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Electronic structures and adsorption characteristics of CrO42'molecular anions, MIsCrO4 (M! = Li, Na,
K) and MIICrO4 (M =Zn, Cd, Hg) molecular complexes on the surface of undoped, B- and N-doped (5,5)
carbon nanotube (CNT) fragment, were studied using density functional theory within molecular cluster
approach. Stable adsorption geometries, binding energies and values of electronic charges transferred from
the adsorbents to the CNTs were calculated and analyzed. It is found that both undoped and B- or N-doped
CNTs form stable adsorption configurations with MICrO4 (M!! = Zn, Cd, Hg) molecular complexes. The B-
doped CNTs bind MI:CrO4 (M! = Na, K) complexes. The results indicate that the doped CNTs can find a po-
tential application in removal of the respective chromate molecular compounds. Neither undoped nor B/N-
doped CNTs would effectively bind Li2CrO4 molecule. The calculated changes in the electronic charges of
the bound chromate(IV) indicate that undoped CNT-based materials can potentially serve as gas sensors
for MICrO4s (M =Zn, Cd, Hg) complexes. However, they are less perspective for resistivity sensing of
MI;CrO4 (M! = Li, Na, K) compounds.
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1. INTRODUCTION

It is known that hexavalent chromium, Cr (VI), is
very harmful to living organisms. Chromium (IV)
oxoanions are, in particular, carcinogenic, since they
are able to modify the DNA transcription process in
living cells [1-3]. Cr (VI) compounds cause nausea, di-
arrhea as well as kidney, liver, and gastric damage,
internal hemorrhage, lung cancer, ulcer formation, res-
piratory problems, etc. [3-6]. Human activities primari-
ly responsible for increase of the Cr (VI) content in en-
vironment, in particular in the atmosphere, are metal-
lurgy, refractory bricks manufacturing, galvanic pro-
duction, fuel combustion and the production of chemi-
cals containing Cr(VI), mainly chromates and dichro-
mates, chromium trioxide, etc. [7-9].

Removal of heavy metals, in particular Cr(VI) com-
pounds, from the environment is an important techno-
logical problem. One of the most efficient methods of
such removal is adsorption of heavy metals on artificial
adsorbents [10, 11]. Materials based on carbon
nanostructured materials, in particular carbon nano-
tubes (CNTs) are considered as promising adsorbents
for such application [12-14]. Among other adsorbent
materials, the CNTs are advantageous in sufficient
adsorption capability with respect to many kinds of
toxic molecules, large surface area and chemical stabil-
ity [12, 15, 16].

The properties of CNTs as adsorbent materials of
Cr(VI) compounds have been studied for the last decade
and the CNT-based materials have been recognized as
perspective adsorbents of Cr(VI) compounds [15, 17-23].

In the recent years, the first-principles quantum-
mechanical calculations had become a powerful tool for
quantitative description of the adsorption characteris-
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tics of various molecules on carbon materials, in partic-
ular, CNTs ([24] and references therein). High predic-
tive power of ab initio calculations is rather generally
accepted. In our previous papers [25,26] we have stud-
ied computationally some characteristics of X042~
X =Cr, Mo, W) anions adsorption on the surface of
undoped, B/N-doped and functionalized CNTs and gra-
phene. However, in the real environment, charged
CrO42- anions can attach some cations due to electro-
static attraction. In this paper, the electronic structure
and adsorption characteristics of CrO42- molecular ani-
ons on the surface of undoped, B- and N-doped CNT
(5,5) are compared to corresponding results for M2CrO4
(M!=Li, Na, K) and MICrO4 (M = Zn, Cd, Hg) molecu-
lar complexes. As it was found earlier, CNT doping
with boron and nitrogen impurities can significantly
change the adsorption capabilities of CNT [27-30].
Therefore, we consider B- or N- doping of CNTs as a
method for tuning the adsorption properties of materi-
als in respect to Cr(VI) compounds. To the best of our
knowledge, adsorption of M2CrOs4 (M! = Li, Na, K) and
MUICrO4s MY =7n, Cd, Hg) molecular complexes on
carbon nano-structure (CNS) compounds (CNTs, fuller-
enes, graphene) has never been studied so far by ab
initio calculations.

