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X-RAY ANALYSIS OF Li; Na,Ge;Oy CRYSTALS

X-ray phase analysis is carried out for Li, ,Na,Ge, Oy crystals with different values of x. X-ray
diffraction is studied in monochromatic Cu Ka radiation. Unit cell parameters are calculated by the
main interference maxima of LiNaGe,Oy system. It is found that for large x values the lattice
parameters vary slightly. Starting with x = 0.4, a marked decrease of the parameters is observed.
The minimal values of the lattice parameters are determined for compound with x = 0.21, for which
intensity of the reflexes corresponding to LiNaGe Oy decreases, and the peaks characteristic for
Li,Ge;0;5 compound appear. Two-phase composition does not enable to grow single crystals with
x < 0.2. Anomalies of the concentration dependence of the lattice parameters for x values in the
range 0.4 - 0.2 correlate with the data of studying dielectric properties of Li, .Na,Ge Oy crystals. The
results are discussed on the basis of structural features. Reduction in the number of sodium ions
with x decreasing in Li, Na,Ge Oy leads to the experimentally observed changes of the lattice
parameters.
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IIpoBeaeno pentrenodasoBuii anaaiz kpucraaiB cucremu Li, Na,Ge Oy 1151 pi3HUX 3HAYEHD X.
JAudpakToMeTpuyHi I0CaiIM NPOBOAWINCH, Yy MOHOXpoMaTuuHoMy BunpominioBandi Cu Kao.
IIapameTpn ejleMeHTapHOI IPAaTKH pO3PAxXOBYBAJINCh 32 OCHOBHMMH iHTepdepeHUiiHNMEI
mMakcumymamu cucreMn LiNaGe Oo. BusiBieno, mo B 00/1acTi BeIHKHX 3Ha4YeHb X NapaMeTpHu
IPaTKN 3MiHIOIOThCSI He 3HAYHO. IloMiTHe 3MeHIIeHHsI MapaMeTpiB crocTepiraigoch, MOYNHAIYH 3
x = 0.4. MinimanbHe 3HaYeHHs] IapaMeTpiB I'PAaTKHU Bi3Ha4yaJj0och AJsl ckiaaay 3 x = (.21, aas skoro
3MEHIIY€ThCS iHTEHCHUBHiCTh MakcHMyMiB, mo BianmosizawThb ckiaany LiNaGe Oy, i 3’sBAsIIOTHCS
niku, fAki xapakrepui ana ckiaagy Li,Ge,Os. /IBogasnicTh ckiagy He A03BOJISIE OTPHUMATH
MOHOKpHCTAJH 3 BeJuunHaMu x < (.2. AHoMaJiii KOHIeHTpaNiliHOI 3a/Ie2KHOCTI MapaMeTpiB rpaTKu
1Jis 3Ha4YeHb X B o0aacti 0.4 - 0.2 KopeJ0OTH i3 JaHUMH BHBYEHHS JieJIeKTPUYHHUX BJIACTHBOCTEH
kpucraiaiB Li, ,Na,GesOy9. OTpuMani pe3ynbTaT 00roBOPIOIOTHCH 3 YpPaxXyBaHHAM 0c00J1uBOCTell
CTPYKTYPH JOCJHIIKYBAHUX KPHCTAJNIB. 3HM:KEeHHS BMICTY i0HiB HATPil0 IpU 3MEHINEHHI X y CKJIAJaX
Li, \Na,Ge O npu3BOIUTH /10 3MiH MapaMeTPiB IPATKHU, SIKi CIOCTEPIraloTbCs eKCNepuMeHTAIbHO.

Kurouosi ciioBa: repmanorepmanaru, kpucranu Liy Na,Ge,Oo, peHtreHodaszopuii aHamis.

