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Beryn

VYV mouersepHiii cucremi Ag—Sb—P-Se
(dhopMmyeTbes psn TEpMIYHO CcTaOlLMbHUX (a3 3
[IKAaBUMH Ta MEPCICKTUBHUMHU B MPAKTHIHOMY
aCIeKTi BJIACTUBOCTSIMH. Cepen HUX,
NPEICTABHUKH CIMEHCTBAa T'eKcaTio-(CeneHo)au-
¢docharisreprapui AgsP.Se 1 Shy(P,Se); Ta
tetpapua AQSbRSe, sxi xapakTepu3yroThCs
UMM CHIEKTPOM TEPCIIEKTHBHUX BIIACTHBOCTEH:
HENIHIAHO  ONTHYHUMM, CUAHTWISALIHHUMY,
¢orokatamitnaaumy, Tomo [1-3]. Cnomyka
AgSbSe, mo HamexuTh 10 HAIIBIPOBIIHHKIB
iy A'BYXY'; (A' — nyxuuit meran, Ag, Cu, TI;
BY — As, Sb, Bi; ¢' - XaJIbKOTCH) € TMEepPCIeK-
TUBHMM TEPMOEJIEKTPUYHNUM Marepianom [4-6].
Hns cnonyk Ag,Seta Ag/PSe, okpiM BHCOKOI

i0HHOI  MPOBIOHOCTi, MpUTaMaHHa 3HAYHA
TEepPMOEJIEKTPHYHA e(eKTUBHICTh [7, 8].
MOXITHBICTE TTOETHAHHS PI3HOMAaHITHUX

(GI3MYHMX XapaKTEepUCTHK B OAHIH PEYOBHHI
CHOHYKa€ 10 BHBYECHHS (Da30BHX pIBHOBAar 3a
y49acTI0O Ha3BaHWX MaTepialiB, 30KpeMa Yy
cucteMi AQpShPxSq145y (0<x<1), Ha ocHOBI

Oimapaoi cmonyku AQ,Se Ta  TerpapHOi
AgSbRSe, mo craHoBmig0 MeTy IaHOTO
JOCITIDKEHHS.

EKCHepl/IMeHTaJIbHa YacTHHA

BuxXiTHUME KOMIOHEHTaMH JIJISI CHHTE3Y
3pa3kiB 'y cHCTeMi Oyad  TOTepeTHBO
cunte3oBani Ag,Se Ta AgSbRSe. 3rigno
miteparypHux gaHuX, Ag.Se Ta AgSbRSe
IUIaBIATHCSA KOHrpyeHTHO npu 1170 Kta 741 K,
BiamoBigHo [9-14]. Sk mns  AgQ.Se, Tak i
AgSbRSe; Binomi 1Bi moixiMopdHi MoandiKarii.
Huspkoremneparypua  momudikamis — Agr,Se

KPHUCTANI3YEThCS B OPTOPOMOIYHIN eneMeHTap-
mit  xomipui (IIC  P22,2,, a=4.333A,
b=7.062 A, c=7.764 A, 7=4) [12], a
BUCOKOTeMIieparypra y kyoiunid (I1I' Im3m,
a=4.983 A, z=2) [13].B nitepatypi Bigomi mBi

Kpucramiuai  crpykrypu  AgSbBSe ki
iJeHTU(]iKOBaHi: Tmepma B  MOHOKIIHHIH
CHHTOHIi, mpoctopoBa rpyma C2/m 3

napamerpamn komipkn a=6.20 A; b=10.733 A;
c=6.90 A, p=107.34 [2,14];1pyra HaNeKUTH 10
TPUTOHAIIFHOI CHHTOHII, TpocTopoBa rpyna R3 3
napameTpamu komipku a=6.60 A; ¢ =39.742 A
[10, 11].

