
CHAPTER I

V
INTRODUCTION

1.1  Mixed C ry sta ls

M olecular cry sta ls^  which co n ta in  two or more types o f m olecu les  
having d if f e r e n t  e x c ita t io n  en erg ies  are c a lle d  mixed c r y s t a ls .  In the  
two component mixed c r y s t a ls ,  the major component i s  u su a lly  d esign ated  
as the h o st component, w h ile  th e minor component i s  d esign ated  as the  
g u e st . In th e  h e a v ily  doped mixed c r y s t a l ,  th e se  d es ig n a tio n s  become 
m ean in gless.

When th e two components are m olecu les which co n ta in  d if fe r e n t  
iso to p e s  of the same elem ent, the mixed c r y s ta l  i s  c a lle d  an is o to p ic  
mixed c r y s ta l .  S in ce the iso to p e s  of the elem ent have the same atom ic  
number, the chem ical p ro p er tie s  o f the d if f e r e n t  iso to p e s  are; alm ost the  
same. This means th a t the in term olecu lar  in te r a c t io n  can . 
be assumed to be in v a r ia n t upon an is o to p ic  s u b s t itu t io n . The "guest"  
m olecu les can en ter  s u b s t itu t io n a l ly  in to  the "host" l a t t i c e  w ith ou t 
d istu rb in g  the t r y s ta l  s tr u c tu r e . The e n t ir e  co n cen tra tio n  range 
(0 -  100 %) o f im p u r itie s  can be obtained and th at th e s h i f t  in  the  
r e la t iv e  gu est -  h ost e x c i ta t io n  energy d if fe r e n c e s  can be changed by 
making d if f e r e n t  is o to p ic  s u b s t itu t io n . An example o f is o to p ic  
s u b s t itu t io n  i s  the replacem ent o f the hydrogen atoms in  the naphthalene
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m olecu les by deuterium  atoms.

The system  to be stu d ied  in  t h is  research  i s  the naphthalene-hg  
and naphthalene-dg mixed c r y s t a l .  ̂ As i s  w e ll  known, naphthalene-hg  
i s  an arom atic compound which con ta in s e ig h t  hydrogen atoms attached  
to  the double benzene r in g s as shown in  F ig . 1 .1 .1

H H

F ig . 1 .1 .1  l'iaphthalene-hg

Naphthalene-dg i s  obtained by rep la c in g  th e e ig h t  hydrogen atoms by 
e ig h t deuterium atoms to  g iv e  the compound shown in  F i g .1 .1 .2 .

D D

F ig .1 .1 .2  Naphthalene-dg

S ince the chem ical bonds between the hydrogen atom and the carbon 
atom in  naphthalene-hg are the same as the bonds between the carbon  
atom and the deuterium  atom in  n a p h th a len e-d g ,, the change in  the  
freq u en c ies o f the in te r n a l v ib r a tio n  (or e x c i ta t io n s )  in  the  
naphthalene-hg and the naphthalene-dg m olecu les would be due to  the
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d if fe r e n c e s  in  the masses of th e hydrogen and deuterium  atom. The 
change in  the freq u en c ies  r e s u lt in g  from th e d eu tera tio n  of the benzene 
r in g  in  the naphthalene m olecu les i s  q u ite  la r g e . S im ilar changes can 
be seen  in  th e d eu tera tio n  of other arom atic hydrocarbons, e . g . ,  
anthracene. These changes in  the e x c ita t io n  en erg ies  can be seen  in  
observed d if fe r e n c e  in  p ro p er tie s  such as the d if fu s io n  c o e f f ic ie n t  of 
normal and f u l ly  d euterated  hydrocarbons.

1 .2  Symmetry Elements o f  Naphthalene C rystal^

The S it e  Group

In d iv id u a l m olecu les in  a m olecular c r y s ta l  r e ta in  th e ir  
id e n t i ty  s in c e  the in term olecu lar  fo r ce s  are much weaker than the  
chem ical fo r ce s  w ith in  m o lecu les . I t  i s  u se fu l to in v e s t ig a te  the  
con n ection  between the symmetry o f the fr e e  m olecu le and the symmetry 
reta in ed  by i t  in  i t s  c r y s ta l  environm ent.

