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Abs t r ac t  - The s p e c i f i c i t y  and s e l e c t i v i t y  of polymeric methacryla- 
t e  so rben t s  i s  comparat ively r e a d i l y  r egu la t ed  by changing t h e  che- 
mica l  na tu re  of t h e  s u r f a c e  i n  t h e  p rocess  o f  s y n t h e s i s  m d  modifi-  
c a t i o n .  Porous copolymers obtained by copolymerizat ion of 2,3-epo- 
xypropylmethacrylate  w i t h  t h e  r e s u l t i n g  mod i f i ca t ion  by va r ious  ami- 
nes  and amino a l coho l s  have been inves t iga t ed .  The geometric s t r u c -  
t u r e  o f  t h e  sorbent  has  been s tud ied  by u s i n g  var ious  methods, t h e  
dependences of t h e  s t r u c t u r e  parameters  on d i f f e r e n t  f a c t o r s  be ing  
e s t a b l i s h e d .  The thermodynamic c h a r a c t e r i s t i c s  f o r  t h e  adso rp t ion  
of organic  subs tances  which a r e  used t o  t e s t  f o r  var ious  types  of 
i n t e rmolecu la r  i n t e r a c t i o n s  were determined by t h e  method of gas- 
chromatography. The thermodynamic c h a r a c t e r i s t i c s  of adso rp t ion  o f  
benzene de r iva t i , r e s  from non-polar and p o l a r  e l u e n t s  on t h e  polymers 
con ta in ing  d i f f e r e n t  f u n c t l o n a l  groups were determined by t h e  method 
o f  KI’LC. The method o f  f r o n t a l  chromatography and t h e  s t a t i c  vacuum 
method were used t o  s tudy t h e  range o f  t h e  average cover ing  o f  t h e  
su r face ,  The r e  p l a r i t i e s  i n  t h e  e f f e c t  o f  $he q u a n t i t y  and t h e  na- 
t u r e  of t h e  f u n c f i o n a l  groups on t h e  adso rp t ion  o f  s u l f u r  and carbon 
d ioxides  have been found. 

INTRODUCTION 
Development of chromatographic and adso rp t ion  methods i s  c l o s e l y  connected 
wi th  t h e  product ion of new so rben t s  respons ive  t o  much h ighe r  requirements .  
Thus they a r e  supposed t o  be spheres  (g ranu le s  o f  a narrow f r a c t i o n a l  com- 
p o s i t i o n  of va r ious  s i z e ) ,  t o  be s t a b l e  i n  var ious  media, thermal ly  s t a b l e  
and s e l e c t i v e  towards c e r t a i n  compounds. Polymeric so rben t s  f u l l y  comply 
wi th  t h e s e  requi rements ,  A choice  of monomers a l lows  t h e  r e g u l a t i o n  of 
t h e i r  t h e r m o s t a b i l i t y  and r e s i s t a n c e  t o  t h e  e f f e c t  o f  a c i d s  and a l k a l i s .  
Since t h e  chemical na tu re  of t h e  polymer su r face  can be r e a d i l y  va r i ed  by 
bonding va r ious  f u n c t i o n a l  groups,  i t  i s  p o s s i b l e  t o  ob ta in  t h e  so rben t s  
which s e l e c t i v e l y  adsorb t h e  r equ i r ed  component o f  t h e  mixture  t o  be ana- 
lyzed.  Moreover, t h e  copolymerizat ion r e a c t i o n  c a r r i e d  out i n  t h e  medium 
o f  i n e r t  s o l v e n t s  end con ta in ing  d i f f e r e n t  amounts of c ros s - l i nk ing  agent 
makes it p o s s i b l e  t o  change and a d j u s t  t h e  s p a t i a l  s t r u c t u r e  o f  t h e  r e s u l t -  
i n g  three-dimensional  network of t h e  polymer and t o  ob ta in  s o r b e n t s  of va- 
r i o u s  po ros i ty .  
methacry late-based copolymers con ta in ing  r e a c t i v e  epoxy groups r e a d i l y  
undergo chemical mod i f i ca t ions .  Therefore  they  a r e  found t o  be very pro- 
mising f o r  t h e i r  a p p l i c a t i o n  i n  chromatography and adso rp t ion  r e q u i r i n g  
r e g u l a t i o n  and adjustment  o f  t h e i r  adso rp t ion  and s e l e c t i v i t y  p r o p e r t i e s .  

