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ABSTRACT 

A survey i s  given on some a s p e c t s  o f  t h e  a p p l i -  
c a t i o n  o f  t he rmoana ly t i ca l  methods, v i z .  d i f f e r e n t i a l  
thermal a n a l y s i s  /DTA/, d i f f e r e n t i a l  scanning  ca lo -  
r i m e t r y  /DSC/,  thermogravimetry /TG/ and d e r i v a t i v e  TG 
/DTG/, i n  s o l i d  dosage technology.  The review has been 
preceded by a s h o r t  c h a r a c t e r i z a t i o n  o f  these methods. 
F u r t h e r ,  t h e  u s e f u l n e s s  o f  the  thermal methods o f  
a n a l y s i s  i n  t h e  p u r i t y  de t e rmina t ion ,  a n a l y s i s  o f  
r e a c t i o n  k i n e t i c s  o f  d rugs  and c h a r a c t e r i z a t i o n  o f  
suppos i to ry  and ointment  b a s e s  has  been d i scussed .  
The p resen ted  s t u d i e s  i n c l u d e  a l s o  t h e  q u a l i t a t i v e  
and q u a n t i t a t i v e  a n a l y s i s  o f  s o l i d  dosage f o r m s  and 
s t u d i e s  on t a b l e t  d i s i n t e g r a t i o n .  P a r t i c u l a r  a t t e n t i o n  
has  been pa id  t o  papers  d e a l i n g  w i t h  t h e  p o s s i b i l i t y  
of  r e p l a c i n g  o f  some expensive and time-consuming 
methods of  c l a s s i c a l  a n a l y s i s  by r a p i d  and f u l l y  
automated methods o f  thermal  a n a l y s i s  i n  c o n t r o l  
i n d u s t r i a l  l a b o r a t o r i e s .  
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4 9 4  

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

WES OLOWSKI 

Thermal a n a l y s i s  i s  one of  t h e  o l d e s t  instrumen- 
ta l  methods o f  a n a l y s i s .  I t  has  been n e a r l y  one hun- 
dred y e a r s  s i n c e  Le C h a t e l i e r  performed f irst  thermo- 
a n a l y t i c a l  experiments  . The r a t e  of  i n s t rumen t  
advancement and i n v e s t i g a t i o n a l  a c t i v i t y  w a s  r e l a t i -  
v e l y  s l o w  o v e r  a number o f  decades  a f t e r  those  i n i t i a l  
experiments  2-13, d e s p i t e  t h e  fac t  t h a t  t h e  i n s t r u -  
mentat ion w a s  home-made and f a c t o r s  a f f e c t i n g  expe r i -  
mental  r eco rd  were n o t  c l e a r l y  unders tood .  R e s u l t s  
t h u s  tended t o  be i n c o n s i s t e n t .  During t h e  1950’s, 
however, a number o f  commercially c o n s t r u c t e d  i n s t r u -  
ments appeared on t h e  market w i t h  s t anda rd ized  
sof tware  and i n i t i a t e d  t h e  move towards s t a n d a r i z a t i o n  
and comparab i l i t y  o f  r e s u l t s .  

Thermoanalyt ical  methods enable  t o  measure chan- 
ges  o f  some p h y s i c a l  and chemical p r o p e r t i e s  o f  a 
subs tance  ana lysed  du r ing  i t s  h e a t i n g  a t  a c o n t r o l l e d  
r a t e .  I n i t i a l l y ,  t hey  had been used i n  mineralogy,  
meta l lurgy  and a n a l y t i c a l  chemis t ry  only .  Ac tua l ly ,  
t h e s e  methods have been found u s e f u l  i n  t h e  inves-  
t i g a t i o n s  o f  mine ra l s ,  ceramics ,  b u i l d i n g  m a t e r i a l s ,  
cements, g l a s s e s ,  c a t a l y s t s ,  l i q u i d  and s o l i d  f u e l s ,  
exp los ives ,  i n d u s t r i a l  d u s t s ,  p l a s t i c  materials, 
polymers, rubbe r s ,  t e x t i l e s  and f o o d s t u f f s .  

Dynamic thermal  methods have a l s o  gained impor- 
tance  i n  s o l v i n g  pharmaceut ica l  problems, such as t h e  
de t e rmina t ion  o f  tempera ture  r anges  o f  phase t r a n -  
s i t i o n s  of  d rugs  and v a l u e s  o f  t h e i r  thermodynamic 
c o n s t a n t s ,  t h e  de t e rmina t ion  o f  phase diagrams and 
p u r i t y ,  t h e  e v a l u a t i o n  o f  c o m p a t i b i l i t y  and i n t e r -  
a c t i o n s  among t h e  components o f  drug  fo rmula t ions ,  
as wel l  as t h e  s t u d y  o f  s o l v a t i o n ,  the  s t a b i l i t y  t e s t s  
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THERMAL METHODS OF ANALYSIS 495 

and r e a c t i o n  k i n e t i c s  o f  d rugs  14-22. Some o f  t h e s e  
problems a r e  d i s c u s s e d  below . 

CHARACTERIZATION OF THERMOANALYTICAL METHODS 

Dynamic the rmoana ly t i ca l  methods, e s p e c i a l l y  d i f -  

f e r e n t i a l  thermal a n a l y s i s  /DTA/ ,  d i f l e r e n t i a l  scan-  
n i n g  c a l o r i m e t r y  /DSC/, thermogravimetry /TG/  and 
d e r i v a t i v e  TG /DTG/ are t h e  most f r e q u e n t l y  used i n  
t h e  s t u d i e s  o f  pharmaceut ica l  m a t e r i a l s .  

H i s t o r i c a l l y ,  DTA i s  one of the  o l d e s t  methods o f  
thermal  a n a l y s i s .  The p r i n c i p l e  o f  t h e  DTA i s  based on 
measuring o f  t h e  d i f f e r e n c e  , A T ,  between a sample 
tempera ture ,  Ts,  and a n e u t r a l  r e f e r e n c e  m a t e r i a l  tem- 
p e r a t u r e ,  Ti. The tempera ture  d i f f e r e n c e  i s  recorded  
as a f u n c t i o n  o f  time, t ,  o r  tempera ture ,  T ,  by p l o t -  
t i n g  t h e  DTA curve  23-25. 

I n  the  c a s e  when a sample tempera ture  m a i n t a i n s  
on t h e  lower l e v e l  t han  t h a t  o f  a r e f e r e n c e  material, 
i n  t h e  sample o c c u r s  t h e  p rocess  r e q u i r i n g  supply  o f  
t h e  d e f i n i t e  amount o f  h e a t .  I t  i s  c h a r a c t e r i z e d  on 
t h e  DTA curve by t he  n e g a t i v e  e f f e c t  /endothermic 
peak/. I n  t h e  o p p o s i t e  s i t u a t i o n ,  t h e  p rocess  connec- 
t e d  w i t h  g e n e r a t i o n  o f  h e a t  o c c u r s  i n  t h e  sample,  and 
i s  c h a r a c t e r i z e d  by t h e  p o s s i t i v e  e f f e c t  /exothermic 
peak/ . 

