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Jlana poboTa € TPOJOBKEHHIM CUCTEMa-
THYHOTO  JOCHDKCHHS  KPUCTAIOXIMiYHUX
aHaJIoriB croayk tuimy TlsT€; 3 TeTparoHaaIsHO
CTPYKTYPOIO Ta MPOCTOPOBUMH Tpymamu 14/mcm
a6o P4/ncc [1-4].Minethes mpo B3aeMO3B’ 30K
JeAKUX (DI3MKO-XIMIYHUX BJIACTUBOCTEH CIIOJIYK
iy T1,BVC; i TIsBYCs (BY — Si, Ge, Sn, Pb;
BY — P, As, Sb, Bi; C — S, Se, Ti)cepexnnim
3apsIoM  IXHIX aTOMHHX  saep. YacTKoBO
aHAJOTIYHUHM 3B’ 30K PO3IIISANABCSI HAMH 1 B
poGoti [1], ame B 3a3HAYCHUX BHINE THIIAX
cronyk komnonent B" oGmexysascs Snra Pb,
BY — Sbra Bi, a npor=o3Hi MokasHUKH HaBeICHi
JWIIe JUIS  TPhOX crmonyk ckmamiz  T14,PbS,
TIgSbS i TIgBiSs. Cning Takoxk 3ayBaXKHTH, IO
JIesIKl 13 TIPEACTABICHUX y POOOTI MPOTHO3HUX

BEIMYMH TEMIEpPaTypd IUIABJICHHSA MOXKYTh
BIIMOBIJJATH TeMIIEpaTypi NEPUTEKTHIHOTO (200
IHIIOTO ~ THIy)  TEPETBOPEHHS,  OCKIIBKH
xXapakTep YTBOPEHHS Ta BJIACTHBOCTI
3a3HAYCHOT0 THUIY CIONYK HAa CHOTOMHI II¢ HE
mocmmkeni. Cepemni  3HA4YCHHS  3apsiB
aToMHUX sanep (Zcp), eKCIepUMEHTATBHUX a00
MPOTHO3HUX MOKa3HUKIB TEMIIEePaTypH
rnasieHHs (T,,), BIHOIICHHS OKPEMHUX CIIONYK
000X THIIB 10 TEBHOI mMpocTopoBoi rpymu (I110)
npenctaBieHi Hamum  panime [1].  3wmina
TEMIepaTypy TIJIaBICHHS Ta MEXKi B3aEMHOI
TpaHnchopmariii mpocTopoBux rpym l4/mcm «
P4/nccans cnionyk Tumy TI.BYCs i TIBYCs y
3aJIe)KHOCTI  BiJl BeIMYMHU Z., HaBeJIeHI Ha
puc. 1.
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Puc. 1.3miHa TeMriepaTypu MIaBiIeHHS i B3aeMHa TpaHCc(opMallis MPOCTOPOBUX TPYII CHOIYK THITY
TIBVC;si TIBYCs Yy 3aJIE)KHOCTI BiJl TOKa3HUKIB Zgep.
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3a pe3ynbTaTaMu aHai3y MpefCTaBICHUX
y pobori [1l] ekcrepMMeHTAIbHUX OaHHX,
NPOTHO3HUX Tiepel0aueHb BIIACTHBOCTEH psIy
IHIIKX CIIOJIYK THITY TI.BYC; i TIBYCs Ta
o0y 10BH rpadiuHoi  3aJIeKHOCTI TUIS
3a3Ha4EHMX CIONYK B KoopauHataxX Tn, — Zp
BCTaHOBJICHO HacTymHe. [3 24 mpoaHanizoBaHHX
13 cronyk BimHOCATHes o [T P4/ncca 11 —no
[4/mcm. T'pannununii giama3oH TpaHchopmariii
KPHCTANTIYHOT CTPYKTYPH 3HAXOTUTHCSA y MEXKax
3Ha4YeHb Z., = 60-62.

Buxomsium i3 3a3HAYCHOrO,  CIIONYKH
TIgP(As,Sb,Bi)S, T1,Si(Ge,Sn,Pb)$
TI,Si(Ge,Sn,Pb)Sea TlgP(AsS)Se, BimHeceHo 10
III" P4/ncc,a TlgP(As,Sb,Bi)Te, TlSb(Bi)Se,
TI,Si(Ge,Sn,Pb)s TI,PbSe — no
IleBHA HEBU3HAUCHICTh CTOCYETHCS BOX CIIOYK

Ta6muus 1. Tpymun crmonyx tumy TILBYC; i TIgBYCs i3 mpsMoumiHiiiHOW 3aleXHICTIO 3MiHH

ckimaniB  TlgAsSe | Tl,SbSe, saxi, 3a
NOKa3HUKaMH Z.,, PO3MIILYIOTBCA Ha MEXI
TpaHchopmarii omHiI€T MPOCTOPOBOI TpymH B

HITY.