The results of the calculations showed that the mo-
lecular complexes of MLCrOs (MI=Li, Na, K) and
MUICrO4 (M =7Zn, Cd, Hg) form weak or regular cova-
lent bonds with surface atoms of carbon nanotubes.
Several issues that may contribute to the development
of effective adsorption materials for the Cr(VI) com-
pounds from the environment were emphasized. Addi-
tionally, we consider potential applicability of the CNT-
based materials as sensors for chromates in gas phase.
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2. METHODS

CNT clusters comprising 21 Ce “rings” of armchair
carbon nanotube CNT(5,5) were constructed for the
calculations. The dangling C-C bonds in the clusters
were capped with H atoms, resulting in overall compo-
sition of Cz10Hz20. Substitution of the edge C atoms by H
atoms is a widely used approximation in computational
studies of CNTs within the molecular cluster approach
[31-33].

In order to model the B¢ or Nc substitution impuri-
ties, one C atom from the central region of the clusters
was substituted with either B or N.

The geometry optimization was performed using
Gaussian 09 (build E01) [34] software package and
B3LYP nonlocal hybrid exchange-correlation density
functional [35, 36]. The split-valence double-zeta (6-
31G) basis sets [37] were used for K, C and H atoms,
while correlation-consistent polarized valence double-
zeta (cc-pVDZ) basis sets [38-40] were applied for Li,
Na, Cr and O atoms. Zn, Cd and Hg atoms were repre-
sented by cc-pVDZ-PP basis sets with pseudopotentials
[41]. All calculations were carried out in vacuo.

Before the geometry optimization, several starting
positions of M2CrO4 and MUICrO4 molecular complexes
with respect to the carbon surface were considered for
each adsorption case. In all cases, the anions were ini-
tially put in such a way that the shortest C/B/N — O
distance was between 1.8 and 2.5 A. The resulting
structures presented and discussed below were the
most stable.

The binding energy E» of molecules (anions and mo-
lecular complexes) to adsorbents was obtained as the
difference of the calculated total energies using the
following expression:

Ey = EcNt - BON) - mol — Ecnt - B — Emot

where Ecnr-BN) - mo 18 total energy of the optimized
system "CNT with the molecule (the anion or a molecu-
lar complex)", Ecnr - B is total energy of the optimized
CNT, and Eno is total energy of the optimized molecule
(the anion or a molecular complex) calculated within
the same approximations.

Below, we compare the calculated binding energies to
energies of the respective covalent bonds. The two are not
strictly corresponding, as the adsorption results in some
deformations of the whole CNT fragment, not to mention
the proximity of adsorption site. However, bond formation
should be the most significant contribution to the binding
energy, and the comparison is rather feasible from an
order-of-magnitude point of view; covalent bonds and
weak bond-like interactions can be distinguished.

The molecular complexes were not charged. Clus-
ters of “undoped CNS + molecular complex” in calcula-
tions were not charged, while additional charges equal
to — 1 and + 1 were assigned to the clusters describing
the B- and N-doped nanotubes, respectively. By using
such additional charges, we have modelled a very
common situation when an “additional” electron intro-
duced into the real CNT by the N¢ impurity is compen-
sated by an additional + 1 charge of a defect somewhere
far from the Nc site (such compensating defects were
not modelled explicitly in our clusters). Corresponding-
ly, additional compensating defects can supply one
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“missing” electron in the Bc case. Taking into account
the —2 charge of “free” CrO42- anion, additional —2
charges were assigned to the clusters of undoped ad-
sorbent and the chromate anion. Accordingly, addition-
al charges of —3 or — 1 were assigned to the B- or N-
doped clusters, respectively. Consequently, the calcula-
tions were closed-shell.

The Aq charge transferred to/from the adsorbent
was determined (using Mulliken population analysis)
from the changes of total charge of the bound CrO4%-
anions (where free chromate anion charge is — 2) or the
bound molecular complex M.2CrOs and MICrO4 (free
complex charge is zero). Positive or negative Ag indi-
cates electron density transfer to or from the bound
specie, respectively.

3. METHODS
3.1 Adsorption of CrO42- Anions

The binding energies, the shortest interatomic dis-
tances between the adsorbent and the adsorbate, as well
as the transferred charges Aq are presented in Table 1.
The binding energy for the chromate anion adsorbed on
the surface of undoped CNT is —4.71eV. The shortest
distance between the chromate anion oxygen atom and
the carbon atom of the CNT surface (C-O bond length) is
1.44 A. This value is quite close to the typical length of C-
O covalent bond, 1.42 A [42,43]. Aq is —0.9, indicating
significant electron density transfer to the CNT.