Cunte3 Buxiguux cnoinyk Ag,Se Ta
AgSbRSe, s3naiiicHioBamM i3 eleMEHTapHHUX
KOMIIOHEHTIiB  BHCOKOi uucrotn (99.999%)
B3STUX Y CTEXIOMETPHYHUX CITiBBIIHOIIICHHSX.
Bbyno BUKOPUCTAHO IpSIMHAN OJIHO-
TeMIIEpaTypHU  METOJ  CHHTe3y. Buximai
KOMITOHCHTH TIOMIIIaJd B KBApIIOBI aMITYJIH,
BakyymyBanu 1o 0,13Ila i 3amaroBanu. Pexxum
CHHTe3y migOupanu Ha ocHOBI T-X miarpamu
CTaHy KOMIIOHCHTIB, fKi TpUAMAaId y4acThb Yy
ximiuHiil B3aemonii. Temmeparypa cunTe3y Oyna
Ha 40-50 K Bume TtemmnepaTypu IUIaBICHHS

KOMIIOHEHTIB,  BKJIIOYHO 3  TNPOMDKHUMH
MPOJTyKTaMH.

Inentudikanito cmomyk — 3AiMCHIOBAIN
mudepenmianbuuM  Tepmiganm  (JITA) Ta

pentreniBcekuM (azouMm (PDA) anamizamu. Ha
TepMorpami cionyku Ag,Secnoctepiraiocs 1Ba
egnorepmiuni  edextn: mnpu 4025 K, mo
BIANOBiae  HOJIMOPGHOMY  IEPETBOPEHHIO
Ag,Se ta mpu 1165K, mo cBigumino mpo
KOHIPYSHTHHI Xapakrtep ruiaBieHHs Agp,Se.Ha
tepmorpami AQSbBSe, cmocrepirases omnu
enpotepMiunmii edext npu 740x5 K. lani JJTA

© Cabog B.I., IToropiit M.B., [T's1ceuki M., ®iren M.H., Toroxin A.1., CaGos M.IO.

DOI: 10.24144/2414-0260.2021.1.35-41



Hayk. sicnux Yaceopoo. yu-my (Cep. Ximis), 2021, Ne 1 (45)

Sci. Bull. Uzhh. Univ. Ser. Chem., 2021, M 1 (45)

-36-

uis 000X CHONYyK J00pe Y3ropKyBalucs i3
JiTepaTypHUMH Ta i ITBEPIKYBaTH
KOHTPYEHTHHUN XapakTep iX IIaBJICHHS.

3a pesynbratu P®DA BcTaHOBIEHO, IO
HAMH OJICP)KaHO TPHUTrOHAJIBHY MoaudiKalliro
AgSbRSe, 1a Husskoremmeparypuy — AgSe.
Opepxani gudpakTorpaMu TOBHICTIO Y3TO.-
JKYBAIHCS 13 pO3pax0OBaHUMHU 3a JITEPaTypHUMHU
JAHUMH TU(PPaKTOrpaMaMH.

Cunre3 nes’ situ 3paskiB (x = i3 0.05, 0.1,
0.2, 0.4, 0.5, 0.6, 0.8, 0.9, 0.9%wiicHIOBaIM 3a

MOMIOHOI0O 70 CHHTE3y BHXITHHUX CITOJIYK
METOJMKOI0 13  IOMEpPeHhO CHHTE30BAHHX
Ag,Se  Ta AgSbRSe. MakcumanbHa

Temreparypa cuHTe3y craHoBmwia 1250 K, i
BUTPHUMKa INpH I1iii Temmeparypi — 72roaunu.Jlo
temneparypu Bignany (573 K) oxomomkeHHs
snificHroBany 13 mBuakictio 70 Kirox. Tpusa-
jicTh Biamany cranoBuna 240 rogud. OtpumMani
3pasku gociimkyBanu metogamu JITA ta POA
(APOH 4.07, CuK, BUnIpOMiHIOBaHHS).