I. 
MODIFICATIONS 

SYNTHESIS OF METHACRYLATE COPOLYMERS AND THEIR 

F o r  t h e  s y n t h e s i s  o f  chemical ly  a c t i v e  polymers were used macroporous copo- 
lymers o f  2,3-epoxypropylmethacrylate (EPlllA) o r  2,3-epithiopropylmethacry- 
l a t e  (ETPEX) wi th  e thylenedimethacry la te  (ED?%) obtained i n  t h e  process  o f  
suspension r a d i c a l  p o l y m e r i a d i o n  w i t h  var ious  amount of monovinyl monomer 
and var ious  r a t i o  between t h e  so lven t  and t h e  p r e c i p i t a t o r  i n  t h e  i n e r t  
phase ( o f  cyclohexanol and dodecanol) ( r e f . 1 ) .  The fo l lowing  abbrev ia t ion  
was used t o  des igna te  t h e  geometr ic  mod i f i ca t ions  o f  methacry la te  porous 

1889 



1890 L. D. BELYAKOVA eta/. 

Table 1. Modification of the copolymer l3?PTA-2DlJA with amines. 
Reaction conditions: copolymer 10 g, mine 30 ml, temperature 80°C, 
time 6 hours 

~ ~~- 

I1 R' R Reagent I 
a -H -H ammonium 
b -H -(CH ) IVX ethy lenediamine 
C -H -(CFI;) CH,) 21T2 diethylenetriamine 
d -H - ( CH2) 2@H 2-hy droxy e thy lamine 
e -CH3 - CH3 dimethy lamine 
f - ( CH2) 20H - ( CH2) 20H di, 2-hy droxy e thy 1- 

amine 

copolymers TPPIKA-SDUA: the part of SpNA in a mixture with 3DILA-the ratio 
cyclohexanol/dodecanol, 
with 4056 T L L L  with the ratio of cyclohexanol/dodecanol equal to 91/9. Copo- 

For example, porous polymer 40-91/9 was obtained 

lymers contain reactive 
alcohols according to 

groups which react with amines and amino 

,E' 

'0' R '2 
/R' -C-O-CH2-CH-CH2 i HIT, - -)J-O-CH,-E-CH -IT 

I I I a - f  
8 

II. 
DEPENDENCE ON VARIOUS FACTORS 

CHARACTERISTICS OF THE GEOMETRIC STRUCTURE AND ITS 

Application of various methods for characterizing the porous structure. The 
properties of polymeric sorbents are determined by both chemical properties 
of their surface and the geometric structure. The possibility of applicat- 
ion of adsorption methods and the method of mercury porosimetry for study- 
ing the porosity of such "non-rigidll structures as porous  polymers includ- 
ing polymers of methacrylate type has been studied (ref.2). Specific sur- 
face areas of the samples were measured using the dynamic method of thermal 
nitrogen desorption. YIercury porograms were obtained in the renge of pyes- 
sures from 0.2 to lo5 k?a, which made it possible to determine the pores of 
8 nm and higher in diameter (ref.2). 
were measured with the use of the rlac-B n-Bakr vacuum balance on the sample 

in which polymeric sorbents practically do not swell mas used as cdsorbate 
(Fig.1) (ref.3). 
ion isotherms of cyclohexane vapour in which polymers partilly swell (irre- 
versibility of the isotherm at l o w  p/po). 
ed by weighing the centrifuged sample of the polymer after filling the po- 
res with liquid cyclohexane. The investigations (ref.2) have shown that 
the values of the specific surface area Sc are near the values of SB2, 
though the former are considered as evaluaqids ones since the energy con- 
stant of the equation B5T in this case is small (refs.2,3). The fact that 
the surfaces of the adsorption film SlC formed at the beginning of the 
capillary condensation (ref.4) and Sc p8 'gractically coincide as well as 
the fact that the S values measured w!?td8respect to the adsorption of a 
small nitrogen molecule and rather a large C8F,8 molecule are a lso  close to 
each other indicate that micropores are absent in the sampleo. The S 
value in some cases exceeds the S value taken from adsorption data. There 
is a probability that these samples contain a sufficient amount of pores 
with narrowing (broadening). 
A comparison of the pore volumes measured according to the amount of mercu- 
ry impressions and the amount of n-C8F,8 and CyC10-CgH12 vapours adsorbed 
by the polymers at p/po=l 

Vc 
cy8lai;exane vapours (Pig. 1) and, secondly, VfIg> V, though this difference 
does not exceed 0.1 cm /g. The latter fact shows that the sorbents under 
study do not contain any significant amount of pores with d > 200 nm. 

The isotherms of the vapour adsorption 
predominantly pumped out at 70°C to 10 -3 kra. Ferf luoro-n-octane (n-C8PI8) 

The same polymeric samples were used to measure the sorpt- 

The pore volume was also determin- 

He; 

shows that, firstly the values of Vc and 
practically coincide despite certain swelling of the polgm&3 in the 
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Fig.1. Isotherms o f  the 
adsorption o f  n-C8F,8 (I) 
and cyclo-c6II12(2) a t  2 5 O C  
on the DFfi-ZDMA copolymer 
(60-91/9) modified by di- 
ethylenetriamine ( I I c )  , 
Solid d o t s  designate 
desorpt i on. 
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Fig. 2. The dependence o f  the s e c i f i c  surface 
a rea  (a) and the pore volume (by on the  con- 
t e n t  of  the  cross-linking agent ( 0 )  and cyclo- 
hexanol (0) f o r  the TPMA-EDEM copolymer ( 0 ,o) 
and the HJI!IA-?DKA copolymer ( A ). 

