
SURFACE TENSION OF SMECIIC LIQUID CRYSlALS 

After  t he  e a r l y  e f f o r t s  of ~ a e ~ e r '  i n  1917, 

who measured t h e  sur face  tension of  edp-al;oxybenz:oate 

by t h e  maximum bubble pressure  method, t h e r e  have 

been no o ther  systemat ic  measurements of su r face  

tension in t h e  smectic phase. Schwartz and Moseley 2 

who used t h e  r i n g  method f a i l e d  t o  make any measure- 

ment i n  the  smectic phase due t o  i t s  high v iscos i ty .  

More r e c e n t l y  Churchi l l  and ~ a i l e g  and Gannon and 

4 Faber a l s o  r e p o r t  t h a t  they were unable t o  get 

reproducible r e s u l t s  i n  the  smectic phase. So the 

r e s u l t s  reported here  appear t o  e s t a b l i s h  the  

supe r io r i ty  of t he  pendant drop method i n  dea l ing  

/ with highly viscous and an i so t rop ic  l i q u i d s .  

The y-T c h a r a c t e r i s t i c s  of two smectogenic 

compounds were studied: 



1 . n-p- Cyanobe nzylidene-p-n- oc t y  loxyaniline 

(CBOOA) 

2. ethyl  p-aaoxybenzoate. 

Both the compounds were purif ied by several 

rec rys ta l l i sa t ions  using su i tab le  solvents. m e  

y-T curves obtaSnea f o r  these compounds a r e  d i s-  

cussed here. 
.. 

CBOOA 

!Phis compound exhibi ts  t h e  smectic A and 

nematic phases before going over t o  the i so t ropic  

phase. The t r ans i t i on  temperatures of t h e  sample 

used were: solid-smectio A 75'C, smectic A - 
nematic 83.2'C and nematic- isotropic 107'C. The 

s t ruc tura l  formula of t h i s  compound i s  given i n  

fig.5.1. The values of y and p are  tabulated i n  

/ Tables 5.1 and 5.2. 'Phe d e m i t y  data  a re  due t o  

Price . Experiments were repeated twice with 

f resh  samples and s i m i l a r  y - I  curves were obtained 
\ 
! 

with the  values of y agreeing t o  within 1 $. 



Figure 5.1 

S t r u c t u r a l  formula o f  n-p-cyanobenzyli dene- 
p-n-oc ty loxyani l ine  



The y-2 curve i n  t h i s  case (fig.5.2) exhibits 

a pos i t ive  s lope throughout the  smectic phase, A t  

t h e  smectic A - nematic t r ans i t  ion, the  slope changes 

s ign with y assuming a monotonic decreasing trend. 

IPhroughout the nematic phase the  slope has a small 

negative value. A t  t h e  N-I t r ans i t i on ,  the slope 

again becomes posi t ive and remains s o ,  f o r  a range 

of about 4'0 i n  the i so t ropic  phase, 'Phe slope 

then changes s ign and y shows a monotonic decreasing 

trend ae i n  the case of other  systems. 

The y-Ti! character is t ic  of t h i s  canpound was 

studied e a r l i e r ,  though only i n  t h e  nematic phase, 

by ~ a n ~ e v i n ~  who has reported t h a t  y decreases with . 

temperature with a small temperature gradient* This 

observation i s  i n  agreement with ours. Later  i n  

1979 Sohl e t  a17 studied t h e  y-2 charac te r i s t i c  of 

t h i s  compound by the capi l lary  waves method. me 
, 

curve obtained by them is shown i n  f i g *  5.3. Except 
\ 

f o r  the i n i t i a l  negative trend i n  t h e i r  curve, the 



Figure 5.2 
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Figure 5 . 3  

Surface  tens ion- temperature c h a r a c t e r i  sti c curve 

f o r  CBOOA (Af t e r  Soh1 e t  a l O 7 ) .  



, 
\ behaviour is s imi lar  t o  that of ours i n  the 

smectic phase. I n  the nematic phase they f ind 

almost a steady value of y, but t h e i r  range of 

measurement i n  this p h a s e i s  only up t o  about 

91 'C, They would probably have observed the 

small negative slope i f  they had extended t h e i r  

measurements up t o  the  N-I t r ans i t i on  (about 107*C.). 

The e r ro r  bars a r e  ra ther  l a rge  i n  t he i r  measure- 

ments. 

In  the smectic phase,we can expect a sharp 

density discontinui ty a t  the surface r e s u l t i n g  i n  

a strong surface field which i n  turn  produces an 

enhanced aurface ercesa order. The theory predicts8 

a pos i t ive  slope throughout the smectic phase, 

which is  i n  good agreement with our r e s u l t  here. 

Again, the pos i t ive  slope i n  the i so t ropic  phase 

indicates  a surface excess order i n  the i so t rop ic  

phase. 



