
T R U E  A B S O R P T I O N  C A P A C I T Y  OF C E R T A I N  

P H A R M A C E U T I C A L  P R E P A R A T I O N S  

A.  P .  I v a n o v ,  S. M. R e p r i n t s e v a ,  
N. V. F e d o r o v i c h ,  a n d  V. L .  D r a g u n  

UDC 535.343.2:536.3 

The absorption of radiant energy by drugs (caffeine and sulfadimezene is analyzed. The 
most  effective absorption bands are  determined.  

For  the heat t rea tment  of pharmaceut ica l  prepara t ions  it is neces sa ry  to know the charac te r i s t i c s  of 
the radiation source  (specifically, the spect ra l  energy density) and also the absorpt ivi ty of specimens.  

F r o m  a knowledge of the spectra l  density distribution of energy emitted by the source,  together with 
the absorptivi ty as a function of the wavelength A(X) or  of the wave number A(v), it is possible to.determine 
the ranges  of the spec t rum where the.absorption of radiant energy  is maximum and, consequently, the heat 
t rea tment  will be most  effective. 

The energy absorbed by a mate r ia l  within the range of the spec t rum from hi to h2 or  f rom v 1 to v2 is 

defined as I u(h)A(h)dh or  S u ( v ) A ( v ) d v ;  u(h) and u(v) denote the spect ra l  density of radiant energy ' in  

t e rms  of wavelengths or  wave numbers ,  respect ively .  

An analysis  intended to find the most  effective absorpt ion bands has been made for  two chemical  
drugs in a d isperse  state with ve ry  distinct physicochemical  proper t ies :  sulfadimezene and caffeine. 
2-(n-Aminobenzosulfamido)-4,6 dimethylpyridine (suifadimezene) is a white, slightly yellowish, powder. 
Its melt ing point is within 197-200~ [2]. 1,3,7-Trimethylxanthine (caffeine) is a white silky substance in 
the form of ac icutar  c rys ta l s  or  a crysta l l ine  powder.  Its melt ing point is within 234-237~ [2]. 

Because these substances  melt  at such low tempera tu res ,  it becomes necessa ry  to use a low- tem-  
pera ture  radiation source.  The subsequent calculat ions apply to a radia tor  at T = 450~ the energy 
density of which is descr ibed by the Planck function u(v, T). 

The wave number corresponding to the maximum of this u(v, T) function is 

V m a  x ----- 1.9610T cm "1 (1) 

and for our  rad ia tor  this amounts to 882.45 cm -1. 

We will also determine the wave numbers  corresponding to half the maximum radiant energy den- 
sity, i . e . ,  (1/2)u(v, T)max on both sides of Vmax: 

~}}~ = 0.80457 cm -t, ~(2)1/2 ---- 3.7612T cm -1. (2) 

The quantity 

- -  V (1)  = 2.9567T cm -1 (3) 

may be t reated as the equilibrium radiation band of the spectrum.  

the total energy is emitted over  the v(1 to v~212 It has been noted in [1] that the major  par t  (75.4%),o~of ~2 . , /  
(t} 

band (30.4% f rom v l /2  to Vma x Vma x 
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Fig. I. Infrared spectrum of sulfadimezene (a) and caffeine (al), spectral density of equilibrium ra- 
diation u(~, T) (W/am-2 -cm) at T = 450~ (b), and curve of effective absorption u(v, T)A(v) (W/cm -2 
�9 c m )  (c) .  A , % .  

and 19.6% is  e m i t t e d  a t  f r e q u e n c i e s  above  v~2/). 

F o r  our  p a r t i c u l a r  r a d i a t o r  t h e s e  wave  n u m b e r s  a r e :  

= 3 6 2 . 0 2 5  

v.(2,! = 1692.54 era-l; 
l ] z  

v!2! - -  v(') = 1330.515 cm -1 
l/z t/2 

i . e . ,  75.4% of  the e m i t t e d  e n e r g y  i s  c o n t a i n e d  wi th in  the 362 .025-1692.54  c m  - t  band�9 

A s  the c r i t e r i o n  of the  a b s o r p t i o n  c h a r a c t e r i s t i c s  of t h e s e  two s u b s t r a t e s  we have  c h o s e n  t h e i r  i n f r a -  
r e d  a b s o r p t i o n  s p e c t r a .  T h e s e  s p e c t r a  w e r e  r e c o r d e d  wi th  a U R - 2 0  t w o - b e a m  s p e c t r o p h o t o m e t e r .  The  
s p e c i m e n s  had  b e e n  p r e p a r e d  b y  m o l d i n g  with K B r  [3, 4]. 

A s  can be  s e e n  in F i g .  1, the a b s o r p t i o n  b a n d s  of s u l f a d i m e z e n e  a r e  400-1700 c m  -1 and 3000-3500 
c m  - I ,  whi le  t hose  of ca f f e ine  a r e  400-1800 c m  -1 and 2900-3200 c m  -1, i . e . ,  the a b s o r p t i o n  b a n d s  of the 
two s u b s t a n c e s  n e a r l y  o v e r l a p :  400-1800 c m  -1 and 2900-3500 c m  - t .  F u r t h e r  c a l c u l a t i o n s  w e r e  m a d e  to 
d e t e r m i n e  the b a n d s  of m a x i m u m  a b s o r p t i o n .  F o r  th i s  p u r p o s e ,  we a n a l y z e d  the v a r i a t i o n  of  the p r o d u c t  
u(v,  T)A(v) wi th in  the r a n g e  400-5000 c m  -1. 