JetanpHuil aHAMI3 PO3MVIAHYTHX BHIIEC
y3arajJpHEHb TI0Ka3aB Ha MOKJIMBICTb BH/IIJICHHS
JEKINbKOX Tpyn CHOIyK 000X cKiaxiB i3
NPSIMONTIHIHHOID a00 ONHM3BKOI JO  TakKoi
3JICKHICTIO 3MIHU TEMIIEPATYPH TIABICHHS Bil
Zep. i TpyIu MICTATH BiJl YOTHPBOX 1O MIECTH
CHOJNYK, IO BiAHOCATHCS 1O OJHAKOBOI abo
pi3HOI Tpym cumeTpii. Y MOpsAKy 301TbIICHHS
MMOKA3HUKIB 13 OJM3BKOI0 10 TPSAMOIIHIHHOT
3aJISKHICTIO 3MiHM TEMIIEPaTypH IUIABICHHS Bif
Z.p, BUIUIEHO S IPyN CIONYK, AKI HAaBEAEHO y

14/mcm.

Taou. 1.

TEMIIepPaTypH IIABJICHHS Bijl OKAa3HUKIB Z ¢y
I'pyma | Ne Crnoayka Zeep T K IIpocTopoBa rpyna
3/n
I 1 TIPS 52 770 P4/ncc
2 TIPS 57 725 P4/ncc
3 TI,SnS 59 706 P4/ncc
4 TloASSeq 60 700 P4/ncc
II 5 TI,SIS; 48 510 P4/ncc
6 T,.GeS 51 580 P4/ncc
7 TI,SNS 53 626 P4/ncc
8 T1,SnS; 60 706 P4/ncc
9 TILPbS; 63 803 P4/ncato 14/mcm
III 10 TLSiSe, 55 590 P4/ncc
11 T,GeS:4 57 640 P4/ncc
12 TLSNS; 60 706 P4/ncc
13 TLSiTes 62 775 P4/ncc
14 TLPbS, 63 803 P4/nca6o 14/mcm
v 15 TI,PbS 57 725 P4/ncc
16 Tl,SiTe, 62 775 P4/ncc
17 Tl,G€Te, 64 800 P4/nca6o 14/mcm
18 TL,SrTe; 66 817 14/mcm
19 Tl,Pbles 70 880 14/mcm
V 20 TI,SiSe 55 510 P4/ncc
21 TLSNS, 59 706 P4/ncc
22 TSbS 62 725 P4/ncc
23 TlyBiSeg 64 785 P4/nca6o 14/mcm
24 Tl,SriTes 66 817 14/mcm
25 Tl,Pbrleq 70 880 14/mcm

AHani3 mpencTaBieHOi TaONWI TOKa3aB
HactymHe. Ha Bigminy Bim psmiB 1I-V rpym, y
MIEPIIii TPYI CIONYK TEeMIlepaTypa IUIaBICHHS

13 301IBIIEHHAM IOKA3HMKIB Z., 3MEHIIYEThCS,
a MpOCTOpoBa rpyma ogHakosa — P4/ncc.
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VYnepiie 3pobneHa cmnpoba TPOTHO3HOTO
aHajizy 3MiHM TOKa3HHKIB TEPMOCICKTPUIHOL
nobporrocti cmomyk tumy  TLBYC; (1) i
TIsBYCe (1) y 3anesxHOCTi BiX BENUUMHU Zp,
10 TpeicTaBicHa Ha puc. 2. I3 HaBeneHOro
PUCYHKY BHIHO, 110 ajs crionyk (I) y HampsMKy
Si—Ge—»Sn—Pb  cnocrepiraerbcs qiTKa
TEHAEHIIA [0 IIABUIIEHHSI 3HAaYeHb Z, I
OKPEMO B3SITHX Tio-, CeJICHO- Ta
TeyponoXigHuX. BoaHOUac, B3a€EMO3aMill[CHHS
S—Se—Te ang ycix CroiyK CynpOBOIKYETHCS
3MEHIICHHSM I[HOT'0 TIOKa3HUKA.
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Puc. 2.3aeXHICTh MOKA3HUKIB TEPMOECICKTPHIHOT
no6porrocri crionyk TI,B" Cy i TIoBYCg Bix Zeep.

