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ABSTRACT 

F r e e z e - d r i e d  samples o f  sod ium e t h a c r y n a t e  have heen p r e p a r e d  

and s t o r e d  under  s p e c i f i e d  c o n d i t i o n s  o f  r e l a t i v e  h u m i d i t y  and 

t e m p e r a t u r e .  Water c o n t e n t  o f  t h e  samples was d e t e r m i n e d  by 

K a r l  F i s c h e r  and p h y s i c a l  f o r m  b y  X- ray  d i f f r a c t i o n .  Chemica l  

i n t e g r i t y  was assessed by  an H.P.L.C. assay .  R e l a t i o n s h i p s  

between w a t e r  c o n t e n t ,  s t o r a g e  c o n d i t i o n s  and c r y s t a l l i n e  s t r u c t u r e  

have been i n v e s t i g a t e d  and r e l a t e d  t o  t h e  s t a b i l i t y  o f  t h e  compound. 

INTRODUCTION 

The f reeze  - d r y i n g  p rocess ,  a l s o  r e f e r r e d  t o  as l y o p h i l i s a t i o n ,  

i s  o f t e n  used t o  p r e p a r e  p a r e n t e r a l  f o r m u l a t i o n s  o f  d rugs  t h a t  a r e  

u n s t a b l e  i n  aqueous s o l u t i o n .  The p h y s i c a l  form of  f r e e z e - d r i e d  

drugs  may be i n f l u e n c e d  by  t h e  c o n d i t i o n s  o f  t h e  f r e e z e - d r y i n g  

cycle  (1 -31  and t h i s  may r e s u l t  i n  d i f f e r e n c e s  i n  t h e i r  c h e m i c a l  

s t a b i l i t y  and /o r  d i s s o l u t i o n  c h a r a c t e r i s t i c s .  Hagerman and 
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462 YARWOOD AND COLLETT 

coworkers (21  r e l a t e d  t h e  s t a b i l i t y  o f  a commercial f r e e z e - d r i e d  

p r e p a r a t i o n  o f  sodium e thac ryna te  [Edec r in ,  M.S .O.1  t o  i t s  

p h y s i c a l  form. Amorphous sodium e thac ryna te  was found t o  degrade 

r a p i d l y  whereas t h e  c r y s t a l l i n e  m a t e r i a l  was r e l a t i v e l y  s t a b l e .  

However, t h e r e  i s  l i t t l e  i n f o r m a t i o n  on t h e  i n t e r r e l a t i o n s h i p s  

between w a t e r  con ten t ,  c r y s t a l l i n e  fo rm and s t a b i l i t y  on s to rage  - 
I n  t h i s  s tudy  t h e  i n f l u e n c e  o f  t h e  f r e e z e - d r y i n g  process and 

subsequent s to rage  c o n d i t i o n s  on t h e  p h y s i c a l  f o rm o f  f r e e z e - d r i e d  

sodium e thac ryna te  has been i n v e s t i g a t e d  and r e l a t e d  t o  d rug  

s t a b i l i t y .  

MATERIALS AND METHODS 

M a t e r i a l s  

E t h a c r y n i c  a c i d  B.P. was ob ta ined  f r o m  Merck, Sharp and 

Dohme, Hoddesdon, Her t s .  A l l  o t h e r  m a t e r i a l s  were a n a l y t i c a l  

reagent  grade un less  o t h e r w i s e  s t a t e d .  

P r e p a r a t i o n  o f  Freeze D r i e d  Sodium E thac ryna te  

An aqueous s o l u t i o n  c o n t a i n i n g  2% w/v sodium e t h a c r y n a t e  was 

prepared by a d j u s t i n g  t h e  pH o f  an aqueous s l u r r y  o f  e t h a c r y n i c  

a c i d  w i t h  sodium hyd rox ide  t o  pH 7 . 0  [41 .  The s o l u t i o n  was 

poured i n t o  m e t a l  t r a y s ,  r a p i d l y  f r o z e n  t o  minus 50 C a t  a r a t e  

of app rox ima te l y  10 C rnin , and d r i e d  i n  t h e  f r e e z e  d r y i n g  u n i t  . 
On complet ion o f  t h e  d r y i n g  process t h e  c o n t e n t s  o f  each t r a y  

were p laced  i n  sea led  c o n t a i n e r s  t o  p r e v e n t  t h e  i n g r e s s  o f  

moi s t u r e  . 

