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SnO; AND ZnO FILMS STRUCTURED USING POLYMERS
FOR AMMONIA DETECTION

The electrophysical properties in air and in the atmosphere with ammonia vapor content of nanosized
films of ZnO and SnO; structured in the process of production using polymers were studied. The investigated
electrophysical properties of those films in air and in an atmosphere containing ammonia vapors showed the
presence of significant changes in the conductivity of both types of films. The nature of these changes is
somewhat different. In ammonia vapors, the current in a zinc oxide film is many times greater than in air.
And the tin oxide film in ammonia vapor becomes more high-resistant in comparison with its resistance in
air. It was found that the conductivity of both types of films is controlled by intercrystalline potential barriers.
However, upon contact with ammonia vapors, these barriers decrease in the zinc oxide films, while the oppo-
site process is observed in the tin dioxide film. The reversible nature of the processes of ammonia molecules
interaction with oxide films is observed in both cases. Both for ZnO and for SnO, the sensitivity to ammonia
is recorded already at room temperature. It was also established that the initial characteristics of both types of
films were quickly restored without additional measures. These facts make the studied nanostructured films

of ZnO and SnO: using polymers to be promising material for sensitive elements for ammonia gas sensors.

Introduction

Nanosized oxide materials, in particular tin
and zinc oxides are actively used as ones for
gas analysis [1-3]. Due to their electronic char-
acteristics (large band gap), chemical resis-
tance in the active medium, as well as a large
active surface area, they provide a significant
response in their conductivity and long-term
operation. To increase the efficiency of these
materials as sensitive elements of gas sensors,
various technological methods are used to in-
crease their active surface, for the main physi-
cal and chemical processes responsible for this
parameter occur mainly at the interface, being
the surface of the sensitive element. Among
the production technologies are both physical
(atomic layer-by-layer deposition, magnetron
sputtering, etc.) [4] and chemical (vapor-phase
deposition on a heated substrate, methods of
decomposition of organometallic compounds,
sol-gel methods [5,6], hydrothermal method
[7]). The latter are the most popular due to
their relative simplicity and low cost. By such
methods with various modifications it is possi-
ble to receive various nanostructures - from
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film to micellar-like [8].

The ammonia content control, like of many
other pollutants, is essential to ensure the
safety of the environment. This applies to pub-
lic places, ambient air and the air of produc-
tion areas. This makes the need for constant
monitoring of the gaseous environment com-
position and the improvement of devices for it
as a priority for environmental protection.
Therefore, the creation of efficient, high-speed
and renewable gas sensors elements sensitive
to ammonia becomes a necessary solution to
this problem. Oxide nanomaterials, namely, tin
and zinc oxides, exhibit high sensitivity to am-
monia vapors and are used as materials for
sensitive elements of ammonia sensors. [9].
For the operation of sensors based on them, as
a rule, additional heating and a sufficiently
long recovery time of the active element after
interaction with the detected gas are required.
Therefore, lowering the operating temperature
and rapid recovery after interaction with the
detected gas is necessary to save energy and
materials when creating and operating sensors.

In the work, the electrophysical properties
in air and in the atmosphere with ammonia va-



por content of nanosized films of zinc and tin
oxides structured in the process of production
using polymers were studied in order to evalu-
ate their application as effective and renewable
sensitive elements for ammonia sensors.

Methods for films production and re-
search

The precursor’s solutions (organometallic
compounds of zinc and tin) were mixed with
polymer solutions during their preparation and
applied by drop coating method onto prepared
glass substrates. Zinc acetate was used as a
precursor for zinc oxide, and bis(acetylaceto-
nato)dichlorotin(IV) was used for tin oxide.

The latter was obtained by the technology de-
scribed in [10]. The workpieces dried in a dry-
ing oven were annealed in air in a muffle fur-
nace. After the removal of the products of
polymer thermal decomposition during anneal-
ing, the transparent nanostructured metal ox-
ides remain on the substrate. Figure 1 shows
an electronic microscope image of the ob-
tained zinc oxide films (a), as well as a three-
dimensional AFM image of the surface of tin
oxide films. The images confirm the presence
of nanostructuring in the films under study.

