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CUCTEMA Li,0-ZnO-B,0;

Memoodom PDA usyuenvt pasosvie pasnogecua 6 mpoiinoi cucmeme Li,O—-ZnO-B,0;. [loomeepocoeno obpazosanue 0OHOU
mpotuinou ¢asel LiZnBO;.
KunioueBble cii0Ba: penmeenoghazoswiii ananus, gpaza, bopamul.

T.G. Khumaeva, T.N. Khamaganova
Li,0-ZnO-B,0; SYSTEM

The phase equilibrium in the triple system Li,O—ZnO-B,0; was investigated by the X-ray analysis. The formation of one triple
phase LiZnBOj; was confirmed.
Keywords: X-ray analysis, phase, borates.

BopaTs! menoyHpIX METaUIOB HAXOAAT MPIMEHEHHE B KAYeCTBE MAaTEPUANIOB U HETMHEHHONW ONTHKH, IIOCKOJIBKY
KpUCTAJUTBI 00JIaaf0T MUPOKOH 00macThio mpo3payHocty [1, 2]. Kpome Toro, muHKcoaepkane 60paThl paccMaTpu-
BAOTCS KaK IMOTEHIMAJIBHBIE KaTaJN3aTOPbl M MaTepHaIbl INTHEBBIX HOHHBIX aKKyMynsaTopoB [3, 4]. IloaTromy momyde-
HHUE HOBBIX OOpaTHBIX (ha3 JIUTHS C IIMHKOM IPEICTABISCT HHTEPEC IS CO3[aHUs MEePCICKTUBHBIX MaTepuajos. B -
TepaType OTCYTCTBYIOT CBEJCHHUs 00 U3yUCHHUU TPOWHOM okcuaHON cucteMbl Li,0—Zn0-B,03, UMEIOTCS TaHHBIC JUIIb
10 TPAaHUYHBIM J1BOIHBIM cuctemam Li,0-B,0;, ZnO-B,0;.

Llenv pabomwur — ycraHoBieHHE (Da30BBIX PABHOBECHH B CYOCONMAYCHOH OOJNACTH TPOWHOW OKCHIHOW CHCTEMBI
Li,0-Zn0O-B,0; 1 BO3MOXHOCTH 00pa30BaHUs HOBBIX COSIMHCHHUN.

3KC]’[epl/IMeHTaJIbHaﬂ HacTb

B3anmopelicTBrie KOMIIOHEHTOB B HCCIIEAYEMOU CHCTEME M3YYall METOIOM TBepAO(a3HBIX PeaKkInii B MHTEpBAJES
temnepatyp 450-650°C. McxonHpIMU BemIeCTBAMU CIYXHIH KapOOHAT TUTHA MapKU «X.4.», OKCHJ IIMHKA — «OC.9.» U
OopHas KHCJIOTa KBaTU(pUKAIUK «oc. 4.». KBazuOnHapHbIe pa3pe3s! BHLBIIN IIyTE€M yCTaHOBIEHHS (pa30BOrO COCTaBa
TOYEK MEPECEUEHNsT BCEX BO3MOXKHBIX Pa3pe30oB cucteMsl. [I0MHOTY ImpoTeKkaHus MPOLIECCOB B 00pa3nax KOHTPOIUPO-
BAJIM IO PEHTI€HOrpaMMaM, CHSTHIM Ha MopomkoBoM aBroaudpakromerpe D8 Advance ¢upmbr Bruker (Cu K-
usiaydenue). [lapamerpbl 3yieMeHTapHO# sueliku monydeHHoro Oopara LiZnBO; yTOYHSIM METOAOM HAHUMEHBIIHUX
kBagparoB (MHK).

Pe3yabTaThl H HX 00CyKAeHUE

B rparnunoit cucteme Li,0-B,0; Hamu monTBepxkaeHO 00pa3oBaHUe IATH OOPaTOB JIUTHS, YIACTBYIOIINX B PaBHO-
Becuu. OOpaszoBaHue Tpex OOopaToB IMHKA MOATBepkAeHO B cucteme ZnO-B,0s;. B rparmunoii cucreme Li,O-ZnO B
YCIIOBHAX HPOBEIEHHOTO JKCIICPHMEHTa IBOIHBIC (ha3bl He OOHapyKeHBI. Pe3ynpTaThl peHTreHo]a3oBOro aHaimsa
(PDA) obpasios cucremsr Li,O—ZnO-B,03, mpokanennsix npu 650°C npuBeneHsl B Ta0I.

IToarsepkaeHo 00pa3oBaHKME OAHOIO TPOHOTO coenuueHus cocrasa 1:2:1 LiZnBO; (puc.). ComocraBieHne peHT-
reHorpapMyeckux JaHHBIX MOJTY4YEeHHOH (ha3bl C IMTEPATYPHBIMH 110Ka3ajl0, YTO HAMHU IOJIy4deHa 1o aHayoruu ¢ [3] a —
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moudukamms LiZnBO;. ABTOpsI paboThl 0TMEUAIOT, YTO O — (pa3a MPUTOTOBJIEHA METOJIOM TBEPIO(A3HBIX PEAKIIUMH,
a B — LiZnBO; monmy4yeHa TupoTepManbHo [5].
Tabmauma
Pesynbratsel POA 06pasios cuctemsr Li;O — ZnO — B,0;

