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Effect of acidity of the medium and polarization of the surface
on albumin adsorption by carbon fibers
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Adsorption of bovine serum albumin (BSA) was studied at different acidities of the
medium on the non-charged and titanium hydroxide-modified surfaces of the carbon fibers
(ACF and ACF-B (Ti)). The fiber covered with titanium hydroxide was shown to have the
highest adsorption capacity at pH = 4.7, which is close to the isoelectric point of BSA. The
cathodic polarization has the greatest effect on the BSA desorption ability, which enabled the
determination of conditions for recovering the adsorption capacity of the fibrous sorbent.
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Electrochemical polarization of carbon materials with
the developed surface, high electroconductivity, and rela-
tively high adsorption capacity provides the means of
controlling the equilibrium in the adsorbent—adsorbate
system. Depending on the chosen potential, electro-
chemical polarization can affect the adsorption power of
the material, accomplish desorption of various organic
substances, and restore the adsorption capacity of
adsorbents. The possibility of separation and concentra-
tion of proteins using polarized carbon materials is of
great interest. Carbon materials modified by titanium
and zirconium hydroxides can be promising for these
purposes. Such coatings are biologically inert and stable
in a wide pH range, which allows the broad variation of
the electrochemical properties of the surface. Unfortu-
nately, protein sorption on the electrochemically polar-
ized carbon surface was insufficiently studied to the re-
cent time despite its practical significance.

The purpose of this work was to study the influence
of the pH of the solution and electrochemical polariza-
tion on the sorption of the model protein, viz., bovine
serum albumin (BSA), on the initial carbon fiber and the
fiber modified by titanium hydroxide.

Experimental

Active carbon fibers (ACF) (Aktilen, multiple type) were
used as adsorbents. The ACF covered with titanium hydrox-
ide,! viz., ACF-B (Ti), was used in addition to the initial fiber.

The specific surface, microporous volume, and effective
pore radius of adsorbent samples were 1000 m2 g~—!, 0.4 cm3 g1,
and 4 A, respectively. The BSA samples (NIIEV, Minsk,
Belarus) were used. The content of BSA in a solution was

determined using the Lowry method.2 Adsorption of BSA from
a universal buffer solution (sodium phosphate—acetate—bo-
rate) was studied under static and dynamic conditions. All
experiments were carried out at 20 °C.

Potentials, at which the protein adsorption values were
measured, were chosen in the region where electrochemical
transformations of BSA adsorbed by the electrode surface can-
not occur. For this purpose, preliminary voltammetric mea-
surements were performed in the protein—ACF system. It was
also established that BSA adsorption was completely reversible
(99.8%) already at a potential of —200 mV.

Procedures for ACF and ACF-B (Ti) potentiometric titra-
tion and experimental data processing were described in the
previously published work.3 Potentiometric titration curves were
processed using the density functions method based on the
assumption that the object of the study can contain an unlim-
ited number of functional groups with similar ionization con-
stants. Thus, the results of calculations represent the spectrum
of pK (p function) for all surface functional groups.

To obtain elution curves for adsorption and desorption, the
fiber was saturated with protein under dynamic conditions by
pumping a solution containing the initial BSA (0.1 g L~!) with
a velocity of 1.2 cm min~!. After the sorbent was saturated and
the BSA concentration in a solution at the outlet of the column
was equal to the concentration in the initial solution (C = (),
the pumping of an adsorbate solution was terminated and the
fiber surface polarized to £ = —0.300 V. The cathodic Faraday
process generated the OH™ ions and, hence, ionized the pro-
tein molecule, whose anions were desorbed upon repulsion
from the cathode surface.

