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Beryn

ApripoguTs — IIHPOKWUH KIac TeTpa-
SAPUYHO IIUIPHO YIMAKOBAaHMX TEPHAPHUX Ta
TETPApHUX CHOJYK, IO OTPUMAIId CBOIO HAa3BY
Bix Minepanmy AggGeSq. Ha croromnimmHiii neHp
BiJloMa 3HAYHAa KUIBKICTh  MPEICTaBHUKIB
cTpykTtypu apripoauty [1,2]. o ckimaxy
apripoJWTIB  3aBXAW BXOIWUTH JIBa BHIU
KaTiOHIB: OAHO3apsAHi (Tun A) Tta Oararto-
sapsinHi (tun B). Kartionn tuny B, 3 Banenrt-
HICTIO Bim 3 10 5, TeTpacapudHO KOOPIH-
HYIOTBCS aHIOHAMH 1 YTBOPIOIOTH YKOPCTKHIA
AaHIOHHMH Kapkac, a OJHOo3apsuHi (piame
JIBO3apSAHI) KaTiOHW THUITy A 3HaXOIATHCS Y
IMyCTOTaX MDK HHAMH 1 MaloTh  pi3HY
3allOBHIOBAHICTh KpHUCTAIOrpadiyHUX IMO3MLIN
[1, 2]. HaiiGinbmn nommpeHuMH Ta BUBYCHUMU €
apripoIUTH HA OCHOBI YOTHPHOX- 1 I STH-
BAJICHTHUX  p-€JIEMEHTIB 13  3arajJbHOIO
dopmymoro  Me'*E¥S,,  Me'*;E"*SsHal,
Me'*E**S¢ Ta Me'"(E’*SsHal, (Me'*—Cu*, Ag’,
Li*; Hal — CI', Br, ) [1, 3-5]. Sk oxHo- Tax i
Oararo3apsaHi KaTiOHU CXWJIBbHI b1 (6]
i30MOp(HOTO 3aMillleHHsI, 0 B TIOEJIHAHHI 3
OJIM3BKICTIO MMapaMeTPiB KPUCTATIYHOI PEITITKA
00OyMOBJIIOE  yTBOPEHHS 3HAYHOI  KUIBKOCTI
TBEPAUX PO3YMHIB MK BKa3aHUMU CIIOIyKaMHU.
JlaHi TBEp/Ii pO3YMHU YTBOPIOIOTHCS SK MIIIXOM
130BaJIGHTHOTO, TaK 1 TETEPOBAJICHTHOTO
3aMimieHHs [6-9], 1m0 BHKOPUCTOBYEThCS IS
ontuMizamii  (QYHKIIOHAJBHHUX  [apaMeTpiB
JOCITIKYBaHIX MaTepiaiB.

Crolyku 3 CTPYKTYpOIO  apripojauTy
BOJIOAIIOTh  I[IKABUMHU  (Di3MYHUMH  BIIACTH-
BOCTSIMH 1 MOXKYTh BUKOPHUCTOBYBATHCS Y SKOCTI
ONTUYHUX, CYNEPIOHHUX Ta TEPMOCICKTPUIHHIX
MatepianiB [5-11]. Ane B cuiry ocobnuBocTeit ix
KPHUCTAIIYHOI ~ CTPYKTYpH, IO 3a0e3reuye
3HAYHy 10HHY TIPOBITHICTH (PO3YIOpPSIKOBaHA
migpemriTka KaTioHiB Ty A), HalOiuIbIna

KUTBKICTh POOIT TMpHCBAYEHA apripogutam sK
TIePCIICKTUBHIM TBEPIOTUIEHAM 10HHUM
NpoBigHUKaM. Ag'-BMICHI Marepiany BOJOMIOTh
BUCOKUMH 3HAUCHHSIMH EJICKTPOIPOBITHOCTI.
Tak, mma Age¢PSsI Benmnumna 3aranpHOT
eneKTporpoBigHocTi cranoButh 1.2x107* CM/cm
(300 K) [5]. 3arampHa eNEKTPOIPOBIAHICTD
nojikpuctamiuHux — 3paskiB  Ag;SiSsI  Ta
Ag;GeS;l € memo BUIIOIO 1 CTAHOBUTH 0.96x107
Ta 2.77x107> Cw/cwM, BignosinHO [3]. Y Bumagky
MOHOKPHUCTAIUHUX 3paskiB  mist  Ag;GeSsl
BEIMYMHA  3arajibHOI  EJEKTPOMPOBITHOCTI
cranoBuTh 4.7x107> CM/cM, a BETMYMHA 1OHHOI
CKJIaJiOBOI  EJEKTPONpPOBIAHOCTI  piBHa  —
7.98x107° Cm/em [12].