For the CrO42- chromate anion adsorption on the of
boron-doped carbon nanotube CNT(5,5)-B, we have
found the binding energy of — 2.3 eV with the shortest
B-O distance of 1.48 A — a typical length of a B-O cova-
lent bond [43]. Apparently, chromate anion adsorption
energy is lower in the case of B-doped CNT. Aq is
—0.64, indicating smaller electron density transfer to
the adsorbent, in respect to the pristine CNT.

For the adsorption of chromate anion, CrO42- on the
surface of the nitrogen-doped carbon nanotube, CNT(5,5)-
N, we have obtained the binding energy of —6.68 eV, and
the N-O bond length of 1.52 A (again, typical for covalent
bonds [43]). Consequently, the nitrogen doping enhances
binding of the anion to the nanotube, as compared to the
undoped CNT. Aq is — 1.12: doping with nitrogen increases
electron density transfer to the adsorbent in respect to the
undoped CNT.

Taking into account the values of binding energies,
we can conclude that the chemisorption mechanism is
realized for all the above considered cases of CrO42-
adsorption. Therefore, both undoped and boron-
/mitrogen- doped carbon nanotubes can be considered as
promising materials for removal of chromate anions
CrO4%- from gas phase. Below we consider the influ-
ence of various cations on the adsorption characteris-
tics of the respective metal chromate molecular com-
plexes on the surface of CNSs.

3.2 Adsorption of MLCrOs4 (M!I=Li, Na, K) Mo-
lecular Complexes

The geometry-optimized structures of molecular
complexes MI2CrO4 (M!=1Li, Na, K) adsorbed on the
surface of undoped CNT (5,5) are shown in Fig. 1 and cor-
responding parameters are listed in Table 1. In general,
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Table 1 — Binding energieseEb(eV), transferred charges Ag(e) and the shortest internuclear distances Rmin between molecular
complexes and adsorbents (A) of chromate anion CrO42- and molecular complexes M2CrO4 (M! = Li, Na, K), MIICrO4 (M = Zn, Cd,

Hg) adsorbed on undoped and B/N-doped CNT

Type of Configuration Ey Aq Rmin (bond type)
doping

CNT(5,5)-CrO42 —-4.71 -0.9 1.44 (C-0)
CNT(5,5)-LisCrO4 -0.39 ~0.13 2.43 (C-Li)
g CNT(5,5)-Na2CrO4 —0.36 —0.13 2.85 (C-Na)
£ CNT(5,5)-K2CrO4 —0.43 ~0.03 2.84 (C-0)
g CNT(5,5)-ZnCrO4 —1.46 -0.3 2.13 (C-Zn)
CNT(5,5)-CdCrO4 —-1.33 —0.32 2.35 (C-Cd)
CNT(5,5)-HgCrO4 - 2.9 —1.06 1.43 (C-0)
CNT(5,5)-B-CrO4* —-923 —0.64 1.48 (B-0)
CNT(5,5)-B-Li2CrO4 - 0.77 -0.3 2.37 (C-Li)
'§ CNT(5,5)-B-NazCrO4 —1.03 —0.07 1.59 (B-0)
S CNT(5,5)-B-K2CrO4 —1.65 0.19 1.56 (B-0O)
- CNT(5,5)-B-ZnCrOs4 - 1.85 - 0.47 1.57 (B-O)
CNT(5,5)-B-CdCrO4 —2.47 -0.5 2.39 (C-Cd)
CNT(5,5)-B-HgCrO4 —3.96 —-1.32 1.47 (B-0)
CNT(5,5)-N-CrO42 - 6.68 -1.12 1.52 (N-0)
CNT(5,5)-N-LizCrO4 -0.31 —0.08 2.53 (C-Li)
g CNT(5,5)-N-NazCrOq4 —0.44 -0.04 2.88 (C-Na)
S CNT(5,5)-N-K2CrO4 —-0.76 0.05 2.73 (C-0)
o CNT(5,5)-N-ZnCrO4 —-1.17 -0.29 2.13 (C-Zn)
CNT(5,5)-N-CdCrO4 —0.89 —0.36 2.32 (C-Cd)
CNT(5,5)-N-HgCrO4 —3.62 —0.98 1.38 (C-0)

