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I n t r oduc  t i on

The  es tab l i shmen t  o f  t he  p re fe ren t i a l ,
pa ra l l e l  s t ack i ng  o f  l ame l l a r  mo lecu les  i n  an i so -
t r op i c  ca rbons ,  as  d i s t i nc t  f r om  qu iEe  random
ar rangemen ts  w i t h i n  i so t r op i c  ca rbons ,  i s  now
accep ted  as  be ing  v i a  t he  nema t i c  l i qu i d  c r ys ta l s
and  t he  mesophase  ( see  re fe rences  l i s t ed  i n  Re f .  1
and  2 ) .  The  o r i g i ns  o f  nema t i c  l i qu i d  c r ys ta l s ,
t he i r  nuc lea t i on ,  g row th  and  s tab i l í za t i on ,  a re
s t i l l  impe r fec t l y  unde rs tood .  One  aspec t  o f
g row th  conce rns  t he  chem ica l  he te rogene i t y  o f
p i t ch  subs tances ,  and  t he  a lmos t  dom inan t  r o l e
o f  ce ¡ t a i n  mo lecu la r  cons t i t uen t s .  Cons ide r i ng
Ehe  w ide  range  o f  mo lecu la r  s i ze ,  shape ,  we igh t
and  cons t i t u t i on  o f  pa ren t  subs tances ,  i t  . i s
somewhat of  an enigma to understand how the meso-
phase can grow and yet  contain such a high elernent
o f  c r ys ta l l og raph i c  o rde r .  Th i s  pape r  d i scusses
the  dom inan t  r o l e  o f  ce r t a i n  mo lecu la r  cons t i t uen t s .

O r i g i ns  o f  Nema t i c  L i qu id  C rys ra l s

As  t he  p i t ch  pa ren t  ma te r i a l  i s  sub jec t  t o
i nc reas ing  ca rbon i za t i on  t empe ra tu res  t hen  í n te r -
and intra-molecular  re-arrangements produce an
inc reas ing  concen t ra t i on  o f  l a rge ,  l ame1 la r  cons t i t -
uen t  mo lecu les .  I n  a l l  l i qu i ds  t he re  ex i s t
s t a t i s t i ca l  assoc ia t i ons  o f  mo lecu les  and  no  doub t
t h i s  a s s o c i a t i o n  a l s o  o c c u r s  i n  f l u i d  p i t c h ,  W h e n
a  c r i t i ca l  cond i t i on  o f  t empe ra tu re ,  mo lecu la r
we igh t  and  mo lecu la r  concen t ra t i on  i s  es tab l i shed ,
t hese  nuc lea t i on  assoc ia t i ons  (homogeneous ) ,  i n sEead
o f  r ap id l y  d i ssoc ia t i ng ,  con t i nue  t o  g row  to  es t¿b l i sh
a  new  phase ,  as  seen  i n  op t i ca l  m i c roscopy  (Re f .  3 ) .
The  f o r rna t i on  o f  t he  nema t i c  l i qu i d - c r ys ta l  p robab l y
i s  ass i s t ed  by  r he  h i gh  en tha lp i es  o f  phys i ca l
adsorpt ion which are possib le \ rhen two large 1ame1lar
mo lecu les  ?come  toge the r r  f l a t  su r f ace  t o  f l a t
s u r f a c e .

I t  i s  cons ide red  t ha t  t he  deve lopmen t  o f  t hese
l i qu i d  c r ys ta l . s  i s  i nsens i t i ve  t o  t he  de ta i l  o f
chem ica l  compos i t i on  o f  mo lecu la r  cons t i t uen t s ,  bu t
i s  ve r y  sens i t i ve  t o  t he  s i ze  and  shape  o f  t hese
cons t i t uen t  mo lecu les .  Bu t  once  hav ing  been  f o rmed
by  an  essen t i a l l y  phys i ca l  p rocess ,  t hen  chem ica l
p rocesses  w i t h i n  t he  l i qu i d  c r ys ta l s  immed ia te l y
become  dom inan t  and  d i c t a te  subsequen t  even t s .
Ex ten t s  o f  r c ross - l i n kage r  

be tween  t he  1ame11a r
cons t i t uen t  mo lecu les  i n f l uence  t he  v i scos i t y  o f
t he  l i qu íd  c r ys ta l  and  mesophase  and  u l t ima te l y
t he  op t i ca l  t ex tu re  o f  r esu l t an t  an i so t rop i c
ca rbons .

