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Abstract.1 The adsorption of nucleotides on the surface of 
nanocrystalline cerium dioxide (pHpzc = 6.3) in NaCl 
solutions was investigated using multi-batch adsorption 
experiments over a wide range of pH. The obtained results 
were interpreted as a formation of outer and inner sphere 
surface complexes with the participation of phosphate 
moieties. The Basic Stern surface complexation model 
was applied to obtain quantitative equilibrium reaction 
constants. 
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1. Introduction 
The interface between biomolecules and inorganic 

oxide surfaces has attracted considerable attention as a 
decisive factor in the bio-applications of nanostructured 
oxides.1-6 One of the important inorganic oxides with 
unique properties is the nanosized cerium dioxide. Cerium 
oxide nanoparticles have received much attention because 
of their excellent catalytic activities, which are derived 
from the change of the oxidation state between Ce+4 and 
Ce+3. Being a mature engineered nanoparticle with various 
industrial applications, the nanoparticles of CeO2 were 
recently found to have multi-enzyme (including super-
oxide oxidase, catalase, and oxidase) and mimetic pro-
perties, which produce various biological effects. They are 
potential antioxidants towards almost all noxious intra-
cellular reactive oxygen species.7,8 Cerium dioxide has 
emerged as a fascinating and lucrative material in bio-
logical fields such as bioanalysis,9-11 biomedicine,12 drug 
delivery,13,14 and bioscaffolding.15,16 

Deoxyribonucleic acid (DNA) has recently become 
an important molecule in bionanotechnology and is 
widely used in biosensing, medical diagnostics, and 
imaging.17-19 It is also widely used in a variety of 
nanomaterial modifications20,21 due to its special structure 
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and properties. The interaction between DNA and nano-
ceria draws much attention.21-23 

For all these applications understanding of the 
interaction at a nano-bio interface plays a key role in the 
development of nanoscience and nanotechnology. 

Defining the interaction of oxide particles with 
biopolymers is an extremely complex task. Such inter-
actions are very complicated because they include the for-
mation of many different in-nature bonds involving 
numerous groups of biomolecules and surface functional 
groups of the solid3,5,6,24 Studies of the interaction of 
nanooxide surface with monomeric biomolecules such as 
nucleotides, from which the corresponding biopolymers – 
nucleic acids, are formed, can serve as a basis for 
establishing the mechanism at the molecular level. 

The aim of this paper is to study the nucleotides 
adsorption at the ceria/aqueous solution interface in terms 
of surface complexation theory. This approach allows to 
quantitatively determine the stability of surface complexes 
and to predict the types of interaction between adsorbable 
molecules and active sites of solid. 

2. Experimental 

A nanocrystalline cerium dioxide (nanopowder, 
Aldrich) with a specific surface area of 60 ± 5 m2/g (Nova 
1200, Quantachrome) was used. According to X-ray 
diffraction data (Dron-3M diffractometer), cerium dioxide 
has a cubic fluorite structure. The crystallite size cal-
culated by the Sherrer equation is 30 nm, which corres-
ponds to the manufacturer’s data (<25 nm). 

2.1. Potentiometric titration 

Potentiometric titration of ceria suspension (5 g/L) 
with acid and base was performed at 298 K in a 
thermostated reactor (50 mL) with a magnetic stirrer and a 
tube for bubbling with Ar. The ionic strength was adjusted 
by a background electrolyte to 0.01 and 0.1 M using NaCl 
(Merck, p.a.). The pH of the suspension was measured 
using the Inolab Level 2P pH meter (WTW) equipped 
with a combined electrode (SenTix81) and temperature 
probe. The electrode was calibrated using 3-point 
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calibration with a commercial pH buffer (CertiPure, 
Merck) to a precision of ±0.02 units. The titrations were 
carried out in batch mode by discrete additions of dilute 
HCl or NaOH prepared from standard solutions (Titrisol, 
Merck) in deionized water under bubbling with Ar. 
Electrode readings were taken, when a drift less than 
0.002 pH units in 10 min was attained, with a minimum 
reading time of 15–20 min between additions. 

2.2. Sorption experiments 

For adsorption experiments, nucleotides (all from 
Reanal, p.a.) were used as received: pyrimidine nucleo-
tides as a sodium salt of cytidine-5'-monophosphate, 
uridine-5'-monophosphate, and purine nucleotides as 
sodium salts of adenosine-5'-monophosphate, guanosine-
5'-monophosphate. 

