
CHAPTER IV 

SURFACE TENSION OF NEMATIC LIQUID CRYSTALS 

!Fhe r e s u l t s  of the surface tension studies on 

f i v e  nematogenic compounds are  presented i n  t h i s  chapter. 

The substances studied are: 

1 p-boxyanisole (PM) 
2 p-Azoxyphene tole  (PAP) 
3 Anisaldazine 
4 4-Meth oxybenzylidene-4 '-butylaniline (MBBA) 
5 4 v-n-Pentyl-4-c;yanobiphenyl (5GB). 

The first four  compounds were obtained from Eastman 

Kodak Co. whereas 5CB was synthesized i n  our laboratory. 

The first three  compounds were rec rys ta l l i sed  severa l  

times from sui table  solvents till no fur ther  improve- 

ment i n  the nematic-isotropic (N- I)  t r ans i t i on  tempe- 

ratures  were observed. The other two compounds were 

purif ied by vacuum sublimation a s  they are  room tempe- 

ra ture  nematic l iquid  crys t a l a .  The t r ans i t i on  points 

of the compounds were determined by a polarizing 

microscope equipped with a Mettler IT5 hot stage.  



For each compound the surface tension 

measurements were repeated severa l  times using 

f resh  samples and i t  was found t h a t  the r e s u l t s  

were qu i te  reproducible. We shall now discuss 

the r e s u l t s  f o r  each substance individually. 

PAA - 
!Chis i s  perhaps the most widely studied 

l iqu id  c rys ta l .  Its s t ruc tu ra l  formula i s  given 

i n  f i g .  4.1. ! h e  N-I t r ans i t i on  temperature of the  

sample used was 135.2'C. The values of y were cal-  

culated using the density ( P )  data reported by 

Porter and Johnson.' 2he values of  y and P a t  

d i f fe ren t  temperatures are given i n  tables  4.1 and 4.2. 

Experiments were repeated th ree  times with fresh 

samples. The agreement i n  the  values f rom the  

d i f ferent  experiments was within about 1 $. 

The y-I! charac te r i s t i c  f o r  t h i s  compound is 

given i n  f i g .  4.2. It can be seen tha t  i n i t i a l l y  \ 



Structural formula of p-azoxyanisole 



Figure 4.2 

Surface t e n s i  an-temperat m e  c h a r a c t e r i s t i c  
curve f o r  PAA. (present  i n v e s t i g a t i o n s )  



y decreases i n  the  nematic phase. A s  %I is 

approached t h e  slope of the  y- I  curve becomes 

posit ive.  A t  the t r a n s i t i o n  point ,  the re  appears 

t o  be a discontinui ty i n  the  value o f  y with a 

higher value i n  the  i so t ropic  phase. The slope 

continues t o  be pos i t ive  f o r  a few degrees i n  the 

i so t ropic  phase a f t e r  whioh i t  changes s ign with 

y assuming again a monotonic decreasing trend. 

me y-I! curves obtained f o r  this compound 

by e a r l i e r  workers 2-5 are  given i n  fig.4.3& 4.4 f o r  

comparison. We can see t h a t  there  i s  a s imi la r i ty  

between our curve and tha t  of Ferguson and Kennedy. 

Jaegers curve a l so  agrees with our curve t o  a 

ce r ta in  extent though i t  has only few points along 

the increasing pa r t  of the curve. Another recent 

determination of the y-T charac te r i s t io  of t h i s  

5a I 

compound i s  by Brown and Mann, who used the  light 

sca t te r ing  technique. The y-I! curve obtained by 

them is  a l s o  i n  close agreement with our curve. 



Pig. 4.3 : Surface tension-temperature characteristic curve 
3 for PAA (after Ferguson and Kennedy ) 
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Our curve c lea r ly  establ ishes the idea 

or ig inal ly  proposed by Croxton and Chandrasekharb 

tha t  a  pronounced excess order develops a t  the 

f r e e  surface of a nematic l iquid  c rys ta l  near the  

N-I  t r ans i t i on  and i t  continues t o  exis t  i n  the 

i so t rop ic  phase a l so  f o r  a few degrees. I n  f a c t  

we can f ind a close s imi lar i ty  between our experi- 

mental curve and the qua l i t a t ive  form of the y-lt 

curve ( f ig .  2.3) proposed by Croxton and Chandrasekhar. 

