BOAOB 

s c m g l e  40' 

+ 721 O C  

I N )  

QI c 

u) . 4 a I I I 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 

of scattered neutrons 
Energy ImeV) 

FIGURE 1. QarS spectrum for d -BOAOB in nematic 
phaee. Solid curve corresponbf3 t o  a model i n  
which the m o i e t i e s  aomposed o f  alkoxy tails 
coupled with benzene ring6 perform rotational 
d i f f u s i o n  around the benzene para axes. 
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ODIC PHASES BETWEEN THE SOLIDS AND THE LIQUID CRYSTALS 361 

scattered neutron energy lmeVI 
FIGURE 2. QmrS spectra for do-POAOB and d2pPOAOB 
i n  nematic phase. Solid curves correspond t o  a 
model in which the moietiea composed o f  alkoxy 
tails coupled with benzene rings perform rota- 
t ional  diffueion around the benzene para axes 
/I  /. 
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362 J .  A. JANM AND J. M JANIK 

gest is s t rong ly  coupled w i t h  the  r e o r i e n t a t i o n a l  
motion of the  molecule as a whole around its long 
axis, This other  motion occura, however, i n  a 
d i f f e r e n t  time s c a l e ,  as w i l l  be seen  f r o m  die- 
l e c t r i c  measurements, 
The d i e l e c t r i c  r e l a x a t i o n  measurements (abbr.DR) 
were ca r r i ed  out f o r  t h e  two substancea i n  the  ne- 
rnatic phase /1,3,5/, Fig, 3 g ives ,  as an example, 
t h e  r e s u l t s  obtained f o r  POAOB /3/, For the  i?\li? 
geometry ( E  
t h e  po la r i sa t ion  which r e l axes  and n i s  the  ne- 
matic d i r e c t o r )  we can Bee two r e l a x a t i o n  regions;  
one connected with the r e o r i e n t a t i o n  of the  mole- 
cule  around the  s h o r t  and one around the  long 
axis. For E k n  
Both processes a r e  de tec ted  mainly v i a  t h e  perma- 

4 
i a  t he  e l e c t r i c  f i e l d  which causea 

.4 

4 7  *d 
only the  l a t t e r  process i a  seen- 

‘ ,d =o. 51 

FIGURE 3, !he C o l e 4 o l e  p l o t s  obtained from DR 
measurement8 f o r  POAOB, i n  nematic phase / l /*  
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ODIC PHASES BETWEEN THE SOLIDS AND THE LIQUID CRYSTALS 363 

nent dipole  moment o f  the NON group. The s l o w  
process ( r eo r i en ta t ion  o f  the whole molecule a- 
round the short  axis) has a r e l axa t ion  t i m e  be= 
tween loo7 = 10=8s, The fast process ( reor ien ta-  
t i o n  o f  the whole molecule around the long  a x i s )  
has a re laxa t ion  time -100 ps ,  hence i t  def in i -  
t e l y  is a d i f f e r e n t  process from tha t  responsible  
f o r  the QNS wings. The parameter d. o f  Fig,  3 d i f -  
f e r s  s i g n i f i c a n t l y  from 0, This  i nd ica t e s  tha t  the 
re laxa t ion  process considered is, i n  f a c t ,  a corn- 
p l i c a t  ed one. 
S imi la r  r e e u l t s  were obtained f o r  the BOA013 i n  
t he  nematic phase /5/, The r e l axa t ion  time o f  the  
slow motion is now 23 10°9s ( f o r  + I ~ O O C )  and 
tha t  f o r  the fast motion i s  53 pa ( f o r  the  same 
temperature), The l a t t e r  value agrees  very wel l  
w i th  the one reported by Axmann /7/ (57 ps). A- 
ga in ,  the fast process observed i n  DR occurs i n  a 
d i f f e r e n t  time sca l e  then tha t  observed i n  QNS. 
Like f o r  P O B B ,  we believe tha t  the QNS r e s u l t s  
are explained by the moieties motion, whereas the 
DR results correspond mainly t o  the r eo r i en ta t ion  
o f  the molecule as a whole around the l ong  axis .  