The symmetry of an in d iv id u a l m olecu le i s  d escrib ed  by a p o in t  
group .  ̂ For the case  o f naphthalene the p o in t group i s  ซ2  ̂ c o n s is t in g  
o f the fo llo w in g  o p era tio n s, referred  to in  F i g .1 .2 .1

M
^  N

-------- _> L

F ig .1 .2 .1  A xis convention  in  naphthalene c r y s ta l



1 . I d e n t i t y
2 . 180 r o t a t i o n s  a b o u t  th e  a x i s  L,M and N
3 . I n v e r s io n  i n  th e  o r i g i n
4 . R e f l e c t io n  i n  th e  p la n e  MN, NL and  LM

In  a c r y s t a l ,  a  s p a c e  g ro up  i s  i d e n t i f i e d  by th e  sym m etry o f  
th e  a r r a y  o f  m o le c u le s .  In  many s y s te m s ,  t h e r e  a r e  o p e r a t io n s  w h ic h  
a r e  common to  b o th  th e  s p a c e  g roup  and th e  m o le c u la r  p o in t  g ro u p . T hese  
a r e  i n t e r p r e t e d  a s  o p e r a t io n s  t h a t  s im u lta n e o u s ly  l e a v e  one p a r t i c u l a r  
m o le c u le  and th e  w ho le  c r y s t a l  i n v a r i a n t .  They fo rm  th e  s i t e  g ro u p , 
th e  e le m e n ts  o f  w hich  m ust h av e  th e  fo rm  { Cl/o } .

In  many o r g a n ic  m o le c u le s  th e  s i t e  sym m etry i s  much lo w e r th a n
th e  m o le c u la r  sym m etry . Thus f o r  b e n z e n e , t h e  m o le c u la r  p o in t  g ro up  i s

f o r  n a p h th a le n e ,  จ 2,ภ and f o r  a n th r a c e n e ,  ซ2^ , b u t  r e t a i n i n g  o n ly
i n v e r s i o n  sym m etry , th e  s i t e  g roup  i s  c_̂  f o r  th e s e  m o le c u la r  c r y s t a l s .
N a p h th a le n e  m o le c u le s  fo rm  m o n o c lin ic  u n i t  c e l l ,  c h a r a c t e r i z e d  by
a  # b # c ; a = 90 , 8 # 9 0 ,  Y = 90 . The n a p h th a le n e  c r y s t a l

• •
b e lo n g s  to  c l a s s  and  h av e  c e l l  d im e n s io n s  a  = 8 .2 4  A , b = 6 .0 0  A , 
c = 8 .6 2  A , 8 = 122 .9  .

The S c h o e n f l i e s  sym bols C2^ , 
i n  g roup  th e o r y .

c . ,  D~1 and  D,v a r e  g e n e r a l l y  used1  Z l l  Oil

In  g ro up  th e o r y ^ ,  i s  o b ta in e d  from  a d jo in in g  Cn to  
w h ere  Cn d e n o te  th e  o p e r a t io n  o f  r o t a t i o n  th ro u g h  an  a n g le  2 ff/n  
(ท i n t e g e r )  a b o u t a  c e r t a i n  a x i s  and  d e n o te  r e f l e c t i o n  i n  a  p la n e
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p e r p e n d ic u la r  t o  t h i s  a x i s .  T hus f o r  C2J1* r e p r e s e n t  r o t a t i o n  2 ff/n  or If 
a b o u t  a  c e r t a i n  a x i s  and r e f l e c t i o n  i n  a  p la n e  p e r p e n d ic u la r  to  t h i s  
a x i s .  i s  o b ta in e d  from  a  a d jo in in g  th e  i n v e r s i o n  I  to  c ^ .  T h is  g ro u p  

h a s  two e le m e n ts  E ( i d e n t i t y )  and  I  ( i n v e r s i o n ) .

