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Introduction
A lot of publications and patents about semiconductor gas 

sensors are published today in several scientific journals, materials 
of many Meetings, etc. Confine ourselves only of citations of 
four books published in the field [1-4]. The information about 
commercially available sensors based on metal oxides and produced 
in the USA, and Japan can be found in www.figarosensor.com, www.
honeywell.com, www.sinkera.com, etc. All mentioned gas sensors 
need in high pre-heating of work semiconductor body, i.e. rather 
high consumption of electric energy. The lack of selectivity and 
long-term stability also often limit their applications. The range of 
the operating temperature (OT) of commercial gas sensors spans 
several hundred grads °C. The problem today is the development of 
new semiconductor gas nano sensors working at or nearby room 
temperature of work body (practically without its pre-heating) 
and the use of small-size metal oxides sensors functionalized 
(decorated) with different impurities or nanotubes, covered by 
noble metal coatings. Nanoscale sensor applications secured the 
increase of the specific surface area and further advantages. In 
addition, today’s sensors should be cheap and have possibilities to 
its inclusion into microelectronic circuits.

Today the gas sensitivity of thin-film structures made of 
different metal oxide materials (SnO2, ZnO, TiO2, WO3, In2O3,  

 
CuO, NiO, Fe2O3, Co3O4, V2O5, ZnSnO3, etc.) are studied widely [1-
7]. Among the metal oxides, ZnO is proven as one of the best 
candidates for gas sensing applications due to its excellent stuff 
of tunable sensing parameters such as sensitivity, selectivity and 
stability, and good reliability, in addition to its non-toxic nature, 
controlled morphology, transparency in the visible range, a rather 
high electron mobility, cost-effectiveness and biocompatibility. Zinc 
oxide (ZnO) has a wide bandgap of 3.37eV. It has aroused wide 
attention from scientists [8-16], and has potential applications as 
UV photodetectors [10], light-emitting diodes [13], solar cells [14], 
varistors, phosphor for color displays, heat mirrors, piezoelectric 
devices, surface acoustic wave devices, etc. [15,16]. ZnO was used 
as catalysts in past decades because of its special electrical, optical 
and catalytic properties. The concept of gas sensors using ZnO thin 
films was first proposed by Seiyama et al. [15]. 

Non-Doped and Doped with Impurities and Carbon 
Nanotubes Zno Sensors

Gas sensors based on non-doped ZnO have substantial 
drawbacks as high OTs (normally between 300 and 5000C), a poor 
gas selectivity and a comparatively low gas sensitivity. To overcome 
these disadvantages, considerable disadvantages, considerable 
investigations are carried out. One critical issue in metal oxides gas 
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sensors devices is a control the electronic and structural properties 
of the materials in order to modify the sensing properties. There 
are various techniques for modifying these properties. It is known 
that ruthenium in tin oxide matrix acts as an oxidative catalyst for 
hydrocarbons to achieve a considerable degree of sensitivity and 
selectivity. Therefore, an interesting approach is a modification of 
metal oxide surfaces using noble metal catalysts like Pt, Ru and Pd 
(see for example, [1,6]).

Another way to improve of characteristics of sensors is the 
appropriate doping of metal oxides with different metal impurities. 
Aluminum-doped ZnO thin films were manufactured in [16,17] 
on glass-ceramic substrates by the high- frequency magnetron 
sputtering method. The obtained ZnO<Al> thin films have nano-
size grains (~20-30nm). The glass ceramic/ZnO<Al>/Pt structure 
showed sufficient sensitivity to hydrogen at the heating of the 
working body already up to 4000C. The investigations have shown 
that this structure has fast response and recovery time periods. 
We have shown that in contrast to many other metal-oxide 
materials, using our aluminum-doped ZnO films, it is possible to 
realize hydrogen sensors with remarkable low OT of pre-heating 
of the working body. The structure obtained satisfies the basic 
requirements to gas sensors. Analysis of the literature in [16] shown 
that ZnO nanorods sensors for detection of ethanol and hydrogen 
have OT=3500C [18], ZnO nanowire sensors for detection of 
ethanol 3000C [19], ZnO thin film sensors for detection of methane 
150-3500C [20] and ethanol [21], Fe2O3-ZnO sensors for detection 
of NH3 3500C [22], ZnO sensors for detection of LPG 4000C [23], 
ZnFe2O4 sensors for detection of ethanol and acetone 3000C [24]. 