The nucleotide adsorption was studied at 293 K. 
Equal volumes of ceria suspension (2 g/L) and nucleotide 
solutions (0.2 mmol/L) were mixed in centrifuge tubes. A 
constant ionic strength (0.01 M) was maintained by the 
addition of background electrolyte NaCl. The pH value 
was adjusted to the desired value between 2 and 9 with 
HCl or NaOH solutions. All suspensions were stirred for 
2 h, a final pH was measured, and then the solid phase 
was separated by centrifugation (8000 rpm, 20 min). It 
was preliminary found that the time of 2 h was sufficient 
to reach the adsorption equilibrium. Nucleotide concent-
rations were determined from the absorption spectra in the 
UV region (Specord M-40 spectrophotometer, Carl Zeiss 
Jena). They are characterized by absorption bands at 260-
270 nm. The dependences of position and intensity of the 
bands on pH values were determined before. 

The amounts of adsorbed nucleotides (in µmol/g) 
were calculated as the difference between initial and 
equilibrium concentrations. Experimental adsorption 
values are shown in the Figures as symbols, and the 
calculated adsorption curves are shown as lines. 

2.3. Model calculations 

The Basic Stern surface complexation model25,26 
and the GRFIT software27 are used for quantitative 
interpretation of experimental data. The GRFIT program 
is very convenient because the fitting of adjustable 
parameters is accompanied by a graphic drawing of an 
adsorption curve, revealing if the choice of reaction 
equations and initial values of the adjustable parameters 
was successful. The first step of the work is the choice of 
the solution components, solid components, and charges 
in different planes of the interface. The solution 
components are initial species of biomolecule, proton, and 
electrolyte ions. The initial hydroxyl group (≡CeOH) and 
electrical components exp0 and exp1 are considered to be 
surface components. Electrical components corresponding 

to the charge values of the species in the 0 and 1 planes of 
the interface. They are expressed as coefficients of the 
potentials at the respective planes of the electric double 
layer (EDL). The next step is to create a matrix in which 
the species in the solution (all other forms of dissolved 
substances than initial ones) and surface species 
(protonated and an ionized surface hydroxyl group), ion-
pairs with background electrolyte ions, and surface 
complexes with nucleotides are defined as combinations 
of components. 

It should be also noted that the program requires 
knowledge of such solid characteristics as the specific 
surface area and concentration of functional groups or site 
density. The concentration of functional groups can be set 
as an adjustable parameter or is selected based on data, for 
example, acid-base titration of the oxide suspension. 

3. Results and Discussion 

3.1. Acid-base properties  
of ceria surface groups 

The charging of oxide surfaces due to the interaction 
with protons of aqueous solution results in the formation of 
an electrical double layer between an electrolyte solution 
and oxide surface, which affects the complexation reactions 
with inorganic and organic molecules. Surface comple-
xation theory was successfully used to describe the binding 
of protons by active groups of oxide surfaces.28 The acid-
base properties of the surface groups of the oxide are 
always investigated before studying the adsorption in-
teractions of chemical compounds. 

The potentiometric titration data on ceria suspen-
sions were used to calculate the surface charge depending 
on pH and ionic strength (Fig. 1). These data indicate that 
the curves are intersected at the point of zero charges 
(PZC) at pH 6.3. The PZC values reported in the literature 
for cerium dioxide vary within a rather broad range of 
5.2–8.2. Such a broad range of PZC values can probably 
be explained by the fact that the studied cerium dioxide 
samples were synthesized by different methods and had 
different particle sizes.29  

The Basic Stern complexation model was used to 
quantitatively estimate the protolytic properties of cerium 
dioxide and adsorption equilibria with organic molecules. 
According to this model, an interface consists of two 
planes. Potential determining ions are adsorbed in one of 
them (plane or layer 0), whereas weakly bound 
counterions are adsorbed in another plane, the internal 
Helmholtz plane, which is denoted as a plane or layer 1 
(Fig. 2). 
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Fig. 1. Experimental (symbols) surface charge values  

of ceria and those calculated using Basic Stern model (solid line) 
as the function of pH and ionic strength: Coxide = 5 g/L,  

and CNaCl = 0.01 (1) and 0.1 M (2) 
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Fig. 2. The structure of double electric layer  
(Basic Stern model) at ceria/aqueous electrolyte solution 

interface: Ψ is the potential; σ is the surface charge;  
symbols of charges of σ0 and σ1 correspond  

to planes 0 and 1, respectively 
 

The results of potentiometric titration of ceria 
suspensions were used to calculate surface charge σ0 
(C/m2) by the following equation: 

])[][)(/(0
−+ +−−= OHCHCSCF BAoxideσ ,         (1) 

where F is the Faraday constant (96485 C/mol); S is the 
specific surface area (m2/g); Coxide is the concentration of 
ceria (g/L) taken for titration; CA and CB are con-
centrations of added acid and base (mol/L), [H+] and [OH-

] are equilibrium concentrations of protons and hydroxyls 
recalculated from activities measured by pH-meter.  