DTA is first o f  a l l  t h e  method of  t h e  phase ana- 
l y s i s  and f o r  t h i s  r eason  r e f l e c t s  t h e  changes of sta- 
t e  o c c u r r i n g  i n  t h e  sample. Ui th  i t s  a i d  those  r eac -  
t i o n s  can on ly  be s t u d i e d  which a r e  accompanied by t h e  
adequa te ly  large exchange o f  h e a t  w i t h  t h e  sur roun-  
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WESOLOWSKI 4 96 

d i n g s ,  o r  i n  t h e  course  o f  which t h e  s u f f i c i e n t l y  
l a r g e  changes o f  t h e  s p e c i f i c  h e a t  o f  a sample occur  
i n  t h e  s u f f i c i e n t l y  s h o r t  t ime i n t e r v a l s ,  

In  t h e  c a l o r i m e t r i c  measurements based on t h e  DTA 

peak a r e a ,  t h e  q u a n t i t a t i v e  DTA i s  f r e q u e n t l y  rep-  
l aced  by t h e  DSC method. The p r i n c i p l e  o f  i t s  a c t i o n  
i s  based on t h e  complete compensation, w i t h  a i d  of an  
e l e c t r i c  h e a t i n g  d e v i c e ,  o f  t h e  d i f f e r e n c e  i n  tempera- 
t u r e  between a sample and a r e f e r e n c e  material which 
i s  genera ted  du r ing  t h e  thermal  p rocesses  23 ,26 ,27  

I n  t h e  DSC method, an empty c o n t a i n e r  i s  used i n  p l a c e  
of  a n e u t r a l  r e f e r e n c e  m a t e r i a l .  The q u a n t i t y  o f  
energy necessa ry  t o  e s t a b l i s h  t h e  ze ro  tempera ture  
d i f f e r e n c e  between a subs t ance  w i t h  a c o n t a i n e r  and 
empty c o n t a i n e r  i s  recorded .  

TG i s  one o f  t h e  most f r e q u e n t l y  used methods o f  
thermal a n a l y s i s .  Over 20 o f  publ i shed  works i n c l u -  
d e s  s t u d i e s  c a r r i e d  o u t  by t h i s  method, TG d i f f e r s  i n  
subs tance  from t h a t  o f  t h e  DTA and DSC. The TG curve  
of a sample r e f l e c t s  t h e  mass changes , Am, i t s  l o s s  
o r  g a i n ,  o c c u r r i n g  a t  a c o n t r o l l e d  h e a t i n g  r a t e .  The 
changes i n  weight a r e  recorded as a f u n c t i o n  o f  time 
o r  tempera ture ,  p l o t t i n g  t h e  TG curve :  

. 

Am = f / t /  = //T/ 

o r  a l s o  t h e  r a t e  o f  weight l o s s  , dm/d t ,  i s  recorded 
as a f u n c t i o n  of t ime o r  tempera ture ,  y i e l d i n g  t h e  
first d e r i v a t i v e  o f  TG cu rve ,  DTG 23,28,29. 

The TG method ensu res  a r e l a t i v e l y  d i r e c t  quan t i -  
t a t i v e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s .  On t h e  o t h e r  
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THERMAL METHODS OF ANALYSIS 49 7 

hand, DTG f a c i l i t a t e s  t h e  i n t e r p r e t a t i o n  o f  the  TG 
curve because any change i n  t h e  r a t e  o f  weight l o s s  o f  
a sample i s  seen  immediately.  This  e n a b l e s  a more 
d i s t i n c t  d i s c r i m i n a t i o n  o f  i n d i v i d u a l  s t a g e s  of t h e  
thermal  decomposition. 

The p h y s i c a l  and chemical e f f e c t s  t h a t  can be 
s t u d i e d  by thermal  methods of  a n a l y s i s  a r e  shown i n  
Table 1 .  Ac tua l ly ,  t he  most f r e q u e n t  s imul taneous  
r e g i s t r a t i o n  o f  t h e  DTA, TG and DTG cu rves  on t h e  same 
sample is  performed p r e s e n t l y ,  because i t  p rov ides  
f a c i l i t a t i e s  f o r  t h e y  j o i n t  i n t e rp re t a t ion3 ' .  The 
DTA /DSC/ cu rves  enab le  t o  f i n d  i f  t h e  d e f i n i t e  t h e r -  
mal p rocess  has been accompanied by endo o r  exothermic 
e f f e c t ,  and w i t h  a i d  o f  t h e  s u i t a b l e  dev ice  t o  measure 
i t s  magnitude. On t h e  o t h e r  hand, t h e  TG /DTG/ cu rves  
permit  t o  f i n d  t h e  a c c u r a t e  v a l u e s  o f  t h e  mass changes 
o f  a sample and t o  t a k e  advantage o f  t h e s e  r e s u l t s  t o  
t h e  deduct ion  o f  the  equa t ion  o f  t h e  chemical r e a c t i o n  
t o  be i n  accord w i t h  t h e  thermal decomposition o f  t h e  
pharmaceut ical  subs t ance .  

PURITY DETERNINATIONS 

The e s t i m a t i o n  o f  p u r i t y  o f  pharmaceut ica l  com- 
pounds i s  one o f  t h e  most impor t an t  a s p e c t s  o f  t h e  
d rug  q u a l i t y .  Many t echn iques  u s e d ,  such as t h e  phase 
s o l u b i l i t y  a n a l y s i s ,  a r e  v e r y  time-consuming and 
r e q u i r e  l a r g e  amounts o f  sample. For t h e s e  r e a s o n s ,  
t h e  i n t e r e s t  i n  p u r i t y  de t e rmina t ion  by t h e  DTA and 
DSC t echniques  has i n c r e a s e d  i n  r e c e n t  yea r s .  

The a n a l y s i s  o f  t h e  shape,  tempera ture  r anges  and 
areas o f  the endothermic DTA peaks due t o  m e l t i n g  o f  
o r g a n i c  compounds shows t h a t  peak c h a r a c t e r i s t i c s  a r e  
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498 WESOLOWSKI 

TABLE 1 
The phys ica l  and chemical e f f e c t s  t h a t  can be 

s t u d i e d  by the rmoana ly t i ca l  t echniques .  

Phys ica l  e f f e c t s  Thermal Change i n  
e f f e c t s  weight 
endo exo ga in  l o s s  

C r y s t a l l i n e  t r a n s i t i o n  X 
Melt ing  X 
C r y s t a l l i z a t i o n  X 
Vapor iza t ion  X X 
Subl imat ion  X X 
Ad- and a b s o r p t i o n  X X 
Desorpt ion X X 

Chemical e f f e c t s  

~ ~ ~ 

endo exo ga in  l o s s  

Dehydration o r  d e s o l v a t i o n  x X 
De compo s i  t i o  n X X X 
Oxidat ive  deg rada t ion  X X 
S o l  i d - s t a t e  r e a c t  i o n  X X X 
S o l i d - l i q u i d  r e a c t i o n  X X X 
Sol id-gas  r e a c t i o n  X X X 

i n f luenced  by i m p u r i t i e s .  Herington 31 r e p o r t e d  f o u r  

c r i t e r i a  which could be used t o  d i f f e r e n t i a t e  between 
t h e  p u r i t y  o f  o r g a n i c  compounds. These a r e  as fo l lows :  
/i/ a sample o f  lower  p u r i t y  begins  t o  mel t  first,  
/ii/ the h i g h e r  t h e  p u r i t y  the  more sudden is t h e  
d e v i a t i o n  from t h e  s t r a i g h t  l i n e  when t h e  m e l t i n g  
beg ins ,  /iii/ the  more impure t h e  sample t h e  sooner  i s  
the  maximum i n  t h e  curve  i s  reached ,  and / i v /  t h e  
lower the  p u r i t y ,  t h e  lower t h e  h e i g h t  of the  peak. 

F e r r a r i  e t  a l .  employed a shape and t h e  tem- 
p e r a t l r e  range o f  t h e  DTA peak t o  e v a l u a t e  f i n a l  
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THERMAL METHODS OF ANALYSIS 4 9 9  

p u r i t y  o f  m a t e r i a l  in tended  f o r  c l i n i c a l  and t o x i c o l o -  
g i c a l  u s e ,  such as quinethazone,  sulphasymazine and 
thoza l inone  , an amino a c i d ,  guanid ine ,  oxazepine 
base and i t s  s u c c i n a t e ,  s u c c i n i c  anhydride and suc- 
c i n i c  a c i d ,  t h i a d i a z o l e  base and i t s  hydrochlor ide  , 
and a p y r i d i n  compound33, b iphenyl ,  hydanto in ,  
imidazol id inone ,  n i t r o f u r a n t o i n ,  n y s t a t i n  and tr ia- 
z o l e ,  as w e l l  as a v a r i e t y  o f  methylamino, s t e r o i d  and 
t h i a d i a z o l e  compounds34. The a u t h o r s  f e e l  t h a t  DTA 
has earned i t s  p lace  a l o n g  w i t h  o t h e r  c u r r e n t  by 
employed techniques  t o  assist i n  s o l v i n g  a n a l y t i c a l  
problems w i t h  u l t r a - h i g h - p u r i t y  pharmaceut ica ls .  

