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THE DENSITY OF 4 n-OCTYL-4 LCYANO-BIPHENYL (8CB)  

A . J .  Leadbet ter ,  J .L.A.  Durrant and M. Rugman 
Chemistry Department, Univers i ty  of Exeter ,  
Stocker  Road, Exeter.  EX4 4QD. 

(Received for publication May 2 3 ,  1977) 

ABSTRACT The dens i ty  of 8CB has been measured 
between 28 and 5OoC and t h e  volume change a t  t he  
SA-N and N - I  t r a n s i t i o n s  determined. The SA-N 
appears t o  be  first order.  The impl ica t ions  of 
t he  r e s u l t s  are discussed with r e spec t  t o  t h e  
molecular packing i n  t h e  unusual s t r u c t u r e  of t he  
cyanobiphenyls i n  which t h e  l a y e r  spacing is 
about 1 . 4  times t h e  molecular length.  

The d e n s i t y  of  r e l a t i v e l y  f e w  l i q u i d  c r y s t a l l i n e  
substances has  been measured and y e t  t h i s  is a very 
fundamental p roper ty  f o r  understanding t h e  phase be- 
haviour and e s p e c i a l l y  t h e  t r a n s i t i o n s  involving 
mesophases. 

l o w  temperature mesophases and smectic l aye r  spacings 
(o r ,  i n  t h e  case of nematics, l a y e r - l i  e c o r r e l a t i o n s )  
about 1 .4  times t h e  molecular lengths  , I f t 2  which might 
be descr ibed as a modified b i l a y e r  s t r u c t u r e .  

8CB has  the  fol lowing phase behaviour - 

The cyanobiphenyls are i n t e r e s t i n g  because they have 

21.  l 0 C  33.5°C,N 40.5OC I 
+ sA Crys ta l  

T rans i t i on  e n t h a l p i e s  were measured using a DSC 2 and 
found t o  be a s  follows - 

AH C r + S A :  2 3  ; s ~ + N ,  0.2 ; N + I ,  0.7 -1 k J  m o l  
The SA-N t r a n s i t i o n  appeared t o  be as sharp a s  t he  
o t h e r s ,  c o n s i s t e n t  wi th  a first order  change. 

e r a t u r e  by a method, s imilar  t o  t h a t  descr ibed by 
Torza & Cladis  3 i n  which approximately 2g of material 
w e r e  contained i n  a pyrex vessel having two v e r t i c a l  
arms of p rec i s ion  0.5mm boE tubing. These contained 
mercury and t h e  8CB-mercury meniscus was i n s i d e  the  
main vesse l .  The he igh t  of t h e  mercury columns gave a 

W e  have measured t h e  dens i ty  as a funct ion of temp- 
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232 A. J. LEADBETTER, J. L. A. DURRANT and M. RUGMAN 

d i r e c t  measure of t h e  volume change, t h e  whole ce l l  
be ing  contained i n  a water  thermostat  and i t s  temper- 
a t u r e  maintained cons tan t  t o  within*0.020K. Two 
tubes w e r e  used simply t o  f a c i l i t a t e  t h e  f i l l i n g  of 
t h e  cel l .  In  a s epa ra t e  experiment a ves se l  of volume 
'L 2.8cm3 with a s i n g l e  0.5mm c a p i l l a r y  and completely 
f i l l e d  wi th  8CB w a s  used t o  determine d i r e c t l y  t h e  vol- 
ume changes a t  t h e  t r a n s i t i o n s  S A + N  and N + I by meas- 
u r ing  t h e  volume of sample expel led  a t  t h e  t r a n s i t i o n .  
Each of  t h e  above experiments was done on two d i f f e r e n t  
samples. 

FIGURE 1. The dens i ty  of 8CB 
as a func t ion  of 
temperature.  

1 I :\ I 

I I I 

3 0  

The dens i ty  i s  shown a s  a func t ion  of temperacure in 
f i g u r e  1. The SA-N t r a n s i t i o n  appeared t o  occur  sharp- 
l y  wi th in  0.1 K and t h e  N - I was complete wi th in  % 0.5 K. 
The volume changes a t  t h e  t r a n s i t i o n s  were as follows - 
AV/cm mol-l : S A - N ,  0.14? 0 . 0 4 ;  N - I ,  0 .95 k 0.15 

The observa t ions  are c o n s i s t e n t  with f i r s t  o rder  t rans-  
i t i o n s  i n  both cases  wi th  some p r e t r a n s i t i o n  volume 
expansion before  t h e  N - I  t r a n s i t i o n .  I n  t h i s  substan- 
ce TS~N/TNI  = 0.98  f o r  which a f i r s t  o rde r  SA-N t rans-  
i s  p red ic t ed  by McMillan's 4 t h e o r y  al though t h e r e  a re  
t h e o r e t i c a l  grounds f o r  be l i ev ing  t h a t  such t r a n s i t i o n s  
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THE DENSITY OF 8CB 233 

