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On the example of a model system the methanol conversion on activated ZnO nanoparticles is investigated at room
temperature. Activation of ZnO nanoparticles is carried out by bremsstrahlung at Eymaee=22 MeV and I=500 pA.
The analysis of component-phase structure and state of crystal structure of activated and of original nanoparticles
Zn0O was carried out by X-ray diffractometry. The transformation have been analyzed and it was shown that there
were no essential changes in structure of ZnO: activated nanoparticles of zinc oxide keep monophase state and
crystallinity of original state. Measurement of photoluminescence allow to suppose, that the observable increase in
intensity of a luminescence in a case vy-activated of ZnO nanoparticles is reached as a result of mutual amplification
of action of the highly active oxygen superficial centers and Auger electrons from %°Zn. The analysis of absorption
spectra from identified of products of conversion CH3OH at use of activated and not activated micro- and nano- ZnO
as catalysts has shown, that more than 10 times the yield of these products more at use of activated nano- ZnO. In
our opinion, explanation of such high activity ZnO nanopowder in methanol conversion are big ionization losses of

Auger electrons near a surface ZnO nanoparticles from ®Zn.

PACS: 32.80.Hd; 61.46.4+w; 82.30.-b

1. INTRODUCTION

Growth of energy needs in the world, increase in the
prices of natural gas causes steadfast attention to po-
tential sources of methane which at present are not
used. For example, the amount of methane, which
trow out in an atmosphere at a coal mining in the
USA (2007) has 9,7% from total of the methane con-
nected to activity of the person [1]. However, ac-
cording to the published data of U.S. Environment
Protection Agency, in last years this situation has
improved considerably. Many coal enterprises have
found an opportunity for extraction of methane and
a delivery of natural gas into pipeline systems. Due
to this the annual income has about $97 million. Un-
fortunately, significant opportunities for use of this
resource all over the world including in our country,
till now still remaining not realized. For example, at
ventilation Donbass mines is annually eject 2.2 b m3
methane in an atmosphere.

The similar situation is at processing natural fuel
(oil, coal, gas). The main opportunities of optimum
conditions of full and complex use of hydrocarbonic
raw material are processes like cracking, pyrolysis, re-
actions of oxidation, dehydrogenation, replacements,
etc. For example, methane can be transformed by
synthesis into gas, acetylene, methanol, formalde-
hyde, etc. These processes can be carried out un-
der such condition as high and very high tempera-

tures by means of use of complex and expensive cat-
alysts. Therefore economic characteristic of process-
ing of gas are connected with development of new
processes at use of moderate temperatures and acces-
sible and inexpensive catalysts. These requirements
can be executed at use of hydrocarbonic raw material
and improvement of selectivity of conversion transfor-
mations.

Now considerable progress already has been
achieved at the utilization of methane of mines and
significant resource for this process has been spent.
New opportunities have opened with development of
new types of catalysts on a basis nanomaterials. It
is nanostructured ordinary and complex oxides. Now
the huge number of works is published (see the re-
view [2]). They are devoted to studying of synthe-
sis and properties of these materials. The highdis-
persed aluminosilicate [3], metals [4], metal oxides
and nanocomposites [2,5-7] can be used as catalysts.
ZnO nanoparticles cause special interest because of
properties nano- ZnQO, they have very various mor-
phology and functionality [8-10].

ZnO is one of the major semiconductor materials
which is widely applied in acoustic-, micro-, optoelec-
tronics, by manufacture luminophores, photo cells,
gas sensor controls, etc. [8]. Also ZnO is widely used
as the effective photocatalyst for recycling and miner-
alization of ecological contaminant [11]. ZnO is high
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important as it inserts such properties as anisotropy
of crystal structure, nonstochiometric composition (a
deviation aside of zinc excess) and amphoteric chem-
ical properties [12]. The center of symmetry is absent
in crystal ZnO, that is characteristic for display piezo-
and pyrogenic properties. ZnO is amphoteric oxide,
it is dissolved in alkaline and in the acid medium,
water solutions NH4OH. These properties allow to
receive various zinc compounds, including ZnO (at
decomposition hydrates or salts of zinc). Methods of
synthesis which are based on solutions, allow to make
huge amount of matter of zinc compounds [8,12-14].
Also owing to nonstoichiometric composition in ZnO
structure the achievement of high concentration of
active defects are possible: oxygen vacancies (V,),
interstitial atoms of zinc and vacancies of zinc (Vz,,)
which allow to receive predicted change of its prop-
erties. The deviation from stoichiometry and, hence,
concentration of active centres, (own and extrinsic
defects) can be changed by variation of conditions of
synthesis or termo- a photo- and by radiation treat-
ment.