0 

0 -1 i 

~~ 

i. Model L10, Edwards High Vacuum, Crawley, Sussex. 
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STORAGE AND FREEZE DRIED SODIUM ETHACRYNATE 

S t o r a g e  o f  F r e e z e  D r i e d  S a m p l e s  

F r e e z e - d r i e d  p o w d e r s  

s i e v e  t o  f a c i l i t a t e  h a n d 1  

t e m p e r a t u r e s .  S a m p l e s  o f  

o r  s e a l e d  g l a s s  v i a l s  o f  

c o n d i t i o n s .  

46 3 

were s c r e e n e d  t h r o u g h  a 5fl0 a p e r t u r e  

n g  p r i o r  t o  s t o r a g e  a t  e l e v a t e d  

a p p r o x i m a t e l y  0 . 5  e, were s t o r e d  i n  o p e n  

5 m l  n o m i n a l  c a p a c i t y  u n d e r  s e l e c t e d  

M o i s t u r e  C o n t e n t  D e t e r m i n a t i o n  

A known w e i g h t  o f  s a m p l e  was d i s s o l v e d  i n  a n h y d r o u s  m e t h a n o l  

a n d  t h e  t o t a l  water  p r e s e n t  i n  e a c h  s a m p l e  d e t e r m i n e d  by  a u t o -  

matic t i t r a t i o n  w F t h  Karl  FisrAht3r re  J p s n t ,  t h e  e n d  p o i n t  b e i n g  
;i 

d e t e r m i n e d  a m p e r o m e t r i c a l l y .  D u p l i c a t e  d e t e r m i n a t i o n s  were made 

f o r  e a c h  s a m p l e  a n d  t h e  a v e r a g e  water c o n t e n t  r e c n r d s d  a s  a w / w  

p e r c e n t a g e .  

D e t e r m i n a t i o n  of  P h y s i c a l  Fo rm o f  S a m p l e s  

Differences i n  c r y s t a l  f o r m  o f  t h e  s a m p l e s  were i n v e s t i g a t e d  

iii 
u s i n g  X - r a y  p o w d e r  a j i f r a c t i o n  . Because o f  t h e  h y g r o s c o p i c  

n a t u r e  o f  t h e  f r e e z e - d r i e d  p r o d u c t s  a p a r t i c u l a r  p a c k i n g  t e c h n i q u e  

was u s e d  t o  p r e p a r e  e a c h  s a m p l e .  T h e  t o p  o f  t h e  s a m p l e  h o l d e r  was 

p l a c e d  a g a i n s t  a p e r s p e x  p l a t e  a n d  t h e  s a m p l e  g e n t l y  p a c k e d  from 

t h e  b a c k  o f  t h e  h o l d e r  a g a i n s t  t h e  p e r s p e x  p l a t e  p r i o r  t o  c l i p p i n g  

on t h e  h o l d e r  b a s e .  Remove71 o f  t h e  p e r s p e x  p l a t e  p r o v i d e d  a 

s m o o t h  f l a t  s u r f a c e  f o r  s t u d y .  S a m p l e s  were r o t a t e d  d u r i n g  

a n a l y s i s  t o  p r o v i d e  a l a r g e r  e f ' e c t i v e  s a m p l e  s u r f a c e  a r e a  a n d  

r e d u c e  t h e  c h a n c e  o f  a non- randorn  d i s t r i b u t i o n  o f  c r y s t a l l i t e s  

ii. Met rohm E547/3-20,  R o t h  S c i e n t i f i c  E q u i p m e n t ,  F a r n b o r o u g h ,  
Hants .  

iii. Mode l  XRD-5,  P h i l i p s ,  C a m b r i d g e .  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



46 4 YARWOOD AND COLLETT 

b e i n g  o b t a i n e d .  S e v e r a l  r e p l i c a t e  d e t e r m i n a t i o n s  were made t o  

ensure  t h e  d i f f r a c t i o n  p a t t e r n  o b t a i n e d  was r e p r e s e n t a t i v e  of  t h e  

who le  sample. 

