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BAPUYHA TPAHC®OPMAIISA AHOMAJIIA
JIEJEKTPUYHOI IIPOHUKHOCTI HIAPYBATHUX
KPUCTAJIIB CuC r0,5| n0,5P256

Hageneno pe3ynbTaTs TOCHTIDKEHh TEMIIEPATYPHUX 3aJIS)KHOCTEH aHOMAIIH Jiesek-
TPUYHOI NPOHMKHOCTI ImapyBatux kpuctaniB CuCrgslngsP,Se npu aii 30BHIMIHBOTO
TiAPOCTaTHYHOTO THCKY. BCTaHOBIICHO, IO Aisl TiAPOCTATHYHOTO THCKY 1HIYKYE
AQHOMAJIIO JieNeKTPUYHOI NPOHHUKHOCTI B KpucTanax CuCrgsIngsP,Se, sika Binmosi-
Jlae CeTHETHENeKTpUYHOMY (azoBoMy mepexoay. [loOynosana dazosa x, T-mgiarpama

tBepaux po3unniB Culn,CryP,Sq

Ku1104oBi cj10Ba: cerHeTHENEKTPUKH,

AHTHUCCTHETOCICKTPUKH, (1)a3013i nepexonu,

JeJIeKTPUYHI BJIACTUBOCTI, TAPOCTaTHYHHUN THUCK, (pa3oBa Jiarpama, JHIOJIbHI CTe-

KJ1a.

Beryn

JlocmiKeHHST TIPUPOIN CTaHy JUTIONb-
HOTO CKJIa B CETHETOCNEKTPUKAX CTall0 B
OCTaHHI POKHU OJIHIEIO 13 HAHOUIBII IIKABHX 1
BOXJIMBUX HAmpsMiB B (i3HIl TBEPIOTO Tija.
[[TapyBaTi KpuCTanW TBEPAUX PO3IYMHIB HaA
ocHoBi cionyk CuCrP;Sg ta CulnP,Ss € 3py-
YHUMH MaTepiajlaMy JJIsl TOCHIKeHHS ede-
KTiB 3aMOPO>KYBaHHsI pelaKkcaliifHol TuHaMi-
KW, OOYMOBJICHOI JUTIOJBHUM PO3YIOPSAKY-
BauHsM [1,2,4]. [Tpu 3MiHI XIMIYHOTO CKJIATY
tBepaux po3unHiB Cu(InyCri—)P2Se mMoxkHa
criocTepiratu Tpanchopmallito Bif AUMOIBHO-
r'0 YIOPSIKYBaHHS 3 AIBHIM MOPSIKOM, CeT-
neruenekrpuyne B CulnP,Sg un anTHcernero-
enektpuaae B CuCrP,Sg 10 crany numosisHO-
ro CKJia 3 BIANOBIAHOIO peNaKcaliifHoo Mo-
BEJIIHKOIO, OOYMOBJICHOIO ‘‘3aMOpOKyBaH-
HSIM” CErHETOAKTHBHUX 10HIB B KpHCTaJEBIl
rparmi. Ha ocHoBi mocmimkens [1] 3a mormo-
MOTOI0 JieNleKTpuyHOi  crekTpockomii (10
MmHz-3 GHz) B 3mimaHux KpuUCTaiax
Cu(In Cr1)P2Se CETHETHEJICKTPHKA
CulnP,Se 1 anTucerneroenektpuka CUCIrP,Sg
OyJI0 BCTAHOBJICHO, 1110 ()a30Ba IPaHUIST MIXK
cerHeTrdazor 1 (a3o0w TUMOJBHOTO CKiIa
nexutb Mixk x=0,5 1 0,7, 1 BIIMOBIAHO TpaHH-
1 MDK CTaHOM JUIIOJIBHOTO CKJIa 1 aHTHCET-
HETOCJIEKTPUYHOIO (ha3010 3HAXOAMTHCS MIXK