The other two investigations of aluminium doped ZnO films 
were reported in [25,26]. Pre-heating of the working body NOx 
sensors reported in [27] was 100-3000C. Thin-film hydrogen 
peroxide vapor sensors made from lantana-doped ZnO were 
manufactured using the high-frequency magnetron sputtering 
method [28]. Sensors made from La-doped doped ZnO exhibit 
a sufficient response to 10ppm of hydrogen peroxide vapors 
at the 2200C operating temperature. It was established that 
the dependencies of the response on hydrogen peroxide vapor 
concentration have a linear character for prepared structures at the 
1500C operating temperature and can be used for determination 
of hydrogen peroxide vapor concentration. The response of such 
detectors of hydrogen peroxide vapors was dramatically increased 
after this pre-heating temperature of work body [27]. The indium 
was added to increase the ZnO resistive response and reduce the 
operating temperature of the 3D ZnO sensor. The highest sensitivity 
and selectivity toward ethanol gas at 2500C was observed for 5 at.% 
In doped ZnO. The response was about three times higher than 
that of the pure ZnO at 2850C, which was probably connected with 
the unique 3D ordered macroporous morphology of the ZnO: In, 
increased surface area and higher electron carrier concentration 
[28,29]. Mn /ZnO/Au/ZnO, Ag/Al-ZnO sensors of acetone and 
formaldehyde at OT=t240-2750C were reported in [30-33]. Porous 

ZnO acetone sensor with polymer colloids and OT=3000C was 
proposed in [34].

Nanorod and Quantum Dots Markers

We discuss below dimensional effects in small-size sensors. They 
are very important for modern microelectronics and measurement 
technics. Today the following small-size nanosensors are known: 
zero- dimensional (0D); one-dimensional (1D) nanorods (NRs) 
and nanowires (NWs); two dimensional (2D) nanosheets and films; 
three-dimensional (3D) porous nanostructures; three-dimensional 
(3D) nanostructures functionalized (decorated) with nanotubes. 
ZnO nanofibers, nanoplates, nanoflowers have been successfully 
synthesized by simple electrospinning hydrothermal routes and 
other methods [4]. One dimensional (1D) nanomaterials including 
nanowires, nanofibers, nanorods, and nanotubes have attracted 
great attention for sensing applications due to their unique 
morphology and the high surface-to-volume ratio [35]. Significant 
enhancement of hydrogen-sensing properties of ZnO nanofibers 
through NiO loading and ZnO nanowires decorated with WO3 
nanoparticles [36]. Sensor based on 1D fluorine-doped zinc oxide 
(1D-FZO) was reported in [37]. A sensitive H2S gas sensor made of 
ZnO QDs of less than 4nm in diameter was fabricated in [38]. 

The average QD’ grain size was below twice the Debye length. 
High sensitivity (Rair/Rgas) of 75 and 567 at room temperature 
and 90°C, correspondingly, was realized. Microwave-assisted 
hydrolysis preparation of highly crystalline ZnO nanorod array 
was proposed in [39] for the manufacture of room temperature 
photoluminescence-based CO gas sensor. Nanotubes have attracted 
great attention as promising nanostructures for fabricating highly 
sensitive and selective gas sensors due to their vast surface area. In 
fact, the meso- and nanosized pores formed on various nanotubes 
surfaces during synthesis can significantly enhance the gas sensing 
performance by facilitating the penetration of targeting gas into 
the deepest parts of the sensing device. It was shown in Yerevan 
State University [6,16,40] that the functionalization of multi-walled 
carbon nanotube (MWCNT) / SnO2 thick-film structures with Ru 
leads to a considerable increase in response signal to methanol, 
ethanol, acetone, toluene vapors as well as to isobutane gas. 

