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SOLID STATE CHEMICAL DIFFUSION BETWEEN NAPHTHALENE AND 
2-CHLORONAPHTHALENE 

LOUIS BONPUNT, NGWEN-BA-CHANH, YVETTE HAGET, JACQUE- 
LINE MEYNARD 
Labora to i re  de C r i s t a l l o g r a p h i e ,  Un ive r s i t6  de  Bor- 
deaux I 351, Cours de l a  L ibgra t ion ,  33405 Talence 
France.  

Abs t rac t  Chemical d i f f u s i o n  s t u d i e s  between s i n g l e  
c r y s t a l s  and p o l y c r y s t a l l i n e  samples of Naphthalene 
and 2-Chloronaphthalene were c a r r i e d  out  a t  315 K w i t h  
anneal ing times vary ing  from 300 t o  2000 hours .  Three 
techniques were used t o  determine t h e  i n t e r d i f f u s i o n  
p r o f i l e s  : X-Ray d i f f r a c t i o n ,  mass spectrometry and 
Raman microprobe spectrometry.  
I n t e r d i f f u s i o n  c o e f f i c i e n t s  a r e  g iven ,  a f u n c t i o n  of t h e  
concent ra t ion  of t h e  s o l i d  s o l u t i o n s ,  f o r  bo th  poly- 
c r y s t a l l i n e  and s i n g l e  c r y s t a l l i n e  samples. It i s  no- 
t ed  t h a t  metas tab le  s o l i d  s o l u t i o n s  can b e  formed by 
t h e  i r r e v e r s i b l e  process  of i n t e r d i f f u s i o n .  A b r i e f  
d i scuss ion  i s  devoted t o  t h e  comparison between powder 
and s i n g l e  c r y s t a l  r e s u l t s .  

I - INTRODUCTION 

Organic chemical d i f f u s i o n  s t u d i e s  may w e l l  p rovide  new in- 

formation concerning bo th  t h e  mob i l i t y  of molecules i n  a 

chemical p o t e n t i a l  g rad ien t  and t h e  n a t u r e  of t h e  l a t t i c e  

d e f e c t s  which allow t h i s  mobi l i ty  w i t h i n  t h e  s o l i d .  For such 

a s tudy ,  t h e  aim of which i s  e s s e n t i a l l y  fundamental ,  w e  

have chosen a simple case  where t h e  two d e r i v a t i v e s  which 

i n t e r d i f  fu se  are a b l e  t o  g ive  i s o s t r u c t u r a l  s o l i d  s o l u t i o n s  

i n  a l a r g e  concent ra t ion  range. 

The b ina ry  system Nahpthalene - 2.Chloronaphthalene i s  

cha rac t e r i zed  by two domains of m i s c i b i l i t y  s epa ra t ed  by a 

zone of demixion; a t  t h e  temperature  of our  i n t e r d i f f u s i o n  
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76 L. BONPUNT er al. 

s tudy ,  t h e  f i r s t  domain extends from 0 t o  1 Z of 2.Chloro- 

naphthalene.  The second one i s  l a r g e r  and extends from 4 4  

t o  100 % of 2,Chloronaphthalene.  A l l  t h e  mixed c r y s t a l s  

a r e  monoclinic wi th  P2 l a  and Z = 2 as are the pure com- 
pounds'. 

1 

I1 - EXPERIMENTAL 

11.1 PREPARATION OF SAMPLES 

Single  c r y s t a l s  of Naphthalene and 2.Chloronaphthalene 

were jo ined  on t h e i r  (001) f a c e s  under a l i g h t  pres- 

su re .  For powder samples,pressed p e l l e t s  of each pure  com- 

ponent were f i r s t  formed us ing  a p res su re  of 50 M Pa and 
then  coupled under a pressure  of 100 M Pa. I n  both cases, 

t h e  obtained i n t e r d i f f u s i o n  couple was heated a t  315 K 

wi th  anneal ing times vary ing  from 300 t o  2000 h r .  F ive  

powder couples and fou r  s i n g l e  c r y s t a l l i n e  ones were ana- 

lysed .  

11.2 DIFFUSION PROFILES MEASUREMENTS 

Three methods have been used t o  determine t h e  d i s t r i b u -  

t i o n  of composition of  t h e  two s o r t s  of molecules 

along t h e  samples a f t e r  t h e  d i f f u s i o n  t rea tment .  

