Uzhhorod University Scientific Herald. Series Physics. Issue 43. — 2018

YJIK 538.956;53.092
PACS 77.80.b, 62.20.Fe

DOI 10.24144/2415-8038.2018.43.21-27
O. B. Illycral, O.T'. Cimuekal, B. C. Illycra!, B. A. Kanutun?,

I. [leTpunmuens?

1Y 3kropo/chbKuii HalOHABHHN yHIBEpCUTET, BYJ. Bomormna, 54, Yikropoa, 88000, Ykpaina

e-mail: vshusta@ukr.net

2CroBaribka akajaemis Hayk, Bys. Barconoa, 47, Kormire, 04001, CrnoBau4una

DA3OBA p, T-ITTATPAMA INAPYBATUXKPUCTAJIIB
CuCrolng.1P2Se

HaBeneHo pe3ynbpTaTét NOCHIDKEHb TEMIIEPATypHUX 3ajeKHOCTCH aHOMalid
JUEJICKTPUYHOT POHUKHOCTI B OKOJII ()a30BUX MEPEXOJIB MIAPYBATHX KPHUCTAIIB
CuCroglno.1P2Se ipu i 30 BHINIHBOTO TiJIP OCTATHYHOTO TUCKY . BCTAHOBIICHO, IO Jist
TIPOCTATUYHOTO THCKY 3MCGHIIYE TeMIEepaTypHy LIMPUHY TMPOMIDKKOBOI
(mecmiBposmipHoi) ¢asu. Ha dasoiit p,T-miarpami xpuctaniB CuCroglno.iP2Se
MOXIIMBE iICHYBaHHsI OTPiifHOI TouKH 3 KoopauHatamu P~1390 MIla, T=115K, sxa
PO3IUIsE MapaeIeKTPUIHY, HECIIIBMIpHY Ta aHTHCETHETOCTIEKTPHYHY (a3zu.

KmouoBi cJoBa:

AHTUCETHETOCNEKTPUKH, (a30Bi TNEpexou, MAieJeKTpUYHI

BIIACTUBOCTI, TIAPOCTATHYHHH THCK, ()a30Ba Aiarpama, moTpiiHa TouKa.

Beryn
Kpuctamn  CuCrP,S¢  Hanexate 10
apyBaTHX KBa3iIBOMIpHUX (hochopoBMicHI
xanpkorenigis Tuy Cu'M"WP,Sg (M=In,Cr)
IUIl SIKAX € XapaKTepHUM HasBHICTbh DPI3HUX

THITIB CIIOHTAHHOT'O B197110X119: (01 §0)
VIOPSIAKYBaHHA, M0 3yMOBIIIOE peai3alliio
(hazoBHX nepexoIiB B CErHeTu-,

AQHTHCETHETOCTICKTPUYHI Ta HeCHBMIipHI (asu
a Takok (a3u ammonsHoro ckma [1,2,5,7,8].
Kpim Toro iHTrepec a0 iX DOCHIIKEHb 3piC B
3B’SI3Ky 3 MEPCTIIEKTHUBHICTIO X BHKOPHUCTAHHS
B SIKOCTI MYJIbTH(PEPOMMHMX MaTepiamiB s
HACTYIHOTO TIOKONIHHSA MAaTrHITOCIeKTPUY HUX
CHEProHe3aJICIKHIX 3anam'sTOBYIOUHX
npuctpois [9].

PenrrenoctpykTypHi JTOCJT>KEHHS
[256] xpuctamB CuCrP,Sg cBimuath, M0
cumeTpist mapaenekTprmanoi ¢asu € C2/c , a
CUMETpII  aHTHUCETHETOECTICKTPHIHOL -Pe.
CrionranHa TIOJIS pH3aLIist 00yMOBJIICHa
JUMOJIbHAM ~ YTIOPSIIKYBAHHAM TIpH  (pa30BOMY
MepPexoIi. MexaHidm YIOpSIIKYBa HHS
MOB'SI3aHMN 3 JMHAMIKOIO JBOX HIATPaTOK:
penakcamist  kKaTioHB CU' 'y  JIBOXAMHOMY
MoTeHian Ta 3MimeHHs kartioHis Cr3* B
mapax.

