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Ag/Au bimetallic nanoparticles (BMNP) in porous-gel silica films on glass substrates were ob-
tained via hydrolysis of tetraethylorthosilicateH®S) in presence of template agent Pluronic P123
and definite amounts of AgNé@nd HAuUC]} by dip-coating procedure followed by a UV-irradat and
thermal treatment. UV-vis spectroscopy was emplégedilow the changes in the position and inten-
sity of the surface plasmon resonance band ofékalting BMNP, SEM was employed for morphology
investigation. X-ray photoelectron spectroscopy $X®as used to determine the chemical states of Au

and Ag as well as the surface composition of tiseltant films. By utilizing the charging characteri
tics of the films prepared on a silicon wafer, agplication of an external voltage bias, it wasridu
that the Au and Ag nanoparticles are retained witthie silica matrix and demonstrate similar charg-
ing behavior. Depending on the coating sequenceglads substrates by the silica sol precursors
(Au/SiQ or Ag/SiQ), resultant BMNP within silica film have alloy (Ai10,-Ag/SiQ) or core-shell

(Ag/SiQ-Au/SiQ) structure.

INTRODUCTION

Silica based materials with embedded
nanosized metallic clusters recently have gained
a lot of attention due to their catalytic, sensing,
non-linear optical properties and the possibility
of high-density data storage [1-4]. Insulating
silica matrix protects the nanoparticles from the
undesirable transformations in outer oxidative
medium and under aggressive physical treat-
ments, and intense external fields which are of-
ten indispensable in nanodevices’ running cy-
cles. Recently, Xiao et al. [5] reported about the
possibility of creation of nanobiodevices based
on the supported gold nanoparticles. However, it
was noted that for certain purposes the applica-
tion of mixed silver-gold alloy nanoparticles
should be more effective than the nanocompo-
sites containing only the corresponding mono-
metallic particles. For instance bimetallic nanos-
tructures could be applied to trace molecules
detection as they exhibit much higher sensitivity
in SERS analysis [6-8], they also show en-
hanced catalytic activities in the reactions of
p-nitrophenol reduction [9], and let it possible to
create the polyfunctional switchable biosensors
creation [10-11]. In the most common tech-
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niques, metal nanoparticles are added to a po-
rous material during gelation, via photoreduction
or thermal treatment [12-13]. Sol-gel route is a
relatively new method to fabricate thin films on
a different type of substrates. This method has
been employed to synthesize Ag and Au
nanoparticles in Si© Combination of photore-
duction and calcination techniques to obtain
metal particles from their salts should be effec-
tive to produce noble metal NPs within silica
composites. Preparation of Ag/Au BMNP from
metal salts via simultaneous co-reduction with
sodium citrate in laponite suspension [14] or in
silica aerogel with formaldehyde [4] results in
alloy formation. The authors noted highly inho-
mogeneous aqua-gel formation, with a low metal
concentration in the center, and a high metal
concentration at the periphery of the sample
what was related to the speed of the reduction
process. Successive reduction is generally used
to prepare core-shell structures in solutions [15],
where the authors reported seed mediated forma-
tion of Ag/Au BMNP by UV irradiation where
less noble metal formed shell on the preformed
NPs of more noble metal, namely synthesis of
Ag/Au core-shell NPs in the presence of TX-100.
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In another work [16], Au NPs coated with silica
and deposition of silver on silica was reported.
Their TEM images demonstrated the concentric
geometry of the particles. A new approach to the
synthesis of Ag/Au alloy NPs within silica film
consequent deposition of two successive over-
lapping individual layers of Ag- and Au-doped
silica sols respectively on glass substrates fol-
lowed by the UV irradiation and thermal treat-
ment was proposed in [17] where the authors
used TEOS, 3-(glycidoxypropyl) trimethoxysi-
lane, (GLYMO), butanol, methanol, HCI, and
aluminium acetylacetonate to maintain two-
layers composites. Early we synthesized Ag/Au
alloy and core-shell nanoparticles in solutions
and within mesoporous silica films by photo-
chemical reduction and/or thermal treatment of
the coating [18, 19]. In this work we used the
approach proposed in [17] to form "two-layers"
porousfilm by successive introduction of corre-
sponding ions into silica layers, meanwhile the
synthesis conditions were essentially changed
and simplifyed: porous silica sol-gel films were
obtained via template synthesis using amphi-
philic triblock copolymer Pluronic #5; which
acted as templating agent and TEOS as a silica
source. P123 can act also as reducing agent of
the gold and silver ions in aqueous solutions
[20-22]. UV as well as thermal treatment has
been employed to treat silica sol with corre-
sponding ions. XPS was used to determine the
chemical composition of the resultant sintered
films as well as to obtain structure and proximity
information about the resultant bimetallic
nanoparticles by application of a modification
dubbed as the charge-contrast XPS developed
recently [23-28].