V i s s e r  and Nal lace 35 have developed a s imple,  
quick and p r e c i s e  method f o r  t h e  d e t e c t i o n  of  
o-toluenesulphonamide, an  undes i red  impur i ty  o f  
p-toluenesulphonamide. The method i s  based on t h e  f a c t  
t h a t  t h e  two isomers  form an e u t e c t i c  and t h i s  can be 
q u a n t i t a t i z e d  by d e t e c t i n g  t h e  energy t r a n s i t i o n  i n -  
volved i n  t h e  e u t e c t i c  format ion ,  The a r e a  o f  an endo- 
thermic DTA peak i s  l i n e a r l y  r e l a t e d  t o  t h e  con ten t  o f  
o-toluenesulphonamide i n  a sample ove r  t h e  concentra-  

have t i o n  range 0.25-5.0 %. F e r r a r i  and Grabar 
demonstrated t h e  i n t e r a c t i o n  o f  two isomers  o f  etham- 
b u t o l  and assumed a mechanism o f  a s o l i d - s o l u t i o n  
e f f e c t  t o  y i e l d  an  a d d i t i o n a l  endotherm which i s  r e l a -  
t ed  t o  t h e  meso isomer concen t r a t ion .  The i n c r e a s e  i n  
t h e  s i z e  o f  the endotherm wi th  a cor responding  i n -  
c r ease  i n  t h e  meso-form c o n c e n t r a t i o n  has  been 
u t i l i z e d  t o  determine t h e  isomer ove r  t h e  concent ra -  
t i o n  range 1-4 96. The v a l u e s  obta ined  on t h e  s y n t h e t i c  
mixtures  are n o t  too p r e c i s e  bu t  are a c c e p t a b l e  owing 
t o  small peak areas involved and t h e  l a c k  o f  satis-  
f a c t o r y  base - l ines ,  

32 

36 
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5 00 WESOLOWSKI 

Bowman and Rogers 37 compared t h e  r e s u l t s  o f  
measurements of  t h e  mel t ing-poin t  dep res s ion  o f  benzo- 
phenone contaminated w i t h  4-methylbenzophenone, w i th  
t h e  DTA method. The p r e c i s i o n  o f  t h e  DTA method w a s  
s i g n i f i c a n t l y  h i g h e r  than  t h a t  o f  t h e  mel t ing-poin t  
dep res s ion  measurement. The DTA method e l i m i n a t e s  t h e  
need f o r  the  p r e c i s e  tempera ture  c a l i b r a t i o n  b u t  
g r e a t e r  c a r e  i s  r e q u i r e d  i n  weighing o u t  a f i x e d  
amount o f  the a c t i v e  m a t e r i a l  f o r  d i l u t i o n  w i t h  c a r -  
borundum. Moreover, t h e  DTA, TG and DTG curves  o f  
a l d r i n  and d i e l d r i n  has  a l s o  been shown by F16ra3* 
t o  be u s e f u l  i n  t h e  de t e rmina t ion  o f  t h e s e  compounds 
i n  t h e  presence  o f  each o t h e r  and t h e  examinat ion of 
t h e i r  p u r i t y .  

More r e c e n t l y ,  t h e  DSC method has  been used f o r  
the p u r i t y  de t e rmina t ion  o f  o rgan ic  compounds by 
ana lyz ing  t h e  peak shape o f  t h e  m e l t i n g  79-54. For 
more p r e c i s e  d e t e r m i n a t i o n s ,  v a n ’ t  Hoff’s equa t ion  
w a s  a p p l i e d :  

where Ts i s  t h e  sample tempera ture ,  To i s  t h e  theo re -  
t i c a l  m e l t i n g  p o i n t  o f  pure  component, R i s  t h e  g a s  
c o n s t a n t ,  X2 i s  t h e  mole f r a c t i o n  impur i ty ,  AH* i s  t h e  
h e a t  o f  f u s i o n  o f  pure component, and F i s  t h e  mole 
f r a c t i o n  o f  sample melted a t  Ts. 

The f r a c t i o n  o f  t h e  sample, F, which i s  melted a t  
any p a r t i c u l a r  sample tempera ture ,  Ts, i s  given by 
equat ion:  

To - Tm - F =  
0 S 

where Tm i s  t h e  m e l t i n g  p o i n t  o f  sample. 
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THERMAL METHODS OF ANALYSIS 501 

Rearranging t h e  above equa t ion  l e a d s  t o  t h e  
fo l lowing  one : 

To - Tm 
F Ts = To - 

Consequently,  a p l o t  o f  sample tempera ture ,  TS, 
ver sus  t h e  r e c i p r o c a l  o f  t h e  f r a c t i o n  melted,  1/F, 
should be a s t r a i g h t  l i n e  o f  s lope  equal  t o  t h e  mel- 
t i n g  p o i n t  dep res s ion .  The p u r i t y  can then  r e a d i l y  be 
c a l c u l a t e d  from t h e  f irst  equa t ion  i f  AHf i s  known. 
A very  s i g n i f i c a n t  advantage o f  such a c a l o r i m e t r i c  
de t e rmina t ion  o f  p u r i t y  i s  t h a t  t h e  h e a t  o f  f u s i o n ,  
which is  r e q u i r e d  f o r  t h e  c a l c u l a t i o n ,  i s  ob ta ined  
s imul taneous ly .  

The method has  s e v e r a l  l i m i t a t i o n s ,  however, 
41 *43946-48s52-54. The first i s  a s s o c i a t e d  w i t h  t h e  
d e r i v a t i o n  o f  t h e  s i m p l i f i e d  equa t ion  used ,  as it  i s  
a p p l i c a b l e  on ly  t o  v e r y  d i l u t e  s o l u t i o n s  and hence t o  
r e l a t i v e l y  pure samples.  Another l i m i t a t i o n  i s  t h a t  
on ly  those  i m p u r i t i e s  which a r e  i n s o l u b l e  i n  t h e  s o l i d  
and s o l u b l e  i n  t he  me l t  a r e  measured because t h e  
impur i ty  must c o n c e n t r a t e  i n  t h e  l i q u i d  phase f o r  t he  
m e l t i n g  p o i n t  dep res s ion  t o  be l i n e a r l y  r e l a t e d  t o  i t s  
concen t r a t ion .  I n  t h e  c a s e  o f  pure compounds, most 
i m p u r i t i e s  a r e  similar enough t o  be s o l u b l e  i n  t h e  
molten sample, and,  f o r t u n a t e l y ,  s o l i d  s o l u t i o n s  occur  
i n f r e q u e n t l y  i n  lower-molecular-weight compound6. 

Chemicals t h a t  decompose n e a r  t h e i r  m e l t i n g  
p o i n t s  cannot  be determined.  Many compounds r e p o r t e d  
as be ing  the rma l ly  u n s t a b l e  have adequate  s t a b i l i t y  t o  
t o l e r a t e  de t e rmina t ion  by DSC, as i n  t h i s  method 
samples a r e  ve ry  pu re ,  ve ry  small and k e p t  a t  t h e  mel- 
t i n g  p o i n t  f o r  a s h o r t  per iod  o f  t ime. Also compounds 
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e x i s t i n g  i n  more than  one c r y s t a l  form cannot  be ana- 
lyzed  umless  they  a r e  p r e v i o u s l y  completely conver ted  
t o  one form. Moreover, the  p u r i t y  o f  chemicals  which 
have extremely h igh  vapour p r e s s u r e s  cannot  be d e t e r -  
mined by t h i s  method as they  r u p t u r e  t h e  h e r m e t i c a l l y  
s e a l e d  pans. 

