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We employ first-principles calculations to investigate the structural sta-
bility and electronic properties of cubic zinc oxide (Zn0O) and zinc sulphide
(ZnS) heteroclusters adsorbed with H,O molecule. A comprehensive inves-
tigation on H,O grabbing by ZnO/ZnS heteroclusters is carried out using
DFT computations at the CAM-B3LYP-D3/6-311+G(d, p) level of theory.
The notable fragile signal intensity close to the parallel edge of the nano-
cluster sample might be owing to H/OH-binding-induced non-spherical
distribution of ZnO or ZnS heterocluster. The hypothesis of the energy
absorption phenomenon is confirmed by density distributions of CDD,
TDOS/PDOS/OPDOS, and LOL for ZnO/ZnO-H,0 or ZnS/ZnS-H,0. A
vaster jointed area is engaged by an isosurface map for H/OH adsorption
on ZnO or ZnS surface towards formation of ZnO-H,0 or ZnS-H,0 com-
plex due to labelling atoms of O1, Znl15, 027 or S27, H29, H30. There-
fore, it can be considered that zinc in the functionalized ZnO or ZnS
might have more impressive sensitivity for accepting the electrons in the
process of H/OH adsorption. It is considerable that, when all surface at-
oms of ZnO or ZnS are coated by OH and H groups, the semiconducting
behaviour is recovered. Our results open up the possibility of tailoring the
electronic properties by controlling the surface adsorption sites.

My BUKOPHCTOBYEMO PO3PAXYHKM 3 MEPHINX IPUHIUMIIB AJS HOCTiIKeHHS
CTPYKTYPHOI CTA0LIBLHOCTH i €JIEKTPOHHUX BJIACTHUBOCTEH KYyOiUHMX I'eTepOK-
aacrepiB okcuny I{uuky (ZnO) Tta cyabpdiny [luaky (ZnS), agcopboBaHUX i3
mosexyJioio H,O. KomnekcHe gocmimxenua saxomnenua H,O rerepoxaacre-
pamu ZnO/ZnS 6yao mpoBeneHo 3 BukopuctanuaM DFT-o6unciaens Ha Teope-
ruyHomy piBHi CAM—-B3LYP-D3/6-311+G(d, p). IIpumiTHa ci1abka inTeHcu-
BHICTh CUT'HAJTY ITOGJIM3Y MTapaje;bHOr0 Kpai 3pasKa HaHOKJacTepa Moxke 0y-
TU TIOB’sA3aHa 3 Hec(hpepUUHUM PO3IMOAiJIOM rerepokjacrepa ZnO a6o ZnS, iH-
nyxoBaHuM 3B’ a3yBaHHaAM H/OH. I'imoresy mpo aBuiiie abcopob1tii eneprii 6yJ1o
migTBepIsKeHo posmogisamu ryctuau CDD, TDOS/PDOS/OPDOS i LOL gna
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Zn0/Zn0-H,0 a6o ZnS/ZnS—H,0. Ilupmia 3’eguana 006/1aCTh OXOILJIIOETHCS
izomoBepxHeBOI0 Mamoio A agcop6iii H/OH Ha moBepxHi ZnO a6o ZnS 3aans
yTBOpeHHaA KoMmuiekcy ZnO—H,0 a6o ZnS—H,0 3aBaaxu MapKyBaJLHUM aTo-
mam O1, Zn15, 027 a6o S27, H29, H30. Ot:xe, MokHa BBasKaTu, 1o I{Tuuk y
dyurmioHamizoBanomy ZnO a6o ZnS MoKe MaTu BpaskKarouy YyTJIUBICTD II[OA0
IPUAHATTA eJeKTPOHIB y mporieci aacop6biii H/OH. Bamauso, m1o, Koau Bei
moBepxHeBi atromu 3 ZnO abo ZnS mokpurti rpynamu OH i H, mamiBupoBigHM-
KOBa MOBeJiHKAa BimfHOBIIOETHCSA. Hallri pe3yabTaT BifKPpHUBaIOTh MOMKJINBICTE
HaJIAIIITYyBaHHA €JeKTPOHHUX BJIACTUBOCTEH MIJIAXOM KOHTPOJIO BY3JIiB IIOBE-
pxHeBoi azcopOIrii.

Key words: cubic ZnO/ZnS heteroclusters, semiconductor, H/OH adsorp-
tion, first-principles calculations.

Karouosi croBa: kyb6iuni rereporaacrepu ZnQO/ZnS, HamiBOPOBiAZHUK, aCco-
pbmia H/OH, nepronpuHIIMIHI PO3paXyHKHU.