The study of the electrophysical properties
in air and their changes in the presence of am-
monia vapors were carried out according to
standard methods in the equipment described
in[11].
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Fig. 1. SEM image of the studied zinc oxide film (a) and three dimensional tin dioxide film’s surface view (b).

Results and discussion

The band gap of the obtained oxide films
established from its optical density vs energy
study was from 2.9 to 3.15 eV for both types
of films. The resistance of both types of oxide
films calculated from the current-voltage char-
acteristics was (0.2-3) x10° Ohm, what is ex-
pected for wide gap materials.

The electrical conductivity of polymer-
structured nanosized zinc and tin oxide films
was found to be sensitive to the ammonia con-
tent in the surrounding atmosphere. It is inter-
esting that the character of the conductivity
change of the films is not similar.

Figure 2 shows the current-voltage charac-
teristics of the studied films of zinc oxide (a)
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and tin dioxide (b) in air (curves 1 in both fig-
ures) and in an atmosphere with an ammonia
vapor content (curves 2). It can be seen in both
figures that current-voltage characteristics
measured in the atmosphere with an ammonia
vapor content, differs from [-V characteristics
measured in air .

Curve 1 in Figure 2a shows the current-
voltage characteristic of the ZnO film mea-
sured in air. The exponential nature of the de-
pendence of the current on the applied voltage
is confirmed by the straightining of the CVC
in Inl-V * coordinates (1/4). This means that
the current flow in the ZnO film in air at room
temperature is conditioned by over-barrier
Schottky emission over thin intercrystalline
barriers [12]. The presence of these barriers is



also confirmed by the nanocrystalline grain
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Fig. 2. CVC of ZnO film (a) and SnO; film (b) in air (curves 1 in both figures) and with ammonia vapor (curves 2 in

both figures) at 290 K.

The CV characteristic of SnO2 films in a
dry air atmosphere (curve 1, Fig. 2b) is super-
linear and shows a weak an exponential depen-
dency of the current on the applied voltage.
This dependence is also due to the barrier
mechanisms of current flow. Thus, the inter-
crystalline potential barriers in the tin dioxide
film, as in the zinc oxide film, noticeably in-
fluence the current flow.

Curve 2 in Fig. 2a shows the I-V character-
istic of the ZnO film in an atmosphere with
ammonia vapor. It is noteworthy that in am-
monia vapor, the current in the film (especially
in the region of low voltages) is several times
higher than in air. As shown in [13], during the
adsorption of ammonia on the surface of ZnO,
the nitrogen atom (N) is mainly bound with the
surface zinc atom (Zn). This configuration is
stable when NH3 is adsorbed on the zinc oxide
surface. NH3 molecules are molecular
chemisorbed on the ZnO surface and become
charged donors. With this character of adsorp-
tion, the equilibrius surface energy bands
bending decreases, which leads to the conduc-
tivity growth of thin zinc oxide films under the
influence of NH3 vapors. This is the nature of
the current flow change in zinc oxide films in
an atmosphere with ammonia vapor in Fig. 2a.
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In ammonia vapor, the studied SnO2 film, un-
like to the ZnO film, on the contrary, becomes
more resistive than that in air. The superlinear-
ity of its CV characteristic also increases (Fig.
2b, curve 2). Thus, it may be supposed, that
the adsorption of ammonia molecules pro-
motes the intercrystalline potential barriers
growth in the tin dioxide film and an increase
of the blocking bend of the surface energy
bands. It is known [14] that ammonia mole-
cules can form complexes SnO, [NH3] on the
surface of tin dioxide. The formation of such
complexes on intergranular barriers increases
the surface bending of the zones. The conse-
quence of this is a decrease in the conductivity
of the film.