ZnO nanoparticles have not only the mentioned
properties, but also show new properties in area
nanoelectronics and piezoelectric nano generators
[15,16], etc. They also are used for manufacturing
photo-electric converters [17], for chemical sensors,
for luminescent materials [18] and for photocatalysts
[19-22]. Functional properties ZnO nanoparticles are
defined, mainly, by superficial activity of particles
and effects quantum confinement. These two factors
considerably influence chemical reactivity, electronic
and optical properties of zinc oxide and of charac-
teristic of electric transport. The significant part of
last researches concentrate on studying of interrela-
tion of the sizes of particles and the active centres
on their surface (V,, Vz,, etc.) with photolumi-
nescent, photocatalytic and other characteristics of
ZnO nanoparticles [8,9,23]. On the other hand, many
works are devoted to the analysis of the reasons of
initiation of electronic, of absorptivity and other new
properties into ZnO nanocrystals which are caused by
dimensional quantization of spectra electron states,
holes and excitons in low-dimensional semi-conductor
systems, so-called quantum points. The detailed
analysis of effects of spatial restriction (confinement)
of elementary excitations in quasi zero-dimensional
semiconductor systems and their influence functional
characteristics nanomaterial is recently presented in
[24].

Recently there are messages about development of
various ways of increase of functional efficiency ZnO
nanoparticles by methods of physical modification.
Annealing at various temperature can influence den-
sity of defects in ZnO nanostructure and can change
thus its electric and optical properties [25]. In [26] the
method of ionic doping ZnO was used for creation of
the ”diluted” magnetic semiconductors - perspective
materials for spintronics. Influence of electronic irra-
diation on the size of synthesised ZnO nanoparticles
and on their absorptive properties were investigated

in [23]. Catalytic activity of three-dimensional struc-
tures of zinc oxide was studied in [27] by influence of
radiation.

Use of accelerating technics and of high-sensitivity
nuclear-physical methods of the analysis for ZnO
modification practically is not reflected in the pub-
lished works. The activation ZnO nanoparticles by
brake radiation on the electronic accelerator causes
increase of their functional efficiency. Apparently this
effect can be reached by means of synergistic influence
of reactionary oxygen compounds and Auger electron
from %Zn. Surface of ZnO considerably influence
radiation-chemical synthesis. Thus participation of
ZnO as chemical reagent predetermines absolutely
other mechanisms of reactions which distinguish their
from similar reactions in the homogeneous medium.

The purpose of the present work consisted in
studying of nuclear-chemical processes of conversion
transformation of hydrocarbonic compounds due to
synergistic actions of Auger electrons and of pho-
tochemical reactions on surface of activated ZnO
nanoparticles.

2. EXPERIMENT

Micro- and nanopowder of ZnO (Sigma-Aldrich,
Product of USA) have been used as original ma-
terials. ZnO nanoparticles are stable and have no
expressed tendency to agglomeration and formation
of clusters, as against others known nanomateri-
als. Activation of samples was carried out by brake
~y-radiation on linear accelerator NSC KIPT with
E=22 MeV, 1=500 pA. The spectrum of ~-radiation
was registered by the Ge(Li)-detector with the energy
resolution 3.25 keV (1333 keV). Activation of samples
was carried out on air, the temperature of samples
was not higher 35°C. The maximal doze of absorp-
tion of y-irradiation (E,=5.2 MeV) in ZnO was equal
20 MGy.

X-Ray Diffraction

X-ray diffractometry has been used for determination
of phase structure and the crystallite size of powders
ZnO. For these purposes diffractometer DRON-2.0
with monochromatic Cug_-source of radiation in a
range of angles from 20 up to 120° at speed of scan-
ning of 1°/min, at the voltage 30 kV and the cur-
rent 10 mA has been used. The standard data (card
JCPDS number 36-1451) have been used for com-
parison with the received results of determination of
phase structure, cleanliness of samples according to
position of peaks and their relative intensity.

