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AN IMPROVED PROCEDURE FOR THE INVESTIGATION OF GROWTH 
AND NUCLEATION PROCESSES FROM ORGANIC SOLUTIONS 

BERNARD MARCINIAK 
Institute of Chemistry, Pedagogical University 
42 - 201 Crqstochowa, P o l a ~ d .  

Abstract fin improved,simple procedut-e for the 
determination of reproducible t-elat ions between 
gt-owth conditions, i. e. supersaturation -0, 

temperature -T ,  type of solvent and habit o f  
crystals, and the effects of this conditions on 
induction period 7 and metastable zone width (ATMET) 
fo r  easy evapot-ate organic solutions are reported. 
Naphthalene and acenaphthene solutions in certain 
organic solvents were chosen to character-ize of this 
procedure. 

INTRODUCTION 

Polynucleat- aromatic hydrocarbons (PAHs) may be treated a5 
a model substances f o r  the investigatian of nucleation and 
growth processes. For example, recent intei-est In 
naphthalene is mainly due to the study f o r  kinetic 
of roughen i ng I ' 
T h e 5 e  investigations deaand o f  high stability of growth 
condi tians i .e. supersaturation and temperature. F o r  
gruwth processes the most important is an experimental 
relation between them and morphology of crystal while fat- 
nucleation most important are relations between growth 
conditions and induction periods and metastable zone 
widths. Unfortunately most of organic solutictrrs, 
especially FAHs sulutions, have a high vapour presstire 
even at low temperatures. In order to observe these 
mentioned above relations we worked out an impt-oved, 
simple pt-ocedure which used layer of water covering of 
investigated solutions. Density a+ the s a l u t i o n s  must be 
greater- then density of water and there should be no 
interactions or mixing. In result of the investigations, 
reproducible relations between growth Conditions and habit 
o f  naphthalene and acenaphthene crystals f r o m  cet-tain 
organic salvents were found. Moreover the ef-fects o f  the 
growth conditions (0, T and type ~ l f  solvent) on inductian 
period and metastable zone width for these solutiaris were 
de term i ned . 

[499]/7 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
16

 1
8 

Fe
br

ua
ry

 2
01

3 



B. MARCINIAK 8/ [500]  

THE PROCEDURE 

P r i n c i p l e  o f  t h e  p r c c e d u r e  we worked o u t  f o r  t h e  
i n v e s t i g a t i o n  of g rowth  a n d  n u c l e a t i o n  p r o c e s s e s  i n  l o w  
e v a p o r a t e  o r g a n i c  s o l u t i o n s  ie, s c h e m a t i c a l l y  shown i n  
F i g u r e  1. 

I hJWd VJI>hlg I - -... + 
FIGURE 1 The p r i n c i p l e  af  t h e  p r o c e d u r e :  

(a) d e t e r m i n a t i o n  of m e t a s t a b l e  z o n e  

i b )  d e t e r m i n a t i o n  of t - e l a t i o n s  between 
g rowth  c o n d i t i o n s  (a, Ta, t y p e  o f  
s o l v e n t ;  a n d  h a b i t  of- c r y s t a l s  as w e l l  
as i n d u c t i o n  p e r i o d s  

w i d t h  

I n  F i g u r e  2 a s c h e m a t i c  d i ag ram of t h e  a p p a r a t u s  which w a s  
u s e d  for  v i s u a l  o b s e r v a t i o n s  of g rowth  a n d  n u c l e a t i o n  
c r y s t a l s  is p r e s e n t e d .  

FIGURE 2 C o n s t r u c t i o n  of- a p p a r a t u s .  
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AN IMPROVED PROCEDURE FOR GROWTH PROCESS [501]19 

EXPERIMENTAL DETAILES 

1. Substances 
Experiments were performed with the following PAHs: 
11) naphthalene fp.. POCH, Poland) was vacuum sublimed, 
(2) acenaphthene (p., IEL, England) was recrystallized 

from carbon tetrachloride (CC14) and ethyl alcohol 
(EtOH). After then vacuum sublimation was used. 

The following solvents were used: 
(1) 1,l-dichloroethane (p.  a., POCH, Poland) (1,l-dCHLE) 
( 2 )  1,2-dichlot-oethane (p. a., POCH, Poland) (1,2-dCHLE) 
( 3 )  chloroform (p. a., FOCH, Poland) (CHL) 
(4) carbon tetrachloride (p. a., POCH, Poland) (CC14) 
(5) chlorobenzene (p. a., POCH, Poland) (CHLB) 
All the above solvents wet-e purified by column 
disti 1 lation. 

2.  Course of experiments 
Solubility curves of naphthalene arid acsnaphthene in above 
mentioned solvents were determined by observation o f  the 
temperature at which the last crystal disappears. This 
temperature is regarded as the saturation temperature c.f 
the solution. The temperature was increased with the rate 
of 0.1 K/h. 
Gi-awth and nucleation experiments were carried OGC, in 
apparatus shawn in Figure 2. Particular samples of 
solutions (about 70 ml) covered of layer of watet- wet-e 
placed in Glass vessels. Set of the vessels wet-e diped in 
water- bath covered thin lager o f  oil. The temperature was 
kept constant within 0.02 C and for slow cooling it was 
dect-easifig about 0.5 M/h. In ordet- to deter-mine of 
supersolubi 1 i ty curves the temperature at which spontaneus 
crystallization took place, was noticed. Ifidtiction pet-iodc, 
wet-e established 3s the difference of time of possesing of 
the growth temperature (To) and the time of growth process 
stat-t. Experiments was performed at selected levels of 
supet-satut-atian and ternpet-atut-e, under control led 
conditions until reproducible results wet--e obtained. 

