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OCOBJIMBOCTI KPI/I"CTAJII‘IHOT CTPYKTYPU TA
MEXAHI3M IOHHOI ITPOBIJHOCTI Y TBEPJIUX
PO3UNHAX CUCTEMMH CusPSsl-CusAsSsl

[TpoBeneHO PEHTICHOCTPYKTYPHI JOCIIIKEHHS, sIKi MOKa3aJd, 10 Y
cucreMi CusPSsl-CusAsSsl yTBOproeTbest HemiepepBHUI P TBEPIUX
po3unHiB CUs(P1-xASx)Ssl, sIKi KpUCTaNi3yIOThCS B TPAHEIICHTPOBAHIM

KyOiuniit komipii F43mM . BcranosieHo, 1m0 KOHIEHTpalliliHa 3MiHa
napameTpa IpaTK BiOyBaeThCs 3 BIIXHMIICHHSM Bij 3akoHY Berappaa.
[TpoananizoBaHo OCOOJMBOCTI KpUCTaNiyHOI OyJOBH Ta BHBUYEHO
MeXaHi3M 10HHOT'O TPaHCIIOPTY B TBEpAMX po3unHax cuctemu CusPSsl-

CusAsSsl.

Karouosi ciioBa: Teepai po3unnu, qudpakrorpama, mapameTp rpaTkH,

10HHA TIPOBIIHICTH
Beryn

Croonmykn  CuePSsl  ta  CusAsSsl
KpUCTANI3yIOTbC B TpaHEICHTPOBaHIH
KyOl4HI KOMIPIIl CTPYKTYpPH apripoauTy
(mpocropoBa rpyma F-43m, Z=4) 3
napamerpamu rpatku  a=9.78124 A nna
CusPSsl Ta @=9.88372 nmna  CueAsSsl,
BiamoBimHo [1]. VY 3B’sa3ky 3 i30CTpyK-
TYPHICTIO CHONYK Ta OJU3bKUMH 3HAUYECHHSIMU
iormux pagiycis (0.31A gua P*® ta 0.47A nna
As*®) 'y  cucremi  CugPSsl-CusAsSsl
YTBOPIOETHCS HETICPEPBHUN  psZl  TBEPAMX
posunHiB (3amimenns PP« As™) [2].

Pesynbratu noChiKeHHS €IeKTPUUHUX
Ta ONTUYHUX BIACTUBOCTEN TBEPIUX PO3UMHIB
y cucremi CusPSsl-CueAsSsl HaBegeHo B
pob6orax [3, 4]. B po6ori [4] nmoka3aHo, 1110 B
tBepaux  po  3umHAaX  CuUs(P1-xASx)Ssl
criocTepiraeTbcsi  ypOaxiBchbka  TOBENiHKA
Kparo  moriauHaHHsS. [Ipw  KaTioHHOMY
3amimieHHi P—>AS  BusBIEHO HEINiHINHE
3MEHIIEHHS IIUPUHU OMTUYHOT IICEBIOIIITUHI
Ta eJIeKTPUYHOT npoBiaHOCTI [3, 4].

Mertoro JaHoi poboTtu Oynu
PEHTIE€HOCTPYKTYPHI AOCTIHKCHHS, BUBUCHHSI
KOHIIEHTpAIlIHHOT ~ MOBEIIHKA  MapaMmerpa
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IpaTKH, 0COOIUBOCTEH KPUCTATIYHOT OyOBH
Ta MEXaHi3My 10HHO1 MPOBITHOCTI B TBEPAMX
po3unnax cucreMu CuePSsI-CusAsSsl.

