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ABSTRACT 

D i f f e r e n t i a l  thermal ana lys i s  (DTA) has been used t o  study 

the p r o p e r t i e s  o f  seven drug-polyethylene g l yco l  6000 sol  i d  
dispersions imnediat ley a f t e r  p repara t i on  by r a p i d  cool ing.  PEG 
6000 d isp layed a me l t i ng  p o i n t  o f  64°C b u t  other,  second o rde r  
t r a n s i t i o n s  occurred a t  29 t o  40°C and a t  - -5OOC. Mel ts  o f  
chloramphenicol , gluteth imide,  g r i s e o f u l v i n ,  indomethacin and 
paracetamol so l  i d i f e d  t o  glasses, b u t  phenaceti  n and phenyl- 

butazone r e c r y s t a l  1 i sed. By examining the  d ispers ions a t  var ious 
drug:PEG 6000 r a t i o s ,  ranges were est imated which corresponded t o  

PEG r e c r y s t a l l i s a t i o n ,  PEG fus ion,  drug r e c r y s t a l l i s a t i o n  and drug 

fusion. It was p red ic ted  t h a t  systems which d isp layed PEG m e l t i n g  
endotherms a t  drug contents o f  0 t o  > 70% drug and drug m e l t i n g  
endotherms a t  contents i n  excess o f  50% drug, made unsu i tab le  

sol  i d  dispersions because increases i n  d i s s o l u t i o n  r a t e  occurred 
over a l i m i t e d  range o f  low drug content. Graphs o f  rec ip roca l  
g lass t r a n s i t i o n  temperatures (Tg) and d i spe rs ion  con ten t  
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1742 FORD 

i n d i c a t e d  a t r a n s i t i o n  temperature f o r  PEG 6000 a t  -71OC. Using 

t h i s  value and t h e  observed Tg values o f  the  drugs, es t imates  o f  

Tg values were compared w i t h  observed values th roughout  t h e  
drug:PEG 6000 phase diagrams. Systems where the  observed Tg 
values were h i g h e r  than c a l c u l a t e d  Tg values (paracetamol o r  

chloramphenicol 1 were 1 ess prone t o  age-mediated d i s s o l u t i o n  

changes than those systems where t h e  c a l c u l a t e d  Tg values exceeded 
the  observed values ( g l u t e t h i m i d e ,  g r i s e o f u l v i n  o r  indomethacin).  

INTRODUCTION 

The use o f  wa te r -so lub le  c a r r i e r s  i n  enhancing t h e  

d i s s o l u t i o n  r a t e s  o f  p o o r l y  water -so lub le  drugs by s o l i d  
d i  spers i  on techno1 ogy i s  we1 1 recognized. The mechanisms o f  
t r a n s p o r t  have been reviewed's' and drug entrapment by the  c a r r i e r  

should be i n  as near t o  t h e  molecu la r  s t a t e  as p o s s i b l e  t o  p r o v i d e  
r a p i d  d i  sso l  u t i  on r a t e s .  The c a r r i e r  mol ecu l  a r  s i z e  shoul d 

t h e r e f o r e  be cons iderab ly  g r e a t e r  than t h a t  o f  t h e  drug3 and 
consequently polymers such as po lye thy lene  g l y c o l  (PEG) o r  

p o l y v i n y l  p y r r o l  i done a r e  commonly used. PEG (mol ecu l  a r  wei g h t  
1000-20,000) favours  t h e  fo rma t ion  o f  i n t e r s t i t i a l  s o l i d  s o l u t i o n s  

w i t h  drugs and t h e i r  v iscous p r o p e r t i e s  a t  temperatures j u s t  above 
t h e i r  f r e e z i n g  poi n t s  r e t a r d  c r y s t a l  1 i s a t i  on and favour  

supercool i ng . 
A t y p i c a l  paper, d e t a i l i n g  a s o l i d  d i spe rs ion ,  g ives  

i n fo rma t ion  on t h e  phase diagram, cons t ruc ted  from d i f f e r e n t i a l  
thermal a n a l y t i c a l  data, on the  i n f l u e n c e  o f  c a r r i e r  on drug 

sol  u b i  1 i ty and on d i  ssol u t i o n  ra tes .  Exampl es i n c l  ude s t u d i e s  on 
i ndomethaci n-PEG 60004 phenacet i  n-PEG 60005 and paracetamol -PEG 

20,0006. These s t u d i e s  a re  o f t e n  supplemented by a n a l y t i c a l  

techniques such as X-ray d i f f r a c t i o n 7  o r  d i f f u s e  r e f l e c t a n c e  I R  

spectroscopy8. Usual l y  these s t u d i e s  are  completed on d i  s p e r s i  ons 
which have been premature ly  aged o r  devi  t r i f i e d 7  and consequent ly 

3 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



THERMAL ANALYSIS IN THE STUDY OF SOLID DISPERSIONS 1743 

i nformat i  on on d rug -ca r r i e r  i n t e r a c t i o n s  o r  c r y s t a l  1 i s a t i o n  
c h a r a c t e r i s t i c s  i s  l o s t .  Dubois and Ford' r e c e n t l y  repo r ted  gross 
s i m i l a r i t i e s  i n  the re lease o f  t en  drugs s o l i d  dispersed i n  PEG 

6000 and subsequently exami nedl0 the  age-i nduced d i s s o l u t i o n  
changes i n  e i g h t  o f  these systems. This  paper examines the  

thermal ana lys i s  o f  several o f  these drug-PEG 6000 d ispers ions i n  
an attempt t o  i d e n t i f y  t he  importance o f  c r y s t a l l i s a t i o n  
temperatures (Tc),  me1 t i n g  temperature (Tm) and glass t r a n s i t i o n  
temperatures (Tg) as i n d i c a t o r s  o f  the d i s s o l u t i o n  performance and 
p o t e n t i a l  ageing problems o f  these systems. Since PEG i s  a h i g h l y  

c r y s t a l 1  i n e  p o l y m e r l l  d i f f e r e n t i a l  thermal ana lys i s  (DTA) was 
completed on d ispers ions f r e s h l y  prepared by the m e l t  method and 
r a p i d l y  cooled. 

MATERIALS AND METHODS 

Seven drugs ( a l l  BP grade except phenylbutazone, Sigma 

Chemicals, U . S . A . )  were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  PEG 

6000 (B.D.H., U.K.) was the same batch as p rev ious l y  used 8-10 . 

Sol i d  D i  sPersi on PreDarati  on 
Drug-PEG blends were prepared by t r i t u r a t i o n .  Samples 

( 10-25 mg) were accurate ly  weighed i n t o  a1 umi nium sample pans and 
fused f o r  20 secs on a R e i c h e r t - K o f f l e r  h o t  stage microscope 

stage. f u s i o n  temperatures are given i n  t a b l e  1. Immediately 

a f t e r  f us ion  the samples were c h i l l e d  r a p i d l y  on a s t a i n l e s s  s t e e l  
p l a t e  a t  4°C f o r  15 secs. 

