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ABSTRACT

Chromatographic technique becomes
more and more popular in analytical
chemistry thanks to the diversity of stationary
phases. Among the materials
hypercrosslinked poly(styrene-co-
divinylbenzene-co-vinylbenzyl chloride) is of
great interest because of its exceptional high
surface area and chemical resistance.
Despite the advantages the polymer, its
applications are still limited. Its surface is too
hydrophobic  for  hydrophilic  analytes
therefore several reactions have been used
to modify this material. The most popular
reaction is sulfonation in which sulfonate
group is introduced on to the material

surface. In this study chlorosulfonic acid was
used as sulfonation reagent, the resulting
polymer has two functional groups: sulfonate
and sulfonyl chloride. Then sulfonyl chloride
group was hydrolyzed by sodium hydroxide
to form sulfonate group. The reaction
conditions namely ratios of reagent to
polymer and reaction time were investigated
for high cation exchange capacity. The
home-made sulfonated material was
sucessfully used as solid phase extraction
(SPE) sorbent with high static capacity
(10 meqv/g), dynamic capacity (3.8 meqv/g),
fast mass transfer, and high enrichment
factor.
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INTRODUCTION

Sulfonated poly(styren-divinylbenzene) has
been widely used as cation exchanger [1]. The
degree of crosslinking of the material can be
further enhanced by incorporating vinylbenzyl
chloride to the polymer and performing an extra
crosslinking step using FeCl; as catalyst. The
polymer which is referred to as hypercrosslinked
polymer possesses very high specific surface
area, resulting in high capacity after modification
[2, 3]. In this work the sulfonation process were

studied to prepare cation exchanger with high
capacity and fast mass transfer.

MATERIALS AND METHODS
Materials and equipments

Styrene  (STY), dodecanol, toluene,
benzoylperoxide and 1,2 dichloromethane were
purchased from Merck. Divinylbenzene (DVB),
vinylbenzyl chloride (VBC), chlorosulfonic acid
were products of Sigma Aldrich. Methanol, nitric
acid and lead nitrate were of analytical grade
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(China). Inhibitors in the monomers were
removed by 05% NaOH solution. A
spectrophotometer MC V325-XS was used for
spectrophotometric determination of Pb?*.,

Preparation a hypercorsslinked material

To obtain a polymeric support with suitable
surface area (~200 m?/g) for SPE applications the
synthesis procedure was optimized in a previous
study [4]. The inhibitor-free monomers (2.10 g
STY, 1.20 g DVB and 0.70 g VBC) were mixed
well with porogen solvents (1.90 g toluene and
4.10 g dodecanol) by sonication for 5 min before
0.84 g. benzoyl peroxide was added to the
mixture. The polymerization was performed at
80°C for 24h. The resulting polymer was cut into
small pieces, residual monomers and solvents
were then removed by Shoxlet extraction with
methanol for 24h and dried at 60°C for 6h. The
dried material was then crushed and sieved to
obtain particle size of 45-105 um. 17 ¢
polymeric particles was swollen in 20 mL of 1,2-
dichloroethane for 2h and cooled in an ice bath
before adding 0.50 g the Lewis acid catalyst
FeCl;. The mixture was stirred to disperse well
the catalyst and allowed to reach room
temperature. The hypercrosslinking process was
conducted at 80°C for 24h. The product was
washed subsequently with methanol, 0.5 mol/L
HCIl in acetone, and methanol followed by drying
at 60°C overnight.

Sulfonation procedure

1.65 g the hypercrosslinked material was
swollen in 28 mL 1,2-dichloroethane for 2h, to
which 28 mL chlorosulfonic acid was added, and
the sulfonation reaction was carried out at room
temperature. The product was washed with
distilled water, hydrolyzed with 1M NaOH at
100°C for 30 min. The base was removed by
washing with 2M HNO;, and finally with
distilled water to neutral and dried at 60°C
overnight.

Determination of ion-exchange capacity

lon Pb* was used as a model cation to
evaluate the capacity of the products. The
concentration of Pb?* in eluents was determined
based on the absorption of the complex of Pb**
with xylenol orange in aqueous phase at 578 nm.
The static capacity was determined by the
measurement of Pb?* in aqueous solution before
and after getting into contact with the adsorbent
for 24h with the aid of a shaking machine. While
in the experiments for dynamic capacity Pb**
solution was passed through the SPE cartridge
filled with 0.1 g adsorbents using a peristatic
pump at flow rate of 1 mL/min.