x=0,4 1 0,2. Takum yrHOM 130MOpdHa 3aMiHa
atomiB In Ha aromu Cr B KaTiOHHIHM MiArpaTiii
kpucraniB CulnP,Se¢ mpuBoguth n0 pyiHY-
BaHHA J1aJJbHOTO CETHETHEIEKTPUYHOIO BIIO-
PSAAKYBaHHS 3 YTBOPEHHSM CTaHy AMIIOIHHO-
ro CKJa 13 pelakcaiiifHOI IMOBEIIHKOIO Jie-
JIEKTPUYHUX BJIACTUBOCTEW. MeTOX0 HaIoro
JOCTIPKEHHSI € BUBYEHHS BIJIUBY BHUCOKOTO
TiIPOCTATUYHOTO TUCKY Ha TeMIlepaTypHi
3QJIEKHOCTI  TICNIEKTPUYHUX  BJIACTHBOCTEH
kpuctaniB CuCrgslngsP2Se B sKuX, 3rigHO
¢dazoBoi x,T-miarpamu, mpu arMmochepHOMY
TUCKY ICHY€ CTaH JUIOJIBHOTO ckia [1].

MeToanka eKCliepuMeHTy

JocnimpkyBaHi KpucTalu
CuCroslngsP2Sg Oynmu  orpumani Meromom
ra30TpPaHCHOPTHUX peakliid. EnekTpoemMHicTh
C 1 TaHTeHC KyTa JieJICKTPUYHUX BTpaT tgo
JOCIHIKYBAaHUX KPUCTAJIiB BUMIpIOBAIHCA 32
nornomororo LCR METER HP4262A na udac-
toti 1 MI'n. 3anexnocti &(7) i tgXT) orpu-
MaHi B JMHAMIYHOMY PEXHMIi OXOJIOKEHHS
Ta HArpiBy 31 MIBUIKICTIO 3MIHA TEMIIEPATYPH
0,5 K/min. Temmneparypa 3pa3ka KOHTPOJIO-
BaJIach MiJIb-KOHCTAaHTAaHOBOIO TEPMOIIAPOIO 3
tounicTio 0,1 K. B siIKOCTI eleKTpuuHuX KOH-
TaKTiB BUKOPHUCTOBYBAJIAaCch CpiOHA macra TH-
ny “Heryca-200”. KoHTakTH HaHOCHUJIHCH
MEPIEHANKYISIPHO JI0 MAapiB KpUCTaTy. 3pa-
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30K JUIsl BUMIpIOBaHb PO3TAIIOBYBAaBCA B Ka-
Mepi BUCOKOTO THCKY 3 KamuisipoM 13 po0o-
4o piguHO - O6eH3uH “Iamoma® . Tuck B
KaMmepl BHCOKOTO THCKY BH3HAYaBCS MeXaHi-
YHUM MaHOMETPOM 3 TouHicTio 50 atm. IH-
dbopmartito mpo Tomorpadiro TOBEPXHI Ta
KOMIIO3ULIIHHUM CKIJIaJ] JOCHIIKYBaHUX KPH-
CTaJIiB OTPUMAaHO 3a JOTIOMOTOI0 CKaHYIYO-
ro eNeKTPOHHOTO Mikpockomna (SEM).

ExcnepumenTanbHi pe3yjabTaTu

Ha puc. 1 naBeneni 300paxxeHHs OBEP-

XHI  KBa3iIBOBUMIPHHX  MOHOKPHCTAIIB

Cu(IngsCrg5)P2Sg oTpumaHi 3a J0MOMOTOIO
CKaHYIOUOTO €JIEKTPOHHOTO MiKpockormna JSM-
7001FSEM 1 npoBefeHO iX TOYKOBHA aHAIi3
eHeproaucnepciiitHol

METOJ0OM PEHTICHO-

—m
4pm Electron Image 1

Spectrum 1

Full Scale 456 cis Curzor: 0.000 ke!

Puc.1. 300pakeHHs1 IOBEpXHI Ta PEHTTeHOQITY-
opecueHTHHH EDX-criekTp mapyBaTHX KpUCTa-
JIiB CU|nsocr50P286.