D i f f e r e n t i a l  Thermal Analysis 
~~ 

A f t e r  c h i l l i n g ,  samples were t r a n s f e r r e d  f o r  ana lys i s  t o  a 

Stanton Redcrof t  Model 671 D i  f f e r e n t i  a1 Thermal Analyzer whose 
head had been cooled t o  4°C. L i q u i d  n i t r o g e n  purged t h e  apparatus 

t o  -120°C and the samples analysed a t  a hea t ing  r a t e  o f  
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TABLE 1 

Derived me l t i ng  p o i n t s  (Tm) and f u s i o n  temperatures used t o  
prepare sol  i d d i  spers i  ons 

Chl orampheni co l  152 160 
G1 u te th im i  de 88 120 
G r i  seoful  v i  n 222 2 30 
Indomethaci n 158 180 
Paracetamol 169 180 

Drug Tm ("C) Fusion temp ("C) 

Phenaceti n 
P h e ny 1 b u t  a zo ne 

138 
107 

160 
120 

10°C min". Where c r y s t a l l i s a t i o n  had occurred p r i o r  t o  hea t ing  

(as evidenced by a fus ion  endotherm corresponding t o  PEG b u t  w i t h  

no p r i o r  c r y s t a l  1 i s a t i o n  exotherm) samples were analysed by 
t r a n s f e r r i n g ,  immediately f o l l o w i n g  c h i l l i n g  a t  4"C, t o  the  
analyser head which had been precooled t o  -120°C and hea t ing  a t  
10°C min'l. The former method was the one o f  choice s ince the  

l a t t e r  a l lowed ingress o f  water vapour which condensed t o  i c e  and 
made i n t e r p r e t a t i o n  o f  DTA t races i n  the  range -10°C t o  +30"C 
d i f f i c u l t .  (Figures showing DTA t races have base l i n e  changes due 
t o  moisture, the a r t e f a c t s  are l a b e l l e d  by ' A ' . )  However the  
r a p i d  cool i ng method was necess i ta ted f o r  d ispers ions w i t h  h i g h  

PEG content. This method d i d  not, however, prevent  t he  
spontaneous c r y s t a l  1 i s a t i o n  o f  a1 1 d ispers ions con ta i  n i  ng 10% 
drug. Where mentioned i n  the  t e x t  some d ispers ions were a l so  
examined a t  a heat ing r a t e  o f  5°C min'l. M e l t i n g  and 
c r y s t a l  1 i s a t i o n  temperatures were taken as peak temperatures; 
g l  ass t r a n s i t i o n  temperatures as the  midpoint  i n  t h e  endothermic 
stepl2.  

Addi ti onal l y  the unt reated drugs were examined t o  asce r ta i  n 
t h e i r  T, values and re-examined f o l l o w i n g  f u s i o n  as t a b l e  1 and 
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THERMAL ANALYSIS IN THE STUDY OF SOLID DISPERSIONS 1745 

c h i l l i n g ,  by heat ing a t  10°C m in - l .  PEG 6000 was s i m i l a r l y  

s tud ied f o l l o w i n g  30 secs fus ion  a t  75, 115 o r  140°C. 

Hot Stage Microscopy (HSM) 

Co l l abo ra t i on  o f  t he  DTA t races was made by examining t h e  
var ious drug-PEG systems us ing a Re iche r t -Ko f f l e r  h o t  stage 

m i  croscope. 

RESULTS AND DISCUSSION 

Drugs and PEG 6000 

Each o f  t he  drugs analysed p r i o r  t o  t reatment d isp layed o n l y  
one endotherm g i v i n g  the m e l t i n g  po in ts  s t a t e d  i n  t a b l e  1. No 
polymorphic modi f i c a t i  ons were apparent a t  h e a t i  ng r a t e s  o f  e i  t h e r  
IOOC o r  5 " ~  min-1. 

Untreated PEG 6000 gave a weak endothermic change i n  base l i ne  
a t  - -50°C and another endothermic basel ine change a t  29 t o  40"C, 
before f u s i o n  a t  63 t o  64°C. The t r a c e  was i d e n t i c a l  when 
obtained a t  5°C o r  10°C min" ( f i g u r e  1) .  T r a n s i t i o n  temperatures 

below the T, have been repo r ted  f o r  PEG i n  the  ranges -83 t o  -33°C 

and -10 t o  +40"C, corresponding t o  a glass t r a n s i t i o n  (Tg) and t o  
r o t a t i o n a l  o r  o s c i l l a t o r y  movements o f  t he  molecules i n  

c r y s t a l l i n e  regions about t h e i r  h e l i c a l  axis13. Indeed, Lange - e t  
a l l 3  demonstrated two Tg values a t  -83 t o  -73°C and above -40°C 
designated as Tg(L) and Tg(u) respec t i ve l y  a r i s i n g  from amorphous 
phases f r e e  from r e s t r a i n t s  and under r e s t r a i n t  by c r y s t a l l i t e s .  

The second order  t r a n s i t i o n  a t  - -50°C may the re fo re  represent a 
T g  value. However the t r a n s i t i o n  a t  29" t o  40°C may represent  a 
T, t r a n s i t i o n  o r  an i n i t i a l  stage i n  m e l t i n g  o f  PEG which takes 
place over a 30°C range and may c o n s i s t  o f  t h ree  m e l t i n g  
endotherms13. The lowest  m e l t i n g  peak (T i s  genera l l y  
i n t e r p r e t e d  as a m e l t i n g  o f  a c r y s t a l l i n e  f r a c t i o n  formed by l e s s  
s tereo-regular  f r a c t i o n s  which had been r e j e c t e d  du r ing  pr imary 
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\ 
I 

I 1 1 1 
100 50 0 - 50 

Temperature ("C) 

FIGURE 1 
DTA Scans o f  PEG 6000 

A. Untreated, 10" min-' 
B. 30 sec a t  140°C, 10" min-' 
C. 30 sec a t  115"C, 5" min- '  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



THERMAL ANALYSIS IN THE STUDY OF SOLID DISPERSIONS 1747 

c r y s t a l l i s a t i o n  and formed d e f e c t  c r y s t a l s  e x h i b i t i n g  a l ower  

me1 t i n g  temperature. I n  t h i s  paper t h i s  endothermic change i s  
descr ibed as a T, t r a n s i t i o n .  The f i n a l  m e l t i n g  p o i n t  o f  t h e  

polymer (64°C) probably corresponds t o  the  t h i r d  me1 t i n g  endotherm 
(TmITI) corresponding t o  f u s i o n  o f  f o l d e d  cha in  c r y s t a l s 1 3 .  The 
me1 ti ng p o i n t  f o r  t h e  p e r f e c t l y  c r y s t a l  1 i n e  polymer w i t h  f u l  l y  

l i n e a r  (non- fo lded cha ins)  has been es t ima ted  t o  be 75 2 3"C14 b u t  
a t  a mo lecu la r  weight o f  6000, PEG c y s t a l l i s e s  as f o l d e d  polymer 

chains15 r e s u l t i n g  i n  t h e  lower  f i n a l  m e l t i n g  p o i n t .  

Fusion o f  PEG 6000 a l t e r e d  the  appearance o f  t h e  DTA scan 

a l though d i f f e rences  caused by the  v a r i a t i o n  i n  t h e  f u s i o n  
temperature were negl i g i  b l  e. The second o rde r  t r a n s i t i o n  i n  t h e  

range -50 t o  -28°C apparent ly  i nc reased  i n  s t r e n g t h  ( f i g u r e  1 ) .  

