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Abstract. Accordlng to the theory of Frenkel.,  surface
energy, vlscosity, and dropleL slze control the rabe a¿
!¡hlch t lro touchlng spherlcaL drople¿s coalesce. From
t,he Frenkel relat lonshlp and obseryatlons of mesophase
droplet coalescence, rre have evaluaLed the mesophase/
lsotroplc phase lnterfaclal energy for a nesophase-
contalnlng pltch. The lnterfaclal energy ls quite small
( -0 .02  dyne/cm) .

Introduction

I
Recen t l y  t { h l t e , '  on  t he  bas l s  o f  po la r i zed

l lght  mlcrographs of  quenched mesophase pl¿ch
samples,  proposed fhat  the re lat lve surface energy
at  the lnter face bet¡{een the nesophate and the
lsotroplc phase ls  qui te Io l r .  Smith-  sugg€sted
thaL Ehe magnl tude of  t ,he lnter facla l  energy,  o,
could be est imated f roo measurements of  the t lme
constant ,  r ,  for  coalescence of  two ldent lcal  ?
mesophage spherules uslng the Frenkel  reLat lon, '

n R
r -  

? ,  where n ls  the v lscosl ty and R ls the
sohe rü Ie  r ad ius .

In th ls paper Tre report  the determlnat lon of
the lnter facia l  energy by th is method and show
Lhat 1t  ls  several  orders of  magnl tude smal. l .er
Lhan the surface energy of  ordlnary l lqutds.

Exper lment

The r  and R data for  mesophase spherule coal-
escence Here ob[alned by polar lzed-I lght  hot  stage
c lnemaLog raphy . '  A  samp le  o f  Ash land  A240  p l t ch
ln the ln l t la l  s tages of  mesophase format lon uag
prepared and spherule coalescence at  t ,he f ree
gurface (under n l t rogen atmosphere) examlned at
4 {00C .  The  coa lescence  t lme  r  f o r  d l f f e ren t
spherule s lzes was determlned f rom a f rame-by-
f rame examlnat lon of  the f l lm. In Flg.  I  f ra¡nes
from the f l lm shos,  Lhree stages ln the coalescence
process and l l lustrate the determlnablon of  r ,  We
def lne r  to be the blme elapsed betrreen lnt t la l
contact  of  the spherules and the f lnal  d lsappear-
ance of  the rrwalst , r r  v ls lb le ln the f lgure (an
accepEab le  de f l n l t i on  l n  v l eH  o f  l he  app rox lma te
nabu re  o f  F renke l r s  de r l va t l on ) .  r  ¡ r as  f ound  t , o
scale l lnear ly wl th R as l t  should f rom the
F renke l  r e l a t l on .

t{e dld not measuEe vlseoslty and therefore
used l l terature data' Lo esLlnate a range of r¡-
values approprlate for a petroleum p1¿ch sample at
l l t looC ln the early stages of mesophase formaLlon..
( low degree of polymerlzatlon). lühere possible we
used data for lor, shear rates whlch general l .y
reppesent, a reasonable approxlnation to t ,he f low
eondlt lons dunlng mesophase formatlon. Complica-
t lons lnvolvefl  ln assessing vlscosity are dlscuss-
ed  e lseuhere . -  Suf f tce  lL  to  say  tha t  a  va lue  o f
l0 polse was found Lo be a reasonable order of
magnltude estlmate for the apparent early stage
v lscos l ty  a t  440oC.

Determinat ton  o f  In te r fac la l  Energy

From the  Frenke l  re la t lon  and the  r ,  R ,  and n
data we estlmate the mesophase/lsot,roptc phase
lnterfaclal energy to be -0.02 dyne./cm for Ashland
A240 a t  l l4ooC.  Th ls  va lue  ls  ln  good a8reemenL
Hl th  resu l t ,s  fo r  nemat lc / i so t , rop lc  ln te r fac la l .
energ les  fo r  o rd lnary  l tqu ld  c rys ta ls  ( i .e .  ones
composed of rod-shaped molecules) [Table I] .
Furthermore, slnce the interfaclal energy ls t ,hree
orders of magnltude smaller t ,han the ordinary
sur face  energy  o f  typ ica l  l lqu ids  ( -20-50
dynes/cm) ,  the  or ig ina l  suggest lon  o f  t ' ,h l te '  l s
conflrmed.

The. good agreement of our est lmate of the
pltch mesophase/lso0roplc phase lnterfacla¡. energy
rJlth Lhe varlous ou, values for ordlnary nemato-
gens  leads  us  to  b i ió  ma ln  conc lus lons :  l )  the
va l ld l ty  o f  Lhe Frenke l  re la t lon  fo r  de termln lng
o-values ls confirmed¡ 2) as is the case for many
of  the l r  o ther  charac ter ls t l ca ,  p lLch  mesogens are
s lml la r  to  o rd inary  thermot , rop lc  I fqu id  cy rs¿a ls
ln their surface behavlor.
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Ftgure 1. Coalegcence of tt{o nesophase droplets
in isotroplc pltch úatr lx at 440oC'
( In l t la l  rad i l  108 and 101 um.)  a )
Intt lal  droplet eontact¡ b) part lal
eoalescence to produce a 'Halsttr¡ c)
dlsappeanance of the Halst (deflnlt lon

of coaleseence t ine).

Table I.  Hesophase/Isotroplc Phase Interfaclal Energy Results

;

I
I

L

Hesophase

A240 pltch
Nematlc PAP
Nematlc HBBA
Nenatlc }IBBA
Nenatic MBBA
Nenatlc 5CB

n(  po ise  )
- 1 0
-l:u

R ( u m )  t ( s )

65  3 .9
1  30  0 .045

o( dyne/cn)

0 . 0 1  7
0 . 0 1 q
0 . 0 2 3
0 . 0 1 6

0 . 0 1  t o  0 . 0 2
0 . 0 l 1

Method

Frenkel
Frenkel

Llght Scatterlng
SesslIe DroP

Theory
Theory
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!fi!-p-azoxyptreneio Ie ¡ MBBA - q-methoxybenzy I I dene-4' -n-buty lan i I lne ;

5CB -  4-cyano-4t-¡ -pent ! lb lphenyl .
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