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CHHTE30BaHO Ta PCHTICHIBCHKUM IH(PAKIifiHIM METOJOM IOPOIIKY BH3HAYCHO CKIaj i
KPUCTAIiYHy CTPYKTYPY OBOX HOBHX TepHapHHX cmonyk: Li,CuGa (ctpykrypruii tan — Li,AgSh,
npocTopoBa rpyma — F—43m, mapameTp xomipku — a = 6,0942(7) A; Rg, = 0,0789, R = 0,0482) i
LiCu,Ga (crpykrypuuii tunm Cu,MnAl, mnpocropoBa rpyma Fm-3m, mnapamerp KOMIpKH —
a =5,8964(8) A; Rg, = 0,0711, Rg = 0,0311).

Kniouosi cnoea: nitiif, Kynpym, raniii, peHTTCHIBCBKUH AU(paKUiiHUI METOX IOPOIIKY,
KpHCTaliYHA CTPYKTYpa.
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1. Beryn

Hiarpamy dasoBux piBHOBar ais notpiiiHoi cuctemu Li—-Cu-Ga ceoroami He
no0y/I0BaHO, 3 JITEPaTYpPHUX JDKEPEI BiJOMO Mpo iCHyBaHHs oHiel TepHapHOI (a3u y mii
cucteMmi LijsCusGay; (ctpykrypuuit Tun LijsCusGa,y, mpoctopoBa rpyma Im-3, cumBoia
ITipcona ¢/160) [1].

CrulaBy JITiI0 Hajani 3alWIIAIOTBCS MEPCHEKTUBHUMHU MaTepiaiaMu il aHOIB
XIMIYHHX JKeped CTpyMy [2], ToMy HOIIYK HOBUX JITIHBMICHHUX iHTepMeTamiyHuX (a3 Ta
BUBYCHHS 1X KPHCTATIYHOI CTPYKTYpH OYIIH 3aBIaHHAM HAIIOTO JOCITiIKSHHS.

2. MaTepiaim Ta MeTOINKA eKCIIEPHUMEHTY

3paskn ckmaniB LiCuGa Tta LiCu,Ga cuHTe3yBald B €JIEKTPOIAYTOBId Tedi B
aTMocdepi OYHIIEHOT0 aproHy i3 HAaBaKOK YHCTUX KOMITOHEHTIB (BMICT OCHOBHOTO
KOMITOHEeHTa: JiTii > 99,8 mac. %, kynpym Ta ramiid > 99,99 mac. %). Cnnasu
romoreHizyBanmu 3a Temmeparypu 200 °C mOpoTaroM ABOX MICSIB Yy TaHTAJIOBUX
KOHTeHHepax, 3amasHUX B eBaKyHoBaHI KBapuoBi ammynu. [licis Bigmany criaBu
30epiraiy MmiJ MIApOM O4YMINEHOI Ta 3HEeBOAHeHOi mnapadiHoBoi omii. PeHTreHiBchki
MOPOILIKOBI TU(PPAKTOrpaMH 3 CHUHTE30BaHMX CIUIABIB OTPUMAHO Ha IOPOIIKOBOMY
mudppakromerpi JJPOH-2.0 M (FeKa-BumpominroBauus). Omepxani audpaxkrorpamu
MOPIBHIOBAJIM 3 TEOPETUYHUMH IU(PAKTOrpaMaMd YUCTUX KOMIIOHEHTIB, OiHApHHMX Ta
TepHAPHHX CIIOJIYK, PO3paxOBaHUMHU 3a Jonomororo nporpamu PowderCell [3].

YTouHeHHsT KpHcTamigyHOi cTpykTypu cnoinyk Li;CuGa ta LiCu,Ga mpoBommimm
METOZOM MOPOIIKY 3a AudpakTorpamamu 3 Bukopuctanasm nporpamu FULLPROF [4], 3a
meronoM PitBenbaa [5].
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3. Pe3ynbTaTH q0ciaiiKeHs Ta iX 00roBopeHHst