MeTtoauka ekcriepuMeHTy

VY 3B’s13Ky 3 THM, 1110 cioiayku CugPSs|

ta  CusAsSSsl  MawTh  IHKOHTPYEHTHHH
XapakTep IUIABJICHHS, CHHTE3W CIUIABIiB
cucreMu  CugPSsI-CusAsSsI  mpoBoauiu
METOJI0M TBepAOpa3HUX  peakIliit o
MoOU(IKOBaHIH METOIUIl, pOo3poOseHil At
CHHTE3Y TEpPHAPHUX CTIONTYK 3
IHKOHTPYEHTHHM XapaKTepoM IUTaBieHHs [5].
CriaBu  CHHTE3yBaJM  MPSIMAM  OJHO-

TEMIEPATYPHUM  METOJIOM 3  TETPapHHUX
cnonyk. Onepxkani monepeaaso CusPSsI Ta
CusAsSsl po3Tupany B MOPOLIOK y araToBii
crymmi. Po3paxoBaHy KUIBKICTh BHUXITHUX
PEUOBHH 3aBAaHTAXKYBAJIHM B KBapLOBI aMITyJIH,
pEeTeNbHO MepeMillyBaliM, BiJKauyyBalld J10
0.13 INa 1 3amatoBanu. Pexxum cuHTe3y mnoJisiras
y MiJIBULLEHH] TeMrepaTypH 3 MBUAKICTIO 50
K/ron nmo 923 K, Burtpummi npu wmii
TeMriepatypi npotsirom 120 ToawH, a TaKoX
HONAIBIIE OXOJIOHDKEHHS [0 KIMHATHOI
temneparypu 3 mBuakictio 100 K/rox. 3
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METOI0 TOMOreHizamii IIciIst OXOJOKEHHS
CTIeYeHI B3ipIli epeTUpaIN y araToBii cTyIII,
ITOBTOPHO 3aBaHTAXYBAJIM B aMIIyJH,
BinkauyBanu a0 0.13 Ila i 3anatoBamu. [ToTim
MTOBTOPIOBAJIM IMKJ TBEPAO()A3HOrO0 CHHTE3Y
(marpiB — 50 K/rox mo 1023 K, Burpumka — 72
roz, oxonomkeHHs — 50 K/rox mo kKiMHaTHOT

TEMIIEPATYPH).
PeHTreHOCTpYKTYpHI  JOCIIKEHHS
MIPOBOIMIIHACS 3 BUKOPHUCTAHHSIM

mudpakromerpa JIPOH 4-07 (Bumpominio-
BanHs CuKoa, kpok ckanyBanHs kyTa 2@ - 0.02
rpaa, ekcmosmmis - 1 ¢). YTo4YHeHHs
MexaHisMy  3amimenns ~P™«As™®  Ta

KOOpPJAMHAT aTOMIB TPOBOJWJIA Ha OCHOBI
YTOUHEHUX MOJENICH BUXIIHUX CTPYKTYp 3
BUKOpUCTaHHAM Merony PirBenbma [6, 7].
Po3zpaxynok  Ta YTOYHEHHS Mojeni
IPOBOJUBCS 3 BHUKOPUCTAHHSIM IPOTPaMu
EXPO 2014 [8, 9], Bi3yaui3aitist 3 JOIIOMOTOO
nporpamu VESTA 3.4.4 [10].

Pe3ysabTaTH Ta iX 00roBOpeHHSA
PesynbTatu

JNOCIHIAXKEHb  CUCTEMU
HaBEJICHO Ha puc. 1.
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Puc.1. Indpakrorpamu inmuBigyanpaux cronyk CusPSsl, CueASSsl ta TBepaux po3zunniB Cus(Pi-

«ASx)Ssl s x=0, 0.2, 0.4, 0.6, 0.8, 1.
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3a pesynbratamMmu P®A mnpoBeneHo
PO3paxyHKH TapaMeTpiB TpPaTKU CIOJIYK
CuePSsl, CueAsSsl Ta TBepaMX pO34YUHIB

Cus(P1-xASx)Ssl, pe3yabTaTu IKUX HaBEICHI y
BUTIISIL KOHI[EHTpaiiHOT 3aJIEKHOCTI
napameTpa rpatku (puc.2).
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Puc.2. KonuenrpariiiHa 3anexHicte mapamerpa rpatku cnoidyk CusPSsl, CusAsSsl ta TBepamx

po3unHiB CUs(P1-xASx)Ssl.

