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ABSTRACT 

The e x t e n t  of c r v s t a l l i t a t i o n  of i n d a t h a c i n  aa a coarae a o l i d  

dispersion f r o m  3 metastable  a o l i d  s o l u t i o n  was d e t e r r i n d  by t h r e e  

methods. 

i nd ica t ed  by the i n t e r a e c r i o n  of a b i l i n e a r  p l o t  obtained from g r a r t h  

rate c o n r t a n t s  measured on the au r face .  The c r y a t d l  g r w t h  rate on 

the s u r f a c e  was found to  be dependent on the degree of a u p r u t u r a -  

cion. storaw temperature,  and preaence of a nuc lea t ing  agent. A 

rank o rde r  c o r r e l a t i o n  uaa obtained between a v i a l u l  and a diaaolu-  

t i o n  method f o r  determining t h e  ex ten t  of c r y a t a l l i r a c i o n .  The 

e f f e c t  of adding a nuc lea t ing  agent  (sodium ch lo r ide )  on t he  e x t e n t  

of r r y s t n l l i z a t f o n  was determined v l t h  a c o l o r  d i f f e r e n c e  meter. 

An apparent  c r i t i c a l  degree of aupe r sa tu ra t i an  (Caa) was 

INTROWCPION 

The uae of s o l i d  a o l u t i o n  technology f a  ahoving inc reased  u t i l i t y  in t h e  

p repa ra t ion  of drug d e l i v e r y  a y a t e r .  The d i f f i c u l t l e a  involved in mder- 

359 
('upymhl&, 1976 hy Marcel Ikkker.  Inc Al l  Rl#hlb R c v r r r J  Nrilhct lhrr work ISW any p.r l  may br repobuccd 
u r  trrnsiiiillctl in m y  lurin ur hy any w8m. eleelrunic ur mechanical. including phutucopytn& aicrdilnun). 
And recording. o r  hy any inlormaliun Uurr#c m J  rclrirval syslcm. wilhuul p%rnmon in writing from the publoha. 
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360 S m  AND DEWSKI 

stmding and evaluating these systems have been -11 documented and con t inue  

LO exlst (1,2). Systems vh ich  fotr true s o l i d  s o l u t i o n s  may b e  cha racca r i zed  

by their pluae d i a g r a n  uslng convancional c e c h i q u e s  of c h e r r r l  a n a l y s i s  ( 3 )  

It Is Importme t o  r u l i z e  the a y s t e r  b 8 i q  stdied u y  be u c a a t a b l e  and 

ch8 tin required f o r  th. 88cablis-t of e q u i l i b r i u m  u y  or u y  nor be  

s u b s t a n t i a l .  As p 0 l n C . d  out in a rmviw by Chiou and Illegelmsn (4). t h e  

e f f e c t  of asins or storage o f  s o l i d  s o l u r i o a s  under va r ious  cond i t ions  has  

noc been w e l l  studied in phaxmaceucic.1 s y r c u n .  

S y s c w  that show p h u e  changes are d i f f i c u l t  t o  fol low by convencional  

In e h b  acudy. an i n t e r e s t i n g  system w a s  found where a a n a l y t i c a l  r c h o d s .  

phase c h a e  from che M a - c y s c a l l l n m  co c r y s c a l l i n e  sta te  could be  fo l -  

lowed e a s i l y  wi th  s i q l e  analycicul r t h o d e .  

and how they were used co maicor a phase change in a t y p i c a l  pharmaceut ical  

syscem is presented here.  "he e f f e c t  o f  s e v e r a l  phyaical-chemical f acco r s  

t h a t  l n f lucace  the  p repa ra t ion  of a coarse s o l i d  dispersion by c r y s c a l l i r a -  

tion of Lndowthacln from a ~ c a s c a b l 8  s o l i d  s o l u t i o n  is d i scussed .  A 

coarse d i s p e r s i o n  is def ined  here as having a p a r t i c l e  sire g r e a t e r  than 

0.5 microns (5 ) .  A s o l l d  s o l u t i o n  is de f ined  here as any s o l i d  system 

where one c o q o n a n c  is d i spe raed  ac t h e  m l e c u l a r  l e v e l  w i t h i n  ano the r  

A deac r lpc ion  of t h e s e  mechods 

C O ~ O n e n C  ( 2 ) .  