the obtained results indicate that M!2CrO4 molecular
complexes have a weaker bonding with CNTs compared
to CrO42- anions. However, some peculiarities are
worth discussing in more detail. As our calculations
show, the binding energies of M12CrO4 (M! = Li, Na, K)
molecular complexes adsorbed on an undoped CNT(5.5)
range from — 0.36 to — 0.43 eV (see Table 1). On the one
hand, such values are too small for covalent bonding.
On the other hand, it is rather not surprising: appar-
ently, metal cation interacts with delocalized 7-density
of the CNT. A careful analogy with ferrocenes can be
drawn, although it seems that the CNT density is not
well shaped to form strong 7 bonds with alcali cations.

When M!=1Li and Na, the shortest inter-nuclear
distance is formed between the carbon atom of the CNT
and Li or Na cation of M2CrO4 complex. Whereas for
K2CrO4, the shortest inter-nuclear distance is C-O.
Typical covalent bonds length of Li-C, Na-C and C-O
are 2.35 A, 2.47 A and 1.42 A, respectively [42, 44-46].
As we see from Tableol, the sohortest Li-(;, Na-C and C-
O distances are 2.43 A, 2.85 A and 2.84 A, respectively.
Consequently, the shortest distances in all three cases
are longer or much longer than it should be in the case
of covalent bonding.

For adsorption of M2CrO4 complexes on the surface
of boron-doped carbon nanotubes, we obtain higher
absolute values of binding energies (Table 1). In gen-
eral, boron doping enhances the bonding between the
nanotube and M!2CrO4 complexes if compared to the
undoped CNTs. The binding energies range from — 0.77

to —1.65eV. These values correspond to the lower
boundary of the covalent bond energy region [43].

For LizCrOs4 complex adsorbed on CNT(5.5)-B, the
shortest inter-nuclear distance is Li-C equal to 2.37 A.
The Li-C was the shortest bond also in the case of
Li2CrO4 adsorption on undoped CNT(5.5). Apparently,
doping with boron does not change the type of adsorbent-
to-adsorbate bonding in Li2CrO4 case. It is different for
Na and K cations: the B-O bond lengths are 1.59 and
1.56 A for Na2CrO4 and K2CrOy4 respectively. These val-
ues are quite close to the length of B-O covalent bond
(1.37 A) [42]. Consequently, boron doping leads to the
formation of covalent bonds between the carbon nano-
tube and Na2CrO4 and K2CrO4 molecular complexes.

The binding energies of the MCrOs (M! = Li, Na, K)
molecular complexes adsorbed on the nitrogen-doped
CNT(5.5)-N range from —0.31 to —0.76 eV. The shortest
inter-nuclear distances are 2.53 A (bond type: Li-C), 2.88
A (bond type: Na-C) and 2.73 A (bond type: C-O) — too long
to assume covalent bonding (the same conclusion was
drawn for the undoped carbon nanotubes above).

3.3 Adsorption of MICrOs (MI=Zn, Cd, Hg)
Molecular Complexes

The calculated binding energies, the transferred
charges Aq and the shortest internuclear distances for
adsorbed MUYCrOs (MM =7Zn, Cd, Hg) complexes are
presented in Table 1. The corresponding optimized
structures are presented in Fig. 2.
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Fig. 1 — The geometry-optimized structures of undoped and B/N-doped CNTs with adsorbed molecular complexes M12CrO4

(M! = Li, Na, K)

The binding energies of MICrOs (M =Zn, Cd, Hg)
complexes adsorbed on undoped CNT(5.5) range from
—1.33 to — 2.9 eV (see Table 1). In the case of Ml =Zn
and Cd, the shortest inter-nuclear adsorbent-adsorbate
distance is between the carbon atom of CNT and Zn or
Cd cation of the complex, 2.13 and 2.35 A respectively.
For HogCrO4, the shortest inter-nuclear distance is O-C,
1.43 A. Typical distances for the Zn-C, Cd-C, and C-O
covalent bonds are 1.96, 2.23 and 1.42 A, respectively
[43, 46, 49]. Thus, in all three cases, the binding ener-
gies and the shortest inter-nuclear distances corre-
spond to covalent bonding [43].