As  d i scussed  by  Marsh  (Re f .  4 )  i t  i s  a  known
p rope r t y  o f  documen ted  nema t i c  l i qu i d  c r ys ta l
systems that  they can accorr [nodate mater ia l  which
i t se l f  ¡ ¡ ou ld  no t  f o rm  nema t i c  l i qu i< i  c r ys ta l s .
Th i s  p rocess  p robab l y  occu rs  du r i ng  t he  g rowch  o f
l i q u i d  c r y s t a l s  f r o m  p i t c h  s y s t e m s .  I n  f a c t ,
C raw fo rd  and  Marsh  (Re f .  5 ) ,  us i ng  phase -con t ras t ,

h i gh  reso lu t i on  e l ec t r on  m ic roscopy ,  r { r e re  ab le  t o
i den t i f y  mo lecu les  con ta i ned  ( t r apped )  w i t h i n  t he
1ame l1a r  s t acks .  I t  i s  t h i s  aspec t  o f  t he  g row th
o f  mesophase  wh i ch  i s  r epo r t ed  he re ,  us i ng  me thods
o f  ex t r ac t i on  f r om s i ng le  p i t ch - l i ke  subs tances
and by blending pi tches fo l lowed by the carboniza-
t i on  o f  t he  b l ends .

The Exper imental  .Approach

An  an th racene -o i1  coa l  ex t r ac t  (D l12 )  was
ex t rac ted  w i t h  a  r ange  o f  so l ven t s  and  t he  so lub le
and  i nso lub le  f r ac t i ons  ca rbon i zed .  Resu lEan t
ca rbons  we re  exam ined  by  op t i ca l  m i c roscopy .  A l so ,
i n  a t t emp ts  t o  p roduce  ca rbons  w i t h  a  r ange  o f
op t i ca l  t ex tu re ,  b l ends  (b i na ry )  made  up  o f  A2OO
A s h l a n d  p e t r o l e u m  p i t c h ,  D l 1 2  c o a l - e x t r a c t ,  G i l s o n i t e
p i t ch ,  aspha l t enes  and  Org reave  coa l - t a r  p i cch ,  i n
vary ing rat ios,  r^rere carbonized and resul tant  carbons
exam ined  by  op t i ca l  m i c roscopy .

D i s  cus  s  i on

The  gene ra l  conc lus i on  o f  t he  s tudy  o f  ca rbon i -
z a t i o n s  o f  p i t c h  b l e n d s  i s  t h a t  i t  i s  n o t  p o s s i b l e
to  r nod i f y  sys tema t i ca l l y  and  p rog ress i ve l y ,  t he  s i ze
o f  o p t i c a l  t e x t u r e  ( i . e .  s i z e  o f  i s o c h r o m a t i c  a r e a s
as  seen  i n  po l i shed  G t i ons )  by  co -ca rbon i z i ng ,  i n
i nc reas ing  pe rcen tage  con ten t ,  two  p i t ches  one  o f
wh i ch  wou ld  g i ve  l a rge  doma ins  (e .g .  A2O0  peEro leum
p i t ch ) ,  t he  second  g i v í ng  sma11  ñ ' ó7a i . "  ( " . g .
G i l son i r e  p i r ch ) .  Sma I t  add i t i ons  (<152 . J - i f  r t r e
A200  p i t ch  t o  a  p i t ch  g i v i ng  sma l1  moza i cs  had
l i tE l e  e f f ec t  upon  t he  f o rma t i on  o f  t he  moza i cs ,
bu t  t hen  ove r  a  f u r t he r  sma l l  i n c rease  i n  concenEra -
t ion the behaviour of  the A2OO pi tch became dominant
and  l a rge  doma ins  resu l t ed  ( see  F igu re  1 ) .  I t  was
as  t hough  t he  mo lecu les  o f  t he  G i l son i ¡ e  o i t ch
became  t r apped  w i t h i n  t he  l i qu i d  c r ysEa l s  o f  t he
4200  p i t ch  and  i t  was  Ehe  l a t t é r  r ¡ / h i ch  con t ro l l ed
f i na l  p rope r t i es .  Sepa ra t i on  (d i l u t i on )  o f  r he
G i l son i t e  sys ten  may  have  p reven ted  c ross - l i n kage
be tween  t he  mo lecu les  o f  t he  G i l son i t e  p iEch  so
p reven t i ng  enhanced  v i scos i t y  wh i ch  p roduces  t he
. cha rac te r i s t i c  sma l l  moza i c  s t r uc tu res .

