
In  the l i g h t  of the  contradictory r e s u l t s  

on the  surface tension of l iquid  c rys t a l s  obtained 

by the  e a r l i e r  invest igators ,  it i s  c l e a r  t h a t  

t h e  s e l ec t ion  of the  method f o r  the  study of the  
\ 

surface  tension i s  indeed very important. After 

ca re fu l ly  examining the  various methods t h a t  have 

been used t o  study the  eurface tension o f  ordinary 
1 

l i qu ids ,  it was decided t o  use the  pendant drop 

method. We sha l l  first b r i e f l y  review the  d i f fe ren t  

techniques t h a t  a r e  commonly used f o r  l i qu ids  b d  

then discuss i n  d e t a i l  the  pendant drop method. 
4 

A number o f  workers have reviewed the 

d i f fe ren t  methods adopted f o r  the  measurement of 

aurface tension of l iquids .  Only a few o f  these 



a r e  i n  common use. 'Phese methods are  based on 

observing any one of the fdllowing aspects: 

1 t h e  r i s e  of the l i q u i d  i n  a ve r t i ca l  

oapi l lary  tube, o r  the pressure required 

t o  make the meniscus of the  l iquid  f l a t  a t  

one end of the cap i l l a ry  tube; 

2 the  force required t o  p u l l  a wire r ing  o r  

a p l a t e  out of the l iquid  surface; 

3 the  weight or  ,volume of the l iquid  drop 

f a l l i n g  from a v e r t i c a l  tube of known ' s ize ,  and 

4 the  maximum pressure required t o  form 

bubbles i n  a l iqu id  from a tube o f  known 

2 Adam has polnted out the l imi ta t ions  of each 

of these  methods. In  the  cap i l l a ry  r i s e  method, 

the radius of the cap i l l a ry  tube should be uniform 

throughout, which i s  very d i f f i c u l t  t o  r ea l i s e  i n  



pract ice.  !Phe expression f o r  y i s  derived with 

the  assumption t h a t  t h e  contact angle i s  sero. 

So the  cap i l l a ry  method is  not su i tab le  f o r  l iqu id  

c r y s t a l s  as the contact angle may not be sero. 

Moreover the  capi l lary  wall8 may influence the  

or ienta t ion  of -molecfies a t  t h e  f r e e  durface 

which i n  t u rn  may a f f ec t  t h e  surfaoe tension. 

I n  the drop volume method, often only a pa r t  

of the drop f a l l s  as pointed out by  dam.* Moreover, 

t he  expression f o r  y i s  derived assuming t h a t  the 

edge of the drop  near the t i p  of the g lass  tube is 

v e r t i c a l ,  but very r a r e ly  i s  i t  so. 

I n  the  ring and the other detachment methods, 

the contact angle may influence the resul ts .  The 

viscous drag of the l iqu id  may a l so  a f fec t  the resu l t s .  

Errors  may a r i s e ,  i f  the r i n g  o r  the  p la te  i s  not 

I 

suspended perfec t ly  para l l e l  t o  the l iqu id  surface. 



A s  regards the maximum bubble pressure 

method, it seems t h a t  i t  does not give consistent 

readings f o r  highly viscous l iqu ids ,  as  can b e  judged 

from Jaeger 's  r e s u l t s  on e thy l  p-azoxybensoate (see 

Pig. I . 7).  Thus a l l  t he  conventional methods discu- 

ssed s o  f a r ,  have ce r t a in  drawbacks which make them 

somewhat unsuitable f o r  the study of surface tension 

o f  l iqu id  crys ta ls .  On the  other hand, ' the pendant 

drop methodt appears t o  be f r e e  from these drawbacks. 

Surprisingly i t  has not been used s o  f a r  f o r  l i qu id  

c rys ta l s .  We s h a l l  discus8 t h i s  method a t  some length 

presently. 