According to our calculations, doping with boron
substantially enhances bonding between the CNT and
MICrOs (M"=7Zn, Cd, Hg) molecular complexes, in
respect to the undoped carbon nanotubes. The binding
energies of MIICrO4 to CNT(5.5)-B range from — 1.85 to
—3.96 eV, which is typical for covalent bonds [44]. In
the cases of the ZnCrO4 and HgCrO4 the B-O bonds are
formed (1.57 A and 1.47 A, respectively, typical for B-O
covalent bonds [42]). For CdCrOs adsorption on
CNT(5.5)-B, the shortest inter-nuclear distance is Cd-
C, 2.39 A, which is close to the typical value of covalent
bond (see above).

In respect to the wundoped CNT, the
ZnCrO4/CNT(5.5)-B binding energy increases, and the
bond type is changed from Zn-C to B-O. For HgCrOs,
the binding energy also increases and the bond type is
also changed from C-O to B-O. In the case of CdCrOy,
the bond type is not changed, while the binding energy
increases. Therefore, boron doping strengthens chemi-
cal bonds between the carbon nanotube and MZCrO4
M = Zn, Cd, Hg) molecular complexes.
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Fig. 2 — The geometry-optimized structures of undoped and
B/N-doped CNTs with adsorbed molecular complexes M!1CrO4
(M =Zn, Cd, Hg)

The binding energies between adsorbed MICrO4
M =Zn, Cd, Hg) molecular complexes and CNT(5,5)-
N range from — 0.89 to — 3.62 eV and fall into the lower
boundary of the covalent bond energy scale [43]. For
ZnCrOg, the Zn-C bond is formed at a considerable dis-
tance (~ 5 A) from the N dopant site. Consequently, the
nitrogen impurity interferes deconstructively with ad-
sorption of ZnCrO4 molecular complex on the surface of
CNT(5,5). The respective binding energy is slightly
weaker in comparison to the undoped CNTs (Table 1).

For HgCrO4 adsorption on CNT(5,5)-N, the absolute
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value of the binding energy increases in respect to the
undoped CNT. The bond type (covalent C-O) is the
same. For the CdCrOs case, the binding energy weak-
ens substantially, while the bond type is the same
(Cd-O in both CNT(5,5) and CNT(5,5)-N cases).

3.4 Prospects for Use of CNTs as Materials for
Removal and Monitoring of Cr(VI) Containing
Molecular Complexes

The discussed adsorption characteristics of CrO42-
anions, M2CrO4 and M!CrO4 molecular complexes lead
to the following conclusions. It is rather clear that cova-
lent bond (chemisorption mechanism) is realized in the
following cases: chromate anion and HgCrO4 complex
on the surface of the undoped CNT(5,5); chromate ani-
on, chromates of Na, K, Zn(II), Hg(Il) on the B-doped
CNT(5,5); chromate anion and Hg(II) chromate on the
N-doped CNT(5,5). These cases are characterized by
rather high binding energies and covalent bonds be-
tween oxygen of the chromate anion and the adsorbent.
It is likely that both undoped and B/N-doped CNT-
based materials can be used as adsorbents for removal
of the respective (strongly-binding) chromates from gas
phase.

The other cases (Li, Na, K, Cd(II), Zn(I) chromates
and the undoped CNT(5,5); Li, Cd(II) chromates and
the B-doped CNT(5,5); Li, Na, K, Cd(II), Zn(II) chro-
mates and the N-doped CNT(5,5)) can be also consid-
ered as chemisorption — with a certain care. The
formed bonds are quite long carbon-metal kind, and
should not be strong given the participation of the car-
bon electrons in delocalized orbitals of the CNT. It is
likely, that these weak interactions (note the low bind-
ing energies) are only possible due to curvature of the
CNT surface (which reduces the C-C p-p orbital over-
lap) and would not happen (or be much weaker) in gra-
phene. The binding energies are still negative, and it
might be worth checking the gas-phase absorption ca-
pabilities of the undoped, B- or N-doped CNTs towards
the complexes mentioned above in this paragraph.