Results and Discussion

As known from the literature,? the pH variation re-
sults in the appearance or an alternation in the protein
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Fig. 1. Isotherms of BSA adsorption without polarization at

pH =47 (1, 2), 6 (3, 4, and 2.5 (5, 6) for ACF (1, 3, 5) and
ACF-B (Ti) (2, 4, 6).

charge and in changes in the adsorbent surface. The
variation of the pH of the medium changes the degree of
dissociation of functional groups of the solid surface4
and protein molecules® resulting in the appearance of
additional electrostatic interactions, which affect the ad-
sorption. The adsorption isotherms of BSA on the non-
polarized fiber surface at different pH values of a solu-
tion are presented in Fig. 1. The comparison of these
curves shows that the highest sorption ability of BSA is
achieved at pH 4.7, which corresponds to the isoelectric
point of the protein (pH = pl). At this pH the protein
molecule is most "compactly” 3 arranged on the sorbent
surface. The adsorption of BSA on ACF-B (Ti) is higher
than that on the non-modified fiber. This is probably
related to a much greater number of adsorption sites on
the surface covered with titanium hydroxide. The calcu-
lation by the density functions method3 showed that the
modification increases the number of surface functional
groups on the surface of the fiber. Since the fiber surface
is characterized by a pronounced chemical and energetic
heterogeneity, i.e., it contains many functional groups
with close but still different ionization constants, the
concept of discrete constants for surface groups becomes
meaningless. The real pattern of the acid-base properties
of the surface can be reflected only by the pK spectrum
representing the group distribution over the pK scale.
Two peaks corresponding to two types of the surface
functional groups can be seen in each pK spectrum
(Fig. 2). The surface areas of the peaks correspond to the
concentrations of groups of each type. The comparison
of the pK spectra for the initial and modified fibers shows
that the modification increases the concentration of func-
tional groups with a lower pK.

The isotherms of BSA adsorption from a solution
with pH 4.7 on the non-charged and polarized fiber sur-
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Fig. 2. Spectra of the ionization constants of the surface func-
tional groups for ACF (/) and ACF-B (Ti) (2); p is the distri-
bution function of ionization constants of surface groups (ana-
Iytical concentrations of the group with pK in the interval from
pKto (pK + dpK)).

faces (Fig. 3) show that an increase in the surface charge
decreases the sorption of BSA on the fibrous materials.
It is known® that the Faraday processes occurred on the
carbon electrode surface change the pH of a solution.
This, in turn, ionizes the organic component, whose
ionic form (unlike the molecular form) is absorbed to a
lower extent by the carbon surface.” This process likely
occurs in a thin near-electrode layer because the pH of a
bulk solution (buffer) remains almost unchanged. For
the modified carbon material, the decrease in the sorp-
tion of BSA is higher than that for the non-modified
adsorbent. The lowest adsorption is observed during the
cathodic polarization of ACF-B (Ti). This is due to the
fact that an increase in the negative charge of the surface
favors the generation of OH™ ions, ionization of BSA,
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Fig. 3. Isotherms of BSA adsorption on the polarized ACF
(I—4) and ACF-B (Ti) (5—&) surfaces at AE = 0 (1, 5), —200
(2, 6), +200 (3, 7), and —300 mV (4, &), pH = 4.7.
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Fig. 4. Elution curves of adsorption (a) and desorption (b) of
BSA on ACF-B (Ti) at AE = 0 (a) and —300 mV (b).

and repulsion of likely charged ions from the carbon
sorbent surface. It has previously been shown?8 that in an
alkaline medium the adsorption of albumin on the ACF-B
(Ti) surface is much lower than on the non-modified
fiber. Thus, conditions for protein removal from the solid
surface can be selected involving sorbents with different
properties and varying regimes of sorbent polarization.
The elution curves of BSA adsorption (a) and de-
sorption (b) on ACF-B (Ti) are presented in Fig. 4. The
adsorption elution curve (at the open circuit potential)
has no specific features characteristic of microporous

sorbents.” The sharp increase in the elution desorption
curve is a result of elution of the organic component
(accumulated in the near-electrode space) upon passing
an eluent solution (0.1 M K,SO,). It is seen that already
30 mL of the eluate contains the main amount of the
previously adsorbed BSA. This can be used for isolating
and concentrating protein molecules from a solution.
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