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The synthesis  of ion-exchange po lymers ,  which possess  a high permeabi l i ty  and poros i ty ,  assumes  
constantly increasing importance,  since such po lymers  find extensive use in sorption and the separation 
of metal  ions, alkaloids and antibiotics [1-4]. Of especial  in teres t  a re  macroporous  and macros ieve  ionites 
with a high heat stabil i ty and mechanical  strength,  which contain groups in the macromolecu le  chain that a re  
capable of forming complexes.  Such p roper t i e s  couldbe expected from ion-exchange res ins  that a re  obtained 
f rom aromat ic  di-  and te t ramines .  It is known [5, 6] that po lymers  a r e  synthesized f rom such compounds 
tha t  a re  res i s tan t  to heat ,  light, mois ture ,  and radiation.  

The purpose  of the p resen t  paper  was to synthesize and study the porper t i es  of the anion-exchange that 
a r e  obtained by the react ion of the halomethylated copolymers  of s tyrene  and N,N ' -a ry lened imethac ry l -  
amide with various amines.  

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

4,4 '-Diaminodiphenyl sulfide was synthesized by t reat ing aniline with sulfur in the p resence  of PbO 
[7], and it was r ec rys t a l l i z ed  f rom aqueous alcohol (mp 105~ 4,4 ' -Diaminodiphenylmethane was obtained 
by the react ion of aniline with CH20 [8], and it was r ec rys t a l l i zed  f rom water  (mp 90~). The other  s tar t ing 
compounds (s tyrene,  4 ,4 ' -diaminodiphenyl  e ther ,  p-  and m-phenylenediamine,  methacry l ic  acid, and its 
acid chloride) were  purif ied by known methods.  

The N,N ' -a ry lened imethacry lamides  were  synthesized by the acylation of the indicated a romat ic  di-  
amines (0.1 mole) with the acid chloride o fme thac ry l i c  acid (0.2 mole), using e i ther  f resh lyd i s t i l l ed  benzene 
or ether  as the medium, in the p re sence  of 0.2 mole of pyridine (1.5 h at  10-13~). 

The copolymerizat ion of s tyrene  with N,N~-arylenedimethacrylamides  (4, 8, 12, 16, or 20% on the 
weight of s tyrene)  was run both in bulk and in suspension. As the solvent and pore - fo rma t ion  agent we used 
ei ther  n-butyl or isoamyl alcohol [3]. The chloromethylat ion was run with monochlorodimethyl  e ther  in the 
p resence  of e i ther  0 . 4 m o l e o f S n C l t o r  ZnC12 (6-8 h at 55~). The amount of chlorine in the polymer  is 25-26%, 
which cor responds  to ~1.2 CH2C1 groups per  phenyl nucleus. 

The chloromethylated copolymers  of s ty rene  and N,N ' -a ry lenedimethacry lamide  were  aminated at 20- 
80 ~ with the following amines:  NH3_n(CH3)n, NH3_ n (CH2CH3)n, NH3_ n (CH2CH2OH) n (n = 1, 2, or  3), pyridine,  
picol ines ,  and pyr id inecarboxyl ie  acids.  The degree  of conversion of the copolymers  was determined by 
the amount of unreacted chlorine in the chloromethyl  group and by the anion-exchange capacity of the anion- 
ire. The stat ic  exchange capacity SEC of the anionites obtained f rom the copolymers  of s tyrene  containing 
8% of the d imethacry lamide  of m-phenylenediamtne (Ional A-2mS, Ional A-gm8,  Ional A-Pro8),  or contain- 
ing 8% of the d imethacry lamide  of 4 ,4 ' -diaminodiphenylmethane (Ional A-2MS, Ional A-9MS, Ional A-PM8),  
depending on the nature of the amines ,  is 1 .3 -5 .0mg-equ iv /g  when based on 0.1 N HC1 solution (Table 1). 

In the IR spec t ra  of the s tar t ing s tyrene  copolymers ,  containing the indicated a ry lened imethacry l -  
amides ,  a r e  p resen t  the cha rac te r i s t i c  absorpt ion bands (cm -1) of the s tretching (3470-3450) and de fo rma-  
tion (1535-1500) vibrations of the N - H  bond, the s t re tching vibrations (1700-1680) of the C =O bond of sec -  
ondary unassociated amide groups ,  the an t i symmet r i c  (2950-2930) and symmet r i c  (2875-2850) s t retching 
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TABLE 1. 