Th i s  i nc rease  i n  Tg(") i m p l i e s  t h a t  f u s i o n  reduced t h e  
c r y s t a l l i n i t y  o f  t he  polymer13, t h e  r a p i d  c r y s t a l l i s a t i o n  o f  t h e  

sample a t  4°C probably 1 eaving r e s i d u a l ,  amorphous non-c rys ta l1  i ne 

PEG. The me1 t i n g  endotherm o f  t h e  sample peaked a t  64"C, a1 though 
a broadening o f  the  me1 ti ng range occur red  making t h e  demarcat ion 

of t he  T, t r a n s i t i o n  impossible.  However a t  t h e  s lower  h e a t i n g  
r a t e  o f  5°C m i n - l  a second endothermic peak a t  57°C was a l s o  

apparent ( f i g u r e  1). Th is  corresponds t o  t h e  T, t r a n s i t i o n .  

Although t h e  T, and T, t r a n s i t i o n s  were shownl' io correspond 
t o  me1 t i n g  o f  t he  f u l l y  extended-chain c r y s t a l  and f o l  ded-chain 
c r y s t a l  r e s p e c t i v e l y  the  oppos i te  i n t e r p r e t a t i o n  has a1 so been 
c i  ted15. Nonetheless a h e a t i n g  r a t e  o f  5°C m i  n - l  d i s t i n g u i s h e d  

two separate PEG 6000 m e l t i n g  endotherms, o n l y  i n  t h e  r e c e n t l y  
fused samples. No e q u i v a l e n t  double m e l t i n g  was found i n  any o f  
the  so l  i d-d ispers ion  samples when scanned a t  5°C m in - l .  

I 1  I11 

Chloramphenicol-PEG 6000 Dispers ions  
Glassy chloramphenicol d i sp layed  Tg, Tc and T, va lues  

r e s p e c t i v e l y  a t  28, 76 and 152°C ( f i g u r e  2) .  HSM showed t h a t  

c h l  orampheni c o l  r e c r y s t a l  1 i sed t o  broad p l  ates.  Me1 t s  c o n t a i n i n g  
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I 
150 

I I i 1 
100 50 0 -50 

Temperature ( " C )  

F IGURE 2 
DTA Scans o f  Chloramphenicol -PEG 6000 

( %  = % drug, a l l  10" min") 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



THERMAL A N A L Y S I S  I N  T H E  STUDY OF S O L I D  D I S P E R S I O N S  1749 

60-90% c h l  oramphenicol so l  i d i  f i e d  t o  g l  asses which had we1 1 - 
def ined Tg values, b u t  no o the r  t r a n s i t i o n s .  Me l t s  con ta in ing  G 
50 ch l  oramphenicol d i  spl  ayed endotherms corresponding t o  t h e  
so l i dus  l i n e  o f  a phase diagram (equ iva len t  t o  PEG o r  e u t e c t i c  

component f u s i  on) b u t  were a t  1 eas t  p a r t i  a1 l y  c r y s t a l  1 i ne be fo re  
analys is .  Indeed samples con ta in ing  20 t o  50% chloramphenicol 

d i  sp l  ayed small exotherms before the me1 ti ng endotherm. Samples 
con ta i  n i  ng 10-30% c h l  orampheni c o l  d isp layed some evidence o f  a 

Tg(U) value i n  the range -30 t o  -10°C. 
Rapid c o o l i n g  t o  -120°C enabled Tg determinat ion i n  samples 

conta in ing 20-60% chloramphenicol ( f i g u r e  2) .  C rys ta l1  i s a t i o n  

exotherms and PEG fus ion  endotherms were a l s o  apparent. The 

temperature d i f f e rences  between Tg and Tc values became l e s s  as 
t he  PEG content  increased ( f i g u r e  3). Thus f o r  me l t s  c o n t a i n i n g  

50, 40 and 20% chloramphenicol these d i f f e rences  were 53, 32 and 
14°C respec t i ve l y .  A heat ing r a t e  o f  5°C min'l l i t t l e  a l t e r e d  t h e  

DTA scans. 

The phase diagram ( f i g u r e  3) provided no evidence o f  t he  

e u t e c t i c  composition. The 1 ack o f  a me1 ti ng curve correspondi ng 
t o  chloramphenicol i n d i c a t e d  t h a t  PEG 6000 success fu l l y  prevented 

c r y s t a l l i s a t i o n  o f  the drug, and the l a c k  o f  a Tm (PEG) curve a t  
composit ions > 50% chloramphenicol i n d i c a t e d  t h a t  t he  drug 

retarded PEG c r y s t a l l i s a t i o n .  Indeed i n  preparat ions examined 
m ic roscop ica l l y  no drug c r y s t a l l i  t e s  were apparent a t  any 

composition. 

G1 utethimide-PEG 6000 

Glassy g l  u teth imide d isp layed on ly  one t r a n s i t i o n  

corresponding t o  a Tg o f  0°C ( f i g u r e  4 ) .  Tg values were obta ined 
i n  samples cooled t o  4°C and con ta in ing  50 t o  90% gluteth imide.  

The presence o f  r e c r y s t a l  1 i s a t i  on exotherms i n  the range 50-80% 
g l  u te th im i  de and fus ion  endotherms corresponding t o  T, (PEG) i n  
the range 10-80% g l  u te th im i  de imp1 i es a f a i  1 ure o f  g l  u t e t h i m i  de t o  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1750 

160, 

120 

80 

FORD 

.I. 

- 

- 
u 
0 
v 

aJ 
c, f 4c 

; 
m L aJ 

k 

0 

-40 

- 80 I 

Composition ( %  Chloramphenicol ) 
50 100 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



THERMAL A N A L Y S I S  I N  T H E  STUDY OF S O L I D  D I S P E R S I O N S  1751 

r e t a r d  the  c r y s t a l l i s a t i o n  o f  PEG. Endothermic base l i ne  d r i f t s  a t  
- -25°C occurred i n  melts con ta in ing  < 40% g lu te th im ide  and were 

a t t r i  bu 
P r  

samples 
samples 
5°C min 

ed ' to  Tg(u) t r a n s i t i o n s .  

o r  c o o l i n g  t o  -120°C al lowed determinat ion o f  Tg values i n  
con ta in ing  30-90% g lu te th im ide  and Tc (PEG) values i n  

con ta in ing  30-70% drug ( f i g u r e s  4,5). A hea t ing  r a t e  o f  
l i t t l e  changed the  DTA t races. The phase diagram 

( f i g u r e  5 )  showed no eu tec t i c .  However, Ford16 has shown t h a t  t h e  
e u t e c t i c  contained 32% g l  u t e t h i m i  de and t h a t  PEG 6000 genera l l y  
showed a double me l t i ng  endotherm across the  phase diagram. 

However the sample was 24 hours o l d  compared w i t h  t h e  f r e s h l y -  
prepared samples i n  t h i s  study. This conf i rms the  importance o f  
t he  age o f  PEG samples i n  DTA i n t e r p r e t a t i ~ n l ~  and shows t h a t  

ageing/annealing may produce two c r y s t a l  forms o f  PEG 6000. 