EXPERIKENTAL 

Comoosition and Method of P rep r r r c ion  - The components and concen- 

tration ranges chat were used in  t h i s  s tudy  are shovn in Table I. In all 

experiments. a scandard procedure w a s  employed; polyethylene g l y c o l  U3QQ 

and 6000 were melted a t  65-7W'C. After reducing t h e  melt temperature  CJ 

60-65OC. indomechacin was added and d i s s o l v e d  with high-speed a g i t a c i o n  

in  t h e  melt. Glycerin (and, where app l i cab le .  a nucleacing a g e n t )  vas  
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CRYSUUIZAIION OF INWllETHACIN 

Component 

Indomethacinl 

P.E. C. 40002 /P. E .C. 600O2/Clycerin 

Sodium Chloride USP 

USP; Ratio 10: 1: 1 (SOlUtlOn phase) 

361 

Range 

0.81-17.m 

0-3.222 

q... .J.lOo% 

TABLE I 

CWONENTS AND RANGES USED I N  STUDY 

I I 
'Merck 6 Co., Inc., Rahuay. New Jersey. 
2 USP. 

added and f i n a l l y  both temperature and agitacian were reduced (6.7). The 

mixture v u  held at  55-60°C with a l a r s p e e d  st irring t o  prevent the  incor- 

poratitm of a i r  during rubdiviaion. The melt WAS poured into p l a a t i c  o r  

metal cy l indr ica l  m l d s  (each holding about two gran  and having an expored 
2 sur face  area of  0.71 cm ) and allowed to a o l l d i f y  at r o w  temperature. 

Af te r  congealinl, the  f i l l e d  mold. were t r r u f e r d  LO 8i r - t igh t  g laas  

jars.placed in a r e f r i g e r a t o r  (4-6OC) f o r  24 hours to induce nucleation of 

the indoethac in ,  and then atorad at  various control led temperature stations 

(ranging from 5-5OoC) f o r  observation of c r y a t a l  gravtb. 

Deterr inat ioo of Extent of C r y a t a l l i r a t i o n  - The extent of c r y s t a l l i t a -  

tion was determined by three d i f f e r e n t  r t h o d s :  

a disso lu t ion  method dcacribed in 10 earlier publ icat ion (2 ) .  and a color  

meier measuring technique. 

8 aimple visual techlque. 

A simple v i a w l  method waa found to have the advantage of rapidly de- 

termining the extent of c r y a t a l l l t a t l o a .  

systems atudled here only becauae of .II apparent sharp distinction between 

the non-crystalline and c r y s t a l l i n e  s t a t e .  

It was poaaible t o  apply it to the 

When using t h i s  r t h o d .  the term 
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362 SAWE AND DMPSKI 

zero percaac c r y s c a l l i z a t i m  is defined as the  crmrulucmt y e l l w  or 

..bet sur face  appearance of t h e  s o l i d  solucioa i r w d i a t e l y  a f t e r  congeal- 

ing. 

o p q u e  sur face  appearance of the -0 a f t e r  icr .entire sur face  area under 

observ8cioa hu apparancfy c ryoca l l ized  corplecely. Between chose NO 

excram of che defined zero and 0110 hradred percent c r y s t a l l i z a t i o n .  the 

area percenc of c r y s t a l l t u c i o n  w u  eot imced by visual mtma uoing an 

owrlapping cr.nop8r-t g r i d  system co d i f f a r e a c i r t e  between the  non- 

c r y s t a l l i n e  .ad crystalline areu.  

how t h i s  w a s  accoop1ish.d. 

