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ABSTRACT 

The e f f e c t  of  mechanical treatment i n  a plane- 
t a r y  b a l l  m i l l  on the  transformations of polymorphs 
of su l f a th i azo le  were s tud ied  by Ineans o f  X-ray d i f -  
f r a c t i o n  ana lys i s ,  i n f r a red  spectroscopy and d i f f e -  
rential scalming calorimetry.  It has been shown that 
mechanical treatment i i i i t i a t e s  t r a n s i t i o n s  of  su l f a -  
t h i aeo le  polyinorphs 111 - I. In an i n i t i a l  period 
of  rnechanical treatment a part o f  the  su l f a th i azo le  
was converted into a noncrys ta l l ine  s o l i d .  Prelimi- 
nary mechanical treatment of form I11 r e su l t ed  i n  
the reduct ion o f  111 - I ghase t r a n s i t i o n  tempera- 
t u r e  by 2O-3OOC i n  the  samples without form I and 
by 40-500C i n  the  samples where the  p a r t  o f  the sub- 
s tance were transformed i n t o  fo rm I during mechanical 
treatlnent. 
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2056 SHAKHTSHNEIDER AND BOLDYREV 

Siiigle c r y s t a l  therrnomicroscopy s t u d i e s  showed 
t h a t  I11 - I phase t r a n s i t i o n  proceeds v i a  nucle- 
a t i o n  and a r a p i d  advance of an i n t e r f a c e  through 
the  c r y s t a l ,  

It seems t h a t  deformation of c r y s t a l s  during 
mechanical treatilient and forriiation o f  n o n c r y s t d l i n e  
s o l i d  w i t h  high ex ten t  o f  d i sorder ing  make probable 
the i n i t i a t i o r i  o f  phase t r a n s i t i o n  of s u l f a t h i a z o l e  
during mechanical t reatment  . 

INTRODUCTION 

The phenomenon o f  polylnorphisrii i s  o f  g r e a t  i m -  
portance i n  the  modern drug technology s ince  the  e f -  
Ticacy and s t a b i l i t y  o f  a medicine depends on  the  
content of one o r  another  polyniorpnic form o f  t he  me- 
d i c i n a l  substance. In most cases ,  rrietastable polymor- 
phic forms of medicinal substances show t h e  l a r g e a t  
pharmacotherapeutical a c t i v i t y  (1,2) . Mechanical t r e -  
atment o f  a substance i s  known t o  be one of t h e  me- 
thods f o r  s t i rnulat ing o f  polymorphic t r a n s i t i o n s  i n  
s o l i d s  and leading t o  t he  forination of inetastable 
polymorphic forms (3 ,4 ) .  The ex is tence  of numerous 
yolymorphs of organic  substances having pharmacothe- 
r a p e u t i c a l  a c t i v i t y  suggests  t h a t  mechanical t r e a t -  
ment could be used f o r  ob ta in ing  a c t i v e  forms of 
drugs. Mechanochemical s t u d i e s  developed r e c e n t l y  i n  
pharmacy have shown t h a t  some drugs undergo polymor- 
phic  t ransformations upon mechariical a c t i o n s  such as, 
f o r  i n s t ance ,  g r inding  and compression ( 5 ) .  

t he  e f f e c t  of  mechanical treatment on t n e  polymor- 
phism of s u l f a t h i a z o l e .  

The purpose o f  the present  work w a s  t o  s tudy 
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TRANSFORMATIONS IN SULFATHIAZOLE 2057 

Three polymorphs of su l f a th i azo le  have been re-  
ported ( 6 - 8 ) ,  forms I1 and 111 being s t a b l e  a t  
rooin teinperature and high-temperature foriii I obta- 
in ing  from polymorphs II and 111 a t  173-175OC. 
The nain d i f fe rence  between these c r y s t a l  fortiis l i e s  
i n  tne  types o f  hydrogen bonds present and t h e i r  ef-  
f e c t s  on the arrangement of molecules i n  the  c r y s t a l .  
Iviodification I i s  the most s u i t a p l e  f o m  of s u l f a -  
th iazole  f o r  pharmaceutical use owing t o  i t s  h i ~ h e r  
r a t e  of  d i sso lu t io i i  and s o l u b i l i t y  ( 9 ) .  