Another method f o r  the measurement of y which 

has been used recent ly 4 9 5  i s  the dynamic l i g h t  sca t t e -  

r i n g  technique. Here, t he  in tens i ty  of the 1i&t 

sca t te red  from the thermally f luc tuat ing  f r e e  surface 

i s  measured. !l!he surface tension is calculated by 

f i t t i n g  the power spectrum t o  Lorentzian models. The 

method i s  a good one, i n  pr incip le ,  though the e r ro r  
\ 

bars  tend t o  be r a the r  large.  fChe trends i n  t h e  



var ia t ion  of y with I! f o r  MBBA and CBOOA obtained 

4 by Langevin and very reoently f o r  PAA by Brown 

5 and Mann are i n  broad agreement with our deter- 

minationa. However, we did not ccolsider using 

this method f o r  our work as a photon oorrelator  

was not avai lable i n  the laboratory. ' 

Ihe pendant drop method 

6 Edgerton e t  a1 had demonstrated t h a t  the  

method of the pendant drop has a number of out- 

standing advantages, but i t  was not popular as 

the  procedure o f  calculat ion w a s  not  simple. 

7 Andreas e t  a1 improved t h e  experimental technique 

as well a s  the procedure of aaloulation of the 

aurface tension. 

I n  t h i s  method, a small drop of the  l iqu id  

i ; 9  suspended f rom the  t i p  of a v e r t i c a l  glass tube, 

which i s  mounted i n  a thermostat. The' aurface .of 

the  drop is a surface of revolution, whose shape 



and s i z e  uan be determines by measurements made 

on a photograph of the  drop taken when it i s  i n  

a t a t i c  equilibrium. Since the equati on governing 

the shape of the  drop imrolves ( i )  the surface 

tens ion ( y ) ,  ( i i )  the  diameters o f  the drop a t  

oe r t a in  heighta, (iii) t h e  density (P) of the l i qu id ,  

and ( i v )  t he  accelerat ion due t o  gravity (g) , the 

value o f  surface tension can be calculated by 

measuring the diameters on the photograph, provided 

the  other parametera a r e  known. Some o f  the  main 

advantages of  t h i a  method are: 

1 It i s  a s t a t i c  method and hence the  r e su l t s  

a r e  not influenced by the  viscous drag of the 

l iquid .  So t h i 8  method i s  sui table  f o r  even 

highly viscous l iqu ids .  

2 The approach t o  s t a t i c  equilibrium is  more 

rapid in this method than i n  any other method, 

s ince only a small f r ac t i on  of the t o t a l  surface 
\ 

of the drop i s  i n  d i r e c t  contact with the so l id  



surface hindering the movement of the l iquid .  

3 'Phe surface teneion values a r e  independent of 

the  angle of contact. 'Pbis i e ,  becauee, i n  the 

calculat ion of surface tens ion from the p ro f i l e  

of the drop,  a plane is  selected well below the  

t i p  of the glass  tube. 'Ifhe excess of pressure 

at t h i s  plane inside the  drop, which involves 

y, is  aonsidered f o r  the derivation of the f i n a l  

formula f o r  the  drop shape. 

4 Only a small quantity of the sample (about 

0.5 cc) i s  suff ic ient  f o r  one complete experi- 

ment. 

5 Measurements can be made without disturbing 

the  surface physically. . 
6 Surface tension8 of any magnitude can be 

measured. 

Andreas e t a1 have l i s t e d  some 

fu r ther  advantages but only the ones l i s t e d  



above a r e  relevant for  the  present invest i-  

gations. These authors have measured the  

surface tension values a8 B m d l  a s  0.3 dynes/am 

and a8 great  as 370 dynes/cm using t h i s  method. 

The abwe advantages make t h i s  method probably 

the  i dea l  one f o r  l i qu id  c rys t a l s ,  pa r t i cu la r ly  

because of the following reasons : 

1 Liquid cry8 t a l e  are generally viscous . 
I n  par t i cu la r  smectios are highly viscous. 

8 P'or t h i s  reason Schwartz and M~Seley who 

used the r ing method, and more recent ly 

9 10 Churchill and Bailey , and Gannon and Faber , 

who used t h e  Wilhelmy p l a t e  method, could 

not get  reproducible r e s u l t s  i n  the  smectic 

phase. 