Structures were obtained by hydrothermal synthesis and sol-
gel techniques as well as their combination. Complicate phenomena 
processes took place in such functionalized nanocomposites, 
that can be considered as solid solutions of the metal oxide-other 
materials. The full picture is not possible to propose today, but 
we have to take into account the following: MWCNTs have a huge 
specific surface area and a nanoscale structure, which exposes 
a large number of sites at which the gases can react. Detection of 
various gases can be provided at low temperatures of pre-heating 
of the working body of a sensor. The electric conductivity of CNTs is 
much higher in comparison with the conductivity of metal oxides. 
Response of SnO2/MWCNT sensors to propylene glycol (PG), 
dimethyl phosphate (DMF), and formaldehide (FA) vs OT is shown 
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in (Figures 1 & 2) Dependencies of response and recovery times on 
OT are shown in (Figures 3-4). 

Figure 1: Dependence of the response to 1800ppm of 
hydrogen peroxide vapors on operating temperature for 
the Zn0.9929La0.0071O sensors on alumina substrate with 
films thicknesses of 80nm and
a. 210 nm and
b. for the marker with Zn0.9853La0.0147O films 
deposited on Multi-Sensor-Platform 
c. [27].

Figure 2: Response of SnO2/MWCNT sensors to propylene 
glycol (PG), dimethyl phosphate DMF), and formaldehide 
(FA) on temperature.

Figure 3: Response and recovery times of SnO2/MWCNT 
PG vapor sensor vs operating temperature.

Figure 4: Recovery time of SnO2/MWCNT PG vapor 
sensor vs operating temperature.

Therefore, CNTs reduce the resistance of the sensing metal 
oxide materials and opens a possibility for the percolation of charge 
carriers through the sample. Since a SnO2 and ZnO has n-type and 
MWCNTs - p-type conductivity, there are two depletion layers in 
such hybrid films. The first depletion region is located at the metal 
oxide surface and the second one is located in the interface between 
the metal oxide nanoparticle and the MWCNTs. Formation of 
nanochannels and heterojunctions lead to enhanced gas sensitivity 
of such hybridized gas sensors as the decrease in the work function 
(barrier height) or increase in the conductivity of the metal oxide 
sensitive layer lead to the improvement in the performance of the 
gas sensor at low operating temperature [41,42]. Apparently, the 
discussed possible mechanisms require further experimental and 
theoretical investigations. Note that the highest sensitivity was 
achieved for SnO2 loaded in 0.25% MWCNTs. The over-addition of 
MWCNTs in the composite decreases the resistance of the sensor 
sharply. 

For over-addition of MWCNTs, the increasing number of 
electrons in the grain boundary reduce the resistance and decrease 
the sensitivity of the metal oxide + MWCNT sensors. Similar 
behavior is also reported for NO2 by Sharma et al. [43]. The response 
toward acetone vapor was jumped to 72% after addition of 0.25% 
MWCNT also. Note that nanonsensors to hydrogen dioxide made 
from SnO2/ MWCNT were reported also in [44-51] and ZnO/CNT-
in [49]. ZnO nanoflowers acetone and ZnO hollow microspheres 
ethanol sensors with high OT reported in [50-52]. ZnO with 3D 
hierarchical mesoporous morphologies with high porosity, a large 
surface-to-volume ratio, is considered as a good candidate for gas 
sensing applications. Lupan et al. [53] have prepared porous 3D 
hybrid ZnO tetrapods by the flame transport method. They used 
different metallic (Fe, Cu, Al) microparticles with ZnO. The sensor 
based on ZnO/CuO (ZnO:Cu 20:1) shows a good resistive response 
at 3500C to 100ppm ethanol gas. 