Assay o f  Sodium E t h a c r y n a t e  by  H igh-Per fo rmance L i q u i d  

C hromat ograp hy 

i v  
The h igh -pe r fo rmance  l i q u i d  ch romatog raph ic  [HPLCI system 

was equ ipped w i t h  a v a r i a b l e  f l o w  pump and an a u t o m a t i c  l o o p  

i n j e c t o r .  A d d i t i o n a l  components c o n s i s t e d  o f  a column h e a t e r ,  

au tosampler ,  v a r i a b l e  wave leng th  u l t r a  v i o l e t - v i s i b l e  d e t e c t o r  

and e l e c t r o n i c  i n t e g r a t o r .  A 250  x 4 .5  mm 1.0. H y p e r s i l  5 um 

00s packed column was used a t  50 C. The m o b i l e  phase c o n s i s t e d  

o f  methano l  (HPLC g r a d e l  - 0.05 M phosphate  b u f f e r  pH 5.6.  The 

column was e q u i l i b r a t e d  w i t h  52% methano l :  b u f f e r  by  volume and 

e l u t i o n  c a r r i e d  o u t  a t  a f l o w  r a t e  o f  1 . 5  m l  min w i t h  d e t e c t i o n  

a t  279 nm. S tandards  and samples were d i s s o l v e d  i n  50% v /v  

methano l  i n  w a t e r  t o  y i e l d  f i n a l  c o n c e n t r a t i o n s  o f  50 pg .ml  

p r i o r  t o  i n j e c t i o n  o f  20 1.11 on t h e  column. E l u t i o n  proceeded 

f o r  s i x  m i n u t e s  a t  52% methano l  t h e n  f o r  a f u r t h e r  seven m i n u t e s  

a t  65% methano l .  The average o f  a t  l e a s t  t h r e e  d e t e r m i n a t i o n s  was 

used f o r  each assay and d u p l i c a t e  assays were p e r f o r m e d  f o r  a l l  

samples . 

V 0 

-1 

-1 

RESULTS AND DISCUSSION 

Samples removed f r o m  t h e  f r e e z e - d r y i n g  u n i t  a f t e r  c o m p l e t i o n  

of t h e  d r y i n g  c y c l e  were known as i n i t i a l  samples. 

i v .  Model 10848, H e w l e t t  Packa rd  L t d . ,  Wokingham, Berks .  
v. Shandon Southern  P roduc ts ,  Runcorn, Chesh i re .  
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STORAGE AND FREEZE DRIED SODIUM ETHACRYNATE 465 

The mo is tu re  con ten ts  o f  i n i t i a l  f r e e z e  d r i e d  sodium 

e thac ryna te  samples and those  s t o r e d  under s p e c i f i e d  c o n d i t i o n s  

are g i v e n  i n  Table 1 .  The i n i t i a l  samples were hyg roscop ic  and 

r a p i d l y  p i cked  up m o i s t u r e  d u r i n g  h a n d l i n g  as seen by t h e  wa te r  

con ten ts  o f  t h e  sample s t o r e d  a t  4 C and t h e  i n i t i a l  screened 

samples. The X-ray d i f f r a c t i o n  p a t t e r n s  o f  t h e  i n i t i a l  samples o f  

0 

TABLE 1 

Water Content o f  Freeze D r i e d  Sodium E thac ryna te  S to red  Under 
Se lec ted  Cond i t i ons .  

Sample and Storage C o n d i t i o n s  Con ta ine r  Water Content 
( %  w / w l  

- a )  I n i t i a l  (unscreenedl  <I 

- b l  I n i t i a l  (unscreenedl  2.49 

- c l  I n i t i a l  ( sc reensd l  4 . 7 8  

0 
d l  Screened, 6 days a t  30 C Closed 4.71 

el  Screened, 6 days a t  3OoC Open 
and 75% r e l a t i v e  h u m i d i t y  

10.60 

0 f l  Screened, 6 days a t  60 C Closed 4.69 

0 
g l  Screened, 6 days a t  60 C Open 

h l  As ( e l  b u t  d r i e d  ove r  Open 

i l  As [ e l  b u t  d r i e d  a t  60°C Open 

jl 1 day a t  60°C f o l l o w e d  by: Open 

s i l i c a  gel f o r  1 . 5  hours 

f o r  2 hours 

12 days a t  6OoC Closed 

0.40 

5.87 

3.50  

0 .45  
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466 YARWOOD AND COLLETT 

i t  i s  n o t  c l e a r  whe the r  a f t e r  h y d r a t i o n  t h e  amorphous m a t e r i a l  

i s  c r y s t a l l i s i n g  as a pseudo po lymorph ic  h y d r a t e  [ i . e .  t h e  l a t e r  

remova l  o f  t h e  w a t e r  o f  h y d r a t i o n  r e s u l t s  i n  no change i n  c r y s t a l  

fo rm1 o r  i f  t h e  i n c r e a s e d  m o i s t u r e  c o n t e n t  i s  due t o  unbound 

w a t e r .  