2 Liquid c rys ta l s  a r e  compoaed of  highly 

anisotropic molecules. It i s  known t h a t  a 

s o l i d  surface i n  contact with the  l iqu id  



- 

c rys t a l  has a s t rong influence on the  

surface or ienta t ion  which i n  tu rn  may 

a f f ec t  the  surface tension. In  the  pendant 

drop method there  I s  no influence of the 

sol id  surface. 

Usually l iquid c rys ta l s  a r e  available only 

i n  ra ther  small quant i t ies .  

Thus a f t e r  a careful  consideration of the 

merits o f  pendant drop method, it was decided to  

employ t h i s  method f o r  the  'determination o f  the 

surface tension of l i qu id  crys ta ls .  

It appears relevant  t o  make a remark here, 

about the  var ia t ion  of surface tension with the  

radius of curvature of the drop. !I!olman1l has discu- 

ssed the  e f f ec t  of droplet s i z e  on surface tension. 

He has shown theore t i ca l ly  tha t  the surface 

tension starts decreasing with the  radius of  

curvature ( R )  only f o r  very small values of R. For 

example, according t o  h i s  calculaticms, a decrease 



of y by 4$, requires  t he  radius of curvature t o  

be of the  order of loo6 om. ~ i b b s ' ~  a l so  has come 

t o  a s imi lar  conclusion. Hence, we can safely 

neglect the  e f f ec t  of the radius of curvature i n  

the  present case, as t he  diameters o f  the drops 

used here were greater  than 2 mm. 

Experimental s e t  up 

A schematic diagram of the  experimental s e t  

up i s  shown i n  t he  f igure  3.1. A drop  of the 

l iqu id  c rys t a l  was formed a t  the end of a glass  

' ( ~ y r e x )  capi l iary  tube, having a c i r cu l a r  cross 

section. The outer diameter of the tube a t  t he  t i p  

was about 2 mm. The end of the  tube was cut and 

ground perpendicular t o  the ax i s  of the  tube, s o  

t h a t  the c i rcu la r  face of the  t i p  i s  horizontal  

when the tube i t s e l f  i s  ver t i ca l .  It is  very 

important t ha t  the  t i p  should have a c i rcular  face 

as otherwise the drop will not have cyl indrical  



Pigure  3.1 

Schematic diagram o f  the  experilpental s e t  up f o r  t he  de t e r-  
mination of yo  

C : copper chamber 
W : o p t i c a l l y  f l a t  glass windows 

N-I?: I n l e t  & o u t l e t  f o r  n i t rogen  

H-H: Heating elements 
C t  : Top h e a t e r  

T I  -T2 : Thermocouples 

I 

p .: Pinch cock 

L : Sodium lamp 

S1, S2, S3: Opt ica l  s t o p s  



symmetry about the ve r t i ca l  ax i s  and the equations 

t h a t  a r e  used t o  define the  drop shape, w i l l  not 

be applicable t o  such a drop. Hence only those 

tubes,  which had a per fec t ly  circular  cross sect ion,  

were selected. llhe top end of the tube was connec- 

ted t o  a hypodermic syringe through a rubber tube. 

The movement of the p i s ton  of the  syringe was controlled 

by a f i n e  screw attached t o  i t  as shown i n  the diagram. 

After adjust ing the drop t o  the required s i z e  by the 

movement of the screw, a pinchcock was 

fastened t o  the rubber tube near the end of the g lass  

tube. This brought t h e  drop t o  a s t ab l e  condition, 

provided the temperature was a l so  stable.  

