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ABSTRACT 

The f i r s t  t w e l v e  members o f  t h e  homologous s e r i e s  

o f  a,w-bis( 4,4i-cyanobiphenyloxy)al kanes have been 

syn thes i sed .  The compounds a r e  nematogenic, a1 though 

t h e  mesophases f o r  t h e  f i r s t  and t h i r d  members o f  t h e  

s e r i e s  a r e  mono t rop i c .  

t r a n s i t i o n  tempera tu re  and t h e  e n t r o p y  o f  t r a n s i t i o n  

e x h i b i t  a pronounced dependence on t h e  l e n g t h  o f  t h e  

f l e x i b l e  co re ;  t h i s  i s  analogous t o  t h a t  f ound  f o r  

main c h a i n  t h e r m o t r o p i c  l i q u i d  c r y s t a l  po lymers.  

Bo th  t h e  n e m a t i c - i s o t r o p i c  

INTRODUCTION 

The m a j o r i t y  o f  t h e r m o t r o p i c  l i q u i d  c r y s t a l s  a r e  
composed o f  mo lecu les  w i t h  a s i n g l e  r i g i d  c o r e  a t t a c h e d  t o  

w h i c h  a r e  one o r  two f l e x i b l e  a l k y l  chains, '  as, f o r  

example, t h e  4-n-alkyloy-4'-cyanobiphenyls. I n  essence t h e  

2 2 3  

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

0:
26

 2
1 

Fe
br

ua
ry

 2
01

3 



224 I W .  EMSLEY e t a / .  

r ig id  core enhances the l iquid c rys ta l - i so t ropic  t rans i t ion  
temperature while the alkyl chains reduce the freezing point. 
I t  has been argued therefore tha t  the introduction of a 
f lex ib le  chain linking two r ig id  grcups would r e su l t  in a 
reduction of the l iquid crystal  range or even i t s  destruction. 
There a re  however mesogenic materials whose existence does 
n o t  support t h i s  argument.' The most notable of these are  
the thermotropic l iquid crystal  polymers in  which r igid 
groups and f lex ib le  spacers a l t e rna te  along the main chain, 
as fo r  example, in the poly aYw-[4,4'-(2,2'-dimethylazoxy- 
phenyl)] alkanedioates.' The discovery of l iqu id  crystal-  
l i n e  behaviour for  such polymers prompted the synthesis of 
low molar mass materials with analogous s t ruc tures .  
Griff in  and  B r i t t  have prepared the d ies te rs  of 1,lO-bis- 
(4-hydroxypheny1oxy)decane with a s e r i e s  of 4-a1 kyloxybenzoic 

Thus 
3 

(1) 
acids ( I )  and found them t o  be nematogenic b u t  with higher 
nematic-isotropic t rans i t ion  temperatures than those for the 
comparable mesogens containing a r i  gi d core. The nematic- 
isotropic  t rans i t ion  temperatures were observed to  a1 ternate  
with the length of the terminal alkyl chains in  a manner 
reminiscent of nematogens with a s ingle  r ig id  core.' 
the terminal chains a re  not essent ia l  t o  the formation of a 
l iquid crystal  phase fo r  materials with a f lex ib le  core. 
For example, the 1 ,lO-bis [4-(p-substi tuted pheny1oxycarboxy)- 
phenyloxyldecanes (11) are observed t o  be nematogenic fo r  a 
range of subst i tuents  X which includes methyl, chloro,  cyano 

However 
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NEMATOGENIC MOLECULES WITH A FLEXIBLE CORE 225 

and n i t ro   group^.^ The influence of the subst i tuent  on the 
nematic-isotropic t rans i t ion  temperatures was again found t o  
be in accord with the behaviour of analogous nematogens with 
a s ingle  r igid core. 1 