According to the surface complexation theory, 
surface hydroxyl groups are considered to be amphoteric 
ones, and the interaction between functional groups and 
protons of an aqueous solution leads to either protonation 
or ionization of these groups: 

≡CeOH + H+ ↔ ≡CeOH +
2  

≡CeOH ↔ ≡CeO– + H+ 
These protolytic equilibria are characterized by 

corresponding constants: 

)/exp(
]][[

][
0

2int
1 RTF

HCeOH
CeOHK S Ψ= +

+

, 

05.073.4log int
1 ±=SK  

)/exp(
][

]][[
0

int
2 RTF

CeOH
HCeOK S Ψ−=

+−
, 

05.087.7log int
2 ±−=SK , 

where [CeOH], [CeOH +
2 ], and [CeO–] are the equilibrium 

concentrations of neutral, protonated, and ionized surface 
hydroxyl groups (mol/L), Ψ0  – oxide surface potential on 
0-plane, T – temperature, K. 

Background electrolyte ions interact with surface 
hydroxyl groups to form ion-pair type complexes or so-
called outer-sphere complexes.25,28 Hence, to describe the 
protolytic properties of the oxide, the formation reactions 
of outer-sphere complexes with electrolyte ions must be 
taken into account, in addition to the protonation and 
ionization reactions: 

≡CeOH + H+ + A– ↔ ≡CeOH +
2 A– 

≡CeOH + C+ ↔ ≡CeO–C+ + H+ 
The equilibria of these reactions are described by 

corresponding constants: 

RTF
AHCeOH

ACeOHK A /)(exp
]][][[

][
10

2int Ψ−Ψ= −+

−+
, 

05.073.5log int ±=AK  
 

RTF
CCeOH
HCCeOKC /)(exp

]][[
]][[

01
int Ψ−Ψ= +

++−
, 

05.087.6log int ±−=CK , 
where Ψ1 is oxide surface potential in plane 1; C+ and A- 
correspond to the cation and anion of background 
electrolyte. 

Taking into account all reactions proceeded on the 
ceria surface in the presence of aqueous electrolyte 
solution, the surface charge density may be expressed by 
the following equation: 

])([/( 20
+ += CeOHSCF oxideσ  

])[][][] 2
+−−−+ −−+ CCeOCeOACeOH . 

Thus, the equilibrium reaction constants of 
protonation–ionization and ion-pair formation reactions 
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were determined by comparing the surface charge values 
calculated by Eq. (1) and the values selected by GRFIT 
software using the method of successive approximations. 
The best agreement between experimental data and 
calculated curves was achieved for the set of parameters 
presented directly next to constant expressions. 

3.2. Nucleotides’ adsorption 

The reaction of nucleotides and cerium dioxide 
functional groups were interpreted as the formation of 
adsorption complexes. These complexes may involve 
nucleotides with different degrees of protonation and 
hydroxyl groups of the adsorbent.  

Nucleotide, which is the main repeating unit of 
nucleic acid molecules, is a phosphorylated nucleoside. A 
nucleoside consists of bases (purine and pyrimidine ones), 
which are bonded by β-glycoside bonds with carbohydrate 

units. Carbohydrate residue replaces a hydrogen atom at the 
N-1 nitrogen atom of pyrimidine base or N-9 of purine one. 

Heterocyclic bases, which are contained in 
nucleotides, significantly differ in the basicity of nitrogen 
atoms. The protonation of active base sites in adenosine-
5'-monophosphate and cytidine-5'-monophosphate is 
observed at pH < 4, and, in the case of guanosine-5'-
monophosphate, it is seen at pH < 2.3. In the studied pH 
range, the heterocyclic uridine-5'-monophosphate base is 
neutral.30,31 Primary ionization of the phosphate groups in 
nucleoside monophosphates (NMPs) occurs at pH < 2, 
while ionization of secondary groups is observed at 
pH > 6.1.31,32 Table 1 summarizes the formulas and 
ionization constants of the studied NMPs. Fig. 3 shows 
the solution speciation for different forms of studied 
nucleotides: nucleotides can be present in solutions as 
zwitterion (H2L±), monoanion (HL–), and dianion (L2–) 
depending on pH. 