3rifHO JaHUX KaJOpUMETPUIHMX Ta
yIbTPa3ByKoOBUX  gociimkesb [34,7] B
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kpuctanax CuCrP,Sg inenrudikopano npa DIT
—mpu Tg = 190 K ta Ty, = 150 K, ski
PO3ALIAIOTH TpH dazmu: HETIOJISIPHY
mapaenekTpuany (7 > T), aHTHIONAPHY
anrucerreroeniektpumuy (77 < Tg) Ta
MPOMDKKOBY KBa3i-aHTUIOISIPHY B IHTEPBaJIl
temrepatyp T < T < Tg. 3rogom
JieNeKTPUIHI JIOCIIKE HHS [10] Ta
TOCIKEHHS  Kparo  (yHIaMEHTaJbHOTO
nornuHaHuA[11] manm 3Mory BCTaHOBWTH, IO
npoMbkkoBa aza € HecmBMipHOtO. [Ipo 1e
CBIIUWIM 3JIAMH TEMIICPATYpPHOI 3aJIe)KHOCT 1
JieneKTpuuHoi npoHUkHOCTI mpu PDII 2-ro
pony 3 mapaeneKTPUIHOI B MPOMDKKOBY a3y
Ta TMapajelbHAd  3CYyB  CHEPreTUYHOTO
TIOJIOKEHHS Kparo (dbyHIaMEeHTaJIbHOT O
norMHaHHA. [3oMopdHa 3amina atomiB Cr Ha
10mon.% atomiB In B kxpucramax CuCrP,Sg
CYTTEBO HE 3MIHIOE TEMIIEpATypHY MOBEIIHKY

JieeKTPHIHIX BJIACTUBOCTEN [1,8].
Temneparypa  (asoBoro  mepexomy B
AHTHCETHETOEJIEKTPUYHy  (asy  HE3HAYHO

3MEHIIYETHCS, TPU I[OMY CXOAWHKA Ha
TEMIIEpaTypHIi 3aJIe)KHOCTI & B KpHCTajax
CuCroglng 1P2Se cTae OibIr po3MuTOLO.

Bimomo, 110  30BHIIIHI BIUIMBU
(eneKTpHYHE TOJIe, MEXAHIUHI HANpPYXEHHA Ta
TIPOCTATHYHUA  TUCK  CYTTEBO  MOXYTh

3MIHIOBaTH CTPYKTYpy NPOMDKKOBUX (a3 B
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cerHeroenekTpukax. [Ipu oMy Ha niarpamax
CTaHy MOXJIMBE ICHYBaHHS TOJIKPHUT U9 HUX
tTo4yok (Touka Jlipumiys [12], morpiiiHa TOukKa
[13]).

OcHOBHa MeTa IaHOTO JJOCIIKECHHS 3a
JIOTIOM OT' OO BUBYEHHI  TeMIEpaTypHUX
3aJIe)KHOCTEH JIENIEKTPUYHUX  BIACTHBOCTEH
kpuctamB CuCrpglng 1P2Sg mpu nii BECokoOTO
TIPOCTATUIHOIO THCKY BCTAaHOBHTH (pa3oBY
p,T-piarpamy  Ta  MpoaHaIByBaTH i
0COOJIMBOCTI.

