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QUANTITATIVE DETEENLNATION OF REACTIVE SPECIES I N  ALKALI HALIDE DISKS 

KEY WORDS: I n f r a r e d  spec t roscopy,  a l k a l i  h a l i d e  d i s k s ,  q u a n t i t a t i v e  
a n a l y s i s  

Don G. Lambert and Howard S .  K i m m e l  
Department of Chemical Engineering and Chemistry 

Newark Col lege  of Engineering 
Newark, New J e r s e y  07102 

A s  p a r t  of a n  i n f r a r e d  i n v e s t i g a t i o n  of t h e  k i n e t i c s  of t h e  r e a c t i o n s  

of KMn04 i n  a K I  d i s k  and of KI04 i n  a K I  d i s k ,  t h e  s to ich iometry  of t h e  

two r e a c t i o n s  w a s  needed. 

i n  a K I  mat r ix  t o  produce 10, (which then  reacts f u r t h e r  t o  form 10-) and 

Mn02. 

a K I  m a t r i x  . The i n f r a r e d  a b s o r p t i o n  a t  740cm , which i s  due t o  t h e  

presence of IO;, w a s  found t o  obey the Beer-Lambert Law. 

b r a t i o n  curves  f o r  KMn04 i n  K I  and f o r  K I 0 4  i n  K I  could not  be  obta ined  

because both  s p e c i e s  r e a c t e d  w i t h  the d i s p e r s i n g  medium dur ing  the prep- 

a r a t i o n  of t h e  d i s k  . It was a l s o  observed t h a t  no immediate r e a c t i o n  

A previous study' has shown t h a t  MnO- reacts 4 

3 
I o d a t e  i o n  i s  t h e  only observable  product  i n  t h e  r e a c t i o n  of 10, i n  

1 -1 

However, cal i -  

1 

occurred when KBr o r  K C 1  d i s k s  conta in ing  KMn04, o r  K I O  were prepared.  

Thus, an e x t r a p o l a t i o n  method was sought which would permit  the estima- 

t i o n  of c a l i b r a t i o n  curves  f o r  t h e  r e a c t i v e  s p e c i e s .  

EXPERIMENTAL 

4 

A l l  t h e  chemicals used i n  t h i s  s tudy  except  KBr were obtained from 

F i s h e r  Chemical Co. and w e r e  reagent  grade. Potassium bromide, spec t ro-  

grade ,  was obtained from Matheson, Coleman and B e l l .  The gr inding  and 

mixing of a l l  samples were done w i t h  mortar  and p e s t l e .  

from t h e s e  samples were prepared using s tandard  methods. 

Pressed p e l l e t s  
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A l l  spec t r a  were recorded on a Perkin-Elmer 457 Inf ra red  Spectro- 

photometer. The base-lime method w a s  used t o  determine the i n i t i a l  and 

f i n a l  percent transmittance of the peaks of i n t e r e s t  and both were cor- 

L rec ted  f o r  weight va r i a t ions  i n  the d i s k  . 
RESULTS 

Cal ibra t ion  curves fo r  K I O  i n  KC1,  KBr, and K I  a r e  shown i n  Figure 

1. Since these p l o t s  obey the Beer-Lambert Law, t he  s lopes  of t he  l i n e s  

y i e l d  the  ex t inc t ion  coe f f i c i en t s .  It is seen t h a t  t h e  ex t inc t ion  co- 

e f f i c i e n t s  decrease going from the  K I  matrix t o  the  KC1 matrix. Calibra- 

t i on  curves f o r  IMn04 i n  K C 1  and KBr (Absorption band a t  900cm-1 w a s  used 

and f o r  K I O  i n  KC1 and KBr (Absorption band a t  847cm-1 w a s  used.) a l s o  

obeyed the  Beer-Lambert Law. The ex t inc t ion  c o e f f i c i e n t s  obtained from 

c a l i b r a t i o n  curves thus f a r  discussed a r e  shown i n  Table 1. 

3 

4 

Hester and Krishnan’ have reported that the v i b r a t i o n a l  frequencies 

f o r  metal n i t r a t e s  are l i n e a r l y  r e l a t ed  t o  the  ion ic  p o t e n t i a l  ( z / r )  of 

the m e t a l  ion. The l i n e a r  r e l a t ionsh ip  between the in tegra ted  absorption 

coe f f i c i en t  and the  v ib ra t iona l  frequency4 suggests t h a t  a similar r e l a t i o n  

may e x i s t  between the  ex t inc t ion  coe f f i c i en t  of an in f r a red  band and the  

TABLE 1 

Extinction Coeff ic ien t  (cm-l) of KMn04, 

KIO&, and KI03 i n  Alka l i  Halide Disks 

A l k a l i  Halide 
substance K I  KBr KC 1 

K I O  

KI04 

7.34 5.25 2.92 

7.95 5.25 3.13 
* 

1.24* 3.41 9.40 

* 
Extrapolated value.  
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DETERMINATION OF REACTIVE SPECIES 
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r ec ip roca l  of t h e  i o n i c  radius;  i .e.,  l / r ,  of t h e  nega t ive  ion  making up 

the  matrix,  e . g . ,  C1-,  Br-,  and I-. 

A p l o t  of t he  ex t inc t ion  c o e f f i c i e n t s  of KI03 i n  KC1,  KBr, and K I  

versus t h e  r ec ip roca l s  of the i o n i c  r a d i i  of the respec t ive  nega t ive  ions 

w a s  l i n e a r ,  as shown i n  Figure 2. I f  it is  assumed that such p l o t s  f o r  

KMn04 i n  K C 1  and KBr and f o r  KIO i n  K C 1  and KBr are l i n e a r ,  then the ex- 

t i n c t i o n  c o e f f i c i e n t s  fo r  KMnO i n  K I  and K I O  i n  K I  can be  estimated and 

c a l i b r a t i o n  curves f o r  these  systems can b e  constructed.  These estimated 

ex t inc t ion  coe f f i c i en t s  are shown i n  Table 1. 

4 

4 4 

0.46 0.48 0.50 0.52 0.54 0.56 0.58 

( I o n i c  Radius)-' (A-') 

FIG. 2 

Extinction Coeff ic ien ts  V s .  (Atomic Radius)-' of Negative I o n  
For KI03 i n  KC1, KBr, and K I .  
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DETERMINATION OF REACTIVE SPECIES 

The c a l i b r a t i o n  curves obta ined  i n  this s tudy  f o r  KMn04 i n  K I ,  K I 0 4  

i n  K I ,  and  K I O  i n  K I  were used t o  determine t h e  concent ra t ions  of t h e s e  

s p e c i e s  a t  var ious  t i m e s  dur ing  t h e  course  of t h e  r e a c t i o n .  The c o n s i s t -  

ency of the r e s u l t s  obtained in the s tudy  of the s to ich iometry  of t h e  re- 

a c t i o n s  of i n t e r e s t  and t h e  work of Hester and Krishnan’ sugges ts  t h a t  t h e  

e x t r a p o l a t i o n  method discussed i n  t h i s  communication should y i e l d  r e l i a b l e  

e x t i n c t i o n  c o e f f i c i e n t s  when the subs tance  t o  b e  s t u d i e d  i s  n o t  s t a b l e  i n  

3 

an  a l k a l i  h a l i d e  m a t r i x  and c a l i b r a t i o n  curves can n o t  b e  obtained i n  t h e  

convent ional  manner. 
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