The conductivity decrease upon contact of
a tin dioxide film with ammonia is possible in
the processes of physical adsorption of oxygen
and ammonia, besides the creation of ammonia
complexes with surface atoms of tin or its ox-
ides. These processes can take place at room
temperature. But in the case of physical ad-
sorption, there is no exchange of carriers
(charges) between the adsorbate and the adsor-
bent. However, the nanostructuring of the film
grains leads to a slight decrease of the
chemisorption reactions temperature. In addi-
tion, it is also possible to influence the current



transfer due to a decrease in the carrier mobil-
ity of the near-surface region and an increase
in barriers to current flow due to physical ad-
sorption, which can also lead to a decrease in
conductivity.

Figure 3 shows the current temperature de-
pendences in the ZnO (a) and SnO2 (b) films.

The zinc oxide film current temperature de-
pendence measured in air and in ammonia va-
por has an activation character. The activation
energy of conductivity in ammonia vapor cal-

104 | LA

NQ\

e &
i 3 10
;

w | dm ¥
:..r|°_-

106
10°*

10°

107 10°
26 2.7 28 29 30 31 32 33 34 7K

a)

culated from its slope is Ea~0.32 eV. The ob-
tained value of Ea is close to the activation en-
ergies obtained with the CTD of the ZnO film
in an air atmosphere (0.35-0.37) eV (in the in-
set in Fig. 3a). The established values indicate
that the electrical conductivity is controlled by
intercrystalline potential barriers and the cur-
rent flow mechanism in both cases can be de-
scribed by a semiconductor model with large-
scale fluctuations of the potential relief [15].
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Fig.3.The current temperature dependence in ZnO film in dry air and in ammonia vapor (V = 100 B) (a) and SnO>

film in dry air and in ammonia vapor (U = 150 V) (b).

The same picture is observed in the current
temperature dependence of tin dioxide films
(Fig. 3b). The only difference is in a decrease
in conductivity in ammonia vapors. The slope
of all curves is almost the same and corre-
sponds to the activation energy Ea = 0.39-0.45
eV. This slope shows that the conductivity is
also controlled by defects and the activation
energy approaching the depth of the levels cor-
responding most likely to ionized molecularly
adsorbed oxygen [16]. A decrease in the con-
ductivity in this case is possible due to the sur-
face oxygen molecules influence in the pres-
ence of ammonia molecules when complexes
are formed on the SNO2 [NH3] surface. The
curves’ slope retention may indicate both the
localization of ammonia molecules on the
same surface defects where oxygen has al-
ready been preliminarily adsorbed, and bind-
ing with oxygen itself.
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The current kinetic changes during periodic
inflow of ammonia vapors or dry air into the
measuring chamber are shown in Figure 4a. It
can be seen that the presence of ammonia
leads to an almost double current growth in the
ZnO film. The response time (the time of
reaching 90% of the steady-state current value)
is about 48 s, which indicates to low inertia of
the ammonia absorption process. The current
strength decrease to its initial value (that is, the
process of ammonia desorption) after admit-
ting dry air into the chamber is more inertial
than the adsorption process. The recovery time
(the time necessary to reach 90% of the current
from its stationary value) is about 180 s. It can
be seen that the decrease in the first seconds is
quite sharp. This behavior indicates to a weak
bond of the most of the adsorbed molecules
with the zinc oxide surface.
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Fig. 4. Kinetics of the current in the ZnO film measured at periodic inflow of ammonia vapor or dry air into the
chamber (V = 175 B) at T =293 K(a) and for the SnO2 film (V =300 V) (b).