G r i  seoful  v i  n-PEG 6000 
G1 assy g r i  seoful  v i n  showed DTA t r a n s i t i o n s  corresponding t o  a 

Tg a t  89"C, a Tc a t  149°C and a T, a t  222°C a t  a hea t ing  r a t e  o f  
10°C min'l. Tg values were observed i n  mel ts  con ta in ing  40-100% 
g r i s e o f u l v i n  when cooled t o  4°C. A d d i t i o n a l l y  c r y s t a l l i s a t i o n  o f  

g r i s e o f u l v i n  was apparent w i t h  a Tc o f  97-115°C i n  me l t s  

FIGURE 3 

Phase Diagram o f  Chloramphenicol -PEG 6000 
KEY 

0 :  PEG f u s i o n  endotherm 
o : PEG r e c r y s t a l l i s a t i o n  exotherm 

rn : Drug f u s i o n  endotherm 
o : Drug r e c r y s t a l  1 i s a t i o n  exotherm 

A : T values 
Broken l i n e :  p r e d i c t e d  T values 

9 

g 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1752 FORD 

100% 

g(U) 
T /JL \ 10% 

Rapidly 
' cooled T 

t o  120°C- 

coole RapidF- 
t o  120°C 

I 
100 

I I I I 
50 0 -50 -100 

Temperature ("C) 

FIGURE 4 
DTA Scans o f  Glutethimide-PEG 6000 

( %  = % drug, all 10" min") 
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8o t 

0 /- . 
I 

Composition ( %  Glutethimide)  
50 1 

FIGURE 5 
Phase Diagram o f  Glutethimide-PEG 6000 

(Key: As Figure 3 )  
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1754 FORD 

c o n t a i n i n g  40 t o  90% drug. F u r t h e r  r e c r y s t a l l  i s a t i o n ,  evidenced 
by a second exotherm, appeared a t  172-183°C be fo re  t h e  T, (d rug )  
was ob ta ined ( f i g u r e s  6,7). HSM s t u d i e s  revea led  t h a t  a t  t h e  
l ower  r e c r y s t a l  1 i s a t i o n  temperature smal l  c r y s t a l  r o s e t t e s  formed 

a t  nuc lea t i on  s i t e s  and g r a d u a l l y  formed small needles and 
p l a t e s .  A t  temperatures i n  excess o f  - 120°C slow complete 
t r a n s f o r m a t i  on t o  broad p l a t e s  and need1 es occur red  i n d i c a t i n g  
polymorphic conversion. DTA scans revea led  t h a t  PEG 

r e c r y s t a l  1 i s a t i  on occur red  i n  me1 t s  c o n t a i  n i  ng 40-608 drug, p r i  o r  

t o  drug r e c r y s t a l  1 i sa t ion .  Me1 t s  c o n t a i  n i  ng < 40% g r i  seo fu l  v i  n 
had a t  1 eas t  p a r t i  a1 l y  r e c r y s t a l  1 i sed be fo re  a n a l y s i  s and me1 t s  
c o n t a i  n i  ng < 50% g r i  seof u l  v i  n showed endotherms e q u i v a l e n t  t o  PEG 

fus ion .  
Rapid c o o l i n g  t o  -120°C a l l owed  de te rm ina t ion  o f  Tg va lues  i n  

the  range 20-90% g r i  seo fu l  v i  n ( f i g u r e  7 1. PEG r e c r y s t a l  1 i s a t i  on 
occur red  i n  m e l t s  i n  t h e  range 20-60% g r i s e o f u l v i n .  A h e a t i n g  
r a t e  o f  5°C rnin'l l i t t l e  a l t e r e d  t h e  DTA t races .  

The phase diagram ( f i g u r e  7)  i n d i c a t e s  t h a t  PEG p o o r l y  

prevented the  r e c r y s t a l  1 i s a t i  on of g r i  seo fu l  v i  n. However, t h e  

drug re ta rded  PEG c r y s t a l 1  i s a t i o n  s ince  no PEG endotherms were 
apparent a t  drug concen t ra t i ons  i n  excess o f  60%. Chiou' used X- 

r a y  d i f f r a c t i o n  t o  analyse gr iseo fu lv in -PEG 6000 d i spe rs ions  and 
repo r ted  t h a t  DTA o f  t h i s  system indeed d i sp layed  an exothermic 
t r a n s i t i o n  peak below t h e  m e l t i n g  p o i n t .  

Indomethaci n-PEG 6000 

The DSC c h a r a c t e r i s t i c s  o f  t h i s  system have been 
establ ished18 showing a phase diagram w i t h  a e u t e c t i c  c o n t a i n i n g  
13% indomethaci n w i t h  evidence o f  a so l  i d  so l  u t i  on o f  i ndomethaci n 
i n  PEG 6000. No T values were r e p o r t e d  a l though t h e  system was 
g lassy  a t  h i g h  drug l e v e l s .  DTA revea led  t h a t  a Tg f o r  
i ndomethacin e x i s t e d  a t  41°C a1 though no subsequent t r a n s i t i o n s  
were apparent. A t  10°C min" h e a r i n g  r a t e  Tg va lues  were ob ta ined  
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FIGURE 7 

Phase Diagram o f  Griseofulvin-PEG 6000 

(Key: As Figure 3) 
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THERMAL ANALYSIS IN THE STUDY OF SOLID DISPERSIONS 1757 

i n the range 40-100% i ndomethaci n . Some PEG r e c r y s t a l  1 i s a t i  on 
occurred i n  me1 t s  50-60% indomethaci n and PEG f u s i o n  endotherms 
occurred i n  melts con ta in ing  G 60% indomethacin. Mel ts  o f  
composit ion 40% indomethacin had r e c r y s t a l l i s e d .  Fo l l ow ing  
r a p i d  c o o l i n g  t o  -120"C, Tg values were determined i n  mel ts  (2 20% 
indomethacin) ( f i g u r e s  8,9). T r a n s i t i o n s  (Ta) were apparent i n  
melts con ta in ing  0-30% and cooled t o  4°C. PEG appeared t o  i n h i b i t  

indomethacin r e c r y s t a l  l i s a t i o n .  
Heat ing a t  5°C rnin'' produced d i f f e r e n t  DTA scan 

c h a r a c t e r i s t i c s .  For glassy indomethacin a Tg value a t  43°C was 
fo l lowed by r e c r y s t a l l i s a t i o n  a t  135°C and by two m e l t i n g  

endotherms a t  152 and 156°C. Indomethacin r e c r y s t a l  1 i s a t i o n  and 
fus ion  were apparent i n  melts con ta in ing  60-90% drug b u t  on l y  one 
fus ion  endotherm was noted. Glass t r a n s i t i o n s  occurred i n  me1 t s  
con ta in ing  2 30% indomethacin and Tm (PEG) values i n  mel ts  
con ta in ing  G 70% drug. 