The  r a n g e  of low wave  n u m b e r s  (< 400 c m  -1) i s  not  c o n s i d e r e d ,  s i n c e  i t  h a s  not  been  p o s s i b l e  to o b -  
t a in  da ta  on a b s o r p t i o n  wi th in  th i s  r a n g e ,  but  i t  m a y  b e  a s s u r n e d  tha t  th i s  a b s o r p t i o n  i s  not  an  a p p r e c i a b l e  
f r a c t i o n  of the t o t a l  a b s o r p t i o n ,  s i n c e  the  e n e r g y  e m i t t e d  in th i s  r a n g e  a m o u n t s  to on ly  7% of  the to ta l  
e m i t t e d  e n e r g y .  

F i g u r e  1 shows  the i n f r a r e d  a b s o r p t i o n  s p e c t r u m ,  the s p e c t r a l  d e n s i t y  of e q u i l i b r i u m  r a d i a t i o n  
[u(u, T)],  and  the c u r v e s  of e f f ec t i ve  a b s o r p t i o n  [u(u, T)A(u)] of s u l f a d i m e z e n e  and ca f f e ine .  

The  t r e n d  of the  u(u,  T)A(u) c u r v e  wi th in  the 400-1800 c m  - i  band  i s  a p p r o x i m a t e l y  the s a m e  a s  tha t  
of  the A(u) s p e c t r u m .  T h i s  i s  l o g i c a l  b e c a u s e ,  the  s p e c t r a l  e n e r g y  d i s t r i b u t i o n  b e i n g  a con t inuous  func-  
t ion  of the wave  n u m b e r ,  the e m i t t e d  e n e r g y  d e n s i t y  i s  a p p r o x i m a t e l y  (1 /2)u(v ,  T ) m a x  even  at  the  c o r n e r s  
of  the band ,  whi l e  the  a b s o r p t i v i t y  i n s i d e  th i s  band  v a r i e s  much  m o r e .  
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As can be seen in Fig. lc ,  a lmost  all the absorbed radiation energy coming from the source is in the 
400-1800 cm -1 band. Between 1800 and 2900 cm -1 there are  no absorption bands, even though the density 
of emitted energy is still not very  low" 

u (v -----1800, T) _ 0.432, u(v = 2900, T) -- ~ 0.05, 
. u (v, T)max u (v, T)max 

and because of the small  value of A(v), there is no significant contribution here  to the total absorbed 
energy to speak of. Within the 2900-3200 cm -1 range (caffeine) and the 300-3500 cm -1 range (sulfadime- 
zene), on the cont rary ,  there are  absorption bands but the emitted energy density is low: 

u(v=2900,  T) ~0.05,  u(v=3500,  T) ~.~0.01, 
tt (% T)max tt (v, T)max 

and the value of the product  u(v, T)A(v) is by one or  two o rde r s  of magnitude lower than in the v = 400- 
1800 cm -1 range. 

The shor t -wave range (3600-5000 cm-1), although not shown on the d iagram,  may be disregarded,  
because it contains no absorption bands and the emitted energy density is by 2 to 4 o rde r s  of magnitude 
lower than within the 400-1800 cm -1 range. 

Thus, a lmost  all the energy emitted by the source  is absorbed within the ra ther  narrow 400-1800 
cm -~ band of the spectrum.  I t  is important  in the calculat ions to know not only A(v) but also the mean 
absorpt ivi ty over  a definite band of the spectrum: 

Vt 

j' u (v, T) A (v) dv 

Amean= v, v, (4) 

Vx 

Since in our tests  infrared radiation is absorbed mainly within the 400-1800 cm -t band, the mean value 
here  re fe r s  to this par t i cu la r  band. For  sulfadimezene Amean = 0.524 and for  caffeine Amean -- 0.424. 

The absorptivi ty of a mater ia l  may change in the p roces s  of heat t reatment .  In o rde r  to take this 
possibi l i ty  into consideration,  we examined the absorption spec t ra  of specimens heated to different t em-  
pera tu res .  No significant changes in the absorption were observed:  the radiation intensity had changed 
by 4-6% within the band peaks and by slightly more  at the band corne r s .  Thus, one may consider  the 
absorpt ivi ty of a substance to remain  constant during the heating p rocess ,  until the aggregate  state of 
the substance changes.  It is to be noted that this d iscuss ion per ta ins  to the p roper  absorpt ivi ty not in- 
cluding the effects of par t ic le  concentrat ion,  size,  etc. 

NOTATION 

A 
X 
1) 

U(V, T) 
T 

1. 

2 .  

3. 
4. 

is the absorptivi ty;  
is the wavelength; 
is the wave number;  
is the spectra l  density of emitted energy;  
is the tempera ture .  
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