MeToauKa eKCIePUMEHTY

HocmimxyBani KpHUCTAITH
CuCrpglng1P2Ss Oymu orpumani MeTomoM
ra30TPaHCIIOPTHUX peakiiid. EIeKTpoeMHICTH
C 1 TaHreHC KyTa MICJCKTPUIHUX BTpaT tgo
JIOCITIDKYBAaHUX KPHUCTAJIB BUMIPIOBAJIUCS 3a
noromororo  LCR METER HP4262A na
gactori 1 MI'n. 3anexuocti €(7) i tgd(7)
OTpUMaHi B JUHAMIYHOM Y peXKHM 1
OXOJIOJDKEHHSI Ta HATPIBY 31 MBHUIKICTIO 3MIHU
temrepatypu 0,5 K/min. TemnepaTypa 3pa3ka
KOHTPOJTIOBAJIACh Milb-KOHCTaHTaHOB OO0
tepmomaporo 3 TouHicTio 0,1 K. B sxocTi
eJEKTPUYHAX KOHTAKTIB BUKOPHCTOBYBAJACh
cpibHa macrta tumy “Jleryca-200”. Konraktu
HAHOCWINCh TEPNeHAVKYSIPHO /IO IIapiB
KpHUCTaJy. 3pa3ok OIS BUMIpIOBaHb
PO3TAIIOBYBAaBCSl B KaMepi BUCOKOTO THCKY 3
KamsipoM 13 poOouor0 pinvHOW - OCH3WH
“Tanoma® . Tuck B Kamepi BHCOKOTO THCKY
BM3HAYABCS MCXaHMHAM MaHOMETPOM 3
tounicTio 150 arm. [Hdpopmamiro  mpo
Tororpadito TIOBEpXHI Ta KOMIIO3UIIHHU I
CKJIaJl IOCIIKYBAaHUX KPHUCTAJIB OTPUMAHO 3a
JIOTIOMOTOK0  CKaHYIHO4YOro  €JIEKTPOHHOTO
Mikpockorna (SEM).

ExcnepuMeHTAIbHI pe3yJibTaTH
Ha puc.1 HaBejeHi 300paskeHHs TOBEPXHI
KBa311BOBUM IPHHX MOHOKPHCTAJIIB
CuCrpglng 1P2Se orpumane 3a momomororo
CKaHyIOUYOro eJICKTPOHHOrO Mikpockor JSM-
7001FSEM 1 mpoBeneHo iX TOYKOBHI aHAII3

METOIOM EHEeProJIUCTIEPCIHHO T
penrreHoduyopecte HTHO1 CTIIEKTPOCKOTTI.
OTpumanuii XIMIMHMHA =~ aHali3  KpHUCTAaJiB

mokasaB, 10 iX ckiman ckiaagae:Cu - 16,87
Mok, %; In 3,06 monb. %; Cr— 12,43 monb. %;
P - 1641 momb. %; S - 51,23 moab. %, 110
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Iy’XKe T00pe y3TOIKYEThCS 13 TEOPETUIHUM U
pO3paxyHKaMHu.

4um " Electron Image 1

Spectrum 1
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Puc.1. 300paskeHHS MOBEPXHI Ta
peutrenoyopecuentauii EDX-criektp 1mapyBamix
kpucTaiiB CuCro.slNo.1P2Se.

TemmnepaTypHi 3aJIe’KHOCT 1
TieJIeKTPHYHIX BIIACTUBOCTEH B IIApyBaTHX
kpuctamax CuCrgolngi1P2Ss mpum  pBHEX
3HAYCHHAX TIIPOCTATHYHOTO THUCKY OTPUMaHI
B peXXHMM1 HarpiBaHHA 300pa’keHl Ha puc. 2.

30UThbIIICHHS  TIAPOCTATHIHOTO  THCKY
MPUBOJUTH 7O 3POCTAHHS BEJMYHUHU JIIHACHOT
YaCTHUHH  JICJICKTPUYHOI  NPOHMKHOCTI B
yCbOMY JOCTIIKYBaHOMY iHTEepBai
temriepatyp. llpm  1mpOMy  MakCHMyMHU
TemnepaTypHoi 3anexHocTi €' (T) 3cyBatoTbes
B o0macTb  MEHIIMX THCKIB. [pu
aTMOCc(pepHOMY THCKYy Ha TeMIepaTypHii
3aJIe)KHOCT1 JIMCHOI YaCTHUHM J[ieJeKTPHY HOT
MPOHUKHOCT1 kpuctamB  CuCrgglng 1P2Se
(kpuBa 1.) cmoctepiraeTbCcsi ~ pO3MUTA
CTPUOKOMOMIOHA CXOAWHKA, 0 OXOILIIO€
temrnepaTypruii iHTepan 10 K i Binmosinae
BIIOMOMY hazoBomy nepexony B
HECIMBMIPHOI B AHTHCETHETOENECKTPUYHY
¢dazy[1]. Cepenuna 1€l CXOIMMHKHA BIIIOBITA€