The g roup  (ท = 2 , 3 , . . . ) ,  sym m etry e le m e n ts  a r e  Cn and ท 
tw o - fo ld  a x e s ,  p e r p e n d ic u la r  t o  Cn , and  a  h o r i z o n t a l  m i r r o r  p la n e  o k»
ท v e r t i c a l  m i r r o r  p la n e s  ท 0 v  ( 0  d e n o te  v e r t i c a l  p l a n e ,  i . e . ,  p la n e  
c o n ta in s  th e  p r i n c i p a l  a x i s  c ^ ) .

The n a p h th a le n e  u n i t  c e l l  i s  shown i n  F i g , 1 .2 .2 *

F i g . 1 .2 .2  The n a p h th a le n e  u n i t  c e l l .

The n a tu r e  o f  a  l a t t i c e  s t r u c t u r e  im p l ie s  t h a t ,  c o r r e s p o n d in g  
to  any a r b i t r a r y  m o le c u le  i n  an  u n i t  c e l l ,  t h e r e  i s  a  m o le c u le  i n  any 
o th e r  u n i t  c e l l  w i th  e x a c t ly  t h e  same o r i e n t a t i o n  and e x a c t ly  th e  same 
r e l a t i v e  p o s i t i o n  i n  th e  u n i t  c e l l .  The o p e r a t io n s  w h ic h  ta k e  US from  
o ne m o le c u le  to  an  e q u iv a l e n t  m o le c u le  i n  a n o th e r  u n i t  c e l l  fo rm s a 
t r a n s l a t i o n a l l y  e q u i v a l e n t  s e t .  T h is  s e t  i s  l e f t  i n v a r i a n t  by l a t t i c e  
t r a n s l a t i o n  T and  a l s o  by th e  o p e r a t io n s  a t  th e  s i t e  g ro u p . T h e re  a r e



two m o le c u le s  p e r  u n i t  c e l l ,  t h e  c e n t e r s  o f  w h ich  h av e  c o o r d in a t e  000 
and H h. O .T h is  a r i s e s  b e c a u s e  th e  e i g h t  m o le c u le s  a t  t h e  c o r n e r s  o f  
cub e  a r e  e a c h  s h a re d  by e i g h t  u n i t  c e l l s  w h i le  th e  m o le c u le s  i n  th e  
ih ,h ,0)  and (hth»l) a r e  e a ch  s h a r e d  by  tw o u n i t  c e l l s .

1 .3  E x c i to n s  and E x c i to n  b an d s

The e x c i t a t i o n  o f  an  atom  w i t h i n  th e  m o le c u le s  c a n  be  p a s s e d  
from  one m o le c u le  to  a n o th e r  m o le c u le .  When t h i s  h a p p e n s , t h e  e x c i t a t i o n  
i s  s a i d  t o  b e  t r a v e l l i n g  th ro u g h  th e  c r y s t a l  and i s  th e n  c a l l e d  a n  exc ito n "* . 
As a  c o n se q u e n ce  o f  e l e c t r o n - e l e c t r o n  i n t e r a c t i o n  i n  i n s u l a t o r  and  i n  
c e r t a i n  s e m ic o n d u c to r s ,  t h e r e  may e x i s t  w e l l - d e f in e d  e le m e n ta r y  e x c i t a t i o n s  
w i t h i n  th e  e n e rg y  gap w hich  s e p a r a t e s  th e  v a l e n c e - e l e c t r o n  band  fro m  th e  
c o n d u c t io n - e le c t r o n  b a n d . T h ese  e x c i t a t i o n s  a r e  a l s o  known a s  e x c i t o n s .  
They c o r re s p o n d  to  a  bound e l e c t r o n - h o l e  p a i r  s t a t e .  The e n e rg y  o f  th e s e  
e x c i to n s  l i e s  w i t h i n  th e  g ap . The p a i r  i s  th e  r e s u l t  o f  t h e  a t t r a c t i v e  
coulom b i n t e r a c t i o n  b e tw een  an e l e c t r o n  w h ich  h a s  b een  e x c i t e d  from  th e  
v a le n c e  band  i n t o  th e  c o n d u c t io n  band and th e  h o le  l e f t  b e h in d  i n  th e  
v a le n c e  b a n d . The p r o p e r t i e s  o f  th e  e x c i to n  d ep end  o n  i t s  s i z e  and  some 
p r o p e r t i e s  o f th e  e x c i t a t i o n s .  The e x c i to n  can  b e  c l a s s i f i e d  a s  a  W annier 
( o r  M o tt-W an n ie r)  e x c i to n  o r  a F re n k e l  e x c i to n .