I n  contrast  TNI fo r  the l iquid crystal  polymers exhibi ts  
a pronounced var ia t ion with the length of the f l ex ib l e  spacer 
which i s  qui te  unlike tha t  found for  the corresponding 
materials w i t h  a s ingle  r ig id  core.' In addition the entropy 
change a t  the nematic-isotropic t rans i t ion  also a1 ternates  
dramatically with the number of methylene groups in the 
f lex ib le  spacer.' This behaviour d i f f e r s  considerably from 
the variation observed fo r  materials w i t h  a r igid core where 
the al ternat ion i s  much less  and i s  rapidly attenuated with 
the length of the terminal alkyl chain. 
i n t e r e s t  t o  know i f  such marked al ternat ion in mesogenic 
properties i s  exhibited by materials with just two r ig id  
groups terminal t o  a f lex ib le  core. 
Vorlander reported the t rans i t ion  temperatures fo r  j u s t  
such compounds, the a,w-bis(4-al kyloxyphenyl-4'-azophenyl)- 
alkane dioates ,  and found t h a t  the TNI do a l te rna te  strongly 
with the length of the f lex ib le  core,  although t h i s  important 
observation appears t o  have been overlooked. 
invest igate  the dependence of TNI and other  properties of 
nematogens formed by compounds with two r igid groups linked 
by a f lex ib le  chain in greater  depth, and so we have syn- 
thesised the a,w-bis(4,4'-cyanobiphenyloxy)alkanes (111). 

2 

I t  i s  of considerable 

In f ac t  many years ago 
5 

We wish to  

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

0:
26

 2
1 

Fe
br

ua
ry

 2
01

3 



226 J W. EMSLEY et al. 

This p a r t i c u l a r  s e r i e s  was chosen pr imar i ly  f o r  t h e  r e l a t i v e  
s i m p l i c i t y  of  t h e i r  molecular s t r u c t u r e  which makes them 
good candidates f o r  t heo re t i ca l  i nves t iga t ions  b u t  a l s o  
because the analogous 4-n-a1 kyl oxy-4'-cyanobi phenyl s have 
been well s tud ied .  Our f i r s t  requirement i s  t h a t  these  
ma te r i a l s  a r e  mesogenic; i n  f a c t  a l l  of t he  members o f  the 
s e r i e s  which we synthes ised  a r e  nematogenic, although those 
w i t h  one and t h r e e  methylene groups i n  the f l e x i b l e  core  a r e  
monotropic. This allowed us t o  proceed t o  our  more important 
ob jec t ive ,  namely t o  i n v e s t i g a t e  the dependence of the nematic- 
i s o t r o p i c  t r a n s i t i o n  temperature and entropy of t r a n s i t i o n  on 
the  length of the  l i nk ing  n-alkane. Subsequently we l e a r n t  
of a s i m i l a r  i n v e s t i g a t i o n  by Buglione, Roviello and S i r igu  
who had employed terminal r i g i d  groups w i t h  g r e a t e r  s t r u c t u r a l  
complexity namely a-methyl s t i  1 bene and acetophenoneazine; i n  
add i t ion  a lkyl  chains were a t tached  through e s t e r  l inkages  t o  
each end of the  molecule.6 
nematogenic ma te r i a l s  changes w i t h  t h e  length  of the cen t r a l  
a lky l  chain i n  a way which i s  comparable t o  t h a t  f o r  the a,o- 
bis(4,4'-cyanobiphenyloxy)alkanes which we have prepared. 

Nonetheless t he  behaviour of t hese  

EXPERIMENTAL 

Bis(4,4'-cyanobiphenyloxy)methane. 4-hydroxy-4'-cyano- 
biphenyl (1  .Og), potassium hydroxide (0.439) and potassium 
iodide  (0.259) were d isso lved  i n  dry dimethylformamide (20ml). 
Anhydrous potass i  um carbonate ( 1  .Og) and dichloromethane 
(0.219) i n  dimethylformamide (5ml) were added and the  r eac t ion  
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NEMATOCENIC MOLECULES WITH A FLEXIBLE CORE 227 

mixture refluxed with s t i r r i n g  for  18h .  
methane (0.05g) was then added and the mixture was refluxed 
for a fur ther  12h; t h i s  s tep  was repeated. After cooling 
the mixture was shaken thoroughly with water (100ml) and 
the cream so l id  f i l t e r ed  o f f ,  washed with water ( 3  x 25ml) 
and dried. The sol id  was passed through s i l i c a  gel (409) 
using dichloromethane as e luent .  After evaporation of the 
sol vent and crystal1 izat ion from methanol the product was 
obtained as a white so l id  (y ie ld  30%). 