EXPERIMENTAL

The following chemicals: AgN¢ HAuUCI,,
tetraethoxysilane 98% (TEOS) (Aldrickgnd
triblock copolymer Pluronic 8, (BASF)
(PEO)¢(PPO}¢(PEO)s, M.W 5400 were used
as received. Noble metal nanoparticles contain-
ing films were produced using the following
procedure. Firstly, 16.2 ml ethanolic sol contain-
ing 2.23 ml of TEOS, 1.6 ml 0.10 M nitric acid
and 2.0 ml of water has been prepared. After 24
hours of acidic hydrolysis of the TEOS solution,
Pluronic 123 in ethanol was added. The resulting
molar ratio in starting precursor sol was
1TEOS:1.5H0:0.16 HNQ:39EtOH:0.011B3.
The resulting films on glass and silicon wafer
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substrates were generated by two sequential dip-
coating procedures for realizing two layers coat-
ing. The first layer contained Agons and the
second one contained Auydbns (Film 1) or the
first layer contained AuGlions and the second
one contained Agons (Film 2). After low tem-
perature (60C) drying for several minutes, the
samples were irradiated under UV-light for 90
minutes. A 1000-W high-pressure mercury lamp
supplied with the standard chemical light filter
(CoSQx7H,0 — 8.4 g/100 ml kD) was used as
an irradiation source for 253.7 nm light. Incident
photon intensity (as determined by a
tris(oxalato)ferrate(lll)actinometer) at 253.7 nm
was of 2*10’ quantcm®s™. Contents of silver
and gold ions were 5% at. Ag and 5% at. Au
considering the amount of TEOS as being 100%.
Then the film was heat-treated at 3500for 3
hours. The procedure is schematically described
in Scheme 1. Thus, it is clear that the structures
of silica matrices doped with metal NPs obtained
in [17] and in this work are different.

’ TEOS, HO, EtOH, HNQ ‘

l

’ Hydrolysis, condensation ‘

P123, EtOH
A 4

AgNQO;, agueous HAuCl,, aqueous
solutior solutior

| —

~
Ag" ions containing Au” ions containing
precursor sol precursor sol

\/
Consecutive At containing / A§
containing bilayered films by dip

coating

l

’ UV-Irradiation 1.5 h ‘

Scheme|. Synthesis flow diagram.

A

A Lambda Bio-40 UV-Vis spectrometer was
used for optical characterization of the films
prepared on glass slides, and a Leo 1530 Scan-
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ning Electron Microscope was used for the SEM
images of the films prepared on silicon wafers.
XPS characterization of samples were carried
out using a Kratos ES300 electron spectrometer
with MgKoa  X-rays (unmonochromized,
1253.6 eV). In the standard geometry the sample
accepts X-rays at 4%and emitted photoelectrons
at 90 with respect to its surface plane are ana-
lyzed. Films prepared on silicon wafer substrates
were electrically connected to the sample holder,
which was grounded or externally biased with a
d.c. power supply. A nearby filament provides
low energy electrons for charging/discharging of
the sample under investigation.