1 .3 .1  M o tt-W an n ie r E x c i to n s

When th e  s i z e  o f  th e  e x c i t a t i o n  i s  su c h  t h a t  th e  e l e c t r o n - h o l e  
p a i r  o r  th e  e x c i t e d  a tom  ty p e  e x c i t o n s ,  o v e r la p  n e ig h b o r in g  a to m s , th e  
e x c i to n  m u st b e  t r e a t e d  a s  a  M o tt-W an n ie r e x c i to n s .  The M o tt-W an n ier
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e x c i to n s  a r e  o f t e n  r e f e r  to  a s  w eak ly  bound e x c i to n .  A t y p i c a l  W annier 
e x c i to n  i s  shown i n  F i g . 1 .3 .1 ^

F ig

, e ; : y  :
. ® .

1 .3 .1  -■ p i c t u r e  o f  a  t y p i c a l  Vann ie r  e x c i t o n

S in c e  th e  e x c i to n s  w h ich  we s h a l l  b e  s tu d y in g  a r e  n o t t h e s e  ty p e  
o f  e x c i to n s ,  we s h a l l  n o t  go i n t o  any o f  th e  t h e o r i e s  f o r  th e  
M o tt-W an n ie r e x c i to n s

1 .3 .2  F re n k e l  E x c i to n s

F re n k e l  e x c i to n s  a r e  th e  t i g h t  b in d in g  e x c i t o n s .  To b e  c a l l e d  
F re n k e l  e x c i to n s ,  th e  e x c i t a t i o n  m ust b e  l o c a l i z e d  on  o r  n e a r  a  s i n g l e  
a tom  o r  m o le c u le .  I n  th e  c a s e  o f  e x c i t e d  a tom s f o r  i n s t a n c e ,  th e  h o le  
and e x c i t e d  e l e c t r o n  a r e  lo c a te d  on  th e  same a to m . The e l e c t r o n - h o l e  
p a i r  (o r  e x c i t a t i o n )  c a n  hop from  one atom  to  a n o th e r  d e p e n d in g  on  th e  
s t r e n g t h  o f  th e  c o u p l in g  b e tw ee n  th e  n e ig h b o r s .  An exam ple  o f  an  e x c i t e d  
atom  ty p e  e x c i to n  i s  s e e n  i n  th e  a l k a l i  h a l i d e  c r y s t a l s .  In  th e s e  
c r y s t a l s  (S ee  F i g . 1 .3 .2 ^ )  t h e  e x c i to n s  o f  lo w e s t  e n e r g ie s  a r e  l o c a l i z e d  
on th e  n e g a t iv e  h a lo g e n  i o n s ,  s in c e  th e  e x c i t a t i o n  e n e rg y  l e v e l s  f o r  
n e g a t iv e  io n s  a r e  lo w e r th a n  th e  l e v e l s  f o r  p o s i t i v e  i o n s .
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F i g . 1 .3 .2  S c h e m a tic  r e p r e s e n t a t i o n  o f  a  t i g h t l y  bound o r  F re n k e l  
e x c i to n  l o c a l i z e d  on  o ne  atom  i n  th e  (1 00) p la n e  o f  a n  
a l k a l i  h a l i d e  c r y s t a l .  An i d e a l  F re n k e l  e x c i to n  w i l l  
t r a v e l  a s  a  wave th ro u g h o u t  th e  c r y s t a l ,  b u t  th e  e l e c t r o n  
i s  a lw ay s c lo s e  to  th e  h o l e .

