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THE GROWTH OF STILBENE SINGLE CRYSTALS WITH HIGH 
STRUCTURAL PERFECTION 

SERGE1 BUDAKOVSKY, NIKOLAI GALUNOV, IGOR J(RAIN0V 
Institute for Single Crystals, Kharkov, USSR 

Abstract The peculiarities of the growth of stil- 
bene single crystals from melt doped with electron- 
seeking addition agents (ESAA) are discussed. 

INTRODUCTION 

As was shown radioluminescence of stilbene 
single crystals is essentially determined by the degree 
of structural perfection. Doping stilbene melt with ESAA 
such as benzol and bensophenone halogen derivatives al- 
lowed us to influence structural perfection by changing 
the root-mean-square random orientation ( 
single crystal mosaic structure and increase the maximal 
possible rate of perfect structure crystal growth. Add- 
ing 0.1 mol.% ESAA to the melt resulted in the highest 
structural perfection of the grown crystals. This was 
manifested by minimizing 6, (Fig.1). It also reduced the 
concentration of deep traps of charge carriers ( - 1 . 2  - 
1.4 eV) anti singlet excitons (-0.24 eV) formed at aggre- 
gations and ensembles of disloaations. Doping the melt 
with very high ESAA concentrations deteriorated structur- 
al perfection, caused ESAA entry into the single crystal 
and emergence of another phase. 1-4 

The present paper investigates the causes determin- 
ing the growth of  structurally perfect stilbene single 
crystals from melt doped with ESAA (chloranil molecules), 
and the causes determining their radioluminescence pro- 
cesses as well. 
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160 S.V. BUDAKOVSKY, N.Z. GALUNOV, I.P. KRAIBOV 

EXPERIMENT 
Figure 1 shows 6, 3 , the results of measuring melting 
heat capacity c melting and crystallization heats Q 
and temperatures T, as well as the calculated variables 

P’ 

c p / ~  = as/aT 
dQ/T = dW/T = dS 

where S is entropy, W enthslpy. The measured values were 

@, I- 
A 

FIGURE 1 Measured and calculated values vs C for 
the cases of melting and crystallization prooessea 
(curves 1 and 2 respectively). 
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THE GROWTH OF STILBENE SINGLE CRYSTALS 161 

obtained, using a Mettler TA 3000 thermoanalytic system, 
by melting a uniform mixture of powdered stilbene and 
chloranil with the subsequent crystallization of the re- 
sulting melt. The process went on at constant pressure p, 
which determined the form of Equations ( 1 )  and ( 2 ) .  

DISCUSS ION 

Since there is a high probability of ESAA-stilbene 
charge-transfer complex formation, ESAA molecules can 
exist in the melt only within complexes which it is pos- 
sible to describe as electric dipoles with dipole mo- 
ment 2B5 d = 2.5 D.. Within a distance between complexes, 
r <rl, dipoles can be attracted to one another forming 
"supercomplexesn. At r) rl they will very probably 
drift apart due to thermal diffusion. When a orystal 
layer is being formed, the complexes can break down. 
This may be connected with structural obstacles to their 
entry into the single crystal. In such a oase the ESAA 
molecules will return to the melt. If the diffusion in 
the melt is great enough and complex concentration in 
different melt regions evens out during the growth of 
one crystal layer, increase of C in the melt volume will 
be observed, otherwise considerable near-surface (i.e. 
near the crystal-melt boundary) increase of C will take 
place. In case of the break-down of complexes, a certain 
amount of energy is needed which will result in partial 
crystallization heat, q, absorbtion. Let us estimate 
these values. 

E t~ 0.75 eV 
Assuming the binding energy of complexes5 is 

q = E NA C/m, 

where C is the concentration of chloranil, NA is Avogad- 
rots constant, m =  244 g/mol. For C = 0.1 mol%, 
q = 0.3 J/g. With C c  C1 = 0.1 mol% and C >  C1 the va- 
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lues discussed behave differently (Fig.1). Assuming the 
complexes to be distributed uniformly within the melt, 
the average distance between them f o r  C = C1 is R1 = 63 A. 
For the melt temperature, T = 124OC (Fig.l), the value 
r l N  4.6 A can be obtained from the equality of the di- 
pole attraction energy end kT. 