11.2.1 X-Ray d i f f r a c t i o n  

A l aye r  of about 0.5 mm has been removed from each s i d e  

of t he  i n t e r d i f f u s i o n  couple ( p a r a l l e l  t o  t h e  i n t e r d i f f u -  

s i o n  d i r e c t i o n )  i n  o rde r  t o  e l imina te  t h e  e f f e c t s  a r i s i n g  

from su r face  d i f f u s i o n  o r  contamination by vapour. The 

sample was then  cu t  up i n t o  s l ices  of  10 pm t h i c k ,  perpen- 

d i c u l a r  t o  t h e  d i r e c t i o n  of d i f f u s i o n .  Each s l i d e  w a s  
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SOLID STATE CHEMICAL DIFFUSION 77 

analyzed by X Ray d i f f r a c t i o n  techniques.  

r e s u l t s  may be  so  obta ined  : 

Three k inds  of 

- a l l  s l i c e s  of t h e  i n t e r d i f f u s i o n  zone c o n s i s t  i n  so- 

l i d  s o l u t i o n s  (and not  i n  mixtures  of pure components). 

- t h e  composition of each s o l i d  s o l u t i o n  can be  deter- 

mined from t h e  p o s i t i o n s  of t h e  d i f f r a c t i o n  l i n e s  us ing  

t h e  c a l i b r a t i o n  curve obta ined  when s tudying t h e  e q u i l i -  

brium diagram. 

- t h e  width of t h e  d i f f r a c t i o n  l i n e s  i s  d i r e c t l y  re- 

l a t e d  t o  t h e  d i s t r i b u t i o n  of concen t r a t ions  i n  t h e  s l i c e .  

I n  t h e  present  case, w e  have observed t h a t  f o r  each s l i c e  

t h e  divergence between t h e  l i m i t  concen t r a t ions  and t h e  

mean one z (molar concent ra t  ion  of 2-Chloronaphthalene) 

always wi th in  0.05. 

This  homogeneity of t h e  t h i n  l a y e r s  c l e a r l y  i n d i c a t e s  

t h a t  g r a i n  boundary d i f f u s i o n  i s  no t  t h e  p r i n c i p a l  way of  

migra t ion  of t h e  molecules.  

11 .2 .2  Mass spectrometry 

The sec t ion ing  of t h e  couple  was done t h e  same way as i n  

t h e  f i r s t  ca se .  

t ro .  . .etry.  

s i t i o n  s t anda rds .  

corresponding t o  m = 126 and m = 162 were used t o  determine 

t h e  concent ra t ion  of each s l i c e  wi th  a p r e c i s i o n  va ry ing  

from 0.01 t o  0.05 according t o  concen t r a t ion  ranges .  

Each s l ice  was then  analysed by mass spec- 

A c a l i b r a t i o n  w a s  c a r r i e d  out  wi th  known compo- 

Re la t ive  i n t e n s i t i e s  of t h e  two peaks 

11 .2 .3  Raman microprobe a n a l y s i s  

I n  t h i s  case  t h e  couple has t o  be  cu t  i n t o  two p a r t s  pa- 

r a l l e l  t o  t h e  d i r e c t i o n  of d i f f u s i o n .  One of t h e s e  i s  
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78 L. BONPUNT ef al. 

placed under t h e  laser beam of a Raman microprobe us ing  

a sample holder  w i th  two perpendicular  movments. The area 
i r r a d i a t e d  by t h e  laser beam i s  about 5 p m  d iameter .  Raman 

s p e c t r a  are r e g i s t e r e d  a l l  a long t h e  d i r e c t i o n  of d i f f u -  

s i o n  by moving the sample s t e p  by s t e p .  

s tudy had pointed ou t  t h a t  t h e  convenient  peaks t o  b e  se- 

l e c t e d  are r e s p e c t i v e l y  v1 = 355 c m  

2.Chloronaphthalene) and V2 = 520 cm 

pure components). Known composition s t anda rds  have been 

used t o  e s t a b l i s h  t h e  c a l i b r a t i o n  curve (1355/1520= f ( z )  ).  

t l y  achieved, has  neve r the l e s s  t h e  advantage of i t s  h igh  

s p a t i a l  r e so lu t ion .  

A pre l imina ry  

-1 ( c h a r a c t e r i s t i c  of 
-1 (common t o  t h e  two 

This  method, t h e  op t imiza t ion  of which i s  no t  perfec-  

Furthermore,  t h i s  a n a l y s i s  be ing  non d e s t r u c t i v e ,  i t  

al lows u s  t o  g e t  s e v e r a l  d i f f u s i o n  p r o f i l e s  f o r  a given d i f -  
fu s ion  couple and so t o  check the  r e p r o d u c t i v i l i t y  of t h e  

d i f f u s i o n  p r o f i l e s  a t  d i f f e r e n t  o r d i n a t e s .  