I n  many c r y s t a l s  in c lu d in g  n a p h th a le n e  c r y s t a l ,  t h e  i n d i v i d u a l  
a tom s w i t h i n  th e  m o le c u le s  may becom e e x c i t e d .  B ecau se  th e  c o v a le n t  
b in d in g  b e tw een  th e  a tom s w i t h i n  th e  m o le c u le s  a r e  s t r o n g e r  t h a n  th e  
Van d e r  W aals b in d in g  b e tw een  th e  m o le c u le s ,  t h e  e l e c t r o n s  te n d  to  be 
l o c a l i z e d  w i t h i n  th e  m o le c u le  when th e  l a t t e r  i s  i n  i t s  g ro un d  s t a t e .
The e l e c t r o n  i n  th e  low  l y i n g  m o le c u le  e x c i t e d  s t a t e s  o f  th e  m o le c u le  
a l s o  te n d  to  be  l o c a l i z e d  i n  t h e  s e n s e  t h a t  th e y  do n o t  o v e r la p  s t r o n g l y  
w i th  th e  n e ig h b o r in g  g ro un d  s t a t e  m o le c u le s .  The e x c i t e d  m o le c u le s  i n
t h i s  c a s e  can  a l s o  b e  t r e a t e d  a s  F r e n k e l  e x c i to n s
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1 .3 .3  R e s t r i c t e d  F re n k e l  E x c i to n s  L im it

I n  t h e  r e s t r i c t e d  F re n k e l  e x c i t o n  l i m i t ,  th e  i n t e r m o l e c u la r  
i n t e r a c t i o n  i s  t a k e n  to  b e  s h o r t  r a n g e .  T h is  a l lo w s  one to  ig n o r e  some 
o f  th e  o r i e n t a t i o n  d ep en d en ce  o f th e  p a i r w is e  i n t e r a c t i o n .  One c a n  th e n  
t r e a t  th e  m o le c u le s  a s  b e in g  g e o m e tr ic  p o i n t s  o c c u p y in g  th e  l a t t i c e  s i t e s .  
A lso  i n  th e  s h o r t  ra n g e  i n t e r a c t i o n  l i m i t ,  th e  s e l e c t i o n  r u l e s  become 
v e ry  s im p le  and  th e  d e n s i t y  o f  s t a t e s  o f  th e  e x c i to n  b an d , t h e  t o t a l  
b an d w id th  and o th e r  q u a n t i t i e s  w h ich  depend  on th e  i n t e r m o le c u la r  
i n t e r a c t i o n  can  be  e a s i l y  c a l c u l a t e d .  The s h o r t  ra n g e  l i m i t  i s  a p p l i c a b l e  
to  th e  low  ly in g  e x c i t e d  s t a t e s  o f  b e n z e n e  and  n a p h th a le n e  c r y s t a l s .

1 .3 .4  E x c i to n  Band ^

A cc o rd in g  to  th e  th e o ry  o f  a  tw o -m o le c u le  s y s te m , th e  n o n d e g e n e ra te  
e x c i t e d  s ta te »  o f th e  i n d i v i d u a l  m o le c u le s  w ould  s p l i t  i n t o  two e x c i t e d  
s t a t e s  when th e y  a r e  in c o r p o r a te d  i n t o  th e  tw o -m o le c u le  s y s te m . The 
am ount o f  th e  s p l i t t i n g  d ep en d s on th e  s t r e n g t h  o f th e  i n t e r a c t i o n s  
b e tw een  th e  m o le c u le s ,  th e  r e l a t i v e  o r i e n t a t i o n  o f  th e  m o le c u le s  and  o n  
th e  p r o p e r t i e s  o f  th e  one (o r  f r e e )  m o le c u le  s t a t e .  E x te n d in g  th e  th e o ry  
to  N -m o le c u le  s y s te m , one w ould  e x p e c t  th e  N s in g le - m o le c u le  s t a t e s  
( a l l  h a v in g  th e  same e n e rg y  E) w ould  com bine t o g e th e r  i n t o  N e n e rg y  s t a t e s  
w i t h i n  a  m a n ifo ld  o r  b a n d . The s p a c in g  b e tw een  th e  e n e rg y  l e v e l s  w ould  
dep end  on th e  same f a c t o r s  a s  th e  s p l i t t i n g  i n  th e  tw o -m o le c u le  s y s te m .
I f  th e  c o l l e c t i o n  ( o r  a g g r e g a te s )  o f  th e  N m o le c u le s  i s  u n o rg a n iz e d  o r  
th e y  a r e  i n  a random  a r r a y ,  th e  i n d i v i d u a l  e n e rg y  l e v e l s  w i l l  n o t b e  s h a rp  
b u t  w ould  be s p re a d  o u t .  The m a n ifo ld  o f  e n e rg y  l e v e l s  w ould  t h e r e f o r e
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a p p e a r  a s  a  c o n t in u o u s  b a n d . E x c i t a t i o n s  o f  th e  m o le c u le s  w ou ld  th e n  
show up i n  t h e  m a n ifo ld  o r  e n e rg y  s p e c tru m  a s  an  e x c i t a t i o n  o f t h e  w ho le  
b a n d  ( i . e .  a  b ro a d  a b s o r p t io n  b a n d ) .  The w id th  o f  th e  e x c i t a t i o n  
a b s o r p t io n  ban d  d ep en d s  on th e  i n t e r m o l e c u la r  c o u p l in g  s t r e n g t h  and  c a n b e  
r e l a t e d  to  th e  i n t e n s i t y  th ro u g h  th e  t r a n s i t i o n  d ip o le  m om ents.