Ional 

A-2m8 
A-3m8 
A-5m8 
A -6m8 
A-Tin8 
A-8m8 
A-9m8 

A-pm8 

A -P4M 12 

Anion-Exchange Capaci ty of Macros[eve  Anioni tes  

, i 
I < ~  I 

Amine i~l~"~ ~ ~oO" SEA* , Ional Amine '~ o ~ C.)=~ = +~ ~ 

NH (CHs)2 
N (CHsh 
NH (CH2CH3)2 
N (CH~CHa)a 
NH2 (CHeCH~OH) 
NH (CH~CH2OH)2 
N (CH2CH2OH)3 
/=\ 

N~_// 
/ ~ \  

N~_/ / -cm 

*Based on 0.1 N HC1 solution, 

40 
40 
55 
80 
60 
60 
80 

80 

80 

4,5 
3,9 
4,3 
1,7 
4,0 
3,8 
2,9 

2,7 

2,2 

A-2M8 
A-3M8 
A-5M8 
A-6M8 
A-7M8 
A-SM8 
A-gM8 

A-PM~ 

NH (CH3)~ 
N (CH3)a 
NH (CH2CH3)~ 
N (CH~.CH.@a 
NH~ (CH2CH2OH) 
NH (CH2CH2OHA 
N (CH~CH2OH)~ 
/=\ 

st\x__/' 

20 
20 
55 
80 
40 
80 
80 

60 

m g- equiv/g, 

SEA* 

0,5 
3,9 
4,6 
i,3 
4,4 
4,2 
2,6 

2,6 

v ibra t ions  o f - C H  2 -  g roups ,  the s t re tch ing  v ibra t ions  of the C - H  bond (3100-3000) and the deformat ion  
v ibra t ions  of the C = C bonds of the benzene r ings  (1610-1600 and 1535-1500), the ou t -o f -p lane  deformat ion  
v ibra t ions  of monosubs t i tu ted  phenyl nuclei  (760, 700), the s t re tching  v ibra t ions  of the C - N  bond (1315- 
1300), the deformat ion  v ibra t ions  of t h e - C H  3 a n d - C H  2 -  groups (1460-1455), and a lso  the cor responding  
absorp t ion  bands of the deformat ion  v ibra t ions  of 1 ,4-subst i tu ted  (1035, 1165, 845) and 1 ,3-subs t i tu ted  
(1035, 1080, 1110-1200, 850) a r o m a t i c  r ings  [9]. In the spec t rum of the ch loromethyla ted  copolymer  a r e  
p r e s e n t  absorp t ion  bands that a r e  c h a r a c t e r i s t i c  for the CH2C1 group (675, 1270), while absorp t ion  bands 
that  a r e  c h a r a c t e r i s t i c  for the unsubst i tuted units of po lys ty rene  a r e  comple te ly  absent .  In the s pe c t r a  of 
the obtained anioni tes  the in tensi ty  of the f requencies  at  675 and 1270 cm - i  d e c r e a s e s  sharp ly .  

In ha rmony  with the data of the spec t r a l  and chemica l  ana lyses ,  the s t ruc tu re  of the obtained anioni tes  
can be depic ted  in the following manner :  

where  

CH3 
I 

--CH--CH~--C--CH,--CH--CH~-- 
I I I 

R' C=O R' 
I o e  I t o e  

CH~,XC1 NH CH2XC1 

R 
|  I ~ e ,  

CH2XCI NH CH~XC1 
I } [ 

R' C=O R' 
I I I 

--CH--CH2--C--CH2--CH--CH2-- 

CHa 

- ,  - ,  
i 

_ � 9  

| | o 
X=--NH3_n(CH3)n, --NH3_n(CH~CH3)n, --NHa_n(CH~CH~0H)n; (n =1,2 or 3) 

N ~ 

@, O< O< 0 I 
Y 

( Y = C H 3  or COOH) 

The p r e s e n c e  of he te roa toms  and po la r  groups  ( - S - ,  - O - ,  - -SO2- -  , - N H - , . ~ C  =O, etc.) in the m a c r o -  
mo lecu l a r  chains of ion-exchange p o l y m e r s  can i nc rea se  the se l ec t iv i ty  of the aniont tes  with r e s p e c t  to c e r -  
tain ions of o rganic  and inorganic  compounds. Fo r  this r eason  the use of such iontt ies for the sorpt ion and 
sepa ra t ion  of var ious  meta l  ions is of both p r a c t i c a l  and theo re t i ca l  in te res t .  The g r e a t e r  length of the N,N ' -  
a r y l e n e d i m e t h a c r y l a m i d e s  when compared  with divinylbenzene makes  it pos s ib l e  to i n c r e a s e  the p e r m e a b i l i t y  
of ion-exchange r e s i n s  with r e s p e c t  to the tons of l a r g e  organic  molecu les  (a lkaloids ,  an t ib io t ics ,  etc.) .  

936 



CONCLUSIONS 

Various anion-exchange polymers were obtained from the eopolymers of styrene and N,N'-arylene- 
dimethacrylam[des, with subsequent chloromethylation and amination. 
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