3aranom, 3a pe3yibTaTaMi BCTAHOBJICHUX
3aKOHOMIPDHOCTEW  HaWBUWINI  BenWYuHU Z;
MIPOTHO3YIOTHCS IS XaJbKOTCHIAIB TUTIOMOyMY,
a HaWHWXKYl A0 aHajoriB cwiimito. Tak,
30kpema, Z. mis TI,PbS ~2.410° K (=400 K).
ExkcTpamomioroun BimoMi TOKa3HUKH Z; [0
TEOPETHYHO  PO3PAXOBAHUX  3HAUEHb Lo,
3HaiiieHo npubnu3Hi Benuunnu Z, s T1,GeS;
(2.08) i TLSIS; (1.8510° K). Amanoriuuo
BU3HAYCHO TMIPOTHO3HI TOKAa3HUKH Z, JUIsI
T|4GeSE3, T|4S|833 T|4GéTeg i T|4SiT63: 1.55,
1.00, 0.75 0.37 &10°) K Bizgmosizso.

[leBHi 3aKOHOMIPHOCTI 3MiHU BETUYUH Z;
BusiBlieHO 1 i cnonyk tumy (II). 3okpema
BCTaHOBJICHO, IO AHAJIOTIYHO CIIOIyKaM THITY
(I) nokasmmkm Z; ckmagy TIoBYCs i3

301IbIIEHHAM  Z., BIANOBIAHUX CIOIYK Y
HAIPSMKY P—As—Sb—Bi 3pOCTAIOTh.
Bzaemo3amimneHHs S—Se-Te TSt

(hocdopoBHX, apCEHOBHX Ta CTUOIEBUX aHAJOTIB
CYIPOBOUKYEThCS 3MEHIIEHHsM Z,. BomHodac,
Uit OICMYTOBMX aHaJIOTiB y HampsaMmky TlgBiSg
—  TlgBiSeg— TIgBiTes cmoctepiraerhes

30inbIcHHs 3HaYeHb Z, Big 1.48 (TLBIiSe) no
1.86 (TLBiTeg).

3a pe3yiabTaTaMu OOy T0OBaHUX
rpadiuyHux 3anexHocTeil (puc. 2) s CHodyK
tuny (II) 7aHO MPOrHO3 HACTYITHUX BEMUYUH Z;
TIQP& (’“‘001), TJ)PSCG (’“‘060), TJ;PTCG
(~1.25), THASS (~0.50), TtAsSe (~1.02) i
TloAsTes (~1.65) k1072 K].

Crin, omHak, 3ayBayKUTH, 110 HABEJCHI y
po0OTI JiTepaTypHi MOKa3HUKH Z, OAepIKaHl IIPU
pI3HHX TemrepaTypax, BHACIIZOK dYOro ix
MOPIBHSIBHI BEJIMUNHUA 1 BIIIIOB1AHI
3aKOHOMIPDHOCTI ~ MarOTh  JOCUTh  YMOBHHUH
xapaxkTtep. [IpoTe, 3arajgbpHa TEHACHIIS ONIMCAHNX
BUIIIC 3aKOHOMIPHOCTEH, 30epiraeThesl.

3 ommsimy BUIICHABEICHUX pPE3yJbTaTiB
3po0JICHI HACTYITHI BUCHOBKH.

BucnoBku

1. Vneprie 3a pe3yiabTaTaMH y3aralb-
HEHHSI, JICTATBHOTO aHANi3y Ta BIUCHOBKIB i3 HUX
BCTaHOBJICHO MIPOTHO3HI MTOKA3HUKH
TEMIICPAaTypy IUIABICHHS 24 CIOJNYK CKIIajiB
TI,BYC; (1) i TIeBYCs (ID).

Bugineno 5 rpyn cmomyk o0ox TumiB i3

MPSMOJTIHIHOIO 3JIC)KHICTIO 3MiHU
BIIACTUBOCTEH B KoopamHaTax Tn, — Z,, 10
SIKUX BXOISATh AHAJIOTH 3 IPOCTOPOBUMH

rpymamu P4/nccra 14/mem.

