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Abstract—Nanolayers of AgSbS; were prepared for the first time by ionic layer deposition. The influence

of reactant solution concentrations and number of ionic layer deposition cycles on the layer growth kinetics

was examined, and conditions were determined under which the layer formation occurs on the support surface
by the reaction between ions sorbed from the reactant solutions, occurring in the layer. The layers were
studied by transmission and diffuse reflection spectroscopy, X-ray spectral microanalysis, X-ray photoelectron

spectroscopy, and powder X-ray diffraction.

Recently there has been a great deal of interest in In the course of the synthesis, a support (or a
precision synthesis of thin films of various com-weighed portion of dispersed silica) was successively
pounds on support surfaces. Nanolayers of metafteated with a silver salt solution, water, anJSa$
sulfides are mainly prepared by three methods: molesolution, and again water. This sequence comprised
ular layer deposition [1], atomic layering epitaxy [2], one ionic layer deposition cycle, which was repeated
and ionic layer deposition {F]. From the viewpoint the required number of times. Some samples on the
of the synthesis conditions and range of compoundfused quartz surface were prepared in an automatic
being synthesized, each of these methods has its speede using a computer-controlled apparatus de-
cific fields of efficient application. For example, scribed in [8]. The time of treatment with each reac-
molecular layer deposition is used to prepare sulfidesant was 0.52.0 min for fused quartz samples and
for which there exist volatile metal precursor com-30 min for silica gel. Excess salt solution was washed
pounds stable in the range of thermal stability of theout from the silica surface by treatment with four
surface functional groups, whereas atomic layeringortions of water followed by decanting. The com-
epitaxy is a suitable route to sulfides whose evaporaleteness of reactant removal was confirmed by the
tion temperature exceeds that of the precursors hyegative reaction of the wash water for the corre-
several hundred degrees. lonic layer deposition is usegponding cation and anion.
to prepare nanolayers of metal sulfides from a solution

, The samples were examined by diffuse reflection
of appropriate metal salt and an J$a[4, 5] or H,S ; i
[6 Y%psolloution. However, it should b([e noged tE%at, inspectroscopy in the UV, visible, and IR ranges, trans-

the papers cited, the indicated synthesis condition OISSIOQ-pregtrg;?glpr{{ic)fc;;ya|p2i(;t0::%cngc\, dsepre)((:'fl;gs-
correspond to synthesis of nanolayers of individua by, y sP ysIS, P y

, : . iffraction. The spectra were taken as described in [8],
metal sulfides or of their so-calledsuperlattices. " X-ray spectral microanalysis was performed
Of considerable interest is also preparation ofs described in [6]. The X-ray diffraction patterns of
supported nanolayers of double sulfides. This is apsilica gel samples were recorded with a DRON-3.0
parently a complex problem, in view of the above-X-ray diffractometer, CK , radiation.
mentioned specific features of each synthetic proce- Among the most important factors determining the
d_t:_re. Hff Véebreport tlhe synthe_3|s by |onn|c Ifaryer ?er?tos'uccess of ionic layer deposition on a support surface
:' 'g (?Ilj?ci ong70f ?nnasnlgz a%eors Su;!(ng as one ot reactants, . appropriate pretreatment of the support and proper
' choice of conditions for the first ionic layer deposition
As supports we chose KU grade fused quartz poleycle (treatment with a solution of an Agalt), in-
ished to the 14th finish grade and KSKG grade silicavolving Ag" sorption. In the course of subsequent
gel (specific surface area 270%mY), as the surface washing of the sample to remove excess salt from the
chemistry of these materials had been extensivelgurface, the sorbed Agons should be retained. To
studied. Before synthesis, all the supports were spdéind conditions for the first cycle of ionic layer depo-
cially pretreated and cleaned as described in [8].sition, we studied the compounds that are formed on
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the surface at silver sorption by chemical analysis an®egree of filling of the silica gel surfac® in sorption of
diffuse reflection spectroscopy in the UV, visible, andAg* ions
near IR ranges.