IIpoBenen peHTreHogas3oBblii aHaau3 Kpucraaios cucremsl Li, Na,Ge Oy nis pasauyHbIX
3HavYeHuil x. JmdpakToMeTpuyecKHe HCCIEAOBAHUSI OCYIIECTBISINC, B MOHOXPOMATHYECKOM
mwayyennd Cu Ko. ITapameTpbl 3j1eMeHTapHOH fiYeiiKH PacCYUTHIBATUCH MO OCHOBHBIM
HHTep(depeHHOHHBIM MakcumMyMaMm cucteMbl LiNaGe Oy. O0Hapy:KeHO, YTO B 00J1aCTH 0O0JIBIINX
3Ha4YeHHH X MapaMeTpbl peIleTKH M3MEHAITCH HEe3HAYMTENbHO. 3aMeTHOEe YMEHbIIEeHHe
napaMeTrpoB Ha0.w0aajoch, HauuHas ¢ X = 0.4. MuHHMa/IbHbIC 3HAYCHHS NApaMeTPOB pelleTKU
oTMeYalwTcs A cocTraa ¢ x = 0.21, I KOTOPOro yMeHbIIAETCSI HHTEHCHUBHOCThH MAaKCHMYMOB,
cooTBeTcTBYOIIMX cocTaBy LiNaGe Oy, 1 NMOABIAAITCH MUKH, KOTOPbIe XapaKTepHbI JUIs1 COCTABA
Li,Ge;0,s. /IByxda3HocTh cOCTaBa He MO3BOJIsIeT MOJYYHTh MOHOKPHCTAJLIBI ¢ BeJuYnHamu x < (.2,
AHOMAaJIUH KOHIICHTPALMOHHON 3aBHCHMOCTH NapaMeTPOB pellleTKH JJIsl 3HaYeHHii x B obuaactu 0.4
- 0.2 xoppeaupYIOT ¢ AAHHBIMHM H3YyYeHHUS AUIJIEKTPUUYECKHX cBOHcTB KpucrtauioB Li, Na,Gey O,.
[MonyyeHHble pe3yabTaThl O00CY:KAAIOTCH € Y4YeTOM OCOOEHHOCTell CTPYKTYpbl HcCaeayeMbIX
KpucTaJLI0B. CHMKEHHE CO/leP:KAHUSI HOHOB HATPHUS IIPU yMeHbIIeHUH X B cocTaBax Li, Na,Ge, 09
NPHUBOAHUT K HA0II0IaeMbIM JKCIIEPUMEHTAIBHO H3MEHEHHAM IAPAMETPOB PeIleTKHU.

KuiroueBble ciioBa: repmanorepmaHarthl, kpuctamist Li, Na Ge,Oy, peHTreHoGha3oBblii anaius.
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1 Introduction

The structural framework of single crystals of the family of germanogermanates is
formed by germanium tetrahedral and octahedral complexes. The monovalent cations Li"
and Na" are located in the cavities of Ge-O structural skeleton. The single crystals of
LiNaGe4Oy - LiyGesOy (Li.,Na,GesOy, 0 < x < 1) series undergo the ferroelectric phase
transition (PT), and therefore are studied in more details. By now there are papers
devoted to study of dielectric [1-3], thermal [4] and structural [5, 6] properties of
LiNaGe4Oy (LNG) crystal.

At room temperature, LNG has an orthorhombic structure with a space symmetry
group Dyt [5]. The unit cell contains four formula units and has the following
parameters: a = 9.31, b = 4.68 and c = 15.88 A. The ferroelectric PT in LNG was studied
by neutron diffraction [7]. It was shown that the low-temperature structure belongs to the
orthorhombic space group Cs,” with Z = 4. The PT is accompanied by ordering of Li and
Na atoms in one of two equiprobable above T¢ positions, while the ordering mechanisms
for Li and Na are different [7]. In addition, in the ferroelectric phase there is a slight
translation of germanate groups perpendicular to the direction of spontaneous polarization
Ps[7].

Further studies were devoted to influence of Li—Na non-stoichiometry on the
properties of LiNaGe,Oy - Li,GesOy crystals. It was found anomalously high, non-
monotonic shift of the PT temperature 7 with a change of x in Li, Na,Ge,O9 system [8].
On x decreasing from 1 to 0.3, 7 increases linearly with a factor 2 K /%, where x = 1
corresponds to 100%. In a concentration range 0.2 < x < 0.3, 7¢ shifts with concentration
x more considerably — with a factor 4.5 K /%. Within the latter x range unusual nonlinear
dielectric and polarization properties of Li, .Na,Ge,Oy crystals were detected [9-11]. As it
was noted in [5], smooth changes of the lattice parameters make it possible to believe that
there is a series of solid solutions in LiNaGe,Oy - Li,Ge,Oy series. However, all attempts
to grow Li, .Na,Ge4Oy single crystals in a range 0 < x < 0.2 were unsuccessful [8].

The aim of this work is to study X-ray diffraction of Li, ,Na,Ge4Oq single crystals in
a wide range of concentration x.