The X-ray d i f f r a c t i o n  p a t t e r n s  o f  t h e  screened samples s t o r e d  

0 0 
a t  30 C and 60 C i n  s e a l e d  c o n t a i n e r s  a r e  compared w i t h  t h e  i n i t i a l  

screened sample i n  F i g u r e  2. Reduced peak h e i g h t s  i n  t h e  

d i f f r a c t i o n  p a t t e r n s ,  p a r t i c u l a r l y  apparen t  i n  t h e  sample s t o r e d  

a t  6 0  C a r e  i n d i c a t i v e  o f  a r e d u c t i o n  i n  c r y s t a l l i n i t y .  No 

s i g n i f i c a n t  change i n  w a t e r  c o n t e n t  was obse rved  i n  t h e s e  

samples as compared w i t h  t h e  i n i t i a l .  It, has p r e v i o u s l y  been 

0 

r e p o r t e d  (31 t h a t  t h e  s t a b i l i t y  o f  amorphous f r e e z e - d r i e d  sodium 

e t h a c r y n a t e  i s  p o o r  compared t o  t h a t  o f  t h e  c r y s t a l l i n e  fo rm,  

s t o r a g e  o f  t h e  amorphous f o r m  f o r  n i n e  days a t  60 C r e s u l t e d  i n  an 

8% loss o f  po tency  whereas t h e  c r y s t a l l i n e  f o r m  showed no l ess .  

I n  t h e  p r e s e n t  s t u d y  t h o s e  samples s t o r e d  i n  sea led  c o n t a i n e r s  a t  

6OoC , a l t h o u g h  y i e l d i n g  X - ray  d i f f r a c t i o n  p a t t e r n s  i n d i c a t i n g  

a p a r t i a l  o r  v i r t u a l l y  t o t a l  amorphous content,showed no 

d e g r a d a t i o n  when assayed by HPLC. T h i s  s t a b i l i t y  d a t a  was 

i n d i c a t i v e  t h a t  t h e  p r o d u c t  was c r y s t a l l i n e  d u r i n g  s t o r a g e  and i t  

i s  suggested  t h a t  t h e  f o r m a t i o n  o f  t h e  amorphous component must 

have o c c u r r e d  on remova l  o f  t h e  sample f r o m  t h e  e l e v a t e d  s t o r a g e  

tempera tu re .  

0 

The apparen t  c o n f l i c t  between X- ray  d i f f r a c t i o n  and 

s t a b i l i t y  d a t a  may be r e s o l v e d  i n  t h e  f o l l o w i n g  manner ,  When 
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F I G U R E  1: 

( i l  I n i t i a l  unsc reened  m a t e r i a l ,  
( i i l  As ( i )  s t o r e d  f o r  2 weeks a t  4OC, 
( i i i l  I n i t i a l  s c r e e n e d  m a t e r i a l ,  
( i v l  As (i i i)  s t o r e d  f o r  6 days a t  6OoC i n  an open c o n t a i n e r ,  
( v l  As ( i i i l  s t o r e d  f o r  6 days  a t  30°C and 75% r e l a t i v e  

X-Ray D i f f r a c t i o n  P a t t e r n s  o f  Freeze D r i e d  Sodium 
E t h a c r y n a t e  (Recorde r  r a n g e  2000 f o r  a l l  s a m p l e s ) ,  

humidi ty  i n  an  open c o n t a i n e r .  
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L 
( i i i )  

21  3 39 

Degrees 2 

FIGURE 2 :  X-Ray Di f f r ac t ion  P a t t e r n s  of Freeze Dried Sodium 

[ i l  I n i t i a l  screened ma te r i a l  [Range 20001, 
[iil As (il s t o r e d  f o r  6 days a t  3OoC i n  a s ea l ed  con ta ine r  

( i i i l  As ( i l  s t o r e d  f o r  6 days a t  60°C i n  a s ea l ed  con ta ine r  

Ethacrynate .  