'Phe lower end of the capi l lary  tube was in t ro-  

duced ins ide  an a i r- t igh t  copper chamber which could 

be e l e c t r i c a l l y  heated and maintained a t  any desired 

steady temperature. The chamber was massive and 

hence the thermal oapacity was very large.  It was 

provided with two op t ica l ly  f l a t  glass  windows 



on opposite s ides i n  order t o  f a c i l i t a t e  the photo- 

graphy of the drop. The design of the chamber w a s  

such t h a t ,  the g lass  windows were well ins ide  t h e  

heat ing elements (see f igure) ,  s o  that there w a s  no 

condensation of the  l iqu id  c rys t a l  vapour on t h e  

inner  surface of the windows. 

The mechanism of inse r t ing  the $lase tube 

i n t o  the  ohamber was a a  follows. The tube was 

f i rmly fixed inside a copper neck using a commercial 

epoxy (a ra ld i t e ) .  Since the maximum range of the  

experiment f o r  all the compound8 studied w a s  within 

200'0, it w a s  qui te  s a f e  t o  use a r a l d i t e  as an 

adhesive. B e  neck could be screwed i n t o  the 

chamber t i g h t l y  f oming an a i r- t ight  s e a l  s ince 

the  neck had a t e f lon  sleeve. The chamber had t o  

be made a i r- t igh t  i n  order t o  keep the  surface of 

the  d rop  of  l iquid  c rys t a l  i n  thermodynamic equil i-  

brium with i t s  vapou ,  which i s  highly essen t ia l  t o  

study the t rue  behaviour of the y-T curve. !The 



length of the  cap i l l a ry  tube was such t h a t  the drop 

formed a t  the t i p  of the  tube was a t  the centre  of 

the  chamber. 

llhe top port ion of the cap i l l a ry  tube w a s  

covered by a separate  heater whose temperature could 

be controlled independently. ' It was essen t ia l  to  

maintain the  top portion of the  glass tube a t  t h e  

same tenperature a s  t h a t  of the bottom port ion i n  

order t o  achieve the  s t a b i l i t y  of the  drop. me 

temperature of the drop was measured using a copper- 

constantan thermocouple (I, ) whose junction w a s  

positioned close t o  the  drop. The temperature of 

the top port ion of the  tube was measured by using a 

s imi l a r  thermocouple Both the thermocouples 

were cal ibrated e a r l i e r  by using a standard thermo- 

meter. 

After inserting the  capi l lary  tube f i l l e d  with 

the  l iquid  o rys t a l  i n t o  the chamber, the chamber w a s  

flushed with pure and dry nitrogen f o r  about 30 minutes 



and then the  nozzles (N)  were closed s o  t h a t  

n i t rogen  was trapped i n s i d e  the chamber. An i n e r t  

atmosphere was necessary t o  avoid any possible 

decomposition of the  compound. I n  f a c t ,  i t  was 

ascer ta ined  t h a t  the  compound remained pure during 

the  course of  the experiment, by checking that the re  

was no d i f fe rence  i n  i t s  t r a n s i t i o n  temperatures 

before  and a f t e r  t h e  experiment. Furthermore, 

s inue  t h e  chamber was a i r t i g h t ,  one could be su re  

t h a t  l i q u i d  c rya ta l  drop was i n  equil ibrium with 

its sa tu ra ted  vapour. 

The drop was i l luminated ,, . by monochromatic 
-* 

l i g h t  through one of the  windows. A s i l h o u e t t e  

photograph of the drop was formed on the  f o c a l  plane 

of a camera placed i n  f ron t  of the other window by a 

s u i t a b l e  lens system. Optical  s tops  (s, , S2, 3) 
were introduced i n  the  path of the l i g h t  beam i n  order  

t o  improve the sharpness of the image and t o  avoid 

t h e  e r r o r s  due t o  perspective. It was checked beforehand, 



t h a t  the  photographic system d i d  not int roduce any 

e r r o r  by determining the  sur face  tension o f  pure 

water and benzene with this s e t  up. The values obta- 

ned agreed very well  with t h e  standard reported 

values. The e r r o r  was wi th in  1 $. Hence t h e  accu- 

racy of measurements i s  a l s o  reckoned t o  be  wi'thin 

t h i s  limit. The experiment was carr ied out by tak ing  

photographs of a s ing le  drop a t  d i f f e r e n t  s teady  

temperatures a f t e r  ensuring t h a t  the drop was i n  per-  

f e c t  s t a t i c  equilibrium. It was necessary t o  wait 

f o r  about 30 minutes t o  a t t a i n  a steady temperature. 