2 Results and discussion

Single crystals of Li,Na,GesOy series were grown from a melt by Czochralski
method. Stoichiometric mixtures of lithium, sodium and germanium oxides,
corresponding to certain x value, were used as starting reagents. Obtained single crystals
are up to 30 mm length. The crystals grown have good optical quality for x range from 1
to 0.21. Crystal boules are visually identical, clear, and colorless and have no colored
inclusions. As it was mentioned above, growing of single crystals with sufficient quality
for concentrations x < 0.15 failed. For this x range boules consist of non-transparent milk-
white color blocks. Some of these blocks have a pinkish color and pronounced facets. For
x < 0.15 differential thermal analysis shows presence of two different phases. The phase
composition of Li, ,Na,Ge,Oy crystals (x < 0.15) was studied by X- ray diffraction by
using of DRON 2.0 diffractometer operating with monochromatic Cu - Ko, radiation. Fine
powders, prepared from Li, Na,Ge,Oy single crystals (x = 1, 0.02, 0.15, 0.21, 0.3, 0.4,
0.6, 0.8), were used as the samples.

Figures 1 and 2 show the diffraction patterns measured. Basic reflexes are identified
with using ASTMPDEF?2 files.
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Fig.1 Diffraction patterns of Li, ,Na,Ge,O, with x =1 (a) 0.8 (b) 0.6 (c) 0.4 (d), 0.3 (e), 0.21 (f), the
main reflexes of LiNaGe Oy structure are indicated.

5 1LiNaGe,0,
- | / 2Li,Ge,0,,

I i
| il
-

20 40 60 80

20, degrees

Fig.2 Diffraction patterns of Li, ,Na, Ge, O, with x =1 (a), 0.15 (b), 0.02 (c). The main reflexes from
LiNaGe Oy and Li,Ge;O5 structures are indicated.
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The main reflexes in the diffraction patterns of the investigated samples practically
do not shift or smear on x decreasing. Slight decrease of the main signals intensities is
observed only for high angles 26 (Fig. 1). For small x values the character of the
diffraction pattern becomes somewhat different. As it can be seen from Figure 2, intensity
of LiNaGe4Oy main peaks decreases. At the same time additional peaks from Li,Ge;O;s
structure arise. Increase of the peaks intensities shows that part of the new phase grows
on x decreasing. However, even for x = 0.02 diffraction maxima from LiNaGe,O,, are
observed, though their intensities decrease considerably.

Diffraction patterns are identified in orthorhombic crystal system. The dependences
of the unit cell parameters on x are shown in Fig.1 for all samples studied. Calculations
were performed by using of positions of the main peaks of LiNaGe4Oy structure. It can be
seen, that at high x the unit cell parameters vary slightly. But in the x range from 0.4 to
0.2 unit cell parameters decrease with x more sufficiently. The minimal parameters values
are observed for x = 0.21.
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Fig. 3 The dependences of Li, ,Na,Ge Oy unit cell parameters a, b, c on concentration x.

Some specific features of Li, .Na,Ge4Oy crystals characteristics were pointed out in
previous paper [8]. In particular, for compound with x = 0.2, temperature dependence of
dielectric constant changes its character, whereas &, value decreases in about 3 times.
Furthermore, in the range x = 0.3 - 0.2 the trend of PT temperature growing with x
decreasing is changed. X-ray diffraction study shows that just in the same range of
concentrations unit cell parameters demonstrate anomalous behavior and two phases
LiNaGe4Oy and Li,Ge;O;5 coexist. Earlier it was noted, that germanates tend to form
loose structural frameworks, which contain more positions for cations, than it is required
for stoichiometric compositions [5]. Therefore, in the Li,Ge4Oy - LiNaGe,Oy system Li
ions can occupy not only the position of substituted sodium ions, but some new own
positions. It is probable, that decreasing of sodium ions content in Li, Na,Ge,sO9 on x
decreasing leads to release of these positions and, consequently, to decrease of the unit
cell parameters.

3 Conclusions

Direct study of Li, Na,GesOo crystal structure by X-ray diffraction methods
confirms that for compounds with x < 0.2 a new Li,Ge;O;s phase arises and two phase
system is formed. Changes of the lattice parameters, as well as reported previously
anomalous behavior of other physical properties, indicate that Li,Ge;O;5 phase nucleation
occurs in the Li,Ge,Oy - LiNaGe;Oy system. For x < 0.2 fraction of additional phase is so
significant that does not allow obtaining single crystals.
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