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The reac t ion  of pyridine compounds (pyridine, 4 -methylpyr id ine ,  4-hydroxypyr id ine ,  4 - c a r -  
boxypyridine,  pyr id ine-4-a ldehyde ,  and pyr id ine-4-a ldoxime)  with KU-2 cat ion-exchange 
r e s ins  in the H +, K +, and NHt + f o r m s  and with AV-17 anion-exchange r e s in s  in the OH- and 
C1- f o r m s  was invest igated.  A dependence of the m a x i m u m  par t i t ion coeff icients  of the 
pyr idine compounds on the composi t ion and concentrat ion of the eluent was found. The ch ro -  
m a t o g r a m  of the separa t ion  of a mix tu re  of pyr idine compounds on AV-17 (C1- form)  is 
p resented .  

A number  of invest igat ions have been devoted to the separa t ion  and quantitat ive determinat ion of p y r i -  
dine compounds (PC) by pape r  [1, 2], th in - l aye r  [3, 4], sedimentat ion [5, 6], and gas- l iquid  [7-18] ch romatog-  
raphy.  Ion-exchange r e s i n s  have been used for  the separa t ion  of PC only in individual cases .  A few stud-  
ies have been devoted to the investigation of pyridine sorpt ion by ion-exchange r e s ins  [19, 20] and to the 
isolation of nicot inamide by  an ion-exchange method [21]. 

The separa t ion  of PC, pa r t i cu Ia r ly  the high-boil ing and unstable compounds,  on solid sorbents ,  includ- 
ing ion-exchange r e s ins ,  is of in te res t  fo r  analyt ical  and p r epa ra t i ve  pu rposes  if one cons ide rs  the cer ta in  
l imi tedness  in this r e s p e c t  of the gas- l iquid  method.  

The a im of this investigation was the re fo re  to study the poss ib i l i ty  of the separa t ion  on ion-exchange 
r e s in s  of some PC f o r m e d  p r i m a r i l y  in the vapo r -phase  oxidation of 4 -methy lpyr id ine  [22]. 

We invest igated the chromatographic  behavior  of pyridine (i), 4 -methy lpyr id ine  (II), 4 - c a r b o x y p y r i -  
dine (HI), py r id ine -4 -a idox ime  (IV), 4 -hydroxypyr id ine  (V), and pyr id ine-4-a ldehyde  (VI) on KU-2 cat ion-  
exchange r e s in s  in the H +, K +, and NH4 + f o r m s  and on anion-exchange r e s in s  AV-17 in the OH- and C 1 - f o r m s .  

The bas ic i ty  of the ni t rogen atom in the he t e rocyc l i c  r ing of I changes as a function of the nature  and 
posit ion of the substi tuent.  Thus, the methyl  group in II  i n c r e a s e s  the ionization constant  of the bas ic  group 
of I b y  +0.79 units (Table 1) as a r e s u l t  of m e s o m e r i c  (+M) and inductive (+1) effects .  Ahydrogen  a tom is 
t r a n s f e r r e d  f r o m  the subst i tuent  to the r ing ni t rogen a tom in PC which contain acid groups in the subst i tuent  
with ionization constants  which a r e  lower than the ionization constants  of the base  [23]. Among such PC are  
HI-V which ex is t  in aqueous solution p r i m a r i l y  in the f o r m  of inner sal ts ,  i .e. ,  as zwit ter ions.  For  example ,  
depending on the solution pH, I I I  ionizes as fol lows: 

COOH COO - COO- 

pKa I 1,84 pKa2 4"86" I "~ 

H H 

COOH 
I 
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TABLE 1. Maximum Par t i t ion  Constant (P0) between KU-2 H + 
and 2 N HC1 and Ionization Constants of Some 4-Subst i tuted 
Pyr id ine  Compounds 

Compound 
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Fig. 1. Changes in the m a x i m u m  coeff ic ients  of par t i t ion of pyr idine compounds between an ion- 
exchange res in  and a solution as a function of the eluent concentra t ion:  a) KU-2 H +, HC1 eluent; b) 
KU-2 NH4 +, NH4C1 eluent; c) KU-2 K +, KC1 eluent; d) AV-17 CI-, NH4C1 eluent; and e) AV-17 CI-,  
NH4OH + NH4C1 eluent.  