A slightly different picture of nanosized
SnO, films sensitivity to ammonia is shown in
Fig. 4b. The current strength decreases when
ammonia is let into the test chamber. The re-
sponse time in this case is slightly higher and
amounts to about 70-75 s. The recovery time is
close to the response time. The short desorp-
tion time shows a weak bond of adsorbed mol-
ecules with the surface of the tin dioxide film,
which can be supposed at room temperature.
The said also confirms the physical nature of
the adsorption of ammonia on tin dioxide films
at room temperature. Desorption of
chemisorbed molecules even on nanosized
crystallites would require more energy, which
means that during desorption (with the admis-
sion of dry air) such a sharp change in conduc-
tivity would not be registered.

Despite all the differences in the mecha-
nisms of sensitivity of zinc oxide and tin diox-
ide, their behavior when interacting with am-
monia has common features. Both types of
films show a fairly rapid recovery of the origi-
nal characteristics without additional actions -
an increase in temperature or field action. Be-
sides that, the observed processes of both ox-
ides films’ interaction with ammonia occur at
room temperature. These properties are ex-
tremely important in gas analysis applications
as sensitive elements.

Conclusions

The investigated electrophysical properties
of nanosized films of zinc and tin oxides,
structured using polymers in the process of
production, in air and in an atmosphere con-
taining ammonia vapors showed the presence
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of significant changes in the conductivity of
both types of films. The nature of these
changes is somewhat different.

In particular, in ammonia vapors, the cur-
rent in a zinc oxide film (especially in the re-
gion of low voltages) is many times greater
than in air. And the tin oxide film in ammonia
vapor becomes more high-resistant in compar-
ison with its resistance in air, that is, its electri-
cal conductivity decreases. These facts indi-
cate to different mechanisms of chemisorption
processes on different oxides, since ammonia
acts as a donor for zinc oxide, and exhibits ac-
ceptor properties for tin dioxide.

It was found that the conductivity of both
types of films is controlled by intercrystalline
potential barriers. However, upon contact with
ammonia vapors, these barriers decrease in the
zinc oxide films, while the opposite process is
observed in the tin dioxide film.

The reversible nature of the processes of
ammonia molecules interaction with oxide
films is observed in both cases. At the same
time, both for zinc oxide and for tin oxide, the
sensitivity to ammonia is recorded already at
room temperature. It was also established that
the initial characteristics of both types of films
were quickly restored without additional mea-
sures. These facts make the studied nanostruc-
tured films of tin and zinc oxides using poly-
mers to be promising material for sensitive el-
ements for ammonia gas sensors.
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SnO; AND ZnO FILMS STRUCTURED USING POLYMERS FOR AMMO-
NIA DETECTION

Summary The electrophysical properties in air and in the atmosphere with ammonia vapor
content of nanosized films of ZnO and SnO; structured in the process of production using poly-


https://doi.org/10.1007/978-3-030-51905-6_25/
https://doi.org/10.1007/978-3-030-51905-6_25/
https://doi.org/10.1039/C5NR03585F/

mers were studied. The investigated electrophysical properties of those films in air and in an at-
mosphere with ammonia vapors showed the presence of significant changes in the conductivity
of both types of films. The nature of these changes is somewhat different. In ammonia vapors,
the current in a zinc oxide film is many times greater than in air. And the tin oxide film in ammo-
nia vapor becomes more high-resistant in comparison with its resistance in air. It was found that
the conductivity of both types of films is controlled by intercrystalline potential barriers. How-
ever, upon contact with ammonia vapors, these barriers decrease in the zinc oxide films, while
the opposite process is observed in the tin dioxide film. The reversible nature of the processes of
ammonia molecules interaction with oxide films is observed in both cases. Both for ZnO and for
SnO, the sensitivity to ammonia is recorded already at room temperature. It was also established
that the initial characteristics of both types of films were quickly restored without additional
measures. These facts make the studied nanostructured films of ZnO and SnO, using polymers to
be promising material for sensitive elements for ammonia gas sensors.
Key word: tin oxide, zinc oxide, nanosized thin films, sensitivity, ammonia detection.
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IIVIEHKH SnO; U ZnO, CTPYKTYPUPOBAHHBIE C UCITIOJIb3OBAHUEM I10JI1U-
MEPOB UIs1 OBHAPY X XEHUA AMMUAKA