TeMIepaTypi To=146K, 1110 nobpe
Y3TOIKYEThCS 13 pesyabratamu podoru [1,8]..
3nam TeMIIePaTypHOL 3QJIEKHOCTI,
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BIIITOBITHANA TeMIepaTypi DI1
MapaelieKTpudHa - HecmBMipHa (asza mpu
aTMOC(EpPHOMY THCKY CIOCTEpPIra€ThCsl MPH
temrepatypi Ta = 177 K, mo Tex

Y3TOIDKYEThCS 13 pe3ynbTaTamu podoru [1,8].
B obnacti @I nmepmoro poxy Te Kpuctamis
CuCroglng1P2Sg  Takoxkx  cmoctepiraerbest
CTpPHOKOMOTI0HA MOBE IIHKA Ha
TEMIICPATypHI 3aJIe)KHOCTI JICTCKTPUY HUX

Brpart &" (1) (puc.2).

52

e 0,IMIa| §

08 200Mla 1/;%’4
400MTITa g
600MIla i

100 150 200 250 300
TK

Puc.2. TemneparypHa 3aJIe>KHICTb AIMCHOT €’ Ta yIBHOL

€’ YacTUHM JeJICKTPUYHOT MPOHUKHOCTI KPUCTAIIB

CuCroglno.1P2Se npu pI3HUX 3HAYECHHIX

rigpoctatiaHoro THCKy p,MIla: 0,1-; 2-200; 3-400; 4-

600.
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Puc.3. TemmeparypHa  3aJexHICTh  OOEpHEHOI
JUENeKTpUYIHOI  TPOHHUKHOCTI gt KpHCTAITB

CuCroslno.1P2Se mpw pi3HIX 3HAUESHHSXTIAPOCTATHIHIX
THCKAaX BIMIOBiNHO puc.4.34
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OO0roBopeHHs pe3yJbTaTiB

[lpuBeneni Ha puc.2. TeMIepaTypHi
3aJIeKHOCTI YSBHOL JIeTIeKTPUY HOT
MPOHUKHOCT1 CBiTYaTh MNP0  CKJIAJHY
MOBEIHKY JICJNICKTPHUYHHX BIACTHBOCTECH B
nmapaenekrpuyHii  ¢asi. Lle maTBepmKxye ToM
(dakrt, MmO 13-3a BITHOCHO CWIBHOI JIHUIIONb-

JWMOJbHOI  B3aeMojii HemoysipHa (asza He
nposiBisie  cebe  SAK  3BMUAMHMNA  TUI

napaesektpudaHoi ¢asu [2]. I3 puc.2 BumHoO,
mo @Il B aHTHCETHETOENCKTpHUHY (hasy
nepelye MaKCHUMyM YSIBHOI JTieJICKTPHY HOT
MPOHUKHOCT1, SIKHM 3CYBA€ThCS B CTOPOHY
BUCOKHMX TEMIIepaTyp Ipu 3pOCTAHHI THUCKY.
Maxkcumym JieJIeKT PIHIHUX BTpar
XapaKTEpHUH I peslaKCalliiHUX TpOleCiB B
CETHCTHEJICKTPUKAX 1 MOXE CIyTyBaTH
JOAATKOBAM apryMeHTOM, IO CTPHOKOBHH
pyX aToMiB Mili CHOYaTKy BHIAJAKOBO
“3aMOpOXKY€EThCSI” B OJDKHROMY OTOYEHHI
(ckmomomibHa Ta HECHIBPO3MIpHA MPOMDKKOBA
¢aza), a MOTIM 3IICHIOETHCS AHTHUIOIS PHE
YIOPSIAKYBaHHS.