The question a r i s e s  whether the pos i t ive  

slope i n  the y-!t curve which develops i n  the  nematic 

phase, just  p r i o r  t o  the N-I t r ans i t i on ,  i s  due t o  

a reor ienta t ion  of t h e  molecules a t  the f r e e  surface 

i n  the neighbourhood of !CHI. The alignment of 

molecules i n  the f r e e  surface has been studied f o r  

PAA using l i g h t  sca t t e r ing  technique .' It i s  found 

tha t  i n  P M  the molecules l i e  p a r a l l e l  t o  the  surface 

and the or ienta t ion  i s  independent of temperature. 

It would appear therefore t h a t  the shape o f  y-T 



\ curve is not due t o  any molecular reor ienta t ion  

a t  the surface. 

PAP - 
'Phis i s  the next higher homologue of PAA 

(fig.4.5). The N- I  t r ans i t i on  temperature of the 

sample used was 166.6°C. Tables 4 .3  and 4.4 give 

the values of y and p a t  d i f fe ren t  temperatures. 

IPhe density data  a r e  due t o  Bauer and Bernamont. 8 

The experiments were repeated twice using f resh  

samples and similar y-T curves were obtained, 

the  values of y agreeing t o  within 1 $ i n  the  two 

cases. 

The y-T curve obtained i s  given i n  fig.4.6. 
C 

i n  t h i s  case y decreases m o n o t ~ i c a l l y  i n  the nematic 

phase and the re  i s  no discontinuity a t  TNIe m e  

slope of the y-T curve becomes pos i t ive  a l i t t l e  

l a t e r  i n  the  i so t rop ic  phase. After about 2.5'C 

i t  becomes negative again with y assuming a 



Figure 4.5 

S t r u c t u r a l  formula o f  p-axoxyphenet o l e  
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monotonic decreasing trend . 
There have been three  e a r l i e r  measurements 2,3,5 

of  y of t h i s  compound as a function of temperature. 

Again we find a s imi lar i ty  between our curve and 

the one obtained by Perguson and Kennedy (s,ee fig. 

4.7). There i s  some s imi la r i ty  with Jaeger rs curve 

a l so ,  but it has only one point  t o  indicate  t h e  

hump (~ ig .4 .8 ) .  The curve obtained by Schwartz 

and Moseley 1s completely d i f fe ren t  a s  i t  does not  

show any hump (Pig.4.8). 

In  this case we can say that a weak excess 

order develop8 i n  the i so t ropic  phase which m a d -  

f e s t s  i n  a pos i t ive  slope f o r  a short  range of 

temperature. ?he bulk order parameter 'q ' fo r  t h i s  

compound is  found9 t o  be higher than t h a t  o f  PAA. 

Hence the  excess order a t  the  surface may be smaller 

i n  t h i s  oase, when compared t o  that i n  PAA, which 

may be the reaaon f o r  the smaller hump observed i n  \ 

the  y-I character is t ic .  



Temperature ('C ) 

Figure 4.7 

Surface t ens  ion-temperature c h a r a c t e r i s t i c  

3 curve for PAP. (After  Ferguson and Kennedy ). 
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Surface t e n s i  on-temperature c h a r a c t e r i s t i c  

curve f o r  PAP. ( ~ f t e r  references  2,3,5). 



\ 
\ This compound has a s t ruc ture  shown i n  

fig.4.9. Experiments were done f o r  two samples 

which had s l i g h t l y  d i f ferent  M-I t r ans i t i on  

temperatures. The t r ans i t i on  temperature o f  the  

first one was 181.5°C and t h a t  of the second was 

182 . 5'0. Experiments were repeated twice i n  each 

case. However there  was no difference i n  the 

form of the curves obtained when plot ted  against  

the r e l a t i ve  temperature, T-TNIs the  agreement 

between them being within about 1 ;dm m e  density 

data  reported by Porter and ~ohnson'    able 4.6) 

were used f o r  calculat ing the values of y (Table 

4.5) . 
Fig. 4.10 gives the y-T curve obtained i n  

t h i s  case. A s  we can see,  the value of y decreases 

i n i t i a l l y  i n  the nematic phase. As TNI is approached, 

the s lope becomes posi t ive with y increasing sub- 



Figure 4.9 

S t r u c t u r a l  formula of Anisaldazine 



Nematic Isotropic 

Figure 4.10 

Svrface t e n s i  on-temperature cha rac te r i s t i c  

curve for anisaldazine.  (present inves t iga t ions) .  



s t a n t i a l l y  up t o  the t r ans i t i on  point. A t  the  

t r ans i t i on  the re  is a discontinui ty i n  t h e  value 

of y, with a lower value i n  the i so t rop ic  phase. 