(Received 6 December, 2024 )

1. INTRODUCTION

Zinc oxide (ZnO) is a promising semiconductor material for various
applications ranging from optoelectronics to biomedicine, attributed
to its wide direct band gap, high excitons-binding energy, high mo-
bility, and high quantum efficiency. To improve further the per-
formance of ZnO devices, plasma treatment is a common method for
surface modification [1-4]. The luminescence properties of ZnO af-
ter plasma treatment are significantly changed, including ultravio-
let (UV) luminescence, visible luminescence, and recombination
mechanism [5-11].

Optical properties are improved significantly by H plasma, with
negligible alteration in thickness. Although no chemical reaction is
introduced, emission intensity is enhanced by Ar plasma by elimi-
nating the non-radiative recombination centres. Furthermore, H
and Ar plasma also induce strong exciton localization, leading to
significant broadening of the UV spectrum [12-15].

However, replicating or applying the reported improvement in
plasma treatments for ZnO often proves challenging. This difficulty
arises from several factors, including the diverse properties of ZnO
samples, which encompass thin films, single crystals and nanostruc-
tures grown through various methods. Moreover, the specific ef-
fects of plasma treatments using different gases remain unclear, as
each type of gas plasma exhibits unique interactions. Consequently,
it is crucial to conduct a systematic comparison of the influence of
various plasma gases on the optical and electrical properties and to
identify accurately the specific defects affected [16—21].
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Transparent and superhydrophilic materials are indispensable for
their self-cleaning function, which has become an increasingly
popular research topic, particularly in photovoltaic (PV) applica-
tions. It was reported hydrophilic and superhydrophilic ZnO by
varying the morphology for use as a self-cleaning coating for PV
applications [22].

The researchers have applied molecular dynamics simulations
through a reactive force field for ZnO—H,0 ambient. The force-field
parameters were fitted to a dataset of energies, geometries and
charges derived from density functional theory calculations. The
applied model has provided a good fit to the quantum mechanics
reference data for the ZnO-H,O system that was present in the
dataset. The force field has been used to study how H,O is adsorbed,
molecularly or dissociatively, at monolayer coverage on flat and
stepped ZnO surfaces, at different temperatures. The results show
that structures that promote hydrogen bonding are favoured and
that the presence of steps promotes an increased level of hydroxyla-
tion in the water monolayers [23].

The cubic form of zinc sulphide (ZnS) is the prototype II-VI semi-
conductor with smallest lattice constant of a,=5.4102 A at 300 K and
the primarily candidate for UV-light emitting devices because of its
large band-gap energy around = 3.7 eV at room temperature [24].

Many research groups have attempted to dope anions and cations
into the ZnO or ZnS lattice, which helps to reach various complex
applications since its electronic structure and characteristics may be
significantly adjusted. The enhanced catalytic properties reveal the
synergy between ZnO and ZnS functional nanomaterials, which up-
grade the electron—hole pair, resulting in an enhanced catalytic per-
formance under the visible region. Notably, the ZnO-based ZnS
nanocomposite was prepared by a wet chemical method without any
template. The template method is not sensitive to the preparation
conditions, is easy to operate and implement, and controls nanoma-
terials’ structure, morphology, and particle size through the tem-
plate material. Generally, the outstanding photocatalytic perform-
ance of wurtzite ZnO and ZnS semiconductor and their composite
under visible light irradiation could be attributed to synergistic ef-
fects, when coupled with other metal oxide semiconductor. The pre-
sent study is a part of our ongoing research to understand the solar
energy conversion/harvesting directions. We reported a facile syn-
thesis of ZnS and ZnO nanoparticles and their nanocomposites by
the wet chemical method [25—29].

In this work, we analysed the effect of H,0O adsorption on the
properties of ZnO or ZnS heterocluster via the density of state,
charge distribution, bond orders and HOMO-LUMO orbitals using
DFT studies. The optimized ZnO or ZnS is shown in Fig. 1, a, b,
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Fig. 1. Characterization of (a) ZnO/ZnO-H,0 and (b) ZnS/ZnS—H,0 hetero-
clusters through a labelled ring in clockwise manner including H, O, S, Zn
towards H,0 adsorption.

and the Zn and O or S atoms are also numbered to characterize the
reaction pathway.