The term om. htmdsed percmc cryocollixarim i. defined as the  white 

Figure 1 &we a diagraaacic  sketch of 

Ao a furcher a id  in decet ining the  ex tan t  of c rysca l l iza t ion .  par t icu-  

1 l a r ly  during the early p h u u  of grouch, 8 portable  u l t r a v i o l e t  lamp was 

u t i l i z e d  in e u i n i n g  t h e  saqler  LO oboerve i n d o a t h a c i a  c r y s t a l s .  Under 

u l t r a v i o l e t  l i g h C .  l n d o r t h a c i n  crystals fluor&oce and appear white againsc 

OlAGRANATlC SKETCH OF 
CRYSTALLIZATI ON 

F IG I 

'fllnerallghc USVL-13, Ult rav io le t  Products. Inc., San Cabriel. Cal i famia .  
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CRYSTALLIZATION OF INDOHETIUCLEi 363 

a dark ycrl low background. 

i n i t i a l  s u l l  po in t  sites of c r y s t a l l i z a t i o n  as they occurred on the su r face .  

This  method was erpecLal ly  use fu l  for observing 

The d i s s o l u t i o n  -thud and apparatus  (2)  reported on previously were 

a l s o  used he re  to check t h e  v a l i d i t y  of t h e  v i s u a l  technique desc r ibed  

above. D i s so lu t ion  rates were m a s u r e d  fraa c o n t r o l l e d  s u r f a c e  areas of 

t h e s e  systems i n  1.2 pH phosphate b u f f e r  (0.0lH) at  25OC. 

were u o e b o n l y  once f o r  each determinat ion;  subsequent determinat ions used 

ano the r  set of four  f i l l e d  d i e s .  The ammt of lndorathacin d i s so lved  was 

determined s p e c t r o p h o t o w t r f c a l l y  as a furctim of ti-. Disso lu t ion  rates 

were obtained a8 absorbance units and transformed t o  18. d i s so lved  per  rl. 

per  minute (mg. rl. min. ) f o r  p l o t t i n s  purposes.  Tha i n i t i a l  l i n e a r  

p o r t i o n  of rhe  p l o t  showins t h e  a m m t  of drug d i s so lved  vorsua ti- was 

used f o r  c a l c u l a t i m  of d i s s o l u t i o n  rates. ?he d i s a d v r r t a g r  of t h i s  

method is the rim r equ i r ed  f o r  a s i n g l e  determinat ion.  

Four f i l l e d  d i e s  

- I  -'I 

When using t h i s  d i 8 s o l u t i o n  r t h o d .  t h e  term ze ro  percent  c r y s t a l l i z a -  

tion is defined as the  d i s s o l u t i o n  rate of the yellow t r ans lucen t  s o l i d  

s o l u t i o n  i x d i a t e l y  a f t e r  congealing. As c r y s t a l l i r a t i o n  progresses .  t h e  

d i s s o l u t i o n  rate s l w l y  decreases .  The Lair one hundred percent c r y s t a l -  

l i z a t i o n  is defined as the d i s s o l u t i o n  rate of t h e  wh i t e  opaque c r y s t a l -  

l i z e d  s o l i d  s o l u t i o n  a f t e r  no f u r t h e r  reduct ion occurs  i n  the d i s s o l u t i o n  

rate. Typical  d i s s o l u t i o n  rates f o r  samples shoving z e r o  pe rcen t  and one 

hmdred  pe rcen t  crystallization are shown i n  Figure 2 .  

A c o l o r  meter mtasuring technique was found t o  provide an accu ra t e  and 

r a p i d  method f o r  measuring t h e  e x t e n t  of c r y s t a l l i z a t i o n .  

m e l t  were poured i n t o  rornd p l a s t i c  petri d i s h e a l  (48 1. x 8.5 I contain-  

ing about 18 g. and having an exposed s u r f a c e  are8 of 18.1 cm ) and allowed 

The samples of 

2 

'Mil l ipore Corporation. Bedford Uassachuset ts  01730, C a t .  No. PO 1004700. 
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364 SABOE AND DEMPSKI 