L i t t l e  has been accomplished as recards  the ef-  
f e c t  of mechanical treatment on the  polymorphism o f  
su l f a th i azo le .  Sekiguchi e t  a1 (10) reported t h a t  on 
grinding o f  su l f a th i azo le  with a b a l l  m i l l  consis ted 
o f  a porcelain cy l inder  with porcelain b a l l s  a t  
180 rpm no phase transformation i n  the  substance 
have been observed. It has been noted, however, t h a t  
r e t r a n s i t i o n  of the high-temperature forrri o f  su l fa -  
t h i azo le  w a s  f a c i l i t a t e d  by the mechano-chemical in -  
f luences of grinding. 

EXPERIMEN 'PAL 

Materials 
Single c r y s t a l s  o f  polyriiorph 111 were grown 

as co lour less  hexagonal p l a t e s  by s low evaporation 

of  a d i l u t e  ammonium hydroxide so lu t ion  at room tem- 
perature .  Polymorph I was obtained by heat ing of  
form I11 c r y s t a l s  a t  1 7 O o C  f o r  30-40 min, and a l s o  
by r e c r y s t a l l i z a t i o n  o f  corivnercial su l f a th i azo le  
from n-butanol . 
Testin& 

mechanical a c t i v a t o r  consis ted o f  a planetary cen- 
The mechanical treatment was conducted i n  a 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2058 SHAKHTSHNEIDER AND BOLDYREV 

t r i f u g a l  b a l l  I i l i l l  w i t h  water cooling using s t e e l  
b a l l s .  The r a t i o  of b a l l s  t o  the su l f a th i azo le  sam- 

ple  w a s  20:l i n  weight. 
The I6 spec t ra  of t a b l e t s  with KBr were recor- 

ded on a *'Specord-75LRtt spectrometer. The d i f fe ren-  
t i a l  scanning calorimetry curves ( D S C )  were measured 
with a 'ISetaram DSC 11 1" i n  an argon atmosphere with 
a heat ing r a t e  of 10°/rnin, and a sample weight of 
about 100 mg. X-ray phase ana lys i s  w a s  c a r r i ed  out 
on a DROIi-3 apparatus using Cu Kd r ad ia t ion .  For  a 
q u a l i t a t i v e  est imat ion o f  su l f  a th iazole  inodif i c a t i -  
ons present i n  the  samples under study, LiF was used 
as an i n t e r n a l  standard mater ia l .  The c a l i b r a t i o n  
p l o t s  o f  the r a t i o  of the  peak heights  a t  8=7.7O due 
t o  forin I11 o r  at  0=8.8O due t o  form I t o  the  
height of Lip peak at S=19.3* versus the  content o f  
the given forin i n  the sample were constructed.  

a NU-2E pol i raz ing  microscope . Crystals  were placed 
on a therrnostated p l a t e  heated t o  a d e f i n i t e  tempe- 
r a tu re .  

Microscopic  observations were perforiried using 

RESULTS AND DISCUSSION 

Effect  of mechanical treatment on the polymorphism 
of su l f a th i azo le  

After  mechanical treatment i n  the mechanical 
ac t iva to r  (acce lera t ion  200 m / s  , a b a l l  diameter 
8 m m )  f o r  1 min, t he  X-ray d i f f r a c t i o n  pa t t e rn  sho- 
wed a broadening of the peaks and a decrease i n  
t h e i r  i n t e n s i t y  (Fig.1). After  5 min of mechanical 
treatment,  the appearance of new d i f f r a c t i o n  peaks 
wag observed. These peaks tnay be assigned t o  the  
high-temperature phase I of  su l fa th iazole .  The 

2 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TRANSFORMATIONS IN SULFATHIAZOLE 2059 

Figure 1 - Diff rac t ion  pa t t e rns  o f  s u l f  a th i azo le  
a f t e r  mechanical treiitt,ierit i n  the  
i n i l l  (200 m/s2) : 

1 - i n t a c t  form 111; 2 - 1 niin; 
3 - 40 rniii; 4 - 90 min o f  treatment. 