The method based on van’ t  Hoff’s  equa t ion  has  
been used i n  t h e  p u r i t y  de t e rmina t ion  o f  many phar- 
maceu t i ca l  subs t ances .  By comparing t h e  r e s u l t s  of  
p u r i t y  e v a l u a t i o n  ob ta ined  by t h e  method o f  /i/ phase 
s o l u b i l i t y ,  be ing  commonly regarded as t h e  s t a n d a r d  
one f o r  e v a l u a t i o n  a b s o l u t e  p u r i t y ,  and /ii/ q u a n t i t a -  
t i v e  TLC, i t  w a s  demonstrated t h a t  t hey  g ive  r e s u l t s  
be ing  i n  e x c e l l e n t  agreement w i t h  t hose  ob ta ined  by 
t h e  DSC method f o r  s u b s t a n c e s  o f  p u r i t y  i n  excess  of  
99 mole-%. T h i s  i s  shown i n  Table 2 .  A t  t h e  same t ime 
i t  i s  a p p a r e n t  from t h e  NMR and TLC r e s u l t s  on t h e  
carbamate t h a t  i m p u r i t i e s  of 2 mole-% o r  more cannot  
be a c c u r a t e l y  determined.  

ESTIMATION OF REACTION KINETICS 

Es t ima t ion  of  k i n e t i c  data,  such as  a c t i v a t i o n  
energy,  pre-exponent ia l  f a c t o r  and r e a c t i o n  o r d e r  f o r  
thermal  decomposition p rocess  of  d rugs  can be made 
e i t h e r  i n  i so the rma l  o r  i n  programmed tempera ture  i n -  
c r e a s e  c o n d i t i o n s .  Most data have been ob ta ined  from 
i so the rma l  experiments .  This  s i t u a t i o n  w a s  caused by 
s i m p l i c i t y  o f  i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s .  It a l s o  
must be mentioned t h a t  when i so the rma l  i n v e s t i g a t i o n s  
a r e  used i t  i s  d i f f i c u l t  t o  conduct exper iments  o v e r  
a wide tempera ture  range.  
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TABLE 2 
R e s u l t s  o f  p u r i t y  d e t e r m i n a t i o n  by v a r i o u s  

methods /from r e f .  47/. 

dl-l3-2thyl-l7L-ethynyl-l7-hydroxygon-4-en-3-one 
Sample i )S  c Phase TLC 
no. s o l u b i l i t y  

1 99.4 99.3 
2 99.6 99.5 
3 39.8 3'3.6 
4 99 08 100 
5 99.1 99.2 

99.2 
93.5 
99.7 
99.8 
99.2 

A s u b s t i t u t e d  carbamate  
Sample DS c N M R ~  TLC 
no. 

1 33.7 ,99 ,99.5 
2 33.5 )99 99.5 
3 98.6 98.2 98 
4 97.4 95.4 35-96 
5 (36.5 9 4 . 4  (95 

Key: A l l  v a l u e s  are e x p r e s s e d  i n  mole-$, a i s  
t h e  i m p u r i t y  n o t  d e t e c t a b l e  by NMR a t  (1 76 l e v e l  

The the rma l  decomposi t ion  o f  s o l i d  d r u e s  i s  a 
v e r y  complex p r o c e s s  even  i n  t h e  s imple  case expres sed  
by t h e  eq-dat ion:  

A / s o l f d /  - - B / s o l i d /  + c  /gas/ 

Z ~ a k 6 ~ ~  showed t h a t  t h i s  p r o c e s s  t a k e s  p l a c e  i n  
s e v e r a l  s t a g e s ,  v i z .  t h e  chemica l  a c t  o f  b r e a k i n g  o f  
bonds,  d e s t r u c t i o n  o f  t h e  i n i t i a l  c r y s t a l  l a t t i c e ,  
fo rma t ion  o f  the c r y s t a l  l a t t i c e  o f  t h e  s o l i d  p r o d u c t  
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504 WESOLOWSKI 

what t o  c o n s i s t  t h e  fo rma t ion  o f  c r y s t a l l i z a t i o n  ten- 

t e r s  and t h e  growth o f  t h e s e  c e n t e r s ,  adso rp t ion -  
d e s o r p t i o n  o f  the  gaseous product ,  d i f f u s i o n  o f  the 
gaseous product ,  and h e a t  t r a n s f e r .  

The r a t e  o f  t h e  thermal  decomposition i s  d e t e r -  
mined by t h e  r a t e  o f  one o r  more o f  t h e s e  s t a g e s .  
Sometimes, t h e  r a t e -de te rmin ing  s t a g e  a t  t h e  begin- 
n i n g  o f  t h e  decomposition can l o s e  i t s  s i g n i f i c a n c e  
l a t e r  and a n o t h e r  s t a g e  can t a k e  i t s  p lace .  Thus, 
decomposi t ion r a t e  depends n o t  on ly  upon t h e  n a t u r e  
o f  t h e  s t u d i e d  subs t ance  but  a l s o  upon many o t h e r  
f a c t o r s ,  such as p a r t i c l e  s i z e ,  weight o f  t h e  sample,  
shape o f  t h e  c r u c i b l e ,  and o t h e r .  

F o r  the  purpose o f  t h e  c a l c u l a t i o n  t h e  k i n e t i c  
d a t a  from non-isothermal  c o n d i t i o n s  t h e  fo l lowing  
equa t ion  should be used :  

E 
d t  = A exp - ~ f / r x /  

where dd /d t  i s  t h e  decomposi t ion r a t e ,  d i s  t h e  f r a c -  
t i o n a l  weight o f  t h e  compound r e a c t e d ,  t i s  t h e  t ime ,  
A i s  t h e  pre-exponent ia l  f a c t o r ,  8 i s  t h e  a c t i v a t i o n  
energy,  R i s  t h e  gas c o n s t a n t ,  and T i s  t h e  a b s o l u t e  
tempera ture .  

S ince  thermal  a n a l y s i s  i s  c a r r i e d  o u t  w i t h  a 
c o n s t a n t  h e a t i n g  ra te ,  $ = dT/dt ,  t h e  s u b s t i t u t i o n  
d t  = dT/d can be made, and t h e  f o l l o w i n g  d i f f e r e n t i a l  
equa t ion  i s  ob ta ined  : 

E 
d d  = A exp - dT W T  

Some d i f f e r e n c e s  i n  c a l c u l a t i n g  t h e  k i n e t i c  data 

by v a r i o u s  a u t h o r s  r e s u l t  from v a r i o u s  methods o f  s o l -  
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v i n g  the f irst  e q u a t i o n .  There a r e  two main g roups  o f  
methods u s e d ,  v i z .  d i f f e r e n t i a l  and i n t e g r a l .  