120 - 
1 0 0 -  - 

I 
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b 
0 

KEY: 0 ZI IK)  R R C E I T  CRYSTALLIZED; 
Om WORE0 PERCENT CRYSTALLIZEO 

4 a 

0 2 4 I I l O  20 
TIM€ t MI# 1 

C IWM 2-  CLOT OF AWUMT MSSOLVLO VERSUS TIME 

0 t o  coagea l  ac mom tegaratura (23 C). A f t e r  c m g e a l i n g .  t h e  f i l l e d  p e t r i  

d i s h e s  were covered and p laced  i n  a i r - t i g h t  g l ~ s  jars, p laced  i n  a r e f r i g -  

eracor ( 4 - 6 O C )  f o r  24  hours.  and then s t o r e d  a t  temperacure s t a t i o n s  r ang ing  

f r o r  5-50°C f o r  obse rva t ion  o f  c r y s t a l  g rovth .  

A p h o t o e l e c t r i c  color d i f f e r e n c e  r c e r l  w a s  employed t o  measure t h e  

c o l o r  va lues  o f  samples  f r e s h l y  congea led  and a f t e r  s t o r a g e  a t  v a r i o u s  

tempera ture  s t a t i o n s .  The color va lue  measurements are read  d i r e c c l y  as u n i t s  

of t h e  L. a ,  and b color scales. The L scale measures t h e  luminos icy  and 

r e p r e s e n t s  a p l t h e a o t i c a l  a p p r o * i u t i a r  of a non- l inea r  b lack-whi te  te- 

sponse o f t h e  eye ;  t h e  a and b scales measure t h e  Chromat ic i ty  d i f f e r e n c e s  

in t h e  red-green and y c l l o r b l u c  components. r e s p e c t i v e l y .  A measure oi 

total  color d i f f e r e n c e .  A E. vas c a l c u l a t e d  f r o m  ;he equac ion  

‘HunterLab Color Dif fe rence  Meter Model DZS,  manufactured by Hunter A s s o c i a t e s  

Labora tory ,  Inc. .  9529 Lee Highvay, F a i r f a x .  V i r g i n i a  22030. 
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CRYSTALLIZATION OF INDOUETWCIN 365 

and was used t o  p l o t  the rate change of color  i n  the  saqle .  

AE u n i t  w i l l  be diacusaed In  a aubaeqwnt aect iaa .  

The use of the  

When wing t h i s  co lor  r t e r  method. the  term zero percent cryacal l iza-  

t ion  is defined a s  a t o t a l  color  difference ( A  E) of zero, or the  i n i t i a l  

reading of  the y e l l o w  t ranslucent  s o l i d  ao lu t ian  i l l a d l a t e l y  a f t e r  congealing. 

As c r y s t a l l i z a t i o n  progresses, the color  d i f fe rence  ( AE) alouly iacreues. 

The term one hmdred parcant c r y s t a l l i r a c i o n  is defined aa the  color  d i f -  

ference of the white opaque c r y s t a l l i z e d  s o l i d  so lu t ion  a f t e r  no fur ther  

increaae occurs i n  t h i s  value. 

Effect  of Indowthacin Concentration on C r y a t r l l i z a t l o n  Rate - V8ri01~ 

l e v e l s  of indowthacln were added to the  polyechylem glycol 4000/polyethylene 

glycol  6000/giyceria mixture according t o  the wthod of preparat ion deacribed. 

Concentrationa of indomethacin rrrged from 0.81% t o  17.0%. the ruiru aolu- 

b i l i t y  In  the molten aolvent mixture. 

re f r igera ted  overnight, then atored at  30°C aa indicated in the experimental 

sec t ion ,  and elruined per iodical ly  by either u l t r a v i o l e t  or visua l  Obaerva- 

t i o n  to estimate the p e r c m t  of aurface area chat appeared c r y s t a l l i z e d .  