RESULTS AND DISCUSSION

Optical and Structural Characterization.
It is well-known that triblock-copolymers, along
with template agents to form porous silica films,
act as the effective reducing agents and stabiliz-
ers of noble metal nanopatrticles [29] due to
polyethylene oxide groups

CHs
o e
H 0 CH
X y 4

Formation of NPs includes the next stages:
1) Adsorption of Ag (or AuCly) on the hydro-

philic groups of triblock-copolymer.

2) Reduction of metal ions under UV-irradiation.

3) Adsorption of the atoms and clusters of the
metal NPs on the surface of hydrophobic PO-
groups.

4) Metal NPs growth under thermal treatment of
the film.

ThusPy,3 role in the synthesis is dual, notably
the porous structure of silica formation and reduc-
tion of metal ions to the metal NPs, which are lo-
calized on the surface and within silica poress It
clear in the SEM images.

After deposition of the first Ag-salt contain-
ing silica layer and drying, then the Au-salt con-
taining silica layer, drying and UV-irradiation
(film 1), the main band in the optical spectra is
located at 587 nm with the shoulder at 400 nm
(Fig. 1a). In this case we suggest the formation
of core Ag — shell Au structure within silica film.

The SEM images of the sintered film 1 are
shown in the Fig. b. with BMNP located in
pores. BMNP with dark core and light shell have
average radii of app. 20 nm. Similar conclusion
on the structure of BMNP particles has been
done in [30].
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Fig. 1. a Absorption spectra of film 1 after depo-
sition of the first Ag containing layer
and drying — 1; - after deposition of the
second Au containing layer and dry-
ing—2; after irradiation — 3; after sinter-
ing — 4.

R B BRI SS—

20 40 60 ¢
R, nm

Fig. 1. b. SEM images and size distribution of
nanoparticles in film 1 after treatment.

Optical spectra of the film 2 on the glass
slide at different preparation steps are shown
in the Fig. 2. It is seen that after deposition of
the first Au-salt containing silica layer and
drying no plasmon maximum occurred (sp.1).
After depositing the second silica layer con-
taining the Ag salt, and drying, the film shows
a weak Au surface plasmon resonance (SPR)
band, with a diffuse maximum at app. 554 nm
belonging to the Au seeds, formed during the
treatment [31-36]. Presence of small amount
of Ag® ions from the top layer accelerates the
nucleation of Au nanoparticles in accordance
with [30].
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After irradiation, the SPR band of gold at
546 nm becomes much more intense, also be-
cause of the inner photoreaction in AyCI
which forms the charge transfer excited com-
plexes, where gold can abstract electrons from
chlorine ions [36], and also some residual
amount of alcohol may contribute to the
photoreduction process [37-38]. After thermal
treatment at 50C the SPR band maximum of
the film is observed to move to 500 nm. Such a
behavior should indicate the formation of ran-
dom alloy nanoparticles. The Au/Ag alloy for-
mation is supported by the fact that the optical
absorption spectrum shows only one plasmon
peak which is also blue-shifted from the region
of gold nanoparticles absorption. The absorp-
tion bandposition is dependent mainly dime
surface chemical composition, namely Au:Ag
ratio. The maximum absorption wavelength
with the 50% gold mole fraction deviated from
a linear relationship with maximum corre-
sponding to the alloy composition (in solution,
with the Au/Ag ratio 1:1, the position of the
alloy absorption maximum should be at around
470-480 nm). One can suggest that after ther-
mal treatment of Au-Ag/SiQat 506 C, the
Au-Ag composition is different from that in the
solution or bulk. In our case when Au-Ag clus-
ters are constrained within silica film we sug-
gest that the alloy is not regular, with Au atoms
domination in the particle composition.