Compound VI does not have zwit ter ion c h a r a c t e r ;  in aqueous solution it is in equi l ibr ium with the hydra ted  
f o r m .  In acid med ia  the equi l ibr ium is shifted to favor  the hydra ted  fo rm,  while the unhydrated f o r m  is 
favored  in alkaline media .  

As a r e s u l t  of par t i t ion  between the solution and the ion-exchange m e m b r a n e ,  in accordance  with the 
m e m b r a n e  (Donnan) equi l ibr ium, the PC f o r m s  a complex with KU-2 H + with the hydrogen ion located there .  
This  complex  is pos i t ive ly  charged  and r e m a i n s  in the r e s in  at the s a m e  s i te  where  the hydrogen ion was.  

[PC] + H + - KU-2 ~_~ [PC �9 H] + - KU-2 

Thus, the absorption of the PC by the ion-exchange resin depends not only on partition in accordance with 
the membrane equilibrium, but chiefly on the stability of the complex formed. If the external solution also 
contains H + ions, which form a complex with the PC, the absorption of the latter by cation-exchange resin 
depends on the H + ion concentration in solution and on the stabilities of the complexes in solution and in the 
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Fig. 2. Separation of 4-subs t i tu ted  pyr id ines  on 
AV-17 CI- :  1) V; 2) I; 3) II; 4) III; 5) IV [column 
39 cm by  0.078 cm2; r e s in  grain d i a m e t e r  0.05- 
0 .06 ram;  eluent 0.4 N NH4C1 + 0.01 N NH4OH; 
eluent pa s s age  r a t e  0.73 m l / c m 2 - m i n ;  C is the 
concentrat ion of each component  in optical  units 
(o~]. 

ion-exchange res in .  The quantity c~ absorbed  molecu les  is  l imi ted  by  the ion-exchange capac i ty  of the res in .  
According to [20], the absorpt ion of I by  the sulfo groups of KU-2 H + is equal to the capaci ty  of the ion-ex-  
change res in .  

F igure  l a  shows the dependence of the m a x i m u m  par t i t ion  coeff icients  (P0) of PC on KU-2 H + on the 
HC1 concentra t ion in an equi l ibr ium solution. It is apparent  f r o m  the f igure  that  the PC a re  s t rongly  ab-  
sorbed  by the ca t ion-exchange res in .  It is apparent  f r o m  a compar i son  of the P0 values  obtained in 2 N HC1 
with the ionization constants  of the PC in solution (Table 1) that, as a r e s u l t  of in teract ion with the ion-ex-  
change r e s i n  ma t r ix ,  the o rde r  of s tabi l i ty  of the PC complexes  in the r e s in ,  viz. ,  VI < I I I  < I < IV < V < IL 
does not co r r e spond  to the o rde r  of i nc r ea s e  in the pKal  of the PC (Ill < V < VI, IV < I < ID. 

By compar ing  the sa l t  f o r m s  of the ca t ion-exchange res in ,  we see that the PC a re  m o r e  s t rongly ab-  
sorbed  by  the ammonium f o r m  (Fig. lb) than by  the po tass ium f o r m  (Fig. lc) ,  which m a y  be explained by  
the higher  affinity of the K + ion fo r  the ca t ion-exchange r e s i n  as compared  with the NH4 + ion and also by  
the fac t  that  the NH4C1 solution is weakly acidic.  It m u s t  be  noted that in expe r imen t s  for  the de te rmina t ion  
of the P0 values  by  a dynamic method on KU-2 K + with 0.4 and 1.0 N KC1 as eluents,  III and VI a re  sepa ra ted  
into two peaks;  i .e. ,  under these  conditions a pure  substance  s imul taneous ly  has  two P0 values;  this  is pos -  
s ibly explained by  the exis tence  in solution of two equi l ibr ium f o r m s  of compounds with low r a t e s  of e s t ab -  
l i shment  of equi l ibr ium between the f o r m s .  (In the f igures ,  the P0 values of the second f o r m  a re  designated 
by  dash lines.) 

As in the ca se  of KU-2 H +, the absorpt ion  of Ill, IV, and V by  the s t rongly  bas ic  AV-17 in the OH- f o r m  
occurs  v ia  a complexing m e c h a n i s m :  

[7pC ]+ OH-- -Av -17~-[: rC]---AV -17 + H~O. 

When the P0 values  a re  high, absorpt ion is l imi ted  by  the ion-exchange capac i ty  of the ion-exchange res in .  
The so rbed  compound is eluted with a concent ra ted  solution of a s t rong alkali .  Compounds I, II, and VI are  
absorbed  weakly on AV-17 OH-, and the i r  P0 values  during elution with wa te r  a r e  2.8, 4.8, and 13.5, r e -  
spect ively .  