After congealing. the aarplea were 

Effect  of S o d i u  Chloride Concentration on Crystallization Rate - 
During screening teats f o r  evaluat ing varioua d d i t i v e a  that could a c t  u 

e f f e c t i v e  nUClsllthg agents. it was fornd tha t  s o d i u  chlor ide had a sig- 

n i f i c a n t  e f f e c t  on the c rys ta l l izac ion  r a t e  i n  chi. ryatem. 

e f f e c t  of its concentration. aodium chlor ide uaa reducod in particle site 

To aaaasa the  

using a i r - a t t r i t i o n  mil l ing equipment' Md acreened into the d u i r e d  

f rac t ion .  

t ion vaa about 10 aicrona. and the  p a r t i c l e  ahape was e s w n t i a l l y  a p h e r i u l .  

The average p a r t i c l e  size u e a t i r s t e d  by microacopic e u l i n a -  

lJet-O-Hizer, Fluid Energy Proceasing 6 Equiprent Co.. Model 0101. 
Philadelphia, Pa.  
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366 SABOE AND DOIPSKI 

- RESULTS AND DISCUSSIOii 

Crouch Race Dependency on Indowchacin Concencracion - The effect of 

indowctucin concencraciua on ch. cryrcal grovth rate occurring (XI che sur- 

face of samples scored ac 30°C v u  decermined by v i a w l  abservacion and is 

sham in Figure 3. The daca were p l o t t e d  as the log of percenc uncrystal- 

U s e d  ( i . 8 . .  percmc remeinins in s o l i d  solucion) as t h e  ordinate and time 

i n  day. a# the abrcia8a. The m8f rapid grouch rate van achieved for che 

syatem containing 17.02 indowchacin (the maxi- uomt soluble in the 

mlc) vhen corplece cryrcalliracfon on che surface occurred within six 

FIGURE a - PLOT o f  LOG PERCENT INOONETHACIN IN SOLUTION 
AS A FUNCTION O f  TINE (DAYS) 

SLY,  0 ITWX. 0 1268%. A 6 .44%;  
o 3 . 2 2 ~ .  0 1.61s.  A 0.81 %. 
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CRYSTALLIZATION OF LNDOMETHACIN 36 7 

hours.  

concomitantly as the  i n d o w t h a c i n  c o n c m t r a t i o n  uaa d e c r e a u d .  

shows area growth rates approximate f i r s t - o r d e r  growth k i n e t i c s  f o l l w i n g  an 

i nduc t ion  or nuc lea t ion  per iod.  except  f o r  t h e  s o l u t i o n s  c o a t a i n i n g  6.442.  

12.88%. and 17.0% indomethacin b e c a u e  t h e i r  nuc lea t ion  and grwth rates 

were 5 0  rapid.  C r y s t a l l i z a t i m  zones were ba re ly  d e t e c t a b l e  a t  t h e  loves t  con- 

c e n t r a t i o n  (0 .8lZ).  Here, cue of the  u l t r a v i o l e t  l i g h t  waa e s p e c i a l l y  

u s e f u l .  

32 days vas d i scon t inued .  

These obse rva t io ru  showed t h e  c r y s t a l l i z a t i o n  g r a r t h  rate decreased 

Figure 3 

Observaclon of  sarples t h a t  d i d  not  completely c r y s t a l l i z e  af ter  

In a d d i t i o n ,  Figure 3 a l a o  ahcus that t h e  au r face  appeared c o q l e t e l y  

c r y s t a l l i z e d  wi th in  e i g h t  days for indo la thac in  concentracion of 6 . 4 1  or 

h ighe r .  So lu t ions  with an i n d o v t h a c i n  concen t r a t ion  of 3.2% or l w e r .  pro- 

duced s u r f a c e s  t h a t  d id  n o t  c r y s t a l l i z e  completely within t he  observat ion 

per iod.  

Apparent f i r s t - o r d e r  growth rate CONtanCS were c a l c u l a t e d  f o r  each 

of t h e  systems cuing f i r a t - o r d e r  k i n c t i c a  where Co is def ined  aa z e r o  per- 

cen t  c r y s t a l l i z e d  and Ct is def ined  aa t h e  area percent  c r y a t a l l i t a d  a t  any 

t i m e  ( t ) .  