!Phis compound ahows the smectic A and 

isot ropic  phases. The A-I t r a n s i t i o n  temperature 

of t h e  sample used was 166.6'C. The s t ruc tura l  I 

formula i s  given i n  fig.5.4. Experiments were 

repeated three  times i n  t h i s  oase using f resh  

samples and the values agreed t o  within 1 $. Tables 

5.3 and 5.4 give the value8 of y and P at d i  fe- 

ren t  temperatures. lChe densi ty data  a r e  due t o  

Jaeger, 1 

The y-I! curve of t h i s  compound is  shown i n  

fig.5.5. A s  w e  can aee, the  slope is posi t ive  i n  

the smectio phase with a very s teep r i s e  i n  the 

value of y a s  the A-I t r a n s i t i o n  point i s  approached. 

A t  !PA-*, the slope changes sign i n i t i a l l y  with y 

showing a decreasing trend. But very soon i t  starts 

increasing with the slope becoming posi t ive again, 

It remains pos i t ive  aver a wide temperature range 

of about 30°C and then changes s ign,  y showing a 



Figure 5.4 

S t r u c t u r a l  formula of ethyl p-azoxybenz;oate 





monotonic decreasing trend thereafter .  

There have been two e a r l i e r  measurements 1 2  

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

The y-!I! curves a re  reproduced i n  fig.5.6. llhe two 

curves a r e  i n  t o t a l  disagreement i n  the i so t rop ic  

phase. In  the smectic phase, Schwartz; and Moseley 

could not make any measurement. In  t h e  i so t rop ic  

phase t h e i r  curve shows a pos i t ive  s lope over a wide 

range of temperature. Jaeger 's curve shows a 

sudden increase i n  the value o f  y just  before the 

A- I  t r ans i t i on ,  with only one point  t o  show the r i s e .  

I n  the i so t ropic  phase the value of  y drops down 
-\ 

very quickly and remains const ant up t o  a range of 

50' and then shows a hump which appears t o  be  

inconsistent .  The curve obtained by Schwartlr and 
i s  

Moseley i n  the i so t ropic  phase closely s i m i l a r  t o  
L 

ours. 

A comparison o f  the y-!I! curve o f  this compound 

w i t h  tha t  of CBOOA appears t o  be in teres t ing .  I n  



Figure 5.6 

Surface tension- temperature charact  e r i  s t i c  curve 

for e thy l  p-azoxybenzoate. ( A f t e r  references 1,2). 



the case of CBOOA, the smectic A phase t r ans form 
\ 

t o  the  nematic phase whereas i n  t h i s  case the  

smectic A phase transforms t o  the i so t rop ic  phase. 

Hence the excess surface order i n  t h i s  case may be 

expected t o  be more than t h a t  i n  the case of CIBOOA, 

?his i s  probably the reason f o r  the steep r i s e  i n  

t h e  value of y with a very l a rge  value of  the slope 

d y / d ~ .  Similar ly the continuation of the smectic 

order a t  the s m f a c e  i n  the i so t rop ic  phase may b e  

responsible f o r  a prolonged pos i t ive  slope i n  the 

i so t rop ic  phase. This i s  i n  agreement with the 

9 r e s u l t s  of Nielsen e t  a 1  who have found the  smectic 

order i n  the i so t rop ic  phase of a smectic l iquid  

c rys t a l  by Xray methods. 

I n  summary, therefore,  we present i n  t h i s  

chapter the f i r s t  r e l i a b l e  measurement8 of y f o r  
- 

the  smectic A phase under thermodynamic equilibrium 

conditions. The data  indica te  an excess surface 

order throughout the smectic phase and over a ce r ta in  



range of  temperature i n  the isotropic phase 

also. !Che results are i n  conformity with the 

the oretical expeotations . 
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Table 5 . 1  

Surface Tension of CBOOA 

Temperature Y Temgerature -1 
O C  dyne cmW1 C dyne cm 



Table 5.2 
-- 

' Density of CBOOA 

Temperature Density Temgerature Density 
O C  gm/cc C gm/cc 

76.0 0.9491 980 3 0.9339 



Table 5.3 

Surface t ens ion  of ethyl  p-azoxybenzoate 

Tern era ture  
$0 

Y Temperature Y 
dyne c ~ l  O C  dyne c ~ l  



Table 5.4 . 

Density o f  ethyl p-aaoxybenzoate 

Temperature Density !temperature Density 
O C  gm/cc O c  gm/cc 

117.2 1 .I722 131.3 1.1 400 



EXPERINE27TAL STUDIES ON THE OPTICAL REPLECTIVITY 

OF THE E'REE SURFACE OF NEMATOGENS IN THE 

ISO!EiOPIC PHASE 

Introduction 

According t o  the theory outlined i n  

chapter 11, an excess or ientat ional  order  i s  

expected t o  develop a t  the  f r e e  surface of the  

smectic, nematic and even the i so t rop ic  phases. 

