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A~tract--Iron(IIl) chelating beads have been synthesized by copolymerization of l-(fl-acrylamidoethyl)- 
3-hydroxy-2-methyl-4(IH)-pyridinone (AHMP) with 2-hydroxyethyl methacrylate (HEMA), and 
ethyleneglycol dimethacrylate (EGDMA) as the crosslinking agent. The synthesis of the AHMP-HEMA 
beads was performed by suspension polymerization of AHMP, HEMA and EGDMA in benzyl 
alchol--20% aqueous NaCI solution using 2,2'-azobisisobutyronitrile (AIBN) as the initiator and 
polyvinylalcohol (40-88) as a suspending agent. 

The crosslinked copolymer beads were characterized by IR, and the AHMP content was determined 
by elemental analysis. The AHMP-HEMA beads were not too hydrophilic, and the copolymers absorbed 
at equilibrium only 40-50% water. It was found that the copolymer beads were very stable at 25 °, but 
some degradation was observed at 121 ° . 

The AHMP-HEMA copolymers were able to chelate iron(llI) and the chelation was dependent on the 
conditions such as pH and temperature. However, the capacities towards iron(Ill) chelation were always 
found to be much lower than the calculated values. The influence of the polymeric matrix on the iron(Ill) 
chelating ability was studied with iron(Ill) chelating resins containing various polymeric matrices. It was 
found that the iron(Ill) chelating efficiencies of the resins were strongly affected by their hydrophilicities. 
The low chelating efficiency of the AHMP-HEMA beads (0~40%) is probably due to their poor swelling 
in water. 

INTRODUCTION 

Iron(Il l)  chelating resins or gels for treatment of iron 
overload [1-5], removal of iron(Il l)  from various 
systems [6-8] and for inhibition of bacterial growth 
[9] have attracted widespread interest. Several 
iron(Il l)  chelating resins or gels have been syn- 
thesized in the past through the immobilization of 
natural chelators (e.g. desferrioxamine B) onto acti- 
vated supports [3,4,7, 10] or by the reaction of 
activated polymers with specific ligands [8, 11, 12]. 

We studied in previous work several iron(Ill)  
chelating systems, prepared by immobilization 
of desferrioxamine (DFO), l-(fl-aminoethyl)-3- 
hydroxy-2-methyl-4(IH)-pyridinone (HP) and L- 
mimosine onto Sepharose [7, 8]. These gels had a high 
affinity for iron(Il l)  and were used for removing iron 
from milk, wine, whey and lactoferrin. However, the 
gels were not very stable mainly because of hydrolysis 
of their isourea bonds. For obtaining iron(Il l)  chelat- 
ing systems with a high stability, we therefore decided 
to study the polymerization of a monomer with a 
covalently bound chelating functional group. Because 
3-hydroxy-2-methyl-4(1H)-pyridinone (HMP) de- 
rivatives are stronger chelators for iron(Ill)  than 
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desferrioxamine B [13-15], a monomer with an HMP 
group, 1-(fl-acrylamidoethyl)-3-hydroxy-2-methyl- 
4(1H)-pyridinone (AHMP) was selected as the func- 
tional monomer. This monomer  was recently 
prepared in our laboratory and evaluated chemically 
and biologically [16]. 2-Hydroxyethyl methacrylate 
(HEMA) was used as a comonomer because poly(- 
HEMA) and copolymers of HEMA have been widely 
used in the biomedical field for their non-toxicity, 
non-irritability and biocompatibility [17, 18]. Fur- 
thermore, for the production of insoluble copolymer 
networks, copolymerization of AHMP and HEMA 
was carried out with ethylene glycol dimethacrylate 
(EGDMA) as a crosslinking agent. 

Our interest of making copolymers was more con- 
centrated on beads than on powders because it is 
more convenient to use and remove beads from 
treated systems. Preparation of beads by classical 
suspension polymerization is usually difficult with 
monomers such as A H M P  and HEMA which are 
highly soluble in an aqueous medium. For this 
reason, attention has recently been devoted to the 
direct synthesis of poly(HEMA) particles by adding 
various salts to the water phase in order to diminish 
the water solutility of HEMA, and by using MgCI: 
6H20 or Mg(OH)2 as suspending agent [19-21]. 
However, using MgCI2 6H20 or Mg(OH)2 has a 
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Table 1. Copolymerization of AHMP and HEMA in the presence of various suspending agents 

Weight recovery Nature of HEMA-AHMP 
Suspending agent (SA) Amount of SA(mg) (%) copolymer formed 