(bayopeciieHTHOT criekTpockorii. OTpuMaHmiA
XIMIYHHIA aHai3 KPHUCTATIB MOKa3aB, M0 iX
cknap cknagae:Cu - 15,89 moas. %; In 14,11
Moib. %; Cr - 6,54 monb. %; P - 15,49 monb.
%; S - 47,97 mone. %, mo myxe moope
Y3TOJKYETBCS 13 TEOPETHYHHUMH PO3PAXYH-
kamu. TemmeparypHi 3aJeXHOCTI J1€IEKTPH-
YHUX BJIACTUBOCTEH B TBEPAUX PO3UMHAX
Cu(InkCr1x)P2Sg 3 x = 0.5 mpu pi3HUX 3HA-
YEHHSIX T1APOCTATUYHOTO TUCKY 300pakeHi Ha
puc. 2. Ilpu atMochepHOMY THCKY Ha TeMIIe-
paTypHHUX 3alexHocTsaX € (kpuBal) cmocre-
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piraerbcs aHomaiist y ¢popmi 1ieda, sika 3cy-
BAETHCS B 00J1aCTh BHCOKHX TEMIIEPATyp NPH
30IBIIEHH] TiAPOCTATMYHOTO THCKY. Bimmi-
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Puc.2 TemmepaTypHa 3aJexXHICTh IificHOI yacTu-
HU TieeKTPUIHOI IPOHUKHOCTI Ta TAaHTEHCA KyTa
nieaekTpuyHux BTpaT Kpuctamy CuCrgslngsP2Se
Ha vactotri 1 MI'I mim fgi€r0 pi3HUX THCKIB P,
MlIla:1-0,1; 2-100; 2-200; 3- 320;4-4100; 5-500;
6- 600. Ha BcraBui €(T) mpu tucky p=0,1 Ta
600MIIa BigmoBigHO.

1 L
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THMO, IO CTIOCTEPEKYBAaHUI MaKCHMYM Jiie-
JIEKTPUYHOT TPOHUKHOCTI TIPH aTMOC(HEPHOMY
TUCKY HE TOB'sI3aHUH 13 ()a30BUM IEPEX0]IOM
(®IT) B mux kpucrana. TemmepaTypHe MOJIO-
JKEHHST I[bOTO MaKCHUMyMy B KpHCTaIax
Cu(IngsCrg5)P2Sg cyTTeBO 3aMeKUTH Bijx Jac-
TOTH BHUMIprOoBajbHOro moisi [1]. YacrorHo-
3aJIe)KHA MOBE/IiIHKA TeMIIepaTypyu MakCUMyMa
JieNeKTPUYHOI MPOHUKHOCTI XapaKTepHa Jyis
da3u AUMONBHOTO CKiIa. MaKCHMyMH, IO
MalOTh MiClle Ha TeMIIEpaTypHUX 3aJeKHOC-
TSX TAaHTEHCA KyTa JIEIEKTPUIHUX BTpAT IiJI-
TBEPUKYIOTh pelaKcalliifHy MOBEIIHKY B KpH-
cramax Cu(IngsCros)P2Se, XapakTepHy st
CTaHy JUIOJBHOTO CKIIA.

B o6macti TuckiB p<300 MIIa (xpwusi 1-
4) xapakTep TeMIepaTypHOI MOBEHIHKH Jie-
JIEKTPUYHUX BJIACTUBOCTEH B TOPIBHSIHHI 13
aTMOC(epHUM THCKOM CYTTEBO HE 3MIHIOETh-
csl.
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Puc.3 bapuuna 3ajexHicTe  TeMIlepaTypu
aHoMasid  AIMCHOI YacTUHH  JieNEeKTPUYHOI

npoHukHocTi KpucTaimiB CuCrgslngsP,Ss. Temni
KBaJIpaTH 1 CyIiJIbHA JiHIS-aHOMATIi, BiAMOBiIHI
CETHETHENEKTPUIHOMY (a3oBoMy mepexony. Te-
MHI KPY>XKH 1 IITPUXOBA JIiHIS-aHOMAaJil BiIITOBI-
IIHI TIEPEXOay B CTaH AWMIIOILHOTO ckia. [lycruit
KPY>KOK-CKCTPaIoJb0BaHa TEMIIEpaTypa CEerHeTH-
EIEKTPUIHOTO (ha30BOTO MEPEXOTy MPH aTMoche-
PHOMY THUCKY.