5 should always be a t  least  weakly f i r s t  o rder  . 
The volume change a t  t h e  S A - N  t r a n s i t i o n  i s  very 

s m a l l  (% 0.05%) while  t h a t  a t  t h e  N - I amounts t o  only 
0 . 3 5 % .  These r e s u l t s  imply t h a t  t he  changes i n  l o c a l  
molecular organisa t ion  a t  t h e  t r a n s i t i o n s  must be small. 
They are cons i s t an t  with X-ray evidence which shows 
t h a t  t he  changes occurr ing  a t  t hese  t r a n s i t i o n s  are 
e s s e n t i a l l y  changes i n  long range 3 rde r  - t h e  average 
l o c a l  s t r u c t u r e  i s  l i t t l e  changed . 
w i t h  r e spec t  t o  t h e  d e t a i l s  of t h e  molecular packing, 
e s p e c i a l l y  f o r  t h e  cyan0 compounds because of t h e i r  
modified b i l a y e r  s t r u c t u r e .  Although w e  do n o t  have 

The magnitude of  t h e  molar volumes is of i n t e r e s t  

any information on t h e  
c r y s t a l  dens i ty ,  t h e  
packing i n  t h e  var ious  
l i q u i d  phases r e l a t i v e  
t o  t h e  densest  packing 
of t h e  c r y s t a l  may be 
est imated as  follows. 
The molecule c o n s i s t s  o f  

enyl  core of 
and an a lky l  

e f f e c t i v e  length 
( f i g u r e  2 ) .  From 

t h e  c r y s t a l  s t r u c t u r e s  6 of biphenyl and of  n- 
a lkanes the  a rea  occu- 
p ied  per molecule normal 
to t h e  long a x i s  i n  each - case 3 s ' i n  t h e  range 1 9  - 208 depending on t e m -  
pe ra tu re  and c r y s t a l  
phase. This impl ies  a 
minimum volume p e r  mole- 
cu l  f o r  8CB of % 4 3 0  - 
4 5 0 8 3  compared wi th  an 
average volume pe r  mole- 
c u l e  from t h e  dens i ty  i n  
t h e  SA phase of 4 7 3 8  2 I n  
t h e  i s o t r o p i c  l i q u i d  
phase t h i s  i nc reases  only 

- X  

P 

i2A 

h 
I 
I 
I 
I 
I 

/'\ 
l b l  

- 38O 
FIGURE 2. Nuclear pos i t i ons  
i n  8CB. The a reas  occupied 
by co re  and t a i l  po r t ions  of 
t h e  molecule acros  planes 
X-X a r e  each 1 9 - 2 0  P . 

t o  484X3 a t  5OoC. The " f r e e  
volume" i n  t he  SA phase is t he re fo re  5 - 1 % which is 
s i m i l a r  t o  t h a t  found d i r e c t l y  f o r  CBOOA . These 9 
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234 A. J .  LEADBETTER, I .  L. A. DURRANT and M. RUGMAN 

cons ide ra t ions  can immediately exclude some of t h e  
p o s s i b l e  s t r u c t u r e s  proposed f o r  t h e  SA phase which 
involve " in t e rpene t r a t ion"  of t a i l s  and/or cores  a s  
i l l u s t r a t e d  i n  f i g u r e  3. 
Such drawings a re  i n  f a c t  q u i t e  
common b u t  are q u i t e  u n r e a l i s t -  
i c  as t h e y  must imply l o w  
average packing and high aver- 
age molecular volume because 
of  t h e  e s s e n t i a l l y  i d e n t i c a l  
areas of core  and t a i l .  The 
molecules must i n  f a c t  be 
r e l a t i v e l y  e f f i c i e n t l y  packed 
and t h e  most l i k e l y  l o c a l  
packing i s  probably based on 
an arrangement l i k e  t h a t  shown 
i n  f i g u r e  4.  This i s  suggest-  
ed a lso by X- ay d i f f r a c t i o n  FIGURE 3 
measurements c o n  a range of 
m a t e r i a l s  which show t h a t  t he  
l a y e r  spacings exceed t h e  molecular length by an 
amount p ropor t iona l  t o  t h e  l eng th  of  t h e  t a i l  r a t h e r  
than  t h a t  of t h e  core  of t h e  molecule. 

~~~~ 

FIGURE 4 Schematic 2-dimensional represent-  
a t i o n  of proposed l o c a l  s t r u c t u r e  i n  an 
8CB l aye r  i n  t h e  SA phase; approximately 
t o  scale, wi th  t h e  width of molecular 
cores  and t a i l s  p ropor t iona l  t o  t h e  square 
roo t  of t h e i r  a reas .  Cyano groups a r e  
ind ica t ed  by negat ive  signs. 
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THE DENSITY OF 8CB 235 

The e s s e n t i a l  f e a t u r e  of  t h e  suggested l o c a l  s t r u c t u r e  
i s  t h a t  t h e  s t rong  d ipoles  due t o  the  cyan0 groups 
tend t o  be opposed and give e f f i c i e n t  packing of t h e  
cores  while  t h e  angle between t h e  t a i l  and core 
promotes space f i l l i n g  by t h e  t a i l s .  A s i g n i f i c a n t  
amount o f4d i so rde r ,  c o n s i s t e n t  wi th  a smectic o rde r  
parameter < c o s 2 ~ z / d > ~ 0 . 6  i s  an essent ia l  f ea tu re  of 
t he  suggested s t r u c t u r e .  It should be emphasized 
i n  conclusion t h a t  t he  molecules are very mob'le 
wi th  t r a n s l a t i o n a l  d i f fus ion  cons tan ts9  % lo-? c m  
and they r o t a t e  about t h e i r  long axes with a cor re-  
l a t i o n  t i m e  of Q 10-11s. 10 

-I s 
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