1 .4  The D e n s i ty  o f  S t a t e s

Of i n t e r e s t  to  s o l i d  s t a t e  p h y s i c i s t s  i s  th e  d e n s i t y  o f  s t a t e s  
f u n c t i o n .  One way to  c a l c u l a t e  th e  d e n s i t y  o f  s t a t e s  i s  s im p ly  by 
c o u n t in g .  I f  t h e  sy s te m  can  b e  i n  an  e n e rg y  s t a t e  E ^, we c o u n t i t

p (E) = N-1  I 6 (E -  E ) , ( 1 .4 .1 )
i

w here  E^ a r e  th e  a llo w e d  e n e rg y  s t a t e s .  N i s  th e  t o t a l  number o f  
m o le c u le s  o r  s t a t e s .  The same e n e rg y  can  h av e  o ne  o r  m ore t im e  o f  th e  
a llo w e d  e n e rg y  s t a t e s  w h ich  c o r re s p o n d  to  P a u l i  e x c lu s io n  p r i n c i p l e .

I n  t h e  *B~ s t a t e  o f  a CiriH0 -  C .nD0 m ixed c r y s t a l  a t  low  
Z x x  1U ๐ lu ๐

t e m p e r a tu r e ,  h i g h - r e s o l u t i o n  re s o n a n c e  p a i r  d a ta  w ere  f i t t e d  by a n  
i t e r a t i v e  c o m p u te r p ro g ram , w ith  th e  h e lp  o f  t h e  w e ll-k n o w n  Davydov 
c o m p o n en ts . Hong and  K opelm an^ p o in te d  o u t  t h a t  t h i s  l e a d s  t o  a 
r e s t r i c t e d - F r e n k e l - m o d e l  e x c i to n  d i s p e r s i o n  r e l a t i o n  i n  te rm s  o f  s i x  
p a i r w is e  i n t e r a c t i o n  p a r a m e te r s ,  p e r t a i n i n g  to  th e  s i x t e e n  n e a r e s t ,  
n e x t - n e a r e s t ,  e t c . ,  n e ig h b o rs  ะ

E(k“ ) -  z  Fe  e ik ,R e -  i  Mi  e ik ,R i  * '

( l . u . 2 )



w here  e = a ,  ๖ , c ,  (a  + c) ; and i  = ~ ( a  +  b ) , - | ( a  +  b ) + c .
H ere a ,  b and  c a r e  th e  p r i m i t i v e  l a t t i c e  v e c t o r s ,  i t  i s  t h e  re d u c e d  
wave v e c t o r ,  R i s  th e  p a i r  v e c t o r  f o r  t r a n s l a t i o n a l l y  e q u iv a l e n t  
m o le c u le s ,  and i s  t h a t  f o r  in te r c h a n g e  e q u iv a l e n t  m o le c u le s .  The k + 
s t a t e  d e s ig n a te s  th e  sy m m etric  b ra n c h  ( in te r c h a n g e  g ro up  c ?) ; The k 
s t a t e ,  th e  a n t is y m m e tr ic  b ra n c h .  M and a r e  th e  p a r a m e te r s .