Acharyya et al. [54] have prepared 3D PdO–ZnO porous 
nanoflowers by using a liquid phase deposition method. Such 
PdO–ZnO structures showed an excellent response and recovery 
times for different alcohol vapors (0.5–700ppm). Their improved 
selectivity connected probably to the formation of a heterojunction 
junction, and lower activation energies for adsorption of methanol. 
Wang et al. [55] have prepared a 3D ordered macroporous ZnO 
nanostructure with a large surface area. Such ZnO based core–
shell heterostructures showed higher gas response toward 
formaldehyde in comparison to those of other VOCs. It can be 
explained with the increase of the kinetic diameter of all detected 
VOCs in the order: formaldehyde (0.243nm) < ammonia (0.29nm) 
< methanol (0.363nm) < ethanol (0.453nm) < acetone (0.46nm) < 
toluene (0.525nm) [56]. Also, the ZnO-based gas sensors exhibit a 
low response for ammonia. Katoch et al. [57] prepared TiO2/ZnO 
double-layer hollow fibers on polymer fibers using an atomic layer 
deposition technique. They have superior sensing response toward 
CO and other reducing gases. 
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A low-OT H2 Gas Sensor based on Pt-loaded reduced Graphene 
Oxide/ZnO nanocomposites was reported in [58]. The obtained 
RGO/ZnO/Pt ternary composite exhibits outstanding sensing 
response towards H2, almost 7.5 times and 3.0 times higher than 
that of pure ZnO and ZnO/RGO, respectively (Figure 5). The ethanol-
sensing properties of the SnO2/ZnO hierarchical nanostructures 
sensors were systematically investigated and compared to those 
of the bare SnO2 NWs sensor in [59]. The results revealed that the 
design of the hierarchical nanostructures enhanced the ethanol gas 
response and selectivity for interfering gases such as NH3, CO, H2, 
CO2, and LPG. The NH3 gas-sensing properties of ZnO, SnO2, and 
WO3 NWs were investigated and compared in [60]. It was found that 
the responses and recovery time of SnO2 and WO3 NWs sensors to 
NH3 gas are relatively comparable, and they have a better NH3 gas-
sensing performance than that of ZnO NWs sensor. The SnO2 NWs 
sensor has the lowest OT. SnO2/ZnO hetero nanofiber was exhibited 
high performance for acetone gas sensing due to very high toxicity 
of acetone, it is proposed to use thin layer ZnO/SnO2/Yb2O3 NPs 
[61]. Typical TEM and SEM images of QDs, nanorods, nano-sheets, 

microcubes and ultra porous film are shown in (Figures 6 & 7) 
[34,62-66].

Figure 5: Ethanol response of the bare SnO2 nanowires 
and the SnO2/ZnO hierarchical nanostructures sensors as 
a function of ethanol gas concentration.

Figure 6: 
a. Typical TEM image of ZnO QDs obtained through a wet synthesis method based on alkaline activated hydrolysis and 
condensation of zinc acetate solutions [62]. 
b. SEM images of ZnO nanorods bundles synthesized at 150°C, over 4 hours [63]. 
c. SEM image of ZnO nano-sheets formed through a simple mixed hydrothermal synthesis method [64]. 
d. SEM images of acid washed porous SnO2 microcubes after calcination at 900°C for 2 hours. Inset: TEM image of the as-
prepared porous SnO2 microcubes [65]. 

e. ZnO ultraporous film made by flame spray pyrolysis [66].
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Figure 7: Comparison of ethanol response of ZnO and 
ZnO/CuO Structures.