The crystallite size (D) of ZnO powders was cal-
culated according to broadening lines with use of a
X-ray method and the software (Fityk). The crys-
tallinity estimation of ZnO powders has been carried
out according to the of the area under chosen peaks.

Photoluminescence spectra

Spectra of photoluminescence (PL) activated and non
activated micro- and nano- ZnO powders was regis-
tered by Hitachi F-4010 spectrofluorophotometer in
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the range of wavelengths 350-700 nm. For registra-
tion of spectra PL of ZnO powders the Xe lamp with
wavelengths of excitation 300 and 350 nm has been
used at room temperature. ZnO powder by smooth
layer was placed in cylindrical copper flask (d=12
mm) with a mobile bottom wall. The flask has been
placed in the cylindrical box and has been pressed by
a mobile wall to a quartz window.

Catalytic activity

Activated and nonactivated of ZnO micro- and
nanopowders have been used in model system with
methanol for analysis of conversion of the last. The
weight of ZnO samples amounted 100 mg. Sam-
ples have been placed in a solution of methyl alco-
hol CH30H (3 ml) and left at room temperature

(22°C). After 2, 5 and 20 hours of interaction of 0.5
ml from each researched solution has been added to
4 ml CH3OH and were inserted in quartz flask (1 cm).
The centrifugation has been carried out for micro-
powders zinc oxide within 40 minutes with 18 thou-
sand rpm. The optical density of samples has been
measured using CF-46 UV-Visible Spectrophotome-
ter at 200-600 nm.

3. RESULTS AND DISCUSSION

The ~v-spectrum nano- ZnO is submitted on Fig.1.
v-spectrum ZnO have ~-lines Zn from reaction
66Zn(y,n)%Zn (the most intensive line 1115.5 keV)
and also lines of isotope 57Cu (*®Zn(v,p)"Cu, lines
with energy 93, 184.5, 300 keV, accordingly).
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Fig.2. Diffractogram of ZnO in an initial condition and after an irradiation up to the absorbed doze 20 MGy,

a, b - nonirradiated and irradiated ZnO microparticles,
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X-ray diffraction patterns of ZnO powders are
submitted on Fig.2. The kind of these diffraction
patterns is similar for activated and nonactivated
samples. The location of interference maxima, their
width and intensity show high crystallinity of sam-
ples.

All spectra have diffraction maxima that are typ-
ical for ZnO monophase (three peaks with Bragg an-
gles). The shape and location of diffraction maxima
is characteristic for crystal planes of ZnO with the
periods of lattice a=0.325, ¢=0.521 nm. On axis
X we can see the linear diagram of data for ZnO
phase (JCPDS, 36-1451) which is completely indexed
with experimental data. Any other peaks or extrin-

sic peaks are not determined, i.e., researched of ZnO
powders have high cleanliness. The Zn metal peak
at 20=44.5° in samples is not detected. The X-ray
analysis has determined, that the contents of crystal
phase in ZnO powder equals 99%.

X-ray diffraction paterns of activated and nonacti-
vated ZnO samples are similar. Shifts of maxima and
distortion of the shape of spectra (see Fig.2, curves
a,b,c and d) are not found out. Variation of inten-
sity of lines of some basic reflections have been regis-
tered out. These variations are observed more clearly
in spectra nano ZnO. Fragments of X-ray diffraction
paterns of these samples are registered in a range of
angles from 20 up to 80° (Fig.3).
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Fig.3. Diffractogram of ZnO nanoparticles in an initial condition and after an irradiation up to the
absorbed doze 20 MGy, a, b, - nonirradiated and irradiated ZnO nanoparticles

Decrease intensity of all three peaks (20=31.7°,
34.4°, 36.2°) and peak (6=47.6°) was detected af-
ter y-activation of ZnO (at 20=34,4° in 1.3 times)
(see Fig.3). Decrease of intensity of interference lines
is as a result of distortion of crystal lattice of ZnO:
atoms are displaced from ideal sites. Evaluation of
the general widening in spectrum of nano ZnO was
carried out under the description of diffraction max-
ima 100, 002 and 102. Calculation of the sizes of areas
of coherent dispersion was carried out under formula
Scherrer:

L=0.9)\/Bcosb,

where A - length of a wave of X-ray radiation
(0,154056 nm), @ - physical widening of diffraction
maximum (in terms of a radian), 6 - location of dif-
fraction peak. The average size of area of coherent
dispersion nano- ZnO equals to 57 nm. The sizes
nano- ZnO after vy-activation are determined also.
According to ratio Scherrer, the width of peaks is

in inverse proportion to the crystallites sizes. The
form of the spectra allowed to estimate changes in
dispersiveness nano ZnO (see Fig.3). Comparison
of peaks at 6=31.7°, 34.4° and 36.2° of activated
and nonactivated samples point out the narrowing
and reduction of activated nano- ZnO dispersiveness.
Change of area of coherent dispersion has not ex-
ceeded 10%. Thus, y-activation ZnO nanopowder
causes some structure defects. In addition, phase
composition and crystal structure of a material do
not change.