Using t h e s e  t h r e e  d i f f e r e n t  ways of i n v e s t i g a t i o n  

a l lows  u s  t o  ge t  complementary informat ion  and then  makes 

t h e  proposed d i f f u s i o n  p r o f i l e s  more r e l i a b l e .  

I11 - RESULTS 

111.1 DIFFUSION PROFILES 

The d i f f u s i o n  p r o f i l e  r e l a t i v e  t o  s i n g l e  c r y s t a l  experi-  

ments i s  given i n  f i g u r e  1. It corresponds t o  t h e  mean of  

fou r  r e s u l t s  ob ta ined  from four  experiments r e s p e c t i v e l y  

performed dur ing  t = 1152, 1212, 1508 and 2274 hours  and 

then  normalized by t h e  A v a r i a b l e  ( A  = x/& where x is  t h e  

pene t r a t ion  re ferenced  t o  t h e  MATANO'S p lane .  
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79 SOLID STATE CHEMICAL DIFFUSION 

! 
Matrno plane I 

T =315K 
Single cryrtrlr i 

i 
36 

24 

12 

A -  
c:=o.s 10-~(~:=0.01) ! \ =iK J 

-6 - 4  -2 0 2 4 
FIGURE 1. Dif fus ion  p r o f i l e  ( c  = number 8f molecu- 

les of 2-Chloronaphthalene per  A3). 

1 1 1 . 2  METASTABLE SOLID SOLUTIONS 

A s  expected from the  equi l ibr ium diagram two domains of 

mixed c r y s t a l s  separa ted  by a gap of  concent ra t ion  are 

observed on t h e  i n t e r d i f f u s i o n  p r o f i l e s .  According t o  t h e  

equi l ibr ium d a t a ,  t h e  concent ra t ions  of t h e  s o l i d  solut ions 

corresponding 

r e spec t ive ly  ze= 0.01 and z = 0.44.  But t h e  concent ra t ions  

of t h e  two l i m i t  s o l i d  s o l u t i o n s  observed h e r e  by t h e  way 

of i n t e r d i f f u s i o n  a r e  c l o s e r  than  expected.  It means t h a t  

i n t e r d i f f u s i o n  is ab le  t o  g ive  metas tab le  s o l i d  so lu t ions  

t h e  l i m i t  compositions of which a r e  near  t hose  of t h e  sp i -  

nodal po in ts  which a r e  r e s p e c t i v e l y  z = 0.13 and zs-  0.39. 

Such a formation of metas tab le  phases has been previous ly  

t o  t h e  l i m i t s  of t h e  m i s c i b i l i t y  gap a r e  
e 

1 2 
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1 2- 
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80 L. BONPUNT et al. 

Single crystal 

I L I I a 
0.5 0.6 0.7 0.8 0.9 z 

FIGURE 2 .  Variation of ii versus z. 

observed in  some chemical d i f fus ion studies re la t ive  t o  

metallic or ionic  . 

111.3 DIFFUSION COEFFICIENTS 

Figure 2 shows the variations versus z of the interdiffu- 

sion coef f ic ients  for both monocrystalline and polycrys- 

t a l l i n e  samples. 
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SOLID STATE CHEMICAL DIFFUSION 81 

Two main reasons can be  proposed t o  exp la in ,  f o r  a 

given concent ra t ion ,  t h e  d i f f e r e n c e  between t h e  6 charac- 

t e r i s t i c  of each s o r t  of ma te r i a l s  : 

- i n  bo th  monocrys ta l l ine  and p o l y c r y s t a l l i n e  samples,  

t h e  d i f f u s i o n  proceeds by a po in t  d e f e c t  mechanism. But,  

morever, i n  t h e  case  of powder couples ,  t h e  e x i s t e n c e  of 

g r a i n  boundaries ,  which are important  rou te s  f o r  d i f f u s i o n ,  

enhances t h e  molecular mob i l i t y  and thus  t h e  measured 

c o e f f i c i e n t  D.  
- 

- A pre l iminary  s tudy5 of t h e  an i so t ropy  of  d i f f u s i o n  

made on s i n g l e  c r y s t a l s  of naphthalene had pointed out  

t h a t  t h e  d i f f u s i o n  c o e f f i c i e n t  measured perpendicular  t o  

t h e  (001) p lane  seems t o  be  t h e  lowest  one. I n  t h e  poly- 

c r y s t a l l i n e  samples where t h e r e  is  no p r e f e r r e d  o r i e n t a t i o n  

f o r  t h e  g r a i n s ,  t h e  measured c o e f f i c i e n t  corresponds t o  a 

mean va lue  and thus i s  h igher .  

Experiments about an iso t ropy  of d i f f u s i o n  are i n  pro- 

g re s s  i n  our  Laboratory.  
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