Pe3yabTaTH Ta iX 00roBOpeHHsA

Tepmorpamu  3pa3kiB  JIOCIHIKYBaHOL
cucteMu  AgpShPxSQ1:s) (0<x<1) (puc. 1)
XapaKTePU3yIOTHCS 3HAYHOIO KUTBKICTIO
TePMIiYHUX €(EKTIB, 10 € CBIAYCHHAM CKJIaTHOI
¢di3uko-ximMiuHOi B3aemoAii B AOCIHiIKyBaHil
CUCTEMI.

400 600 800
T, K
Puc. 1.Kpusi HarpiBaHHS 3pa3KiB CHCTEMHU

1 1
1000 1200

AgSbRSe—Ag,Se: 1 - x=1; 2 - x=0.95; 3 - x=0.9; 4 -

x=0.8; 5 - x=0.6; 6 - x=0.5; 7 - x=0.4; 8 - x=02:
x=0.1; 10 - x=0.5; 11 - x=0.

Jloka3oM mporo € i Te, o eHA0TepMidYHHN
epexkt mogiMopdHOro mepeTBopeHHs Ag,Se
HPOCTEKYETHCS JINIIE TIPH X < 2.

Pesynbratu POA OKa3alu, 110
mudpakTorpamu  (puc. 2) 3paskiB  XapaKTepH-
3YIOTHCS HAsBHICTIO pe(IIeKCiB, 110 HE HAJIEKaTh
BUXiJHUM KOMIIOHEHTaM, a Ajs 3pa3ky 3 X = 0.2
B3araii BiJICYTHI peduiekcu BHXI1THUX
KOMIIOHEHTIB.
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Puc. 2. EkciepuMenTansHi qudpakrorpamu 3pasKkis

cucteMt Ag(2-)ShPxSqi4sq;1 - X=1; 2 - x=0.95; 3 -

x=0.9; 4 - x=0.8; 5 - x=0.6; 6 - x=0.5; 7 - x=08;
x=0.2; 9 - x=0.1; 10 - x=0.5; 11 - x=0.

ExcnepumenranbHi mudpakTorpamu
3paskiB CHCTEMU AQ(2SBP2 S5
MOPIBHIOBAJIMCSA 13 PO3pPaxOBaHUMU Ha OCHOBI
JiTepaTypHuX naHux (tadn. 1) mis GiHapHUX Ta
TETpapHUX CHONYK, 10 (opMyloThCs Yy
moyeTBepHiii cucremi Ag—Sh—P-Se.
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Tabauns 1. KpuctanoxiMiuHi XapaKTepUCTHKH
OiHapHMX Ta TEPHAPHUX CIOJIYK CUCTeMH Ag—
Sb—-P-Se

[TapameTpu KoMipKH,

Cno | - A Z | Tir.
J'IYKa a b C

[5]]
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& | Fm3m| 5790| - —| 2[15]
[@)]

<

&

o | P22,2, | 11.597| 14.1686,585 4 | [16]
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3a pesymbTaTaMH aHANI3y OTPUMAaHHUX
naHuxX Oyino BCTaHOBIEHO (pa3oBHH  CKiaj
3pa3KiB JOCIIIKYBaHOI cucteMu (Tadi. 2).

Ta6auust 2. da3oBuil Ckiajg 3pa3KiB CHCTEMHU

Ag(z,x)Sb PZXSQst) (OSXSJ.)

dazoBwuii ckIa
& o
8| & 88 2
> 2 O B
Tl2 <2
0.00 + - - - -
0.05 + - - + +
0.10 + - - + +
0.20 - - + + +
0.40 - + + - +
0.50 - + + - +
0.60 - + + - +
0.80 - + + - +
0.90 - + + - +
0.95 - + + - +
1.00 - + - - -