Cellulose-acetate-butyrate (17%) 100 99 Amorphous bulky solid 
Carboxymethyl cellulose Na salt 50 99 Amorphous bulky solid 
Polyvinyl alcohol (10-88) 50 99 Barlike particles 
Polyvinyl alcohol (40-88) 100 99 Spherical beads, up to 0.2 mm 
Polyvinyl alcohol (40-88) 50 98 Spherical beads, up to 0.3 mm 

Copolymerizations were conducted with 54.0 mmol HEMA, 3.0 mmol AHMP and 3.0mmol EGDMA in 12 ml benzyl 
alcohol and 40 ml 20% aqueous NaCI in the presence of 0.6 mmol AIBN for 4 h at 80". 

disadvantage because Mg 2+ may contaminate the 
beads. Therefore, polymeric stabilizers were investi- 
gated as suspending agents in our polymerization 
system. 

When polymers are intended for biomedical use, it 
is particularly informative to obtain knowledge on 
the properties of  the beads at room temperature and 
at high temperature because high temperature (e.g. 
121 ° ) is usually used in sterilizing the materials using 
in biological or microbiological systems. Therefore, 
the properties such as swelling degree, stability and 
chelating ability of  the copolymer beads were deter- 
mined at both temperatures. 

In this investigation, several A H M P - H E M A  co- 
polymer beads with various A H M P  contents were 
synthesized and characterized by IR and elemental 
analysis. The swelling behaviour, stability and 
iron(Il l)  chelating properties of  the beads were deter- 
mined. For  exploring the effect o f  the polymeric 
matrix on the iron(Ill)  chelating properties, another  
iron(Ill)  chelating resin was also prepared by copoly- 
merization of  A H M P  with acrylamide (AA). The 
water content  of  the swollen resin and its chelating 
capacity towards iron(Il l)  were evaluated at the same 
conditions as used for the A H M P - H E M A  beads. In 
addition, the water contents  in the swollen resins, the 
ligand densities, iron(Il l)  chelating capacities and 
efficiencies were compared with those of  other 
iron(Ill)  chelating polymeric systems. 

EXPERIMENTAL PROCEDURES 

Materials 

l-(fl-Acrylamidoethyl)-3-hydroxy-2-methyl-4(IH)-pyridi- 
none (AHMP) was prepared from 3-hydroxy-2-methyl-4- 
pyrone as described previously [16]. 2-Hydroxyethyl 
methacrylate (HEMA) and ehtylene glycol dimethacrylate 
(EGDMA) were obtained from Merck and used without 
purification. 2,2'-Azobisisobutyronitrile (AIBN) was recrys- 
tallized twice from methanol before use. Suspending agents: 
cellulose acetate-butyrate (butyryl content 17%, Serva), 
carboxymethyl cellulose sodium salt (Sigma), polyvinyl- 
alcohol (10-88, Aldrich) and polyvinylalcohol (40-88, 

Table 2. Preparation of crosslinked 

Aldrich) were used as received. Polyvinylalcohol (10-88) 
and polyvinylalcohol (40-88), (88% hydrolysed polyvinyl- 
acetates), had molecular weights of 10,000 and 40,000, 
respectively. Acrylamide (AA, Aldrich), N,N'-ethylene-bis- 
acrylamide (EBAA, Aldrich), ammonium persulphate 
(Merck), sorbitan monostearate (Aldrich) and N,N,N',N'- 
tetramethylethylenediamine (Merck) were used as received. 
All other chemical reagents were obtained from Aldrich or 
Merck. 

Measurements 

Infrared spectra were recorded on a Bio-Rad FTS-60 
FT-IR spectrophotometer. Elemental analysis was per- 
formed by TNO, Zeist, The Netherlands. Visible absorption 
measurements were made with an Uvikon 930 spectropho- 
tometer, and used for determination of iron(Ill) chelating 
capacities. The determination of the shape and size of the 
beads was determined with an Ortholux II PoI-BK micro- 
scope. 

Crosslinked copolymers from A H M P  and HEMA 

Suspension copolymerizations were carried out as fol- 
lows. AHMP (3.0mmol, 666mg), HEMA (54.0mmol, 
7.02g), EGDMA (3.0mmol, 594 mg) and the initiator, 
AIBN (0.6mmol, 98 mg) in benzyl alcohol (12ml) were 
suspended by rapid stirring in a previously prepared 20% 
aqueous NaC1 solution (40 ml) containing a suspending 
agent (Table 1). The reaction flask was flushed with nitrogen 
for 15 min and heated at 80 ° for 4.0 h while stirring. The 
polymer was collected by filtration and washed consecu- 
tively with methanol, water and acetone. Then it was dried 
in vacuum at 80 ° for 48 h. 