Paracetamol -PEG 6000 
Glassy paracetamol d isp layed Tg, Tc and Tm values a t  24, 74 

and 171°C respec t i ve l y  ( f i g u r e  10). Tg values were apparent i n  

me1 t s  con ta in ing  2 40% paracetamol . Some PEG r e c r y s t a l  1 i s a t i o n  
occurred i n  the range 30 t o  60% paracetamol, a l though me l t s  
con ta in ing  G 40% paracetamol had a t  l e a s t  p a r t i  a1 l y  c r y s t a l  1 i sed 
before analys is .  PEG fusion endotherms occurred i n  the range 0 t o  
60% paracetamol . Exotherms corresponding t o  Tc ( paracetamol) and 
T, (paracetamol) endotherms were present i n  mel ts  con ta in ing  2 60% 
paracetamol . Second order  t r a n s i t i o n s ,  corresponding t o  Tg("), 
were apparent i n  r e c r y s t a l l i s e d  melts con ta in ing  10-30% drug a t  - 
-15°C. Rapid c o o l i n g  t o  -120°C al lowed Tg determinat ion i n  mel ts  
con ta in ing  2 20% paracetamol . 

A t  a heat ing r a t e  of 5°C min" paracetamol d isp layed Tg, T, 
and Tm values a t  26, 62 and 169°C. Mel ts  con ta in ing  2 50% 
paracetamol d i  spl  ayed exotherms correspondi ng t o  paracetamol 
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FIGURE 8 

DTA Scans of Indomethacin-PEG 6000 
( X  = % drug, a l l  10" min-' except 
where s t a t e d . )  
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FIGURE 9 
Phase Diagram o f  Indomethacin-PEG 6000 

(Key: As Figure 3 )  
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FIGURE 10 

( %  = % drug; all 10"  min-l) 
DTA Scans o f  Paracetamol-PEG 6000 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



THERMAL ANALYSIS IN THE STUDY OF SOLID DISPERSIONS 1761 

r e c r y s t a l l i s a t i o n .  Tc values a t  t h i s  hea t ing  r a t e  were 10-15°C 
lower than a t  10°C min'l. 

The phase diagram (f l 'gure 11) i n d i c a t e d  an i n t e r s e c t i o n  o f  
the Tm (paracetamol) curve and Tc (paracetamol) curve a t  - 50% 
paracetamol. S i m i l a r l y  the Tg curve and the  Tc (PEG) curve 
i n te rsec ted  a t  about 15% paracetamol . The i n h i b i t i o n  o f  

c r y s t a l  1 i s a t i o n  o f  paracetamol by PEG was the re fo re  n o t  as g rea t  
as displayed by indomethacin o r  g lu teth imide.  

Phenaceti n-PEG 6000 

Phenacetin d i d  n o t  congeal t o  a glassy s o l i d  and t h e r e f o r e  no 
Tg or  Tc values were obtained. None o f  the phenacetin-PEG 6000 
mel ts  d isp layed a glass t r a n s i t i o n  ( f i g u r e  12). Endotherms i n  

me1 t s  conta i  n i  ng 0-90% phenacetin corresponding t o  PEG f u s i o n  and 
i n me1 t s  con ta i  n i  ng 20-100% phenaceti  n corresponding t o  drug 
fus ion  were observed. Ex t rapo la t i on  o f  the l i q u i d u s  l i n e  t o  the  

PEG (Tm) l i n e  ( f i g u r e  13) gave an est imate of e u t e c t i c  composit ion 
o f  - 8% phenacetin, compared t o  a l i t e r a t u r e  value o f  5%5. Mel ts  

conta i  n i  ng up t o  30% phenaceti n d i  splayed m i  nor endothermic d r i f t s  
a t  - 35°C and a t  -40 t o  -20°C ( f i g u r e  12). 

corresponded t o  T, and Tg(U) t r a n s i t i o n s  respect  

Phenyl butazone-PEG 6000 

A1 though phenyl butazone d i  d n o t  d i  sp 
i nco rpo ra t i on  o f  PEG 6000 produced we l l  def ined 

These probably 

ve ly .  

ay a Tg, t h e  
glass t r a n s i t i o n s  

f o r  me1 t s  con ta i  n i  ng 30-90% phenyl butazone and r a p i d l y  cooled t o  

-120°C: therefore,  the DTA scans showed considerable i n t e r f e r e n c e  
due t o  moisture making determinat ion of Tg(u) and T, values 

impossi b l  e. Since phenyl butazone-PEG 6000 r a p i  d l y  c r y s t a l  1 i sed t o  

a very hard s o l i d 8  t h i s  system was n o t  examined i n  mel ts  cooled t o  
4°C. Strong r e c r y s t a l  1 i s a t i o n  exotherms were a l so  apparent i n  t h e  
30-90% phenyl butazone range, corresponding t o  PEG c r y s t a l  1 i sa t ion ,  

t h e i r  peak temperatures reducing as the PEG content  increased 
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FIGURE 1 1  
Phase Diagram o f  Paracetamol-PEG 6000 

(Key: as F igure 3 )  
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150 100 50 0 -50 
Temperature ('C) 

FIGURE 12 

DTA Scans o f  Phenacet in-PEG 6000 
( %  = % drug,  a l l  10" rnin- ' )  
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FIGURE 13 

Phase Diagram o f  Phenacetin-PEG 6000 

0 

(Key: As F igure 3 )  

( f i g u r e s  14,151 . Addi ti o n a l l  y , exotherms a t  around 40°C, i n  t h e  
range 20-80% drug, probably corresponded t o  phenyl butazone 
r e c r y s t a l  1 i sat ion.  However, me1 t s  con ta i  n i  ng Q 60% phenyl butazone 
had a t  l e a s t  p a r t i a l l y  c r y s t a l l i s e d  before analys is ,  despi te  the  
low coo l i ng  temperature. PEG endotherms were apparent i n  me1 t s  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



THERMAL ANALYSIS IN THE STUDY OF SOLID DISPERSIONS 1765 

con ta in ing  0 t o  90% PEG 6000. Phenylbutazone, p rev ious l y  fused, 
d i  spl ayed endotherms o f  approximately equal he ight ,  w i t h  peak 

temperatures of 98 and 108°C. A r e c r y s t a l l  i s a t i o n  exotherm was 
n o t  apparent between the  two peaks ( f i g u r e  14). For me l t s  

con ta in ing  10 and 20% PEG 6000 the peak heights  were again 
approximately equal, b u t  w i t h  30% PEG present  the  second peak was 
considerably smal ler  and had vanished i n  the presence o f  40% 
PEG. Mel ts  con ta in ing  G 40% phenylbutazone d i d  n o t  d i sp lay  an 

endotherm equi Val en t  t o  drug me1 ti ng. HSM s tud ies i n d i c a t e d  t h a t  
needle c r y s t a l s  formed a t  temperatures i n  excess o f  PEG f u s i o n  and 
tha t ,  on me1 t i ng ,  they transformed t o  p l a t e  c r y s t a l s .  Hoelgaard 
and Mol l  erl' found t h a t  me1 ti ng endotherms due t o  phenyl butazone 
were n o t  apparent on DSC ana lys i s  o f  phenylbutazone-PEG 6000 mel ts  

i n  the range 30-50% phenyl butazone. 
A t  a heat ing r a t e  o f  5°C m1n-l s i m i l a r  values o f  Tg and Tm 

(PEG) were obtained. The Tc (PEG) values were some 6-8°C lower 
than those obtained a t  10°C min'l. Major d i f f e rences  occurred 
around the phenyl butazone fus ion  complex ( f i g u r e  14). The value 
o f  the i n i t i a l  endotherm was - 8°C lower and fo l l owed  by an 
exotherm obviously corresponding t o  r e c r y s t a l  1 i s a t i o n  before t h e  
second f u s i o n  endotherm. I n  me1 t s  con ta in ing  50% phenylbutazone 
t h e  h igher  me1 ti ng endotherm was small b u t  as the phenyl butazone 

content  increased, t h i  s endotherm became 1 arger than the 1 ower 
m e l t i n g  p o i n t  peak. Obviously the  f a s t e r  hea t ing  r a t e  d i d  n o t  
a l low nuc lea t i on  and conversion t o  the h ighe r  m e l t i n g  form. 