3anexHICTh 3MiHU TapaMeTpa TpaTKu
Bil CKJaay TBEPAUX PO3YHHIB HOCHUTH
aHOMAJIbHUI XapakTep Ta BIJOyBaeTbcs 3
HEBEJIUKUM MMO3UTUBHUM (x=0.2+0.8)
BIIXWJICHHSAMHU BiA 3akoHy Berapaa, 1mo
CBIIYUTH  TNPO  CKJIAagHy  CTPYKTYpHY
nepedyA0BY aHIOHHOTO KapKacy, sika BIUIMBA€e
Ha KaTIOHHY MIATPaTKy.

PosrnsiHeMo 0coOIMBOCTI CTPYKTYpH
JOCITIKYBAaHUX Marepiais. OCHOBOIO
aHiOHHOro  Kapkacy  cTpyktyp  CuesPSsl
(puc.3.a), CueAsSsl (puc.4.a) Ta TBEpaUX
pPO3YMHIB Ha iX OCHOBI (pHC.5) CKIIaJaroTh
terpaeapu  [PSs], [AsSs] Tta [P(AS)S4],
BinmoBigHO (puc.3.0). B cepenuni Ta Ha
rpansx  terpaeapiB  [Ss3l]  Ta  [Sl4]
KOOpD/JMHOBaHI ~ aTOMH  KyOpymy,  sKi
BIJIMOB1/TatOTh 32 10HHY MPOBITHICTD.
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B crpykrypi CusPSsl terpaenp [PSai)
(puc.36) € cumerpuyHUM  (2OCOJIOTHO
LIeHTpajdbHe po3MilmleHHs P),  J0BXHHH
3B’s13KiB P-S cknanmarors 2.108 A, Bincrani S-S
piBHi 3.442 A, a 00’eM TeTpaespa CTAaHOBUTh
4.80 A3,

B crpykrypi CusAsSsl  Terpaenp
[AsS4] (puc.40) € cuMETpUYHUM, TOBXKHHU
3B’a3KiB AS-S cknanarors 2.147 A, BijcTani S-
S piBHi 3.506 A, a 06’eM TeTpaeapa CTAHOBUTH
5.08 A3,

Tak sK 1 IS 1HAWBITYyaTbHUX CIOJYK,
MiJi Yac YTBOPEHHS TBEPAUX PO3YMHIB
terpaeapu  [P(As)Ss] 30epiraioTb  CBOIO
CUMETPUYHICTH (puc. 5). JloBXHHH 3B’S3KiB
P(As)-S, Biacrani S-S ta 00’emu TeTpaeapis
st TBepaux po3unHiB Cue(P1-xASx)Ssl (x=0,
0.8,0.6,0.4, 0.2, 1) maBeaeni B Tabymii 1.



Hayxosuii BicHuk Y>kropojcekoro yHiBepcutery. Cepis ®@izuka. Bumyck 44. — 2018

Puc.3. EnemenTtapna komipka (a) ta terpaeap Puc.4. EnementapHa xomipka (a) Ta TeTpaenp
[PS4] (6) B ctpykTypi CusPSsl. [AsS4] (6) B ctpykTypi CusASSsl.

Tabmuus 1. dosxkunu 38’s13kiB P(AS)-S, Bincrani S-S, 00’em TeTpaeapiB Ta mapaMeTp rpaTKH s
tBepaux po3unHiB Cus(P1-xASx)Ssl (x=0, 0.8, 0.6, 0.4, 0.2, 1).