Crommyka AgePSsI mae iHKOHTpYyeHTHI
XapakTep IUIABJICHHS Ta YTBOPIOEThCS 3a
MEPUTECKTUYHOI peakiiero: L+Ag,S«—>AgqPS;sl
(987 K) [13]. Cnonyku Ag;SiSsI ta Ag;GeSsl
IJIABJIATRCSA KOHTpyeHTHO mpu 1176 Ta 1180 K
[3] BignoBimuo. ®azum AgePSsI, Ag;SiSsI Ta
Ag;GeS;l KPUCTaTI3YIOThCS y rpaHe-
IeHTpoBaHiit Kyoiunii komipmi (F-43m, Z=4) 3
napamerpamu Komipku: a=10.4745 A [13],
10.6543 A [3] Ta 10.7116 A [3] Bigmosinmo.

brm3pki  3HAYEGHHA ~ TapaMeTpiB  KOMIipKH
BKa3yIOTh Ha MOXIIMBICTb YTBOPEHHSI TBEPIHX
po3umniB.  Tomy,  BHpimIeHO  3AIHCHUTH

TOCIIKEHHS  (pi3MKO-XIMIYHOI B3aEMOIi TIpH
isoBamentHomy  Si*Ge" Ta  rerepo-
BajeHTHOMY 3amimenHi P—Ge" B Mexax
cucreM  Ag;SiSsI-Ag,GeSsI  ta  AgePSsI-
Ag7G685I.

EKCHepl/IMeHTaJIbHa YacTHHA

CuHTe3 BUXIZHUX TEPHAPHUX apripoAUTIB
AgePSsI, Ag;SiSsI ta Ag;GeSsl npoBoaunu y
BakyymoBauux (0.13 Ila) kBapIioBux amirymnax 3
MIPOCTHX pedoBHH: cpidma (99.995 %), dochopy
(99.999 %), repmanito (99.999 %), cumninio

© Horoxin A.l., ®inen M., lenpep 1.0O., Koxan O.I1., Ctynensik L.II.

DOI: 10.24144/2414-0260.2021.1.42-46
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(99.999 %), cipxu (99.999 %), Ta monEepeaHHO
cuHTe30BaHOro OiHapHoro apreHTym(l) fiomumy.
Agl moIaTKOBO OYMIYBAJIA METOJIOM CIIPSMO-
BaHOI KpHCTaIi3allii.

Pexxum cunTesy AgePSsI, Ag;SiSsI Ta
Ag;GeS;sl BrutouaB y cebe ABOETAITHUIA HarpiB:
mo 723 K 3 muakictio 100 K/rox (ButpuMmka
48 rom) Ta MoAaIbIIe MiIBUIICHHS TEMIIEPATYPH
3 mBuakicTio 50 K/rox mo 1100 K (AgePSsI) Ta
1230 K (Ag;SiSsl, Ag;GeSsl). Butpumky npu
MaKCUMAaTbHIN TeMIrepaTypi TIPOBOTHIIH
MPOTATOM 24 rouH.

CmnaBu cucreM AggPSsI-Ag;GeSsI Ta
Ag;SiSsI-Ag;GeSsl  cuHTe3yBamum  mpAMUM
OTHOTEMIIEPaTYpPHUM METOJIOM 3 TIOMEPETHBO
CUHTE30BaHUX TETPapHUX apripoMTIB.
HarpiBaHHs 10 MaKCHUMalbHOI TEMIIEPaTypH
cuatesy 1273 K mpoBoaunu 31 MIBHIOKICTIO
100 K/ron (Butpumka 72 rox). Temmeparypa
Bignany cknagana 733 K (Butpumka 120 rox).
OXOJoKEeHHST ~ OJEPKaHWX  CIDIaBIB 70
KIMHATHOI TEMIIEPaTypH 3AIHCHIOBAIA B PEKHUMI
BUKITFOUEHOI TeYi.

Otpumani 3pa3Ku JTOCITI JKYBTH
MeTojgamMu audepeniiinoro Tepmignoro (ATA,
KOMOIHOBaHa TUIATUHA-TUIATUHOPOJII€BA TEPMO-
nmapa, MmBHIAKiCTE HarpiBy 12 K/xB, etanon
Al,O;), peHnrtreniBcbkoro ¢azoBoro (PDA,
JPOH-4-07, CuK,—BunpomintoBanus,  Ni-
¢inmpTp, A20=0.02°, excnosumis 0.5c) Ta
MikpocTpykTypHoro (MCA, JIOMO Meram P1)
aHai3iB.