Only t h e  l i n e a r  p o r t i o n  of  the p l o t  f o r  each ryatem was uaed for 

t h e s e  c a l c u l a t i o n s ;  t h e  induc t ion  times were ignored. Figure 4 shwa the  

appa ren t  area growth rate cons t an t  i nc reaaes  exponen t i a l ly  wi th  i n c r e a s i n g  

concen t r a t ion .  The r e s u l t i n g  p l o t  consists of t w o  linear regions with CUD 

d i s t i n c t  s lopes ,  

c o n s t a n t s  are p ropor t iona l  t o  concen t r a t ions  up to s l i g h t l y  h i g h e r  t han  

3.2% ‘ indorethacin where a change i n  s l o p e  begins t o  occur .  

w i t h  s lope  m2 shovs t h a t  sopc o t h e r  p a r a a t e r ( s )  u y  be a f f e c t i n g  

t h e  i n c r e a s e  i n  g r w t h  rate cons tan t s  f o r  i n d o u t h a c i n  concen t r a t ions  

g r e a t e r  than 6.4%.  

and a2. The l i n e  wi th  a lope  y rh-8 t h e  growth race 

l i n e  
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368 SABOE AND DMPSKl 

Several factors could cause t h i s  change i n  slope from - to 5.  One 

Indo- p o s s i b l e  factor is the degree of s u p e r s a t u r a t i o n  i n  these systems. 

r thacia concmtratiaas on the line w i t h  slope m1 f a i l e d  to  c r y a t a l l i z a  

campletcly w i t h i n  eight days.  

t h l s  point) is 1 d e n t i f i . d  in Pigut .  4 u CIS; i .8 . .  an a p p a r m t  critical 

s u p e r s a t u r a t i w  conuntration which is about  3.7% i n  t h i s  system, based on 

t he  ex t r apo lac ion  of the ma l i n u r  regloo.. 

A critical poiat (or range on e i t h e r  s i d e  o f  

Crouch Race O.p.n&ncy at T e ~ e r a t u r a  m d  a Comparison of  visual^. 
Dissolution Wchods for Determining t h e  Extent  of C r y s t a l l l z a t i o n  - The 

e f f e c t  of temperature  on the s u r f a c e  c r y s t a l  growth rate o f a s y s t e m  contain-  

i n g  6.6% indorthacin w a s  i n v e s t i g a t e d  w i n g  b o t h a  v i s u a l  a n d a  d i s s o l u e i o n  

method m t h e  JU. samples LO dotermine the  e x t e n t  of c r y s t a l l i z a t i o n .  The 

data are p l o t t e d  i n  Figure 5 as log I[ z. r e c i p r o c a l  temperature  I n  degrees  

Kelvin. The a p p a r a t  f i r s c - o  Ier grouch rate constants f o r  t h e  v i s u a l  

m t h o d  were c a l c u l a t e d  Wing the SPY procedure desc r ibed  earlier i n  t h i s  

report. The appa ren t  f i r s t - o r d a r  growth rate c o n s t a n t s  for t h e  d i s so lu -  

rim lrchod were c a l c u l a t e d  from a p l o t  of t h e  l o g  

lndouthacin d i s so lved  as t h e  o r d i n a t e  ve r sus  tin in days as t he  a b s c i s s a  

f o r  salples s t o r e d  at  each of t h e  temperatures  ind ica t ed .  The i n i t i a l  

d i s s o l u t i o n  rate for t h i s  system a t  zero percen t  c r y s t a l l i z a t i o n  was about 

5.8 x lo-' mg m 1 - l  m l n .  

was about 0.2 x 

with a similar system s t u d i e d  earlier ( 2 ) .  

of t h e  plot. f o r  each sample were used f o r  t hese  c a l c u l a t i o n s .  