Pe3rome

W3ydensl anekTpodu3nveckrie CBOWCTBAa HA BO3AyXe U B aTMocdepe ¢ colep:kaHueM MapoB
aMMHaKka HaHopa3MepHbIX MmIeHOK ZnO u SnO,, CTPYKTYPUPOBAHHBIX B MPOIIECCE MOTYUYEHUS C
UCIIONIb30BaHUEM MOIUMEPOB. MccnenoBanHbie 2MeKTPO(GU3NUECKHE CBOWCTBA STUX IUICHOK Ha
BO3JIyX€ U B aTMocdepe ¢ mapaMu aMMHaKa MOKa3ai HAJIU4Yhe 3HAYNTEIbHBIX U3MEHEHHUH TIPO-
BOJAMMOCTH O0OMX THIMOB IJIeHOK. [Ipupoaa 3Tux u3meHeHu pa3nuyna. B mapax amMuaka Tok B
IJICHKE OKCHJA IIMHKA BO MHOTO pa3 OoJbIle, 4eM B BO3AyXe. A IJICHKAa OKCHJA OJIOBA B Mapax
aMMHaKa CTaHOBHUTCS 0ojiee BRICOKOOMHOH IO CPaBHEHHIO C €€ CONPOTHBIICHHEM Ha BO3AYyXE.
Bbrio 06HapykeHO, 9YTO TPOBOIUMOCTH OOOMX THUIIOB TUICHOK KOHTPOJUPYETCS] MEKKPHUCTAIIIH -
YeCKMMH MOTEHIIUAIBHBIMEU Oapbepamu. OHAKO MPU KOHTAKTE C MapaMHu aMMHaKa 3TU 0apbepsl
YMEHBIIAIOTCS B IJICHKAX OKCHJA IMHKA, TOT/Ia KaK B IUICHKE JMOKCHIA 0JIOBA HAOIIOIAeTCs
oOpatHbIii mporiecc. B o0oux crmydasx HaOmMr0AaeTcs oOpaTUMBI XapaKkTep MPOIeCCOB B3aUMO-
JIEUCTBUSI MOJIEKYJl aMMHaka ¢ OKCUAHBIMH tuieHKamu. U mis ZnO, u i SnO2 4yBCTBUTEINb-
HOCThb K aMMHAaKy PErHCTPUPYETCs YK€ MPU KOMHATHOM TemmepaType. Takxke ObLIO yCTaHOBIIE-
HO, YTO MCXOJHBIC XapaKTEPUCTUKH OOOMX THUIIOB IUICHOK OBICTPO BOCCTaHABIMBAJIUCH 0€3 110-
MOJTHUTENBHBIX Mep. DTH (DaKTHI AENAIOT UCCIICOBAHHBIE HAHOCTPYKTYPUPOBAHHBIE C UCIIOJIB30-
BaHHEeM mojauMepoB mieHKH ZnO u SnO, mepCcrneKTUBHBIM MaTEPHUAIOM JJIsi 4YyBCTBUTEIIBHBIX
3JIEMEHTOB I'a30BbIX CEHCOPOB aMMMAaKa.

KuarwueBble ¢jioBa: OKCHJ IUHK, TUOKCU 0JI0BA, HAHOPA3MEPHbIE TOHKUE TIJIEHKH, YyBCTBH -
TEJIbHOCTb, IETEKTUPOBAHUE aMMHAKa.
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IJIIBKHM SnO; I ZnO, CTPYKTYPOBAHI 3 BUKOPUCTAHHAM INOJIMEPIB, 1JIsA
BUSABJIEHHA AMIAKY
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Pesrome

