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ABSTRACT 

Glass d i s p e r s i o n  s y s t e m s  were examined u s i n g  

d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y .  The a d d i t i o n  o f  a 

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

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

M i x t u r e s  o f  g l a s s y  mater ia l s  were immiscible, p a r t i a l l y  

m i s c i b l e ,  o r  c o m p l e t e l y  m i s c i b l e .  The r e s u l t s  c a n  b e  

e x p l a i n e d  u s i n g  t h e  c o n c e p t  o f  m i s c i b i l i t y  among 

l i q u i d s .  By combining  two m i s c i b l e  g l a s s e s  i n  t h e  

p r o p e r  r a t i o ,  i t  was p o s s i b l e  t o  o b t a i n  g r e a t e r  p h y s i c a l  

s t a b i l i t y  t h a n  w i t h  e i t h e r  o f  i t s  g l a s s y  components .  

T h i s  was d e m o n s t r a t e d  w i t h  a 1 : l  m i x t u r e  o f  c i t r i c  a c i d  

a n d  a c e t a m i n o p h e n  which showed no  c h a n g e s  i n  i t s  thermo-  

gram a f t e r  s e v e n  weeks o f  s t o r a g e  a t  23OC. 

t r a n s i t i o n  o f  t h i s  m i x t u r e  i s  a b o u t  1 8 O C .  

The g l a s s  

++ P r e s e n t  A d d r e s s ,  O r t h o  P h a r m a c e u t i c a l  C o r p o r a t i o n ,  
R a r i t , a n ,  N e w  J e r s e y  08869 
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426 TIMKO AND LORD1 

I N T R O D U C T I O N  

A solid d i s p e r s i o n  concep t  o f t e n  d i s c u s s e d  i n  

r ev iews  (1-3) of t h i s  s u b j e c t  i s  t h e  p o t e n t i a l  f o r  g l a s s  

forming mater ia ls  as  v e h i c l e s .  S e v e r a l  r e c e n t  p u b l i c a -  

t i o n s  have d e a l t  w i t h  s u g a r  t y p e  m a t e r i a l s .  Dex t rose  

g l a s s  as  a v e h i c l e  f o r  s o l i d  d i s p e r s i o n s  was demonst ra -  

t e d  w i t h  su l f abensamide  ( 4 ) .  A l l e n  and  co-workers  ( 5 )  

extended  t h e  a p p l i c a t i o n  of s u g a r s  t o  c o r t i c o s t e r o i d s .  

To overcome h a n d l i n g  d i f f i c u l t i e s  w i t h  t h e s e  m a t e r i a l s ,  

t h e  u s e  of s u g a r  and s u g a r  d e r i v a t i v e  g l a s s y  v e h i c l e s  

was i n v e s t i g a t e d  ( 6 ) .  Sugars  and t h e i r  d e r i v a t i v e s  were 

a l s o  examined i n  d i s p e r s i o n s  w i t h  s u l f a m e t h o x a z o l e  ( 7 ) .  

G las sy  c i t r i c  a c i d  as  a p o t e n t i a l  v e h i c l e  f o r  s o l i d  

d i s p e r s i o n  sys tems h a s  been examined i n  d e t a i l  by 

s e v e r a l  i n v e s t i g a t o r s .  Chiou and Riegelman ( 8 )  

i n i t i a l l y  s t u d i e d  it i n  m i x t u r e s  w i t h  g r i s e o f u l v i n .  I n  

a p r e v i o u s  communication ( 9 ) ,  w e  examined t h e  g l a s s  

f o r m a t i o n  of c i t r i c  a c i d  and t h e  t y p e  o f  sys t ems  it 

formed w i t h  benzo ic  a c i d  and p h e n o b a r b i t a l .  I n  add-  

i t i o n ,  Summers and Enever  have  examined it a l o n e  ( 1 0 )  

and  i n  combina t ion  w i t h  pr imidone  (11 -13) .  Summers 

s t u d i e d  i t  i n  d i s p e r s i o n s  w i t h  b a r b i t u r a t e s  ( 1 4 ) .  I t s  

u s e  i n  d i s p e r s i o n s  w i t h  su l f abensamide  ( 4 )  h a s  a l s o  

been i n v e s t i g a t e d .  