Spectra PL activated and nonactivated micro-
and ZnO nanoparticles (350 ... 700 nm) at various
modes of photoexcitation (300 and 350 nm) are sub-
mitted in Fig.4 (a,b,c,d,e).

ZnO samples show strong and wide signal of PL
in a range from 385 up to 600 nm. Two peaks PL
(465 and 485 nm) correspond to band edge of free
and connected excitons, accordingly [12].
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Fig.4. Photoluminescence spectra of the ZnO micro- and nanoparticles before and after y-activation in
the range 350 - 700 nm with different exciting wavelengths (300 and 350 nm): (a) and (b)- micro- and
nanoparticles before y-activation with exciting A = 300 and 350 nm, (¢) and (d) - micro- and nanoparticles
after y-activation with exciting A\ = 300 and 350 nm, (e) nanoparticles before and after y-activation with

exciting A = 300 nm

The series of equidistant emission bands in the
blue-UV region of spectrum with several weak peaks
at 388, 390, 410, 425, 485 nm and a strong band
at around 465 nm have been registered. The weak
green band (510 ... 550 nm) and very small yellow-
orange band (560 ... 620 nm) in visible region of a
spectrum have been registered also. Energy of excita-
tion was higher, than energy of ZnO forbidden zone,
thus spectra PL were different. Appreciable distinc-
tion of the shape and intensity of peaks PL has been
noted. Peak of PL of ZnO nanoparticles at ~465 nm,
in comparison with similar peak of microdimensional
particles, is more abrupt and more intensive. In ad-

dition, peaks of PL ZnO microparticles in the field
of a spectrum 475 ... 550 nm are wide and asymmet-
ric (see Fig.4a, b), apparently, at the expense of two
kinds of the emissive centres. For example, two kinds
of oxygen states are: oxygen in a crystal lattice and
the adsorbed oxygen [12].

Besides, all small peaks in spectrum PL of ZnO
nanoparticles, in comparison with microparticles, are
more obviously expressed. In PL spectrum of ZnO
nanoparticles there are small peaks which confirm
surplus of the superficial centres in these samples.
Change of wavelength of excitation does not influence
location of PL peaks of ZnO particles. Apparently,
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on a surface of ZnO particles there are some levels
of energy excitons which depend on the superficial
centres [9]. These centres appear from oxygen va-
cancies and the adsorbed oxygen. Essential changes
in PL spectra of ZnO powders are marked after ~y-
activation (see Fig.4c, d, ). These variations are es-
pecially appreciable in PL spectra ZnO nanoparticles
for wavelength of excitation of 300 nm (see Fig.4e).
Intensity of small peaks of green and yellow-orange
band in visible region of a spectrum (510 ... 595 nm)
has been increased by ~20%.

As is known, that the green emission band cor-
responds to the singly ionised oxygen vacancy in
ZnO, that is Ft-centre [12]. Therefore, than the
stronger the intensity of the green luminescence, the
more singly ionised oxygen vacancies there are. Thus
the intensive green band in Fig.4 shows that there
is a high concentration of oxygen vacancies in the
~v-activated ZnO nanopowders. In general the oxy-
gen vacancies are very active species, easily combined
with other groups to become stable, which is respon-
sible for the existence of a certain amount of adsorbed
oxygen on the nanoparticle surfaces [28].

For example, under the publication data [12], the
local increase of oxygen connected with high adsorp-
tion by ability of nanoparticles corresponds to the
centre which is responsible for the complex yellow-
orange band of a spectrum. The increase in maxima
in UV and blue region of a spectrum is marked for ~-
activated macro ZnO unlike nanoparticles. Intensity
of UV peak (388 nm) increases especially, apparently,
at the expense of increase in concentration free elec-
trons from ionisation of small donors [12].