(Range 2001, 

[Range 2001. 
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0 sodium e thac ryna te  and those s t o r e d  i n  open c o n t a i n e r s  a t  60 C o r  

30 C and 75% r e l a t i v e  h u m i d i t y  a r e  shown i n  F i g u r e  I. The i n i t i a l  

unscreened samples were amorphous as i n d i c a t e d  by t h e  l a c k  o f  peaks 

i n  t h e  d i f f r a c t i o n  p a t t e r n s .  The presence of d i f f r a c t i o n  peaks and 

t h e i r  i n c r e a s e  i n  h e i g h t  i n  t h e  samples s t o r e d  a t  4 C and t h e  

i n i t i a l  screened samples suggested t h a t  c r y s t a l l i s a t i o n  o f  t h e  

0 

a 

amorphous s o l i d  was o c c u r r i n g  and t h a t  t h i s  process was r e l a t e d  

t o  t h e  wa te r  con ten t  o f  t h e  samples. T h i s  concept was i n  

agreement w i t h  t h e  f i n d i n g s  o f  G a t t i n  and D e  Luca (51  who r e p o r t e d  

t h a t  amorphous c e p h a l o t h i n  sodium cou ld  be ob ta ined  i n  a 

c r y s t a l l i n e  form by h u m i d i f y i n g  t h e  f r e e z e  d r i e d  m a t e r i a l .  

A r e d u c t i o n  o f  t h e  wa te r  con ten t  o f  t h e  screened samples 

f r o m  4.78% to 0.40% w/w b y  s t o r a g e  a t  6OoC f o r  six days d i d  no t  

a l t e r  t h e  c r y s t a l l i n i t y  o f  t h e  samples i n d i c a t i n g  t h a t  t h e  m o i s t u r e  

mediated t r a n s i t i o n  o f  amorphous t o  c r y s t a l l i n e  s o l i d  was n o t  

r e v e r s i b l e .  

0 
The X-ray d i f f r a c t i o n  p a t t e r n  o f  samples s t o r e d  a t  30 C and 

75% r e l a t i v e  h u m i d i t y  revea led  a c r y s t a l l i n e  p a t t e r n  d i f f e r e n t  t o  

t h a t  ob ta ined  f r o m  t h e  i n i t i a l  screened samples. The water  c o n t e n t  

(10-60% w / w l  o f  samples exposed t o  d i f f e r e n t  aqueous wa te r  vapour 

pressures suggested t h a t  t h e y  were t h e  d i h y d r a t e  o f  sodium 

e thac ryna te .  D r y i n g  o f  these hyd ra ted  samples o v e r  s i l i c a  g e l ,  

t o  a water  con ten t  o f  5.07% w/w,  o r  a t  6OoC f o r  t w o  hours t o  3.50% 

w/w conver ted them back t o  t h e  c r y s t a l l i n e  f o r m  o f  t h e  i n i t i a l  

screened sample c o n f i r m i n g  t h a t  t h e  change i n f o r m  was a s s o c i a t e d  

w i t h  one wa te r  o f  h y d r a t i o n .  However, f r o m  these obse rva t i ons  
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4 70 YARWOOD AND COLLETT 

samples  a r e  s t o r e d  i n  a s e a l e d  c o n t a i n e r  a t  e l e v a t e d  t e m p e r a t u r e s  

t h e r e  w i l l  b e  an i n c r e a s e  i n  t h e  m o i s t u r e  c o n t e n t  i n  t h e  

c o n t a i n e r  headspace .  C o o l i n g  o f  t h e  v i a l  t o  room t e m p e r a t u r e  

I 20°Cl w i l l  r esu l t  i n  c o n d e n s a t i o n  o f  e x c e s s  m o i s t u r e  on t h e  

f r e e z e - d r i e d  m a t e r i a l  and t h e  f o r m a t i o n  o f  a c o n c e n t r a t e d  

aqueous s o l u t i o n  c o n t a i n i n g  sodium e t h a c r y n a t e  on t h e  e x t e r i o r  

o f  each  p a r t i c l e .  As t h e  m o i s t u r e  e q u i l i b r a t e s  t h r o u g h o u t  t h e  

sample ,  sodium e t h a c r y n a t e  w i l l  p r e c i p i t a t e  a s  an amorphous 

s u r f a c e  l a y e r  on each  p a r t i c l e .  I t  has  been r e p o r t e d  p r e v i o u s l y  

( 7 3  t h a t  r a p i d  p r e c i p i t a t i o n  o f t e n  results i n  t h e  f o r m a t i o n  of an 

amorphous p h a s e .  