Here in  i s  d e s c r i b e d  t h e  r e s u l t s  o f  a s t u d y  which 

examined s e v e r a l  t y p e s  of  g l a s s  fo rming  sys t ems  when 
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GLASS DISPERSION SYSTEMS 427 

mixing glass forming and non-glass forming materials. 

EXPERIMENTAL 

Materials: 

One lot of each material was used in this study. 

The materials were not subjected to any purification 

procedures o r  stored in any special way unless 

specifically indicated. 
1 The materials examined included acetaminophen , 

amobarbita12, anhydrous citric acid3, anhydrous dex- 
7 trose4, benzoic acid5, hexobarbita16, pentobarbital , 

phenobarbital , salicyla.mide9, salicylic acid 8 10 , 
sorbitol’ , sulfanilamide’ 2, and sulfathiazole 13 . 
Methods : 

Thermal Analysis: A differential scanning calor- 

imeter” was used to determine the various transition 

temperatures and physical stability of the samples. The 

procedures were essentially identical to those described 

previously (9). Observed temperature values were corr- 

ected for chrome1 alumel thermocouples over a temper- 

ature range of - 6 O O C  to 4 O O 0 C .  

the standard. 

Indium” was used as 

Neoprene16, tin17, and zinc18 were also 

used to ensure that the temperature scale was accurate. 

Most determinations were made at least in duplicate. A 

1 O°C/minute heating rate was used for all determinations 

unless otherwise specified. A 10-15 mg sample size 
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4 2 8  TIMKO AND LORD1 

was necessary to obtain reproducible and distinct 

transition temperatures. 

Sample Preparation: Two procedures were used for 

sample preparation, an in situ method and a bulk pro -  

cedure. In the & situ method, pure material or a 

physical mixture of two materials in the desired ratio 

was accurately weighed directly into an aluminum sample 

pan 9 .  

and the pan transferred to the sample pan holder of the 

ins rument. After heating the sample to melting, the 

melt was cooled to approximately -6OOC by flooding the 

sample holder of the instrument with liquid nitrogen 

vapor (the cooling rate was about 60-70°C/min). The 

solidified melt was then reheated, and the thermogram 

recorded. 

An aluminum cover2' was placed on the sample, 

Bulk glass system preparation involved melting 

about 50 g of pure material or a mixture of two mater- 
21 ials in the desired ratio in a electric frying pan 

heated about 5 O C  higher than the melting temperature 

of the material(s). The melt was rapidly solidified 

by transferring it to an aluminum foil boat22 located 

an a dry ice block. After solidification, the melt was 

removed from the dry ice and placed in a desiccatorz3 

over silica gel2'; at 2 3 O C  

idified melt was pulverized in a rotary granulator25. 

Samples of solidified melts prepared by the bulk 

I o C  for 21, hr. The sol- 

procedure were stored in amber glass bottles with screw 
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GLASS DISPERSION SYSTEMS 429 

c a p s 2 6  p l a c e d  i n  d e s i c c a t o r s  o v e r  s i l i c a  g e l  a t  23OC 

- t I°C a n d  3 7 O C  l 0 C .  Thermograms were r u n  p e r i o d i -  

tally t o  examine t h e  e f f e c t  o f  a g i n g  on t h e i r  p h y s i c a l  

s t a b i l i t y .  

RESULTS AND DISCUSSION 
Glass F o r m a t i o n :  

A v a r i e t y  of compounds was examined i n  t h i s  

stud-y.  They c a n  be d i v i d e d  i n t o  two c a t e g o r i e s .  