RESULTS AND DISCUSSION

Preparation of sulfonated hypercorsslinked
material

Effects of reaction time and sulfonation
reagent level on the ion-exchange capacity

The sulfonation efficiency, represented as the
capacity of the resulting ion exchanger, was
studied under various conditions.
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Fig. 1. Influence of reaction time and sulfonation reagent level on the ion-exchange capacity

Firstly, the reaction time was varied from 2
to 8h at the room temperature with the mole ratio
of the sulfonating reagent (chlorosulfonic acid) to
the phenyl group of 11. It was found that the
reaction rate is rather high resulting in similar
capacity in the investigation time range (Fig.1a).
The static and dynamic capacities were of 10.0
and 3.8 meqv/g, respectively. These findings
were in accordance with the known mechanism
of the reaction which has two steps. In the first
step chlorosulfonic acid quickly reacts with the
phenyl rings to form sulfonic group; in the
second step sulfonic group is slowly converted to
sulfonyl chloride by reaction with the excess
chlorosulfonic acid [5, 6]. The longer reaction
time, the more sulfonyl chloride group is. After
hydrolysis with NaOH, sulfonyl chloride is
converted to sulfonic; therefore, it is useless to
use too much sulfonating reagent unless sulfonyl
chloride is required for further modification. The
optimal ratio of chlorosulfonic acid to phenyl
group was of ~5.

Secondly, the mole ratio of chlorosulfonic
acid to phenyl group was varied in the range of
1,3- 18 while the reaction was conducted for 2h.
A dramatical increase in the static capacity from
6.5 to 11 meqv/g while the chlorosulfonic acid
did not show significant effects on the dynamic
capacity (Fig.1b). The higher level of reagent, the
more chance it can access the surface of the
material in tiny pores, this resulted in the higher
static capacity but un-affected the dynamic when

the cation continuously passing through the
adsorbent and therefore, had too less time too get
into the tiny pores. It should be kept in mind the
dynamic capacity is of far more importance than
the static one in SPE applications.

Characterization the sulfonated adsorbent

Investigation of the specific surface area by
BET: there was a dramatical decrease in specific
surface area when the reaction proceeds for long
time. In fact, it decreased from 29.7 m%/g for 2h
to 17.7 m/g for 8h. Therefore, the reaction time
of ~ 2h is a good choice this this case in terms of
time and surface area. A decrease of surface area
was probably due to agglomeration of some
isolated copolymer nuclei (cauliflower form)
during the sulfonation.

The chemistry of the intermediate materials
and the final products were confirmed by FTIR.

— The un-modifed material was characterized
by BET, FTIR and aromatic compound
adsorption capacity. The spectrum a) in Fig.
2 shows a strong peak at 699 cm™ and 542
cm™ which can be attributed to the C-ClI
stretching band. The adsorptions observed
around 1369 cm™ to 1600 cm™ indicate the
existence of phenyl group and 800 cm™ to
900 cm™ due to a benzene ring with ortho-
positioned functional groups. The results
denote the product prepared were copolymer
of STY-DVB-VBC. With BET
measurement its specific surface area was of
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228 m?/g and 1 g material was able to adsorb
~90mg phenol. With these characteristics the
hypercrosslinked material can be used as
support of stationary phases for SPE.

— The IR spectrum of the sulfonated material
had adsorption bands of phenyl group as
those of the starting material. In addition,
strong adsorption at 1370 cm™ and around

760 cm™ to 1033 cm™ can be due to S=0 and
S-O stretching bands, respectively. However,
the spectrum c) in Fig. 2 shows a strong peak
at 1172 cm™ which is attributed to the S-ClI
stretching band, which disappears after the
hydrolysis by NaOH (Fig. 2b) this indicates
that all of sulfonyl chloride groups were
converted to sulfonated group.
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Fig. 2. An IR spectrum of (a) starting material, (b) sulfonated material after and (c) before hydrolysis

Evaluation of the adsorption properties of the
sulfonated hypercrosslinked material

