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Novel materials, silver-containing type of monophosphate tungsten bronzes with
hexagonal channels (MBTB,), Ag,(WO3)g(PO,),, and fluorinated analogues (FMBTB,),
Ag4(WO, F )g(PO,),, where 0 < x <0.05, containing silver atoms in different valence
states have been synthezised and studied using X-ray photoelectron spectroscopy, pho -
toemission electron microscopy, and resistivity measurements. The resistivity anomalies
observed for FMBTB, may testify to the electron instability state realization at tempera-
tures about 150 to 250 K.

Hosrle MmaTepnaabl — cepebpocofepsKalliie IPeICTABUTEIN MOHO(POCHATHLEIX BOJIBPPaMO-
BBIX OpOH3 ¢ rexcaroHanbHeIME KaHamamu (MBTB,) cocrasa Ag,(WO3)g(PO,),, u ux dropu-
posarrere ananoru (FMBTB.) Ag,( WO, F,)s(PO,),, Tme 0 < x < 0,05, comeprxaiiue aTOMBI
cepefpa B PasJIMYHBLIX BAJEHTHBLIX COCTOAHUAX, OBLIM CHHTE3MPOBAHBLI M M3YUYEHBI IIOCPELCT-
BOM PEHTI'€HOBCKON (POTO3JEKTPOHHON CIEKTPOCKONMM M (POTOIMUCCHOHHOM 3JIEKTPOHHONI
MUKPOCKOIIMN; IPOBEAEHLI TaKyKe U3MEPEeHUs YAeJLHOTO CONPOTHUBICHUS. AHOMAINN YIeJb-
HOTO CONPOTHBIEeHUA, Habmogaemble Aaa FMBTB,, MoryT cBuieTenbcTBOBATh O peanu3aruu
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COCTOSAHUSA 9JeKTPOHHON HEyCTOMUYMBOCTU HpHU TeMmIieparypax mopsanka T = 150-250 K.

Nowadays, the interest in macroscopic
quantum phenomena, such as charge den-
sity waves (CDW) or spin density ones in
solids is grown. Tungsten oxide bronzes are
low-dimensional semimetallic conductors,
which are studied extensively as model ob -
jects. An extremely small variation of ther-
modynamic conditions as chemical poten -
tial, temperature and pressure can cause an
extremely large change in physical proper-
ties of these inorganic materials [1]. The
purpose of this work was to synthesize a
novel kind of monophosphate tungsten
bronzes with hexagonal channels [2] con-
taining silver (AgMPTB,) and its fluorinated
analogue (FMPTB,). The determination of
interrelations between composition and
properties for such complex substances may
provide a base for creation of specialized
sensor materials having high selectivity to
small molecules and ions with excellent ana -
lytical sensitivity.

The high reactivity of silver compounds
makes it necessary to develop a convenient
single crystal growth technique for the
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bronzes. The Ag4(WO3)g(PO,), and
Agy(WO5 ,F,)g(PO,), single crystals were
grown by gas-transport technique in sealed
quartz ampoules. The starting compositions
were prepared in several stages: (1) first
mixture of NH4H,PO, and WO; with 1:2
molar ratio was heated at 875 K; (2) appro-
priate amount of W metal powder was added
to resulting mass followed by heating at
1280 K; (3) after metal dissolution in the
melt was quenched; (4) the resulting glass
was crushed and mixed with powders of
AgPO3; and/or AgF. An equimolar mixture
of P,O5:J, was applied as the medium for
gas-transport reaction.

The starting compositions were ground
in an s-shaped two-zone ampoule, ends
thereof were placed in a thermostatically
controlled two-zone furnace at 890-930 K
and 725-807 K, respectively. After cooling
and rapid depressurization of system, the
plate-like brown-reddish single crystals
(1x1x0.1 mm3) with metallic shine were
leached with hot water and selected for ex -
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amination. The single crystals were studied
by X-ray powder diffraction (DRON-4a dif-
fractometer, CuK, radiation). The prelimi-
nary elemental analyses using plasma emis -
sion spectroscopy (Beckman, ICP-6000) have
determined Ag and W ratio in the crystals
to be (1:2). All further studies were per-
formed on selected single crystals. The pre-
cise content of Ag, W, F, and O in the crys-
tals was determined by X-ray energy disper -
sion analysis (EDX) using a microprobe (Si:Li
detector) mounted on JEOL electron micro-
scope (EM/SEM). The stoichiometries pro-
posed for Agyu(WO3 ,F,)s(PO5)s (x=0.01,
0.022, 0.05) are based on analysis of the
characteristic lines in the EDX spectra.
AgMPTB; and FMPTB,, samples were studied
by X-ray photoelectron spectroscopy (XPS)
on AESIS ESCA LAB-5 (surface layer of 10
to 20 A in depth) and EDX to elucidate the
structure features of the compounds. The
investigation of silver clustering was car-
ried out by photoemission electron micros-
copy (PEEM). Resistivity temperature de-
pendence was measured using four-micro-
probe technique at 'He cryostat along the
ab crystal plane.

Due to high reactivity of silver com-
pounds, especially at high temperatures, in-
teraction W™ + Ag* =Ag0 + W(n+1)+ is
possible in a melt containing low-valence
tungsten ions and Ag*. Moreover, the silver
reduction in crystals may be caused by a
radiation (UV, gamma, or X-ray) or elec-
tron beam effects according to the scheme
Agt hv — AQ. The size of generated clus-
ters correlates with the radiation beam di-
ameter and depends on silver content in the
crystal. The crystals obtained are found to
be representatives of the MPTB, series [3]
with lattice parameters close to sodium-con -
taining compounds.