presence of modification I in the samples mecnani- 
cally treated is supported by the IR spectroscopy 
data (Fig.2). Upon further treatment, the intensity 
of diffraction peaks of the phase I increases f o r  
some time and then began decreasing t o  complete dis- 
appearance. Prolonged mechanical treatment (to 3 hr) 
did not lead to the new appearance of the high-tem- 
perature phase. However, if the treatment was con- 
ducted after an interruption for several hours  the 
general pattern of the substance behaviour repeated. 
The conversion fraction of the starting substance 
into the phase I reached 50-80%. The use of balls 
of lesser diameter (5  and 3 mm) led to decreased con- 
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2060 SHAKHTSHNEIDER AND BOLDYREV 
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il'igure 2 - I I? -spec t ra  o f  s u l f a t h i a z o l e :  
1 - fo rm 111; 2 - forin 111 after 
ineclianical t reat i i ient  f o r  10 min; 
3 - f o n i i  1 o b t a i n e d  by heat ing 111. 

version fraction. Besides, the qualitative estimati- 
on of the content o f  sulfathiazole polymorphic forms 
in the samplea showed that at the initial stage of  
mechanical treatment a part of the substance in the 
samples (up to 50%) appears to be in a noncrystalli- 
ne state. This is also indicated by the broadening 
of diffraction peaks and by the decrease in their 
intensity after the first minutes of mechanical tre- 
atment. The DSC curves (Fig.3) of the samples obtai- 
ned show two broad exothermic peaks in the range of  
30-800Cy which is apparently due to the crystalliza- 
tion of  the substance. These peaks were absent if 
after mechanical treatment the samples were subjec- 
ted to annealing at 7OOC. In this case, the amount 
of the form I11 was increased in the samples,while 
the content of the modification I did not change. 
The data obtained confirm the presence of the non- 
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TRANSFORMATIONS IN SULFATHIAZOLE 2061 

4 0  80 120 160 
TEMPERATURE, "C 

Figure 3 - DSC curves of su l f a th i azo le  a f t e r  mecha- 
n i c a l  treatment : 
1 - i n t a c t  form 111, sample weight 47 trig; 

2 - 1 min, 124 mg; 3 - 10 inin, 120 rig; 

4 - 20 rnin, 107 trig; 5 - 30 rnin, 78 ing; 
6 - 45 inin, 75 me. 

c r y s t a l l i n e  phase i n  su l f a th i azo le  samples subjected 
t o  mechanical treatment . Prolonged mechanical t r e a t -  
ment l e d  t o  the  r e c r y s t a l l i z a t i o n  of t he  substance: 
a narrowing of the d i f f r a c t i o n  peaks and an increase 
i n  t h e i r  i n t e n s i t y  were observed. 

It follows from t h e  experimental data that the 
mechanical treatment of su l f a th i azo le  i n i t i a t e s  both 
the I11 - I and I - I11 t r a n s i t i o n s .  I n  order  
t o  v e r i f y  t h i s ,  the  form I obtained by hea t ing  o f  
su l f a th i azo le  I11 was t r e a t e d  riiechanically. Af te r  
1 niinute of mechanical treatment,  the  appearance o f  
peaks a t t r i b u t a b l e  t o  form I11 was observed i n  the 
X-ray d i f f r a c t i o n  p a t t e r n s  o f  the samples. Prolonged 
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2062 SHAKHTSHNEIDER AND BOLDYREV 

mechanical treatment l e d  t o  complete disappearance of 
peaks of the  high-temperature modification and forma- 
t i o n  of the  su l f a th i azo le  form 111. Further  behaviour 
of the substance was analogous t o  the  above: a f t e r  
i n t e r rup t ion ,  mechanical treatment l e d  t o  t he  appea- 
rance o f  t he  phase I which disappeared upon prolon- 
ged mechanical treatment. 

