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SOLID-PHASE SYNTHESIS AND X-RAY ANALYSIS OF THE CHARGE
FOR GROWING ACOUSTO-OPTIC Pb,MoOs CRYSTALS

Growing single crystals of double lead molybdate Pb,MoQOs is usually accompanied by the
appearance of additional phases of PbO-MoO; system. To improve quality of the grown crystals, it is
necessary to provide single phase composition of the charge used. In the paper the regimes of the
charge solid-phase synthesis are varied and the phase composition of the obtained charge is studied for
the first time. The initial charge stoichiometry, number of stages of synthesis procedure, heating rate,
temperature, and time of synthesis are varied in the experiment. X-ray phase analysis is performed for
a number of the charge samples obtained under different technological conditions of solid-phase
synthesis. It is shown that the appropriate choice of the synthesis regimes make it possible to reduce
significantly the content of PbO-MoO; impurity phases in the charge. The obtained results should
make for increasing quality of Pb,MoOjs single crystals which are promising for use in acousto-optic
devices.

Keywords: solid-phase synthesis, X-ray phase analysis, double lead molybdate Pb,MoOs.

BupomyBaHHsI MOHOKpHMCTadiB moaBiliHOoro Mmoaudaaty csuHmio Pb,MoOs 3a3Buuaii
CYNPOBOIKYETHCH TOSIBOKW JT0AaTKOBUX (a3 cucremun PbO-MoQO;. [asi migBuieHHs SIKOCTi
BHPOLIYBAHUX MOHOKPHMCTAJIIB HeoOXigHO 3a0e3neyuTH ofHO(MA3HUIi cKIal IIHXTH. Y CTATTi BHepuie
BapioBaJucs PesKMMH TBepAo(a3HOro CHHTE3y Ta J0CJIiMKyBaBcs (a30BHii CKIax OTPUMAHOI INUXTH.
B excrnepuMeHTi BHKOPHCTOBYBAaJIMCS Ppi3Hi crexiomerpii BHMXiIHOI MIMXTH, IWBHIKOCTI HArpiBy,
KinbKocTi cTajiii, TemmepaTtypu Ta 4Yacu cuHTe3y. /LA 3pa3kiB IIMXTH, OTPUMAHMX 3a Pi3HHUX
TEXHOJOTiYHMX YMOB TBepa0()a3HOI0 CHHTe3y, NpoBedeHO peHTreHodazoBuii aHamis. Ilokasano, 1o
BHKOPHCTAHHSA BiANOBiTHHX TEXHOJOTIYHHX PpeKUMIiB CHHTe3y [103BOJIsI€ 3HAYHO 3HHU3MTH BMiCT
aomimkoBux ¢az PbO-MoO; B mmxti. OTpuMani pe3yabTaTH CHPUATHMYTh NiABULIEHHIO SIKOCTI
MonokpuctaiiB Pb,MoOs, siki € nepcneKTHBHUMM /IJISI BAKOPHCTAHHS B AKYCTOONTHYHHX NPHJIAJaX.

Kawuosi cinoBa: tBeprodasuuii cuHTe3, peHTreHo(a30BUil aHaii3, MOABIHMI MONIOIAT CBUHIIIO
szMOOS.

BroipamuBaHue  MOHOKPHCTALIOB  ABOWHOro Mmoaudgara cBuHna Pb,MoOs o0b1uHO
CONPOBOZK/IAeTCs MOsIBJIEHHEM JIONMOJHUTENbHBIX (a3 cucrembl PbO-MoO;. [Insi noBbIeHuUs
Ka4yecTBa BLIPAIIMBAEMbIX MOHOKPHCTAIOB HE00X0AMMO o0ecnednTh 0AH0(a3HbIH cocTaB MKXTHL. B
cTaTbe BIEPBble BADLHPOBAINCH Pe:KMMbI TBepA0(a3HOro cHHTe3a U HcciaenoBalcs ¢a3oBblii cocTap
NOoJIy4eHHOH HXThI. B 3kcnepuMeHTe HCNOIB30BAINCH PA3IHYHbIE CTEXHOMETPHH MCXOAHON IIHMXThI,
CKOPOCTH HAIpeBa, KOJIMYeCTBA CTAIWi, TeMIepaTypbl H BpeMeHa cuHTe3a. s o6pa3suoB IWIMXTHI,
NMOJIyYeHHBIX NPH PA3JIMYHBIX YCJIOBHUAX TBepAoda3HOro CHHTe3a, NPOBeAEH PeHTreHo(a3oBbIi
anamm3. IlokazaHo, YTO MCHO/IL30BAHHE COOTBETCTBYIOIIMX TEXHOJOIMYECKHX PEKHMOB CHHTE3a
NMO03B0JIsIeT 3HAYHTe/IbHO CHH3UTh cojep:kanue npuMecHbix ¢a3 PbO-MoO; B mmxre. IosyueHHsbie
pe3yJabTaThl OyIyT CHoco0CTBOBATH NOBBINIEHHI0O KadyecTBa MOHOKpHcTawioB Pb,MoOs, kotopsie
NepPCneKTHBHBI 151 HCI0/Ib30BAHHS B AKYCTOONTHYECKUX MPHOoOpax.