2. THEORY, MATERIALS AND COMPUTATION

The hydration of ZnO or ZnS and formation of ZnO-H,0 or ZnS-
H,0 heterocluster was calculated within the framework of first-
principles calculation based on density functional theory (DFT) (Fig.
1). The rigid potential energy surface using density functional the-
ory [30—43] was performed due to Gaussian 16 revision C.01 pro-
gram package [44] and GaussView 6.1 [45]. The coordination input
for energy storage on the solar cells has applied 6—-311+G(d, p) and
EPR-3 basis sets.

First, we optimized the structural parameters of the nanocluster
of ZnO or ZnS and hydrated nanocluster of ZnO-H,0 or ZnS—H,O
for obtaining the highest short-circuit current density. Figure 1
shows the process of H,O adsorption on nanocluster of ZnO or ZnS
which is varied to maximize the absorption in the active region.
This is a utility used to calculate ring area and perimeter, since
ring area is sometimes involved in wave-function analysis. In this
function, it is needed to input the index of the atoms in the ring in
clockwise manner, which can conclude the total ring area and total
ring perimeter for a tailored ring as 9.4242 A and 12.2796 A? for
ZnO (Fig. 1, a) and 9.4240 A and 12.2794 A? for ZnS, respectively
(Fig. 1, b).
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3. RESULTS AND DISCUSSION

In this article, the data has evaluated the efficiency of ZnO or ZnS
in H,O medium through energies, geometries and charges derived
from density functional theory calculations. The applied model has
provided a good fit to the quantum mechanics reference data for
the ZnO—-H,0 or ZnS—-H,0 systems that was present in the dataset.
The force field has been used to study how water is adsorbed
molecularly at monolayer coverage on ZnO or ZnS surfaces.

The amounts of charge-density differences ‘CDD’ is measured by
considering isolated atoms or noninteracting ones. The mentioned
approximation can be the lightest to use because the superposition
value may be received from the primary status of the self-
consistency cycle in the code that carries out the density functional
theory (Fig. 2, a, a', b, b') [46]. Figure 2, a, b indicates all Zn, O or
S atoms of ZnO or ZnS fluctuating around -9 to —1 Bohr. In Figure
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Fig. 2. CDD graphs for heteroclusters of (a) ZnO, (a') ZnO-H,0, (b) ZnS,
and (b') ZnS—H,0.
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2, a', b, the atom of Znl5, 027 or S27 from ZnO-H,0 or ZnS—H,0
and 01, H29, H30 from H,0 molecule accompanying other Zn, O or
S atoms from ZnO-H,O or ZnS—-H,O0 have shown the fluctuation
around —1 to +1 Bohr and -9 to +1 Bohr, respectively.

Furthermore, atomic charge during H,O adsorption by ZnO or

TABLE 1. The atomic charge (®/coulomb) for heteroclusters of ZnO and
ZnS through H/OH adsorption and formation of ZnO-H,0 and ZnS—-H,0

heteroclusters.
ZnO Zn0O-H,0 ZnS ZnS-H,0

Atom | Charge | Atom | Charge | Atom | Charge | Atom | Charge
Znl 0.7141 o1 -0.5958 Znl -0.5916 01 —-0.6526
Zn2 0.7139 Zn2 0.6972 Zn2  -0.5915 Zn2  -0.5742
Zn3 0.7135 Zn3 0.7278 Zn3  -0.5915 Zn3  -0.5431
Zn4 0.7141 Zn4 0.7273 Zn4  -0.5914 Zn4  -0.5535
Znb 0.7141 Znb 0.5927 Zn5  -0.5914 Zn5  -0.4722
Zn6 0.7135 Zn6 0.6958 Zn6  -0.5913 Zn6 -0.5761
Zn'7 0.7140 Zn'7 0.7113 Zn7  -0.5913 Zn7  -0.5656
Zn8 0.7140 Zn8 0.7264 Zn8 -0.5912 Zn8 -0.5528
Zn9 1.7451 Zn9 0.5981 Zn9 -0.4176 Zn9  -0.4722
Zn10 1.7450 Znl1l0 1.7256 Znl0 -0.4179 Znl1l0 -0.4578
Znl1l 1.7471 Znll 1.7376 Znll -0.4175 Znll -0.4581
Znl12 1.7471 Znl2 1.8835 Znl2 -0.4176 Znl2 -0.4646
Znl13 1.7461 Znl1l3 1.9004 Znl3 -0.4175 Znl3 -0.5131
Znl14 1.7460 Znl4 1.6986 Znl4 -0.4176 Znl4 -0.3470
015 -1.5357 Znl5  1.4867 S15 0.6704 Znl5 -2.6670
016 -1.2210 016 -1.5460 S16 0.5475 S16 0.7342
o17 -1.2210 017 -1.2236 S17 0.5473 S17 0.6123
018 -1.2210 018 -1.2143 S18 0.5473 S18 0.7932
019 -1.2209 019 -1.2232 S19 0.5475 S19 0.8517
020 -1.2209 020 -1.2259 S20 0.5473 S20 0.5726
021 -1.2209 021 -1.1381 S21 0.5471 S21 1.1263
022 -1.2209 022 -1.2260 S22 0.5469 S22 0.5741
023 -1.2210 023 -1.1370 S23 0.5475 S23 1.1166
024 -1.2210 024 -1.2155 S24 0.5473 S24 0.5695
025 -1.2210 025 -1.2183 S25 0.5471 S25 0.6185
026 -1.2210 026 -1.2157 S26 0.5471 S26 0.5693
027 -1.2210 027 -1.1850 S27 0.5469 S27 0.2986