More dichloro- 

1 ,2 - b i s ( 4 , 4 ' - cyano b i p h eny 1 o xy ) ethane . 4- hy droxy -4 ' - 
cyanobiphenyl (1.59) and potassium hydroxide (0 .49)  were 
dissolved in ethanol (25ml). Potassium iodide (0 .29)  and 
lY2-dibromoethane (0.489) were added and the mixture refluxed 
f o r  7 2 h .  After cooling, the mixture was shaken thoroughly 
with water (100ml) and the off-white so l id  f i l t e r ed  o f f ,  
washed with water ( 3  x 25ml) , isopropanol ( 3  x 10ml) and 
dried.  The so l id  was dissolved in the minimum amount of 
boil ing ethyl acetate  (% 200ml 4- l )  and the hot solution was 
f i l t e r e d ;  a small amount of decolourising charcoal was added 
a few minutes before f i l t r a t i o n  i f  the solution appeared 
par t icular ly  yellow. 
room temperature overnight when the product c rys ta l l ized  as 
a white sol id  (y ie ld  40%) .  

The f i l t r a t e  was allowed to  stand a t  

a,w-bis (4,4'-cyancbipheny1oxy)al kanes. A1 1 o ther  
members of the se r i e s  were prepared in the following way. 
4-hydroxy-4'-cyanobiphenyl ( 1  .Og) was dissolved in cyclo- 
hexanone (251111 ) and anhydrous potassium carbonate (3.5g) 
was added. The a,w-dibromoalkane (0.0025 moles) was added 
and the mixture s t i r r e d  under reflux f o r  18h. 
the mixture was shaken thoroughly with water (100 ml) and 

After cooling 
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228 J .  W .  EMSLEY e t a /  

the off-white so l id  f i l t e r e d  o f f ,  washed with water ( 3  x 251111) 
and dried.  The so l id  was purif ied in the same way as 1,Z-bis- 
(4,4'-cyanobipheny1oxy)ethane b u t  in most cases a greater  
so lub i l i t y  i n  boil ing ethyl ace ta te  was found. Usually a 
s ingle  recrys ta l l iza t ion  was su f f i c i en t  f o r  a purity greater  
than 98% (y ie lds  70 - 90%). 

Characterization. All of the compounds were character- 
ized using N M R  and IR spectroscopy; in  addition an elemental 
analysis fo r  1 ,Z-bis(4,4'-cyanobiphenyloxy)ethane gave resu l t s  
in  complete accord w i t h  the ant ic ipated s t ructure .  
phase formed by these materials was found to  be turbid and  
mobile, while lrnder a polarising microscope they exhib i t  a 
schlieren texture.  
nematogens. The nematic-isotropic t rans i t ion  temperatures 
and the melting points were determined using an  Electro- 
thermal melting point apparatus as well as a polar is ing 
microscope equipped with a Mettler FP-2 hot stage.  The 
enthal py and hence entropy changes a t  the t rans i t ions  were 
measured using a Perkin Elmer DSC-2 d f fe ren t ia l  scanning 
calorimeter which had been cal ibrated with i n d i u m  as a 
standard. 