When i n t e r m o le c u la r  d i s t a n c e s  a lo n e  a r e  c o n s id e r e d ,  th e  le a d in g  
i n t e r a c t i o n  te rm s  a r e  th o s e  l i s t e d  i n  T a b le  1 .4 .1 .  The c o r r e s p o n d in g  
e x c i to n  d i s p e r s i o n  r e l a t i o n  can  b e  w r i t t e n  as^

E (k ") 2Ma  c o s  ( k .a )  + 2M^ co s ô £ .b ) + 2MC c o s  ( £ .c )

+  2Ma  1 { c c s  ( k .a )  co s  ( k .c )  -  s i n  (k .  a )  s i n  ( k .c ) }

-  4 M ^ 2  c o s {  k . ( - | - ) }  c o s {  k .  ( - เ - ) }  +  4 M j ^ '  

x | c o s  ( k . c )  c o s {  k .  ( y ) }  c o s {  i t .  ( - j ) }

-  s i n  ( £ .c )  s i n  {k . (y )}  cos{  i t .  (-เ)}  j  I 

w here  M^2 d e s ig n a te s  th e  p a i r  i n t e r a c t i o n  f o r  R = — (a  +  b )

( 1 .4 .3 )
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Tabi.e 1 .4 ,1  E x c i t a t i o n  ex ch an g e  i n t e r a c t i o n  p a r a m e te r s  f o r  
t h e  s t a t e  o f  n a p h th a le n e .^

1
M^ (cm *)

P o s i t i o n 3 S e t 1 S e t 2 S e t 3

H (a  + b ) c 1 8 .0 1 8 .0 1 8 .0

h (a  + b) + c c 2 .0 1 .0 1 .0
da - 0 .6 - 4 .3 - 1 . 2

b d - 3 .9 1 .9 1 .6
dc 6 .1 - 6 .1 - 8 .9

, d a  + c - 3 .7 6 .0 6 .0
i

P o s i t i o n  o f  th e  seco n d  m o le c u le  o f t h e  p a i r  w i th  r e s p e c t  to  
t h e  f i r s t

k P a i r w is e  i n t e r a c t i o n ,  Hong and Kopelman^ 

c I n te r c h a n g e  e q u iv a l e n t  p a i r s  

^ T r a n s l a t i o n a l l y  e q u iv a l e n t  p a i r s

1 .5  Q u a n t i t a t i v e  T e s t s  o f  M ixed M o le c u la r  C r y s t a l  T heory
9

Ochs and  Kopelm an h av e  a t te m p te d  to  r e l a t e  q u a n t i t a t i v e  
e x p e r im e n ta l  o b s e r v a t io n s  w ith  t h e  t h e o r i e s  p ro p o se d  by Hong and  K opelm an. 
In  t h e i r  f i r s t  p a p e r ,  O chs, P ra s a d  and K o p e lm a n ^  b e l i e v e d  t h a t  th e y  w ere  
s u c c e s s f u l  i n  r e l a t i n g  q u a n t i t a t i v e  e x p e r im e n ts  in v o lv in g  i s o l a t e d
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i s o t o p i c  n a p h th a le n e  g u e s t  m o le c u le s  ("m onom er') i n  a  h o s t  l a t t i c e ,  
w i th  Hong and  K o p e lm an 's  th e o r y .  They fo u n d  e x c e l l e n t  a g re e m e n ts  b e tw ee n  
th e  o b s e rv e d  q u a s i r e s o n a n c e  s h i f t s  and  th e  t h e o r e t i c a l  p r e d i c t i o n s ,  
b e tw ee n  th e  o b se rv e d  s p e c t r a l  p o l a r i z a t i o n  and th e  t h e o r e t i c a l  p r e d i c t i o n s ,  
and b e tw een  th e  d e g re e  o f  e x c i to n  l o c a l i z a t i o n  a t  t h e  monomer s i t e  and 
th e  th e o r y .  In  a  l a t e r  p a p e r^ ,  th e y  so u g h t to  r e t e s t  th e  th e o ry  by lo o k in g  
a t  t h e  d im er s t a t e s .  To be s p e c i f i c ,  th e y  so u g h t to  r e l a t e  t h e  p e a k s  i n  
th e  o p t i c a l  a b s o r p t io n  by m ixed c r y s t a l s  o f 1- D^c^r1 , 2-D^C^gHy and 
1 ,4 -D „ C .-H . w ith  CiriD0 o v e r a  c o n c e n t r a t io n  ra n g e  o f  0 .0 0 9  % to  5 % m o le , 
a t  2 K, w i th  a  r e s o l u t i o n  o f 0 .5  cm T h e ir  a s s ig n m e n t  o f  p ea k s  to  
monomer q u a s i r e s o n a n c e s  o r  to  d im er re s o n a n c e s  was b a s e d  e n t i r e l y  on 
w h e th e r  th e  a r e a  u n d e rn e a th  th e  p ea k s  in c r e a s e d  l i n e a r l y  o r  n o n - l i n e a r l y  
a s  th e  c o n c e n t r a t io n  o f  th e  g u e s t  m o le c u le s  w as i n c r e a s e d .  The r e a s o n  
f o r  t h i s  ty p e  o f  d i f f e r e n t i a t i o n  was t h a t  i n  Hong and K opelm an’ ร t h e o r y ,  
t h e  s p e c t r a l  w e ig h t o f  th e  o p t i c a l  i n t e n s i t y  a t  th e  monomer e n e rg y  was 
p r o p o r t io n a l  t o  c w h i le  th e  s p e c t r a l  w e ig h t a t  t h e  d im er e n e rg y  was 
p r o p o r t io n a l  to  c ^ .