The excess surface order should manifest i t s e l f  

as a pos i t ive  s lope  i n  the y-T charac te r i s t i c ,  and 

t h i s  i s  indeed confirmed by our experiments on a 

number of compounds (as described i n  chapters I V  

1 and V ) .  Recently Nielsen e t  a1 have detected by 

Xray methods a smectic order a t  the  f r e e  surface 

o f  8 OCB i n  the nematic and i so t rop ic  phases. 

Here we describe an exper imnt  on op t ica l  r e f l ec t i -  



v i t y  of the f ree  surface of a  nematogen i n  the 
/ 

i so t rop ic  phase which provides a  d i r ec t  evidence 

of the existence of a surface or ienta t ional  order. 

Pr inciple  of the  method 

We s h a l l  first outline the  pr inciple  under- 

lying the method. We s h a l l  consider a very simple 

model consis t ing of a l aye r  of home o t  r opically 

aligned molecules of thickness z on the  i so t ropic  

bulk l iquid  as shown i n  f i g .  6.1. A s  the molecules 

o f  both the compounds studied here,  4,'-n-Pentyl-4- 

c  yanob iphe nyl (5 CB ) and 4 -n-hept yl-4-cyanobiphenyl 

(TCB),  have strong polar end groups, they are  l i k e l y  

t o  a l i g n  homeotropically a t  the  f r e e  surface a s  

predicted by parsons. * Thus the s implif ied model 

does bear some s imi lar i ty  t o  the ac tua l  s i tua t ion .  

For such a model, the op t i ca l  r e f l e c t i v i t y  

(defined a8 the r a t i o  of the ref lec ted  t o  the 
\ 
! 





incident  i n t ena i t i e s )  i s  given by 

I + a2 - 2a cos 8 
r 

1 + bL - 2b cos 6 

where 

and 

Here no i s  the ordinary index o f  the ordered layer ,  

5 i s  the re f rac t ive  index of the i so t ropic  l iquid 
n + 2n0 

( i i =  e 3 where ne is  the  extraordinary index 

of  refract ion-of  the ordered layer)  and n' t h a t  o f  

a i r  (nitrogen). 6 is the  phase difference between 

t h e  re f lec t ions  f r o m  the  top and bottom surfaces of 

the ordered layer. z and 6 a r e  related as 



Using (1 ) and ( 4 ) ,  Ro can be calculated f o r  a 

given thickness 7 .  We find tha t  Ro i s  maximum 

f o r  z = 0 and decreases a s  z increases. We have 

calculated Ro f o r  various values of z using 

*o 
= 1.528 and n, = 1.719 i n  t he  case of 5CBt and 

no 
= 1.516 and ne = 1.701 i n  the  case'of 7CB. 

3 The n .values a r e  due t o  Karat and Madhusudaa. 
0 

The curves obtained f o r  a range of z = 0 t o  350 A 

a re  given i n  f igures  6.2 and 6.3. 

I n  t h i s  model, we have assumed the  in ter face  

between the l iqu id  c rys t a l  and vapour t o  be  sharp, 

whereas i n  r e a l i t y  the' density varies  gradually across 

the in te r face  ( f ig .  2.1 ). The re f rac t ive  index no 

is considered to  be constant over the  l aye r  thick- 

ness '6, but ac tua l ly  i t  var'ies with the *depth, s ince 

the or ienta t ional  order parameter slowly assumes the 

bulk value over the correlat ion length. Hence we can 

say t h a t  the model i s  oversimplified. Nevertheless 



Fig. 6.2: Theoretical R, - 2 curve f o r  5 CB obtained 

from the model. 



Fig.6.3: Theoret ical  R,- r curve f o r  7CB obtained 

from the model. 



i t  suggests q u a l i t a t i v e l y  t h a t  t h e r e  should be  

a decrease i n  r e f l e c t i v i t y  with an  increase  i n  

t h e  l a y e r  thickness.  

Experimental s e t  up 

The experimental s e t  up i s  as shown i n  

f ig .  6.4. The sample was taken i n  a wide c y l i n d r i c a l  

g l a s s  vesse l  (v), The bottom of t h e  g l a s s  vesse l  

was made inc l ined  s o  t h a t  the  r e f l e c t i o n s  from the 

bottom sur face  were deviated .wel l  away f r o m  the 

v e r t i c a l  d i r ec t ion .  It was r i g i d l y  f ixed  i n  a heavy 

copper block ( c p ) ,  and t h e  copper block i t s e l f  was 

r i g i d l y  f ixed i n  a massive a i r- t i g h t  copper chamber 

(c,  ). The chamber was e l e c t r i  ca l ly  heated and could 

be maintained a t  any desired constant  temperature. 