 
Table 1. Nucleotides and their ionization constants31 

Formula, name Ionization constants, 
pKn (0.01 M) 

purine 

NH+

NN

N

NH2

O

OHOH

HH

HH

OP-O

OH

O

 

adenosine-5'-monophosphate (AMP) 
3.83 (N1–H+) 

 
6.46 (–PO3H−) 
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N
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O

NH2
N
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OH
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HH
OH
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guanosine-5'-monophosphate (GMP) 
2.47 (–N7H+) 

 
6.48 (–PO3H–) 

pyrimidine 

NH+

NH2

ON

O

OHOH

HH

HH

OP-O

OH

O

 

cytidine-5'-monophosphate (CMP) 
4.31 (N3–H+) 

 
6.15 (–PO3H–) 

NH

O

ON

O

OHOH

HH

HH

OP-O

OH

O

 

uridine-5'-monophosphate (UMP) 6.04 (–PO3H–) 
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The dependence of nucleotides adsorption on pH 
values is shown in Fig. 4. To determine possible 
adsorption reactions, the state of oxide surface groups and 
the forms, in which nucleotides occur in the solution, 
should be found as a function of pH. Regarding the 
functional groups of ceria, hydroxyl groups are protonated 
in an acidic medium, while ionized groups prevail at pH 
values above the point of zero charges. An increase in the 
NMP adsorption is observed at pH values, which 

approximately correspond to the deprotonation constant of 
the nitrogen atoms of nucleic bases. At pH > 6, the 
adsorption decreases due to the repulsion of similarly 
charged anions and ionized surface groups of oxide. Thus, 
it has been established that stable complexes are formed 
on the ceria surface due to the electrostatic interactions 
between the protonated surface groups and anionic forms 
of nucleotides resulting from the ionization of phosphate 
residues. 
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Fig. 3. Distribution diagrams for AMP (a), CMP (b), GMP (c), and UMP (d):  

zwitter ion H2L± (1), monoanion HL– (2), and dianion L2– (3) 
 

Fig. 4. Adsorption of GMP (1), AMP (2), CMP (3),  
and UMP (4) on the ceria surface as a function of pH:  

CNMP = 0.1 mmol/L, Coxide = 1 g/L, 0.01 M NaCl. Experimental 
and calculated data are shown by symbols and curves, 
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Table 2. Complex formation reactions and corresponding equilibrium reaction constants (logK ± 0.05) 

 Surface reaction Equilibrium reaction constant AMP GMP CMP UMP 
Equilibrium surface reaction constants of complex formation  

1 ≡CeOH + H2L± ↔ ≡CeOH +
2 HL–  )/)(exp(

]][[
][

10
2

2 RTF
LHCeOH

HLCeOHK Ψ−Ψ=
±

−+  5.18 6.52 4.88  

2 ≡CeOH + H2L± ↔ ≡CeOH +
2 L2– + H+ RTF

LHCeOH
HLCeOHK /)2(exp(

]][[
]][[

10
2

2
2 Ψ−Ψ= ±

+−+  -0.67 0.55 -1.04  

3 ≡CeOH + HL–  + H+ ↔ ≡CeOH +
2 HL– RTF

HHLCeOH
HLCeOHK /)(exp(

]][][[
][

10
2 Ψ−Ψ= +−

−+
    8.19 

4 ≡CeOH + HL–  ↔ ≡CeOH +
2 L2– RTF

HLCeOH
LCeOHK /)2(exp(

]][[
][

10

2
2 Ψ−Ψ= −

−+
    2.51 

Stability constants of surface complexes 
5 ≡CeOH +

2  + HL– ↔ ≡CeOH +
2 HL– RTF

HLCeOH
HLCeOHK /)(exp(

]][[
][

10
2

2 Ψ−Ψ= −+

−+
 4.42 4.28 4.47 3.47 

6 ≡CeOH +
2  + L2– ↔ ≡CeOH +

2 L2– RTF
LCeOH

LCeOHK /)2(exp(
]][[
][

102
2

2
2 Ψ−Ψ= +

−+
 5.00 4.79 4.70 3.83 

7 ≡CeOH + HL– ↔ ≡CeOL– + H2O 
RTF

HLCeOH
CeOLK /)(exp(

]][[
][

0Ψ−= −

−
 3.23 3.07 3.23 2.25 

 
Based on a comparison of the nucleotide forms in 

the solution and the state of the surface functional groups, 
the possible reactions of complexes formation were 
chosen. Table 2 shows the reaction equations and exp-
ressions of the corresponding equilibrium constants, obtai-
ned for the best agreement between the experimental and 
calculated values of adsorption. 