Before taking t h e  photograph, i t  was ascer ta ined 

v i s u a l l y  t h a t  t h e  drop was s t a t i o n a r y  f o r  a t  l e a s t  

15  minutes and a l s o  t h a t  t h e  temperature was con- 

s t a n t  during t h i s  ' i n t e r v a l .  A complete experi-  

ment on a s ing le  drop, wherein photographs were 

taken a t  about 25  d i f f e ren t  temperatures took 20 t o  

25  hours. I n  some cases ,  where the  measurements were 

done over a wide range o f  temperature, the  dura t ion  



of the  experiment was about 48 hours. 

Calculation of y f rom the  p r o f i l e  of the drop 

Bashforth and ~dama" have ahown t h a t  the 

surface tension can be calculated from an analysis  

of the  s t r e s se s  i n  the s t a t i c  pendant drop. m e r e  

a r e  two methods t o  calculate  the  surface tension 

f rom the p ic ture  of the  drop." me first one is  

based on mealsurements taken a t  the  plane of inf lec-  

t i o n  and the second one i s  based on the measurements 

taken a t  a selected plane. I n  the first 'method it 

can be shown tha t  a small e r ro r  i n  locat ing the  plane 

of in f lec t ion ,  f i n a l l y  r e su l t s  i n  a l a rge  er ror  i n  

the  value of y. Hence the  seoond method i s  used i n  

the present ca lcu la t i  as. 

Let us choose the lower t i p  of the drop as 

t h e  or ig in ,  where the axis of cyl indr ica l  symmetry 

cuts the  surface of  the  drop  (see fig.3.2). Let 

the  cy l indr ica l  axis be the 2 axis. If 'b is the  



Figure 3 . 2  

The pendant drop p r o f i l e  



excess of 
radius o f  curvature at the or ig in ,  the pressure 

L 
ins ide  the  drop immediately above the  or ig in  is 

excess of 
2y/b. If P i s  the pressure a t  a height e along 

I 
the  ax i s ,  we have 

where f i s  the density of the l iqu id  forming the 

drop, r e l a t i v e  t o  the surrounding f l u i d ,  which is  

the  vapour of the l i qu id  i n  t h i s  case. We may 

ju s t i f i ab ly  neglect the density of the vapour and 

consider as  the density of the  l iquid .  Rearran- 

ging ( I )  we get 
\ 

2Y P = b  - f'f3 I: (2)  

The pressure P i s  a l so  given by 

where R1 and R2 are  the  two pr inciple  r a d i i  of  

curvature o f  the drop a t  the height z. From ( 2 )  

and (3) we get 





?gad 
Writing - 

Y = B 

we g e t  

This de r iva t ion  follows t h a t  of Bashforth and Adams 

with the  modification t h a t  the  signs of and $ a r e  

taken t o  be pos i t ive  f o r  pendant drops. Equation (12)  

conta ins  two parameters @ and @b ' whioh charac ter i se  

a p a r t i c u l a r  drop shape. IChe m l u e  of b gives t h e  

s i z e  of t h e  drop and t h e  value of gives the  shape 

of t h e  drop. There i s  no way of f inding  the values 

of b and fi prec ise ly  and quickly by using the p ic tu re  
\ 

of the drop. So Andreas e t  a1 have transformed 



equation (1 1)  t o  a form which uses paremeters t h a t  

can be measured ea s i l y  and accurately. They define 

the shape of the drop by a r a t i o  

where d, i s  the maximum o r  equatorial  diameter of 

the drop and ds i s  the diameter of the drop a t  a 

height equal t o  d, from the vertex. It i s  c lea r  

that d i f ferent  value8 of S oharacterise di f fe ren t  
I )  