Cxnaz P(As)-S, A S-S, A Vtet, A3 a, A
CugPSsl 2.108 3.442 4.80 9.78124
Cus(PosAso.2)Ss! 2.024 3.306 4.26 9.79730
Cug(Po.6AS0.4)Ss! 2.075 3.388 4.58 9.83333
Cug(Po.4Asos)Ss! 2.077 3.392 4.60 9.85456
Cus(Po.2Aso)Ssl 2.059 3.362 4.48 9.86455
CugAsSs| 2.147 3.506 5.08 9.88372
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BceranoBieno, 1o 3aiexHicTh 00’ emMy
terpaenpiB [P(AS)Ss] Bim ckimamy TBepaux
po3unHiB (prc. ©6) HOCHTh aHOMAJIbHUI
Xapakrep, npuyoMy  TOAIOHI  3MiHH
CIOCTEpIraloThes A MapaMerpiB  I'paTKu
(puc.2). MOXIJIMBHM TOSICHEHHSM  I[HOTO
MOXYTb ~ OyTHM  BIAMIHHOCTI  3HAa4eHb
enekTponeratuBHocreit P (x=2.19) ta As
(x=2.18) [11] ta ionnux pamiycis P*3(0.31A)
Ta AS+5(O.47A). Tak, B mporieci yTBOpeHHs
TBepAoro poszuuny (x=0+0.2; 0.8+1) mnpu
samimenHi P«As™ 3p’s30k P(AS)-S crae
OUTBLI MOJSPHUM, IO BUKIUKAE 3MEHIICHHS
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WOro JOBXXKHMHH, 1, SK HACIIZAOK, 3MEHIICHHS
00’emy BiamoBiguux Terpaeapis [P(AS)S4]

tBepaux  po3unHiB  Cus(PosAsSo2)Ssl  Ta
Cus(P0.2As0.8)Ssl (puc. 6).
OpHak, 1nopsag 13 3pOCTaHHAM

noJIsipU3allii 3B’s3KiB 3HAUYHUI BIUIUB BHOCSTh
i pisHi 3HauenHs ioHHux paziycis P*° ta As™,
TOMY JIOBKUHH 3B’513KiB P(AS)-S npu Oinbmmx
BMICTaX JPyroro KOMIOHEHTY 3 000X CTOpiH
(Cue(Po.6AS0.4)Ssl Ta Cus(Po.6AS0.4)Ssl) MaroTh
TEHJEHLII0 J10 3pOCTaHHs, IO BIJIOBIIHO
BUKITUKAE 1 301IbIIEHHS 00’ €MIB CTPYKTYPHHUX
nomieapis [P(As)Sa] (puc. 6).
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Puc. 5. EnemenrtapHa komipka Ta tetpaenpu [P(AS)Ss] B ctpykTypi TBepaux po3unHiB Cus(Pi-
xASx)Ssl: Cus(Po.sAsSo2)Ssl (a, 6); Cus(Po.sAsS0.4)Ssl (B, r); Cue(Po.4ASos)Ssl (a1, €); Cus(Po.2ASos)Ssl

(x, 3).

Jnisi TOSICHEHHST CTPYKTYpHHX 3MiH
KaTiOHHOI MiArpaTKH MiJ 4Yac 3aMilleHHs
P« As™ posrmsHeMO MOJBOEHI TeTpaeapw
[Cu(Ag)Ssl2]. Tak, B CTPYKTypi CHONYKH
CuePSsl € nBa cuMeTprYHO HE3aJIeKHI ATOMH
Kynpymy B mosumisx Cul(24g) ta Cu2(48h),
npuaomy Cul 3HaXOmUTBCS y TPUKYTHIH
KoopauHaiii aromiB cynbdypy (S1S2S1) 3
HE3HAYHUM 3MIIIeHHAM 10 pedpa S1S2, toni
sk atoM CU2 € TeTpaeqpuIHO KOOPIHHOBAHIM
(S1S2S1l) 3i 3MimieHHIM [0  IUIOIIUH
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TpukyTHHKIB (S1S2S1) ta (S1S211) (puc.7a).
Ilin vac yTBOpPEHHS TBEPAOrO pPO3UUHY,
samimienus P As™ Hesnauno BIUMBae Ha
negopmariito  KaTIOHHOi — MiArpaTKd, IO
MPOSIBISIETHCS Y OUTBIIOMY 3MIMIEHH] MMO3HITIT
Cu2(48h) mo mnomunu tpukytauka S111S2 ta
peopa 1S2 (puc. 76-m). Ilosumis Cul(24Q)
3HAXOIWThCA Y  IUIOMIUHI  TPUKYTHHKA
(S1S2S1), mopstm 3 HHUM  CIOCTEPIra€ThCs
TEHIEHIS 10 3MEHIIEeHHS Ii 3MIIEHHI 0
peopa S1S2  (tabn. 2). Kpim TOTO,
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CIIOCTEpITA€EThCA  3MiHA  CHIBBIJHOIICHHS
koedilieHTiB 3amoBHeHHs mno3umid Cul Ta
Cu2.