Thus it f o l l o w s  that the adsorption method (using adsorbates i n  which po ly -  
mers p r a c t i c a l l y  do  not swel l )  and the mercury porosimetry method f o r  the 
determination of the pores s i z e  and volumes produce compatible r e s u l t s  f o r  
the  polymers containing t h e  pores with d up t o  200 nm. I n  ( r e f s .  5 , 6 ) ,  t o  
character ize  the porous s t r u c t u r e  o f  EPMA-EDISA copolymers the  g e l  permeat- 
ion chromatography (GPC) wcls employed along with the  e l ec t ron  microscopy, 
mercury porosimetry and ni t rogen sorption. It has been shown that the cha- 
r a c t e r i s t i c s  of the porous s t r u c t u r e  d i f f e r s  i n  the d r y  s t a t e  and i n  the  
swollen s t a t e :  t he  average pore diameter measured according t o  mercury po- 
rosimetry i s  g r e a t e r  than t h a t  determined by GPC. The inves t iga t ion  o f  t he  
morphology of WMA-?DrIA copolymers by the method o f  scanning e l ec t ron  micro- 
scopy ( r e f .7 )  has shown t h a t  the copolymers cons i s t  o f  t w o  types o f  spheric  
micro p a r t i c l e s ,  namely, the primary p a r t i c l e s ,  nodules 10 nm i n  s i z e  (which 
explains the large S o f  copolymers), which f o r m  aggregates t o  y i e l d  the se- 
condary p a r t i c l e s ,  globules. The character  of aggregation of micro pa r t i c -  
l e s  on the  surface s u b s t a n t i a l l y  d i f f e r s  from t h a t  i n s ide  the globules. The 
micro p a r t i c l e s  on the surface and i n  the globule volume a r e  o f  the same 
s i z e ,  however, they f o r m  more compact aggregations on the surface.  The po- 
r e  s i z e  i n  the surface layer  (approximately 0.1 mkm) is  much smaller  than 
t h e  pore s i z e  i n  the volume. According t o  the authors ( r e f s .  8,9) the sur- 
face layer o f  t he  globules c o n s i s t s  o f  mobile polymeric chains. 

Regulation of t he  porous s t ruc tu re .  
amount of  the  cross-linking B ent EDMA and cyclohexanol arg given i n  Fig.2 
f o r  the  XTIlA-ZD16A copolymers $ref.  10) and the  copolymers o f  2-hydroxyethyl- 
methacrylate H ~ X A - ~ D L I A  ( ref .11) .  The f i g u r e  shows t h a t  t he  majority o f  the  
copolymers under study exhibi t  developed p o r o s i t y .  The s p e c i f i c  surface 
area of  the polymers increase with an increase of the amount of the cross- 
linkiiig agent. The pore volume o f  EPMA-EDIU copolymers increases  with an 
increase o f  the  ZDEU p a r t  from 10 t o  20%) but with a f u r t h e r  increase o f  
the EDMA p a r t  up t o  6074 changes negl igibly.  The same dependences o f  t he  
s p e c i f i c  surface a rea  and the  pore volume on the content o f  t h e  cross-link- 
ing agent and on the  composition o f  t he  i n e r t  mixture were e s t ab l i shed  f o r  
copolymers of methylmethacrylate (IDLA) with 13DN4, kDIA and HENA with Z D U ,  

The dependences o f  SrT and V on the 
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a k r y l o n i t r i l e  ( A N ) ,  H3LA wi th  3DNA ( r e f s . l 1 , 1 2 ) ,  2TTIi.4 with -:DIN ( r e f s .13 ,  
141,. copolymers o f  s ty rene  and divinylbenzene ( r e f .  151, v iny lpyr id ine  and 
divinylbenzene (ref .151,  which i n d i c a t e s  t h a t  t hese  r e g u l a r i t i e s  a r e  com- 
mon f o r  a l l  t ypes  of macroporous polymers. The i n t r o d u c t i o n  of ionogenic  
groups i n t o  monomers s u b s t a n t i a l l y  a f f e c t s  t h e i r  a b i l i t y  t o  be so lva ted  by 
c e r t a i n  s o l v e n t ,  t h e  r i g i d i t y  of t h e  polymer network and, consequent ly ,  t h e  
polymer poros i ty .  The more p o l a r  t h e  comonomer, i . e .  i n  t h e  s e r i e s  IT%< 
HTTUKAAN (ref .121,  t he  more pronounced i s  a decrease of S and TT o f  metha- 
c r y l a t e  terpolymers  wi th  an inc rease  o f  t he  comonomer conten t .  In  o the r  
words, t h e  more p o l a r  t h e  monomer, t h e  less i s  t h e  po ros i ty  of  t h e  r e s u l t -  
i ng  copolymer, which is  due t o  t h e  d i f f e r e n c e s  i n  t h e  copolymerizotion ra-  
t e s  a f f e c t i n g  t h e  composition and t h e  t e x t u r e  of copolymers, The e f f e c t  of 
t he  changes i n  t h e  copolymers s t r u c t u r e  a f t e r  involvement of var ious  func t -  
i o n a l  groups was s tud ied  f o r  t h e  LZPZ!A-~DRiI copolymers. M i n a t i o n  wi th  
ammonium leads  t o  a growth of S ,  whi le  amination wi th  m i n e s ,  on t h e  cont- 
r a r y ,  r e s u l t s  i n  a decrease o f  S o f  t h e  polymer as compared wi th  S of t h e  
non-modified copolymer, however, i n  t h e  case  of h igh  c ross l inked  polymers 
t h i s  decrease  i s  n e g l i g i b l e  ( re f .10) .  Amination o f  t h e  copolvmer r e s u l t s  
i n  a growing globule  s i z e ,  e s p e c i a l l y  i n  t h e  caue o f  l a r g e  molecules o f  t h e  
aminating agent ,  which mani fes t s  i t s e l f  i n  a decrease  of S m d  V. Y%en t h e  
P?"A-EDEX copolymers ;ire s u l f u r i z e d  t h e  polymeric s t r u c t u r e  chaiqee morked- 
l y .  S and V decrease ,  t h i s  e f f e c t  being e s p e c i a l l y  pronounce6 i n  t h e  cese 
of h igh  c ross l inked  polymers ( r e f s .  15,16). Consequently, t h e  polymer-ana- 
logous conversions lead  t o  no t i ceab le  changes i n  t he  porous s t r u c t u r e  o f  
copolymers. These changes depend on the  b a s i c i t y  o f  the  ionogca ic  groups 
being introduced and t h e  po ros i ty  o f  t h e  o r i g i n a l  copolymer, 