Let us consider some processes in the melt during 
the crystal layer formation(thickness xo = 1.475 ?OW7 cm). 
The values to be ueed are: growth rate V = 3.778 10-5cm2/e 
and diffusion coefficient D - cm /a ( f o r  non- 
viscous liquids6 D w cm2/s). The problem describing 
the solid variation in C caused by complex "gene rat i- 
on1* on the melt-crystal boundary is an equation of diffu- 
sion with convection (moving boundary). The introduction 
of a moving coordinate y connected with x (crystal growth 
direction) by condition (4) and difference in concentra- 
tion u = C - Co will result in partial differential equa- 
tion (5) with initial (6) and boundary (7) conditions, 
i.e. 

2 

where Co is complex concentration at time t = 0. The f(t) 
function determines the source characteristics at the 60- 
ordinate y = 0, i.e. on the crystal-melt boundary. It is 
not difficult to conolude that, during the growth of every 

addikional complexes appear at y = 0, and if N layers 
grow during the time t then N = wt o r  

crystal layer with frequency w = V/xo P 2.56 10 2 8 -1 , Co 

Applying the Duhamel principle and solving Eq.(5) 
f o r  a function g(y,t) with the initial and boundary condi- 
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'THE GROWTH OF STILJ3ENE SINGLE CRYSTALS 163 

t ions ( 6 )  and (7 ) ,  but w i t h  f ( t )  = 1,  it i s  poseible to  
define u(y , t )  from the corresponding convolution equati- 
on for g ( y , t )  and f ( t )  (8).7 Using the Laplece transfom,.  
we obtained a solution for Eq.(5) containing g ( y , t ) ,  then 
(according t o  the Duhamel principle) u (y , t )  and, f i na l ly ,  

t 

Selecting D rv lo'* cm2/s, i t  can be shown tha t  the num- 
ber of layers  n = y/xo, f o r  which the diffusion s h i f t  oc- 
curs within the average time neceeaary for growth of one 

layers. A s  follows from E q . ( 9 ) ,  the case for very low D, 
when complexes have accumulated i n  the layer  c lose  t o  the 
crystal-melt boundary, i a  only possible f o r  Ds 1O-"cm2/a. 
Above tha t ,  D w 8 s  considered constant. S t r i c t l y  speaking, 
t o  j u s t i f y  (g), D must a l so  remain constant for a volume 
containing m>> n layers. If m = lOOn, then the x-dimenei- 
on of the corresponding melt volume is  1s 3 cm. 

Thus, supercomplex foxmation only OCCUTB upon d i -  
r ec t  col l is ion.  I n  other words, i t  i e  a diffueion-control- 
l ed  proceas. During the growth period of one c rys t a l  lay- 
e r  diffusion s h i f t  can tt9huffle1t the moleculee located in 
the lo2 - lo3 layers  of the melt. Hence the poss ib i l i t y  
of supercomplex formation e x i s t s  for 02 4.3  mol%. 
On t h e i r  entry in to  the c rys t a l  layer ,  complexes normal- 
l y  break down 1s3-5. This, however, i s  not necessar i ly  
the case with supercomplexes, since t h e i r  complete break 
down requires a great  deal of energy, The l a t t e r  is con- 
firmed by ESkA entry in to  c rys t a l s  gbservable f o r  C >  
0.1 mo1%. 

The time scale  of the procesaes discussed: 
- the time f o r  complex formation (with s t i lbene  - ESAA 

molecules i n  d i r ec t  contact)  - the time of supercomplex formation (diffusion-control- 
led process of two complexes coming together a t  in te r -  

c rys t a l  layer,  1.8. E r f c ( y / i m )  ci 1, is n = 2.3 TO 3 

,<lo'" s; 
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164 S.V. BUDAKOVSKY, N . Z .  GALUUOV, 1.P.KRAINOV 

ac t ion  distanceN4.4 A) ry - 8 ;  

- the time for s ingle  l aye r  growth i s  2.5 s. 