Previous s tud ies have demonstrated t h a t  a e u t e c t i c  e x i s t s  
conta in ing 28% phenyl butazone19 and t h a t  the system i s  h i g h l y  
c r y s t a l l i n e 8 .  S i m i l a r  repo r t s  o u t l i n g  polymorphic conversion by 

d i f f e r e n t  hea t ing  rates2' and fus ion21 have been pub1 ished. 

General D i  scussi  on 
The phase diagrams were, whenever poss ib le ,  const ructed from 

samples which were n o t  c r y s t a l l i n e  before analys is .  Thus a t  low 
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1 1 I 1 I 1 

150 100 50 0 -50 -100 
Temperature ("C) 

FIGURE 14A 
DTA Scans of Phenyl butzone-PEG 6000 
( %  = % drug; a l l  10" min-' and r a p i d l y  
cooled t o  -120°C) 
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V I fFr 
I 

1767 

I I I I I 1 
150 100 50 0 -50 -100 

Temperature ("C) 

FIGURE 148 
DTA Scans o f  Phenylbutazone-PEG 6000 

( %  = % drug; a l l  5"  rnin-l  and r a p i d l y  
cooled t o  -120°C) 

A 

E 
L 
0)  r 
c, 
0 
-0 
I= 
W 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1768 FORD 

120 

8C 

4 
A 

u 
0 
Y 

W L 
3 
c, 
ra 
L 
W n 
B 
I- 

-41 

-8 

A- 
/- 

D /. 

‘ L o  

0-0 /=-- 

/ 
/ 

,0 

0 50 
Composition (% Phenylbutazone) 

FIGURE 15 
Phase Diagram o f  Phenyl butazone-PEG 6000 

(Key: As Figure 3 )  
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drug l e v e l s  data from samples r a p i d l y  cooled t o  -120°C were 

used. The diagrams p r o v i  de several i nd i  c a t i  ons o f  the d i  ssol  u t i  on 
p o t e n t i  a1 o f  sol  i d d i  spers i  ons and poss ib le  agei ng problems. Such 
c r i t e r i a  i nc lude  ( a )  the composit ion range over which PEG 
endotherms are apparent, w i t h  o r  w i t h o u t  be ing superceded by PEG 

r e c r y s t a l l  i s a t i o n  exotherms, ( b )  the composit ion range over which 
drug me1 t i n g  endotherms are apparent, w i t h  o r  w i t h o u t  p r i o r  drug 

c r y s t a l l i s a t i o n  exotherms and ( c )  t he  p o s i t i o n  and e x t e n t  o f  t h e  
range over which the  glass t r a n s i t i o n  temperatures occurred. The 
mechanisms o f  increased d i  ssol  u t i  on r a t e s  from sol  i d  d ispers ions 
have been d i  scussedl and re1 a ted  t o  convent ional  phase diagrams. 
Thus systems which d i sp lay  e u t e c t i c  format ion w i t h  concomitant 
p a r t i c l e  s i z e  reduct ion of the drug, s o l i d  s o l u t i o n s  and amorphous 

o r  glassy s o l i d s  possess the  p o t e n t i a l  f o r  increased d i s s o l u t i o n  
rates.  Thus f a s t  re lease i s  regarded as occu r r i ng  from systems 
which entrap the drug i n  a molecular s ta te '  and ageing may be 
regarded as r e s u l t i n g  from s e l f  assoc ia t i on  o f  t h e  drugs and 

c a r r i e r s  i n  the  s o l i d  state22. 
Loss o f  c r y s t a l l i n i t y  i n  a system on p repara t i on  i s  t h e r e f o r e  

a measure o f  i t s  p o t e n t i a l  t o  prov ide f a s t  re lease and can be 
measured e i t h e r  as a f u n c t i o n  o f  drug o r  PEG c r y s t a l l i n i t y .  On 
the basis o f  the absence o f  drug endotherms indomethacin and 
g l  u teth imide would seem prime candidates f o r  f a s t  re lease systems 
because o f  t h e i r  i n t r i n s i c  ab i  1 i ty t o  form g1 assy so l  i ds .  
Chloramphenicol ( f i g u r e  2) formed a glass which was unstable t o  
heat treatment. However, i nco rpo ra t i on  o f  PEG 6000 produced a 
s t a b l e  glass which d i d  n o t  a l l ow  drug r e c r y s t a l l i s a t i o n .  Given 
t h a t  drug endotherms r e f l e c t  an i n s t a b i l i t y  o f  amorphous s t r u c t u r e  
and the greater  the composit ion range over which drug f u s i o n  
occurs, the poorer the s t a b i l i t y  o f  the amorphous s t a t e  then 
approximate rank i  ngs woul d be i ndomethaci n = g l  u t e t h i m i  de > 
c h l  orampheni co l  > phenyl butazone = paracetamol > g r i  seofu l  v i n  > 
phenaceti n. Thi s rank ing however bears 1 i ttl e c o r r e l  a t i  on t o  drug 
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d i  ssol  u t i  on rates' where phenyl hutazone was a poor performer 
having an optimum d i s s o l u t i o n  r a t e  i n  d ispers ions con ta in ing  2% 

drug whereas paracetamol showed an optimum composit ion a t  > 15%. 
More r e a l i s t i c a l l y  the phase diagrams may be examined a l so  

f o r  drug c r y s t a l 1  i s a t i o n  exotherms p r i o r  t o  drug me1 t i n g  
endotherms. On t h i s  bas is  g lu te th im ide  and indomethacin systems 

rank best  since n e i t h e r  r e c r y s t a l l  i s a t i o n  nor drug f u s i o n  was 
apparent ( f i g u r e s  5,9). Equal ly  because the  phenacetin system had 

a1 ready r e c r y s t a l  1 i sed before ana lys i s  i t  ranked poor ly .  The 
phenyl butazone system must rank l o w l y  because drug 
r e c r y s t a l  1 i sa t ion  occurred i n  the  exotherms p r i o r  t o  PEG 
r e c r y s t a l  1 i s a t i  on ( f i gures 14,151. G i  ven t h a t  the small e r  t he  
range over which drug recrys t a l l  i s a t i o n  occurs, the greater  the 
p r o t e c t i o n  exerted by PEG aga ins t  drug r e c r y s t a l  1 i s a t i o n  the  
remaining systems from t a b l e  2 would rank ( i n  order o f  p r o t e c t i o n  
and i deal l y  d i s s o l u t i o n  ra tes )  as c h l  oramphenicol > paracetamol > 
g r i  seoful  v i  n. I n  comparison w i t h  previous r e s u l t s  both 
phenyl butazone and phenaceti n had re1 a t i  v e l y  low optima a t  2 and 

5% drug content respec t i ve l y9  and indomethacin a h igh  optima a t  
near 15%4,9. However the  optimum f o r  g lu te th im ide  i s  d i f f i c u l t  t o  
p r e d i c t  due t o  i r r e p r o d u c i b l e  d i s s o l u t i o n  ra tes  f o r  t h i s  system a t  

drug contents > 10%9916. The r e s u l t s  however based on 
r e c r y s t a l l i s a t i o n  o f  drugs do n o t  f u l l y  e x p l a i n  the  h i g h  optimum 
of the paracetamol -PEG 6000 system9. 