The e f f e c t  o f  t h e  k i n e t i c s  o f  r e a c t i o n  on t h e  DTA 
t race  has  been e x p l o r e d  by K i ~ s i n g e r ~ ~ .  Curves o f  
r e a c t i o n  ra te  v e r s u s  t e m p e r a t u r e  f o r  c o n s t a n t  h e a t i n g  
rates were used  t o  d e m o n s t r a t e  t h e  e f f e c t  o f  v a r y i n g  
o r d e r s  of r e a c t i o n s .  The K i s s i n g e r  e q u a t i o n ,  r e l a t e s  
t h e  s h i f t  o f  t empera tu re  o f  t h e  extreme endothermic 
DTA peak t o  t h e  h e a t i n g  rate,  has  been employed f o r  
t h e  d e t e r m i n a t i o n  o f  k i n e t i c  pa rame te r s  o f  a l k a l i  
metal s a l i c y l a t e s  57 and sodium o x a c i l l i n  58 . I t  h a s  

been found t h a t  t h e  d e t e r m i n a t i o n  o f  t h e  k i n e t i c  pa ra -  
meters o f  t h e  the rma l  decomposi t ion  r e a c t i o n  can be 
e a s i l y  and c o n v e n i e n t l y  car r ied  o u t  by t h e  u s e  o f  D'PA 

t echn ique .  I t  might  be a n  e f f i c a c i o u s  method f o r  s t u -  
dy ing  t h e  s t a b i l i t y  o f  s o l i d  d r u g s .  

A p p l i c a t i o n  o f  the T G  method t o  e s t i m a t i o n  o f  t h e  
k i n e t i c  pa rame te r s  h a s  been shown by Horowitz and 

i n t e r p r e t a t i o n  o f  t h e  T G  t r a c e s  e n a b l e s  t o  de t e rmine  
c o n v e n i e n t l y  t h e  k i n e t i c  pa rame te r s  o f  decomposi t ion  
r e a c t i o n s .  The s l o p e  o f  a s t r a i g h t  l i n e  p l o t  as a 
f u n c t i o n  o f  t h e  weight  f r a c t i o n  l e f t  v e r s u s  t h e  tem- 
p e r a t u r e  gives t h e  a c t i v a t i o n  ene rgy  o f  decomposi t ion .  
The good agreement  between v a l u e s  o f  a c t i v a t i o n  e n e r e y  
o b t a i n e d  by t h i s  e q u a t i o n  and r e p o r t e d  l i t e r a t u r e  
v a l u e s  f o r  some h y d r a t e d  salts s e r v e s  t o  v a l i d a t e  t h e  
new approach .  

Metzger  59 . The a u t h o r s  were e l a b o r a t e d  mathemat ica l  

CKAKkCTBRIZkTION OF SUPPOSITORY AND OINTMENT BASdS 

Thermal methods a r e  used  f o r  c h a r a c t e r i z a t i o n  o f  
t h e  p r o c e s s  o f  t h e  melt inp;  behav iour  o f  s u p p o s i t o r y  
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WESOLOWSKI 506 

b a s e s .  S i g n i f i c a n c e  o f  t h e  m e l t i n g  bahav iour  and i t s  
c h a r a c t e r i s t i c s  o f  f a t t y  s u p p o s i t o r y  b a s e s  a r e  o f  
r e l e v a n c e  due t o  t h e  f a c t  t h a t  i t  i s  one o f  t h e  m o s t  
i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  d r u g  re lease  from t h e  
s u p p o s i t o r i e s .  h r i n g  s t o r a g e ,  t h e  m e l t i n g  range and 
m e l t i n g  time o f  b a s e s  change so much t h a t  t h e  d r u g  
r e l e a s e  r a t e  i n  t h e  rectum may be reduced .  

Coben and Lordi", when examining changes i n  
t h e  i n i t i a l  t e m p e r a t u r e  and h e i g h t  o f  t h e  endothermjc  
DSC peak showed t h a t  DSC i n  t h e  c o n j u n c t i o n  with 
x-ray d i f f r a c t i o n  and s o f t e n i n g  t ime t e s t i n g  a r e  u s e -  
f u l  as bo th  p r e d i c t i v e  and ongoing  p h y s i c a l  s t a . b i l i t y  
t es t s  i n  t h e  e v a l u a t i o n  o f  s u p p o s i t o r y  b a s e s  and d r u g  
f o r m u l a t i o n s .  Bornsche in  e t  a1 ." have u t i l i z e d  t h e  
t empera tu re  r ange  o f  t h e  UT'A peak and m e l t i n g  t ime f o r  
t h e  e v a l u a t i o n  o f  t h e  e f f e c t  o f  s t o r a g e  a t  d i f f e r e n t  
t empera tu res  on t h e  r e l e a s e  o f  d r u g s  from t h e  Rosupol- 

h a s  used  UTA f o r  u s u p p o s i t o r y .  Moreover,  Ivliiller 
t h e  purpose o f  d e f i n i t i o n  o f  t h e  i n f l u e n c e  o f  t h e  pa r -  
t i c l e  s i z e  o f  a c t i v e  i n g r e d i e n t s  on t h e  m e l t i n g  r ange  
o f  t h e  s u p p o s i t o r y  bases .  O t h e r  f a c t o r s  i n f l u e n c i n g  
t h e  m e l t i n g  behav iour  o f  s u p p o s i t o r y  b a s e s  are corn- 
p o s i t i o n  o f  b a s e ,  chemica l  form o f  t h e  d r u g  and t h e  
method o f  t h e  p r e p a r a t i o n  o f  s u p p o s i t o r i e s  . 

Fur thermore ,  L i v e r s i d g e  e t  a l .  64 , G 5  have used  
DTA i n  t h e  examinat ion  o f  b i n a r y  m i x t u r e s  o f  pure  
monoacid t r i g l y c e r i d e s  t o  o b t a i n  a composi t ion  whose 
c h a r a c t e r i s t i c s  resemble  t h o s e  o f  commercial  b a s e s .  I t  
w a s  shown t h a t  on s t o r a g e ,  t h e  phase d iagrams changed 
due t o  t h e  conve r s ion  o f  t h e  u n s t a b l e  L- t o  /$ ' -poly-  
morphic forms o f  t h e  c o n s t i t u e n t  b a s e s  t o  t h e  more 
s t a b l e  /?-polymorphic one ,  c a u s i n g  a n  i n c r e a s e  i n  t h e  
m e l t i n g  p o i n t  o f  t h e  mix tu res .  The e f f e c t  o f  s t o r a g e  

62  
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THERMAL METHODS OF ANALYSIS 507 

t ime a t  295 K on t h e  UTA m e l t i n g  p o i n t  o f  pure  t r i g l g -  
c e r i d e s  was shown i n  Table  3. 

The problem o f  t h e  q u a l i t a t i v e  and q u a n t i t a t i v e  
check ing  o f  t h e  composi t ion  o f  commercial  suppos i -  
t o r i e s  by t h e r m o a n a l y t i c a l  methods has been s t u d i e d  by 
deso20wski6'. I t  h a s  shown t h a t  t h e  i d e n t i f i c a t i o n  
of t h e  p a r t i c u l a r  components i s  more p r e c i s e  when t h e  
DTA, TG and UTG c u r v e s  o f  t h e  the rma l  decomposi t ion  of  
s u p p o s i t o r i e s  a r e  r e c o r d e d  s i m u l t a n e o u s l y .  The u s e  of 
t e m p e r a t u r e  r a n g e s ,  a r e a s  and shape  o f  t h e  i n d i v i d u a l  
DTA and DTG peaks ,  as we l l  as t h e  c o r r e s p o n d i n g  we igh t  
l o s s e s  on t h e  TG c u r v e s  a l l o w s  f o r  b e s t  comparison.  
On t h e  o t h e r  hand, i n  t h e  q u a n t i t a t i v e  c o n t r o l  o f  t h e  
compos i t ion  o n l y  t h e  TG and DTG c u r v e s  were t a k e n  i n t o  
c o n s i d e r a t i o n .  The r e s u l t s  o f  t h e s e  d e t e r m i n a t i o n s  
were i n  good agreement  w i t h  t h o s e  c a l c u l a t e d  from t h e  
f o r m u l a t i o n .  I t  s t a t i s t i ca l  e v a l u a t i o n  shows t h e  TG 
and DTG method t o  be s a t i s f a c t o r i l y  a c c u r a t e  and 
p r e c i s e  b u t  w i t h  low s e n s i t i v i t y .  