RESULTS A N D  DISCUSSION 

The meso- 

We therefore ident i fy  these compounds as 

The resu l t s  of our measurements f o r  the f i r s t  twelve 
members of the homologous se r i e s  of a w-bis(4,4'-cyano- 
bipheny1oxy)alkanes a re  l i s t e d  in  the table.  The t rans i t ion  
temperatures and entropies o f  t r a n s i t  on  are plotted against  
the number of methylene groups in  the central  n-alkane in  
f igures  1 and 2 respectively.  
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NEMATOGENIC MOLECULES WITH A FLEXIBLE CORE 229 

T A B L E  The t r a n s i t i o n  temperatures , enthal  pies and 
en t rop ie s  o f  t r a n s i t i o n  f o r  t he  a , ~ - b i s ( 4 , 4 ' -  
cyanobipheny1oxy)al kanes; n i s  the number of 
methylene groups i n  the f l e x i b l e  core.  t 

TCN/'C T N I / ° C  A H C N /  A H N I /  A S C N / R  A S N I / R  
kJ mol-' kJ mol-' 

* * 
A H C I l  dSCI/R 
kJ mol-' 

* 
T C I I o C  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  

144* 
205 
185* 
209 
137 
187 
137 
175 
133 
164 
123 
152 

(124) 

(170) 

265 

250 
186 
221 
181 
201 
172 
184 
164 
169 

* 33.7* - 9.7 

45.5* 1.99 12.0 
37.4 7.91 9.4 * 

41.7 8.47 10.4 
30.2 2.53 8.8 
47.6 8.17 12.4 
51.9 2.95 15.3 
56.5 7.92 15.2 
47.1 3.46 13.9 
54.0 8.12 14.9 
52.0 4.63 15.8 
66.7 7.06 19.0 

- 
1.77 
0.54 
1.95 
0.66 
1.98 
0.78 
2.01 
0.94 
2.14 
1.27 
1.92 

'The unce r t a in t i e s  i n  ( a )  the melting points  a r e  k 2OC, 

(b) t he  nematic-isotropic t r a n s i t i o n  temperatures a r e  
+l0C, ( c )  the en tha lp i e s  and hence the entropies of 
t r a n s i t i o n  a r e  k 5%. 

( ) i nd ica t e s  a monotropic t r a n s i t i o n .  

We begin our  discussion w i t h  the  nematic-isotropic 
t r a n s i t i o n  temperature which i s  found t o  depend c r i t i c a l l y  
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230 J .  W .  EMSLEY el a/ 

on the length of the f lex ib le  core as  we can see from the 
resu l t s  shown in f igure 1 .  The values fo r  the members of 
the homologous se r i e s  with a n  even number of methylene groups 
l i e  on a smooth curve which f a l l s  as the length of the l inking 
chain increases. The values fo r  the odd members of the ser ies  
a lso l i e  on a smooth curve b u t  t h i s  r i s e s  and passes t h r o u g h  
a maximum before f a l l i ng  with increasing chain length. 
Together these trends produce a dramatic a1 ternation in  T N I  
which i s  attenuated as the number of methylene groups in 
the f lex ib le  core increases. This odd-even e f f ec t  i s  f re-  
quently observed fo r  nematogens with a r ig id  core and terminal 
chains;' however the a1 ternation found fo r  these new materials 
with a f lex ib le  core i s  considerably greater  than tha t  exhib- 
i t ed  by nematogens with a r igid core and terminal chains. 
As an  example of t h i s  profound difference we show, in f igure 
1 ,  the nematic-isotropic and smectic A-isotropic t rans i t ion  
temperatures fo r  the 4-n-a1 kyloxy-4'-cyanobiphenyl s as a 
function of the number of carbon atoms in  the chain. 1 

The me1 t i  n g  points of the (Y ,w-bis (4,4'-cyanobiphenyl- 
oxy)alkanes a l so  exhibi t  a pronounced odd-even e f f ec t ,  as 
the resu l t s  i n  f igure 1 show. 
melting points i s  not found fo r  nematogens, such as the 4-n- 
alkyloxy-4'-cyanobiphenyls, with a r ig id  core, fo r  here the 
dependence on the number o f  methylene groups in the alkyl 
chain i s  qu i te  haphazard. This difference in behaviour may 
indicate tha t  the change in  the conformational s t a t i s t i c a l  
weights fo r  the alkyl chain on melting i s  small f o r  compounds 
w i t h  a f lex ib le  core unlike the var ia t ions f o r  those with 
terminal chains. 