3poCTaHHS  TIAPOCTATUYHOTO  THUCKY
MPUBOJUTE 0 3POCTaHHS BEJIMYUHU JIHCHOT
YaCTUHU  JIEJCKTPUYHOI TMPOHUKHOCTI B
YCbOMY JIOCIIPKYBaHOMY 1HTEpBaJIi TeMIiepa-
Typ. Ilpu poMy MakcUMyM Ii€NIEKTPUUHHX
BTPAT HEJIHINHO 3CYBa€ThCS B 00JIACTh HU3b-
KHX TeMIepaTyp.

ITpu tuckax p>300 MIla (xpuBi 5-7) Bi-
NOyBa€ThCsl CyTTEBA TpaHchopMallis Temre-
parypHOi MOBEAIHKH IIHCHOI YaCTUHU JlieJeK-
TPUYHOI ~ MPOHUKHOCTI  JUIsI  KPHUCTATIB
Cu(IngsCrg5)P2Se (nuB.BcTaBky mo puc.2). B
i 00JIacTi TUCKIB MAOTh MICIIE IBI aHOMAI1
JieNeKTpUYHOI MPOHUKHOCTI. OnHa, MpU HU-
IUX TeMIIepaTypax, BiJIIOBIIa€ MEPEXOay B
CTaH JWIOJBHOTO CKJIA, 1HIIA - MPU BHIIUX
TeMmrepaTrypax, cerHeruenekrpuunomy OII,
1HYKOBaHOMY T1JJpOCTaTUYHUM THCKOM.

OO0roBopeHHs pe3yJabTaTiB

Ha ocHOBI  JOCHIIXEHHS  TEMIIE-
paTypHHX 3aJICKHOCTEH JIICJICKTPHYHUX BJIac-
tuBocTeit kpuctaniB CuCrgslngsP2Ss Hamu

nmoOyaoBaHa OapuuHa 3JICKHICTh
TeMIIepaTypu aHOMaTiil MIMCHOI YacTHHH
TIeNeKTPUYHOI ~ IPOHMKHOCTI  KpPHUCTAaJiB

CuCrgslngsP2Se, mpencraBnena na puc.3. Be-
JTUYMHA OapUYHOTO 3CYBY TEMIIEpaTypH Cer-
HetuenekrpuuHoro ®II iHIyKOBaHOTO BHCO-
KHUM TiJPOCTATHYHUM TUCKOM (TE€MHI KBajpa-
TH) BHW3HAuUeHa 13 puc.3 Id KPHUCTATIB
CuCroslng 5P2Se BUSBHJIACH piBHOIO
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dTc/dp=0,18 K/MPa. 3naueHHsS LBOrO KOe-
¢bimienTy, 61M3bKe 10 3HAYCHHS KoeDilieHTy
OapUYHOTO 3CYBY TEMIEPATYpU CETHETHEICK-
tpuuHoro ®PIT dTc/dp=0,21 K/MPa Tta dTc/dp
=0,29 K/MPa nmns xpucramis CulnP,Sg Ta
CuCrg3lng 7P,Se [3], Bimmoimno. Ile omHO3-
HAYHO MIiJITBEP/UKYE IHAYKYBAaHHS BHCOKHUM
TIPOCTaTUYHUM THCKOM CErHETHUEJIeKTpUY-
Horo ®II B xpucranax CuCryslngsP2Se. Exc-
TpanoJsiiss 6apuyHOi 3aJIeKHOCTI TeMIiepa-
Typu ®II 1o armocepHOro THCKY a0 Ham
3MOTY OOYHCIIUTH TEMIIEPATYPY BIpTyaIbHOTO
@Il B momapHy ¢asy ansd KpHUCTaTiB
CuCroslngsP2Sg mpu  armochepnomy THC-
Ky(mycTuii Kpy>koK Ha puc.3). Benuuuna wiei
TeMIiepatypu BHUsBWIAach piBHOWO 7Tc=162K.
BukopucToBytouu 1e 3HaUCHHS TeMIIepaTypu
®II Ta mitepaTypHi JaH1 paHilIe MPOBEACHUX
JOCHIJKeHb B KpUCTallaX TBEPAUX PO3UMHIB
Cu(InCr;)P2Sg [1-4] mamm moOymoBaHa
KOHIIEHTpalliliHa ¢a3oBa Jiarpama, HaBeJcHA
Ha puc.4. . Konnenrtpariitnuii 3cyB Temmepa-
Typu cereruenekrpuanoro @II mis tBepaux
posunniB Cu(InCr;—)P2Sg mobpe onucyeTbes
criiBBigHOmeHHsM T,(x)=314,6-3,5-x+0,009-x*
(x, M011.%).
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Puc.4. ®a3zoBa giarpama KpucTasis
CU(Crxlnl_x)P286