2. BcTaHOBIEHO rpaHUYHMI Aiama3oH Zg,
TpaHcpopMaLii CHONYK i3 MPOCTOPOBOI TPYIHU
P4/ncc (A)B 14/mcm (B), mo 3HaXxomuTbes y
MeXax 3HaudeHb Z., ~60-62.Cnomxykn TlgP(AS,
Sb,Bi)S, TIP(As)Se, TI,Si(Ge,Sn,Pb)s i
TI,Si(Ge,Sn)Sg BigHeceHO [0 MPOCTOPOBOT
rpyrin (A), a TlgP(As,Sb,Bi)Te, TlgSb(Bi)Se,
TI,Si(Ge,Sn,Pb)$ Tl,,PbSe,— o (B).

3.BigMiueHo  YiTKy  TEHICHINIO  JIO
3pOCTaHHS BEIUYMHU Z; I OKPEMO B3ATHX
TiO-, CEJICHO- Ta TEIYPOTOXITHUX CIIONYK IPH
B3aeMo3amimeHHsx Si — Ge — Sn — Pb.
Amnanoriyai  3MiHM Z, BCTaHOBJIEHO  JJd
nepeBakHoi GinbriocTi cmonyk tumy (II) mpu
nepexomgax P — As — Sb — Bi. Bunsrok i3
3a3HaueHol TeHAEHII] CKIIaaaloTh Ti0-, CEJIEHO- 1
TEIypPOTOXiTHI OiCMYTY.
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REGULARITIES OF CHANGES AND PREDICTION OF MELTING P OINTS AND
THERMOELECTRIC FIGURE OF MERIT FOR THE COMPOUNDS Tl ,B"YC3 AND
TIeBYCs (B" — Si, Ge, Sn, Pb; B— P, As, Sb, Bi: C—S, Se, Te)

Peresh E.Yu., Malakhovska T.O., Barchii |.E., Sidey.l., Zubaka O.V., Kozma A.A.

Uzhhorod National University, Pidgirna Street 46, Uzhgorod, 88000, Ukraine.
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The study is a continuation of the systematic itiga§on of the compounds which are the
crystal chemical analogues of theTlds structure, crystallizing in the tetragonal spammugs 14/mcm
or P4/ncc. The studies conducted by the staff ef Wzhhorod National University over the past
decades have found that these compounds exhikitnder of physical properties that are promising
for practical use in modern technology. The subgddhis work was the relationship between some
physicochemical properties of the ternary chalcatgerompounds, such as,B'C; and TiBYCq
(where B’ = Si, Ge, Sn, Pb; B= P, As, Sb, Bi; and C = S, Se, Te), and the aeecharge (g0 of
the compouns’ atomic nuclei. Some of the predigtddes of the melting temperature presented in the
work may correspond to the temperature of the guiit (or other type) transformation, as the nature
of the formation and properties of this type of paunds have not yet been studied.

For the first time, based on the results of colfercthe literature data, detailed analysis and
conclusions from them, the predicted melting terapee (T.,) values for 24 chalcogenide compounds
of the TLB"C; (1) and TLBYC; (Il) compositions were established. There are §igparate groups of
the ternary chalcogenides of the both aforementidyyges with a linear dependence of the changes in
properties in the coordinates, ¥ Z.,. Which include the analogues with both space gp@d/ncc
and I4/mcm. The limiting range of thg,£values of transformation of the above compoundshfthe
space group P4/ncc to the 14/mcm one has beenliss&h the defined range is within thg,Zof
~60-62. The ternary compounds o HA{As,Sb,Bi)g TIlsP(As)Se, TISi(Ge,Sn,Pb)s and
TI,Si(Ge,Sn)Se belong to the space group P4/ncc, while the clyelcides TJP(As,Sb,Bi)Te,
TlsSb(Bi)Se, TI,Si(Ge,Sn,Pb)sSand TkPbSe belong to the space group 14/mcm. There is a clear
tendency to increase the value of the thermoetefignire of merit Z for individual thio-, seleno- and
tellurium-derived compounds at the substitutiontlod elements Si> Ge — Sn — Pb. Similar
changes in the Zvalues were also found for the vast majority @& type (II) compounds at the-B
As — Sb— Bi transitions. The exceptions to this trend dne-t selenium- and tellurium bismuth
derivatives.

Keywords: ternary chalcogenides; melting point; thermoelecfigure of merit; crystal
structures.
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