BincyTHicTh 3pa3kiB i3 CyMICHHM iCHY-
BaHHAM BHXiOHHX cronyk Ag.Seta AgSbRSe;,
a TaKoX TPHhOX(a3HICTh OACPNKAHUX 3Pa3KiB
OHO3HAYHO BKa3ye Ha Te, LI0 B Tpoleci
CUHTE3y BiIOYyBalOTbCs OOMIHHI peakifi 3a
Y9acTI0 BHUXIIHUX KOMIIOHCHTIB,B PE3yNbTATI
SIKUX YTBOPIOIOTHCSI TEPMOIMHAMIYHO OUIBII
CTaOlIbHI CHOJMYKH MOYETBEpPHOI cucteMu AQg—
Sh—P-Se (Ag.Se, Ag/P.Se, AgSbSe). 1le ¢
MOYJIMBUM 32 YMOBH, LIO 33 Y4acTi BUXITHHX
KOMITOHEHTIB BiZOyBalOThCS HACTYIHI OOMiHHI
peakii:

2AQ,Se + AgSbESe = AgsP,Se + AgSbSe (1)

8Ag,Se + AgSbESe, = 2Ag,PSe +
+AgSbSet2Ag (2),

0 BIAMOBIMAOTH 3pa3KaM JOCIiKYBaHOT
cucteMu AQpSBP2xS14s9 3 X = 0.33Ta X =
0.11.

Jns  miaTBEepIKEHHS I[bOIO  BHCHOBKY
OyJI0 JOJTATKOBO CHHTE30BAHO 3pa3KH CHCTEMU
Ag(Z»x)Sb(PZXSQHSx) 3 X = 0.33T1a x = 0.11.

YMoBH cHHTE3y Oyiad aHaJoTidyHI yMOBaM
CHHTE3y IHIIMX 3pa3KiB  Ii€i  cucTemmu.
Hdudpaxtorpamu OTpUMaHHUX 3pasKiB

HOPIBHIOBAJIMCH 3 PO3PAaXOBaHUMHU ANU(PPAKTO-
rpamMamMm TependavyyBaHOrO (a3oBOro CKIALy

(puc. 3).

po3paxos.

b
eKCnepumMeHT.
e
el " AJLJ&JJJLA“.._‘J = N i

10 20 30 40 50 60 70
26, °
Puc .3. Tudpakrorpamu: a -
AJ1.65Sh 3P0 6656 6 ekCTIEpUMEHTATBHA TA
pospaxoBana i ckinany (AgsP.Ses)os(AgSbSe)os),
b - Ag: 8eShy 11Po. 2556 55 (EKcnieprMeHTaIbHA Ta
po3paxoBaHa ISl CKIIaLy

(AG7PS&)0.{AgSbSe) AAQ)o.4)-
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[ICHTHYHICTH ~ EKCIEPUMECHTAIbHUX  Ta
pO3paxoBaHUX JU(PPAKTOrpaM TOBOAUTH IPO-
xomkenns peakmiii (1) ta (2) y cucremi

AQ(25SbPxSQ1:5). BpaxoByroun HaBeneHi
JlaHi, MOXXHAa 3pOOWTH BHUCHOBOK, IO 3pa3Ku
CKJIagy Ad1.675 30,6656 .65 Ta
AJ1805 11P0 2258 55  moxinsOTE  cucTeMy

AQ(2SbPxSQ145) (0<x<1) Ha TpH pi3Hi 3a
ckiragoM (a3osi 06acTi.

[pu 0.33x<1 y cucremi BimOyBaeTbcs
B3aeMofis 3rimHo piBHsSHHA (1). BpaxoByrouw,
MO0 TPH TAKWX CITIIBBIAHOMIEHHSX BHXITHUX
KOMIIOHEHTIB, AQ,Se nepeOyBae B HejocTadi,
B3a€MOZIsl BiIOYBA€ThCS 3TiAHO PiBHIHHS:

XAgSbRSe + (1-x) AgSe =
= (1-x)/2AgP,Se+(1-x)/2AgShSet+
+ (3x-1)/2AgSbRSe; (3)

Axmo 0.1kx<0.33, to Ag,Se Oynme y
HQUTUIIKY, a BiJTaK peakilis Bil0OyBaeThCH 3a
PIBHSIHHSIM:

(1-x)Ag.Se + xAgSbESe; =
= XAgsP,Se+ xAgSbSe+(1-3x)Ag.Se (4)

OpnHak, e HE Y3TO/DKYEThCS 3 JaHUMH
(hazoBoro aHamily, ajpKe y IbOMY KOHIICHTpA-
midHoMy iHTepBam BimcyTHa (¢asza Ag.Se,
HATOMICT,  Ha  gudpakrorpamax  HasBHI
pebnexcu Ag;PSe. Lle o3Hauae, mo B3aeMomis
MPOJOBKYETLCS YXKE IIOMIXK HOBOYTBOPEHUM
Ag.P.Sera 3anumkamu Ag,Se:

(1-3x)Ag:Se + xAgP,Se=
=(1-3x)/3Ag +(1-3x)/3AgPSe+
+(9x-1)/6Ag,P,Se; (5)

[IpuunHoro Toro, mE npu ¢Ga3zoBoOMy
aHajizi 3pa3KiB  eJIeMEHTapHe Ccpidiio He
igeHTudiKyBanocs, HaliMOBipHime € TOH (akT,
mo y KyroBoMmy miama3zoHi 10<20<60, mpu
BukopuctanHi CUK, BUIIPOMIHIOBaHHS y cpiOiia
NPOSIBISIIOTECS 1Ba peduiexcu npu 38.21a 44.59
20, sxi cHiBmagaroTh i3 pediaekcaMu TepHAPHUX
(a3, 10 OPHUCYTHI cepeil MPOAYKTIB B3aEMOJIT
(Ag/PSe Ta AgSbhSe, simmosimHo). Pazom 3
THUM, BHCOKAa 1HTEHCHBHICTh IHX pedieKciB B
OTPUMAaHMX 3pa3kax y TOpIBHAHHI 13 IX
IHTEHCHBHOCTAMH Y  YHCTHX  TEPHapHHUX
CHOJyKaxX CBIAYMTBH MPO Te, IO BigOyBa€eThCs iX
HaKIaZaHHS OIWH Ha Jpyruil, IO TOBOAMTH

HasBHICTH cpibja y 3pa3kax y KOHIIEHTpa-
uiiHoMy iHTepBam 0<x<0.33.

Omxke, mpu 0.11kx<0.33 BimOyBaeThcs
peakuis y nBa etanu. CyMapHUid poiec MOXHa
IPEICTABUTH PiBHSIHHSIM:

(1-x)Ag.Se + xXAgSbESe=
=(1-3x)/3Ag + xAgSbSg+(1-3x)/3AgPSe+
+(9x-1)/6 AgiP-Se; (6)

[Ipu 0<x<0.11 ©a mnepmomy eTari
B3aEMOJIi  peakiliss  BimOyBa€TbCcs  3TITHO
piBustHEs (4). OmHak, Ha OPYroMy eTammi CITif
BpaxyBaTH, IO Y HAIHIIKYy MepedyBaThuMe
Ag,Se, 10 CHOpUYUHSE TOBHE MEPETBOPEHHS
AQ4P>Se; 3rifiHO piBHIHHS:

(1-3x)Ag:Se + xAgP,Se=
=2xAg + (1-9x)AgSe + 2xAgPSe (7)

Cymapnuii nponec s 0<x<0.11 moxHa
OTMCATH PiBHIHHSIM:

(1-x)Ag.Se + xAgSbESe=
= 2xAg + (1-9x) AgSe + xAgShSe+
+ 2xAg,PSe (8)

TakuMm 4yuHOM, OyJIO BCTAHOBIICHO, IO Y
cucteMi  AQpSBPxSQi1+s) (0<x<l) HasBHI
I’ a1k Oararodasuux obmacreii (puc. 4).

Flag  [ElAgsbSe: [JAgrPSes
[F]Ag:Se RJAgsP:Ses [F|AgSbP-Se.
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Puc. 4.3anexHicTh «x/(ha3oBuii cKimamg» y

cHCTEMIAQ (25 S P2 S 45 (0<x<1).

