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ABSTRACT

Carbon cryogel (CC), obtained by pyrolysis of resorcinol-formaldehyde
cryogels, was chemically modified and used for adsorption of drugs and
pesticides from water. FTIR analysis and point of zero charge determination
showed that applied chemical treatments affect the surface chemistry of
carbon cryogel by changing the acidity of the surface as well as the nature
and amount of surface oxygen groups. Generally, the chemical modification
has no influence on drugs adsorption, while both chemical treatments
increase the adsorption of pesticides onto carbon cryogel surface.

INTRODUCTION

Carbon cryogels (CC) represent a class of carbon materials that draw
attention due to their developed and controllable mesoporosity. Since
adsorption characteristics of carbon materials depend not only on surface
porosity, but also on surface chemistry, adsorption properties of CC,
obtained by pyrolysis of resorcinol-formaldehyde cryogels [1, 2], was
altered by applying chemical modification with various agents. Alteration of
surface chemistry, i.e. amount and nature of surface oxygen groups, can
change the wettability of CC surfaces, and consequently make it more
hydrophilic and suitable for the adsorption of relatively low molecular
weight and polar compounds. On the other hand, functional groups may
increase diffusion resistance and reduce the accessibility and affinity of CC
surfaces for organic chemicals. Therefore, finding the optimal method of
surface modification is crucial for improving CC adsorption properties
toward the selected pesticides and drugs.
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EXPERIMENTAL

CC was modified by 4 M KOH or 4 M HNOs. 5 g of pristine CC was
suspended in 25 mL of reagent and stirred at 80°C for 4 h. Then, the
suspension was filtered and washed with deionized water until neutral pH.
The obtained materials were labeled CC/KOH and CC/HNOg, which refers
to samples treated with potassium hydroxide and nitric acid, respectively.

The point of zero charge (PZC) was determined by mass titration, by
placing various amounts (0.05, 0.1, 0.5, 1 and 10% by weight) of material in
10 cm? of 0.1 M KCI solution. The beakers were shaken overnight, and the
limiting pH value was taken as the PZC.

Fourier Transform Infrared Spectroscopy (FTIR) measurements were
used for characterization of functional groups. FTIR spectra were recorded
in the range from 400-4000cm* on Bomem MB-Series, Hartmann Braun.

Adsorption of selected pesticides (imidacloprid (Im) and acetamiprid
(Ac)) and drugs (sulfamethoxazole (S), diclofenac (D) and erythromycin
(E)) by unmodified and modified CC samples were performed from aqueous
solutions, in the batch system at 25°C. Initial concentration per each
compound was 20 mg/dm?3. 0.05 g of CC samples were immersed in 50 cm?®
of pesticides/drugs solution and constantly shaken for three hours. To
determine the optimal pH value of the aqueous solution, the effect of pH on
CC samples adsorption capacities was studied. The concentration of
selected pesticides and drugs in the solution were measured by high-
performance liquid chromatography-tandem mass spectrometry (LTQ XL,
Thermo Scientific).

RESULTS AND DISCUSSION

FTIR spectra, for both unmodified and modified CC samples are shown in
Fig. 1a. The wide band between 3300 and 3700 cm™! is assignable to the
stretching vibrations of O-H bond, whereas the bands around 2922 and 2850
cm! are to be ascribed to asymmetric and symmetric C-H stretching
vibrations, respectively. The peak at 1637 cm™ is assigned to OH bending
vibration [3, 4], while the band at 1620 cm™ can be attributed to the
aromatic C=C bond. The band at 1384 cm™! can be attributed to carboxyl O-
H deformation vibrations. Bands in the range 1500-1000 cm™ can be
assigned to the C-O stretching and O-H bending vibrations, which imply the
existence of hydroxyl, ester or ether groups.For all samples, FTIR spectra
are similar and show a presence of oxygen groups on CC surface. Applied
chemical treatments alter the surface chemistry, especially in the case of
HNO3 treatment, which enhances the amount of surface oxygen groups.
These changes in the surface chemistry, induced by chemical modification,
also reflect on the values of the pHpzc (Fig. 1b.).
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Figure 1. Characterization of CC samples: a) FTIR spectra and b) PZC
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Adsorption properties of CC samples tested through the pesticides and
drugs adsorption are presented in Fig. 2. Although the pesticides adsorption
equilibrium onto modified CC samples has not been achieved after 180
minutes, applied chemical treatments improve pesticide adsorption (Fig. 2a).
The influence of chemical modification on drugs adsorption on CC (Fig. 2b)
surface primarily depends on particular drug. Chemical modification has no
influence on adsorption of sulfamethoxazole, while decreases the adsorption
of erythromycin. Adsorption of diclofenac is slightly increased by chemical
modification with KOH, while HNO3z maodification of CC decreases
diclofenac adsorption.
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Figure 2. Amount of the pesticides (a) and drugs (b) adsorbed at the surface
of CC samples

Effect of initial pH on the pesticides and drugs adsorption on unmodified
and modified CC samples is shown in Fig. 3. It was found that optimal pH
value of the aqueous solution for pesticides adsorption was pH=4 on CC and
CC/HNOgz, while for CC/KOH maximal adsorption was achieved at pH=2
(Fig. 3a). For all tested materials optimal pH value of the aqueous solution
for drugs adsorption was pH=8 (Fig. 3b).
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Figure 3. Effect of initial pH on the pesticides (a) and drugs (b) adsorption
on unmodified and modified CC samples
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CONCLUSION

Applied chemical treatments affect the surface chemistry of carbon cryogel
by changing the acidity of the surface as well as the nature and amount of
surface oxygen groups. Chemical modification generally has no influence,
or deteriorate the drugs adsorption onto carbon cryogel. On the other hand,

both chemical treatments increase the adsorption of pesticides onto carbon
cryogel surface.
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