ExcriepumeHnTanbHi, po3paxoBaHi Ta pi3HuLEB] audpakTorpamu 3paskis Li;CuGa ta
LiCu,Ga 306paxkeno Ha puc. 1. YMOBM AuQpakmiiHAX IOCTIIKEHb Ta pE3yIbTATH
YTOYHEHHS CTPYKTYPH CIIOJIyKH HaBeAEHO B Tabx. 1.
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Puc. 1. ExcriepumenTansHi (KpyKeUKH), po3paxoBaHi (CyIIbHA JTiHis) Ta pi3HUIIEBI (BHU3Y)
mudpakrorpamu 3paskis ckiany: a — Li,CuGa; 6 — LiCu,Ga

Fig. 1. Experimental (circles), calculated (solid line) and difference (below) diffraction
patterns of samples of composition: a — Li,CuGa; b — LiCu,Ga
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Tabauys 1
YMoBH TMPOBEACHH EKCIIEPUMEHTY Ta PE3YyJIbTaTh YTOYHCHHS
crpykrypu crionyk Li,CuGa ta LiCu,Ga
Table 1
Experimental conditions and results of refining the structure
of Li,CuGa and LiCu,Ga compounds

Ckraj Crionyku Li,CuGa LiCu,Ga
CTpyKTYpHHH THII Li,AgSh Cu,MnAl
IIpocTopoBa rpyna F-43m Fm-3m
Cumsoi [Tipcona cF24 cF24
IMapamerpn KoMipku a, A 6,0942(7) 5,8964(8)
006’em koMipku V, A3 226,33 205
Judpakromerp JAPOH-2.0 M JAPOH-2.0 M
BumnpominroBanHs Fe Ka Fe Ka
Kpox (rpaz.) 0,05° 0,05°
20maxkc. 87, 565 82,142
DakTOpH JOCTOBIPHOCTI Rgr = 0,0789, Rg, = 0,0711,
Re = 0,0482 Reg =0,0311

YTouHeHHs Kpucranorpadiganx mapamerpiB TepHapHUX (a3 Li,CuGa Ta LiCu,Ga
npoBenun MeronoMm PitBenpna. Ockimbku audpakrtorpama 3paska Li,CuGa ta LiCu,Ga
IOyxe momibHa 10 aubppakrorpam cmonyk Li,Agln (ctpykrypHuit tun — MnCuU,Al,
npocroposa rpyma — Fm-3m, mapamerp xomipku — a=6,5681(5) A) [6] i LiAg,In
(ctpykrypuuit TMun — Li,AgSb, mpocropoa rpyma — Fd-3m, mapamerp KOMipkdH —
a=6,572(7) A) [7], To A1 yTOUHEHHS CTPYKTYpPH LMX CMOIYK y3TO KOOPAHHATH aTOMIB y
cmonykax cuctemu Li—Ag-In. Koopauuatu aromiB y crpykrypi cmomyku Li,CuGa Ta
LiCu,Ga naBeneno y tabi. 2 ta 3. Y CTpyKTypax CIIOIYK yCi aTOMH MarOTh KOOPAWHALIHHI
MHOTOTPaHHHUKH y BUTIISAI poMOoaoaekaenpis (puc. 2, 3).

Tabauys 2
Koopaunaru atomiB y crpykrypi cnonyku Li,CuGa
Table 2
Atomic coordinates for the structure of the Li,CuGa compound
Arom | TICT | X | y | z
Lil 4a 0 0 0
Li2 4c 1/4 1/4 1/4
Cu 4b 1/2 1/2 1/2
Ga 4d 3/4 3/4 3/4
Tabauys 3
Koopauuaru atomiB y cTpykTypi crionyku LiCu,Ga
Table 3
Atomic coordinates for the structure of the LiCu,Ga compound
Atom | TICT | X | y | z
Li 4b 1/2 1/2 1/2
Cu 8c 1/4 1/4 1/4
Ga 4a 0 0 0




K. 3aviuesa, I'. Omutpis
ISSN 2078-5615. BicHuk JlbBiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2022. Bunyck 63 85

Puc. 2. BMmict exeMeHTapHOT KOMIpKH 1 KOOpMHALiI{Hi MHOTOTpaHHHKH aTOMIB
y cTpykTypi crionyku Li,CuGa
Fig. 2. The unit cell of the Li,CuGa structure and the coordination polyhedra of atoms