This strong a l te rna t ion  in  the 

The entropy change a t  the nematic-isotropic t rans i t ion  
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NEMA rO(it..NIC MOLECULES WITH A FLEXIBLE CORE 231 

shows a pronounced variation with the length of the f lex ib le  
core ( c f .  f igure 2 ) .  Indeed fo r  the ear ly  members of the 
homologous se r i e s  aSNI/R f o r  those with an even number of 
methylene groups i s  almost four times as great as fo r  the 
odd members. There i s  however a s l i gh t  diminution of t h i s  
difference as the f lex ib le  core increases in length. The 
large variation in AS 

cer ta inly implies an  equally dramatic difference in the 
2 or ientat ional  order a t  the nematic-isotropic t rans i t ion .  

Such a large difference could have important imp1 icat ions 

/ R  f o r  the odd a n d  even members almost NI 

30 0 

250 

20 0 

T/"c 
150 

100 
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232 J .  W .  EMSLEY ef al. 

As 
R 

2.4 

- 

1.6 

0.8 

0 . 0  

f o r  t h e  a p p l i c a t i o n s  o f  these new mate r ia l s .  We are i n v e s t i -  
ga t i ng  the re fo re  the  o r i e n t a t i o n a l  o rde r  i n  the  u,w-bis(4,4'- 
cyanobi phenyl oxy )a l  kanes w i t h  the  a i d  o f  deu te r i  um NMR 

spec t r o  s copy. 

r, v 
- - v: - 

- 

n 

FIGURE 2 .  The entropy o f  me1 t i n g  ( ) and the  entropy 
change ( a )  a t  t he  nemat i c - i so t rop i c  t rans i t i on  f o r  t he  
a ,w-bis (4,4'-cyanobipheny1oxy)al kanes as a f u n c t i o n  o f  
t he  number o f  methylene groups i n  the  f l e x i b l e  core. 

I n  cont ras t ,  t he  en t ropy  o f  m e l t i n g  KSCN/R shows o n l y  
minor v a r i a t i o n s  w i t h  the  l eng th  of t he  f l e x i b l e  core ( c f .  
f i g u r e  2 ) .  
t h e  conformat ional  d i s t r i b u t i o n  o f  t he  l i n k i n g  a l k y l  cha in  

does n o t  change s i g n i f i c a n t l y  when the  s o l i d  melts.  

Th is  behaviour i s  cons i s ten t  w i t h  our  v i e w - t h a t  

F i n a l l y ,  we note the  s t rong  s i m i l a r i t y  between the  
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dramat ic a1 t e r n a t i o n s  i n  t h e  nemat i c - i so t rop i c  t r a n s i t i o n  
temperature and the  en t ropy  o f  t r a n s i t i o n  w i t h  the  l e n g t h  
o f  t he  f l e x i b l e  core  observed f o r  these new mate r ia l s  and 
those found f o r  main cha in  l i q u i d  c r y s t a l  polymers.' Th is  
s i m i l a r i t y  suggests t h a t  t h e  po lymer ic  cha rac te r  i s  n o t  
dominant i n  de termin ing  the  v a r i a t i o n  o f  t he  l i q u i d  c r y s t a l  

p r o p e r t i e s  w i t h  the  l e n g t h  o f  t he  f l e x i b l e  spacer. 
consequence we should be a b l e  t o  understand these v a r i a t i o n s  
by c o n s t r u c t i n g  a theory  f o r  the  f a r  s imp le r  model systems 

which we have synthesised. Such a t h e o r e t i c a l  development 
i s  under way. 
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