KnioueBbie ciioBa: TBepJo(a3Hblil CHHTE3, pEHTI€HO(A30BbIi aHANIN3, IBOHHON MONIUOAAT CBUHLIA
Pb,MoO:s.
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1. Introduction

Interaction of optical and acoustic waves in the crystals of active dielectrics is the
basis for operating of acousto-optic devices, which are widely used in modern electronics
[1-4]. Lead molybdate PbMoQO, is one of the most popular acousto-optic material.
Besides that, another representative of this family, double lead molybdate Pb,MoOs is
considered as promising crystal for use in acoustooptics due to low monoclinic symmetry
and high anisotropy [5]. According to the phase diagram, these two compounds of PbO-
MoO; system melt congruently: PbMoO, at 1070°C and Pb,MoOs at 950°C [6]. The
growing technology of lead molybdate PbMoQ, single crystals has been worked out in
details. At the same time, growing double lead molybdate Pb,MoOs crystals of high
enough quality remains unsolved problem owing to some technological difficulties. The
structure of Pb,MoOs crystals belongs to 2/m point symmetry group of monoclinic
system [7]. The parameters of Pb,MoOs unit cell, determined by X-ray diffraction, are
a=14.225A, b=5.789 A and ¢=7.336 A [7] with monoclinic angle B=114° between a and ¢
axes. The crystal structure is characterized by a cleavage plane (501). According to [8],

the Pb,MoOs single crystals grown from the melt by Czhochralski method contain
additional impurity microphases PbsMoQg, PbO, s; and amorphous Pb-oxides.

The purpose of this paper is to develop technology of solid-phase synthesis of the
initial charge used for growing Pb,MoOs single crystals with optical quality, high enough
for using in acousto-optic devices. To control the phase homogeneity of the synthesized
charge, the stoichiometry of the starting reagents and temperature regimes of solid-phase
synthesis were varied. The phase composition of the synthesized charge was controlled
by X-ray phase analysis.

2. Experimental results

The initial charge was prepared as follows. PbO and MoO; chemical reagents in a
molar ratio 2:1 and with total weight of about 100 g were taken. To reduce microphase
inclusions in the charge, various regimes of solid-phase synthesis were selected. In the
experiment the following synthesis parameters were varied: the rate of linear heating the
initial mixed reagents to the temperature of synthesis; temperature and time of synthesis.

The synthesis procedure was carried out in one or two stages, between which
additional homogenization of the charge was carried out or was not performed.
Experimental samples of the charges prepared under different processing conditions, were
titled with consecutive numbering from PM2-1 to PM2-13. Note, that PM2-1 sample was
prepared by milling Pb,MoOs single crystal of high optical quality with no visible pores
and inclusions, and further was used to measure the etalon X-Ray diffraction pattern.

At the first stage of research, for all samples the X-ray powder diffraction patterns
were obtained by using DRON 2.0 facility operating with monochromatic Cu Ka
radiation. Then, the experimental plots were scanned and digitized with using software
Get Data Graph Digitizer.

The phase composition of the etalon charge sample PM2-1 was checked by
comparing with the powder diffraction data presented in the Joint Committee on Powder
Diffraction Standards (JCPDS) PDF 24-579. The positions of all major reflexes of PM2-1
sample coincide with the tabular data that shows that the etalon sample corresponds to
pure Pb,MoOs phase and has no additional impurity phases of other PbO-MoO;
compounds.
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3. Discussion

The comparison of the diffraction patterns of PM2-2,...PM2-13 samples with the
patterns of etalon PM2-1 sample showed how deviations from stoichiometry and various
regimes of solid- phase synthesis influenced the phase composition of the charges
prepared. It was found that carrying out additional second stage of synthesis with certain
temperature and time regimes sufficiently improved degree of the charge homogeneity
and decreased the content of undesirable impurity phases. For example, Figure 1 shows
the diffraction pattern of the etalon PM2-1 sample and diffractograms of PM2-5, PM2-6
samples. One can see that in comparison with etalon PM2-1, for PM2-5 sample a new
reflex at 20=27" 24' appears. In the PM2-6 sample this reflex is absent. The reflex at
20=27" 24' corresponds to the interplanar distance d=3.255 A. In accordance with the data
available, intense reflection from the family of planes with indices (0 3 2) and interplanar
distance d=3,265 A is observed in the X-Ray diffraction pattern of PbsMoOg structure
(PDF 37-1086). Therefore, it can be assumed that the new reflex at 20=27" 24' in the
diffraction pattern of the sample PM2-5, reflects existence of PbsMoQOg microphase in the
charge. In the diffraction pattern of the sample PM2-6, which was prepared by additional
heat treating the sample PM2-5, the discussed reflex (20=27° 24') is practically absent as
for etalon PM2-1 sample (Fig. 1).
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Fig.1. Diffraction patterns of Pb,MoO; charge samples prepared under different conditions of
solid state synthesis. The arrows show the reflex (20=27° 24"), indicating existence of PbsMoOg
microphase as discussed in the text.
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4. Conclusions

Optical homogeneity and applicability of Pb,MoOs single crystals for acousto-
optical devices strongly depends on the single-phase content of initial charge used for
crystal growing. In the paper we study the effects of stoichiometric ratio of the starting
chemical reagents, number of synthesis stages, temperature, and time of solid-phase
synthesis on the phase composition of the prepared charge. As a result, the solid-phase
synthesis regimes were determined, which made it possible to prepare single-phase
charge, available for growing high-quality Pb,MoOs single crystals by Czochralski
method.
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