Measurement of PL allow to suppose, that the ob-
servable increase in intensity of a luminescence in a
case ~y-activated of ZnO nanoparticles is reached as a
result of mutual amplification of action of the highly
active oxygen superficial centers and Auger electrons
from %°Zn.

Really, there are lots of oxygen vacancies on the
nanoparticle surface, and the particle size is ex-
tremely small so that the average distance the over
which Auger electrons can move freely is very short.
This allow to the oxygen vacancies to easily capture
electrons to form excitons.

Catalytic activity of activated and nonacti-
vated micro- and ZnO nanoparticles in model with
methanol was evaluated by realization of some reac-
tions with formation of intermediate products. As a
rule, these reactions have cyclic character. Determi-
nation of composition of products of methanol con-
version was carried out by means of measurement of
optical density in spectral area of regional absorp-
tion, and also in the region of a transparency of nom-
inally pure ZnO. The spectra of absorption (range
of 200 ... 600 nm) are characterized by presence of
an intensive band in short-wave region of spectrum
(Fig.5) of 200 ... 245 nm, which are attributed to ab-
sorption dienes [29]. Some wide bands are observed
in the field of 300 ... 450 nm. The band with a maxi-
mum at 323 nm is connected to absorption dimerized
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alkenyl carbenium ions, the band of 360 ... 370 nm
is associated with absorption monodienylic carboca-
tions, and the band of 430 nm is associated with ab-
sorption small aromatic cations. Such attribution of
bands is in the consent with [29].

As shown in Fig.5, activated nano- ZnO
have significant influence on catalic activity of
the created model.  Concentration of all iden-
tified components of reaction which was deter-
mined by means of optical density has higher of
yield of these products concerning other samples.
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Fig.5. Transmission UV-VIS spectra of products of
conversion transformation of methanol with use as
catalysts ZnO micro- and nanopowder: a - ZnO mi-
cropowder (nonirradiated and irradiated) and ZnO
nanopowder after v-activation, b - ZnO nanopowder
in an original state (conditions of registration of the
spectrum are similar Fig.5,a)

Such high activity nano- ZnO in methanol con-
version can be explained by two principal causes. On
the one hand, the ability of smaller-size nano- ZnO
promote greater levels of reactive oxygen species.

This may occur because for nano-ZnO size de-
creases the nanocrystal quality is modified as a result
of increased Zn ions and oxygen vacancies [30]. These
crystal defects lead to a large number of electron-hole
pairs (e~, h™), which are typically activated by both
UV and visible light. However, for nanoscale ZnO



the holes can split water molecules derived from ZnO
into H™ and OH~. The resulting electrons react
with dissolved oxygen molecules to generate superox-
ide radical anion (*Oj ), which together with H* to
generate HOS radicals. These HO3S molecules follow-
ing encounter with electron produce (HO5™), which
can react with hydrogen ions to produce hydrogen
peroxide (H203).

ZnO+hv = ZnO+e +ht,
ht+H,O = *OH+HT,
e +0y; = °0,,
‘O, +H" = HOS,
HOS+H'"+e = Hy0,.

On the other hand, it can be big ionization losses
of Auger electrons at a surface ZnO nanoparticles
from 5Zn isotope.

It is known, that disintegration %°Zn is accom-
panied by start Auger electrons with E=0.92 keV
(1=126,7%) and 7.03 keV (I=47.5%) which have high
specific brake ability (10-27 keV/um). For the given
values ionization losses Auger electrons on a sur-
face nanoparticles ZnO high concentration hydrated
electrons (e, ), hydroxide radicals (OH®) and some
H505 and owing to the photochemical reactions re-
sulting in formation of radicals HO$ is realized and,
accordingly, HoOs essential strengthening formation
of hydrocarbonates from methnol is observed. Ob-
viously, effect of superficial nano- ZnO electronega-
tivity and presence of reactive oxygen species (OH®,
H502, HO$) are two important factors which pro-
vide the directed development of intensive methanol
dehydration and formation of various hydrocarbonic
products (diethyl ether, olefin, propane, etc.).

4. CONCLUSIONS

1. The opportunity of use of powerful elec-
tron beams for activation nanoparticles zinc oxide
by bremsstrahlung on powerfull electronic accelera-
tor NSC KIPT with electron energy 22 MeV and a
current 500 pA is shown.