W ith  t h e i r  a s s ig n m e n t o f  p e a k s ,  th e y  w ere  s u c c e s s f u l  i n  show ing  
t h a t  th e  r e l e v a n t  fo rm u la e  i n  Hong and K o p e lm an 'ร th e o ry  w ould  d e v e lo p  
s i n g u l a r i t i e s  a t  th e  o b s e rv e d  a b s o r p t io n  e n e r g i e s  when t h r e e  s e t s  o f  
p r e v io u s ly  d e te rm in e d  p a r a m e te r s  w ere  u se d  th e  fo rm u la e . H ow ever, s e v e r a l  
d im er r e s o n a n c e  p ea k s  p r e d i c t e d  by th e  a p p e a ra n c e s  o f  s i n g u l a r i t i e s  i n  
Hong and  Kopelm an d im er s e l f  e n e rg y  e x p r e s s io n  w ere  n o t  o b s e r v e d .  Ochs 
and Kopelm an e x p la in e d  away m o st o f  th e  n o n a p p e a ra n c e s  a s  b e in g  due to  
th e  f a c t  t h a t  t h e  u n o b se rv e d  re s o n a n c e s  w ere  to o  c lo s e  to  monomer
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q u a s i r e s o n a n c e  p e a k s  and c o u ld  t h e r e f o r e  n o t  be  r e s o lv e d  e x p e r im e n ta l ly  
o r  t h a t  th e  u n o b s e rv e d  re s o n a n c e s  w ere  v e ry  b ro ad  re s o n a n c e  w h ic h  c o u ld  
n o t  i d e n t i f i e d  a s  b e in g  a  r e s o n a n t  p e a k .

The p u rp o se  o f  t h i s  r e s e a r c h  i s  to  o b t a in  th e  monomer s e l f  e n e rg y  
f o r  m ixed n a p h th a le n e  c r y s t a l  s e l f  c o n s i s t e n t l y .  Our t r e a tm e n t  in v o lv e s  
th e  c a l c u l a t i o n  £'1. ( c ) u s in g  o n ly  monomer c a s e .  By e x p a n d i n g (c )  in  
te rm  o f d ia g ra m , and c o u n t  only  monomer g ra p h s ,  we g e t  t h e  monomer s e l f  en ergy  
Our r e s u l t  i s  s i m i l a r  t o  t h a t  o f  L e a th  and G oodm an'ร^w ork on th e  m ass 
d i s o r d e r  p ro b lem  w hich  w as sy m m etric  i n  two c o n s t i t u e n t s  and d ep e n d in g  
on c o n c e n t r a t io n  o f  im p u r i ty .
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