Ill. 
SURFACE BY CHROMATOGRAPHIC METHODS ( t h e  range of ini t ia l  
surface covering) 

INVESTIGATION OF THE CHEMICAL PROPERTIES OF THE POLYMER 

The a p p l i c a t i o n  of chromatographic methods with t h e  use o f  h igh - sens i t i ve  
d e t e c t o r s  f o r  s tudying  the  su r face  chemistry o f  so rben t s  and t h e  i n t e r a c t -  
ion o f  t h e  l R t t e r  wi th  the  adsorbed molecules allows one t o  ca r ry  out  t h e  
i n v e s t i g a t i o n  o f  t h e  cond i t ions  a t  which t h e  concent ra t ;on  of t h e  adsorba te  
molecules i n  t h e  volume phase and on t h e  sucface  a r e a  i s  s o  s m a l l  t h a t  t h e  
adsorbate-adsorbate  i n t e r a c t i o n  can be poss ib ly  nec lec ted .  As odsorbates  
i t  i s  f e a s i b l e  t o  choose the  molecules capable  o f  var ious  in t e rmolecu la r  
i n t e r a c t i o n s ,  such a s ,  d i spe r s ion ,  o r i e n t a t i o n a l  ones, nnd a l s o  capable of 
forming J-complexes, hydrogen bonds. 

Thermodynamic c h a r a c t e r i s t i c s  of organic  subs tances  adsorp t ion .  Ges-adsorpt- 
'Ton chromatography. The p ioneer  i n v e s t i g a t i o n s  concerned 2TL4--;DTqA copoly- 
mers wi th  var ious  p o u n t s  of 7D?X ( r e f .17 ) .  
S from 44 t o  434 m / g ,  t h e i r  thermal  s t a b i l i t y  s l i g h t l y  changed n i t h  c7n in- 
c r eas ing  conten t  of EDMA and was equal  t o  207-223OC. The dependence o f  t h e  
r e t e n t i o n  volumes ( r e l a t i v e  t o  pentane)  05 var ious  compounds from S ( r e f s .  
7,171 s h o w  t h a t  i n  t h e  range up t o  200 m / g  t h e  r e t e n t i o n  o f  non-specif i -  
c a l l y  adsorbed subs tances  i n c r e a s e s ,  while  t h e  r e t e n t i o n  o f  s p e c i f i c a l l y  
adsorbed subs tances  decreases  wi th  t h e  inc rease  o f  S. Analogous dependen- 
ces  were obtained f o r  ETPIIA- :DT*A and EWA-EDTU copolymers ( r e f  .14) .  Pig.3 
shows t h e  dependences o f  lnKI (K1=VS= Vg/S -I?enry cons t an t )  o f  var ious  sub- 
s t ances  on S polymers. A s  i n  t h e  case given i n  ! re fs .  7 ,171 ,  wi th  an im- 
c rease  o f  S t h e  r e t e n t i o n  o f  n-hydrocarbons inc reases  sharp ly  wi th  increos-  
i n g  o f  t he  molecule length ,  The r e t e n t i o n  o f  s p e c i f i c a l l y  adsorbed nolecu- 
l e s  decreases  wi th  an inc rease  of S. The fo l lowing  i n t e r p r e t a t i o n  of t h e  
observed dependences w a s  proposed: when t h e  molecule lengthens i n  t h e  order  
o f  one o r  a few CH -groups, t h e  con t r ibu t ion  of non-specif ic  i n t e r a c t i o n s  
wi th  t h e  su r face  i g c r e a s e s ,  and, consequently , t h e  r e t e n t i o n  of n-hydro- 
carbons inc reases  wi th  an inc rease  of S. A decrease i n  t h e  r e t e n t i o n  o f  
s p e c i f i c a l l y  adsorbed molecules i n d i c a t e s  a decrecs ing  amount o f  p o l a r  
groups o f  adsorbents .  The dependence o f  t he  Rohrscbneider cons t an t s  on S 
shows t h a t  wi th  an inc rease  o f  t h e  polymers S t h e i r  p o l a r i t y  decreases  i n  
accordance wi th  t h e  decreas ing  amount o f  t h e  f u n c t i o n a l  (epoxy- o r  e p i t h i o d  
groups. 