Analysis of the  c r y s t a l l i n e  s t r u c t u r e s  of su l f a -  
th iazole  polymorphic modifications has shown (6,7) 
t h a t  i n  the forms I and I11 t he  number o f  hydro- 
gen bonds per  molecule and the i r  s t r eng th  a r e  appro- 
ximately equal ( 7 ) ,  therefore  the s t r u c t u r e s  o f  these 
two modifications d i f f e r  i n s ign i f i can t ly .  This appa- 
r e n t l y  explains the r e l a t i v e  eas iness  of t he  t r a n s i -  
t i o n s  111 - I (11). 

the  m i l l  ( acce le ra t ion  600 m / s 2 ,  b a l l  diameter 8 mm) 
brought about a repeated v a r i a t i o n  i n  t h e  concentra- 
t i o n  of  the high-temperature form t o  i ts  complete 
disappearance and appearance again a f t e r  40-50 min of 
treatiaent (Fig.4). It i s  evident t h a t  i n  t h i s  case 
we deal  not with mechanical equilibrium as observed 
for phase t r a n s i t i o n s  during mechanical a c t i v a t i o n  
( 3 ) ,  but with v a r i a t i o n  of t he  a c t i v i t y  o f  t h e  s o l i d  
r e l a t i v e  t o  the phase transformation. 

The presence o f  extremums on the  curve of the  
proper t ies  of mechanically t r e a t e d  substance aga ins t  
the time of treatmerit has been discussed by Naeser 
and coworkers ( I 2 , l j ) .  !the authors have suggested 
t h a t  deformations yroduced by mechanical treatment 
i n  the  suostance can be pe r iod ica l ly  cured p a r t i a l l y ,  
i n  t h i s  case the  energy content o f  the s o l i d  wouid 
pass  through i n a x i m u m s  and minimums. The per iodica l  

-c 

The use of more severe operat ion conditions of 
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TRANSFORMATIONS IN SULFATHIAZOLE 2063 

Figure 4 - Variation o f  intensity of sulfathiazole I 
diffraction peak (d=5.06 A ) with time of 
mechanical treatment in the mill (600 rn/s ). 

0 

2 

annealing of the substance activated, in opinion o f  
other authors (14), may be associated with tempera- 
ture variations during mechanical treatment in high- 
energy activators. A mathematical model suggested in 
the work (14)  for the description of inechano-cherni- 
cal system as an open, possessing unlinear inherent 
dynamics enables to show the possibility of realiza- 
tion of different stationary regimes depending on 
conditions of mechanical treatment. 

It is evident that in order to elucidate the 
causes o f  variations of concentration parameters of 
the  system in our case, additional experiments are 
required. Investigation of such kind of phenomenon 
is of interest both f o r  the understanding the pecu- 
liarities of mechanical activation o f  solids and f o r  
its technological applications. 
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2064 SHAKHTSHNEIDER AND BOLDYREV 

Figure  5 - Liicrophotogra& o f  a s u i f a t h i a e o l e  
single c r y s t a l  d u r i n g  111- I phase  
t r a n s f o r n i a t i o n  (x 2 0 )  

The phase t r a n s i t i o n  IIL - I i n  s u l f a t h i a z o l e  
s i n g l e  c r y s t a l s  

LIicroscolJic o b s e r v a t i o n s  have shown that t h e  
111 - 1 trar isforr i ia t ion p o c e e u s  to i iochemica l ly ,  
i . e .  v i a  t h e  for ina t ion  o f  a yroduc t phase  arid propa-  
g a t i o n  o f  an i n t e r f a c e  formed throu&,h the c r y s t a l  
(Fig.5). The  movement o f  the i n t e r f a c e  i s  o f  i r r e g u -  
lar c h a r a c t e r :  a r a p i d  p r o p a g a t i o n  i s  acconipanied by 
s t o p p i n g  o f  t h e  r e a c t i o n  f r o n t .  T h e  c r a c k i n g  o f  the  
i n i t i a l  c r y s t a l  arid o f  the  p roduc t  phase i s  observed .  
The pseudomorphous p roduc t  o f  t h e  t r a n s f o r m a t i o n  i s  
p o i y c r y s t a l l i n e  . Experiinerits on  i n d e n t a t i o n  o f  t he  
c r y s t a l s  have snown that  the s i t e s  o f  p r i c k s  w i t h  
an i r identor  are t h e  c e n t r e s  o f  n u c l e a t i o n  o f  the 
p roduc t  phase.  
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TRANSFORMATIONS IN SULFATHIAZOLE 2065 