shapes of the drop. Fig.3.3 shows t h e  photograpks 

of two drops suspended from the same glass  tube. One 

i s  a drop of water ( y  N 72 dyne om-') and t he  other 

i s  a drop of aBOOA ( y  + 26 dyne em-') i n  the nematic 

phase. We can see t h a t  there i s  a l a r g e  difference 

in the  shapes of the  drops.   he groove seen on the 

g lass  tube just above the  t i p  was made f o r  the calcu- 

l a t  ion of the exact magnification by measuring the 

diameters along the groove, i n  the  p h o t o ~ a p h  and i n  
A knowledge o f  t he  

the ac tua l  tube i t s e l f .  magnifioation i s  required t o  
L 

\ 

calcula te  the actual  value of de from the  measured 



photographs of the pendant drops : 

Top - water ; Bottom - CBOOA . 





value i n  the  photograph). 

Another quant i ty  which is a N n c t i o n  of 

the  drop shape is the r a t i o  of the  equator ia l  dia-  

meter d, and t h e  r ad ius  of curvature a t  the  o r i g i n  b .  

7 
Using t h i s  r a t i o  Andreas e t  a1 de f ine  a new quant i ty  

' H t  by the r e l a t i o n  

H = ~(d, /b)* (14) 

It i s  seen t h a t  H is  a l s o  a func t ion  of the  drop shape. 

y oan be expressed i n  terms of H and de by rearranging 

From (14) and (15) we get 

Equation (16) can be used f o r  c a l c u l a t i n g  y by using 

a t a b l e  of S vs. H wNch can be constructed by nume- 

r i c a l  s o l u t i o n  o f  the  fundamental equation (12) which 



defines the shape of  the drop. But Andreas e t  a1  

constructed the t a b l e  of S vs. 1 b  by measuring S 

f o r  d r o p s  of  various s i ze s  and shapes o f  pure water 

whose slurface tension i s  known accurately. They 

a l a s  ver i f ied  the  correctness of t h e i r  t ab le  by 

measuring the surface tension of many o r g a d c  l iquids .  

The values obtained by them agreed very well with 

t h e  standard values reported. Later Fordham, 14 

Niederhauser and ~ a r t e l l ' ~  and s tauf fe r l  compiled 

more accurate tables  by numerical solutions of t h e  

fundamental d i f f e r e n t i a l  equation. 

Ryong-Soon Roe e t  a l l 7  made a fu r the r  improve- 

ment wherein it is poss ib le  t o  verify that t he  drop 

has at tained s t a t i c  equilibrium. Instead of se lec t ing  

one plane at height z = d,, they selected f i v e  planes 

n a t  heights en = de,  (n = 8,9,10,11,12). If dn is 

t h e  diameter of the drop i n  the nth plane f i v e  characteri-  

s t i c  r a t i o s  a re  defined by 



which uniquely define the drop shape. It i s  c l ea r  

t ha t  d l*  and S I 0  are  iden t ica l  with dB and S respec- 

t ive ly ,  used by e a r l i e r  workers. The values of  l/li 
, 

determined by d i f fe ren t  Sn values meaeured f r o m  t h e  

same photograph should be the same, i f  t he  drop is 

i n  s t a t i c  equilibrium a t  the time of taking the photo- 

graph. If the values a r e  d i f ferent ,  i t  means t h a t  

the  drop had not attained equilibrium and the photo- 

graph has t o  be discarded. I n  e f fec t ,  the method 

t e s t s  the  conformity of the drop shape t o  the diffe-  

r e n t i a l  equation a t  d i f fe ren t  selected heights. 