The chromatographic p r o p e r t i e s  o f  methacry la te  polymers a r e  g r e a t l y  a f f e c t -  
ed by t h e  cond i t ions  o f  predominant thermal  t rea tment  ( re f .18) .  Thermal 
t reatment  of polymers r e s u l t s  i n  a s h o r t e r  time f o r  a n a l y s i s  and a change 
i n  t h e  s e l e c t i v i t y  of t h e  sepa ra t ion  of  c e r t a i n  mixtures ,  which i s  explain-  
ed by conformational  changes i n  t h e  polymeric chains .  

The polymers under s tudy hzd 
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Pig. 3 .  The dependence of LnICl o f  va r ious  subs tances  on t h e  
s p e c i f i c  s u r f a c e  a r e a  va lue  of t h e  EEIX-3DIX copo- 
lymers ( P . )  and ET?XA-EDTU copolymers (b ) .  

A promising d i r e c t i o n  i n  t h e  r e g u l a t i o n  of s e l e c t i v i t y  and p o l a r i t y  of po- 
lymer ic  so rben t s  i s  found t o  be t h e i r  mod i f i ca t ion  which can be at ta inecl  
by u s i n g  var ious  monomers o r  by conduct ing chemical r e a c t i o n s  wi th  cop0l;r- 
mers. I n  ( r e f s .12 ,19 )  t h e r e  were s t u d i e d  chromatographic p r o p e r t i e s  o f  t h e  
so rben t s  ob ta ined  by copolymerizPt i o n  o f  va r ious  monomers , namely !7LI-EDNA, 
KI.A-GNA-3DUA, AR-Gbd-EDKA. The l e a s t  p o l a r  copolymer mFis found t o  be IT%- 
3DNA, t h e  most p o l a r  was AI\J-GP:~I-EDMA, t h e  p o l a r i t y  o f  t h e  l a t t e r  i n c r e a s e s  
w i t h  a decrease  of  t h e  conten t  of t h e  c r o s s l i n k i n g  agent .  Comparison o f  t h e  
gas-chromatographic p r o p e r t i e s  o f  copolymers ;33FTA-':D?IA -nd ETTX-ED"A o f  
c l o s e  geometric s t r u c t u r e  has  shown t h a t  t h e  adsorp t fve  cepclcitg of t h s  
su l fu r - con ta in ing  polymer wi th  regnrd  t o  t h e  s t u d i e d  subs tances  of d i f f e ren t  
n a t u r e  i s  h ighe r  t han  t h a t  of oxygen-containing olymer, which i s  due t o  
h ighe r  p o l a r i z a b i l i t y  o f  t h e  s u l f u r  atom (ref .14P.  The r e t e n t i o n  o f  spec i -  
f i c a l l y  adsorbed subs tances  on t h e  ETPNA copolymer dec reases  with on in- 
c r ease  o f  s ,  whi le  on t h e  EPIN copolymers with l a r g e  S t h e  r e t e n t i o n  i s  in-  
c r e a s i n g  due t o  an i n c r e a s i n g  c o n t r i b u t i o n  o f  d i s p e r s i o n  i n t e r a c t i o n s  (Fig.  
3) .  The e f f e c t  of t h e  hydrocarbon p a r t  o f  t h e  molecules  on t h e i r  r e t e n t i o n  
is  more pronounced i n  t h e  case  of oxygen-containing polymers. Therefore ,  
t h e  s p e c i f i c  i n t e r a c t i o n  on the polymers con ta in ing  s u l f u r  p l a y s  n more im- 
p o r t a n t  r o l e  t han  on t h e  polymers con ta in ing  oxygen i n  t h e  f u n c t i o n a l  group. 
The presence o f  t h e  r e a c t i v e  epoxy group i n  t h e  copolymers E?iM-EDSLl s l l o w s  
n comparat ively ready performance of t h e i r  chemical mod i f i ca t ions  and pro-  
duc t ion  o f  so rben t s  of var ious  p o l a r i t y ,  The polymers con ta in ing  b u t g l ,  
dodecyl ,  hexadecyl ,  n i t r i l e  and amino groups were a lso i n v e s t i g a t e d  (relP.20) 
The l e a s t  c o n t r i b u t i o n  o f  d i s p e r s i o n  i n t e r a c t i o n s  upon 82sorp t ion  of all 
t h e  subs tances  under i n v e s t i e a t i o n  i s  obser'red f o r  t h e  polymer con ta in ing  
hexadecyl  groups.  The g r e a t e s t  c o n t r i b u t i o n  of s p e c i f i c  i n t e r a c t i o n s  v -~s  
observed f o r  a sample con ta in ing  <mino groups.  For a l l  t h e  polymer6 consi-  
dered ,  t h e  Rohrschneider cons t an t s  ( r e f .  20) were maxinal fo:- n i t rone thane  , 
t h a t  i s ,  i n  all t h e  cases  t h e  predominant i n t e r e c t i o n  was Sound t o  be o r i -  
e n t a t i o n a l  one. A l l  t h e  so rben t s  s t u d i e d ,  w i th  t h e  only except ion  o f  t h e  
copolymers with ITLA, t o  a g r e a t  ex ten t  a r e  a b l e  t o  form hydrogen bonds,  
which is  mani fes ted  by h igh  va lues  o f  t h e  cons t an t s  f o r  e thanol .  The copo- 
lymer l~'EJA-EDTLA i s  t h e  l e a s t  p o l a r ,  t h e  copolymers GiIA-ArT-,:DrL4 and T:LA-:>DrV. 
wi th  ?.n{ groups a r e  t h e  most po la r .  