AHMP-HEMA crosslinked copolymer beads were pre- 
pared by this procedure with polyvinylalcohol (40-88) as the 
suspending agent and with various concentrations of 
monomer, comonomer and crosslinking agent (Table 2). 
The copolymer beads were isolated and treated as previously 
mentioned. 

Preparation o f  a crosslinked A H M P - A A  resin 

To a 500ml reactor were added AHMP (3.0mmol, 
666 mg), EBAA (3.0 mmol, 504 mg), AA (54.0 mmol, 3.8 g), 
water (40 ml), ammonium persulphate (0.6 mmol), hexane 
(100ml) and carbon tetrachloride (60ml). While stirring 
100 mg sorbitan monostearate was placed into the reactor, 
and the mixture was flushed with nitrogen for 20 min. Then 
N,N,N',N'-tetramethylethylenediamine (0.7 mmol) was 

AHMP HEMA copolymer beads 

Initial composition (mole %) Weight 
recovery Diameter of dry 

Copolymer AHMP HEMA EGDMA :(%) beads (mm) 

i 0 95 5 100 0.204).25 
2 5 90 5 98 0.15-0.25 
3 10 85 5 94 0.15-0.30 
4 20 75 5 93 0.154).30 
5 95 0 5 0 

Copolymerization conditions: total monomer amounts of 60 mmol were used; total weight of the monomers in benzyl 
alcohol = 0.70 g/ml; ratio of organic phase/water (v/v) = 0.5. The experiments were carried out at 80' for 4 h in 
the presence of AIBN (1 mol %), and polyvinyl alcohol (40-88) at 0.5% to the total monomer weight. 
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Scheme I. Synthesis of crosslinked copolymers from AHMP and HEMA. 

added and the polymerization took place at 30  for 2 h. 
The resin was filtered and washed with isopropanol, 
methanol, water, ethanol, carbon tetrachloride, ethylac- 
etate, and dried in vacuum at 8 0  for 48h (4.10g. 82% 
weight recovery). 

Water content q[ swollen copolymers 

The water contents in the swollen AHMP HEMA beads 
or AHMP AA resin were determined as follows. Approxi- 
mately 0.5 g of the dried beads or resin was weighed into a 
flask and swollen with 40 ml of distilled water for 24 h at 
25 ,  or for 60min at 121 in an autoclave and then cooled 
to room temperature. The swollen beads and/or resin were 
weighed and the water content (%) was calculated according 
to the formula: 

wet weight - dry weight 
Water content (%) = wet weighl x 100. 

Stabili O' of AHMP HEMA beads 

As an indication for the stability of the copolymer beads, 
the release of AHMP groups from the beads in water was 
determined at 25 and 121 '~. About 0.2 g of the beads was 
placed into a flask with 20 ml of water. The flask was rotated 
at 25 or incubated in an autoclave at 121 ° for a determined 
time. The amount of released AHMP in the supernatant was 
measured by its maximal absorbance at 280 nm. 

Iron(liD chelation 

The chelating capacities of the AHMP-HEMA beads or 
AHMP-AA resin towards iron(III) were determined using 
the batch meth6d. A sample ofc. 100 mg was added to 25 ml 
of a 1.8 mM solution of iron(III) in a buffer. The mixutre 
was rotated at ]25 or incubated at 121-' in an autoclave. The 
amount of iron chelated on the beads or resin was calculated 
from the change in the iron(Ill) concentration. Iron(Ill) in 

Table 3. Elemental analysis data and AHMP contents of the AHMP HEMA beads 

AHMP in beads AHMP in feed 

Copolymer % N content ~ l~mol;g % N content b ,umol/g 

2 0.60 214 1.00 362 
3 136 486 2.00 701 
4 2.62 936 3.70 1318 

~'Found. 
bCalculated from initial monomer composition. 
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Fig. 1. IR spectra of (a) crosslinked poly(HEMA) and (b) crosslinked AHMP HEMA copolymer. 

aqueous solutions was quantitatively analysed by a spec- 
trophotometric procedure with 1,10-phenanthroline [22]. 