The MBTB,, structures contain large cavi-
ties formed by 18 oxygen atoms, where
mono- or divalent atoms are located. Ac-
cording to single crystal data, the potas-
sium and lead atoms occupy the eight-fold
coordinated position, than for smaller silver
atoms six-fold coordination should be real -
ized similar to sodium ones [2]. The addi-
tion of fluoride ions to the system breaks
part of W—O-W-bonds in the melt and shifts
the redox equilibrium, therefore, formation
of silver (+3) becomes possible. So, it has
been determined unambiguously by XPS
that the crystals may contain up to three
form of silver (Ag®, Ag* and Ag*3). Accord-
ing to XPS results, in fluorine-free com-
pounds photoelectron transfer Ag3dy,y
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Fig. 1. The PEEM/EDX image (3 pm high
and 10 pm long) of silver clusters embedded
in an Ag4(WO;)g(PO,), single crystal.

should be referred to two type of silver
atoms Ag® and Ag*, which was confirmed by
qualitative comparison of the bonding en-
ergy values with literature ones.

For FMBTB,, three types of lines are ob-
served in the spectrum; one of those belongs to
Ag*, whereas the second type corresponds to in-
significant admixture of Ag3* (E, = 371.1 eV).
The embedded silver presence is confirmed by
spectral lines with bonding energy characteristic
for Ag (E, Ag3ds. = 367.9 eV). A typical
image of Agyu(WO3 ,F)g(PO,), surface (see Fig.
1) was generated from AgK lines analysis in
the PEEM/EDX spectra for ab-oriented
pla‘ce,o the depth of refined surface is
20£5 A. The black field corresponds to
stoichiometric surface distributions of Ag,
which is commensurable with predicted for
negligible small crystal area, the white
areas are those of excess Ag concentration,
i.e., atomic clustering. As is seen from Fig.
1, the surface layer containing a significant
amount of embedded silver clusters of dif-
ferent sizes about 0.06 pm.

The Ag3dy,, spectrum lines of Ag* corre-
spond to 368.2 and 368.1 eV. It is to note
that those lines are split into two doublets.
The split value (up to 0.05 eV) for Ag™* sig-
nal in XPS spectra depends from F concen-
tration (see for example Fig. 2). The com-
plex material prepared in proposed way is a
CDW system, due to matrix electrophysical
properties. Thus, modification by Ag® (cen-
ters for catalysis) and F (defects in
perovskite layer [3]) result in an instability,
which is sensitive to changes on the surface
such as small gaseous molecules adsorption
on metallic centers. Therefore, XPS Ag line
analysis in combination with resistivity de-
termination can be used to determine those
changes. As it is seen from Fig. 3, the tem-
perature-composition drift of resistivity
anomalies (found to be at T =187 K for

123



N.V.Stus et al. /| Spectroscopic investigation of ...

1
367 368 369 370 371 E,eV

Fig. 2. XPS spectra of Ag,(WO, ,F)g(PO,),
x = 0.01 recorded at 100 K.

pure Ag,(WO3)g(PO5), can be considered to
be caused by effects of F~ and embedded
silver atoms.

Thus, the quantitatively analyzed phe-
nomena in FMPTB, are related with resis-
tivity changing in the crystal surface layer
due to electron density transfer according
to scheme: adsorbed gas molecule:
Ag® - (W - 0),,- So, it has been shown
that it is possible to make use of X-ray
photoelectron technique for gas detection
using quasi-low-dimensional compounds.
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Fig. 3. The resistivity vs T plot for
Ag,(WO4 ,F)g(PO,), measured for single
crystals 1x1x1mm3: (1) pure Ag4(WO3)g(PO,),
sample, (2) x = 0.01, (3) x =0.022, (4) x =
0.05. The temperature of possible Peierls
transition is shown by arrows.
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CunekTpocKomiuyHe MoCaiaKeHHsa (TOpoOBaAHUX
MoHO(pochaTHUX BOJAb(PpPaMOBUX OPOH3

H.B.Cmycv, B.B.Jlichax, M.C.Cro600anuk

HoBi marepianu: cpiGimoBmicui mpeacraBHMKuU MoHO(pochaATHHX BOJb(OPAMOBUX OPOH3 3

reKcaroHaJbHUMHU KaHajsamu (Hagzamni MBTB,)

ckaany Agu(WO3)g(PO,), Ta ix ¢roposani

aganoru (FMBTB,) Ag, (WO, F,)g(PO,), nme 0<x<0,05 mo wmicrars atomm cpi6ra B
Pi3HMX BaJIeHTHUX CTaHaxX OyJIM CHHTE30BaHi i BUBUEHi 3a JOMOMOroI0 PEHTTreHiBCHLKOI (oTo-
eJIEKTPOHHOI cHmeKTpocKomii, ¢oroemiciiiHol eneKTpPOHHOI MiKpocKomii, TakokX IpPOBeIEHO
BUMipHM NHMTOMOTO OMODPY. AHoMAajii mMTOMOro omopy, Imo crocrepiraoteca aaa FMBTB,
MOKYTh CBiIUNTH HAa KOPHUCTH peasizallii cTaHy eJeKTPOHHOI HECTiMKOCTi mIpu TeMIepaTrypax

nopaaky T = 150-250 K.
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