Ryong Joon Roe e t  a 1  carried out the  numerical in te-  

gra t ion  of t h e  fundamental d i f f e r en t i a l  equation (1 2) 

which defines the  drop shape, by the fourth order 

Runge-Kutta-Gill method. The plane o f -the  maximum 

diameter and the points (5, zn) (n = 8, ..., 12) 

were located by the use o f  a squeezing algorithms, 

i.e., by taking a l ternate ly  pos i t ive  and negative 

S values of successively smaller magnitudes around 



the  desired point  u n t i l  the e r ro r  was within 0.00001. 

They constructed f ive  t ab l e s  giving I/H as  a function 

of Sn (n = 8, ... 12) by parabolic interpolat ion of 

the  primary data a s  computed above. They have a l so  

made an analysis of the  errors  t ha t  a r i s e  i n  determining 

the values of 1/H. These er rors  depend on the accuraoy 

of measurements of de, Z, and dn, and the  shape o f  the 

drop. They have estimated the percentage e r r o r  i n  

1/H when the probable e r r o r  i n  measuring de is  I$, 

f o r  each value of Sn. These are  given i n  the  l a s t  

column under the head 'p' i n  each table.  The t ab l e s  

show that the error i s  least  i n  the case of 1/H values 

obtained from tb tab le  oorresponding t o  S l p  and it 

i s  maximum i n  the  case of Sg. 

I n  the present calculations t he  author has used 

the  tables  corresponding t o  SS and SlO. h l y  those 

photographs f o r  which the difference i n  1/H values 

corresponding t o  . S9 and S I 0  waa l e s s  than I $ ,  were 

selected and y was calculated using the mean value 



of I/H. If the difference was greater  than 1% 

i n  any photograph, i t  was discarded on the ground 

t h a t  the  drop might not have at tained equilibrium. 

Actually very few photographs had t o  be discarded 

l i k e  that .  

The values of 1/h corresponding t o  Sl l  and 

S12 were not considered f o r  the following reasons. 

I n  order t h a t  the  planes corresponding t o  Z1, and 

ZI2 were within the drop, the drop had t o  be very 

large .  !Phe s t a b i l i t y  of such a drop was c r i t i c a l .  

Many times i t  was not possible t o  ge t  these planes 
I 

ins ide  the drop. Even if we could manage t o  get 

them ins ide ,  they would be very close t o  the t i p  of 

the g l a s s  tube and hence there could be an influence 

of the  s o l i d  surface a t  these planes. The values 

of 1/h corresponding t o  S8 were not considered 

because, the percentage of e r ro r  l a  la rge  i n  t h i s  

case,  a s  can be seen from the t ab les  given a t  the 

end of the  chapter. 



The diameters of the drop were very care- 

f u l l y  measured using a comparator, with which an 

acouracy of 0.001 mm could be achieved. The dia- 

meter 'de on the  photograph was of t he  order of 

50-60 mm. The actual  value of de which was of the 

order of 2.5 mm, was determined b y  calculating the 

magnification produced i n  the  photograph. The e r r o r  

i n  the  measurement of d, on the photograph along 

with the e r r o r  i n  the  magnification, f i n a l l y  resul ted 

i n  a maximum e r r o r  of 0.1% i n  the  actual w l u e  of d,. 

For the  values of S9 and SI0 obtained by the photo- 

graphs, the corresponding maximum e r ro r  i n  1/H was 

of the  order of 1 $ as per the tables.  Hence the 

estimated maximum e r ro r  i n  the  value of y was of 

the  order of 1.2$, which is  of the  same order a s  

obtained when the measurements were done on water 

and benzene. 

The er rors  due t o  density values a re  negl igible  

\ 
because they a r e  l e s s  than 0.1 $ i n  a l l  the cases . Indeed 



i n  some oases an accuracy of 1 part i n  lo6 i s  

claimed. 

In this manner the surface t e n s l a  - temperature 
characteristics of liquid crystals i n  the smectic , 

nematic and isotropic phases have been 8'tudied under 

equilibrium conditions, the results  of which are 

discussed i n  the next two chapters. 
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