In general, boron doping enhances the adsorption
properties of CNT(5,5) with respect to CrO42-chromate
anions, MUICrOs (MI=7Zn, Cd, Hg) and MLCrO4
(M! = Li, K) molecular complexes if compared with the
undoped CNT(5,5). Doping with nitrogen seems to have
no positive effect on adsorption capabilities of CNT(5,5)
with respect to studied Cr(VI)-containing molecular
compounds (with the exception of HgCrO4).

The prospects for use of the CNT-based materials
for elaboration of gas sensors of the Cr(VI)-containing
molecular complexes can be examined if we formulate
some general criteria using existing literature data.
The results of the DFT-based calculations of adsorption
of several types of molecules on the surface of the CNT
were analyzed recently [27, 28, 48-51] from a viewpoint
of the potential application of CNT-based materials in
gas sensing. Gas sensing materials must form weak
(reversible) bonds with the detected molecules, and
result in some changes that might be interpreted as
signal. It was shown previously [26] that electronic
transitions of chromate anion might undergo changes
due to its chemisorption on CNS. It was also concluded
that if the calculated binding energies are above — 0.7
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eV (ie. |Ev| <0.7), the respective CNT-based materi-
als are suitable for elaboration of gas sensors for the
corresponding molecules. If the amount of (Mulliken)
charge |Aq| transferred from/to the adsorbates is larg-
er then 0.12 e, it is expected that resistivity of the ad-
sorbent would change enough to facilitate a resistivity-
based gas sensing. Principles of gas sensing using CNT
mixes and measurements of resistivity were described
in brief in [54] and references therein. These criterions
are visualized in Figure 3 by the dashed lines (one for
E» and another one for Ag) against the results of our
calculations.
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Fig. 3 — Dependencies of the binding energies E» and absolute
values of transferred charges Aq on type the CNT doping

As Figure 3 shows, the absolute values of binding
energies of MICrOs (M!=Li, Na, K) complexes ad-
sorbed on the undoped CNT(5,5) are smaller then
0.7 eV and are below the line. The respective |Ag| are
larger then 0.12 (except for K2CrO4), meaning that re-
sistivity sensing is potentially possible for Li2CrO4 and
NazCrO4 in gas phase using undoped CNT(5,5). As for
adsorption of MICrO4 (M = Zn, Cd, Hg) and CrO42-on
the undoped CNT (5.5), |Ag| values are above the
threshold, also indicating the possible sensing applica-
tion. However, the values of E, are far above the
dashed line (that is, binding is too strong).

For the case of adsorption on the N-doped CNTs,
the absolute values of binding energies of MICrO4 and
chormate are too large (far above the line), while |Aq|
are suitable (above the line). For the M12CrO4, |Aq| are
too small (below the line), while | Ey| are fine (below or
almost below the line). That is, doping with nitrogen
would not enhance the gas sensing capabilities of the
CNT(5,5)-based materials with respect to CrO42-,
MICrO4 and MICrO4 molecular compounds.

The situation is somehow similar for doping with
boron. Most of the |Aq| are fine (above the line), while
| Ev| are too large. Li2CrOs is the only exception, with
fine |Aq| and barely acceptable | Ep| .

4. CONCLUSIONS

According to our calculation results, chromate anion
and HgCrO4 complex can be efficiently adsorbed by the
undoped CNT(5,5) in vacuo (in gas). The same goes for
chromate anion and chromates of Na, K, Zn(II), Hg(II)
on the B-doped CNT(5,5) as well as chromate anion and
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Hg(I) chromate on the N-doped CNT(5,5). Cd(I)
chromate binds rather strongly to the CNT(5,5)-B de-
spite the long Cd-C bond. The respective CNT materi-
als are promising candidates for gas phase adsorption
and removal of the respective complexes.

The Li, Na, K, Cd(II), Zn(II) chromates are less effi-
ciently bound to the undoped CNT(5,5), and so does Li
chromate on the B-doped CNT(5,5) as well as Li, Na, K,
Cd(I), Zn(II) chromates on the N-doped CNT(5,5). On
the other hand, weaker adsorption provides possibili-
ties for elaboration of sensors for the respective mole-
cules in gas phase. With resistivity sensing in mind,
the best candidates are undoped CNT(5,5) for LioCrO4
and Na2CrOs4 and CNT(5,5)-B for Li2CrOs. Nitrogen
doping does not result in any improvement in both ad-

J. NANO- ELECTRON. PHYS. 10, 05042 (2018)

sorption and sensing capabilities of the studied
CNT(5,5). Boron doping enhances adsorption capabili-
ties, thus effectively reducing the sensing capabilites.