The reactions (1) – (4) listed in Table 2 lead to the 
formation of electrostatic or outer-sphere complexes due 
to the interaction between positively charged protonated 
groups and negatively charged nucleotide anions. The 
distribution diagrams of nucleotide adsorption complexes 
on the ceria surface (Fig. 5) depending on pH were plotted 
based on the calculated equilibrium reaction constants. It 
should be noted that curves corresponding to different 
complexes intersect at pH – 6. This value correlates with 
the ionization constant of singly charged anion, i.e., 
ionization of monoanion adsorbed on the surface and in 
the solution occurs at the same pH value. 

All calculated equilibrium reaction constants may be 
converted into stability constants of complexes taking into 
account the protonation of CeOH groups and protona-
tion/ionization of nucleotides. The stability constants of 
surface complexes represented in Table 2 (reactions 5, 6) are 
more convenient to be compared with each other. 

The more stable complexes form nucleotides, the 
heterocyclic bases of which are capable of protonation, i.e., 
AMP, CMP, and GMP. The stability constants of 
complexes with a singly charged anion are somewhat lower 
than those of complexes with a doubly charged anion. A 
similar regularity is also observed for the complexes of 
some transition metals with inorganic phosphates.33,34 This 
analogy is possible because we assume the binding of the 

nucleotide anions to the surface via phosphate groups. It 
was interesting to compare adsorptions of nucleotides 
(organic phosphates) and inorganic orthophosphate (OP) 
and corresponding equilibrium reaction constants. The pH 
dependence of orthophosphate was studied under the same 
experimental conditions as for nucleotides (Fig. 6). 

To select possible complexation reaction in case of 
the orthophosphate adsorption, we took into account 
protolytic properties of tribasic orthophosphoric acid: 
pK1 = 2.06, pK2 = 7.02 and pK3 = 12.1.35 The adsorption 
values of OP slightly decrease with increasing pH, which 
can be explained by the binding of phosphate anions with 
a protonated ceria surface and the formation of elec-
trostatic outer-sphere complexes. The adsorption curve 
simulation (GRFIT) shows the best conformity for the 
formation of only one complex with doubly charged anion 
≡CeOH +

2 HL2–, the stability constant of which is 

logK int
HL  = 7.84 ± 0.05.  

Comparison of the adsorption curves of phosphate 
and nucleotides shows that the nature of the heterocyclic 
base affects the curve form. 

According to the literature data,36-41 phosphate 
adsorption on the surfaces of titanium and iron oxides is 
interpreted as the formation of covalently bound 
complexes, although the available spectroscopic data do 
not give an unambiguous answer about the type of bonds 
in these complexes. If we assume the formation of inner-
sphere phosphate complexes on the surface of cerium 
dioxide, the adsorption curves must be simulated taking 
into account the following reactions: 

≡CeOH + HO(P=O)(OH)2 ↔ 
↔ ≡CeO(P=O)(OH)2 + H2O,            (2) 
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Fig. 5. Surface speciation of adsorption  complexes of AMP (a), CMP (b), GMP (c), and UMP (d): 

≡CeOH +
2 HL–  (1) and ≡CeOH +

2 L2–  (2) 
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Fig. 6. Adsorption of orthophosphate on the ceria surface as a function  

of pH: COP = 0.1 mmol/L, Coxide = 1 g/L, 0.01 M NaCl. Experimental data  
are represented by symbols, and the adsorption curves calculated on the assumption  

of the outer sphere (1) and inner sphere (2) complex formation are shown as solid lines 
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≡CeOH + HO(P=O)(OH)2 ↔ 
↔≡CeO(P=O)(OH)O– + H+ + H2O, (3) 
≡CeOH + HO(P=O)(OH)2 ↔  
↔ ≡CeO(P=O)O −2

2  + 2H+ + H2O,            (4 ) 
where HO(P=O)(OH)2 is the formula of orthophosphoric 
acid (H3L) which is used to represent more clearly the 
reaction with the release of protons and water molecules 
accompanying the formation of inner-sphere complexes. 