To determine the amount of silver ions sorbed onSOIUtlon €ag 0.01 M), | Washing liquid, ©, )
the silica gel surface, we analyzed the samples after pH pH at. nnv
sorption and dissolution of sorbed ions. The silver
content on the surface was determined as the differ- 29NOz 4.8 H0, 5.7 0.54

: ) L : Ag(NH3),NO3, 8.8  |H,0, 5.7 1.36
ence between its amount in the initial solution before AGNHA-NO.. 8.8 HO+ NH.OH. 85| 228
sorption and the total amount in the solution after 9(NH3)2NO5, 8. 2 e '
sorption and in wash waters. Analysis was performed
by Mohr precipitation titration with potassium chro-
mate as indicator [9].

tion of the absorption band ofSiOH overtones in
silica gel samples dried for 1 day in a desiccator over
The experimental results are listed in the table. Th€aCl, and then for 1 day over s, with subsequent
amount of Ag ions per unit surfacarea of silica gel recording of the spectrum in a quartz cell in air,
is given in relation to the composition and pH of thewhereas spectroscopic studies in the range of the fun-
initial Ag-containing solutions and washing liquids. damental OH stretching vibrations (3758400 cn1Y)

It is seen that the Agcontent on the silica gel require a vacuum.

:ﬁgagﬁ gfet%invt?/zs%?n:;hﬁqﬁ%mll:%? g)?gqrﬁr?lseltlt?% féﬁvgg' ' The diffuse reflection spectrum of the silica gel
silver content on the surface is observed in sample%lmple after silver sorption from AgNOsolution

treated with aqueous AgNCand washed with water. '9. 41 2) exhlblctjs an absorption band in the r_at?ge
Treatment with a solution of AgNQin aqueous am- 350- b50 nm and a narrthr%nzs(gaaren’t r%r:_ge wit
monia results in a larger amount of sorbed silver. Thig" @ sorption minimum  at nm. IS pattern,
may be due to the fact that treatment of silica gel with 1
a weakly alkaline solution of the silver ammine com- T
plex results in formation 0o&SiOAg(NH;),,, cOM- T % 2
plexes in which silver is bound to the surface more » 70 /V
strongly than in the hydrated form, so that these com- Izo 3
plexes are not broken down when excess silver is
washed out. The largest content of sorbed silver was /
attained when sorption was performed from a solution I ! ! ! !
of the silver ammine complex and washing with 300 400 500 600 700 A, nm
agueous ammonia. Apparently, when excess silver is
removed by washing with water, the surface ammine T
D

complex is broken down, and part of silver is
washed out. With agqueous ammonia as washing
liquid, the ammine complex is probably preserved,
which is confirmed by examination of the surface by
IR and UV diffuse reflection spectroscopy (Fig. 1).

v 0.1
rel. unitg

The choice of this method was governed by the fact
that measurement of the reflection spectrum in the
UV, visible, and near IR ranges in one experiment
furnishes information both on metal sorption (from
the intensity of the absorption band of the sorbed
metal cation) and on interaction efSiOH groups
with salt solutions (from the intensity and position of 1300 1400 1500, nm
bands in the 13001500 nm range corresponding to
overtones of stretching vibrations of free and hydro- Fig. 1. Diffuse reflection spectra of silica gel samples
gen-bonded hydroxyls). Note that, in the range of treated for 10 min in various media:1)( water;
overtones, the intensity of the absorption band of (2) 0.01 M AgNO; solution, with subsequent washing
molecular water (1450 nm) is considerably lower than with water to remove exces&gNOs; and @) 0.01 M
the intensity of the SIOH bands (1370 and 1405 nm), Ag(NH3),NOg, with subsequent washing with agueous
which, according to our experience, allows observa- ammonia.