With some care, these conclusions can be extended
on other low-diameter CNT, where surface curvature is
comparable to that of CNT(5,5). It is expected that
changes in curvature would result in rather different
picture, in terms of both adsorption and sensing capa-
bilities of the respective carbon materials.
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BunaneHnsa Ta MOHITOPHUHT MOJIEKY/IAPHUX KOMILIEKCiB xpomarie Li, Na, K, Zn, Cd, Hg 3a
JOIIOMOIOIO JIEFOBAHUX BYIVICIIEBUX HAHOTPYOOK: PO3PAXyHKOBI JOCIIIIsKEeHH
y popmaniami TOT"

B. Bopuciox!, C. Heginesro!, 10. Xumxuuit!, A. [Muiiayx?

1 Kuiscokuli nayionanvhuii yrieepcumem imeni Tapaca Illesuenka,
8ysi. Bonooumupcwvra, 64/13, 01033 Kuis, Yrpaina
2 Bpounascvruil yHisepcumem, 14, Monio-Kwopi, 50-383 Bpounas, [lonvwa

PospaxoBaHo esleKTpOHHI CTPYKTYypU Ta a1copOIiiiiHi XapakTepucTuky MoseRyIsspHux aHioHis CrO4Z, mo-
sneryssipaux kKomiutekcie MlaCrO4 (M! = Li, Na, K) ra MICrO4 (M = Zn, Cd, Hg) Ha noBepxHi Hesleropasoro ta
JIErOBaHOTO 60poM uu a3oToM parmenta (5,5) Byrieresol Hanotpyoku (BHT) B maGimskenui Teopii dyHKIO-
Hay enexrporHol rycrunn (TOTY). PospaxoBano i mpoanasidoBaHOo MisK sepHI BiICTaHl B aJCOpPOOBAHMX CTa-
HaX, eHepril 3B'A3Ky Ta 3HAUEHHsI eJIEKTPOHHUX 3aPSIIB, 10 IEePEHOCATHCA 3 aJCOPOEHTIB Ha ByIJIEIeBl HAHO-
TpyOKu. 3’s1cOBAHO, 110 MATEPiaIM Ha OCHOBI K HEJIETOBAHI, TAK 1 JeroBaHi 60poM ab0 a30ToM BYIJIEIIEBUX Ha-
HOTPYOOK MOJKYTh YTBOPIOBATH CTIMKI KoHQIrypariii 3 mosekyaapaumu komruiekcamu MUICrOs (MU = Zn, Cd,
Hg). Jleroani Gopom Byrieresi HaHOTpyOKHU 3B’s13yi0Thes 3 KoMiuiekcamu MLCrOs (M! = Na, K). Oxepxxamni
pesyJIbTaTh BKAa3yIoTh HA Te, IO JIETOBAHI ByTJIelleBl HAHOTPYOKH € IePCIIeKTUBHUMU MaTepiajaMu JJIs BUIa-
JIEHHS BiITOBITHUX MOJIEKYJISPHUX CITOJIYK XpoMaTiB. AHi Heseroawi, Hi B/N- nerosani BHT ne 6yayts edex-
THUBHO asicopOyBaTu MoJteryJisipHi komiutekcu LizCrO4. PospaxoBaHi 3MiHM eJIEKTPOHHUX 3aPSIIIB TOCIIIKEHUX
CIIOJIyK XPOMATIB BKA3yIOTh HA Te, 10 MaTepiaju Ha OCHOBI HEJIETOBAHUX BYTJICIIEBUX HAHOTPYOOK € IepCIek-
TUBHUMHU JJIs po3po0Ku razoBux cencopi komiurekcis MICrOy4 (MI =Zn, Cd, Hg), onnak BoHu He € mepcrex-
THUBHUMH JIJI1 pe3UCTUBHUX ceHcopiB crmosryk MiCrOs (M! = Li, Na, K).

Knwouosi cnora: Enexrponna crpykrypa, IllecruBasmenTamit xpom, Xpomar, JleroBaui ByrJiereBi HaHO-

TpyOKHU, AmcopOIris.
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