Puc. 3. Bmict enemeHTapHOT KOMIpKH | KOOpMHALIII{HI MHOTOIPaHHUKH aTOMIB Y CTPYKTYpi
cnoayku LiCu,Ga
Fig. 3. The unit cell of the LiCu,Ga structure and the coordination polyhedra of atoms
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V¥ cuctemi Li—~Cu—Ga ytBoprotoTscs ABi TepHapHi crionyku Li,CuGa Ta LiCu,Ga 3i
CIMIBBIAHOIIEHHIM KOMIOHEHTIB 2:1:1 Ta 1:2:1, 10 € TOCHTH LIKaBUM, OCKUIBKHM aToMHM Li,
Cu T1a Ga CHIBHO BifPI3HAIOTBCS 3a NPUPOIOIO (S-MeTam, O-meram Ta p-meran) Ta
posmipamu (Meramiuni pamgiyen: Li — 1,52 A; Cu — 1,28 A; Ga — 1,35 A). Hespaxarouu Ha
Ie, Y CTPYKTypax 000X CIIOJIYK YCiM aToOMaM BiIIIOBiZla€ aHAJIOTiYHA KOOPIUHAILIS aTOMIB —
poMOooaeKaeqp Ta iJEHTUYHI 3HAYEHHS MDKATOMHHX BiJICTaHEH: y CTPYKTYpi CHOIYKH
Li,CuGa Bicim Bimctameii nomxumoro 2,6389 A Tta micte Bigcrameit — 3,0471 A; y
cTpyktypi conyku LiCu,Ga Bicim BincTade# mossxkunoro 2,5532 A Ta wmiicts BixcraHeii —
2,9482 A.

4. BucHOBKH

VY cucremi Li-Cu-Ga BusBieHO icHyBaHHS aBOoX HOBHX croiyk Li,CuGa Tta
LiCu,Ga. Cnonyxka Li,CuGa kpucranizyetbes B cTpykTypHOMY T Li,AgSb, npoctopoBa
rpyna F-43m, a = 6,0942(7) A. Cnonyka LiCu,Ga kpucTamisyeThcs B CTPyKTYPHOMY THITI
Cu,MnAl, mpoctoposa rpynma Fm-3m, a = 5,8964(8) A.
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Lithium alloys continue to be promising materials for anodes of chemical current sources, so
the search for new lithium-containing intermetallic phases and the study of their crystal structure were
the task of our study.

In continuation of the study of the Li-Cu-Ga system, two alloys of Li,CuGa and LiCu,Ga
were synthesized. The alloys were synthesized in an electric arc furnace in an atmosphere of purified
argon from portions of pure components (content of the main component: Lithium > 99.8 wt. %,
copper and gallium > 99.99 wt. %). The alloys were homogenized at 200 °C for two months in
tantalum containers sealed in evacuated quartz ampoules. After annealing, the alloys were stored
under a layer of purified and dehydrated paraffin oil. X-ray powder diffraction patterns from the
synthesized alloys were obtained on a powder diffractometer DRON-2.0 M (FeKe-radiation).

By comparing the obtained diffractograms with previously studied alloys, it was assumed that
the compounds Li,CuGa and LiCu,Ga will be isostructural with the phases Li,Agln and LiAg.In.
Based on these models, the crystal structure was refined by the Rietveld method: Li,CuGa, (Li2AgSh,
F-43m, a =6.0942 (7) A; Rg, = 0.0789, Rr = 0.0482); LiCu,Ga (Cu,MnAl, Fm-3m, a = 5.8964 (8) A;
Rg,=0.0711, Rg = 0.0311).

In the Li-Cu-Ga system, two ternary compounds are formed with the ratio of components
2:1:1 and 1:2:1, which is quite interesting because Li, Cu and Ga atoms differ greatly by nature
(s-metal, d-metal and p-metal) and size (metal radii: Li — 1.52 A; Cu — 1.28 A; Ga — 1.35 A).
Nevertheless, in the structures of both compounds all atoms have a similar coordination of atoms -
rhombododecahedron and identical values of interatomic distances: in the structure of the compound
Li,CuGa eight distances with a length 2.6389 A and six distances — 3.0471 A; in the structure of the
LiCu,Ga compound there are eight distances with a length of 2.5532 A and six distances with a length
0f2.9482 A.

Keywords: lithium, copper, gallium, X-ray powder diffraction method, crystal structure.
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