BuBueHo enekTpodi3znyHi BIACTHBOCTI HA MOBITPI Ta B aTMocdepi 3 BMICTOM MapiB amiaky
HaHOPO3MipHUX IJIiBOK ZnO Ta SnO,, CTPYKTYpOBAHUX Y MPOIIEC] O/IepP’KaHHS 3 BUKOPUCTAHHSIM
nosriMepiB. Jlociimkeni enekTpodi3udHi BIACTUBOCTI WX TUTIBOK HA TMOBITPI Ta B atMocdepi 3
napamMH amiaky IMOKa3ald HasBHICTh 3HAYHMUX 3MiH MPOBIJHOCTI 000X THMIB IuTiBOK. [Tpupona
UX 3MiH pi3Ha. Y Mapax aMmiaky CTpyM Y IUTIBII OKCHAY IIMHKY B Oarato pasiB OUIbLIUI, HIXK y
HOBITpi. A IJIIBKA OKCHJy OJIOBa B Mapax amiaky cTa€ OuIbII BUCOKOOMHOIO MOPIBHSHO 3 ii omo-
poM Ha noBiTpi. BusiBieHo, 1110 NPOBIAHICT, 000X TUIIB IJIIBOK KOHTPOJIOETHCS MIKKPUCTAIIIY -
HUMM MOTEHIiITHUMU Oap'epamu. OJHAK MPU KOHTAKTI 3 MapaMy amiaky I 6ap'epy 3MEHIITYIOTh-
Cs B IUTIBKaX OKCHAY IIMHKY, TOMI SIK TUTIBIN MIOKCHIY OJIOBA CIIOCTEPIra€ThCs 3BOPOTHUMN TIPO -
nec. B 00ox Bumaakax criocTepiraeTbcss 00OpOTHUI XapaKTep B3a€MOJIiT MOJIEKYIN aMiaky 3 OK-
cugHuUMU oTiBKamu. | s ZnO, 1 st SnO2 9yTauBICTh 10 aMiaKy peeCTPYEThCS BKE 3a KIMHAT-
HOi Temmneparypu. Takox OyJi0 BCTAaHOBJIEHO, IIIO0 BUXIJIHI XapaKTEPUCTUKUA 000X THIIIB ILTIBOK
IIBUIKO BITHOBITIOBANIMCA 0€3 J0MaTKOBHX 3axodiB. Lli gakTtu poOasTh MOCTIIKEHI HAHOCTPYK-
TYpOBaHI 3 BUKOPHUCTaHHAM MoJiiMepiB MiBKM ZnO Ta SnO2 nepcrneKTUBHUM MaTepiajioM JUis
YYTJIMBHUX €JIEMEHTIB Fa30BUX CEHCOPIB aMiaKy.

Kr040Bi ci10Ba: okcH IIMHKY, A10KCH]T 0JIOBA, HAHOPO3MIPHI TOHKI IUTIBKH, Yy TJIHUBICTb, JI€-
TEKTyBaHHS amiakxy.

This article has been received in October 22, 2021.

34



	THEORETICAL STUDYING SPECTRAL CHARACTERISTICS OF Tm ATOM
	9. Mort J. Polymers, Electronic Properties // in Encyclopedia of Physical Science and Technology (Third Edition), 2003.
	The ammonia content control, like of many other pollutants, is essential to ensure the safety of the environment. This applies to public places, ambient air and the air of production areas. This makes the need for constant monitoring of the gaseous environment composition and the improvement of devices for it as a priority for environmental protection. Therefore, the creation of efficient, high-speed and renewable gas sensors elements sensitive to ammonia becomes a necessary solution to this problem. Oxide nanomaterials, namely, tin and zinc oxides, exhibit high sensitivity to ammonia vapors and are used as materials for sensitive elements of ammonia sensors. [9]. For the operation of sensors based on them, as a rule, additional heating and a sufficiently long recovery time of the active element after interaction with the detected gas are required. Therefore, lowering the operating temperature and rapid recovery after interaction with the detected gas is necessary to save energy and materials when creating and operating sensors.