Pe3yabTaTn Ta ix 00roBopeHHs

Ockinbku AgePSsl Bonozie iHKOHrpyeHT-
HUM XapakTepoM IUIaBJICHHS, TO Iiepepi3 3a
YYAaCTIO IIET CIONYKH Oyie KBa3i0iHApHUM JIUIIIE
y TeMIIepaTypHOMY iHTepBalli iCHyBaHHS IaHOI
¢azu.

Ilepepizs  AgePSsI-Ag;GeS;I € momi-
TEPMIYHUM TIEpEpi3oM, IO IEPETHUHAE OIS
MEPBUHHOI KpHcTamizanii a3 3 KOHIPYeHTHUM
XxapakrepoM T1aBieHHA Ag,S Ta Ag;GeSsl
(puc. 1). I'inku IEpBUHHUX BUAUICHDb KPHUCTAJIIB
Ag,S Ta  Ag;GeSsI mepermHaroThCS Y
nepeBaNbHill To4Li 3 KoopAWHaTaMu: 6 Moi. %
Ag;GeS;I, 1009 K. [Iligcomimycra wacTtuhHa
cucremn Ag¢PSsI-Ag;GeSsl € oxnodazHoIO 1
XapaKTepU3YETbCS YTBOPEHHSIM HETEPEPBHOTO

pAxy TBEPIUX pPO3YMHIB (HPTP)
Ag6+x(P l—xGex)SSI-
Hiarpama crany cuctemu Ag;SiSsl—

Ag;GeSsl BigHOocuThes mo | Tumy nmiarpam 3a
KJacudikaIier Pozeboma (puc. 2) Ta

XapaKTepU3YETHCSI HEOOMEKEHOI0 PO3YHHHICTIO

KOMITOHEHTIB Y piaKiii Ta TBepaiil (azax.
OnHodasHicTh  OAep)KaHHUX

HiATBEPKYETBCA ~ TAKOXK  JAHUMHU

3pa3KiB
MIKpPO-

CTPYKTYpHOTO aHaji3y (puc. 3).

900

800+

7004

AgPSI 20 40 60 80 Ag,GeS.|
mon.% Ag,GeS;l
Puc. 1. [liarpama crany cucremu AggPSsI-Ag;GeSsl:
1-L; 2-L+Ag,S; 3-L+Ag;GeS;l;

4_L+Ag6+x(Pl—xGex)SSI; S_Ag6+x(P l—xGex)SSL

TK
1
1180
(W
2
11604
1140
3
1120
v U v T v T U M
Ag,GeS,I 20 40 60 80 Ag,SiS.I

mon.% Ag,SiS,|
Puc. 2. [liarpama crany cucremu Ag;SiSsI—
Ag;GeSsl: 1 —L; 2 — L+Ag;(Si;_Gey)Ss;
3- Ag7(Sil,xGex)S5I.

¢
745
4

I

| ¢ IOOMKM |

‘I‘)l/lc 3 MleOCprKTypa CH.‘:tll;lB TBep,Z[I/IX pOS‘-II/IHlB
Ag6+x(P1_xGex)SSI Ta Ag7(Sll_xGex)Ssl IIpu X= 0.5.

Hudpaxrorpamu 3pasKiB CUCTEM
AgéPS5I—Ag7GeS5I Ta Ag751S;I—Ag7GeSsI
XapaKTEPHU3YIOThCSA HASBHICTIO JIAIIE OMHIET
CHUCTEeMH peQJIeKCiB, M0 BIJHOCUTHCSA JO
KyOiYHO1 CHHTOHIi.
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JudpakmiifHi mMKA 3a3HAIOTH 3MIMICHHS 3a
paxyHOK 3MiHU CKJaay TBEpPIOrO0 PO3YMHY Ta
3MIHIOIOTBCS MK IapamMeTpamul JBOX BHXiTHUX
(a3 BimMmoBigHO. 3 BUKOPHUCTAHHSAM THIPOTPAMHU
EXPO2014 [14] po3paxoBaHO IapaMeTpH
KPUCTAIIIYHOI TPaTKH OJICP)KAHUX  CILIABIB.
OneprxkaHa KOHIIGHTpaIliiiHa 3aJIeKHICTE (puc. 4)
€ JTHIHHOIO, 6€3 eKCTPEeMyMIB, IO MiATBEPIKYE
YTBOPEHHSI TBEPAUX PO34HHIB Ags, (P Gey)Ssl
Ta Ag;(SiyGe;_,)Ssl.

a, A
1 Ag7Sil_xGexSSI

10.65 Ag GeS I

Ag SiS 1
10.60 - &1
10.55
10.50 4

AgPS ]
T T - T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Puc. 4. 3miHa napameTpiB IpaTku y cUCTEMax
AgePSsI-Ag;GeS;sI Ta Ag;SiSsI-Ag,GeSsl.