Moreover, [39] noted for the Au-Ag clus-
ters, although the surfaces were predicted to be
Ag rich, the ionic contribution was observed to
drive some of the Au atoms to the surface as it
favored an Ag-Au mixture. A physical mixture
of synthesized individual Au and Ag colloids
demonstrates two plasmon peaks corresponding
to the monometallic NPs. The overall spectral
changes are consistent with the formation of
Ag-Au alloys enriched with Au atoms.

The SEM images of the sintered film 2 are
shown in Fig. 2. The porous nature of the sol-
gel derived silica matrix is apparent from the
less magnified SEM image, and the presence of
metal nanoparticles distributed throughout the
silica-gel matrix is better seen in the more mag-
nified image. Note that small metal nanoparti-
cles with sizes of 3 nm or less would go com-
pletely undetected both with respect to their op-
tical signature, since they would not have en-
hanced SPR signals, and also with respect to
their SEM images.
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Fig. 2. a. Absorption spectra of film 2 after deposi-
tion of the first Au containing layer and
drying — 1; 2 — after deposition of the
second Ag containing layer and drying; 3
— after irradiation; 4 — after sintering.
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Fig. 2b. SEM images and size distribution of
nanoparticles in film 2 after treatment.

XPS Analysis. Although XPS is a powerful
analytical spectroscopic tool with elemental and
chemical specificity, it is a surface sensitive
technique and has a probe depth of only 12 nm.
The results of XPS analysis given as an example
for the film 2 are given in Table 1. Peaks be-
longing to oxygen (O1s) and silicon (Si 2p and
2s) are the prominent features and the Ag3d and
Au4f peaks are quite weak. When referenced to
the tabulated value of the Si2p of the oxidé'}Si
at 103.2 eV, the measured binding energies of
the Au4f and Ag3d peaks are determined as 84.3
and 368.4 v respectively.
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Table 1. Atomic ratios determined from XPS

Ag/Au/SIO; film (on silicon)- Film1

Electron Take-Off Angle = 90° 1.0 2.2 0.005 0.006

AU/Ag/SIO; film (on silicon)-Film2 S O] Au Ag

Electron Take-Off Angle = 90° 1.0 2.2* 0.013 0.023
= 30°** 0L - 0.012 0.017

*Slightly higher than 2 for O, probably means that $ol-gel derived oxide layer contains extra watefOH species
** Measurements at 30 refers to more surface semgitiv. probed only the top 6 nm.

These values are slightly higher than the cor-
responding zero valence states of both metals
(AU®, AgP), but lower than those corresponding
to their ionic states [40], and their atomic ratios
are 2.3 and 1.3 at. %, with respect to Si. Firstly,
the presence of more Ag than Au must be related
with the order in which these salts were intro-
duced into the film (gold as the first layer and
silver as the second and the outermost one).
Secondly, these ratios decrease to 1.7 and
1.2 at. % when the data is recorded at the more
surface sensitive electron take-off angle of. 30
Both of these observations are consistent with
complete reduction and embedding of the
nanoparticles into the resulting silica-gel matrix.

The Si2p region is complicated and consists
of features belonging to both unoxidized %Si
and oxidized (S forms of silicon. The pres-
ence of Siis not very surprising due to the po-
rous nature of the film, and also probably due to
the incomplete coverage of the silicon substrate
with the sintered silica-gel film. However, this
introduces another problem, because we must
also take into account the native oxide layer (ca.
2 nm thick), if correct stoichiometry of the sil-
ica-gel matrix is to be determined, since the Si2p
peak of the native oxide and that of the sol-gel
matrix overlap completely. At this point we turn
to our powerful charge-contrast methodology
that we have developed in recent years [23-28].