Dynamic t h e r m o a n a l y t i c a l  methods have a l s o  been 
used  i n  t h e  i n v e s t i g a t i o n  o f  t h e  o in tmen t  b a s e s  and 
t h e i r  i n g r e d i e n t s .  Fi.ihrer 67 who reco rded  u n d e r  
l i n e a r  t empera tu re  i n c r e a s e  the h e a t  e f f e c t s  o f  t h e  
o in tmen t  b a s e s  showed t h e  p o s s i b i l i t y  o f  i n v e s t i g a t i o n  
of t h e  m e l t i n g  range  and eve ry  k ind  o f  conve r s ion  i n  
t h e i r  c o l l o i d a l  s t r u c t u r e .  Powers and Craig showed 
t h a t  t h e  fundamental  i n f o r m a t i o n s  on t h e  p r o p e r t i e s  
and chemica l  compos i t ions  o f  commercial  d e n t a l  i n l a y  
waxes '' as w e l l  as impress ion  waxes , can be 

o b t a i n e d  by a n a l y s i s  o f  t h e i r  p e n e t r a t i o n  mode, d e t e r -  
mined by thermo-mechanical a n a l y s i s  /TMA/, and t h e i r  
s o l i d - s o l i d  and m e l t i n g  t r a n s f o r m a t i o n s ,  de te rmined  by 
DTA. S i m i l a r  c o n c l u s i o n  h a s  been r e p o r t e d  by Rootare  
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508 WESOLOWSKI 

T A B L l  3 
The e f f e c t  o f  s t o r a g e  t ime a t  295 K on t h e  DTA 

me l t ing  p o i n t  of pure  t r i g l y c e r i d e s  /from r e f .  65/ .  

Mel t ing  I n i t i a l l y  A f t e r  A f t e r  
p o i n t  26 weeks 52 weeks 

K K K 

T r i s t e a r i n  346.3 347.0 347.4 
Tripalmi t i n  338 .o 338.6 339.3 
T r i m y r i s t i n  331 - 6  332.0 332 .O 
T r i  l a u  r i n  318.4 319.2 31 9.4 
T r i cap r i n 307.4 300.4 308.4 

e t  a l .  70 who i n v e s t i g a t e d  by t h e  same methods 
v a r i o u s  gut ta -percha  commercial fo rmula t ions .  On t h e  
o t h e r  hand, s t u d i e s  o f  t h e  s o l i d - s o l i d  t r ans fo rma t ions  
conducted by DSC, v e r s u s  composi t ion o f  t h e  b i n a r y  
mixtures  of p a r a f f i n  and e s t e r  waxes, a l lowed t o  eva- 
l u a t e  i n t e r a c t i o n s  between waxes i n  commercial d e n t a l  
formula t ions  . TG and DTG were a l s o  used s imul ta -  
neously wi th  DTA by Keserg and Katona 72  i n  t h e  

examination o f  g e l a t i o n  p rocesses  o f  ointment  bases  
c o n s i s t i n g  of  l i q u i d  p a r a f f i n  and polye thylene .  

Based on a s tudy  o f  t he  m e l t i n g  and t h e  s o l i d i f i -  
c a t i o n  o f  p a r a f f i n ,  e s t e r  and s y n t h e t i c  waxes, Lange 
and Jochinke 7 3  were concluded t h a t  i t  i s  n o t  y e t  
p o s s i b l e  t o  u t i l i z e  t h e  h e i g h t  o f  t h e  DTA peak and i t s  
p o s i t i o n  on the  curve  f o r  i d e n t i f i c a t i o n  o f  d i f f e r e n t  

74 types  o f  waxes. However, C u r r e l l  and Robinson 
showed t h a t  by comparison o f  t h e  DTA cu rves  o f  mix- 
t u r e s  o f  waxes w i t h  cu rves  o f  p a r t i c u l a r  wax and wax- 
l i k e  p roduc t s ,  i t  i s  p o s s i b l e  t o  i d e n t i f y  the  corn- 
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THERMAL METHODS OF ANALYSIS 509 

ponents  o f  t h e s e  mix tu res .  I n  a d d i t i o n ,  a c c u r a t e  ana- 
l y s i s  of t h e  shape o f  t h e  DTA cu rves  o f  waxes enabled 
a choice  of the endothermic DTA peak t o  be made which 
i s  u s e f u l  i n  d i s t i n g u i s h i n g  between p a r a f f i n ,  micro- 
c r y s t a l l i n e  and polye thylene  waxes. A r e l a t i o n  between 
i t s  area and c o n t e n t  o f  waxes i n  t h e  mixture  can be 
used f o r  e s t i m a t i o n  o f  t h e s e  waxes i n  a mixture .  
S imul taneous ly ,  t h e  i n f l u e n c e  o f  t h e  sample s i z e ,  i t s  
thermal  c o n d u c t i v i t y ,  t h e  geometry o f  t h e  c r u c i b l e s ,  
means o f  t h e  sample l o a d i n g  i n  them and t h e  h e a t i n g  
ra te  on the shape o f  t h e  DTA c u r v e s  o f  waxes w a s  a l s o  
de f ined .  Moreover, a s tudy  o f  montana waxes showed 
t h a t  DTA may be used as a r a p i d  method f o r  e v a l u a t i o n  
of t h e i r  chemical composi t ion,  and e s p e c i a l l y  f o r  t h e  
de t e rmina t ion  o f  t h e i r  r e s i n  c o n t e n t  . 

The thermal  decomposition o f  pharmaceut ica l  o i n t -  
ments and creams was s t u d i e d  by Wesokowski 76 . T h i s  

s tudy  has  confirmed t h e  p o s s i b i l i t y  o f  employing t h e r -  
moana ly t i ca l  t echn iques ,  DTA, TG and DTG f o r  q u a l i t a -  
t i v e  and q u a n t i t a t i v e  checking o f  t h e i r  composition. 
The s imul taneous  de t e rmina t ion  o f  t h e  c o n t e n t  of  two 
o r  more a c t i v e  components i n  t h e  o in tmen t s  and creams 
i s  p r a c t i c a l l y  imposs ib le .  The p o s s i b i l i t i e s  o f  quan- 
t i t a t i v e  c o n t r o l  of  t h e  composi t ion o f  s o f t  p roduc t s  
is suppor ted  by C r a i g  e t  al .77 and by B o e l t e r  78 

who were a b l e  t o  c a r r y  o u t  a semi -quan t i t a t ive  
a n a l y s i s  of b i n a r y  mix tu res  o f  p a r a f f i n  and e s t e r  o r  
po lye thylene  waxes by t h e  T G  method. 

75 

ANALYSIS OF SOLII) DOSAGE 

I n  r e c e n t  y e a r s  i n v e s t i g a t i o n s  have a l s o  been 
performed on the  p o s s i b i l i t y  of u t i l i z a t i o n  o f  thermal  
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510 WE SOLOWSKI 

methods o f  a n a l y s i s  t o  t h e  d i f f e r e n t i a t i o n  between 
p a r t i c u l a r  pharmaceut ical  p r e p a r a t i o n s ,  i d e n t i f i c a t i o n  
of t h e  components conta ined  i n  them, de t e rmina t ion  o f  
t h e  c o n t e n t  o f  a c t i v e  p r i n c i p l e s  and mechanica l ly  
bound and c r y s t a l l i z a t i o n  wa te r .  These s t u d i e s  appea r  
reasonable  t o  recommend the rmoana ly t i ca l  methods f o r  
the  c o n t r o l  o f  t e c h n o l o g i c a l  p rocesses  d u r i n g  manufac- 
t u r e  o f  pharmaceut ical  p r e p a r a t i o n s  as w e l l  as f o r  t h e  
q u a l i t y  c o n t r o l  o f  t h e  manufactured products .  