B crnonymi CueAsSsl, ananoriuno mo
CugPSsl, € 1Ba cuMeTprYHO HE3AIECKHI ATOMU
kynpymy B nosuuisix Cul (24g) ta Cu2 (48h),

npudomy Cul 3HaXomuThCS y TPUKYTHIH
KoopauHalii aroMmiB cynbpypy S1S2S1 3
HE3HAYHHUM 3MilIeHHIM 10 pebpa S1S1, toxi
sk arom CU2 € TeTpaepuyHO KOOPAMHOBAHUM
(S1S2S1l) 3i 3MimieHHAM [0 IUTOIIUHH
TpukyTHHUKa S1S2S1 Ta pebdpa 1S2 (puc.7x).
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Puc.6. Kounentpauiiina 3anexHicte 00’emy TetpaenpiB [P(As)Ss] tBepamx posumHiB Cus(Pi-
xASx)SSI.
Ta6murs 2. Biacrani Cul-S1, Cul-S2, Cul-Cu2 mns tBepaux po3unriB Cus(P1-xAsx)Ssl (x=0, 0.8,
0.6,0.4,0.2,1).
Cruan Cul-S1, A Cul-S2, A Cul-Cu2, A

CuePSsl 2.279 2.187 0.680

Cus(Po.sAso.2)Ssl 2.167 2.428 0.899

Cus(Po.6AS0.4)Ssl 2.195 2.376 0.873

Cus(P0.4As0.6)Ssl 2.206 2.371 0.885

Cus(P0.2AS0.8)Ssl 2.261 2.295 0.861

CueAsSsl 2.274 2.248 0.739
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a §) B r bi K

Puc.7. lunamika po3ynopsAKyBaHHs KaTIOHHOT MiATPaTKHU MiJ] 4ac 3aMilIeHHS PYAs™ B TBEPIUX
posunHax Cus(P1xASx)Ssl Ha mpukiazi [Szlz2] moxBoeHux TeTpaeapis.

Buxonsun 31 CTPYKTYPHUX CuePSsl, CusAsSsl (puc.8 a, 0) ta TBepaux
JIOCIIPKeHb, MO>KHA 3pOOUTH BHCHOBOK IPO po3urHaXx Ha iX ocHOBI (puc.8. B, I).
MEXaHi3M 10HHOTO TPAHCIOPTY B CIOJyKaX

Puc.8. Mexani3m ionHoro tpancnopty B TerpapHux CuePSsl, CusAsSsl (a, 6) Ta TBepaAMX po3drHax
Ha X ocHOBI (CUsPSs1)0.6(CusASSs)o.4, (CusPSs1)0.4(CusASSsl)o.6 (B, I') Ha MPUKIIAII «CITKU» Mirpartii
PYXJIUBUX KaTiOHIB.

58



Uzhhorod University Scientific Herald. Series Physics. Issue 44. — 2018

Tak, B comykax CusPSsl, CusAsSsl ta
TBepAMX po3unHax Ha ix ocHOBI Cus(Pi-
xASx)Ss| BH3HAYAIbHUMU 3a 10HHY
npoBinHicTh € atomMu CU, sIKi 3HaXOIATHCS B
MO3HIIISIX Cul(249) 3 TPHUKYTHOIO
KoopauHaimiero  aromamu  S1S2S1,  mo
BH3HAYa€ IX PYXJIUBICTb Yy KPUCTATIYHIN
rparii CHIOJNyK CTPYKTypHu apripoauty [12].
ITpu upomy aromu Cu B mosuiisx Cu2(48h),
K1 XapaKTepU3yIOThCs OO0 (TIOPIBHSHO 3
Cul) «po3MUTICTIO» Yy KpPUCTaJI4YHIN Tpartiii
(upOMy  BIAMOBIMAIOTH MCHIINI  3HAYCHHS
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Koe(iIieHTIB 3aMOBHEHHS TMO3HIIii), BHOCITh
MEHIIMH BKJIaJ B I1OHHUH TpaHCIOPT 3a
pPaxyHOK pO3MIIICHHS B IICHTPi1 TeTpaeiapi
(S1S2S1l), xoua 1 cmocrepiraeTbcs —IX
3MIIIEHHS 10 TUIOIUHU TPUKYTHUKIB S111S2
Ta 10 pebpa S2I, ane BOHO € HE3HAYHHM.