é%%
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Fig. 2. Diffuse reflection spectra of silica gel samples Fig. 3. Transmission spectra in the UV and visible
with an Ag-Sb-S-containing nanolayer synthesized by ranges of AgSb-S-containing nanolayers prepared on
(1) one, @) three, and J) five cycles of ionic layer the surface of fused quartz b$)(20 and @) 40 cycles of
deposition €agno, = Cnagsbs, 0-01 M). ionic layer deposition dagno, = Cna,sbs, = 0-01 M).

according to [10], corresponds to Aglusters on the a strong luster ah = 5-10. Significant changes are
surface. Apparently, washing of the sample with waterlso observed in the diffuse reflection spectrum: With
to remove excess AgNQand its drying in air were increasing number of ionic layer deposition cycles,
accompanied by formation of photochemically un-the intensity of the band at 3600 nm increases,
stable silver hydroxo complexes decomposing td Agand after 510 cycles the absorption in the UV and
under UV irradiation of the spectrophotometer in thevisible ranges becomes virtually continuous.

course of recording the spectrum. The diffuse reflec- The kinetics of the growth of AgSb-S-containing
tion spectrum of silica gel after sorption of the metal,q1avers on the fused quartz surface was studied by
from the Ag(NH;),NO; solution and washing with onomission spectroscopy. For example, as the con-
aqueous NBOH exhibits in the UV range only the onuaion of the silver salt solution is increased from
absorption maximum. The near-IR spectrum of thig) 5505 19 0.01 M, the optical density in the transmis-
sample contains a band at 1530 nm belonging 10 g, gpectra of the nanolayens £ 10) considerably
overtone of NH stretching vibrations (Fig. 8), and 105565, whereas increase in the concentration of the
the intensity of the band at 1370400 nm decreases ;o salt solution above 0.01 M exerts no further
approximately by half. The latter fact is |nd|ca}t_|ve of ffect on the optical density. This fact gives good
decreased content of OH groups on the silica gel;qnds to believe that the reaction product is formed
surface. in the layer of ions sorbed on the support surface,
The whole set of data on silver sorption suggestather than in the bulk of the solution. With 0.01 M

formation of the following sorption compounds on thesolutions of AgNQ and NaSbhS, the optical density
surface: is a linear function of the number of ionic layer depo-

sition cycles, which indicates that the layer is synthe-
sized in steps. The transmission spectra of3lg-S-

- H O .
SIOH + AgNQ; — > SiOAgy, containing nanolayers prepared by 20 and 40 cycles of
HO ionic layer deposition are shown in Fig. 3; it is seen
SIOH + Ag(NHg),NO; ——> SIOAG(NHy),. that the absorption intensity in the range 3@D0 nm

increases as the number of ionic layer deposition

After treating with an NgSbS, solution the sam- cycles is increased.
ples with sorbed silver ions and removing excess thio The X-ray photoelectron spectrum of the layer pre-
salt by washing with water, the silica gel sample turngared on silica gel by 10 ionic layer deposition cycles
brown. Its diffuse reflection spectrum contains arn(Fig. 4) contains lines corresponding to the electron
absorption band in the range 30600 nm (Fig. 2). pinding energies of 368.0, 529.3, and 161.4 eV,

These changes suggest formation of a surface nan¥hich, according to [11, 12], belong to AgSb™,
layer containing Ag, Sb, and S. After repeated ionicad S, respectively.
layer deposition cycles, a layer is formed with the X-ray spectral microanalysis gave the following
color changing from dark brown at< 4 to black with  ratio of the elements in the layer prepared on silica
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Fig. 4. X-ray photoelectron spectrum of an A8b-S-containing nanolayer prepared on the silica gel surface by ten cycles of

ionic layer deposition.

gel by ten cycles of ionic layer deposition: Ag/Sh/S = 4.

8.2/1.0/7.2. These data, taking into account the exper-

imental error, are best consistent with the compositions,

of the compound AgSbS;. The formation of this com-
pound was also confirmed by powder X-ray diffrac-
tion. Although the layer as a whole was X-ray amor-
phous, a weak peak was detected &t=2 30.34,
corresponding to AgSbS according to the ASTM ¢
data base [13].

Thus, nanolayers of AGbS are formed on the 7.

silica surface in the course of ionic layer deposition
by alternating treatments with aqueous solutions ofg
AgNO; and NaSbS,. The layer thickness can be set
with a high precision by the number of ionic layer
deposition cycles.
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