RESULTS AND DISCUSSION 

Scheme I shows the copolymerization of AHMP 
and HEMA, crosslinked with EGDMA, and the 
typical structure of the crosslinked A H M P - H E M A  
copolymers. 

For investigating the influence of the suspending 
agent on the formation of A H M P - H E M A  copoly- 
mer beads, various polymeric stabilizers were used at 
the same conditions, and the results are given in 
Table 1. It can be seen that spherical beads were 
obtained when using polyvinylalcohol (40-88) as 
suspending agent. However, it is not clear why only 
with polyvinylalcohol (40-88) beads were formed. 
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Fig. 2. Effect of AHMP content on the water content of 
swollen AHMP-HEMA copolymer beads. 

In further experiments polyvinylalcohol (40-88) 
was used as the suspending agent and Table 2 
gives additional results about the synthesis of 
A H M P - H E M A  copolymer beads. It is obvious that 
HEMA was completely converted into the cross- 
linked homopolymer, whereas under identical con- 
ditions no polymerization was observed for AHMP. 
Copolymerization of AHMP with HEMA and cross- 
linking by EGDMA occurred, resulting in the for- 
mation of water-insoluble beads. The weight recovery 
(%) of the copolymers decreased with higher AHMP 
concentration in the feed. 

The presence of AHMP in the copolymer beads 
was indicated by their N content, and the results are 
given in Table 3. The content of AHMP ligands in the 
beads increased with increasing AHMP monomer 
fraction in the feed, but the AHMP content in the 
copolymers was always lower than in the feed, which 
also indicates that part of the AHMP had not 
reacted. The relatively low conversion of AHMP and 
no homopolymerization may result from an inhibit- 
ing effect of the phenol group on the radical polym- 
erization, whereas the bulky group will make the 
polymerization more difficult. 

Figure l(a) and (b) show the IR spectra of poly(- 
HEMA) and of A H M P - H E M A  copolymer, respect- 
ively. Peaks near 1730, 1280 and l l 60cm -1 are 
assigned to the C-------O and C---<)---C absorption of 
the ester. Besides these peaks, several bands appear 
only in A H M P - H E M A  copolymer, which suggests 
the presence of AHMP in the copolymer. In our 
opinion it is allowed to conclude that the bands at 
1660 and 1630cm -~ are from C-------O stretching vi- 
brations of the amide and the ring. The absorption at 
1570 cm-~ due to the bending vibration of N-H and 
C-N, and the band around 830cm -~ results from 
C-H in plane bending of the two hydrogens at the 
pyridinone ring. 
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Table 4. Stability of AHMP-HEMA copolymer beads in water 

945 

A H M P g r o u p s  ~ l e a s e d a t v a r i o u s c o n d i t i o n s ( % )  
Copolymer 

code 25',  24h 25 '~, 48 h 25", 120h 121, 15min 121, ~ m i n  

2 0.1 0.3 0.5 1.9 3.6 
3 0.1 0.3 0.6 2.3 4.4 
4 0.3 0.4 0.8 5.0 7.8 

The water content (%) of the swollen copolymers 
was measured under two swelling conditions, and the 
results are shown in Fig. 2. Without AHMP the water 
content of swollen poly(HEMA) was 35-45%. The 
introduction of AHMP increased the water content in 
the copolymer, however, the water content was not 
an additive function of the AHMP content, which 
indicates that specific interactions were present. This 
observation is consistent with the finding of Dusek 
et al. with acrylamide-HEMA gels [23]. The water 
content of the AHMP-HEMA copolymers is higher 
than that of poly(HEMA), which may be explained 
by Dusek's suggestion that the introduction of more 
hydrophilic groups into the HEMA chain brings 
about destruction of the hydrophobic associates 
which are the main cause of the low water content of 
poly(HEMA). Because the AHMP group is not so 
hydrophilic, the increase of the water content by the 
introduction of AHMP was limited and only about 
40-50% water was contained in the swollen copoly- 
mers. Although the water contents of beads swollen 
at 121 were higher than those of beads swollen at 
25', the differences were small. 