028 -1.2183 S28 0.6184

H29 0.2973 H29 0.4588

H30 0.3764 H30 0.3556
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ZnS towards formation of ZnO-H,0 or ZnS—H,0 (Table 1) was dis-
cussed. The atomic charge of Zn, O or S, and H/OH adsorbed on
ZnO or ZnS have been measured. The values detect that, with add-
ing H,0, the negative atomic charges of oxygen atoms of 016, 017,
018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028 in ZnO—-
H,0 have changed through coating of ZnO with H/OH. In fact,
Zn0O—-H,0 has shown more efficiency than ZnO for admitting the
electron from electron donor of 016 to 028 (Table 1 and Fig. 3, a).
However, the negative atomic charge of zinc atoms and loss of

Atomic charge

2.57

Atomic charge
1.5+

b

Fig. 3. The fluctuation of atomic charge (®/coulomb) for (a) ZnO/ZnO—-H,0
and (b) ZnS/ZnS-H,0.
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negative atomic charge of sulphur in ZnS/ZnS-H,0O have been ob-
served through Table 1 and Fig. 3, b. The changes of charge density
analysis in the adsorption process have illustrated that ZnO and
Zn0O—H,0 nanoclusters have shown the ‘Bader charge’ of —1.747 and
—1.900 coulomb, respectively. The differences of charge density for
these structures are measured as A@,4szno-n,0=—0.153 coulomb. The
changes of charge density analysis in the adsorption process have
illustrated that ZnS and ZnS—H,O nanoclusters have shown the
‘Bader charge’ of —0.670 and —2.667 coulomb, respectively. The
differences of charge density for these structures are measured as
AR 45.70s-11,0 = —1.997coulomb.

To understand better the different adsorption characteristics of
Zn0/Zn0O-H,0 and ZnS/ZnS—-H,0 heteroclusters, total density of
states (TDOS) using the Multiwfn program [45] has been measured.
This parameter can indicate the existence of important chemical in-
teractions often on the convex side (Fig. 4, a, a', b, b'). In isolated
system (such as molecule), the energy levels are discrete, the con-
cept of density of state (DOS) is supposed completely valueless in
this situation. Therefore, the original total DOS (TDOS) of isolated
system can be written as follows [47]:

TDOS (E) =Z§(E—L), (1)

2

5 FWHM
e 2, where ¢ = w

1 FWHM @)
cx/2_rc 2y2Inx )

Moreover, the curve map of broadened partial DOS (PDOS) and
overlap DOS (OPDOS) are valuable for visualizing orbital composi-
tion analysis, PDOS function of fragment A is defined as

PDOS, (B)= Y&, F(E-I,), (3)

G(x) =

—

where Z=;,, is the composition of fragment A in orbital i. The
OPDOS between fragment A and B is defined as

OPDOS, , (E)=> X, ;F(E-¢,), (4)

where X, ; is the composition of total cross term between fragment

A and B in orbital i.

In the TDOS map, each discrete vertical line corresponds to a mo-
lecular orbital (MO), the dashed line highlights the position of
HOMO. The curve is the TDOS simulated based on the distribution
of MO energy levels. In the negative part, the region around —0.60
to —0.80 a.u. has obviously larger state density than other regions
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for ZnO and ZnO-H,0 nanoclusters (Fig. 4, a, a'). However, it has
been shown a larger state density through pointed peaks for ZnO-
H,O (Fig. 4, a’) than ZnO (Fig. 4, a) around -0.20 to —0.40 a.u.