ZnO Sensors Without Pre-Heating of Their Work Body

Recently sensors based on solid solutions of ZnO with different 
metal or graphene oxides were developed which did not need in 
pre-heating of work body of such sensors. A NiO (p-type)/ ultra-
porous (n-type)/ZnO nanostructured film with the rapid room 
temperature sensing of ethanol was fabricated by Chen et al. [67]. 
The thick ZnO film with 98% porosity with the thickness about 
120nm was deposited on a glass substrate featuring. Then the 
sputtered NiO nanoclusters were penetrated to the ZnO and form 
a homogeneous p-n heterojunction. In result, such nanosensor 
with interdigitated Pt electrodes had enhanced sensing response 
at 10ppb toward ethanol at room temperature. Mesoporous ZnO 
nanosheets were also used for preparation of superior humidity 
sensor and photodetector working at room temperature [68]. 
The room temperature (29°C) ethanol sensor based on vertically 
aligned ZnO nanorods decorated with CuO nanoparticles was 
successfully fabricated in in [69]. The vertical alignment of ZnO 
nanorods as well as its surface modification by CuO nanoparticles 
increased the effective surface area of the device and the formation 
of p-CuO/n-ZnO heterojunction at the interface are the reasons 
for the improved performance at room temperature. In addition 
to ethanol, the fabricated device has the capability to detect the 
presence of reducing gases like hydrogen sulfide and ammonia at 
room temperature but the response is less.

Figure 8: The measured sensing responses of Zn Onanorods 
under various operation temperatures

Pure ZnO thick film, prepared by screen-printing technique, 
was almost insensitive to NH3. The MnO2 modified ZnO films were 
sensitive and highly selective to NH3 gas at room temperature. An 
exceptional sensitivity was found to low concentration (50ppm) of 
NH3 gas at room temperature and no cross sensitivity was observed 
even to high concentrations of other hazardous and polluting gases. 
The effects of surface microstructure and MnO2 concentrations 
on the sensitivity, selectivity, response and recovery of the 
sensor in the presence of NH3 and other gases were studied and 
discussed in [70]. A highly selective room temperature ammonia 
sensor using spray deposited zinc oxide thin film was reported in 
[71] on glass substrates by spray pyrolysis technique. Response 
and recovery times of 20 and 25 s respectively were observed 
with the high response of 233 towards 25ppm of NH3 vapor. It is 
known that breathing NO2 and O3 can trigger a variety of human 
health problems, for example, excessive inhalation of NO2 at a 
concentration greater than 1ppm can cause pulmonary disease 
and severe damage to the respiratory system. Prolonged exposure 
to O3 concentrations of 375ppb and higher may cause both acute 
and chronic diseases, such as upper respiratory infection or chronic 
respiratory and heart disease. Therefore, it is urgent to further the 
development of gas sensors to detect and identify oxidizing gases 
(NO2 and O3) already at low concentrations.

NO2 gas sensing properties of conducting polymer Au loaded 
ZnO nanoparticle composite materials at room temperature 
were studied for ammonia sensing applications [72]. Such 
nanocomposite hybrid thin films showed a high relative response 
of 2.2 to 200ppb of NO2 but virtually no response to CO or C2H5OH 
and very small response to NH3 at room temperature. ZnO 
nanorods (NRs) and nanowires (NWs) were on-chip grown via a 
facile hydrothermal method and used for room-temperature NO2 
gas sensor applications [73]. Results show that the diameter of ZnO 
NRs and NWs is the dominant parameter of their NO2 gas-sensing 
performance at room temperature. Hybrid material Zn2SnO4-RGO 
containing Zn2SnO4 nanoparticles (NPs) and immobilized reduced 
graphene oxide was developed in the [74] as a high-performance 
gas sensing material for the highly selective detection of ppb-levels 
of oxidizing gases (NO2 and O3).