nied by the complex-formation prooess. Beginning with a 
de f in i t e  C1 concentration, with the  intercomplex. d i s -  
tance small enough, i.e. about R1, t h e i r  d i f fus ion  s h i f t  
w i l l  cause ac t ive  supercomplex formation i n  the  shape of 
stacks.  Further increase i n  C should not r e s u l t  i n  a no- 
t iceable  change i n  the t o t a l  sum of the complexes and 
supercomplexes i n  the melt s ince Rp has already been 
reached. The number of supercomplexes w i l l  possibly grow. 
For supercomplexes with a very g rea t  number of l i n k s ,  k ,  
a break down e f f e c t  must be observed due to  the increas-  
ing  thermal e f fec t .  I n  the case of llregulatedtt melt re- 
gion formation, the number of  o r ien ta ted  s t i l bene  mole- 
cules,  K,  per ESAA molecule w i l l  be higher  f o r  complexes 
than f o r  supercomplexe8; for the l a t t e r  K w i l l  decrease 
with the growing k,  s ince the  inter-s tack complex f i e l d  
i n  a supercomplex w i l l  be p a r t i a l l y  shielded by the top 
and bottom complex f i e l d s .  Consequently, with the grow- 
ing C,  the melt "regulationtt e f f e c t  w i l l  increase more 
rapidly f o r  C <  C1, than f o r  C > C1, which, i n  f a c t ,  was 
observed i n  the experiment (Fig.1). The k i n e t i c  energy 
of s t i l bene  molecules, complexes and supercomplexes grows 
during the melting process. Since supercomplexes are 
la rge  enough, molecules of d i f f e ren t  moleoular l aye r s  
w i l l  take p a r t  i n  t h e i r  movement. This w i l l  r equi re  addi- 
t i o n a l  energy, and f o r  t ha t  reason, for C 2 C1, the  C in- 
crease causes increase and the  slowing down of the 
dS decreaee f o r  l t so l id  so lu t ion  - p a r t i a l l y  regulated 
melt" t r ans i t i on  (Fig. 1 ) . 
i t  i s  defined by: 
- melt "regulation" ; 
- energy gain from complex break down i n  the c rys t a l l i xa -  

Let us consider the  melting process. It i s  accompa- 

Let us consider the c r y s t a l l i z a t i o n  process. At most ,  

t i o n  process; 
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THE GROWTH OF STILBENE SINGLE CRYSTALS 165 

- supercomplexes o r  their break down product entry into 

The strengthening of the first two (positive) fac- 
the single crystal. 

tors is connected with the C increase for C C  C1. The 
strengthening of the third (negative) factor is caused 
by the C increase for C > C1. It should be stressed that 
complex concentration in the melt (the above C )  will in- 
crease in direct proportion t o  the time of growth or in- 
versely to the remaining melt volume until the ave- 
rage distance between complex molecules approximates R1. 
It follows that even if C C C1 at the beginning of the 
growth, the final value of C may already be more than C1. 

c ONCLUSIONS- 

Melt formation is eimultaneous with complex (ESAA - stil- 
bene) formation. When their concentration C is large 
enough, diffusion- controlled supercomplex formation 
takes place. During the growth of one crystal 
layer a levelling in C values in the melt and near the 
melt-crystal boundary should be observed. Therefore the 
properties of the grown single crystals are consequently 
determined by initial ESAA concentration. It is possible 
to present complexes as electric dipoles. It causes the 
t8regulated" melt region formation. The number of orien- 
tated stilbene molecules per ESAA molecule will be high- 
er for complexes than for aupercomplexes. 

The factors contributing to a more rapid growth and 
higher structure perfection of single crystals are: "re- 
gulation" of the melt regions at distances of several mo- 
lecular diameter8 from charge-transfer complexes (ESAA 
- stilbene), and a gain in the value and, consequently, 
rate of the heat withdrawal due to the process of comp- 
lex break down in which some of the heat, instead of be- 
ing used for agitating the crystal lattice, is directed 
to destroying complexes at the moment of their entering 

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

1:
24

 1
9 

Fe
br

ua
ry

 2
01

3 



166 S.V. BUDAKOVSKY, N.Z. GALUNOV, I.P. KFUINOV 

t h e  s i n g l e  c r y s t a l .  With the C increase t h e  s a i d  e f f e c t s  
i n t e n s i f y  for C 4 C1, and decrease  for C > C1. It i s  ne- 
ces sa ry  t o  no te  t h a t  t h e  a n a l y s i s  of t h e  exper imenta l  
d a t a  d iscussed  enab le s  us t o  e s t i m a t e  o n l y  t h e  processes  
t ak ing  p l ace  i n  t h e  m e l t .  Apparent ly ,  on e n t e r i n g  t h e  
growing c r y s t a l  l a y e r ,  complexes w i t h  their  p o l a r i z a t i o n  
environmenta can e s s e n t i a l l y  a f f e c t  t h e  k i n e t i c a  of  crye-  
t a l  growth. 
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