For poorly conducting samples, XPS en-
counters a series of problem with charging, since
photoelectrons leaving the sample under investi-
gation result in a positively charged surface.
This obstacle has long been overcome by vari-
ous neutralization techniques developed [37].
However, this nuisance can also be converted
into a useful tool for extracting additional infor-
mation, since the extent of charging can be con-
trolled by application of an external bias to the
sample, while recording XPS data. Furthermore,
this simple experimental trick enables us to ex-
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tract additional analytical information about the
distribution of various elements in layered or
composite structures, as in the present case,
where by purposely charging the sample, we are
able to resolve the overlapping components of
the peaks belonging to the sol-gel matrix from
those of the native oxide [23-28].

This is best explained by application of our
method to a sample of silicon wafer containing a
thin thermal oxide of ca. 2 nm thickness. The
Si** and the Sipeaks of the Si2p region belong-
ing to the oxide and to the substrate, respec-
tively, can easily be distinguished due to the
large chemical shift between them. However, the
measured binding energy difference can easily
be changed by application of an external voltage
bias to the sample, due to charging, as shown in
Figure 3. Under -10 V bias, neutralizing elec-
trons from the filament are repelled completely
away from the sample which causes positive
charging in the oxide layer, hence the binding
energy difference increases. Under +10 V, the
electrons are drawn into the sample to neutralize
the positive charging. If, the current of the fila-
ment increases, the oxide layer becomes nega-
tively charged and the shift becomes smaller and
smaller to the extent that the oxide peaks starts
exhibiting a negative chemical shift. Another
characteristic of the negative charging is the ac-
companying broadening of the peaks. Obvi-
ously, any other element present within the ox-
ide layer would also exhibit a parallel shifting
and/or broadening behavior, what is a very im-
portant analytical tool in terms of yielding prox-
imity and/or lateral information about the sam-
ples analyzed [23-28].

A similar analysis of the sample under
consideration for the region of the Si2p and
Audf, is given in Fig. 4. a. For simplicity, we
only show spectra corresponding to the un-
charged and progressively more negatively
charged situations.
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Fig. 3. Si2p region of the XPS spectrum of a silicon wafer
sample containing ca. 5 nm thermal oxide layer. As
the oxide layer becomes progressively more nega-
tively charged the peak starts exhibiting a negativ L

binding energy shift and becomes broader.

There are only two Si2p peaks in the spec-
trum of uncharged sample, corresponding to the
substrate ($) and a composite peak of the oxide
layers (Si). As the sample becomes negatively
charged, the oxide peak is split into 2 peaks, one
of which does not shift, but the other shifts pro-
gressively to lower energies and becomes
broader. The nonshifting peak belongs to the
thin native oxide layer, and the shifting one can
now be assigned to the oxide layer prepared by
the sol-gel technique. Similar to the Si-oxide
peak, the Ols peak splits into two components
corresponding to the native and sol-gel oxide
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layers, respectively, as shown in Figo4inter-
estingly, the Au4f and the Ag3d, exhibit exactly
the same shifting behavior. This means that all
of Au and Ag nanoparticles are retained within
the sol-gel matrix after sintering. Secondly,
since we can separate the peaks of the native
oxide and the sol-gel layers, a more accurate
stoichiometry can be calculated (as given in Ta-
ble 1). Thirdly, as was pointed out in the optical
characterization part, the alloy nature of the
nanoparticles is also brought up in our charge-
contrast XPS analysis, since the shifts of the
Au4f and the Ag3d are exactly the same

Si2p-Au4f region of the XPS spectrum of

AuAg/SIO,, under uncharged, and as progres-
sively negatively charged states. Note that the
Au4f peak shifts parallel to the silicon oxide

layer prepared by sol-gel route.