Except  fo r  IV, which is  m o s t  s t rongly  sorbed,  P0 between AV-17 C1- and NH4C1 solution (Fig. ld) 
d i f fe rs  l i t t le  fo r  the va r ious  PC. When the concentra t ion  of the NH4C1 solution is dec reased ,  P0 d e c r e a s e s  
fo r  IV but i n c r e a s e s  for  IlL The exis tence  of two f o r m s  of PC is also observed  under the invest igated p a r -  
ti t ion conditions.  

The graph of the dependence of the P0 of PC on AV-17 C1- on the composi t ion and concentra t ion of the 
eluting solution (Fig. le) indicates  that  the absorpt ion  of Ill  i n c r e a s e s  sharp ly  with alkal izat ionof the eluent 
~H4Cl).  
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The determination of the P0 between the various fo rms  of ion-exchange res ins  and eluting solutions 
for  the investigated PC makes  it possible to select  the mos t  suitable conditions for  their separat ion;  con- 
verse ly ,  knowing the ra t ios  of the P0 values of the separable  components and the height of an equivalent 
theoret ical  plate of the chromatographic  column, one can establish the length of the column for complete 
separat ion of a mixture  and determine the volumes of the f ract ion of effluent solution in which each com-  
ponent will be contained. As an example, Figure  2 shows the ch romatogram of the separat ion of an ar t i f i -  
cial mixture  p repared  f r o m  five PC on AV-17 C1- with 0.4 N NH4C1 4- 0.01 N NH4OH as the eluent. 

E X P E R I M E N T A L  

Except for  KU-2 in the H + form,  the maximum part i t ion coefficients (P0) on the investigated fo rms  of 
the ion-exchange res ins  were determined under dynamic conditions. P0 was calculated f rom the expression 
[301 

p0 V ...... - ( v ~ + v o )  . 

rtL 

where P0 is the weight maximum part i t ion coefficient in mil l i l i ters  per  gram,  Vma x is the volume (in mil l i -  
l i ters)  of eluent passing through the column f rom the s tar t  of application of the sample to the appearance 
of the peak maximum, v i is the f ree  volume of the chromatographic  column in mi l l i l i te rs  (v i in all of the 
experiments  was taken as 40~o of the total volume of the chromatographic  column), v 0 is the volume (in 
mill i l i ters)  of the connecting tube f rom the chromatographic  column to the detector  (in our experiments,  
v 0 was 0.40 ml), and m is the weight of the a i r -d r i ed  ion-exchange res in  in g rams .  

A chromatographic  column with a length of 10-40 em and a c ross  section of 0.08 em 2 and ion-exchange 
res ins  with grains 0.05-0.06 mm were used in the experiments .  The weight of the a i r -d r ied  res in  in the 
chromatographic  column was calculated f r o m  the previous ly  determined specific volume of the swelled 
res in  (KU-2 H + 0.40 g /ml ,  AV-17 CI- 0.36 g/ml) .  

The column was brought  into equil ibrium with the eluent before  application of the test  solution (0.1- 
0.2 ml). The amount of applied compound on the column was ~ 1 �9 10 .3 rag-equivalent,  which was less  than 
0.1% of the ion-exchange res in  capacity.  

Detection was accomplished through light absorption in the UV region with a DPU-2 densi tometer  
which was connected to an EPP-09  record ing  potent iometer  with a 10-mV scale.  

The P0 values of the compounds on KU-2 H + were determined under static conditions f rom the ra t io  
of the concentrat ion of the compound in the res in  in mi l l igram-equivalents  per  gram of a i r -d r i ed  res in  and 
the concentrat ion in the equilibrium solution in mi l l igram-equivalents  per  mi l l i l i te r :  

P0 (C0--Cl).V:m C ,=~ ,  

where C o and C 1 are  the initial and equilibrium concentrat ions of the solution in mi l l igram-equivalents  per 
mil l i l i ter ,  C is the concentrat ion in the res in  in mi l l igram-equivalents  per  g ram of a i r -d r i ed  resin,  and V 
is the volume of the solution, allowing for  water  in the swelled resin,  in mil l i l i ters .  

The absolute e r r o r  (reproducibility) in the determinat ion of P0 was less  than 5%. 
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