Thermodynamic c h a r a c t e r i s t i c s  o f  organic subs tances  adso rp t ion .  Liquid chro- 

% % % % % & i d  ch:omGog:aphyhsince they ;an be  ernploied b:th i i t h ' n o n - p o h  
and p o l a r  e luen t s .  For LC, t h e  porous polymers based on GiN, s t y r e n e ,  akry- 
l o n i t r i l e  and divinylbenzene,  2-hydro~yethylmethacrylate(spherones) pre  
used ( r e f s .  21,22). 
The copolymer %PI@.-EDNA con ta ins  t h e  epoxy groups and i s  c l a s sed  w i t h  sli- 
g h t l y  s e c i f i c  adsorbents  o f  t ype  I11 (accord ing  t o  c l a s s i f i c a t i o n  given i n  
Ref. 23p, f o r  t h e  nega t ive  charges  z re  l o c a l l y  concent a t ed  on i t s  su r face .  
A macro orous sample 60-91/9  (S = 55 m2/g, 
( ref .217 was employed i n  LC. The capac i ty  f a c t o r s  k i  and r e l a t i v e  

2 

As a sor en s, t e porous P O  ymers a r e  o p a r  i c u  ar r n t e r e s  

V = 1.5 crn~/g ,  8 = 106 nm) 
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of benzene de r iva t ives  were measured. The dependences o f  lgki and a(n "2 ) (towards benzene) changes o f  adsorption f r e e  energy 

on the number of carbon atoms i n  the  polymethylbenzene molecules (PIID) and 
monoalkylbenzene molecules ( I M 3 )  (eluent-n-hexane) show t h a t  the r e t en t ion  
o f  XZAB decreases,  t he  r e t e n t i o n  o f  l?NB whils t  with an increase of t he  
e l ec t ron  densi ty  on the benzene r i n g  a t  f i r s t  decreases from benzene t o  
mesitylene and o n l y  a t  n>9 the  r e t en t ion  is  observed t o  increase.  Such 
a behaviour is  due t o  the r e l a t ionsh ip  between non-specific intermolecular 
i n t e r a c t i o n  with the  eluent and the weak s p e c i f i c  and non-specific i n t e r -  
ac t ion  with the  adsorbent. 
The order o f  r e t en t ion  o f  t he  benzene der ivat i \ .es  having polar  s u b s t i t u e n t s  
on FTMA-EDMA i s  d r a s t i c a l l y  d i f f e r e n t  f r o m  the  r e t en t ion  on s i l i c a  g e l  with 
hydroxylated surface (eluent-n-hexane) ( ref .21) .  A l i n e a r  dependence of 
r e t en t ion  on the dipole  moment value o f  t he  adsorbate molecule is  
observed on the polymer (Fig.41, which ind ica t e  a s u b s t a n t i a l  contr ibut ion 
of the e l e c t r o s t a t i c  o r i e n t a t i o n a l  i n t e r a c t i o n  o f  the benzene de r iva t ives  
with t h e  oxygen groups on t he  polymer surface with the exception o f  a n i l i -  
ne,  phenol and benzyl a lcohol ,  t h a t  i s ,  the  substances ab le  t o  f o r m  hydro- 
gen bonds. 
A l s o  a r e  s tudied i n  LC the copolymers XPNA-EDXA modified by dimethylamine 
( I I e )  , di-2-hydroxyethylamine ( I I f )  , diethylenetriamine ( I I c )  (Table 1) 
( ref .24) .  Upon e l u t i o n  with n-hexane, t he  r e l a t i v e  r e t e n t i o n  o f  polar  aro- 
matic deri7ratives on the polymers studied increases  from an i so le  t o  benzo- 
n k t r i l e  and a n i l i n e ,  which i s  due t o  an increasing contr ibut ion o f  t he  spe- 
c i f i c  i n t e r a c t i o n  o f  polar  adsorbates with the  polymer func t iona l  groups 
t o  the t o t a l  energy o f  i n t e rac t ion .  Uhen the water-isopropanol mixture i s  
used a s  e luen t ,  the r e l a t i v e  r e t e n t i o n  o f  the polar  de r iva t ives  increases  
i n  the order f r o m  a n i l i n e  t o  toluene, Thus, the polymers containing amino 
and hydroxyl groups exh ib i t  unusual and i n t e r e s t i n g  r e g u l a r i t i e s  o f  r e t en t -  
ion o f  the p o l a r  de r iva t ives  o f  benzene (both with non-polar and p o l a r  
e l u e n t s ) ,  which makes a complicated separat ion o f  complex mixtures qu i t e  