Ha puc.9 HaBeaeHo 3aleXHOCTI
¢dakropy 3amoBHeHocTi mo3uiiii (SOF) mis
Cul Tta MakcUMalIbHOI  Biggaili  MDK

pyxmuBumu  mosumismu  Cul y  «ciTmi»

MPOBIAHOCTI.
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Puc.9. Konnenrpartiitai 3anexuocti SOF mis Cul (a) Ta MakcHMaIbHOI Bifgami MiX PyXJIHBUMH
nosuttisimu Cul y «citii» npoinHocTi (0) s TBepaux po3dnHiB Cus(P1-xASx)Ssl.

Amnamiz 3anexHocti «SOF pyxmmuBux
aTOMIB-CKJIaJl TBEPJIOTO PO3UMHY» IOKa3ye,
0 B TPOIIECI YTBOPEHHS TBEPAOTO PO3YHHY
pyxnuBicTh no3unii Cul 3meHumryerbes, 1o
BUgHO 31 3poctanHs SOF, 3a BUHATKOM
tBepaoro po3unHy Cue(Po4ASos)Ssl (puc.9a).
3 iHIIOro OOKY, CIOCTEPIraeThCsi 3MEHIICHHS
MakCHUMAJIbHUX Bifgajned MK pPyXJIUBUMH
no3umismu  (ckmanx  (Cus(PosAso2)Ssl), Ta
NoJlayIblle 1X 3pOCTaHHs B IPOIEC YTBOPEHHS
TBEPJIOTO PO3YUHY, MO0 € OOMEKYIOUHM
¢dakTopoM Mirpamii KaTiOHIB y KpHUCTaji
(pnc.90), Ta Koperoe 31 30UTBIIICHHSIM CHEPTil
aKTHBallii 10HHOT MPOB1THOCTI.

BucnoBku

[IpoBeneHo cUHTE3 CIUIaBiB CHCTEMHU
CuePSsl-CusAsSsI  meromom  TBepaodaszHux
peakii mo  MoAMQIKOBaHI  METOIUII.
[IpoBeneHO PEHTreHOCTPYKTYpPHI AOCHTIIKEH-
Hs TBepAMX po3uuHiB y cucremi CugPSsl-

59

CusAsSsl. KinpkicTs 1 xapakTep pedekciB Ha
mudpakrorpamax criabiB cuctemu CusPSsl-
CusAsSsl BkasyroTh Ha Te, MO B CHCTEMI
YTBOPIOETBCSI HENEPEepBHUNA psAll TBEPIUX
PO34MHIB, Kl KPUCTATI3yIOThCSl B I'PaHElICH-
TpoBaHiil KyOiuHii komipii F43m .

BusiBreno, 1o KoHIEHTpaIiifHa 3MiHa
rapameTpy IpaTKu BiJOYBAE€ThCS 3 HEBEITUKUM
NO3UTUBHUM  BIJXMJICHHAM B  3aKOHY
Berapma, 1m0 CBiTYHTE TPO  CKIATHY
CTPYKTYpHY Nepe0yJ0oBY aHIOHHOT'O KapKacy,
sKa BIUTMBA€E HA KaTIOHHY MiATPaTKY.