O1s (bottom) and Ag3d (top) regions of the XPS
spectrum, under uncharged, and as progressively
negatively charged states. Note that the Ag3d
peak shifts parallel to the silicon oxide layer
prepared by sol-gel route. The Ols peak splits
into two corresponding to the native and the sol-
gel oxide layers.
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Independently on the precursor order in the
two-layer coating, upper layer of the final Film2
is enriched with Ag particles (Table 1). We have
to take into account that the penetration depth
during the XPS analysis is of 10-12 nm, so the
calculated data of atomic ratios determined from
XPS (Table 1) represent this thin layer. In case
of Film 2 with alloy morphology of BMNP, the
Au:Ag ratio calculated from XPS data is 1:1,8.
When core-shell BMNP in case of Film 1, this
ratio is 1:1,2. We suppose that part of Ag NPs is
uncoupled with Au and diffused to the upper
layer of composites. Thus, template synthesis
using TEOS as a silica film source, triblock co-
polymer, and successive coating of Au- and Ag-
precursors results in thin and highly porous sil-
ica films with embedded and protected bimetal-
lic nanopatrticles with different morphology.

CONCLUSIONS

In this work, we investigated the optical
properties and morphology of Au/Ag bimetallic
nanoparticles within transparent porous sol-gel
silica film prepared by sequential dip-coating of
Au - and Ag - silica precursors using the combi-
nation of UV-irradiation and thermal treatment of
the film as reduction processes. The films were
investigated by UV-vis, SEM and XPS methods.
Optical spectra of film 1 did not demonstrate sig-
nificant shifts during the formation of BMNP
within silica matrix. The SPR band is typical of
the core-shell structure. Optical spectra of film 2
in each step of the preparation route demonstrate
the blue shift on the stages of BMNP formation
and enclose the SPR band typical of the alloy
structures. SEM images gave evidences on the
formation of small particles embedded under the
surface and walls of porous silica film. By utiliz-
ing the X-ray photoelectron spectroscopy and
charging characteristics of the films prepared on a
silicon wafer, via application of an external volt-
age bias, it has been found that the Au and Ag
nanoparticles are retained within the silica matrix
and demonstrate similar charging behavior. Tak-
ing into account the penetration depth during the
XPS analysis, the calculated data of atomic ratios
determined from XPS (Table 1) do not represent
exactly the bimetallic composition of outer layer.
Simple method of the sol-gel template synthesis
using TEOS as a silica film source and successive
coating of Au- and Ag- precursors results in thin
and highly porous silica films with embedded and
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protected bimetallic nanoparticles with alloy or
core-shell structure.
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OnTuuni BaactuBocti Ta POEC-xapakrepusaunis 6iMeTadiYHUX HAHOYACTHHOK
AQ/AU B mopucTHUX CiTIKATHHX 30/1b-TeJIb MJIiBKaX

I''M. €pemenxo, H.I1. Cmipnoga, I'.P. SIman, E. Ockaporay, I'. Epram, 1. Cro3ep

Tncmumym ximii nosepxui im. 0.0. Yyiika Hayionanvnoi akademii nayx Yxpainu
eyn. lenepana Haymosa 17, ,Kuie 03164, Vkpaina, annaerem@ukr.net
Dakynomem ximii ynieepcumemy binkenm, Anxapa 06800,Typeuuuna

Bivemaniuni nanouacmunku (BMHY) AQ/AU, inkopnoposani 6 nopucmy 307b-2eib KpeMHe3eMHy NIIeKy, Oyiu
o0epaicani winsaxom 2ioponizy mempaemunopmocunikamy (TEOC) ¢ npucymmnocmi memnaamuozo azenma Pluronic
P1233 dooasannam AGNG, i HAUCL; nanecenns naisox na cybecmpam nposoounocs memooom "dip-coating” 3 na-
cmynHum Y ®D-onpominenusm i mepmoobpodkor. Y- euouma cnekmpocKonis 3acmoco8yeanacs Oisk peecmpayii no-
JIOJICEHHs. [ IHMEHCUBHOCMI  MAKCUMYMI6 NOBEPXHEE020 NIA3MOHHO20 pesoHancy bBMHY, a penmeeno-
pomoeneKmpoHHa cnekmpoCKonis - Ol GUHAYEHHs XiMiuHo2o cmany AUi AQ ma 6CmaHo6NIeH s NOBEPXHEE020 CKIA-
0y nuiexu. Ilpu uxopucmanHi MemoouKu 3apsiOdCceHHsl NIIBOK HA KPEMHIESIU NIOKIAOUHYT WISAXOM HAKIAOAHHS 306-
HIWHB020 eeKMPUIHO20 NOMeHYIany 6Yl10 6CMAHOGNEHO, W0 Hanouacmunku AUT AQ 36’ A3aHi 3 CUTIKAMHOK Mampu-
yero ma OeMOHCMPYIOmMb 00HAKOBULL 8IO2YK HA HAKIAOeHUU 306HIWHII Hecamuenull nomenyian. B 3anexcrnocmi 6i0
nocuidosnocmi nanecenns npexypeopis (AQISIQ ato AulSIQ) na nioknadunxy, BMHY, axi micmambcs 6 mampuyi
KpemuesemHol niieku, popmyioms cmpykmypy muny cnaas (AU/SiQ-Ag/SiQ) abo sopo-obononka(AgISIQ-AU/SIQ).