It i s  assumed t h a t  f o r  a s o l i d  d i spe rs ion  t o  prov ide f a s t  
re lease over a l a r g e  composit ion range r e t a r d a t i o n  o f  c a r r i e r  

c r y s t a l l i n i t y  must a l so  occur8. Thus t a b l e  2 may a l so  be used t o  
examine PEG fus ion  when i d e a l l y  endotherms should occur on l y  a t  
h igh PEG content t o  i n d i c a t e  a p o t e n t i a l l y  good dispersion. Using 

these c r i t e r i a  the systems rank as chloramphenicol > g r i s e o f u l  v i n  
= indomethacin = paracetamol > g lu te th im ide  > phenacetin = 

phenylbutazone. Thus t h i s  c l a s s i f i c a t i o n  p r e d i c t s  the low optima 
o f  phenyl butazone and phenacetin and the  r e l a t i v e l y  h igh optimum 
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THERMAL ANALYSIS IN THE STUDY OF SOLID DISPERSIONS 1771 

TABLE 2 
Composi t i o n  ranges o f  so l  i d  d ispers ions throughout which drug 
fusion, drug r e c r y s t a l l i s a t i o n ,  PEG fusion, PEG r e c r y s t a l l i s a t i o n  
and glass t r a n s i t i o n  temperatures were recorded. 

Composition Ranges ( %  Drug) 

Drug Drug Recrys- 

(Endotherm) (Exotherm) 
Drug Fusion t a l l  i s a t i  on 

Chl oram- 
pheni co l  

G1 u t e t h i  - 
m i  de 

G r i  seo- 
f u l v i n  

I n  dome- 
thac in  

Parace- 
tamol 

Phenace- 
t i n  

Phenyl- 
butazone 

100 

- 

40-100 

- 

50-100 

20-100 

50-100 

100 

- 

40-100 

- 

60-100 

- 

- 

PEG 
Fusion 

0-50 

9-80 

0-60 

0-60 

0-60 

0-90 

0-90 

Glass Trans- 
PEG recrys-  T r a n s i t i o n  
t a l l  i s a t i o n  Temperature 

20-50 

30-80 

20-60 

20-60 

20-60 

- 

30-90 

(Tg) 

20- 100 

30- 100 

20-100 

20- 100 

20-100 

- 

30-90 

of chloramphenicol , b u t  n o t  the h igh  optima o f  paracetamol and 
indomethacin. 

S i m i l a r l y  the r e c r y s t a l l  i s a t i o n  ranges f o r  PEG merely re-  
emphasise t h a t  the phenacetin system ( f i g u r e s  12,131 had 

c r y s t a l  1 i sed p r i o r  t o  ana lys i s  and t h a t  t he  r e c r y s t a l  1 i s a t i o n  o f  
PEG was n o t  p ro tec ted  by e i t h e r  phenylbutazone o r  g lu teth imide.  

The others systems performed equ iva len t l y .  
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This technique o f  exami n i  ng quench-cool ed d i  spers i  ons o n l y  
p r e d i c t s  those d i  spersions which w i  11 p r o v i  de increases i n 
d i s s o l u t i o n  over a small range near t o  the  100% PEG l e v e l .  
Unsui table drug candidates can t h e r e f o r e  be p r e d i c t e d  on t h e  bas i s  
o f  the appearance o f  drug endotherms and exotherms a t  l e v e l s  above 

and i n c l u d i n g  50% drug and by the presence o f  PEG endotherms 
throughout most o f  t he  phase diagram e.g. 0-80% f o r  g lu te th im ide  

and 0-90% f o r  phenacetin and phenyl butazone. 
There remains however the  usefulness o f  these diagrams i n  t h e  

p r e d i c t i o n  o f  agei ng probl  ems f o r  so l  i d d i  spers i  ons . Merckl e'' 

imp l i ed  t h a t  ageing i s  due t o  s e l f  assoc ia t i on  o f  the drug and/or 

c a r r i e r  w i t h i n  a dispersion. Some idea o f  t he  exent t o  which t h i s  
i n t e r a c t i o n  can occur may be s tud ied  from a knowledge o f  g lass 

t r a n s i t i o n s  throughout the composit ion range. 
I n  polymeric systems, the T o f  a mix ture o f  two m i s c i b l e  

glass forming ma te r ia l s  i s  given by the equation'': 
9 

equat ion 1 

where f o r  t h i s  study Wa and wb a re  t h e  weight f r a c t i o n s  o f  drug 
and PEG respec t i ve l y  and T and T a re  the  Tg o f  drug and PEG 

a gb 
respec t i ve l y .  Th is  equat ion has been used t o  study the  g lass 
t r a n s i t i o n  temperatures o f  c i t r i c  a c i d  mix tures w i t h  e i t h e r  
benzoic a c i d  o r  phen~barb i tone '~ .  The equat ion can be arranged t o  

which p r e d i c t s  a s t r a i g h t  l i n e  r e l a t i o n s h i p  between and Wil'. 

F igure 16 shows the r e l a t i o n s h i p s  o f  rec ip roca l  5 and drug 
content  f o r  t he  s i x  drugs which d isp layed glass t r a n s i t i o n s .  The 

s t r a i g h t  l i n e  r e l a t i o n s h i p  d i d  n o t  h o l d  f o r  t he  whole o f  t he  
p lo t s .  Tg values o f  the pure drugs genera l ly  were lower than 
predicted. L i  near regression o f  t h e  s t r a i  gh t  1 i ne p o r t i o n s  
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I 

50 100 
Composit ion ( X  Drug) 

FIGURE 16 
Graph Showing The Relationship 
Between Reciprocal T and 
Composition For Melt? of PEG and 
A : Chloramphenicol 
A : Glutethimide 
o : Griseofulvin 
0 : Indomethacin 

: Paracetamol 
: Phenylbutazone 
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FORD 1774 

pred ic ted  the va 

g l  ass t r a n s i t i o n  
and gave a mean 

ue o f  Tg when Wa = 0, i .e.  t he  value o f  Tgb, t h e  
of PEG. Estimates v a r i e d  from -77.2"C t o  -65°C 
value o f  -70.6 f 4.4"C. As i n d i c a t e d  e a r l i e r  i n  

t h i s  paper PEG d i sp lays  2 o r  3 '  g lass t r a n s i t i o n  temperatures. 

However the  value corresponds t o  est imated values of -83 t o  
-33"C13 and t o  -6OoCz4. 

