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KPUCTAJITYHA CTPYKTYPA CIIOJIYKH AgGa,Te;l
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Crnonyka AQGaTesl HanekuTh 10 TETpapHUX HaIIBIPOBIAHUKIB 3arajibHoi  (hopMyin
A'B",X3Y (A'—- Cu, Ag;B"™ — Ga, In; X — S, SeTe; Y - Cl, Br, I). Buepie METOIOM HOPOIIKY
JIOCITIDKEHO 11 OyIOBY, IO KPUCTAI3YIOTHCS B TETPAaroHANbHIA CHHTOHII, mp. Tp. |-4, cTpykTypHUi
tin Culn,TesCl, 3 mapamerpamu xomipku: @ = 6.0041(4) Ac = 11.965(1)A. Cnonyxy cunTtesosaHo y
BAaKyyMOBaHHMX KBapIOBHX aMIIyJax 3 MPOCTHUX PEUYOBHH Ta MOMEPEIHbO CHHTe30BaHOro Agl muisaxom
CTYIIHYACTOTO HArpiBy 3a3jalierifib MPUTOTOBJICHOI MIMXTH. BUXOIA4M 3 TeMrepaTyp TUIaBICHHS
KOMIIOHEHTIB IIMXTH, Oyma oOpaHa MakcuMmanbHa Temneparypa cuHtesy 1070 K, mopanemmit
romorenizytounii Biaman npu 770K nporsrom 300 rox. Ta HacTynHE TapTyBaHHS y BOAI KIMHATHOI
TeMIiepaTypu. B pe3ynbTari HpoBEACHOTO CHHTE3y OYyB OTpUMAaHWNA KOMITAKTHHH CIUIaB Ciporo
KOJIbOPY, CTIHKWMHA Ha TMOBITpi. 3ioMka audpakTOorpaMyd MOAPIOHEHOr0 Yy IOPOIIOK 3pa3Ky
npoBoauiacs Ha audpakromerpi JIPOH 4-13, Cuky BunpomiHIOBaHHS, 3acBiTKa B OIHINA TOYII
15cek. Jlna o6paxyHKY CTpYKTypu BHKOprcToByBamu mporpamy WINCSD. Crpykrypa crmoiayku
yTOUYHIOBaJIacsl MeToAoM PiTBenbaa. bynmn mpoaHatizoBaHi OTpUMaHi pe3yJIbTaT 10 OyIOBI CIIOTYKH

Ta MoKa3aHa il IPUHAJICKHICTh 10 Je(QEeKTHUX HamiBIPOBIAHUKIB.

KuarwuoBi cJIOBA!
XaJIBKOTAJIOTCHIIN; KPUCTAIYHA CTPYKTYpa.

Asropu [1] nmocmimpkyBamm — TeTpapHi
cronyku cxtagy A'BoXsY, ne A' — Cu, Ag; B-
In; X-S, Se, Te; Y-CI, Br, B po6ori [2] Hamu
OyJM CHHTE30BaHI aHAJOTIYHI CKiaaw, ae X-—S,
Se ta B-Ga. B pamiii poGotri BHBHamacs
KpUCTaJIYHA CTPYKTypa TEIYPBMICHOI CITOIYKH
AgGaTe;l 3a momomoror MeTony MOPOLIKY.
3paskd A JOCHIDKEHHS CHHTE3YBald 3
npoctux pedoBuH Ga 99.99sar.%, Te 99.99
Bar.% Ta momepeaHs0 cuHTE30BaHMX AgIL.
Konrefinepamu 1y cuHTe3y Oynu KBapLoBi
aMITyJIH, SKI TICIsA HaBOKyBaHHSA IIUXTH,
BaKkyyMyBatu 10 THcKy 1.33x10° ITa. Cuntes
3aificHIOBaIM B aBTOMATWYHUX  Iedax
PEryan0BaHOTO HArpiBy «TepMOIEHT IIISIXOM
ctyninyacroro HarpiBy 10 1070K, Burpumkoro
HpPOTATOM 4 TOJWH, OXOJIOIKCHHSIM OTPHUMaHHX
crutaBie 10 /70K, Ta BUTpHUMKOIO 3pa3KiB
npotaroM 300 ronus, 3 HACTYIIHHM TrapTyBaH-
HSIM CIUIaBiB y BOJIi KIMHATHOI TEMIIEPaTypH.