Ontuuyeckne cBoiictBa 1 PO@IC-xapakTepu3anus 0MMeTa/LIMYecKUX HaHoYacTun Ag/Au
B MOPHUCTHIX CWINKATHBIX 30JIb-TeJIb MJIEHKAX

A.M. Epemenxo, H.II. Cmupnosa, I' . P. Sflman, 3. Ockaporay, I'. Optam, III. Ciozep

Hucmumym xumuu nogepxnocmu um. A.A.Qyiixo Hayuonanvnou akademuu Hayk Ykpaunst,
ya. Ienepana Haymosa 17, Kuee 03164, Vkpauna, annaerem@ukr.net
D@akynvmem xumuu ynusepcumema Bunxenm, Anxkapa 06800,Typyus

Bumemannuuecxue nanouacmuysl (BMHY) AQIAU,unkopnopuposanibvie 8 NOPUCIYIO 301b-2€1b KPEMHE3EMHYIO
nAeHKY, ObLiu noayuenst nymem uopoausa mempasmuropmocunuxama (TO0C) ¢ npucymcemeuu memMniamHo2o
azenma Pluronic P123c oobasnenuem AGNG; u HAUCL; nanecenue nienox na cybcmpam npouzeoounocs memo-
oom "dip-coating" ¢ nocaedyrowum Y@-o6nyuenuem u mepmoobpabomroii. YD-euoumas cnekmpockonus UCnoib-
306anacy 0151 pecucmpayuu UsMeHeHull 8 NOJOHCEHUU U UHMEHCUBHOCHIU MAKCUMYMOS NO2L0WEHUs NOJIOC NOBEPX-
HOCmMHO20 naasmonnozo pesonarnca BMHY, a penmeeno-gomosnekmponnas cnekmpockonus — 0asi OnpeoeieHus
Xumuueckozo cocmoanusi AUu AQu ycmarnogienus nogepxnocmnozo cocmasa nienku. Cnomowpio memoouxu 3a-
PAdCEHUs NIEHOK HA KPEMHUEBOU NOON0NCKe NYMeM HANONCEHUS 6HEWHe20 JIeKMPUYeckKo20 nomeHyuaid Ovlio
yemanosneno, umo Hanouacmuyst AU u AgQ ces13anbl ¢ CUTUKAMHOU mMampuyel U OeMOHCMPUPYIOm 0OUHAKOBHII
OMKIUK HA NPUTONCEHHBII 6HEUHUL He2AMUBHbIL NOMeHYUar. B 3aeucumocmu om nocie0o8amenbHOCmu Hanece-
nust npexypcopos (AgISiQ unu Au/SIQ) na noonosicky, EMHY ¢ mampuye KpemuesemHol nienku oopasyiom cmpy-
xkmypy muna cnaas (Au/SiQ-Ag/SIQ) umu adpo-oborouxa (AgISIQ-AU/SIQ).
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