Wendlandt e t  a l .  s t u d i e d  t h e  thermal decomposi- 
8o and t i o n  o f  i n t e r n a l  a n a l g e s i c s  , a n t a c i d s  

v i tamin  p r e p a r a t i o n s  81 r e p r e s e n t i n g  powders, capsu- 
l e s  and t a b l e t s .  These s t u d i e s  confirmed t h e  assump- 
t i o n  that p o s s i b i l i t i e s  o f  u t i l i z a t i o n  o f  t h e  DTA 
/DSC/ and T G  cu rves  i n  t h e  i d e n t i f i c a t i o n  o f  i n d i v i -  
d u a l  p r e p a r a t i o n s  do e x i s t .  I t  a s su red  p o t e n t i a l  
a p p l i c a t i o n  o f  t h e  thermal  methods o f  a n a l y s i s  i n  c r i -  
m i n a l i s t i c  i n v e s t i g a t i o n s .  P re l imina ry  examinat ions 
were a l s o  c a r r i e d  o u t  o f  mix tu res  compris ing v i t amins  
and v e h i c l e s  t o  demonstrate  s i m i l a r i t i e s  and d i s s i m i -  
l a r i t i e s  between t h e  same p r e p a r a t i o n s  manufactured 
by v a r i o u s  producers  . 

Checking o f  t h e  q u a l i t a t i v e  composition o f  d rug  
fo rmula t ions  by thermal  methods o f  a n a l y s i s  is  based 
on t h e  v e r i f i c a t i o n  o f  t h e  components i d e n t i t y  by 
t h e i r  thermal  p r o p e r t i e s .  The thermal decomposition o f  
s o l i d  dosage forms, r e p r e s e n t i n g  s imple and e f f e r v e s -  
c e n t  powders, d u s t i n g  powders, c a p s u l e s ,  s imple  and 
e f f e r v e s c e n t  g r a n u l a t e s ,  i n t e r n a l  t a b l e t s ,  t a b l e t s  f o r  
sucking and p r e p a r a t i o n  o f  e f f e r v e s c e n t  beverages as 
w e l l  as d ragees  were examined by Radecki and Weso- 
kowski 82-91. On the  b a s i s  of t h e  ob ta ined  r e s u l t s  
i t  has  been shown t h a t  the fundamental  s i g n i f i c a n c e  
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THERMAL METHODS OF ANALYSIS 511 

f o r  the i d e n t i f i c a t i o n  have endothermic DTA peaks due 
t o  f i r s t - o r d e r  phase t r a n s l o r m a t i o n s ,  p a r t i c u l a r l y  
me1 t i n g  , e v a p o r a t i o n ,  su b l  i m a t  i o n  and po 1 ymo r p h i  c 
t ran sl o rma t i o n s  82,84. The peaks are s h a r p ,  h igh ,  
r e l a t i v e l y  broad and appea r  o v e r  a narrow tempera ture  
range. The parameters  o f  t h e s e  peaks change propor- 
t i o n a l l y  t o  t h e  c o n t e n t  o f  t h e  a c t i v e  component. 

The q u a n t i t a t i v e  de t e rmina t ion  o f  t h e  c o n t e n t  o f  
a c t i v e  component i n  a drug  formula t ion  is  a ve ry  
impor tan t  problem. Nargomenou-Leonidopoulou e t  a l .  
92993 were t h e  f irst  who sugges ted  t h e  p o s s i b i l i t y  
o f  u t i l i z a t i o n  o f  t h e  the rmoana ly t i ca l  methods i n  t h i s  
f i e l d .  On the  b a s i s  o f  d i f f e r e n c e s  i n  t h e  shape of  t h e  
DTA, TG and DTG cu rves  o f  t h e  thermal decomposition o f  
novalg ine  and N-butylscopolamine hydrobromide, t hey  
achieved i n d i c a t i o n  o f  the  c o n t e n t  o f  bo th  components 
i n  t h e i r  model mixture. 

Ottog4 s t u d i e d  a Del i tex-Pudern powder which 
i s  a p h y s i c a l  mix ture  o f  8-hexachlorocyclohexane and 
t a l c .  The r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  are  compiled 
i n  Table 4. The a n a l y s i s  o f  t h e  v a l u e s  o f  t h e  arithme- 
t i c a l  average  o f  the c o n t e n t  o f  a c t i v e  component and 
t h e  conf idence  i n t e r v a l  i n d i c a t e  a c l o s e  ana logy  o f  
t h e  measurements based on t h e  endothermic DTA peak 
w i t h  those  o f  the i so the rma l  T G  measurements. I t  shows 
c l e a r l y  a good concordance o f  t h e  v a l u e s  o f  t h e  a r i -  
t h m e t i c a l  ave rage  o f  t h e  a c t i v e  component c o n t e n t  i n  
commercial powders ana lyzed .  

The q u a n t i t a t i v e  a n a l y s i s  o f  t h e  composition o f  
pharmaceut ica l  p r e p a r a t i o n s  is a l s o  a s u b j e c t  o f  t h e  
Radecki and WesoLowski’s works 82-91. The c o n t e n t  o f  
the  a c t i v e  component w a s  determined on the basis o f  
t h e  l o s s  i n  weight recorded  by t h e  T G  curve.  The ad- 
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TABLE 4 
S t a t i s t i c a l  e v a l u a t i o n  o f  t h e  c o n t e n t  o f  f-hexa- 
chlorocyclohexane i n  Delitex-Pudern powder by i s o -  

thermal T G  and DTA methods /from r e f .  94/.  

Sample A C 

I so thermal  TG / M e t t l e r  thermowage/ - 
X 
S 

0.98 0.80 1.02 
0.1 12 0.346 0.236 
0.086 0.266 0.181 

DTA / ins t rument  o f  own c o n s t r u c t i o n ,  r e f .  951 

8, 102.8  72.4 107.2 
0.98 0.77 1.02 

/ 0.117 0.1 31 0.148 

Key: A i s  t h e  homogenized mixture  c o n t a i n i n g  20 
mg 8-hexachlorocyclohexane and 1980 mg o f  t a l c ,  B 
and C a r e  t h e  -commercially a v a i l a b l e  De l i t ex -  
Pudern powders, x i s  t h e  a r i t h m e t i c a l  average ,  s 
i s  t h e  s t anda rd  d e v i a t i o n ,  ax' i s  the  confidence 
i n t e r v a l ,  and Ps i s  t h e  area o f  t h e  peak. 

vantage o f  t h i s  type o f  a n a l y s i s  i s  e l i m i n a t i o n  o f  t h e  
time-consuming s e p a r a t i o n  o f  t h e  a c t i v e  components 
from v e h i c l e s ,  t h u s  reducing  t h e  c o s t  o f  a n a l y s i s .  The 
d isadvantage  o f  t h e  method i s  t h a t  it cannot  be used 
f o r  de t e rmina t ion  o f  t h e  a c t i v e  components which have 
no d i s t i n c t  thermal  decomposition s t a g e s ,  o r  which 
c o n s t i t u t e  l e s s  than  abou t  10 $ o f  t h e  t o t a l  con ten t s .  
I n  t h e  l a t e r  c a s e ,  t h i s  is  p a r t i c u l a r l y  disadvantage-  
ous  i n  view o f  t h e  f a c t  t h a t  t h e  a c t i v e  components are 
f r e q u e n t l y  ve ry  s t r o n g  d rugs  and t h e i r  de t e rmina t ion  
i s  o f  p a r t i c u l a r  importance.  It i s  a l s o  d i f f i c u l t  t o  
ana lyse  a sample f o r  two a c t i v e  components. 
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The moi s tu re  c o n t e n t  markedly a f f e c t s  t h e  stabi-  
l i t y  o f  a c t i v e  components, e x c i p i e n t  m a t e r i a l s  and 
f i n i s h e d  p roduc t s ,  and a l s o  compl ica tes  the technology 
of t h e i r  manufacture.  Ddvidne Kenez 96 shows tha t  
t h e  mois ture  c o n t e n t  can be i n t e r p r e t  i n  most c a s e s  as 
forming a Ikon-s to ich iometr ic  compound w i t h  smoe 
i n g r e d i e n t s  o f  a pharmaceut ica l  p r e p a r a t i o n .  Experi-  
mental  examples f o r  i l l u s t r a t i n g  t h i s  emphasises t h a t  
i t  seems warranted t o  check t h e  moi s tu re  c o n t e n t  i n  
pharmaceut ical  p r e p a r a t i o n s  and t h e i r  i n g r e d i e n t s .  