140 \\ I E

120 Teal e A

.
0 400 800 1200
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Puc.4. ®azosa p,T- niarpamakpucrany CuCroolno 1P:Ss.
CBiTni Ta TeMHI Kpy’>KE€4YKH TeMIiepatypa (pazoBoro
Mepexojy i3 TMapaclieKTpUYHOi B HECHIBMIpHY Ta
HECHIBMIDHOI B  QHTHCETHETOCICKTPHYHY  (asu
BIITOBIHO.

[Tpu 3pocTanHi TUCKY CTpHOKOMNOAiOHA
aHomaniss B obnacti @I mepmoro poxy T
HE3HAYHO PO3MHUBAETBCS 1 3CYBAETHCS B
o0lacTh MEHIIMX TeMIepaTyp 3 OapHuHUM
Koedire HTOM dTe/dp=-0,045 K/MITa.
Posmurwmit 3mom mpu Ty (auB. puc.3) Takox
3CYBA€THCS B CTOPOHY HMBBKHX TEMIIEPATyp 13
koeditierrom  dT/dp=-0,022 K/MIla. Ilpu

HOMY TEeMIICpaTypPHHI IHTEepBaJl
MPOMDKKOBO1 (pa3u 3MeHIryeThes. Pazosa p,T-
JiarpaMd  OTpUMaHa HAaMM Ha  OCHOBI
JTOCJIIKEHb OapraHOT [OBEIHK U

,Z[ieJ'IeKTpI/I‘IHI/IX BJIACTHUBOCTEH NpUBCZICHA Ha
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puc.4.  Excrpamomsmiss  mHIA  da30BUX
NepexoJiB B 00JacTh BUCOKMX THUCKIB Ja€
MICTaBA TOBOPUTH TIPO peayiizaliio Ha
¢dazoBiii  p,T-miarpami B 00MacTi THCKIB
p~1390 Mlla TOMKPUTHIHOT  MOTPIHHOT
TOYKH, IO po3aisie ((a30oBi mMepexonu B
CIIBMIpHY Ta HECIMBMIpPHY (a3u.

BucnoBku
Briepiiie 1OCHITKEHO BIUIMB BHCOKOT O
TIPOCTATUYHOIO THUCKY Ha  JIIeNIeKTPUY HI
BrnacTuBOCTi KpuctamB CUCrgglng 1P2Ss.
Busasiero HIYKOBa HU I
TIPOCTATHMHAM THUCKOM €(EeKT 3MEHIICHHS

TEMIIEPAaTYPHOTO IHTEpBaTy iCHyBa HHS
MPOMDKKOBOi  (HECTIBMIPHO1) ¢dazu B
kpuctamax CuCrP,Sg i ekcrepuMeHTaILHUM
IUIIXOM BU3HaY€HO Koedimenrn OapuaHOi
3minu temrnepatypu @I1 nepmoro pony Te 3
koedirierrom  dT/dp=-0,045 K/MIla Ta
TeMIIepaTypu NEpexony ApPYyroro poay Te B3

koedirierrom  dT/dp=-0,022 K/MIla. Ha
¢azoBiit p,T-niarpami KpUCTAaJIiB
CuCrg.glng.1P,Se MOXJIMBA peasnizartist
TIOJTIKPUT M HOT MOTPIHHOT TOYKH 3

koopamHatamu P~1390 Mlla, T=115K, mo
po3nirie ¢Ga3oBl TEpPeXoad B CIIBMIpHI Ta
HECTIBMIpHI (a3
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DA3Z0OBAA p, - TUAT PAMMA CJIOUCTDBIX
KPUCTAJIJIOB CuCroglng.1P>Ss

[puBeneHb! pe3yabTaThl HCCIECIOBAHUN TeMIIePATyPHBIX 3aBHCUM OCTEH aHOMaymit
IMBIICKTPUIECKON MTPOHUIIAEMOCTH B OKPECTHOCTH ()a30BBIX IEPEX0A0B CIOUCTHIX
kpuctawioB CuCroglnoiP2Ss Tpu JmelicTBUM BHEMIHETO THIPOCTATHYECKOIO
JABJICHUS. Y CTAHOBJICHO, YTO ACHCTBHE THAPOCTATHYECKOTO JIABJICHUS Y M CHBIIIACT
TeMIepaTypHyIO IUPUHY NpoMexyTouyHoi ¢assl. Ha ¢asoBoit p,T-muarpamme
kpuctaiwioB CuCroslnoiP2Ss BO3MOXKHO cyliecTBOBaHHE TPOWHONW TOUYKH C
koopauHaTtamu P~1390 MIla, T=115K, koTopas pa3aeisieT napasieKTpUIeCcKyo,
HECOU3M EPUMYIO U aHTUCETHETOICKTPUUCCKYTO (hasbl.