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

c o u l d  n o t  b e  p u t  i n t o  t h e  g l a s s y  s t a t e  w i t h  t h e  t e c h -  

n i q u e s  u s e d  i n  t h i s  s t u d y .  T a b l e  I l i s t s  t h e  mater- 

i a l s  which were  f o u n d  c a p a b l e  o f  g l a s s  f o r m a t i o n .  

Glass i s  g e n e r a l l y  p r e p a r e d  by r a p i d  q x e n c k i n g  o f  

a l i q u i d  me l t  ( 2 1 ) .  A t  t h e  p r e s e n t  t ime,  t h e r e  d o e s  

n o t  a p p e a r  t o  be  a c o m p r e h e n s i v e  t h e o r y  as  t o  why some 

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

s t a t e  w h i l e  o t h e r s  c a n n o t .  Kauzmann ( 2 2 )  s t a t e d  t h a t  

g l a s s  f o r m a t i o n  i s  p r o b a b l y  a g e n e r a l  p r o p e r t y  o f  t h e  

l i q u i d  s t a t e  o f  mat ter .  O t h e r s  ( 1 4 , 2 3 )  c o u l d  n o t  f i n d  

c o r r e l a t i o n s  between thermodynamic p r o p e r t i e s  and  

g l a s s  f o r m a t i o n  t e n d e n c i e s  i n  mater ia ls .  S t u d i e s  on 

m e t a l l i c  g l a s s e s  ( 2 4 )  i n d i c a t e  t h a t  t h e  main r e q u i r e -  

ment f o r  p u t t i n g  a mater ia l  i n t o  t h e  g l a s s y  s t a t e  i s  

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

p r o c e s s .  I t  a p p e a r s  t h a t  most l i q u i d s  c a n  be  made t o  

s o l i d i f y  t o  a g l a s s  i f  t h e y  a r e  c o o l e d  t h r o u g h  t h e  
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430 TIMKO AND LORD1 

TABLE 1. 
Melting (Tm) and Glass Transition (Tg) Temperatures of 

the Compounds Found to Form Glasses 

Compound Tm,'C Tg,OCa Tg,OK Tg lityoC 
Tm, O K  (ref.) 

Acetaminophen 

Amobarbital 

Citric Acid 

Dextrose 

Hexobarbital 

Pentobarbital 

Phenobarbital 

Sorbitol 

Sulfathiazole 

174.0 

159.0 

159.0 

159.0 

150 .0  

135.0 

179.0 

94.0 

209.0 

22.0 

12 .5  

1 0 , 2 b  

37.4 

12.7 

6.3 
b 41 . 9  

-2 .0  

60.0 

0.66 

0.66 

0.72 

0.72 

0.68 

0.69 

0.70 

0.74 

0.69 

determined using in situ procedure 

previously reported by R.J. Timko and N.G. Lordi, 
J. Pharm. Sci., 68, 601 (1979)  

a 

crystallization temperature range more rapidly than the 

time required for crystal nuclei to form ( 2 5 ) .  

can be easily accomplished if the symmetry of the mol- 

ecule is of low order, o r  the rotational isomerization 

from the equilibrium rotamer distribution to that re- 
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GLASS DISPERSION SYSTEMS 4 3  1 

quired for crystallization is low at temperatures equal 

to or below the melting point. A high melt viscosity 

at or below the melting point along with the ability to 

hydrogen bond and steric considerations of the molecule 

may aid in the vitrification process (18,25,26). 

The temperature at which a glass begins to soften 

when heated is generally referred to as the glass 

transition temperature (Tg) (27). Usually the thermo- 

dynamic properties of a glass such as specific volume, 

specific heat, viscosity, compressibility, and thermal 

conductivity all show changes around this temperature 

(18,21,24-28). Prediction of the transition temper- 

ature of a glass is difficult and risky. However, 

experimental data for a wide variety of semi- 

crystalline polymers indicate that the ratio of the 

glass transition temperature to the melting temperature 

(Tm) generally falls between 0.50 and 0.75 if the 

temperatures are compared in degrees Kelvin ( 2 9 ) .  For 

the materials listed in Table I, the ratio of Tg/Tm 

falls within this range. 