97 

showed t h a t  de r iva tog raphy  can be used as a fas t  and 
a c c u r a t e  method o f  t h e  de t e rmina t ion  o f  t h e  mois ture  
con ten t  /mechanical ly  bound water/ and c r y s t a l l i z a t i o n  
water  /due t o  presence o f  e.g.  l a c t o s e /  i n  pharmaceu- 
t i c a l  powders and g r a n u l a t e s .  The t o t a l  c o n t e n t  of t h e  
water  determined from t h e  T G  and DTG cu rves  d i f f e r s  
s l i g h t l y  from t h a t  determined by t h e  Karl F i s c h e r  
t i t r a t i o n  method. 

Tour& e t  a l .  '* compared t h r e e  methods used t o  
t h e  de t e rmina t ion  o f  t h e  mois ture  c o n t e n t ,  a gravimet- 
r i c  method, a chemical method of  Karl F i s c h e r  t i t ra -  
t i o n  and a phys ica l  one by measuring t h e  d i e l e c t r i c  
cons t an t .  A powdered p o t a t o  s t a r c h  and i t s  g r a n u l a t e s  
ob ta ined  by w e t  g r a n u l a t i o n  were used as a m a t e r i a l  
s t u d i e d .  I t  w a s  shown t h a t  t h e  T G  method was charac-  
t e r i z e d  by t h e  b e s t  r e p r o d u c i b i l i t y .  

11 

The s t u d i e s  c a r r i e d  o u t  by P a u l i k  e t  a l .  

TABLET DISINTEGRATION 

D i s i n t e g r a t i o n  t i m e  o f  a t a b l e t  i s  t h e  mos t  i m -  
p o r t a n t  c h a r a c t e r i s t i c  by which i t s  q u a l i t y  i s  eva lu-  
a t e d .  D i s i n t e g r a t i o n  o f  a t a b l e t  i s  d i r e c t l y  respon- 
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s i b l e  f o r  t h e  appearance o f  medic ina l  e f f e c t .  S ince  
t h e  most widely used method i s  t o  compress g r a n u l e s  
i n t o  a t a b l e t ,  t h e  t a b l e t  has a secondary s t r u c t u r e  
and i s  n o t  a s imple assembly o f  m i c r o c r y s t a l s .  There- 
f o r e ,  i t  is cons idered  t h a t  examinat ion o f  t a b l e t  d i s -  

i n t e g r a t i o n  and i t s  p h y s i c a l  p rocess  i s  ve ry  impor- 
t a n t  and i s  r e q u i r e d  f o r  t h e  e l u c i d a t i o n  o f  mechanism 
o f  d i s i n t e g r a t i o n .  

t h e  p rocess  o f  
d i s i n t e g r a t i o n  o f  an uncoated t a b l e t  by thermal  
methods. The beginning  o f  d i s i n t e g r a t i o n ,  t h e  t ime 
necessa ry  f o r  t h e  maximum s u r f a c e  area o f  t a b l e t  
i n g r e d i e n t ,  and the  time requ i r ed  f o r  a powder t o  d i s -  
so lve  completely were determined p r e c i s e l y .  T h i s  
method w a s  a p p l i e d  t o  t h e  t a b l e t  o f  calcium carbo-  
nate’’, as w e l l  as t o  t h e  g ranu le  and the  t a b l e t  o f  

100 b a s i s  magnesium ca rbona te  . 
Medic ina ls  r e l e a s i n g  from a t a b l e t  pas s  through 

two p rocesses ,  t a b l e t  d i s i n t e g r a t i o n  and d i s s o l u t i o n  
of t h e  d i s p e r s e d  p a r t i c l e s .  The p r o c e s s e s  are aTfec ted  
by many f a c t o r s  i n c l u d i n g  t a b l e t  s t r u c t u r e ,  p a r t i c l e  
s i z e  and r a t e  o f  s o l u t i o n s .  General  methods which had 
been used f o r  d i s i n t e g r a t i o n  measurement cannot  e l u -  
c i d a t e  t h e  d i s i n t e g r a t i o n  and d i s s o l u t i o n  p rocess  
i n  d e t a i l .  

D i s i n t e g r a t i o n  o f  a coated t a b l e t  i n c l u d e s  an 
a d d i t i o n a l  f a c t o r s  t o  t h a t  o f  uncoated t a b l e t .  The 
c o a t i n g  l a y e r  must be d i s s o l v e d  p r i o r  t o  d i s i n t e g r a -  
t i o n  o f  t h e  t a b l e t  co re ,  and r e l e a s e  rate o f  t h e  
med ic ina l s  i n  t h e  t a b l e t  i s  a f f e c t e d  by t h e  p r o p e r t i e s  
of t h e  l a y e r .  Nakai e t  a l .  were examined t h e  
p rocesses  o f  d i s i n t e g r a t i o n  and d i s s o l u t i o n  o f  s u g a r  
coa ted  t a b l e t s  by thermal a n a l y s i s .  The thermogram 

Nogami e t  a l .  99-101 were analyzed 
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c l e a r l y  showed t h e  d i s i n t e g r a t i o n  p rocess  correspon-  
d i n g  t o  t h e  component of  t h e  c o a t i n g  l a y e r .  The s u g a r  
coa ted  t a b l e t  w i thou t  t h e  water p r o t e c t i v e  f i l m  w a s  
compared t o  t h e  t a b l e t  w i th  t h e  f i l m ,  and i n f l u e n c e  o f  
t h e  f i l m  on t h e  medic ina l  r e l e a s e  was examined. 

Ueoka e t  a l .  lo’ were s t u d i e d  t h e  d i s s o l u t i o n  
p rocess  o f  pharmaceut ica l  p r e p a r a t i o n s  by u s i n g  a 
D e w a r  v e s s e l  t ype  c a l o r i m e t e r .  I t  has  been shown t h a t  
t h e  d i s s o l u t i o n  r a t e  o f  a medicine w a s  a f f e c t e d  by t h e  
p a r t i c l e  s i z e  o f  c r y s t a l ,  t h e  compressional  p r e s s u r e  
and t h e  a d d i t i v e s  used .  On t h e  o t h e r  hand, Guc luy i ld i z  
e t  a l .  i n v e s t i g a t e d  under  i s o t h e r m a l  TG c o n d i t i o n s  
t h e  i n f l u e n c e  o f  s e l e c t e d  t a b l e t  components on eva- 
p o r a t i o n  o f  n i t r o g l y c e r i n e  rrom t h e  s u b l i n g u a l  
t a b l e t s .  The r e s u l t s ,  confirmed by chemical a n a l y s i s ,  
showed t h a t  t h e  v o l a t i l i t y  o f  n i t r o g l y c e r i n e  was 
dependent i n  v a r i o u s  ways on t h e  kind o f  v e h i c l e s  and 
c o n c e n t r a t i o n  r a t i o  i n  which they  were used .  I t  has  
been shown t h a t  t h e  TG method is a s imple ,  r a p i d  and 
r e l i a b l e  means o f  s c r e e n i n g  t h e  i n f l u e n c e  of  v e h i c l e s  
on l i b e r a t i o n  o f  t h e  a c t i v e  components from d rug  
formula t ions  c o n t a i n i n g  them. 
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