2. The X-ray diffractometry was realized for
the comparative analysis of phase structure and a
state of crystal structure of ZnO samples before ~y-
activation. It is shown, that samples initial and af-
ter bremsstrahlung influence zinc oxide consist from
polycrystalline monophase of zinc oxide and con-
tain diffractional peaks are characteristic for crystal
planes of zinc oxide of hexagonal structures with the
periods of a lattice a = 0.325 nm, ¢ = 0.521 nm.

3. Spectra of a photoluminescence of activated
and not activated micro- and nano- ZnO show the
highest concentration of oxygen vacancies of adsorbed
oxygen is on a surface of activated nano- ZnQO. These
variations are most manifestly appeared for wave-
length of excitation 300 nm, and also in intensity of
all small peaks in visible spectrum (510 ... 595 nm).

4. The analysis of absorption spectra from identi-
fied of products of conversion CH3O0H at use of acti-
vated and not activated micro- and nano- ZnO as cat-
alysts has shown, that more than 10 times the yield
of these products more at use of activated nano- ZnO.
The received results confirm effect of mutual amplifi-
cation of action of highly active oxygenous superficial
centers and Auger electrons from %°Zn.
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PAJIMOAKTUBHOE YCUJIEHUE KOHBEPCUU METAHOJIA ITPU IIOMOIIIN
HAHOYACTUIL OKCUJIA ITMHKA

H.II. /luxuti, A.H. /logoua, U./]. @edopey, H.II. Xaanosa, I0.B. Jlawxo,
E.II. Medsedesa, /I.B. Medsedes, B.JI. Yeapos, A.Il. I'aspux

Ha npumepe mMomesbHOIM cucTeMbl MCCIeI0BaHA KOHBEPCHS METAHOJIa Ha aKTUBHPOBAHHBIX HAHOYACTUIIAX
ZnO npu komHaTHOI Temieparype. IIpoBeiena akTuBaIMsS HAHOYACTHUI] OKCHJIA, IIITHKA TOPMO3HBIM Y-I3JTy de-
HUEM Ha YCKOpHUTEJIe IpU dHeprun 371eKTpoHoB 22 MsB u Toke 500 MrkA. MeTo10M peHTreHOBCKOM T paKkTo-
METPHUH POBEJIEH aHAJII3 KOMIIOHEHTHO-(A30BOr0 COCTABA M COCTOSTHUSI KPUCTAJINIECKON CTPYKTYPbI aKTH-
BUPOBaHHBIX U ucXoHbIX HaHodacTur, ZnQO. [IpoanajmsnpoBasbl 0COOEHHOCTH CTPYKTYPHBIX [IPEBPAIeHUi
B y-akTuBupoBaHHOM Zn(O um mokasaHOo, UYTO B cTpyKType ZnO He MpOM30ILIO CYIIECTBEHHBIX U3MEHEHUII:
AKTUBUPOBAHHBbIE HAHOYACTUIIHI OKCH/IA IMHKA COXPAHSIOT MOHO(A3HOCTb M KPUCTAJIUIHOCTH HCXOIHOTO
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cocrostaus. [1o mpoBeneHHBIM n3MepeHusIM (hOTOTIOMUHECIIEHITNI MOXKHO MTPEJIITOJIOKUT, YTO HAOIIOIaeMOoe
yBeJINYeHne WHTEHCUBHOCTU CBEYEHUsI B C/Iydae y-aKTUBHUPOBAHHBIX HaHodacTtull Zn(Q mocruraercs B pe-
3yJIbTaTe B3AWMHOTO yCUJICHUS JEHCTBHUS BBICOKOAKTHBHBIX KHUCJIOPOHBIX TTOBEPXHOCTHBIX 1EeHTPOB n OKke-
371eKTpoHoB 0T %97Zn. ITo pesynbraTaM M3ydeHHs KOHBEPCHOHHOIO HPEBPAINEHNs MEeTAHOJA B HPHUCYTCTBUI
B KadecTBe KaTajm3aropa HanodacTul ZnO 1moka3aHo, YTO KOHIIEHTPAIUs BCEX MJIEHTUMUIIMPOBAHHBIX IIPO-
IYKTOB PEaKINH, CYys [0 UX ONTUYIECKON IJIOTHOCTH, IIPUA UCIOJIB30BaHNU HaHOTOPOIKOB ZnQ, Gosee uem
Ha [OPsIJIOK TIPEBBIIIAJIA BBIXOJ 9TUX K€ IIPOLYKTOB B CJIy4Yae HEAKTUBUPOBAHHOIO OKcua ruaKa. O0bsicHe-
HHEM TaKOH BBICOKON aKTUBHOCTH HAHOMOPOMKOB ZnQO B KOHBEPCUM METAHOJIA SIBJISIIOTCS, HA HAII B3IJIS,
GostbInme nonu3anuonHeie norepu OrKe-3JI6KTPOHOB y moBepxHocTH Hanodactur, ZnO or 57Zn.