Glass Dispersion Systems: 

There are several possibilities when dealing with 

combinations of potential glass forming materials: (a) 

both materials form glasses, (b) one of the materials 

forms a glass while the other does not, and (c) neither 

material f o r m s  a glass. This study did not investigate 
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432 TIMKO AND LORD1 

CRYSTALLINE DEXTROSE 

IN SITU PREPARED 
m X m E  GLASS 

A T  

z w IN SITU PREPARED 
\t ,m$BITOL GLASS 

I I I I 
-60 0 100 200 

TEMPERATURE, OC 

FIGURE 1 

Thermograms of Dextrose and Sorbitol 
The Glass Transition Temperatures are Indicated by 

Arrows .  
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GLASS DISPERSION SYSTEMS 433 

sys tems i n  which n e i t h e r  m a t e r i a l  formed a g l a s s ,  

r a t h e r ,  i t  d e a l t  w i t h  t h e  f i r s t  two p o s s i b i l i t i e s .  

Three t e s t  v e h i c l e s ,  c i t r i c  a c i d ,  d e x t r o s e ,  and  

s o r b i t o l ,  were used i n  t h i s  s t u d y .  These m a t e r i a l s  

e x h i b i t  v a r y i n g  chemica l  p r o p e r t i e s  and  e a c h  r e a d i l y  

forms a g l a s s .  A thermogram o f  g l a s s y  c i t r i c  a c i d  h a s  

been r e p o r t e d  p r e v i o u s l y  ( 9 ) ,  t h o s e  of  d e x t r o s e  and  

s o r b i t o l  a r e  shown i n  F i g u r e  1 .  

The thermogram f o r  g l a s s y  d e x t r o s e ,  which i s  

s imi l a r  t o  t h a t  r e p o r t e d  by Miller (201, e x h i b i t s  a 

g l a s s  t r a n s i t i o n  a t  a b o u t  3 7 O C  f o l l o w e d  by g r a d u a l  

s o f t e n i n g .  G las sy  d e x t r o s e  d i d  n o t  c r y s t a l l i z e  d u r i n g  

normal  h a n d l i n g ,  was s t a b l e  t o  mechanica l  m a n i p u l a t i o n ,  

b u t  d i d  have  a t endency  t o  a b s o r b  m o i s t u r e  i f  l e f t  un- 

p r o t e c t e d  under  normal a t m o s p h e r i c  c o n d i t i o n s .  

The thermogram of c r y s t a l l i n e  s o r b i t o l  shows two 

endothermic  peaks ,  one a t  a b o u t  8 5 O C  and  a n o t h e r  a t  

a b o u t  9 4 O C .  

m e l t i n g  p o i n t s  r e p o r t e d  f o r  two polymorphic  mod i f i ca -  

t i o n s  of s o r b i t o l  ( 3 0 ) .  The thermogram of i n  s i t u  

p r e p a r e d  g l a s s y  s o r b i t o l  shows a g l a s s  t r a n s i t i o n  a t  

abou t  -2OC. 

n o t  c r y s t a l l i z e  a s  t h e  t e m p e r a t u r e  was r a i s e d .  

These t e m p e r a t u r e s  co r re spond  t o  t h e  

The material was t h e r m a l l y  s t ab le  and  d i d  

The e f f e c t  o f  c r y s t a l l i n e  a d d i t i v e s  on g l a s s y  

d e x t r o s e  i s  shown i n  F i g u r e  2. These r e s u l t s  a r e  

similar t o  t h o s e  r e p o r t e d  p r e v i o u s l y  f o r  benzo ic  a c i d  
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434 TIMKO AND LORD1 

25 5 0  75 1 0 0  

$ W/W ADDITIVE 

FIGURE 2 

The Effect of Crystalline Additives on the Transition 
Temperature of Dextrose Glass Key: ( A )  Benzoic Acid; (a) Salicylamide; (0 )  Salicylic Acid 

in glassy citric acid (9). In general, it was found 

that the addition of a crystalline drug into a glassy 

vehicle resulted in the reduction of the vehicle's 

glass transition temperature. The concentration of 

drug in vehicle above which the Tg did not further 

decrease can be considered the limit of incorporation 
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GLASS DISPERSION SYSTEMS 435 