OTpuMmaHi TakuM YHHOM KOMIIAKTHI,
CTIMKI Ha TMOBITPi, CIPOro KOJIBOPY 3pa3Kh
po3THpany B TOPOMIOK B araTtoBi CTyHIi Ta
MIPOBOIMIIN PEHTTEHOCTPYKTYypHUH anaii3, PCA.

pentrenodazoBuit

aHais; BHUCOKOTEMIIEPATYpHUI CHHTE3;

3ilomka audpaxTorpaMu  MOApiOHEHOTO Y
HOPOIIOK 3pa3Ky NPOBOAMIACS Ha AHU(PPAKTO-
metpi JIPOH 4-13, Cuki BHIIPOMiHIOBaHHS,
3acBiTka B ofHii Toumi 15 cek. dns oOpaxyHKy

CTPYKTYpH BHKOPHCTOBYBAIIH nporpamy
WinCSD [3]. YMoBH MPOBEIEHOTO
CKCIIEPUMEHTY Ta  OTPUMaHi  pe3ysbTaTh

PO3paxyHKy KPHCTAJTIYHHX CTPYKTYp HaBeICHI B
tabi. 1,puc. 1, 2.MixkaTOMHI BificTaHi HaBeAEHI
y Tabum. 2. B pmocimimpkeHid CTPYKTypi [Bi
npaBwibHI cuctemu Touyok (2b, 2d) 3aiimaroTh
cratuctdyHi  cymimi M1 1 M2, 1o
xapakTepu3yTbes ckiagom: 50% Agi 20% Ga,
30 % mo3uwiii He 3aml0BHEHI, MMOJIOXKEHHA [ amito
(Gal, Ga2)zamoBueni na 80%. CratuctuuHa
cymim X ckinagaerses 3 75%Te ta 25%1.
YTo4yHEHI  KOOpAMHATH  aTOMiB  Ta

i3oTpormHi TeruoBi napametpn B AgGaTesl: Gal
(2a), 0, 0, 0,B;,,,%10% = 0.80(6)A? K3II = 0.8;
Ga2 (2), 0, 0.5, 0.258;,,,x10% = 0.70(6) A%,
K3II = 0.8; M1 (d), 0, 0, 0.5,B,,,x10* =
0.79(6)A% K3I1 = 0.5 Ag + 0.2 Ga; M2 @, 0,
0.5, 0.75B;,,,x10% = 0.76(6) A%, K3I1 = 0.5 Ag
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+0.2 Ga; X (8), 0.241(2), 0.245(5), 0.1319(3), :

Bi,omx10? = 1.23(6)A2, K3I1 = 0.75 Se + 0.25

Taoauns 1. Pesynbratu YTOUHEHHS
KpHCTaNiYHO1 cTpyKTypu crionyku AgGaTesl
. @ Gal
Emnipuyna popmyna AgGaTesl > Ga2
® Ml
oM
[IpocToposa rpymna -4 ®Xx
Z 2 Puc. 2. CtpykTypa eneMeHTapHOi KOMIpKH Ta
[Tepiogu _ KOOPJIMHALIHHI MHOTOTPaHHUKH CTATHCTHIHNX
eJleMEHTapHOT a ~ 6.0041(4), cyminreit M1, M2Ta aromiB Gay cTpyKTypi CIIOIYyKH
komipku, A c=11.965(1) AgGaXil (X —Te).
Vv, A? 431.34(9) Ta6auus 2. Mixaromui Bigcrani (d, A) ra
KinbkicTh aTOMIB B 14 koopauHauiiini  yncna  (KY.) aromiB y
KOMIpITi CTPYKTypax JIOCITiPKEHIX XaJIbKOT€H-
PospaxoBana ranorenizis AgGaXsY (A'— Cu, Ag;B" — Ga,
ryCTHHA (r/CMg) 5828(1) In, X - Se,Te, Y - CI, Br, I)
Koedimient AgGaSeCl [2]
1372.23 a=5.9789(3, c=10.8592(7A
abcopomii (1/av)
Atomu d, A K4.
Croci6 oOpaxynky | IToBHOmpoQiabHMA Gal—-4Y 24652 4
KinbKicTs BibHHX 10 Ga2-4Y 2.3334 4
napameTpiB M1-4Y 2.5639 4
R; R, 0.0598; 0.2312 M2-4Y 2.7150 4
DaKTop KA 1.32(2) AgGaSeBr [2]
Bich TeKCTYOM i a=5.9767(3, c=10.8558(7) A
apaveTD [1 0 1]; 0.20(5) Atouu d, A KU,
Gal-4Y 2.4487 4
Gaz-4Y 2.3497 4
M1-4Y 2.6117 4
M2-4Y 2.6572 4
AgGaTel
a=6.0041(4) Ac=11.965(1)A
. m - d = = = Artomu d A K.
[ ]\‘\ JIL I 1 Ih (1] ‘LI L T T A S o O ] Gal — 4 Y 2.6002 4
: Ga2-4Y 2.5402 4
Puc. 1. ExcriepumenTanbHuil (TOUKH), pO3paxoBaHUi M1-4Y 2.6902 4
(cytinbHuiT) Ta pisHUIEBUH (HIKHS MIKaIa) TIpodimi M2-4Y 2.5602 4
crionyku AgGaTe;l.
B Tabn. 2 mnpencraBnmeHi  MikaToMHI