PATIOAKTUBHE HIJCUJIEHHSI KOHBEPCII METAHOJIY 3A JIOITIOMOT OO
HAHOYACTUHOK OKCUAY IINHKY

M.II. JTuxuii, A.M. /loebns, 1./]. @edopeunv, H.II. Xaanosa, FO.B. Jlswxo,
O.II. Medsedesa, /I.B. Medsedes, B.JI. Yeapos, O.II. I'asepux

Ha nipukiiajii MoesIbHOT CHCTEMU JIOCIIIJI?KEHA KOHBEPCisl METAHOJIY Ha aKTUBOBaHUX HaHO4YacTuHKaX ZnQO rnpu
KiMuaTHii TemnepaTypi. [IpoBenena akTuBalliss HAHOYACTUHOK OKCHUJLY ITUHKY TaJbMiBHUM Y-BUAIIPOMiHIOBAHHIM
Ha pucKopoBadl npu enepril enekTponis 22 MeB i crpymi 500 MxA. MeTojoM peHTTeHIBCHKOT JudpaKkTo-
MeTpil MPOBeIEHO aHAJII3 KOMIIOHEHTHO-(hA30BOT0 CKJIALY 1 CTaHY KPUCTAJIIYIHOI CTPYKTYPH AKTUBOBAHUX 1 I1O-
qaTkoBuX HanodacTHOK ZnQ. [IpoanasizoBaHO 0COGIMBOCTI CTPYKTYPHUX IIEPETBOPEHD B Y-aKTUBOBAHOMY
ZnO i nokaszano, 1mo B cTpykTypi ZnO He cTrajocs iCTOTHUX 3MiH: AKTUBOBAaHI HAHOYACTUHKY OKCHUJLY IIUHKY
30epiratoTh MOHOMA3HICTH 1 KPUCTAIIYHICTh BUXiTHOTO cTaHy. [lo mpoBemeHnM BuMipaM (DOTOJTFOMIHECIIEHTTIT
MOXKHA, IIPUILYCTUTH, IO CIIOCTEPEXKYBaHe 301IbIIIeHHST IHTEHCUBHOCTI CBITIHHS Y BUIIAJIKY Y-aKTUBOBaHUX Ha~
HOYacTHHOK Zn(O [0CATAE€ThCHA B PE3YJIbTATI B3AEMHOIO ITOCUJIEHHS /il BUCOKOAKTUBHUX KUCHEBUX [TOBEPXHE-
BuX neHTpis i Oxe-enexrponis Bix %°Zn. 3a pesynrbraTaMy BUBYEHHS KOHBEPCIHHOTO HEePETBOPEHHS METAHOILY
B IIPUCYTHOCTI B IKOCTI KarTaJjizaropa HaHo9acTUHOK Zn( moKa3aHo, 1110 KOHIIEHTPaIlisl BCiX ieHTr(iKOBaHIX
[IPOJIYKTIB PEAKINl, CyJIsi9u 3 IXHBOI OITUYHOI IIJILHOCTI, IpU BUKOPUCTAHHI HaHOMOPOIIKY ZnQ, Gl HiXK
Ha TOPSAJOK TEPEBUINYBAJIA BUXIJ IIUX MPOJIYKTIB Y BUIAJIKY HEAKTHBOBAHOTO OKCHIY IUHKY. llosgcHeHHSIM
TaKOl BHCOKOI aKTHBHOCTI HaHOHOpOmKY ZnQ y KOHBepcil MeTaHOJIy €, Ha HAIll MOIJIs L, Olabimi ioHizariitHi
BrpaTn Oxe-eIeKTpoHiB 6iaa mosepxHi nanouactuok ZnO six %°Zn.
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