RESULTS AND DISCUSSION 

Solubilities o f  naphthalene and acenaphthene in c o n r i d e r e d  
solvents f x s ,  Ts)  , metastable zone widths ( A T M E T ) ,  
induction periods (I) data and calculated enthslpy of- 
dissolLition (AHdise) values are summarized in Table I. 

1 Er?thslpy v a l u ~ s  were obtained from the well known 
c 1 ass i ca 1 thet-modynam i c fquati on fo r  regu 1 at- 50 1 u t i on5 . 
From the comparison o f  FAHs solubility plots (In :.:s = 
f (l/Ts 1 ) w i t h  the ideal solutions fwithout solvents) ones 
for them it was found that all the investigated sfiliitianzi 
were regular and that t h e  plot of acenaphthene in CHL is 
in almost full acccrt-dance w i t h  ideal line for this PCIH. 
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solvent 

B.  MARCINIAK 

Ta I AHdiss X S  TS ATMET 
Cmolfl [ E l  CKI C K I  [hl [ J . m o l - ' i :  

TABLE I Experimental results of solubi 1 ity (>:a , TS 1 , 
ATMET, T snd calculations values of AHdiss. 
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AN IMPROVED PROCEDURE FOR GROWTH PROCESS [503]/11 

Also the p l o t s  o f  naphthalene i n  1,2-dCHLE and naphthalene 
i n  CHL as we l l  as acenaphthene i n  1,EdCHLE are placed 
very near o f  idea l  l i n e s  of these FAHs. The values o f  
AHd iss  f o r  these so lu t inns  are lowest o f  a l l .  Four more 
i n t e r e s t i n g  r e s u l t s  o f  growing c rys ta l s  are under l ined i n  
Table I and photographs o f  c rys ta l s  of naphthalene f r o m  
1,Z-dCHLE and acenaphthene from CHL are shown i n  Figures 3 
and 4. 

FIGURE 3 Photographs o f  napht- 
halene c rys ta l s  gt-own 
f r o m  1 , 2-dCHLE 
(a) 0=4%; To=SO8.2K 
(b) 0=8% j To=ZO8.2K 
(c) a=lOX; Ta=308.2K: 
(d) 0=16%; T~=308,2K 

FIGURE 4 Photographs o f  acenaphthene c rys ta l s  g r o w n  
f r o m  CHL 
(a) ~ ~ 1 0 % ;  Ta=308K. (b) 0=9.2%; Ta=305K 
(c )  a=6.3%; Ta=303K D
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12/[504] B.  MARCINIAK 

A l l  t h e  n a p h t h a l e n e  cr-Sc,tals o b t a i n e d  iri nut- e x p e r i m e n t s  
c o l u d  be c l a s s i f i e d .  c o n s i d e r i n g  t h e  s h a p e s  of c r y s t a l .  iri 

- two d i m e n s i o n a l  ( p l a t e  - l i k e )  oi- 
- t h t - e e  d i m e n s i o n a l  ( p r i s m a t i c )  a 
P l a t e  - like c r y s t a l s  w e r e  o b t a i n e d  f r o m  CC1 a n d  CHL 
w h i l e  t h e  p r i s m a t i c  ones w e r e  got when 1,24-iiCHLE w a s  
u s e d .  
I n  t k e  a c e i = z p h t h e n e  case w e  have alrt? t:+a catzgoriec, cf 
c r y s t a  1 shapes : 
- t h e  n e e d l e  - l i k e  ( o n e  d i m e n s i o n a l )  f - t -om C C l l  1 _.I- 

- t h e  p l a t e  - l ike  + r a m  CCL. 
T h e s e  observations are i n  qogd agreement w i t h  t - e ~ e ~ t  
results o f  Tanaka and Matsiickz . !;!hen a s c r l v e n t  wh?.c!-; t i 3 5  
a s i m i l a r  d i p o l e  m o m e n t  ztsd the ideal salubility is 
chosen. l a r - g e  p r i s m a t i c  c r y s t a l s  can be e x p e c t e d  to  I 2 Y Q 4 4  
i n  s u c h  soiutiafi. As it cuuld be f r o m  Table I t - r a s G n a t l e  
1 i;Juc t i an pri- i ads a n d  mi dd le sl-tper-sa tur-at  i n n s  eiet-e 
desivaLle foi- 5;ucLtssfLil qi-i3wttaI 

GnF o f  t w o  t y p e s :  

dCHLE acid 1.2-dCHLE s o l u t i o f i s ,  

M. E l v e n s p o r k  arid J. F'. van  der E e r d e n .  3. F ' h y s ; .  A: 
Math.  h e n . ,  3. bt.7 ( i3Ej7) . 
L. A .  M. 2 .  Jetterr, H.  J. Human. F'. hennerna a3d J .  F. 
v a n  det- Eet-den, J. C r - y s t .  G r o w t h ,  66, 503 i19i34). 
Y. Tanaka  and M. Matsiiaka. J. C r y s t .  Growth .  99.  113() 
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