With fu r ther  increase o f  temperature, the monotonic 

slowly decreasing trend is again exhibited. 

The y-T curve of t h i s  compound obtained by 

3 Ferguson and Kennedy i s  given i n  f i g .  4.1 1 f o r  

comparison. I n  the nematic phase, the form of the  

curve obtained by them is  almost s imilar  t o  t h a t  

of ou r s .  But, a t  %I we find a discontinuity i n  

our curve, whereas there i s  no discontinuity i n  

the i r s .  I n  both the cases, the slope i s  negative 

i n  the  i so t rop ic  phase with a smaller magnitude 

compared t o  t h a t  i n  the nematic phase a t  tempe- 

ra tures  much below TNI* The y-T curve obtained 

by Jaeger i s  given i n  fig. 4.1 2. Though this curve 

does not have points  along t h e  increasing branch, 

i t  does indioate  a posi t ive slope i n  the  v i c in i ty  



Figure 4.11 

Surface tension- temperature c h a r a c t e r i s t i c  

f o r  anisaldaeine.  ( ~ f t e r  Fergus on & ~ e n n e d ~ .  ') 



Figure 4.12 

Surface tension-temperature characteristic 
2 

curve for anisaldazine. (After Jaeger ). 



The behaviour of the y-!I! character is t ic  

suggests t h a t  a pronounced enhancement i n  the 

surface excess order develops i n  the nematic phase 

a s  the N- I t rans  i t  ion  temperature i s  approached. 

I n  the i so t rop ic  phase a weak surface order remains 

which may be responsible fo r  the decrease i n  the 

magnitude of the  negative slope a s  compared w i t h  

tha t  i n  the nematic phase much below TNI. We f ind  

a s imi l a r i t y  between our curve and the  qua l i t a t i ve  

fo rm of the curve proposed by Croxton and 

Chandrasekhar ( ~ i g .  2.2). 

This i s  a room temperature nematic l iqu id  

c rys ta l  with t he  s t ruc tura l  formula given i n  f i g .  

4.13. The N- I  t r a n s i t i o n  temperature of the  sample 

used was 4 3 . 2 ' ~ .  For calculat ing y, the density 

.values were taken f rom the data reported by Gulari 

and Chu. Sables 4.7 and 4.8 give the values of 

y and p . 



Figure 4.13 

S t r u c t u r a l  f ornula of 4-metho~ybensylidene- 

4 '-but y l a n i l i n e  



A problem t h a t  was encountered during the 

experiments using t h i s  compound was t ha t  the 

t r ans i t i on  temperature was highly dependent on 

f ac to r s  l i k e  humidity, shelf  l i f e ,  e tc .  It was 

necessary t o  car ry  out a vaouiun sublimation of the 

sample and experiment was conducted immediately 

thereaf ter ,  before there was any chemical degra- 

dation, 

I n  t h i s  case measurements were repeated 

twice with f'resh samples. The two  experiments gave 
- 

values which agreed within about 1 The y-E 

curve i s  shown i n  fig.4.14. This curve i s  somewhat 

s imi la r  t o  t h a t  of anisaldasine, but f o r  some 

differences: f i r s t l y  i n  this case there  is  no 

marked discontinui ty i n  the value of  y a t  TH1; 

secondly the  r i s e  i n  the value o f  y before TNI is 

l e s s .  

There has been another experimental study of 

the y-'P charac te r i s t i c  of t h i s  compound by Langevin, 11 



Figure 4.14 
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Surface tens  i on-temperature cha r ac t e r i s t i c  

curve f o r  NBBA. -(After ~ a n ~ e v i n " ) .  



who used the  l i g h t  sca t ter ing  technique. The 

y-T curve is  shown i n  f ig .  4.15. This curve shows 

a discontinui ty i n  the value of y a t  TNI with a 

lower value i n  the i so t ropic  phase. But i t  should 

be noted t h a t  the er ror  bar i s  very large i n  this 

case and there  are  no points c lose  t o  TNI i n  the 

curve. Anyhow both the a r v e s  agree as  f a r  as the  

pos i t ive  s lope occurring before TNI i s  considered. 

The pos i t ive  slope indicates  the  development of 

excess surface order p r io r  t o  t h e  t r ans i t ion .  

This is a l so  a room temperature l iqu id  

c rys t a l ,  whi ch a s t ructure  shown i n  fig.4.16. 