It is remarkable that, when all surface atoms of ZnO are coated
by OH and H groups, the semiconducting behaviour is recovered.
Our results open up the possibility of tailoring the electronic prop-
erties by controlling the surface adsorption sites. In the positive
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Fig. 4. TDOS/PDOS/OPDOS graphs of heteroclusters of (a) ZnO, (a') ZnO-
H,0, (b) ZnS, and (v') ZnS—H,0.
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part, the region around 0.1 to 0.2 a.u. has obviously larger state
density than other regions for ZnS and ZnS-H,0O nanoclusters
(Fig. 4, b, b').

Fragment 1 has been defined for Znl (Fig. 4, a), O1 (Fig. 4, a’)
and Zn2, Zn4, Zn6, Zn8, Zn10, 016, 019, 022, 024 (Fig. 4, a, a')
and H30 (Fig. 4, a’). Moreover, Fragment 2 has indicated the fluc-
tuation of Znll, Znl2, Znl3, Znl4, 017, 025, 026, 027 for ZnO
and ZnO-H,0 heteroclusters (Fig. 4, a, a’) and H29 for ZnO-H,0
(Fig. 4, a'). Finally, it was considered the fluctuation of 015 (Fig.
4, a), Znl5 (Fig. 4, a') and Zn3, Znb, Zn7, Zn9, 018, 020, 021, 023
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for both ZnO and ZnO-H,0 nanoclusters (Fig. 4, a, a’) through
Fragment 3. Moreover, Fragment 1 has been defined for Znl (Fig.
4, b), O1 (Fig. 4, b') and Zn2, Zn4, Zn6, Zn8, Znl0, S16, S19, S22,
S24 (Fig. 4, b, b') and H30 (Fig. 4, b'). Moreover, Fragment 2 has
indicated the fluctuation of Znll, Znl12, Znl13, Znl4, S17, S25,
S26, S27 for ZnS and ZnS—H,0 heteroclusters (Fig. 4, b, ') and
H29 for ZnS—H,0 (Fig. 4, b'). Finally, it was considered the fluctua-
tion of S15 (Fig. 4, b), Znlb (Fig. 4, b') and Zn3, Znbd, Zn7, Zn9,
S18, S20, S21, S23 for both ZnS and ZnS—H,O heteroclusters (Fig.
4, b, b’) through Fragment 3.

Localized orbital locator (LOL) has similar expression compared
to electron localization function (ELF) [48]:

LOL(r) = 1?"() - o) = 5 Dy(r) - (5)
ur Ezini |V(pz(r)|
3 21\2/8 5/3 5/3
D,@) = =565 ()" + (p, @) |- (6)

Multiwfn [49] also supports the approximate version of LOL de-
fined by Tsirelson and Stash [50], namely, the actual kinetic energy
term in LOL is replaced by second-order gradient expansion like
ELF, which may demonstrate a broad span of bonding samples. This
Tsirelson’s version of LOL can be activated Dby setting
‘ELFLOL_type’ to 1. For special reason, if ‘ELFLOL_ type’ in set-
tings.ini is changed from 0 to 2, another formalism will be used:

1
1+(t(r)) "

If the parameter ‘ELFLOL cut’ in settings.ini is set to x, then,
LOL will be zero, where LOL is less than x.

The heteroclusters of ZnO/ZnO-H,0 and ZnS/ZnS-H,0 can be
defined by LOL graphs owing to exploring their delocaliza-
tion/localization characterizations of electrons and chemical bonds
(Fig. 5, a, a’, b, b'). Covalent zones have high LOL value, the elec-
tron depletion zones between valence shell and inner shell are indi-
cated by the blue circles around nuclei (Fig. 5, a, a’, b, b’). The
counter map of LOL for ZnO/ZnO-H,0 (Fig. 5, a, a’) and ZnS/ZnS—
H,0 (Fig. 5, b, b') has shown the localized orbital locator through
H/OH adsorption. ZnO-H,0 or ZnS—-H,0 heterocluster indicates a
larger isosurface map of the localized orbital locator due to label-
ling atoms of O1, Znl1b5, 027 or S27, H29, H30. A narrower con-
nected area occupied by an isosurface map means that localized or-
bital locator is relatively difficult. However, the large counter map

LOL(r) = (7
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of LOL for ZnO-H,0 or ZnS—H,0 can confirm that ZnO or ZnS can
be a promising semiconductor material for various applications.