KiroueBble ¢J10Ba: CETHETHANIEKTPUYICSCTBO, AHTHCETHETOICKTPUICCTBO, (ha30Bbie
MEPEex0Ipl, HMINICKTPHICCKHE CBOIMCTBA, TUAPOCTATHUECKOE JAaBICHHUE, (a3oBas
JmarpaMma, TpoiHast TouKa
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PHASE p, T-DIAGRAM OF LAYERED
CuCro9lng1P,SsCRYSTALS

Purpose:Recently interest of CuCrP,Sg crystals studies has grown significantly. This
is due to the promising use of themas multiferous materials for the next generation of
magnetoelectric non-volatile storage devices.

According to data from calorimetric and ultrasound studies, two phase transitions
were identified in CuCrP2Ss crystals at Te1~190 K and Tc2 = 150 which divide three
phases:the nonpolar paraelectric (T>Tc1), the antipollar anti-ferroelectric (T <T.2) and
the intermediate quasi-antipollar in the temperature range Tc, <T <Tc1.

Dielectric studies and studies of the fundamental absorption edge have made it
possible to establish that the intermediate phase is incommensurable. This was
evidenced by the brakes on the temperature dependence of the dielectric constant at
the second kind phase transition from the paraelectric to the intermediate phase and
the parallel shift of the energy position of the edge of the fundamental absorption.
The isomorphic substitution of Cr atoms by 10 mol% of In atoms in crystak of
CuCrP,Ss does not significantly change the temperature behavior of dielectric
properties.

25
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The temperature of the phase transition to the anti-ferroelectric phase is slightly
reduced, the step on the temperature dependence of € 'in CuCro.slno1P2Ss crystals

becomes blurrier.

The main objective of this study is to determine the phase r, T-diagram and analyz
its features by studying the temperature dependences of the dielectric properties of
CuCroslne1P,Ss crystals under theinfluence of high hydrostatic pressures.

Methods: Studied CuCroslne1P2Ss crystals were grown by thegas transport reaction
method. For the dielectric measurement polished plate like crystals were used. All
measurements were performed in a direction perpendicular tothe layers. The complex
dielectric permittivity ex 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 contacting.
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 CuCroglno1P2Ses crystalks
with different values of hydrostatic pressure were performed in a wide temperature
range 77 K <T <300K and a pressure of 0 MPa <p <600 MPa. An increase in
hydrostatic pressure results in an increase in the value of the real of the dielectric
constant throughout the studied temperature range. With increasing pressure, the
jump-like anomaly in the region of the first kind Phase transition T, is blurred and
shifted toa lower temperature regionwith a coefficient dTc,/dp=-0,045 K/MPa. Atthe
same time, the temperature interval of the intermediate phase decreases. The blumred
break at Tc1 also shifts towards low temperatures with a coefficient dTc./dp=-0,02

K/MIlIa.

Conclusions: The influence of hydrostatic pressure on the temperature behavior of
dielectric properties of CuCrP,Sg layered crystals is studied in the vicinity of the phase
transition of crystals. It was observed that under the influence of the hydrostatic
pressure the intermediate (incommensurate) phase existence temperature interval was
reduced. Coefficients of the baric variation of the temperatures of the first kind phase
transition T, and of the second kind phase transition Tc: were determined. On the
phase p,T diagram of CuCroslno1P2Ss crystals an implementation of a polycrytical
triple point that separates phase transitions into comparative and incommensurate

phasesis possible.

Keywords: antiferroelectrics, phase transitions, dielectric properties, hydrostatic

pressure, phasediagram, triple point.
PACS:77.80.b
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