I I I I 

25 50 7 5  100  

% W/W H E X O B A R B I T A L  

FIGURE 3 

The Transition Temperatures for the Hexobarbital- 
Dextrose Glass System Key: ( A )  Dextrose; (0 )  

Hexobarbital 

of drug into the vehicle. 

could be incorporated appeared to be related to its 

degree of association with the vehicle. 

transition temperature reduction can be hypothesized 

to result from a disruption in the inter-molecular 

bonding in the glassy matrix due to the presence of 

The amount of drug that 

The glass D
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436 TIMKO AND LORD1 

the crystalline drug. As the concentration of the 

drug increased, more and more breakdown of the glassy 

structure occurred, eventually resulting in the 

crystallization of the molten mixture upon cooling. 

The glassy states of glass-forming compounds were 

immiscible, partially miscible, or totally miscible. 

Immiscible glasses showed little change in their 

transition temperatures with varying composition of 

their mixtures. An example of this behavior is the 

hexobarbital-dextrose system shown in Figure 3 .  The 

thermograms for this system (Figure 4 )  show two glass 

transition temperatures, one at about 1 3 O C  and one at 

about 3 7 O C ,  the glass transitions of the pure compounds. 

Visual observation of the melts of this system 

indicated that they contained two distinct phases, with 

one floating on the other. 

Mixtures of partially miscible glasses exhibited 

a single glass transition for those combinations of the 

materials which were below the limits of miscibility, 

and glass transitions attributable to each component in 

combinations which exceeded the limits of miscibility. 

This behavior was observed with a variety of systems 

which included dextrose-acetaminophen, sorbitol-aceta- 

minophen, and sorbitol-phenobarbital. Visual observa- 

tion of melts of these systems indicated for the com- 

binations which showed a single glass transition tem- 
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FIGURE 4. 

Thermograms of the Hexobarbital-Dextrose Dispersion 
System. The Glass Transition Temperatures are Indicated 

by Arrows .  
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50 

V 
0 

I I 1 I 
25 50 75 100 

% W/W ACETAMINOPHEN 

FIGURE 5 

The Transition Temperatures for the Acetaminophen- 
Dextrose Glass System 

perature, the melts were clear, transparent, and a 

single phase while those with two glass transitions 

appeared to be two phases with globules of one phase 

dispersed in the other. Figures 5 and 6 show the 

glass transition and thermogram data f o r  the dextrose- 

acetaminophen system. 
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1:9 ACETAMINOPHEN-DEXTROSE 
PHYSICAL MIXTURE 

1:9 ACETAMINOPHEN-DEXTROSE -- IN SITU PREPARED GLASS 

1 :1 ACETAMINOPHEN-DEXTROSE 
0 

PHYSICAL MIXTURE 

1:l ACETAMINOPHEN-DEXTROSE 

9 : 1 ACETAMINOPHEN-DEXTROSE 
PHYSICAL MIXTURE 

9 :  1 ACETAMINOPHEN-DEXTROSE 
IN SITU PREPARED GLASS -- 2 w 

-60 0 100 200 

TEMPERATURE, OC 

FIGURE 6 

Thermograms of the Acetaminophen-Dextrose Dispersion 
System, The Glass Transition Temperatures are 

Indicated by Arrows. 
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The 
Citr 
th 

I I I I 

25 50 75 100 
$ W/W ACETAMINOPHEN 

FIGURE 7 

Transition Temperatures for the Acetaminophen- 
ic Acid Glass System. The Dashed Line Represents 
e Values of the Glass Transition Temperatures 

Predicted by Eq. 1, 

Glassy systems which were totally miscible exhib- 

ited a single glass transition temperature for all 

combinations of the materials as illustrated with the 

citric acid-acetaminophen system (Figure 7 ) .  Similar 

results were obtained for the amobarbital-citric acid, 

pentobarbital-citric acid, and hexobarbital-citric acid 

mixtures. In fact, the transition temperature of a 
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FIGURE 8 

The Transition Temperatures for the Sulfonamide-Citric 
Acid Glass Systems Key: (a) Sulfanilamide; (0) Sulfathiazole. The Dashed Line Represents the 
Values of the Transition Temperatures for the 

Sulfathiazole-Citric Acid System Predicted by E q .  1. 