A ~ F )  = -RTln(ki/k 

possible .  

r- I 
b 
341 

l 2 1  Dpde 2 moment, D 3 4 

, 

I 

2 4 6 8  
./,N 

Pig.4. The dependence o f  t he  capacity Fig. 5. The dependence o f  the 
f a c t o r  o f  t he  benzene polar  deriva- 
t i v e s  on the  dipole  moments (p )  o f  
these molecules on the EFl'X-EDMA 
copolymer (60-91/9). The column: atom (1) and seve ra l  ni t rogen 2 5 ~ 0 . 6  cm, the p a r t i c l e  s i z e :  7-13 d3; 
e luen t :  n.hexane, e luent  r a t e :  2.3 cm 
/min, 26OC. 

adsorption value o f  S02(at pt2kPa) 
on the ni t rogen content i n  the  
polymers containing one ni t rogen 

a t o m s  (2 )  i n  sorpt ion ac t ive  
func t iona l  group. 

IV. 
SURFACE BY ADSORPTION METHODS (the range of average surface 
covering) 

The previous chapter was devoted t o  the  considerat ion o f  the range of a 
small  ( p r a c t i c a l l y  zero) covering o f  the surface when the  intermolecular 
i n t e r a c t i o n s  can be neglected. A s  t o  t he  range of large surface covering, 
t he  i n t e r a c t i o n  s u b s t a n t i a l l y  a f f e c t s  the adsorption c h a r a c t e r i s t i c s .  Acid 
gases ,  such a s ,  dioxides of carbon and s u l f u r ,  a r e  found t o  be convenient 
adsorbates f o r  studying t h e  chemical p rope r t i e s  o f  t he  polymer surface.  

INVESTIGATION OF THE CHEMICAL PROPERTIES OF THE POLYMER 
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The adsorption i n  t he  range o f  average surface covering was invest igated 
by us in  the s t a t i c  volume method and the  method of f r o n t a l  chromatography 
(ref.757. According t o  t he  first procedure, the adsorbent was pumped out 
p r i o r  t o  measuring under 10-3 kp2 a t  70-1OO0C, and i n  the second case it 
was heated i n  the  i n e r t  gas f l o w  (nitrogen or helium) a t  70-100°C. 

The e f f e c t  o f  t he  func t iona l  groups nature  on t he  adsorption of gapes. The 
adsorption o f  carbon and s u l f u r  dioxides by the EPIU-EDNA copolymers modi- 
f i e d  by various amines and amino alcohols  has been s tudied (refs.10,25).  
The polymers containing one o r  s eve ra l  ternary groups a s  we l l  as the poly-  
mers containing one amino group with ethanol s u b s t i t u t e s  p r a c t i c a l l y  do 
n o t  adsorbed C02. Involvement o f  primary o r  secondary camino groups i n  the 
polymer r e s u l t s  i n  a marked increase o f  t he  CO adsorption. The g r e a t e s t  
values o f  the C02 adsorption a r e  exhibited by ?he polymers containirg a 
combination o f  s eve ra l  primary and secondary amino groups. Cn the  contra- 
r y ,  i n  the case o f  SO , a l l  t he  polymers adsorb SO2 i n  considerable amounts, 
t he  polymer con ta in ins  one ternary ni t rogen atom i n  the func t iona l  group 
exh ib i t s  the maximal capacity with respect  t o  SO . The capacity o f  t h i s  
polymer exceeds t h a t  o f  the  polymer containing sgTreral nitrogen a t o m s  i n  
the func t iona l  group (Fig.5). 
The e f f e c t  o f  the amount o f  func t iona l  Rroups on the adsorption o f  vases. 
The amount of func t iona l  groups i s  regulated by changing the monomer-cross- 
l i nk ing  agent r a t i o .  Therefore, modified EPIX-EDMA copolymers ( I In ,b ,c ,d , f")  
o f  d i f f e r e n t  geometric s t r u c t u r e  have been s tudied (Fig. 6 ) .  It W E  o n l y  

"t k. 
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Fig. 6. The dependences o f  the so rp t ion  capacity towards 
SO2 (a t  p= 2 kPa) (0 , A ,  v ) and the  content o f  amino 
roups ( 0 , A , V ) i n  t he  polymers I I c  (0 , 0 ) ,  I1 d 

$ a ,  A ) , IIf ( v , v on the  s p e c i f i c  surface area.  