Highly selective oxidizing gas sensors are of great importance for 
environmental pollution monitoring. Moreover, O3 has significantly 
lower dissociation energy (1.1–1.3eV) than O2 (5.1eV) [75,76]. As a 
consequence, many metal oxides were extensively investigated for 
O3 sensing [77–79]. However, such sensors have the obvious disad-
vantage of high operating temperatures (150–300°C). Therefore, O3 
sensing properties of sensors based on metal oxide-RGO hybrids 
need to be further improved. A p-type RGO semiconductor is a de-
sirable two-dimensional (2D) substrate for anchoring metal oxide 
NPs for gas sensing at room temperature, owing to oxygen-con-
taining groups remaining on its surface, which act as adsorption 
sites for gas molecules [80,81]. At present, many new findings on 
SnO2, In2O3, and Co3O4 metal oxide modified RGO have been report-
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ed, which are applied in improving NO2 gas sensing performance 
[82–87]. Among many metal oxides, n-type Zn2SnO4 has received 
considerable attention because of its high electron mobility, high 
electrical conductivity and wide band gap (3.6eV), which make it 
suitable for gas sensor applications [88,89]. When Zn2SnO4 is cou-
pled with RGO, its electrons can transfer from Zn2SnO4 to RGO. As 
a result, the effective electronic contact between Zn2SnO4 and RGO 
helps to improve the gas sensing performance. It was reported that 
Zn2SnO4 NWs and NO2 NRs sensors have OT 200-3000C [90-92], hi-
erarchical RGO-1000C [93], Zn2SnO4-RGO-300C [74], but ZnO, PbS 
and two-dimensional WS2, MoS2 based RGO are NO2 sensors at 
room temperature [74]. Detection limits are 0.05-0.15ppm.

In [74], a hybrid material containing Zn2SnO4 NPs and 
immobilized reduced graphene oxide (Zn2SnO4-RGO) were 
developed by members of Prof. U. Weimar’ Lab. The NO2 sensing 
performances of Zn2SnO4-RGO-based sensors were investigated 
under various humidity RH. Note that the sensors based on RGO 
and Zn2SnO4-RGO hybrids have p-type behavior. The effect of 
humidity on NO2 sensing properties is lacking in the previous 
reports. The sensors based on Zn2SnO4-RGO hybrids also exhibited 
high response values of up to 3.62 for 1ppm NO2 at 50°C in 80% RH, 
which is much higher than that of pure RGO (1.31). The excellent 
sensing performances are mainly ascribed to the synergetic effect 
of Zn2SnO4 NPs and RGO. Zn2SnO4-RGO-based sensors exhibited 
enhanced sensitivity to NO2 (5.97 to 1 ppm NO2). Note that sensors 
based on WS2 nanosheets and PbS CQDs can detect NO2 with a 
lower detection limit of 0.1ppm and 1ppm [53,54], respectively. 
In contrast to that, the sensors presented in [74] not only show 
high sensitivity to lower concentrations of NO2 (2.86 for 150ppb in 
50% RH) but are also able to retain this quality in a high humidity 
atmosphere (80%). NO2 and O3 sensing mechanisms were discussed 
in details in [74].

Decrease in Operating Temperature and Increase in 
Sensitivity of Sensors Under Illumination

The PbS QDs-decorated ZnO NRs with a hierarchical mesoporous 
structure were investigated in [94]. The nanocomposites showed 
near-infrared (NIR) adsorption derived from the PbS QDs with a 
narrow bandgap. Compared to the pristine ZnO nanorods, the 
ZnO/PbS nanocomposites-based sensor with the optimal loading 
amount of PbS exhibited higher response and quicker response/ 
recovery rates to ppm level of NO2 at room temperature under NIR 
illumination. Moreover, the sensor exhibited full reversibility, low 
detection limit, good selectivity, and long-term stability to NO2. In 
the last few years, it has been shown that UV enhances the gas-
sensing properties of metal oxides at room temperature [95-100]. 
UV illumination reduces response and recovery times and increases 
sensitivity. By using ZnO as the sensor material, it is possible to 
measure ppb-level NO2 concentrations [101,102]. A transducer 
by which UV-supported metal oxide sensors can be miniaturized 
consuming only little energy has reported [103].