25 50  75 100 

% W/W SULFONAMIDE 

FIGURE 8 

The Transition Temperatures for the Sulfonamide-Citric 
Acid Glass Systems Key: (a) Sulfanilamide; (0) Sulfathiazole. The Dashed Line Represents the 
Values of the Transition Temperatures for the 

Sulfathiazole-Citric Acid System Predicted by E q .  1. 

mixture of two randomly mixed compatible miscible 

glasses was between the transition temperatures of its 

individual glassy components. This is similar to t w o  

randomly mixed polymeric materials which adhere to the 

widely used relationship (31): 
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1 - =  Tg as& 
where (Tg)a and (Tg)b are the glass transition tem- 

peratures of the two components of the mixture in 

degrees Kelvin, and Wa and Wb are their respective 

weight fractions. Some deviation from the predicted 

value does occur but this may be due to differences in 

bonding or association between like and unlike molecu- 

les. 

Glassy mixtures which showed wild fluctuations in 

transition temperatures either less than or greater 

than the transition temperatures of its glassy com- 

ponents, as seen with the sulfonamide-citric acid 

(Figure 8) or sulfonamide-dextrose (Figure 9) mixtures, 

suggest a reaction and /o r  incompatibility between the 

materials. It was observed that melts of the sulfon- 

amides in citric acid or dextrose developed a burnt 

orange color as the proportion of sulfonamide increased 

in the mixtures. Previous studies with sulfamethoxa- 

xole ( 7 )  suggest possible interaction between sulfon- 

amides and compounds containing carbonyl groups. 

Most of the glasses examined in this study were 

mechanically and/or thermally unstable. By mixing two 

compatible miscible glasses, it was possible to obtain 

greater physical stability than could be realized from 

the individual glassy components. This was demonstrated 

in particular by the acetaminophen-citric acid system. 
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25 50 75 100 
$ W/W SULFONAMIDE 

FIGURE 9 

The Transition Temperatures for the Sulfonamide- 
Dextrose Glass Systems Key: (A) Sulfanilamide; 
(0 )  Sulfathiazole. The Dashed Line Represents the 

Values of the Glass Transition Temperatures for the 
Sulfathiazole-Dextrose System Predicted by Eq. 1. 
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TEMPERATURE, OC 

FIGURE I 0  

Thermograms f o r  Acetaminophen 

Arrow. 
The Glass Transition Temperature is Indicated by an 

Acetaminophen glass is both mechanically and 

thermally unstable. It crystallized and melted when 

the temperature was raised above its glass transition 

temperature, as shown by the large crystallization exo- 

therm in its thermogram (Figure 10). The endothermic 

peak temperatures correspond to the melting points 
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1:4 ACETAMINOPHEN-CITRIC ACID 
PHYSICAL MIXTURE 

-- IN SITU PREPARED GLASS 

BULK PREPARED GLASS 

1 :1 ACETAMINOPHEN-CITRIC ACID 
PHYSICAL MIXTURE 

0 x 

IN SITU PREPARED GLASS -- 

A T  

4:1 ACETAMINOPHEN-CITRIC ACID 
PHYSICAL MIXTURE 

0 

IN SITU PREPARED GLASS 
GI 
2 w -- 

BULK PREPARED GLASS 
INITIAL 

7 
-60 0 100 

TEMPERATURE, OC 

FIGURE 11 

200 

Thermograms for the Acetaminophen-Citric Acid Glass 
System. The Glass Transition Temperatures are Indicated 

by Arrows. 
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reported for its two polymorphic modifications (32). 