S im i l a r l y ,  ex t r acE ion  by  so l ven t s  o f  componen ts
o f  t he  p i cch  i s  capab le  o f  p reven t i ng  t he  f o rma t i on
o f  nema t i c  l i qu i d  c r ys ta l  s ys tems  i n  t he  i nso lub le
res i dues .  These  resu l t s  i n t o  b l end ing  and  so l ven t
extract ion are broadly in agreement r^r i th the recent
f i nd i ngs  o f  Moch ida  e t  a l .  (Re f .  5 ) .  These  au tho rs
sepa ra ted  f ou r  SRC p i t chge  w i t h  benzene  i n t o  so l ven t_
so lub ie :  so l ven t - i nso lub le  f r acE ions  and  subsequen t l y
ca rbon i zed  b l ends  o f  so l ub le - i nso lub le  f r ac t i ons  f r om
d i f f e ren t  p i t ches .  Two  o f  t he  o r i g i na l  p i t ches
fo rmed  an i so t rop i c  f l ow  s t r uc tu res ,  and  Ewo  f o rmed
moza i c  s t r ucEu res .  A l l  t he  i nso lub le  f r ac t i ons
fo rmed  i so t r op i c  ca rbon ;  howeve r ,  t he  an i so t roo i c
s t r uc tu res  f o rmed  on  b l end ing  we re  no t  p red i c t ab le .
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i  : h o r o u g h  e l e m e n r a l ,  t H  n r n r  a n d  l 3 C  n m r
: . : . : i y s i s  p roved  un rewa rd ing .

I t  r , r ou ld  appea r  as  t hough  t he  co r re l a t i on
:  a n i s o t r o p i c  s t r u c t u r e  ( o p t i c a l  t e x t u r e )  w i t h

: l e n d  c o m p o s i t i o n  i s  o f  t h e  f o r m  o f  F i g u r e  1 .
i : . e  p o s i r í o n  o f  l i n e  A B  m a y  v a r y  w i t h  t h c  o r i g i n s

:  p i t ch  P1  and  P2 .  The  ana l ys i s  o f  Moch ida
, . :  a l .  may  be  un rewa rd ing  because  wha t  i s  o f
r u j o r  impo r tance  i s  no t  t he  chem is t r y  o f  t he
: i : ¡ h  as  o t r t a i ned  bu t  i t s  chem is t r y  i rmned ia te l y
: : - i o r  t o  f o rmaE ion  o f  t he  nema t i c  l i qu i d  c r ys ta l
s j ' s t ems .  The  comp lex i t y  o f  py ro l ys i s  chem is t r y
- s  such  t ha t  p red i c t i ons  f r om pa ren t  mo lecu la r
s i -stems in mul t i -component mixtures cannot be
: - r : l t emp la ted .  l l ha t  cou ld  be  l ooked  f o r  i s  t he
:ave lopmen t  o f  l a rge ,  l ame l l a r  a roma t i c  r no lecu les
: : :  su f f i c i en t  concen t ra t i on  t o  ac t  as  t he  dom inan t
: a r t ne r  and  es tab l i sh  an i so t rop i c  f l ow  s t r uc tu res .
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