QmTS AND DR RESULTS FOR POAOB IN ME SOLID PHASES 

Fig. 4 presents examples o f  the WS s p e c t r a  o f  
do-POAOB and d22-POAOB i n  the C r I  phase /1,2/. 
One can see  that these spec t r a  have only s l i g h t l y  
narrower quas i e l a s t i c  w i n g s  than those o f  Fig.2, 
corresponding t r  the nematic phase, The analysis 
shows t h a t  the  apectra  a r e  now b e t t e r  deacribed 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



364 J. A. JANIK AND J. M. JANIK 

I 

, d22-POAOB 
sc. angl. 50' 

I 

1 

4 ,O 5.0 
scattered neutron energy (meVI 

FIGURE 4. QarS spectra  for d POAOB and d 2-PQBOB 
i n  CrI phase. Solid curve8 8orreapond t8 a model 
i n  which the moie t i e s  composed o f  alkoxy tails 
coupled with benzene rings perform 1800 rota t io -  
nal jumps around the benzene para axes / l / .  
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ODIC PHASES BETWEEN THE SOLIDS AND THE LIQUID CRYSTALS 365 

by the model i n  which the  moiet ies  perform 180' 
angular jumps than by the model i n  which they 
perform a r o t a t i o n a l  d i f fus ion  around the  benzene 
para axes. The c o r r e l a t i o n  time ( o r  r a t h e r  r e s i -  
dence time T ,  according t o  the  model) i s . ~ 4 . 5 p s  
/ l / ,  i .e. p r a c t i c a l l y  the  same as i n  the  nematic 
phase. A l s o ,  there  i s  no d i f f e rence  i n  t h e r - v a -  
l ues  f o r  the  dZ2 and do samples, which ( l i k e  i n  
t h e  nematic phase) supports  the  statement t h a t  
t h e  alkoxy tails form r ig id  units together  with 
t h e  benzene rings.  
It i s  obvious t h a t  t h e  m o b i l i t i e s  of molecular 
moie t ies ,  as seen by QBS, are near ly  equal i n  
both the nematic and C r I  phases; the  QNS spectrum 
f o r  CrII phase, however, cannot be dis t inguished  
from the  instrumental  r e so lu t ion  function. Thus 
we have t o  conclude t h a t  t he  r e o r i e n t a t i o n a l  mo- 
t i o n s  i n  quest ion become s e r i o u s l y  hindered o r  
even s t o p  completely a t  the  C r I / C r I I  t r a n s i t i o n .  
Fig. 5 shows the temperature v a r i a t i o n  o f  the DR 
data /1,3/ obtained when going from the  nematic, 
through C r I ,  t o  C r I I  phase (on cooling) and  re- 
ve r se  (on heating).  These data a l s o  i n d i c a t e  t h a t  
t h e  molecular mobil i ty  e x i s t s  i n  the  C r I  phase. 
In the case of the  DR r e s u l t s ,  now d i scussed , th i s  
mobil i ty  has t o  be a t t r i b u t e d  t o  the  whole mole- 
cules .  
It thus seem8 na tu ra l  t o  conclude t h a t  t he  C r I  
phase of  POAOB i s  such i n  which the  molecular mo- 
i e t i e s  as well  as the whole molecules r e o r i e n t a t e  
fast. AEI we have seen, the  c o r r e l a t i o n  times 
f o r  the moiet ies  motion a r e  o f  the order of sever- 
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2.6 ""1. 

I 
c.i- 340 I 350 T(K1  

330 

E" 
07 

?* 5 
0.3 

0.7 

FIGURE 5. Temperature dependence of S and €/'in 
POAOB / l / a  
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ODIC PHASES BETWEEN THE SOLIDS AND THE LIQUID CRYSTALS 361 

'a1 ps. The re3axation times fo r  the r eo r i en ta t ion  
o f  the  whole molecule a r e  of  the order o f  10'los, 
since the  curves i n  Fig. 5 correspond t o  the GHe 
frequency range. Although the motion o f  the  whole 
molecules may be q u i t e  complicated, i t  must pos- 
s e s s  a r eo r i en ta t ioaa l  character ,  s ince  bo th  com- 
ponents of the e l e c t r i c  s u s c e p t i b i l i t y ,  t" and f", 
a r e  detectable.  
The CrII phase of POAOB behaves as a normal mole- 
cular c r y s t a l  . 
QNS AND DR RESULTS FOR BOAOB I N  THE SOLID PHASES 

Pig. 6 presents an example of the  QBS spectrum 
o f  the d18-BOAOB i n  the C r I  phase /5/. This spec- 
trum shows the quas i e l a s t i c  wings, a l b e i t  s ign i -  
f i c a n t l y  smaller than those i n  the nematic phase 
which were shown i n  Fig. 1. Moreover, the model 
f i t t i n g  t o  t h i s  spectrum (and t o  other  spec t r a  
obtained f o r  d 1 8  and do samples, fo r  various an- 
g les )  shows t h a t  the e l a s t i c  component is consi- 
derably more intense than the model one. We in- 
t e r p r e t  t h i s  as an ind ica t ion  that the  moiet ies  
angular jumps a r e  i n  the C r I  phase of BOAOB Ee- 
s t r i c t e d  t o  an angle smaller than 180 (very dam- 
ped l i b ra t ions ) .  S imi l a r  r e s u l t s  were obtained 
f o r  the CrII phase, where, the quas i e l a s t i c  wings 
a r e  still l e s s  intense. 
Fig.  7 shows some of the DR r e s u l t s  obtained for 
BOAOB /5/. The 6' r e s u l t s  a r e  q u a l i t a t i v e l y  s i m i -  
lar t o  those f o r  POAOB. 6' exh ib i t s  th ree  s teps:  
one at the CxII I /CrI I ,  another at C r I I / C r I  and the 
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I 