-1 mi-' nin. of 

-1 
and at M appa ren t  100 pe rcen t  c r y s t a l l i z a t i o n  

mg m 1 - l  nin.- l .  Both of t hese  values compare f avorab ly  

Again, on ly  t h e  l i n e a r  porcion 

The data shau the most r ap ld  growth rate was achieved at  about 37'C 

using e i t h e r  method t o  determine the e x t e n t  of c r y s t a l l i z a t i o n .  As the 

s t o r a g e  temperature was reduced. the apparent  grouch r a t e s  were a l s o  

reduced. I t  1s i n t e r e s t i n g  t o  no te  t h a t  both p l o t s  a r e  e s s e n t i a l l y  linear 
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CRYSTILUIUTION OF -GIN 369 

I NDOMET HAC I N CONCENTRAT ION (% 1 
FIGURE 4 -  PLOT OF LOG CRYSTALLIZATION RATE CONSTANT 

AS A FUNCTION OF INDOMETHACIN CONCENTRATION 
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FIGURE 5-PLOT O f  LOG CRYSTALLIZATION RATE CONSTANT 
AS A FUNCTION OF TEMPERATURE 

K E Y :  0 VISUAL METHOD; 0 DISSOLUTION METHOD 
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CRYSTALLIZATION OF INDOHETHACLN 371 

betveen S0C and 30°C. 

crease in growth rate slows down a d  L very slow spin a t  50°C. 

la t ter  e f f e c t  is a t t r i b u t e d  t o  an increue i n  the  e q u i l i b r i u  s o l u b i l i t y  

of f i d a c t h a c i n  in this Sy8teB a# the  temperature approaches its 

point .  

As t h e  s torage  temperature approachu 37OC. the  in- 

This 

Another i n t e r e s t i n g  observa t im is that the linear port ions of the  

plocs between any  two s torage temperatures over the range of SOC t o  37 c are 

e s s e n t i a l l y  p a r a l l e l  when the tvo methods are coqared. 

v i s u a l  method is  obviously higher u evidenced by the highor app.reUK 

growth rate COU8tantS. 

methods would provide i d e n t i c a l  rate constants, but  the observation t h a t  

they are e s s e n t i a l l y  p a r a l l e l  i ad icares  that a visurl r t h o d .  when com- 

pared t o  a more d i s c r i r h t f n g  qurn t i tac ive  method such u diasolut ion,  

can provide a rank order cor re la t ion  in determining t h e  utent of 

c rys ta l l iza t ion .  

0 

The p l o t  f o r  the  

It would be highly uLllke1y that tho- Wo 

Growth Rate Dependency m a S y s t a  Cmtaining S o d i u  Chloride and 

Use of a Color Heter Uethod for Deterdning  t h e  Extent of Crvmt~llftatim - 
As indicated earlier. the  d d i t i a r  of sodiu chlor ide durina screening 

test8 was forad to h8ve a r i g r i f i c a n t  e f f e c t  w the surface crystal gravth 

rate. 

s a t u r a t i o n  concentration (CsJ u u  a d e c t e d  f o r  f u r t h e r  invest igat ion.  

The s o l u t e  concentration w u  mintairred at a constant level of 3.22% and 

the  sodium chlor ide cmuatratiao warn aloo held cmstmt at  the  8- 3.22% 

l eve l .  The e f f e c t  of teq te ra ture  om the Utmt of c r y s t a l l h a t i a m  in thb 

o y s t u  v u  determined by using a color  d i f fe rence  meter. 

A0 i n d o r t h a c i n  c m c e n t r a c i w  below the  apparent crit ical  super- 

The d a t a  are p lo t ted  in Fiwre 6 as a color  d i f fe rence  valru ( A E )  

versua t i r  in days. Figure 6 ahova t h a t  each temperature had a d i f f e r e n t  
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2! 

2c 

IS 

10 

5 

I I 1 I 1 1 

1 2 3 4 5  10 
TIME ( D A Y S )  

FIGURE 6-PLOT OF THE COLOR DIFFERENCE UNITS (A€)  

K E Y :  0 23°C; 0 30.C; 40°C; 

AS A FUNCTION OF TIME ( OAYS) 

A 45.C; 0 50°C; 0 5°C. 
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CRYSTAUIURON OF -GIN 373 

e f f e c t  on the  extent .nd rate of  c r g s t a l l i u t i m .  