Attempts to prepare bulk quantities of acetaminophen 

glass were not very successful. Glassy acetaminophen 

began to crystallize almost immediately after prepara- 

tion and handling. Devitrification was generally com- 

plete within 4 8  hours. 

On the other hand, and as previously reported ( 9 ) ,  

although citric acid is also mechanically unstable, it 

takes considerably longer for complete devitrification. 

Glassy samples held at room temperature were still 

partially amorphous after 60 days. 

Thermograms of the acetaminophen-citric acid glass 

system are shown in Figure 11. Thermograms of the l : 4  

and 4 : l  acetaminophen-citric acid bulk prepared solid- 

ified melts showed indications that they were mechan- 

ically unstable. The thermogram for the l : ?  acetamino- 

phen-citric acid bulk prepared melt is essentially iden- 

tical to that of the in situ prepared mixture. Bandling 

did not induce crystallization. Aged samples of the 1 : l  

acetaminophen-citric acid bulk prepared glass mixture 

stored at 23OC showed no changes in their thermograms 

after seven weeks of storage. Samples stored at 37OC 

for seven weeks exhibited some devitrification. The Tg 

of this mixture is about 1 8 O C  

SUMMARY A N D  CONCLUSIONS - 
Since glasses are supercooled liquids, the results 
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o b s e r v e d  among t h e  g l a s s  f o r m i n g  mater ia l s  i n v e s t i g a 5 e d  

i n  t h i s  s t u d y  c a n  be e x p l a i n e d  by m i s c i b i l i t y  among 

l i q u i d s .  The a d d i t i o n  of  c r y s t a l l i n e ,  a d d i t i v e  t o  a 

g l a s s y  v e h i c l e  c a n  b e  v iewed as  a s o l i d  s o l u t e  i n  a 

l i q u i d  s o l v e n t .  

Most o f  t h e  g l a s s e s  examined were t h e r m a l l y  a n d / o r  

m e c h a n i c a l l y  u n s t a b l e .  As d e m o n s t r a t e d  by t h e  a c e t a -  

m i n o p h e n - c i t r i c  a c i d  s y s t e m ,  by c o m b i n i n g  two compat-  

i b l e  m i s c i b l e  g l a s s e s  i n  t h e  p r o p e r  r a t i o ,  i t  was 

p o s s i b l e  t o  o b t a i n  g r e a t e r  p h y s i c a l  s t a b i l i t y  t h a n  

c o u l d  be r e a l i z e d  by e i t h e r  o f  i t s  g l a s s y  components .  

The g l a s s  d i s p e r s i o n  t e c h n i q u e  i s  p r e s e n t l y  i n  

t h e  d e v e l o p m e n t a l  s t a g e s ,  and  a number o f  t e c h n i c a l  

p r o b l e m s  must b e  overcome b e f o r e  i t s  f u l l  p o t e n t i a l  

can  b e  a c h i e v e d .  The s a m p l e  s i z e s  u s e d  i n  t h i s  s t u d y  

were  r e l a t i v e l y  small a n d ,  a t  t i m e s ,  were  s t i l l  d i f f -  

i c u l t  t o  r a p i d l y  c o o l  a n d  h a n d l e .  A method must  b e  

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

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

c r y s t a l l i z a t i o n .  I n  a d d i t i o n ,  t h e  b u l k  volume o f  

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

a t i o n  i n t o  s o l i d  d o s a g e  f o r m s .  The i d e a l  e x t e n s i o n  o f  

t h i s  t e c h n i q u e  i s  t h e  s t a b i l i z a t i o n  o f  t h e  g l a s s y  s t a t e  

o f  a g l a s s - f o r m i n g  d r u g  by m i x i n g  i t  w i t h  m i n i m a l  

amounts  o f  a n  i n e r t  comp.a t ib le  ma te r i a l .  
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