The N - I  t r a n s i t i o n  temperature of the sample used 

was 35 .O°C. The density value f o r  cdlculating y 

were taken from the  data  of Gannon and Paber. 12 

Experiments were repeated three  times using f resh  

samples and the values agreed t o  within 1 $. 



Figure 4.16 

Structural formula of 4 ly-n-pentyl- 
4-cyanobiphenyl 



Ae we can see i n  fig.4.17, the y-T curve 

i s  d i f fe ren t  from those of the other campounds 

presented i n  this chapter. I n  t h i s  case we f ind  

t h a t  the slope i s  posi t ive throughout the  range of 

measurements i n  t h e  nematic phase. A t  TnI there  

i s  a jump i n  the  value of y with a higher value i n  

t he  i so t rop ic  phase, as i n  the case of PAA. In  the 

i so t ropic  phase, i n i t i a l l y  the slope of the curve 

tends t o  be pos i t ive  but goon i t  becomes negative 

with y assuming a monotonic decreasing trend. 

When the  measurements on t h i s  compound were 

i n  progress, t he  y-!J! curve o f  the  same compound was 

reported by Gannon and Faber, l 2  who used the Wilhelmy 

p la te  method. The y-I! curve obtained by them i s  

given i n  fig.4.18 f o r  comparison. We can see t h a t  

the two curves a r e  i n  excellent agreement with each 

other. 

Because of the strong polar group a t  one end, 

the molecules of t h i s  compound may be expected t o  
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a l ign  perpendicular t o  the  f r e e  surface,  as 

predicted by Parsons, l 3  Moreover, t h i a  compound 

i s  known t o  have cybotactic groups. l 4  Hence, though 

it i s  a nematic, smectic A l i k e  behavicnar may be 

expected near the surface, a s  we s h a l l  see i n  the  

next chapter. The slope of the  y - I  curve i s  found 

t o  be pos i t ive  f o r  a large  temperature range i n  the 

smectic phase, Hence we may conclude tha t  the 

nematic phase of 5CB exhibi ts  a smectic A l i k e  

behaviour as f a r  as the surface tension is  con- 

cerned. 

I n  conclusion i t  can be sa id  tha t  our r e su l t s  

on these compounds are i n  qua l i t a t i ve  agreement 

with the theore t ica l  predictions o f  Croxton and 
a l so  of 

Chandrasekhar , and Parsons. A8 t he  experiments 
L 

were conducted under thermodynamic equ i l i  brim 

condition6 and as there was no influence of the  

s o l i d  surface on the molecular alignment a t  the 

f r e e  surface, the r e su l t s  suggest unambiguously that  



an excess order develops at  the free surfaoe of 

nematic liquid crystals, In eome systems i t  deve- 

l o p s  i n  the vicinity of N-I transition and in 

some other syrrtems l ike  5CB i t  develops muoh 

earlier i n  the nematic phase. The excess order 

persists i n  the isotropic phase a l s o  for  a certain 

range of temperature. 
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Table 4.1 

Surface tension of p-azoxyanisole 

Temg era ture  
C 

Y 
dyne bm-' 

Temperature Y 
O C  dyne =GI 



\ 
Table 4.2 

Density of p-asoxyanisole 

Temperature Density ICemperature Density 
O C  m/c c * C  epn/cc 



Table 4.3 

Surface tension of para-azoxyphene t o l e  

Temperature 
O C  

y - 1 dyne cm 
Tem era tu re  

Xc 
Y 

dyne cm-' 



Table 4.4 

Density o f  para-asoxyphenetole 

Temperature density Te erature 
q c  

density 
O C  @;m/cc gm/cc 



Table 4.5 

Surface t ens ion  of anisaldaaine 

Temperature 
O C  

Y Temge r a t u r e  Y 
dyne cmol C , dyne c ~ l  / 



Table 4.6 

Densi t y  of Anisaldadne 

Temperature 
O C  

Density gemperatur e 
m/cc O c  

Density 
gm/cc 



Table 4.7 

Surface Tension of MBBA 

Temperature 
O c  

Y -1 dyne cm 
Tem era ture  

g c 
Y 

dyne cm-" 



Table 4.8 

Density of  MBBA 

Density 
@ / C C  

Temperature 
*C 

Density 
gm/c c 



Surface Tension o f  5CB 

Table 4.9 

Temperature Y Temgerature 
O C  d yne/cm C dyne/cm 

Y 



Table 4.10 

Density of 5CB 

Temperature Denai t y  Temperature Density 
O C  d c c  O c  gm/c c 
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