The stability of the AHMP-HEMA beads in water 
was measured at various conditions, which referred 
to the degree of AHMP groups released from the 
beads. As shown in Table 4, the AHMP-HEMA 
beads are very stable in water at 25 °, and for instance, 
only 0.1~3.3% AHMP groups released from the 
beads at 25 ~ within 24h. Previously, we reported 
about iron(Ill) chelating systems, obtained by immo- 
bilization of iron(Ill) chelators to Sepharose [7, 8]. 
The gels released at the same conditions c. 1.0% of 
the functional groups, probably becasue of hydrolysis 
of the isourea bonds. Obviously, the AHMP-HEMA 
copolymer beads are more stable because the AHMP 
groups are linked by amide bonds to the polymer 
matrix. The stability of the AHMP-HEMA beads in 
water was also tested at high temperature (121°). The 
release of AHMP groups was much higher at 121 
than 25 ~, possibly resulting from degradation of the 
beads. Furthermore, the amount of AHMP groups 
released increased with the incubation time, whereas 

the beads with higher AHMP content were always 
less stable. 

The iron(Ill) chelating capacities were determined 
for one type of bead at various conditions. Dry beads 
were used although non-reversible effects on solvent 
uptake in the copolymer beads might occur. In 
Table 5 the calculated and experimental iron(Ill) 
chelating capacities for beads with an AHMP content 
of 214 pmol/g are shown. The calculated values were 
based on the N content of the sample and assuming 
the formation of a 3:1 complex at pH 6.8 and 3.9, 
and a 2:1 complex at pH 2.3 between AHMP groups 
and iron(Ill) [14, 16]. It was observed that the ca- 
pacity of the beads towards iron(Ill) was dependent 
on pH, temperature and time. At physiological pH, 
the beads did not chelate iron(Ill) at 25 ° but chelation 
occurred at a higher temperature. When the pH was 
decreased, the capacity increased both at 25 and 12U. 
The temperature of incubation had an obvious influ- 
ence on the capacity, and the capacity was much 
higher at higher temperatures. In addition, the ca- 
pacity increased with time, which suggests that the 
chelation equilibrium was not reached after 15 min 
incubation. From the data in Table 5 it can be seen 
that the experimental capacities were always lower 
than the calculated values. 

In Fig. 3 the calculated and experimental capacities 
determined at the same conditions for beads with 
various AHMP content are compared. Also in these 
experiments the observed values are much lower than 
the calculated ones, and the difference even increases 
with increasing AHMP content. 

Because the type of polymer matrix might have an 
effect on the iron(Ill) chelating ability, data are given 
in Table 6 about the ligand densities, water contents 
and iron(Ill) chelating capacities as well as efficiencies 
for AHMP-HEMA beads and other iron(Ill) chelat- 
ing resins with various polymeric matrices. It can be 
seen that the AHMP-HEMA beads possess a high 
ligand density, but the iron(Ill) chelating efficiency is 
zero under this condition. The difference in the ability 
and efficiency between the AHMP-HEMA beads and 
other iron(Ill) chelating resins is probably due to 

Table 5. lron(llI) chelating capacity of A H M P - H E M A  copolymer beads at various conditions ~ 

Chelating conditions Capacity (#tool/g) b 

Iron(Ill) ions pH Buffer Temp. ( )  Time Calc. ~ Found 

Iron(Ill) citrate 6.8 PBS (pH 7.4) 25 24 h 71 0 
Iron(Ill) citrate 6.8 PBS (pH 7.4) 121 15 min 71 8.4 
(NH4)Fe(SO4)2 3.9 Acetate (0.2 M) 25 24 h 71 9.7 
FeCI~ 3.9 Acetate (0.2 M) 25 24 h 71 10.5 
FeCI~ 2.3 Citrate (0.1 M) 25 24 h 107 16. I 
FeCI~ 2.3 Citrate (0.1 M) 121 15 min 107 31. I 
FeCI 3 2.3 Citrate (0.1 M) 121 60 min 107 40.4 

"Copolymer 2 (Table 2). 
bDry beads. 
~Based on data from Table 3. 
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Fig. 3. Iron(Ill) chelating capacity vs AHMP content for 
AHMP-HEMA copolymer beads (pH 2.3). The exper- 
iments were performed at 121 ° for 60 min with copolymers 

1, 2, 3 and 4. 