0951

Buaacmigok B3aeMOIIT BUXITHAX
KOMITOHEHTIB TI0 PEakKIlisM OOMIHYy B CHCTEMIi
AQ(2-SBPxSQ1+5) peanmizyloTbcs  HACTYymHI
(hazoBi moJs:
< mpu 0<x<0.11y piBHOBa3i 3HAXOIATHCS
tdasu Ag, Ag,Se, AgPSe ta AgSbSeg;
< npu x=0.11 y piBHOBa31 3HAXOIATHCA
¢a3u Ag, Ag;PSe Ta AgSbSe;
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INTERACTION IN THE AgxSbP2Sq1+5) (0<x<1) SYSTEM
Sabov V.I., Potorij M.V., Piasecki M., Filep M.J., Pogodin A.l., Sabov Mru.
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The system Ag. SbP.Seqi.s) (0<x<1), based on Afe and AgSbfSe is realized in the
quaternary system Ag — Sb — P — Se. Pre-synthegp8e and AgSbfSe were the starting
components for the synthesis of samples in thesysthe initial components were synthesized from
elementary components of high purity taken in $ioimetric ratios by the direct single-temperature
method in evacuated up to 0.13 Pa quartz ampotules synthesis temperature was 40-50 K higher
than the melting points of the components, inclgdiriermediates.

The compounds were identified by differential thaln(DTA) and X-ray powder diffraction
(XRD) analyzes. Two endothermic effects were obsgion the thermogram of the A compound:
at 402 £ 5 K, which corresponds to the polymorphémsformation of Agse, and at 1165 K, which
corresponds to the melting of /&p. One endothermic effect was observed on the RG®b
thermogram at 740 + 5 K. The DTA data for both commps were in good agreement with the
literature and confirmed the congruent nature eirtmelting.

According to the X-ray diffraction results, it wastablished that we obtained a trigonal
modification of AgSbESe and a low-temperature modification of Ag. The obtained powder
patterns were completely consistent with the powmterns calculated according to the literature
data.

The synthesis of nine samples (x = from 0.05, 0.2, 0.4, 0.5, 0.6, 0.8, 0.9, 0.95) was carried
out by a method similar to the synthesis of thetisacompounds from previously synthesized. 3«
and AgSbBSe. The maximum synthesis temperature was 1250 K,expdsure at this temperature
was 72 hours. To the annealing temperature (578Kling was carried out at a rate of 70 K/h. The
duration of annealing was 240 hours. The obtaireedptes were investigated by DTA and XRD
methods (DRON 4.07, Cud<radiation).

Thermograms of samples of the AgShP.Seai1+s) (0<x<1) system was characterized by a
significant number of thermal effects, which isdmnce of a complex physicochemical interaction in
the studied system. The X-ray diffraction resulievged that the powder patterns of the samples are
characterized by the presence of reflexes thatotld&long to the original components. To clarifg th
nature of the interaction in the system APHhbP.Se1+sy, samples with x = 0.11 and x = 0.33 were
additionally synthesized. By comparing the experntabpowder patterns with the calculated for the
compounds realized in the quaternary Ag — Sb — Be-system by literature data and for the
corresponding phase mixtures, the phase compositiag established and the mechanism of
interaction during synthesis with A8e and AgSbfSe; in the Ag,.\ShP.Sq1.5) (0<x<1) system was
proposed.

According to the obtained data in the systenpA8hb.P,.Sq;1.5 (0<x<1) five phase regions are
realized: one two-phase (#Se and AgSbSg at x = 0.33), two three-phase (Ag, R&e and
AgSbSeg, at x = 0.11 and A#.Se, AgSbSe and AgSbESe;, at 0.33x<1), two four-phase (Ag,
Ag.Se, AgPSe and AgShSg at Ox<0.11 and Ag, A¢PSe, AgP.Se and AgShSg at
0.11<x<0.33).

Keywords: selenophosphates; DTA; XRD; phase composition.
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