The Tg value o f  PEG 6000 was taken as -71°C and used w i t h  t h e  
T values o f  t he  drugs, by s u b s t i t u t i o n  i n t o  equat ion 1, t o  
p r e d i c t  t he  in f luence of drug composi t ion on Tg values. The value 
o f  phenyl butazone was n o t  determined exper imenta l ly  b u t  was 

est imated from f i g u r e  15 t o  be -10°C. These est imated values o f  
Tg are inc luded i n  the phase diagrams and may be compared w i t h  t h e  
determi ned Val ues. Determi n a t i o n  o f  Tg values was impossible i n  
systems con ta in ing  10% drug and d i f f i c u l t  i n  those con ta in ing  20 

o r  30% due t o  r a p i d  c r y s t a l l i s a t i o n  o f  PEG, a phenomenon noted f o r  
PEG 400011. Nonethel ess comparison o f  t he  phase diagrams 
ind i ca tes  f o u r  poss ib le  e f f e c t s :  

( a )  No glass t r a n s i t i o n  temperatures were determined (phenacetin- 
PEG 6000 ( f i g u r e  13). 

(b)  The p red ic ted  t rans1 t i o n s  approximately over1 apped t h e  
observed t r a n s i t i o n s  ( f i g u r e s  15, phenyl butazone-PEG 6000). 

( c )  The p red ic ted  glass t r a n s i t i o n s  were h ighe r  than t h e  
exper imental ly observed values. This  occurred f o r  
g r i  seof u l  v i  n-PEG 6000 ( f i g u r e  7) , i ndomethaci n-PEG 6000 
( f i g u r e  9)  and glutethimide-PEG 6000 ( f i g u r e  5 ) .  

(d )  The observed glass t r a n s i t i o n s  were h ighe r  than the  p r e d i c t e d  
Val ues. This corresponds t o  the  phase d i  agrams i ncorpo ra t i  ng 
chloramphenicol ( f i g u r e  3) o r  paracetamol ( f i g u r e  11). 

9 

Timko and Lord i  23 s tud ied  the phenobarbi tone-ci  t r i c  a c i d  

system and t h e i r  observed Tg values were lower than predic ted.  
This was because the bonding between c i t r i c  a c i d  and 

phenobarbi tone mol ecul es was 1 ess than t h a t  between e i  t h e r  c i  tr i  c 
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THERMAL ANALYSIS IN THE STUDY OF SOLID DISPERSIONS 1775 

o r  phenobarbi tone molecules a1 one. Summersz5 der ived t h e o r e t i c a l  

Tg values f o r  var ious barb i  t u r a t e - c i  t r i c  a c i d  systems us ing t h e  
Gordon-Tayl o r  equationz6 and showed t h a t  exper imenta l ly  de r i ved  

values were h ighe r  than p red ic ted  values due again t o  a s t ronger  
i n t e r a c t i o n  between the two components than the  a r i t h m e t i c  mean o r  

t h e  bond st rengths o f  the i ndi v i  dual components. 
The ageing c h a r a c t e r i s t i c s  o f  several o f  t he  systems examined 

i n  t h i s  paper have been publ ished elsewhere". These can be 
summarised by quot ing the % decrease i n  d i s s o l u t i o n  r a t e  o f  
d ispers ions con ta in ing  10% drug and s to red  a t  25°C f o r  12 weeks. 
These decreases were 35% (chloramphenicol ) , 94% ( g l u t e t h i m i d e ) ,  

99% ( g r i s e o f u l v i n ) ,  97% (indomethacin), 12% (paracetamol) and 67% 
( phenaceti n )  . Phenyl butazone ageing was n o t  s tud ied  because the  

release r a t e  f o r  t h i s  system was on ly  1% o f  t h a t  predicted'. 
The s e v e r i t y  o f  ageing can be r e l a t e d  t o  the r e l a t i o n s h i p  

between the  est imated and observed values o f  Tg. The l e a s t  
a f f e c t e d  systems contained paracetamol o r  c h l  oramphenicol . T h e i r  

phase diagrams showed t h a t  the observed Tg values were h ighe r  than 
an t i c ipa ted ,  and i n d i c a t e s  t h a t  the s t reng th  o f  i n t e r a c t i o n  

between the two components was s t ronger  than the  mean o f  the bond 

strengths i n  PEG, paracetamol o r  c h l  orampheni co l  a1 one. Such 

i n t e r a c t i o n s  would seem t o  p r o t e c t  the systems aga ins t  ageing, 
poss ib ly  by r e t a r d i n g  drug associ a t i  onz2. Those systems which 

were g r e a t l y  a f f e c t e d  by age were i ndomethaci n, g r i  seofu l  v i  n and 
g lu teth imide.  The i r  observed Tg values were lower  than the  
p red ic ted  values. This i n d i c a t e s  a greater  a t t r a c t i o n  o f  t he  
molecules f o r  t h e i r  own species r a t h e r  than each o the r  because t h e  
bonding between PEG and the drug molecules was l e s s  than t h a t  
between PEG o r  t he  drugs alone. This would suggest an increase i n  

s e l f  assoc iat ion o f  the drugs o r  PEG consequently making the  
system s e n s i t i v e  t o  age. The r a p i d  c r y s t a l l i s a t i o n  o f  t he  

phenaceti n-PEG 6000 and phenyl butazone-PEG systems probably 1 ead 
t o  the in termediate ageing c h a r a c t e r i s t i c s  o f  t h e  phenacetin 
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1776 FORD 

systemlo and low d i s s o l u t i o n  r a t e s  o f  the phenyl butazone-PEG 6000 
d i  spersion8s9. 

CONCLUSIONS 

Thermal ana lys i s  o f  f r e s h l y  prepared, quench cooled PEG-6000- 
s o l i d  dispersions may be used t o  p r e d i c t  d ispers ions which a re  
s u i t a b l e  f o r  use as f a s t  re lease systems. C r y s t a l l i s a t i o n  o f  PEG 

6000 t o  produce PEG m e l t i n g  endotherms throughout the major p a r t  
o f  the phase diagram (0 t o  > 70% drug) coupled w i t h  drug f u s i o n  

endotherms i n  systems con ta in ing  2 50% drug, i n d i c a t e s  t h a t  t he  
d i s s o l u t i o n  r a t e  optimum w i l l  occur i n  d ispers ions a t  o n l y  low 
drug l e v e l s  ( < - 5%). Ageing problems can be p r e d i c t e d  from a 
knowledge o f  glass t r a n s i t i o n  temperatures. Using the  der ived 
value f o r  a Tg o f  PEG 6000 a t  -71"C, p r e d i c t e d  Tg values were 
determined across t h e  phase diagram and compared w i t h  

exper imental ly observed values. When p red ic ted  Tg values are 
h igher  than the observed Tg values the  system i s  expected t o  

d isp lay agei ng problems. Conversely when observed Tg values are 
h igher  than the p red ic ted  Tg values the system i s  a n t i c i p a t e d  t o  

be l e s s  prone t o  ageing. The i n f l u e n c e  o f  ageing on Tg(u), Tg(L) 
and T, t r a n s i t i o n s  o f  PEG 6000 d ispers ions a t  low drug l e v e l s  i s  
c u r r e n t l y  under i n v e s t i g a t i o n .  
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