BucnoBku

Ha ocHOBI mociimkeHs TeMIepaTypHHUX
3aJISKHOCTEH JIeNeKTPUYHUX BIACTUBOCTEH
kpuctaniB CuCrgslngsP2Se BcTaHoBneHna Oa-
pUYHA MOBEIiHKA TEMIIepaTyp aHoMalii Jie-
JEeKTpUYHOT TpOoHUKHOCTI. [igpocraTnyHumit
TUCK 1HAYKY€E MOSIBY aHOMAii TieNeKTpHUYHOT
MMPOHUKHOCTI, IO BIAMOBIA€ CETHETHEIICKT-
puunomy @OIT B kpucramax CuCryslng sP2Se.
Jlnst manmx KpuctaniB moOymoBaHa ¢azoBa
p,T-niarpama. TemmepaTypa BipTyaJbHOTO



Haykoswuii BicHuk Ykropojacbkoro yHiBepcuteTy. Cepist ®izuka. Bunyck 41. — 2017

@Il B kpucranmax CuCroslngsP,Se piBHa
T=162K. TloOynoBana (a3oBa x,7-miarpama
tBepaux pozuuHiB Cu(InyCri—)P,Ss. Konre-
HTpaIiiHUAN 3CYyB TEMIEPaTypH CErHETHEIICK-

TPUYHOTO (Pa30BOTO MEPEXOIY ISl TBEPIAUX
posuuniB Cu(InyCr—4)P,Se ommcyerses 3ame-
xuictio 7.(x)=314,54-0,09x+12-x°.
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[IpuBeneHbI pe3yabTaThl HCCIICAOBAHUI TEMIIEPATypPHBIX 3aBUCHMOCTEH aHOMAIUN
JIMDJIEKTPUYECKON MPOHUIIAEMOCTH CIOMCTHIX KpuctanoB CUCrgsIngsP,Sg pu neit-
CTBUHW BHEIIHETO THUAPOCTATHYECKOTO JABJIICHUS. Y CTAaHOBIEHO, YTO JCHCTBHE THJI-
POCTAaTHYIECKOTO AAaBICHUS HHAYIIHPYET aHOMAINIO JUAJICKTPUIESCKOH MPOHUIIAEMO-
ctu B kpuctaiuax CuCrgslngsP,Sg, kKoTOpas COOTBETCTBYET CErHETHUIIEKTPHIECKO-
My (azoBoMmy mepexoxy. YcTaHOBICH BHI (a30oBoi X,T-mImarpaMMbl KpHCTAJIOB

CuCri4InyPsSe.
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BARIC TRANSFORMATIONS OF ANOMALIES OF
DIELECTRIC PERMEABILITY OF CuCrgslngsP,Se
LAYERED CRYSTALS