The gas-sensitive material adsorbs each NO2 molecule impinging 
on the surface and thus the sensor signal increases linearly with 
the NO2 dose. ZnO-based dosimeter and concentration gas sensors 
with regeneration by UV light should be feasible. An experimental 
proof on sol-gel synthesized Al-doped ZnO sensors demonstrated 
in [104] that the sensor concept works at room temperature for 
ppb-level NO2 concentrations and low doses are given. A novel 
ultraviolet (UV) irradiation assisted nanostructured ZnO film for 
high performance oxygen sensing under at a temperature of 500C 
was proposed in [105]. Nanorod ZnO structures with high exposing 
area are synthesized on a glass substrate with interdigital sensing 
electrodes via the developed two-stage sol–gel and hydrothermal 
processes. A UV-LED with an emission wavelength of 370nm is used 
to enhance the sensing performance of the nanostructured ZnO film. 
The response of the UV-assisted ZnO film is 4.66 times larger than 
the same film without UV exposure. UV activated polycrystalline 
ZnO films on a flexible substrate (Kapton) were used in [106] for 
room temperature O2 and H2O sensing to detect and differentiate 
between environmental changes in oxygen and water vapor. ZnO 
films were fabricated from bacteria-derived ZnS nanoparticles. 
Under UV irradiation O2 reacted with photogenerated electrons 
resulting in chemisorption of ionic oxygen to the ZnO surface. 
Grain resistance and grain boundary capacitance of polycrystalline 
ZnO film dominates the response of both O2 and H2O in dark and 
under UV irradiation, while the response from the grain boundary 
resistance and grain capacitance are only significant under UV 
irradiation.

The ZnO nanowires/LED combination was used to fabricate 
an ethanol concentration sensor [100]. ZnO nanowires were 
hydrothermally synthesized on a silicone layer of an ultraviolet (UV) 
light-emitting diode (LED) ethanol sensing current of the sensor 
increased linearly with UV LED illumination at room temperature. 

The effects of ZnO nanostructure morphology on the gas-
sensing property of HCHO have been investigated in [107]. The gas 
sensor based on ZnO nanofibers showed high sensitivity, reversible 
response, and good selectivity towards HCHO under the irradiation 
of 365nm UV-light at room temperature. These desirable sensing 
features can be attributed to the special network structure with 
larger specific surface areas and its one-dimensional arrangement 
of ZnO nanocrystallites with a larger proportion of the depletion 
layer, which results in more obvious adjustment of the depletion 
layer width. ZnO nanofibers obtained by the electrospinning are 
attractive chemical sensing materials. Note also that SnO2 doped 
with cobalt is a very promising material for the manufacture of 
hydrogen peroxide vapors sensor with room OT working under UV 
radiation [108].

Some Information about Theoretical Investigations

To date, many of the mechanisms of the gas adsorption process 
and the nature of active centers responsible for the adsorption 
of gases on the surface of metal oxide materials are far from fully 
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understood. These processes are very complex and their theoretical 
analysis requires ab initio calculations of the adsorption energies, 
equilibrium geometry, and charge transfer between the surface 
and the adsorbent, based on the density functional theory (DFT) 
[109-112]. We performed calculations, in particular, based on the 
DFT implemented in the Quantum Espresso package [110-112]. 
We use the generalized gradient approximation (GGA) in the form 
suggested by Purdue, Burke, and Ernzerhof [113] to describe the 
exchange-correlation functional. We have so far investigated the 
interaction of hydrogen peroxide with the stoichiometric surface 
(110) of tin dioxide, in particular, we have studied the interaction 
of several starting configurations of H2O2 and the surface. Their 
structures, adsorption energies, and charge transfer between the 
molecule and the surface were calculated by the Bader charge 
analysis method [114]. Since defects, impurities, quantum-size 
effects, and gas molecules in the environment can have a significant 
effect on adsorption processes [115,116], additional research is 
needed to find out how all this can affect the process. An analysis of 
the latest book on quantum dots [117] shows no progress in studies 
of adsorption phenomena at the QD interface metal oxide - gas.
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