XanmpKorajaoreHiiu THUITY A'CM XV y V!
BITHOCATHCSA JI0 KaTiOHOAC(PEKTHHX CIIONYK 31
CITIBBIJHOIIECHHAM KaTioHIB 10 aHioHiB 3:4. s
HuUX orpuMaemo 3HadenHs VEC = 4571
((10+23+36+11)/1+2+3+1 = 4.571) ana-
norivao no AgInsSe, AgZnPy, CuHgl,,
Hg,SnSe, VEC= 4.571 [4].

Bigctani M—4Y, ne M — e cymim 0.5 Al +0.2
Ga, Y —ue cymim 0.75 X"+ 025 Y aki
30UIBIIYIOTRCS TNpU  mepexomi Bim Se-Te,
Cl-Br-l. Ile nobpe y3romkyeTbes 3
pamgiycamMy  BINIOBITHUX  XalbKOTEHIB  Ta
ramorenie (1S =191 A, rTe¥=2.11 A,
rClI'=1.81 A, rBr=1.96 A, rI'=2.20 A [5]). Lli
3MiHH Y MDKaTOMHHUX BiJICTAaHSX BIUIMBAIOTH HA
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3MiHM TapaMeTpiB  eJIEeMEHTapHHUX KOMIpOK 2.Ko3ak B.C. ®a3oBi piBHOBIaFI/I ym1<Ba3in0Tpi1“4H1|4x
cTpykTyp mux cronyk. IIpu mepexoni Se — Te CI/I(I:TeMax Ha Ol(llHOBi cnonyk ALX, B X3, RX3, AY
mapaMeTpH  30UTBIIYIOTHCH, Bimmopimmo go (A -CUAG; B'-Ga,In; R-Y,La,Pr,Ho,Er,Tm,Yb; X~

. . S,Se; Y-CI,Br,l)ta BiactuBocTi nmpoMixkHEX (a3 Ta
pO3MIpy MPHCYTHEOrO aToMy B CTPyKTYpi. Ipu crekoi. Asmopedh. Ouc...xano.xim.nayk. 02.00.01,

nepexoai Cl-Br-1 Taka 3aKOHOMIpHICTH HE JIBH3 «YoncHY», Yorczopod, 2021
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for crystallographic calculations (Version 4).Appl.
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A compound AgGale;l belongs to the quaternary semiconductors of teeernl formula
A'B",X3Y (A'= Cu, Ag;B" — Ga, In; X — S, SeTe; Y — Cl, Br, I). For the first time, its structure,
which forms in tetragonal syngony, was studied iy powder method, Sp.Gr4, structural type
Culn,TesCl, with cell parametersa = 6,0041 (4) Ac = 11,965 (1) A. The compound was synthesized
in evacuated quartz ampoules from simple substaamugpre-synthesized Agl by step heating. Based
on the melting temperatures of the components,10#®0 K maximum synthesis temperature was
chosen, followed by homogenizing annealing at 77dufking 300 h and subsequent quenching in
water at room temperature. As a result of the ®gith a compact, gray alloy was obtained, which was
resistant to air. The diffraction pattern of thewpered sample was taken on a DRON 4-13
diffractometer, Culg radiation, irradiation at one point during 15 s&6nCSD program was used to
calculate the structure, which was refined by thetwld method. The obtained results on the
structure of the compound were analyzed and itongehg to defective semiconductors was
discussed.

Keywords: X-ray phase analysis; high temperature synthebalicohalides; crystal structure.
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