Purpose: The investigation of the nature of the dipole glass state in ferroelectrics
has become one of the most interesting and important areas in solid state physics in
recent years. Layered crystals of solid solutions based on CuCrP,Sg and compounds
are very convenient materials for studying the effects of freezing relaxation dynam-
ics caused by dipole disordering. With the change of the chemical composition of
solid solutions, we can observe a transformation from dipole ordering with a long-
range order, (a ferroelectric CulnP,Sg in and an anti-ferroelectric in CuCrP,Sg) to a
state of dipole glass with a relaxation behavior caused by the "freezing" of ferroac-
tive ions in the crystal lattice. Based on the investigations of dielectric spectroscopy
(10 mHz-3 GHz) in mixed Cu(In,Cry4)P,Ss crystals, it was found that the phase
changing point between the ferroelectric phase and the dipole glass phase lies be-
tween x=0.5 and 0.7 , and the corresponding point between the state of the dipole
glass and the anti-ferroelectric phase is between x=0.4 and 0.2. The main aim of this
study is to investigate the effect of high hydrostatic pressure on the temperature de-
pendences of dielectric properties of CuCrgslngsP,Ss crystals, in which the state of
dipole glass occurs at atmosphere pressure according to the phase x, T-diagram .
Methods: Studied CuCrqslngsP,Se crystals were grown by the gas transport reaction
method. For the dielectric measurement polished plate like crystals were used. All
measurements were performed in a direction perpendicular to the layers. The com-
plex dielectric permittivity e+ was measured using an HP4262A capacitance bridge
at the frequency 1 MHz. All measurements have been performed on cooling and
heating mode with a temperature rate 0.5 K/min. Silver paste has been used for con-
tacting. Hydrostatic pressure was applied a high-pressure chamber, its value being
controlled within £1MPa. Scanning electron microscopy (SEM) studies combined
with energy dispersive X-ray spectroscopy (EDX) were performed using a SEM
JEOL 7000F microscope.

Results: Studies of a complex dielectric permittivity €* of CuCrgslngsP,Ss crystals
with different values of hydrostatic pressure were performed in a wide temperature
range 77 K <T <400K and a pressure of 0 MPa <p <600 MPa. In the pressure region
p<300MPa for CuCrqslngsP,Ss crystals, no anomaly in the static dielectric permit-
tivity indicating a polar phase transition can be detected down to the lowest tempera-
ture. The maximum of the real part of the dielectric permittivity shifts to higher tem-
peratures with increasing pressure along with the imaginary part of the peak in the
whole frequency range. These anomalies of dielectric properties are due to the exist-
ence of a state of dipole glass. In the region of pressures p> 300MPa, two anomalies
of the real part of the dielectric constant are revealed. One, at lower temperatures.
corresponds to the transition to the state of a dipole glass, the other-at higher tem-
peratures, is a ferroelectric phase transition induced by hydrostatic pressure. The
Value of the baric temperature shift of the ferroelectric phase transition for
CuCryoslng sP,Se crystals induced by high hydrostatic pressure dTc/dp=0,18 K/MPa is
close to the similar value of dTc/dp=0,21 K/MPa and dTc/dp =0,29 K/MPa for crys-
tals CulnP,Sg and CuCryq3lng 7P,Se, respectively.

Conclusions: Based on the studies of temperature dependences of dielectric permit-
tivity of layered crystals at high hydrostatic pressure, the baric behavior of the tem-
peratures of the anomalies of dielectric permittivity of crystals CuCrgslng sP2Se is es-
tablished. Hydrostatic pressure induces the appearance of an anomaly of dielectric
constant, which corresponds to a ferroelectric phase transition. p,T phase diagram of
these crystalls was built, and pressure coefficients for the phase transition
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temperature shift were determined. The phase transition temperature in crystals
CuCryoslng sP,Se determined by extrapolation of the baric dependence of the tempera-
ture of the ferroelectric phase transition to atmospheric pressure is equal to
T.=162K. The phase x,T diagram of Cu(In,Cry,)P,Ss solid solutions was built. The
concentration shift of the temperature of the ferroelectric phase transition for solid
solutions of Cu(In,Cry,)P>Sgs can be well described by the equation 7,(x)=314,6-

3,5-x+0,009-x% (x, mol.%)

Keywords: antiferroelectrics, phase transitions, dielectric properties, hydrostatic

pressure, phase diagram, dipolar glass.

PACS NUMBER: 77.80.b, 62.20.Fe
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