Dynamic capacity and the Kkinetics of the
adsorption process

To use as adsorbent for SPE both dynamic
capacity and the kinetics of the process are of
great concern. These properties can be revealed
studying the breakthrough curves. Polypropylene
cartridges were filled with 0,1 g of the adsorbent.
The material was washed with 10 mL 2M HNO;,
followed by double-distilled water until neutral.
A 250 ppm Pb* solution was loaded at a flow
rate of 1,5 mL/min and Pb?" concentration in

each 4 mL-portion the eluent was determined by
spectrophotometric method. The breakthrough
curve of Pb®* was constructed based on the
experimental data (Fig. 3a). The breakthrough
curves of three SPE cartridges filled with the
same material show that the metal ion in the first
30 mL was very efficiently “caught” by the
adsorbent at flow rate of 1,5 mL/min. As can be
seen in Figure 1.5b more than 94% of the
adsorbed ion can be recovered using only 6 mL
HNO; 2 M making it is possible to obtain an
enrichment factor up to more than 300 (the initial
volume of sample of 2000 mL) (Fig. 3b).
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Fig. 3. (a) Breakthrough curve of Pb?* and (b) and elution profile of Pb?" with HNO; 2M

Effect of initial concentration of Pb? on the
recovery

This part of the study is to investigate the
ability of quantitative adsorption and desorption
of the sulfonated material in real samples whose
concentrations of ions can be vastly varied.
Several Pb? solutions with concentration of 0,01
— 100 ppm were loaded onto the SPE cartridges
containing 0,1 g the sulfonated material and
eluted by 6 mL 2M HNOs. 5 replicates were done
for each concentration. The results indicated that
the recoveries ranged from 92% to 110% and
RSDs were 16.9% and 3.8% for 0.01 and 100
ppm concentration, respectively (Fig. 4).

The stability of the adsorbent

The stability of ion exchangers after elution
with strong acids allow their reuse for economic
reasons. An SPE cartridge containing 0.1 g
material was loaded with 50 ppm Pb®" solution;
the loading and elution procedure was repeated 5
times. The mean recovery was of 101 + 5%

indicating the high chemically stability of the

adsorbent.
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Fig. 4. The recovery at different levels of Pb*
CONCLUSION

The sulfonated material was successfully
synthesized with high capacity and fast mass
transfer. The dynamic capacity of the adsorbent
is of 3.8 meqv/g which is higher than other
commercial products namely Bond Elut Plexa
PCX, Oasis MCX, Strata X-C, SampliQ SCX.

Recovery (%)
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TOM TAT

Ky thuat sdc ky ngay cang phat trién
manh mé trong linh virc phén tich nho vao
sw da dang cua céc loai pha tinh. Trong s6
do thi vat liéu siéu khdu mang poly(styrene-
co-divinylbenzene-co-vinylbenzyl  chloride)
c6 Vi tri quan trong nho dién tich bé mét Ién
va khd ndng khéang duoc hba chat. Mic du
c6 nhiéu déc diém wu viét, nhung (rng dung
cla vét liéu nay van con han ché. Piéu nay
la do vét liéu c6 bé mat rét ky nuéc nén khé
hép phu céc chéat wa nwéc, vi vdy mét sb
phén ung da dwoc (ing dung dé bién tinh bé
maét véat lidu. Trong do6 théng dung nhét la
phdn (ng sulfonate héa nhdm dwa I1én bé
mat vat liéu cac nhém sulfonate. Acid

chlorosulfonic dwoc st dung lam téc chét
cho phan tmg nén sén phém cé hai nhém
chirc trén bé maét: sulfonate va sulfonyl
chloride. Sau dé nhém sulfonyl chloride
duoc thdy phéan trong moéi trurong base dé
chuyén héa thanh nhém sulfonate. Céac diéu
kién phén (ng nhw thi I1é tac chat so chét
nén polymer, thoi gian phan tng duoc khéo
sét nham thu duoc sén phdm c6 dung luong
cao. Vat liéu sulfonate siéu khau mang tw
téng hop duoc (rng dung lam pha tinh cho
cét chiét SPE véi dung luong tinh
(10.0 eqv/g) va déng (3.8 meqv/g) cao, téc
do céan bang cét nhanh va hé sé lam giau
mau Ion.

Tor khod: polymer siéu khdu mang, sulfonate héa, acid chlorosulfonic, chéat hdp phu.
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