1 

, 

r 

018- BOA06 

~ c . a n g l e  40' 

+ 98 "C 

(Cr I )  

.... .... . 9 .  . . . 

3.0 3.5 4.0 4.5 5,O 5.5 6.0 
Eiergy(meV) 

of scuttered neutrons 
FIGURE 6. QNS spectrum f o r  d -BOAOB in CrI phase. 
Solid curve corresponds t o  a'iodel  i n  which the 
moieties coxlposed of alkoxy tai ls  coupled with 
benzene rings perform angular j p p s ,  with in  an re- 
s t r i c t e d  angle smaller  than 180 , around the ben- 
zene para axes. 
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FIGURE 7. Temperature dependence of  E' and €" i n  
BOAOB. /SL 

t h i r d  at C r I / N  t rans i t ions .  T h i s  behavioar indi-  
cates  t h a t  the C r I I  and C r I  phase6 a r e  motile. 
The $" re su l t s  however a r e  d i f f e r e n t  from thoae 
o f  POAOB. The d i e l e c t c i c  losses a r e  very small 
i n  the whole rawe of the s o l i d .  The losses show 
u p  only when the nematic phase is reached. me- 
r e fo re ,  we believe tha t  the 5'' behaviour can be 
connected with the damped l i b r a t i o n s  of the mo- 
l ecu la r  d ipo l  moment r a the r  than with the  reo- 
r i e n t a t i o n  relaxat ion.  
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It seems n a t u r a l  t o  conclude t h a t  the  C r I  and 
CrII phases of BOAOB a r e  character ized by a l a r g e  
angle and very damped l ibrat ions both i n t e r n a l  
(moiet ies  i n  the  molecules) and ex te rna l  ( t h e  mo- 
l e c u l e s  as wholes). The CrIII phase of BOAOB be- 
haves a8 a nomnal molecular c rys t a l .  

C ONCLUS IONS m DISCUSS I O N  

Our conclusion I s  that the  CrI phase i n  POAOB i s  
an O I C  phase, i n  which the  molecules and t h e i r  
moiet ies  perform uniaxial r e o r i e n t a t i o n s ,  whose 
time sca l e s  a r e  100 ps and s e v e r a l  pe r e spec t i -  
vely. Compared t o  t h i s ,  t he  C r I  and C r X I  phases 
i n  BOAOB a r e  only "nearly" ODIC,  s ince  they corm 
respond r a t h e r  t o  l a r g e  angle damped l i b r a t i o n s  
o f  the molecules and the moieties.  For both sub- 
s tances  the  axes t o  r e o r i e n t a t i o n s  ( l i b r a t i o n s )  
axe close t o  long axes of  the  molecules. 
It is i n t e r e s t i w  t o  note t h a t  the  exis tance of 
such m o b i l e  phases could have been expected t o  
show up j u s t  f o r  these members o f  the  di-alkoxy- 
azoxybenzene s e r i e s  (with n=4 and 5), s ince  the 
melting en t ropies  show, f o r  these  members, a pro- 
nounced m i n i m u m  f o r  n=4 and n=5 /1/ (Fig.8). Nor- 
mally, the  melting entropy is  much smaller  when 
t h e  melting takes  place from t h e  ODIC t o  fluid 
phase than when i t  occura between a normal crys- 
tal and a f l u i d .  
One could perhape suspect  t h a t  the  mobile phases 
a r e  Borne kind o f  higher order smectics. This, 
however, seems improbable (a t  l e a s t  for POAOB), 
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110- 

90 - 

X 

PICURE 8. mtropiea of  melting f o r  
H2n+l Cn0*C6H4 *'2°*C6H4'0CnH2n+l com- 
pounds /l/. 

since the X-ray diffraotion epectrum ( for  CrI 
phaae) does not 8how any resemblanue t o  that o f  
smectics. Therefare, we are inclined t o  say that 
in the now reported substances the sequenoes of  
phaaes a r e :  

BOAOB; 

POAOB: Cr-+ ODIC+ B+Liq .  

C r + O D I C  I1 ( l ibr.)--sODIC I (llbr.) 
+ B 4 Liq. 
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