n a t u r a l  t o  expect t h a t ,  similar t o  t he  gas adsorption by styrene-divinyl- 
benzene an ion i t e s  containing analogous func t iona l  groups and exh ib i t i ng  
analogous adsorption o f  organic substances (chapter  I I I ) ,  t he  C02 and SO2 
adsorption values would grow with an increase o f  the  amount o f  f unc t iona l  
groups i n  t he  polymer. However, the values o f  SO2 adsorption by methacry- 
l a t e  polymers increase with an increasing amount o f  the  crossl inking agent 
(an increase o f  S ) ,  i n  other  w o r d s ,  with a decreasing amount o f  func t iona l  
groups. The dependence found can be r e s u l t i n g  f r o m  the f a c t  t h a t  i n  the 
case o f  weakly crosslinked polymers the  pore volume is  small  and, consequ- 
e n t l y ,  the majority o f  func t iona l  groups is  n o t  accessible  for t he  adsorb- 
ing SO2 molecules. 
(S i nc reases ) ,  t he  number o f  func t iona l  groups decreases but t h e i r  acces- 
s i b i l i t y  increases  due t o  an increase i n  the volume and s i z e  o f  the  pores,  
I n  o the r  words, the dependence obtained show t h a t  with an increase o f  S 
the  concentration of t he  access ib l e  surface func t iona l  groups increases.  
The a b i l i t y  o f  polymers t o  regeneration is an important f a c t o r  f o r  the  
discussion o f  t he  gas adsorption mechanism. The work (ref.25) has shown 
t h a t  a l l  the polymers invest igated a r e  completely regained f r o m  C02 

liken the amount of the  c ros s l ink ing  agent increases  

by 
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e v a c u a t i o n  a t  70-90°C. The CO a d s o r p t i o n  mechanism r e s u l t i n g  i n  t h e  format-  
i o n  of carbamate complex i s  sGggested f o l l o w i n g  t h e  ana logy  w i t h  t h e  s t y r e -  
ne-divinylbenzene a n i o n i t e s  (ref.15). The s t u d y  of  the olymer r e  e n e r a t i o n  
from SO h a s  shown tha t  i n  t h e  c a s e  of t h e  polymers modff ied by e f h y l e n e d i -  
m i n e  azd d i e t h y l e n e t r i a m i n e  probably  t h e r e  formed a s u f f i c i e n t l y  s t a b l e  
a d s o r p t i o n  complex of t h e  SO2 molecule  w i t h  two amino groups  similar t o  t h e  
carbamate compound (ref.25). I n t r o d u c t i o n  of hydroxyl  groups  d e c r e a s e s  t h e  
b a s i c i t y  of t h e  amino groups  s i t u a t e d  nearby ,  t h e  SO 
f u n c t i o n a l  groups  weakens, which r e s u l t s  i n  a much e g s i e r  r e g e n e r a t i o n  of 
t h e  polymers.  

i n t e r a c t i o n  w i t h  t h e  

V. CONCLUSION 

The i n v e s t i g a t i o n  of t h e  porous s t r u c t u r e  of t h e  polymer ic  m e t h a c r y l a t e  s o r -  
b e n t s  by v a r i o u s  methods has shown t h a t  t h e s e  s o r b e n t s  have h i g h  p o r o s i t y .  
The porous s t r u c t u r e  i s  r e a d i l y  v a r i e d  by a change i n  the c o n t e n t  of  t h e  
c r o s s l i n k i n g  a g e n t  and t h e  composi t ion  of  porogenic  mixture .  The macroporous 
s t r u c t u r e  p r a c t i c a l l y  remains i n t a c t  i n  t h e  p r o c e s s  of m o d i f i c a t i o n  by var-  
i o u s  o r g a n i c  compounds, w h i l e  t h e  p o l a r i t y  of t h e  s o r b e n t s  changes.  The i n -  
v e s t i g a t i o n  of t h e  s u r f a c e  c h e m i s t r y  of t h e  polymers  c o n t a i n i n g  epoxy and 
e p i t h i o  f r o u p s  h a s  shown that  t h e  r e t e n t i o n  of  n o n - s p e c i f i c  a d s o r b i n g  o r  a- 
n i c  subs ances  i n c r e a s e s  w i t h  an i n c r e a s e  of t h e  s p e c i f i c  s u r f a c e  a r e a .  f n  
t h i s  c a s e ,  t h e  r e t e n t i o n  of s p e c i f i c a l l y  adsorbed  s u b s t a n c e s  d e c r e a s e s  in-  
d i c a t i n g  t h e  d e c r e a s i n g  amount of p o l a r  roups.  I n  t h e  c a s e  of  a d s o r p t i o n  
of p o l a r  m o l e c u l e s ,  t h e  o r i e n t a t i o n a l  i n f e r a c t i o n  as w e l l  as the f o r m a t i o n  
of hydrogen bonds c o n t r i b u t e  g r e a t l y  t o  t h e  p r o c e s s .  The e f f e c t  of t h e  na- 
t u r e  and t h e  amount of f u n c t i o n a l  groups  on t h e  a d s o r p t i o n  of  a c i d  g a s e s  was 
e s t a b l i s h e d .  The promis ing  f u t u r e  f o r  t h e  a p p l i c a t i o n  of  polymers  i n  t h e  ad- 
s o r p t i o n  and chromatography h a s  been demonstrated.  
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