BcranoBieHo, 110 mijg yac yTBOpEHHS
TBepAMX po3uuHiB Terpaeapu  [P(AS)S4]
30epiraroTh CBOIO CUMETPUUHICTh. Bu3HaueHo
nowxunu 3B8°s3kiB P(AS)-S, Binacrani S-S Tta
00’eMu TeTpaenpiB AN TBEPAUX PO3UUHIB
Cus(P1-xAsx)Ssl.

Ha ocHOBiI CTpYKTYpHHUX AOCHIIKEHB,
MOSICHEHO MEXaHI3M 10HHOTO TPAHCIOPTY B
tBepaux po3unHax Cue(P1-xAsx)Ssl. Tak,
BHU3HAYaJIbHUMHU 32 10HHY MPOBIAHICTD € aTOMU
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Cu, sxi 3HaxoaaThes B mo3umisx Cul(249) 3
TPUKYTHOIO KOOpAHHaLi€eo atTomamu S1S2S1,
110 BU3HAYAE iX PYXJIMBICTh Y KPUCTATIYHIN
rpaTIli. Otpumano KOHIIEHTpaIliiH1
3QJIKHOCTI (haKTOpy 3alOBHEHOCTI ITO3MIIIH
(SOF) mst Cul ta MmakcuMaIbHOIL Biggam Mix

PYXJTUBUMH MTO3UIIISIMHU Cul, SIK1
Y3TOJIKYIOThCS 3 KOHIIEHTPALlIHHUMHU
3aJIe)KHOCTSIMU  €JIGKTPUYHOI MPOBITHOCTI Ta
eHeprii aktuBaiii TBepaux po3zunHiB Cus(Pi-
xASx)SSI.
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OCOBEHHOCTH KPPICTA.JI{IPI‘IECKOIX CTPYKTYPbI
N MEXAHU3M NOHHOHU IMPOBOJANMOCTU B
TBEPIBIX PACTBOPAX CUCTEMBbI CuePSs1-CusAsSsl

[TpoBeneHBI  PEHTICHOCTPYKTYpPHBIE  HUCCIICJIOBAHMS,  KOTOPBIC
nokasanu, 9to B cucteme CuUsPSsl-CusAsSsl oOpa3yeTcs HenpepbIBHUI
psan TBepabix pacTBOpoB CuUs(P1xASx)Ssl, kpucTammusyromuxcs B

rpaHELIEHTPUPOBAHHON KyOuueckoil sueiike F43m . Ilokasano, 4to
KOHI[EHTPALlMOHHOE M3MEHEHHE MapaMeTpa PEelIeTKH MPOUCXOIUT C
OTKJIOHEHHEM OT 3akoHa Berapna. [Ipoananu3upoBaHo 0COOEHHOCTH
KPUCTAJIMYECKOTO CTPOCHHMSI U HM3YY€HO MEXaHW3M HOHHOTO
TpaHCIIOPTa B TBEPABIX pacTBopax cuctembl CUePSsI-CugAsSsl.

Koarouesbie ciioBa: TBep/ble pacTBOpHI, TU(paKTOrpaMma, napamerp perieTkH,
MOHHA$I IIPOBOJMOCTb

A.l. Pogodin, M.1. Kayla, M.Y. Filep, O.P. Kokhan, I.P. Studenyak
Uzhhorod National University, 88000, Uzhhorod, Voloshyna Str., 54,
e-mail: studenyak@dr.com

PECULIARITIES OF CRYSTAL STRUCTURE AND
MECHANISM OF IONIC CONDUCTIVITY OF SOLID
SOLUTIONS IN SYSTEM CuePSs1-CusAsSsl

Purpose. This work is aimed at the X-ray investigation, study of the
compositional behavior of lattice parameter, main features of crystal structure
as well as the mechanism of the ionic conductivity in Cue(P1-xASx)Ss! solid
solutions.

Methods. Alloys of CugPSsI-CusAsSs| system were synthesized by the method
of solid-phase reactions. X-ray studies were carried out by using
diffractometer DRON 4-07 (emission CuKa, angle scan step 20 - 0.02 deg,
exposition - 1 s). Refinement of P*5«»As*S substitution mechanism and lattice
atomic coordinates were carried out on the basis of the refined models of
original structures by means of Rietveld method. The model calculation and
refinement were carried out using EXPO 2014 software package, visualization
was performed using VESTA 3.4.4 software.