Tne course of the  phase t ransformation i n  s u l -  
f a t h i a z o l e  riiay be apparent ly  descr ibed as 1,roceeding 
on a cooperat ive mechanisin well-known f o r  phase t ran-  
s i t i o n s  ( 1 5 ) .  In c o n t r a s t  t o  per-atoniic mechanism, 
the  cooperat ive mechanism i s  cha rac t e r i zed  by the  
r ap id  propagat ion of t he  i n t e r f a c e  w i t h  i r r e b u l a r  
r a t e  through t h e  c r y s t a l .  Such a behaviour of t he  
i n t e r f a c e  i s  a s soc ia t ed  with the  par t ia l  r e l a x a t i o n  
of  e l a s t i c  s t r e s s e s  a t  the  in te rphase  boundary and 
formation of a semicohererit i n t e r f a c e .  The phase r e -  
laxed i s  cha rac t e r i zed  by increased  e f f e c t i v e  su r fa -  
ce energy, which l e a d s  t o  an inc rease  i n  the b a r r i e r  
f o r  t he  nuc lea t ion .  The nuc lea t ion  a t  t h e  s i t e s  o f  
i nden ta t ion  sugges ts  that the  deformation o f  crys-  
ta ls  l eads  t o  decreased ene rge t i c  b a r r i e r  f o r  nucle- 
a t i o n .  Poss ib ly ,  t h i s  i s  oiie o f  t h e  f a c t o r s  respon- 
s i b l e  f o r  i n i t i a t i o n  o f  phase t r a n s i t i o n  duriiig ine- 
chanica l  treatment i n  a mill. 

It fol lows from the  DSC da ta  t h a t  the  mechani- 
c a l  t reatment  i n  a m i l l  l e ads  t o  a decrease i n  tern- 
pe ra tu re  of phase t r a n s i t i o n  i n  s u l f a t h i a z o l e .  The 
ex t r apo la t ed  onse t  s h i f t s  by 20-300 i n  mechanically 
t r e a t e d  samples which do not con ta in  t h e  hiih-tei~rpe- 
r a t u r e  phase and by 40-500 i n  t he  sanples  wherein a 
po r t ion  o f  the  substance was subjec ted  t o  t h e  111- 
I t r a n s i t i o n  during aeciianical treatinent.  In the  
f irst  case ,  the  cause of  the  decreased teingerature 
o f  t r a n s i t i o n  i s  ev iden t ly  the  inc rease  i n  the nun- 
oer of d e f e c t s  i n  s u l f a t h i a z o l e  c r y s t a l s  upon raecha- 
n i c a l  treati i ient,  i n  the  second one, t he  regions o f  
the  new phase foriried as a r e s u l t  o f  mechanical t r e -  
atinent appear t o  se rve  as n u c l e i  dur ing  the  thermal 
phase t r a n s i t i o n .  
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Summers e t  a1 ( 1 6 )  repor ted  reduct ion  i n  t h e  
t r a n s i t i o n  teniperature o f  polyinorphic forms of sul- 
f a t h i a z o l e  a f t e r  compression. The au tho r s  pos tu la -  
t ed  t h a t  t h i s  f a c t  was due t o  t h e  product ion of d i s -  
l oca t ions  i n  the  c r y s t a l  and the d i s t o r t i o n  of t h e  
c r y s t a l  a t  c r y s t a l  boundaries formed i n  the  compres- 
sed ma te r i a l s .  

On mechanical t reatment  i n  a c t i v a t o r ,  i t  seems 
that the  formation o f  nonc rys t a l l i ne  phase i n  t h e  
f i r s t  s t a g e  of t reatment  p lays  an e s s e n t i a l  r o l e  i n  
proceeding o f  phase t ransformation i n  s u l f a t h i a z o l e .  
Probably, i t  i s  the  formation of nonc rys t a l l i ne  pha- 
s e  with a high degree of d i s o r d e r  which makes pos-  
s i b l e  i n i t i a t i o n  of  phase t ransformation i n  s u l f a -  
t h i a z o l e  during mechanical t reatment .  
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