The temperature was measured using a copper constantan 

thermocouple which was ca l ib ra ted  e a r l i e r  using a 

standard thermometer. !Che accuracy of the  measure- 

ment was +0.02°C. - lfhe junction of the  thermocouple 
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was placed very close t o  the  sur face  o f  the 

l i q u i d  c r y s t a l .  Pure and dry nitogen was flushed 

through the  chamber f o r  near ly  30 minutes and then 

the  nozzles were closed s o  t h a t  t h e  n i t rogen  was 

trapped i n s i d e  the  chamber. A beam of l i g h t  from 

a helium-neon l a s e r  (Spectraphysics 1258) was d i rec ted  

a t  near ly  normal incidence (angle of incidence < 0 .5 ' )  

on t o  the  sur face  of the  sample through the opt icalgy 

f l a t  g l a s s  window provided a t  t h e  top of the chamber. 

The window was a l s o  made inc l ined  t o  the normal t o  

avoid t h e  r e f l ec t ions  from it en te r ing  the  op t i ca l  

diode used f o r  measuring the i n t e n s i t y  of the  r e f l e c-  

ted  beam. 

The re f l ec ted  beam from t h e  sur face  of t h e  

l i q u i d  c r y s t a l  was d i rec ted  unto a photodiode ( ~ ~ ~ 5 0 0 ) .  

The output of the photodiode (R,) was fed t o  one o f  

t he  channels of a multichannel s t r i p  cha r t  recorder.  

It was ascer ta ined t h a t  r e f l e c t i o n s  other  than t h a t  
\ 

from the  sur face  of the l i q u i d  c r y s t a l  d i d  not en te r  



the  op t ica l  diode. This was checked by ensuring 

t h a t  the  output of the diode was zero when the  

vesse l  was empty. 

I n  order t o  allow f o r  any f luc tuat ions  i n  

the in tens i ty  o f  the  l a s e r  beam, a, p a r t  of the 

incident  beam re f lec ted  from a g lass  p l a t e  w a s  

d i rec ted  onto a similar diode and the output ( R ~ )  

of t h i s  diode was fed t o  another channel of the 

recorder. The two channels were ca l ibra ted  e a r l i e r  

using a standard voltage source. R, and R2 were 

simultaneously recorded a t  a number of steady 

temperatures i n  the i so t ropic  phase. The r a t i o  

R = R , / R ~  a t  each temperature i s  proportional t o  

the r e f l e c t i v i t y  a t  t h a t  temperature. A curve was 

plot ted  with the  value of R vs. t h e  temperature ( T ) .  

Results and discussions 

Both the compounds studied here were synthe- 

sized i n  our laboratory.  Both are nematic l iqu id  



c rys t a l s  a t  room temperature. The N-I t r ans i t i on  

temperature of 5CB was 34.7O~ and t h a t  of 7CB was 

42.3OC. The s t r u c t u r a l  formula of 5CB is given i n  

fig.4.5 (chapter IV). 7CB i s  the seventh homologue 

of the same se r i e s .  

The R- l  curves obtained fo r  these compounds 

are  given i n  f igures  6.5 and 6.6. In  both the  cases 

we find -&at R increases with !I! and a t t a i n s  a mximum 

value at about 1 '0 above TNI* On fu r the r  increase 

of temperature the  value of R starts decreasing s l i g h t l y  

probably due t o  the thermal f luc tuat ions  of the  

surface and decrease i n  the r e f r ac t ive  index w i t h  

temperature. 

A qua l i t a t ive  comparison be tween the  experi- 

mental R-I  curves and the theore t i ca l  Ro - 7 curves 

indicates  t ha t  there is  an ordered layer  at the f r e e  
- 

surface,  and the var ia t ion  i n  the thickness of t h i s  

ordered layer  i s  r e a l l y  responsible f o r  the experi- 
\ 



Fig.6.5: Varia t ion of R with T for 5CB (experimental) 



Fig. 6.6: va r i a t ion  of R with T f o r  7CB (experimental) 



I mentally observed var ia t ion  of R. We can conclude 

from the curves t h a t  the  l ayer  thickness a t  the 

f r e e  surface bui lds  up in the  i so t ropic  phase as 
+I 

one approaches the  N- I  t r ans i t i on  temperature. 

As explained e a r l i e r ,  the model i s  an o v e r  

simplified one and hence quant i ta t ive  comparison 

between the  experimental and theore t i ca l  curves a r e  

not s ign i f i can t .  !l!he present study is  just  a pre l i-  

minary one. We hope t o  improve the  experimental 

technique as also develop a more r e a l i s t i c  model 

before attempting t o  i n t e rp re t  the r e s u l t s  and d r a w  

quant i ta t ive  conclusions. 
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