Results. X-ray structural studies of solid solutions were conducted in the
system CusPSs1-CusAsSsl. The number and nature of the reflexes on the
diffractograms of the alloys of the CusPSsI-CusAsSsl system indicate that a
continuous series of solid solutions, which crystallize in a face-centered cubic

lattice F43m, are formed in the system. After studying the compositional
behavior of the lattice parameter, it was established that it occurs with a small
positive deviation from the Vegard law, which indicates a complex structural
rearrangement of the anionic framework that affects the cationic sublattice.
The peculiarities of the structure of the investigated solid solutions, the basis
of the anionic framework of which are [P(As)S4] tetrahedra, are studied. In the
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middle and on the sides of the tetrahedra [SsI] and [Sl.] coordinated Cu atoms
responsible for ionic conductivity. It was established that during the formation
of solid solutions tetrahedra [P(As)S4] retain their symmetry. The lengths of
the P(As)-S bonds, the S-S distance and the volumes of tetrahedra for Cue(P:-
«ASx)Ssl solid solutions were determined. The dependence of [P(As)S4]
tetrahedra volume on the composition of solid solutions is anomalous, with
similar changes observed for lattice parameters. The possible explanation for
this behavior may be the difference in the values of P and As
electronegativities and the P*> and As*®ion radii. On the basis of structural
investigations, the mechanism of ion transport in solid solutions Cus(Pa-
xASx)Ss1 is explained. The determinants of ionic conductivity are Cu atoms,
which are in positions Cul(24g) with triangular coordination of S1S2S1
atoms, which determines their mobility in the crystall lattice. At the same time,
the Cu atoms at positions Cu2(48h), which correspond to lower values of the
coefficients of filling the positions, contribute less to the ion transport due to
placement in the centers of the tetrahedra (S1S2S1l), although there is a shift
to the plane of the triangles S111S2 and the S21 edge, but it is insignificant.
The compositional dependences of the site occupation factor (SOF) for Cul
and the maximum distance between the mobile positions Cul are obtained,
which are consistent with the concentration dependences of the electrical
conductivity and the activation energy of Cue(P1xAsx)Ssl solid solutions. The
analysis of the SOF compositional dependency shows that in the process of
forming solid solutions, the mobility of Cul position decreases, which is
evident from the growth of SOF, with the exception of Cue(Po.4ASo.6)Ss! solid
solution. On the other hand, there is a decrease in the maximum distances
between the moving positions ((Cus(Po.sASo.2)Ssl), and their further growth in
the process of formation of solid solutions, which is a limiting factor for the
migration of cations in the crystal, and correlates with an increase in the
activation energy of the ion conductivity.

Conclusions. The synthesis of alloys of the system CusPSsI-CusAsSsl was
carried out by the method of solid-phase reactions within the modified
methodology. X-ray diffraction studies indicated the formation of a
continuous series of solid solutions in the CugPSsI-CusAsSs| system. It was
determined that the compositional variation of the lattice parameter occurs
with a small positive deviation from the Vegard law. It was established that
during the formation of solid solutions [P(As)S4] tetrahedra retain their
symmetry. The lengths of the P(As)-S bonds, the distance S-S and the volumes
of tetrahedra for Cug(P1-xAsx)Ss1 solid solutions were determined. On the basis
of structural investigations, the mechanism of ion transport in Cus(P1-xASx)Ssl
solid solutions is explained, namely, the determinants of ionic conductivity
are Cu atoms, which are in positions Cul(24g) with triangular coordination of
S1S2S1 atoms, which determines their mobility in the crystall lattice. The
compositional dependences of the site occupation factor (SOF) for Cul and
the maximum distance between the mobile positions Cul are obtained, which
are consistent with the compositional dependences of the electrical
conductivity and the activation energy of Cus(P1-xASx)Ssl solid solutions.
Keywords:. Solid solutions, diffractogram, lattice parameter, ionic conductivity.
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