The best agreement between experimental and 
calculated values of orthophosphate adsorption is obser-
ved when only reaction (4) is taken into account: the sta-
bility constant of this complex is logK int

CeOL = 7.40 ± 0.05. 
A positively charged surface promotes the formation of a 
negatively charged complex, while the inner sphere 
complex formed through reaction (2) would be electrically 
neutral. It is not clear why a complex with a singly 
charged phosphate anion is not formed in this case, but 
nevertheless, the stability of such a complex and its share 
in the total adsorption value is insignificant. It can be seen 
from Fig. 6 that the adsorption curves calculated on the 
assumption of outer and inner-sphere complexes for-
mation practically coincide. Assuming that in nucleotide 
surface complexes phosphate anions are bound with 
functional groups, we tried to simulate the adsorption as 
inner-sphere complex formation. The best agreement 
between the experimental and calculated adsorption cur-
ves is observed when we assume the formation of only 
one complex ≡CeOL– according to the reaction: 

≡CeOH + HO(P=O)(OR)O– ↔  
↔≡CeO(P=O)(OR)O– + H2O, 

where HO(P=O)(OR)O– is a monoanion of nucleotide  
(R – nucleoside residue). 

The calculated stability constants of inner sphere 
nucleotide complexes are represented in Table 2 
(reaction 7). As in the case of the outer sphere complex 
formation, more stable complexes are formed by AMP, 
CMP, and GMP. Fig. 7 shows the structures of nucleotide 
complexes adsorbed on the surface of cerium dioxide. 

We consider all inner-sphere complexes as mono-
dentate ones; it was suggested that one of the hydroxyl groups 
of phosphate anion reacts with one functional group of the 
oxide. At the same time complexes with different structures, at 
least for phosphate, are available in the literature.36-38,40,41 These 
structures include bridging bidentate complexes, in which two 
OH groups of phosphate react with two neighboring ≡MOH 
groups, and chelate complexes, which are formed via the 
interaction of two OH groups of phosphate with two OH 
groups of one metal atom.  The formation of the monodentate 
inner-sphere complex was confirmed in the study of nuc-
leotides adsorption on the surface of alumina.42 In our opinion, 
there is currently no sufficient evidence of the formation of 
complexes with a certain structure. Moreover, this can be 
assumed for complex aggregates such as nucleotide surface 
complexes, which are more sophisticated ones than those 
formed by inorganic phosphates. Establishing the exact struc-
ture of such complexes requires careful study using appro-
priate spectroscopic methods. 

 

 
Fig. 7. A schematic of nucleotide surface complexes: outer sphere electrostatic  

complexes with singly charged anion (a), doubly charged anion (b), and inner sphere covalent complex (c) 
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4. Conclusions 

Thus, it has been shown that the adsorption of 
nucleotides on a cerium dioxide surface may be repre-
sented and quantitatively characterized as a formation of 
outer and inner-sphere complexes due to electrostatic and 
covalent interactions. Electrostatic attraction of differently 
charged particles promotes the approach of nucleotide 
molecules to such a distance from the surface that 
covalent interactions become possible. The involvement 
of phosphate groups in binding to the oxide surface 
suggests that nucleic acids interact with the surface of 
inorganic oxide materials similar to the nucleotides of 
which they are composed. Our results provide a better 
understanding of nano-biointeraction between natural 
polymers and oxides. 
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ВЗАЄМОДІЯ НУКЛЕОТИДІВ  
З ПОВЕРХНЕЮ НАНОКРИСТАЛІЧНОГО 

ДІОКСИДУ ЦЕРІЮ 
 
Анотація. Було досліджено адсорбцію нуклеотидів на 

поверхні нанокристалічного діоксиду церію (рНТНЗ = 6,3) з 
водних розчинів NaCl у широкому діапазоні рН. Одержані 
результати було інтерпретовано як утворення зовнішньо- та 
внутрішньосферних комплексів за участі фосфатних залишків. 
Для кількісного визначення констант рівноваги реакцій було 
застосовано базову модель комплексоутворення на поверхні 
Штерна. 

 
Ключові слова: діоксид церію, нуклеотид, адсорбція, 

теорія комплексоутворення на поверхні. 
 