VY cucremi Ag¢PSsI-Ag,GeSsl crnoctepi-
TaEThCS TIO3UTHUBHE BIAXWIICHHS BiI 3aKOHY
Berapga. lle HalirieBHiE CHPUYUHCHE 5K
YTBOPEHHSIM JIe()eKTiB MPH TeTEPOBAICHTHOMY
samimenni P Ge™, Tak i 3Ha4HOIO pi3HUIEIO
(r(P™)=0.17 A

y  posMmipax  aromiB Ta
1(Ge™)=0.39 A [15], mo 3amingyroTsces.
BucHoBKH
Metomamun  JITA, PDA Tta MCA
MPOBENEHO  AOCTiKEHHA  (i3UKO-XIMigHOT

B3aEMOJi y CHCTeMaX Ha OCHOBI CITONYyK 3i
cTpykTypoto apripoauty Ag¢PSsI-Ag;GeSsl Ta
Ag;SiSsI-Ag;GeSsl. Beranosneno, mo mepepi3
AgsPSsI-Ag;GeS;1 € dacTkoBO KBazibiHapHUM
BHACITITOK IHKOHTPYEHTHOTO XapaKkTepy
miaBneHHs  AgePSsI, a mepepiz  Ag;SiSsI-
Ag;GeS;I €  kBasibiHapHUM Yy  BCBOMY
TeMIIepaTypHOMY iHTepBaii. BcraHOBIEHO, IO
00uBi CHCTEMHU XapaKTepU3yIOTHCS
HEOOMEXEHOI0 PO3YMHHICTIO KOMIIOHEHTIB Y
TBEPIOMY CTaHi.
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INTERACTION IN THE Ag¢PSsI-Ag;GeSsI AND Ag;GeSs1-Ag;SiSsI SYSTEMS
Pogodin A.I., Filep M.]J., Shender 1.0., Kokhan O.P., Studenyak I.P.

Uzhhorod National University, Pidgirna St. 46, 880QWzhhorod; Ukraine,
artempogodin88@gmail.com

Argyrodites are a wide class of tetrahedrally close—packed ternary and quaternary compounds
that have a large number of representatives. Argyrodite family compounds always include two types
of cations: univalent (type A) and multivalent (type B). B type multivalent cations (3-5) are
tetrahedrally coordinated by anions and form a rigid anionic framework, and the univalent A type
cations are located in the cavities between them and have different occupancy of crystallographic
positions (disordered sublattice). The most common are argyrodites based on four and five valence p—
elements. Type A and B cations are subject to isomorphic substitution, which in combination with the
proximity of the crystal lattice parameters causes a significant number of solid solutions between the
compounds with the structure of argyrodite. These solid solutions are formed by both isovalent and
heterovalent substitution, which is used to optimize the functional parameters of the studied materials.
Argyrodite structure compounds can be used as optical, superionic, and thermoelectric materials. This
work aims to study the physico-chemical interaction at isovalent Si*'«<>Ge**and heterovalent
substitution of P**Ge*" within the Ag;SiSsI-Ag;GeSsI and AgePSsI-Ag;GeSs1 systems. Several
alloys in the Ag¢PSsI-Ag;GeSsI and Ag;SiSsI — Ag;GeSsl systems were synthesized by a direct
single—temperature method using the pre—synthesized quaternary argyrodites. The obtained samples
were investigated by the methods of differential thermal (DTA), X-ray diffraction (XRD), and
microstructural (MSA) analyses. Based on the obtained results, it was found that the AgcPS;I—
Ag;GeSsl section is partly quasi—binary due to the incongruent melting of Ag¢PSsI. The liquidus of
the system is formed by lines of primary crystallization of Ag,S and Ag;GeSsl crystals, which
intersect at the point with coordinates: 6 mol. % Ag;GeSsI, 1009 K. The subsolidus part of the
AgsPSsI-Ag;GeSsl system is characterized by the formation of a continuous series of solid solutions.
The phase diagram of the Ag;SiS;I-Ag;GeSsI system is characterized by unlimited solubility of
components in liquid and solid phases. In the AgsPSsI-Ag;GeSsI system a positive deviation from
Vegard's law is observed.

Keywords: argyrodites; phase diagram; X-ray diffraction phase analysis; solid solutions.
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