Moreover, intermolecular orbital overlap integral is important in
discussions of intermolecular charge transfer, which can calculate
HOMO-HOMO and LUMO-LUMO overlap integrals between the
H/OH and heterocluster of ZnO or ZnS. The applied wave-function
level is CAM—-B3LYP-D3/6-311+G(d, p) that corresponds to HOMO
and LUMO, respectively (Table 2).

The amount of ‘Mayer bond order’ [51] is generally according to
empirical bond order for the single bond is near 1.0. ‘Mulliken bond
order’ [562] with a small accord with empirical bond order is not ap-
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Fig. 5. The graphs of LOL for heteroclusters of (a) ZnO, (a') ZnO-H,0, (b)
ZnS, and (b') ZnS—H,0. (Counter line map on the right and shaded surface
map with projection in the left.)



SMART NANOCOMPOSITES OF ZnO & ZnS AS POTENT SEMICONDUCTORS 461

Length unit: Bohr
=

Length unit: Bohr

11.00

000 186 372 559 745 9 117 13.04
Length unit: Bohr

7.38-

295+

0.00 - g Lk ¢ +
0.00 1.56 312 4.68 625 781 9.37 10.9¢
Length unit: Bohr

Continuation Fig. 5.

propriate for quantifying bonding strength, for which Mayer bond
order always performs better. However, ‘Mulliken bond order’ is a
good qualitative indicator for ‘positive amount’ of bonding and
‘negative amount’ of antibonding, which are evacuated and local-
ized, respectively (Table 3).

As it is seen in Table 3, ‘Laplacian bond order’ [63] has a straight
cohesion with bond polarity, bond dissociation energy and bond vi-
brational frequency. The low value of Laplacian bond order might
demonstrate that it is insensitive to the calculation degree applied
for producing electron density. Generally, the value of ‘Fuzzy bond
order’ is near Mayer bond order, especially for low-polar bonds, but
much more stable with respect to the change in basis-set. Computa-
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TABLE 2. LUMO, HOMO, and energy gap (AE) for ZnO and ZnS through
H/OH adsorption and formation of ZnO-H,0 and ZnS—H,0 heteroclusters.

Heteroclusters Eqomos €V Eivmo> €V | AE = E; ym0 — Enomor €V
ZnO —2.4280 -1.3056 1.1223
ZnO-H,0 -2.6110 -1.6053 1.0056
ZnS -2.7413 -1.1723 1.5690
ZnS—-H,0 —2.7459 -1.1762 1.6696

TABLE 3. The bond orders of Mayer, Wiberg, Mulliken, Laplacian, and
Fuzzy types from mixed alpha and beta density matrix for ZnO and ZnS
through H/OH adsorption and formation of ZnO-H,0 and ZnS—H,O het-
eroclusters.

Zn0O—H,0 ZnS—H,0
01-Znl5| 01-H29 | 027-H30 |01-Zn15 | 01-H29 | S27-H30
Mayer 1.1308  0.6507 0.4783 1.2782  0.6905 0.8056
Wiberg 1.7176  0.6631 0.4490 1.0554 0.6397 0.6436
Mulliken 1.9120 0.1727 0.0573 1.8753 0.1573 0.1864
Laplacian  1.6451  0.2169 0.1505 1.7453 0.2014 0.2491
Fuzzy 1.6561  0.6878 0.4321 1.5246 0.6273 0.6852

Bond order

tion of ‘Fuzzy bond order’ demands running ‘Becke’s DFT’ numeri-
cal integration, owing to which the calculation value is larger than
assessment of ‘Mayer bond order’ and it can concede more precisely
[54].

4. CONCLUSIONS

Considerable attention has recently been given to ZnO or ZnS as a
promising multifunctional material with wide-ranging technological
applications. Understanding the interaction of water with ZnO or
ZnS is important for this material to be used in gas sensing, cataly-
sis and biomedical applications. In summary, H,O grabbing on the
ZnO or ZnS was investigated by first-principles calculations. We
have provided ZnO or ZnS heterocluster, and then, the geometrical
parameters of H/OH adsorption on the surface of ZnO or ZnS
through the absorption status and current charge density were
studied. ZnO-H,0 or ZnS—H,0 heterocluster indicates a larger iso-
surface map of electron delocalization due to labelling atoms of O1,
Znlb5, 027 or S27, H29, H30. A narrower connected area occupied
by an isosurface map means that electron delocalization is relatively
difficult. However, the large counter map of LOL for ZnO-H,0O or
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ZnS—H,0 can confirm that ZnO or ZnS can be a promising semicon-
ductor material for various applications.
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