Two f u r t h e r  o b s e r v a t i o n s  s u p p o r t  t h i s  h y p o t h e s i s  o f  t h e  

f o r m a t i o n  o f  an amorphous s u r f a c e  l a y e r .  

[ i l  The X-ray d i f f r a c t i o n  p a t t e r n  o f  a c r y s t a l l i n e  s a r n p l ~  was 

t h e  same a s  t h e  p a t t e r n  for a sample  s t o r e d  for one day  i n  an open 

c o n t a i n e r  f o l l o w e d  by  t w e l v e  days  i n  a s e a l e d  c o n t a i n e r  a t  60  C ,  

a g a i n  i m p l i c a t i n g  sample  m o i s t u r e  c o n t e n t  i n  t h p  f o r m a t i o n  o f  t h e  

amorphous m a t e r i a l .  

[I11 S u r f a c e  a b r a s i o n  o f  a sample  [ s t o r e d  f o r  s i x  d a y s  a t  f i O  Cl 

by p a s s a g e  th rough  a 355 pm a p e r t u r e  screen, c a r r i e d  o u t  unde r  a 

f l o w  o f  d r y  n i t r o g e n  t o  e l i m i n a t e  c r y s t a l l i s a t i o n  due t o  h igh  

l e v e l s  o f  ambien t  m o i s t u r e ,  r e s u l t e d  i n  a sample  g i v i n g  a 

c r y s t a l l i n e  d i f f r a c t i o n  p a t t e r n  s i m i l a r  t o  t h a t  of t h e  i n i t i a l  

m a t e r i a l .  Pas sage  o f  amorphous or c r y s t a l l i n e  freeze d r i e d  

sodium e t h a c r y n a t e  th rough  a 355 pm a p e r t u r e  s c r e e n  unde r  t h e s e  

c o n d i t i o n s  d i d  n o t  r e s u l t  i n  any change o f  sample  X-ray d i f f r a c t i o n  

0 

0 
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p a t t e r n  i n d i c a t i n g  t h a t  t h e  s c r e e n i n g  p r o c e d u r e  was n o t  a l t e r i n g  

t h e  p h y s i c a l  form of t h e  compound. These o b s e r v a t i o n s  a r e  

s u g g e s t i v e  t h a t  amorphous m a t e r i a l  i s  c o n f i n e d  t o  t h e  s u r f a c e  

l a y e r ,  

The e x t e n t  o f  p e n e t r a t i o n  of t h e  X-ray beam i n t o  t h e  

s amples  i s  dependen t  upon t h e  d i f f r a c t i o n  a n g l e  used and may b e  

a s  low as a few tens of mic rons  a t  low d i f f r a c t i o n  a n g l e s .  T h i s  

l a c k  o f  p e n e t r a t l o n  may e x p l a i n  t h e  i n a b i l i t y  o f  t h e  X-ray 

d i f f r a c t r i o n  a p p a r a t u s  t o  d i s t i n g u i s h  t he  p h y s i c a l  form of t h e  

c o r e  b e n e a t h  t h e  s u r f a c e  amorphous layer .  The d i f f r a c t i o n  p a t t e r n s  
n 

o f  t h o s e  samDles s t o r e d  i n  s e a l e d  c o n t a i n e r s  a t  30 and  6OUC do 

show a p r o p o r t i o n a t e l y  g r e a t e r  r e d u c t i o n  i n  peak  h e i g h t  a t  t h e  

lower  d i f f r a c t i o n  a n g l e s  t h a n  a t  t h e  h i g h e r  a n g l e s  s u p p o r t i n g  

t h i s  h y p o t h e s i s .  

T h e  results o f  t h i s  s t u d y  s u g g e s t  t h a t  g r e a t  c a r e  m u s t  be  

t aken  i n  d e t e r m i n i n g  t h e  p h y s i c a l  form o f  f r e e z e - d r i e d  m a t e r i a l s  

and t h a t  p r e d i c t i o n  of t h e  chemical s t a b i l i t y  o f  t h i s  compound 

based  s o l e l y  on X-ray powder d i f f r a c t i o n  d a t a  may p r o v e  t o  be  

e r r o n e o u s ,  p a r t i c u l a r l y  i f  a knowledge o f  t h e  sample  h i s t o r y  i s  

n o t  known o r  sample  p r e p a r a t i o n  not  ca re fu l ly  c o n t r o l l e d .  
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