differences in the type of the polymeric matrices. 
Concerning the physical properties of the iron(III) 
chelating resins presented in Table 6, large difference 
in their water contents was found. The water content 
of the A H M P - A A  resin was considerably higher than 
that of the A H M P - H E M A  beads. Although the 
ligand density of the A H M P - A A  resin probably 
differs from the one indicated in Table 6, it seems 
reasonable to assume that the very high efficiency is 
due to the high water content, as compared to the 
value for the A H M P - H E M A  beads. In addition, the 
DFO-Sepharose and HP-Sepharsoe gels have a high 
water content, resulting in a high iron(III) chelating 
efficiency. From these results, it may be concluded 
that the low iron(Ill) chelating efficiency of the 
A H M P - H E M A  copolymer beads is due to the poor 
swelling of the beads. The low hydrophilicity of the 
copolymer beads may influence the diffusion rate of 
iron(Ill) into the beads and induce steric hindrance 
for the ligands, which is in agreement with our 
observation of the effect of temperature and time on 
the iron(Ill) chelating capacity. Furthermore, gener- 
ally substituted acrylamides and methacrylates do not 
copolymerize well, which could provide an inhomo- 
geneous chain composition with AHMP being incor- 
porated later in the polymerization. This may have 
some effect on site distribution and hence on the 
accessibility of iron(Ill). 

The effect of the type of polymeric matrix on the 

chelating ability and efficiency of chelating resins has 
also been observed by other workers. Crosslinked 
polymers containing ligands based on derivatives of 
N,N'-bis(2-pyridylmethyl)-2,2'-diaminobiphenyl and 
N-(2-pyridylmethyl)-2,2'-diaminobiphenyl were stud- 
ied by Melby [24]. Such N-alkylated polymers 
showed very low chelation capacity for Cu(II) 
(2-10% of the calculated) and little or no ability to 
discriminate between Cu(II) and Fe(III), probably 
because the N-benzyl groups, which are part of the 
strained and rigid polymer backbone, are also part of 
the coordination sites and are expected to distort 
them very badly. Janus et al. [25] found that both 
linear and crosslinked copolymers of vinylamine 
(VA) with vinylpyrrolidone or methyl methacrylate 
had a very low chelating efficiency, which was prob- 
ably due to the fact that some VA groups are not 
accessible to the metal ion or by steric constraints 
preventing complete coordination of the metal ion 
in the crosslinked copolymer. By comparing the 
metal sorption behaviour of macroreticular poly(4- 
vinylpyridine), 4VP resins crosslinked with hy- 
drophilic and hydrophobic crosslinking agents, 
Atsushi et al. [26] concluded that the difference in 
crosslinkers strongly affected the sorption behaviour, 
such as the pH profile and the capacity for sorption 
of metal ions, and they suggested that the hy- 
drophilicity of the resin matrix, other than the chelat- 
ing groups, should be taken into account in the design 
of chelating resins. 

For improving the iron(Ill) chelating ability and 
efficiency of AHMP containing copolymers, the use 
of a highly hydrophilic comonomer might result in a 
polymeric matrix with more suitable properties. For  
this aim, copolymerization of AHMP and N,N- 
dimethylacrylamide has been investigated in our lab- 
oratory. In the next part of this series the design, 
synthesis, iron(Ill) chelating properties and appli- 
cations of the resins will be demonstrated. 

CONCLUSIONS 

Crosslinked A H M P - H E M A  copolymer beads 
were synthesized by suspension polymerization of 
AHMP, HEMA and EGDMA. 

The A H M P - H E M A  beads possess a high ligand 
density (214-936#mol/g dry beads), and are more 
stable in water at room temperature than 
HP-Sepharose gels. The water content of the swollen 
beads was relatively low (40-50%) because of the 
limited hydrophilicity of AHMP as well as of HEMA. 

Table 6. Ligand densities, water contents, iron(Ill) chelating capacities and efficiencies of iron(lll) chelating resins with 
various polymeric matrices 

Ligand density Water content Iron chelating capacity Chelating efficiency 
Iron chelating resin (~mol/ml) (%)~ (,umol/ml) b (%) 

AHMP-HEMA beads ~ 68 50 0 0 
AHMP-AA resin 39 d 87 12 92 
DFO-Sepharose gel (G2) ° 23 95 18 78 
HP-Sepharose gel (G3) r 25 95 20 80 

"Swollen at 25 ° . 
bDetermined at pH 6.8 after contacting 24 h at 25'. 
CCopolymer 2 (Table 2). 
aValue calculated from initial composition. 
~Reference [7]. 
rReference [8]. 
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The iron(III)  chelat ing capacity and efficiency of  
the A H M P - H E M A  copolymer  beads are dependent  
on the chelat ion condit ions.  The hydrophil ici ty of  the 
polymeric matr ix  plays a very impor t an t  role in the 
iron(III)  chelation.  The low swelling degree o f  the 
A H M P - H E M A  beads resulted therefore in a low 
chelat ing efficiency twoards iron(III)  (0-40%).  
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