perlwnul sectiaa, m e  hundred p e r u n t  c y s t d l i r a t i a  i. the  uxinr 

color  d i f fe renca  V A l r U  ( A E I  obtained when no fur ther  chmgw occur. 

data  as plo t ted  show the  m i a m  extant of c r y s t d l i t a t i o a  appesrs t o  occur 

ac 23% v h i l e  the  lust mount of c r y s t a l l i r a e i o n  occurred a t  S°C. 

storage t e g c r a t u r e  increases  t o  4 5 O c .  tha extent  of c r y s t a l l i z a t i o n  

s l o w l y  decreases and thea f a l l s  p rec ip i t iour ly  a t  500.  
l a t t e r  e f f e c t  C.IL ba a t t r i b u t e d  t o  .n increase in the e q u i l l b r i u  

s o l u b i l i t y  of indowthacin in this system as the t.g.rature approaches its 

melting point. 

Figure 7 vhere the u x i u r  color d i f f e r m c e  a f t e r  sevm day. 1. plo t ted  

versus  atorage temperature. 

A. defined in the  cx- 

The 

As che 

Again. this 

The overa l l  t e q m r a t u r e  e f f e c t  can be oeeo more c l e a r l y  in 
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SABOE AND D W S a  

The a m  data from Figure 6 are plo t ted  again In Figure 8 as log per- 

314 

cent lndowehaeln r e d n i a g  in 8 O l u t i m  versus time in days. 

plot, on0 h a d r o d  porc.ac iadowcbcin in s o l u t i o a  is defined a8 a color  

d i f fe rence  r u d i 4  of zero. and zero percent ilrdowthacio in aolut ion is de- 

f i n d  as cha u x h m  color d i f f e r a c e  reading obt8io.d after no f u r t h e r  

cbangu occurred at  t h e  atorye t..peraturo being observed. 

t e q u a t u r e  effect is b u i u l l y  the  s a n ,  but  t h i s  procedure w a s  folloved 

co aoruliro ch. rate of crymtalllzation. 

rate C00SC.llt8 ware caleulaced from the i n i t i a l  linear port ions of t h e  p l o c s  

for  e r h  of  the tcrperacuru ladlcated. The p l o t s  are e s s e n t i a l l y  the  same 

as tho.. ahom in Figure 3. even thou@ t h e  coqmaltioo of t h i s  s y s t e m  is 

di f fe ren t .  

a t  about 4o°C Using t h i s  mthod t o  determine t h e  extent of c r y s t a l l i z a t i o n .  

For this 

The o v e r a l l  

Tho apparent f i r s t  order  growth 

The data  ,bar the m s t  rapid apparent grovth r a t e  vas achieved 
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CRYSTALLIZATION OF INDOWETHACIN 
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I I 1 I I I 

3.1 3.2 3.3 3.4 3.5 3.6 
I / T  x 103 

FIGURE 9-  PLOT OF LOG CRYSTALLIZATION RATE CONSTANT 
AS A FUNCTION OF TEMPERATURE 
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3 76 SABOE AND DEMPSKI 

The t o t a l  t e m p e r a t u r e  e f f e c t  c a n  be seen more c l e a r l y  i n  F i g u r e  9 where 

l o g  K is p l o t t e d v e r s u s  r e c i p r o c a l  t e m p e r a t u r e  i n  d e g r e e s  Kelv in .  P s  t h e  

s t o r a g e  t e m p e r a t u r e  I n c r e a s e s ,  t h e  i n c r e a s e  i n  t h e  growth  r a t e  slws down 

u n t i l  a maximum rate Is a c h i e v e d  a t  a b o u t  4OoC. A t  45OC. t h e  ra te  t a p e r s  

o f f  and Is v e r y  slow a g a i n  a t  50°C. 

t o  a n  I n c r e a s e  i n  t h e  e q u i l i b r i u m  s o l u b i l i t y  of indomethac in  a s  t h e  tempera-  

t u r e  of t h i s  s y s t e m  a p p r o a c h e s  I t s  m e l t i n g  p o i n t .  

Thls l a t t e r  e f f e c t  is a g a i n  a t t r i b u c e d  
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