Ne Touku - Coxeprkanue B Mo % da30BEIii COCTAB
L120 ZnO B203

1 25 29 46 C+D+E

2 20 60 20 A+B+H
3 43 29 28 A+D+E
4 17 33 50 C+E

5 22 11 67 C+F

6 8 69 33 G+B+C
7 45 15 43 A+F+H

8 43 41 16 M+B

9 37,5 25 37,5 A+E+H
10 25 50 25 A+B+H
11 8 67 25 A+L+M+H
12 20 40 40 E+A+C+I
13 30 20 50 D+K+H
14 50 25 25 E+A+B+I
15 20 20 60 E+C

16 17 33 50 C+E

17 17 50 33 E+A+H
18 12 17 71 G+F

A — LlBOz, B - ZHO, C - Li2B407, D - Li6B409, E - ZIleO4, F- ZHB407, G- LiB305, H- a-LiZnBO;, 1- Li4ZnB206, K- a-
ZH5B4011, L- Zn3BZOG . M- L13BO3

Ln0 &

Puc. U3otepmudeckoe cedeHue B cyocomumaycHoi obmactu mpu 650°C

[Tapametpsr anemenTapHOit stuerikn o—LiZnBO; yTouHeHBI HaMH € MCIOJIb30BaHneM JaHHbIX [3]. CoenuHeHne Kpu-
CTaIM3yeTcs B MOHOKIMHHOM cunronnu (mp. rp. C 2/c) ¢ mapameTpamu pemeTku a = 8,742(6) A, b =5,087(3) A, ¢ =
6,109(3) A, B = 118,97(4)°. Ctpykrypa 0-LiZnBO; npencrapiser coboii kapkac, cocTosmuii u3 ZnO, — TeTpadapoB U
BO; — tpeyromsaukoB [3]. Terpasaper ZnO,4 CBI3BIBAIOTCS APYT ¢ OpyroM depes pedpa u o0pazyroT auMmepsbl Zn,Og.
Kaxnplii 3 quMepoB CBsI3aH ¢ IECThIO APYTHMH 4epe3 oOIIHe KUCIOPOIAHbIE BEPIIMHEL, 00pa3yst Zn-O Kapkac, KOTO-
pBIi cKperurseTcs aToMaMu 0opa, HaXOAALIMMUCSA B €ro IycTOTax. B Kapkace MOXHO BBIICIHUTH IIECTh KaHAJOB, 3a-
MIOJTHEHHBIX aTOMaMH JUTHsL. KOOpAMHAIMOHHOE YUCIIO aTOMa JINTHSA PABHO ISITH, IOJIUSP €r0 MOXHO OMNHCATh Kak
HCKaKCHHYIO TPUTOHAJIBHYIO OUIHpPaMHLTY.
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OPTICAL AND ELECTROCHEMICAL BEHAVIOR OF TRANSPARENT GLASS ELECTRODES
COATED WITH In,0;:Sn AND In,O; THIN FILMS
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This paper describes UV-Visible spectroscopic and electrochemical behavior of In;O; and Iny,O;3:Sn in thin films on the glass
substrates of n-type transparent conductive oxide (TCO) electrodes. The methods of TCO thin films manufacture have been outlined.
The optical absorption and electrochemical properties of In,O; thin films in pure and doped forms have been studied. The
mechanisms of electrical conductivity and optical transmission are interdependent. The information in this paper may help in
choosing the most appropriate TCO electrode materials for new applications in inorganic and organic solar cells and other
optoelectronic devices.

Keywords: thin films, oxygen-conducting electrodes, mechanisms of electrical conductivity and optical transmission
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OIITUYECKOE U 3JIEKTPOXUMHWYECKOE IIOBEJJEHHUE 3JIEKTPO/JIOB
N3 IMTPO3PAYHOI'O CTEKJIA, IOKPBITBIX TOHKUMMH IIVIEHKAMM In,0;:Sn U In,0;

Onucvleaemcs guoumoe u yibmpaguoniemosoe cneKmpockonuieckoe u snekmpoxumuyeckoe nogedenue Iny,O; u In,O; 6 monxux
NIEHKAX HA NPO3PAUHBIX CIMEKSHHBIX CYOCmpamax n-munda Kuciopoonposooauux snekmpooog (TCO). Kpamko onucanvl memooul
uzeomosnenuss TCO monkux naenok. Mzyuenvl onmuueckas abcopbyus u snekmpoxumuyeckue cgolicmea moukux nienox Iny,Os e
YUCMou U U3MeHeHHbIX hopmax. Mexanuzmvl 21eKMPOnPOBOOUMOCIU U ONMUHECKOU MPAHCMUCCUU He3asucumbl. [lannble Mozym
nomMousb 8 gvlbope Haubosee nooxXooAwUxX mamepuanos o uzeomosienus TCO 21ekmpoo0os ¢ yenvlo NOUCKa HO8blX Nymeil npume-
HEHUsl 6 HEOP2AHUYECKUX U OP2AHUYECKUX COTHEUHBIX AUEUKAX U OpYeUX ONMOINEKMPOHHBIX NPUOOPAX.

KitoueBble CJIOBA: MOHKUE NIAEHKU, KUCTOPOONPOBOOAUUE INEKMPOObl, MEXAHUSMbL INEKMPONPOBOOUMOCHIU U ONMUUECKOU
mpancmuccuu

The first report on transparent conductive oxide (TCO) was published, when Badeker [1] stated that thin films of Cd
metal deposited on the glass in a glow discharge chamber could be oxidized to become transparent while remaining
conductive. Since then, most researchers have focused on n-type semiconductors consisting of metal (Sn*, Ti*', In*",
Zn*" and Cd*") oxides and their corresponding alloys to develop highly transparent and electrically conductive thin
films. The previously published before 2006 material in this field has been reviewed by Ganzorig and Fujihira [2].

A new optical approach was demonstrated by Kuwana and coauthors [3], that is: the use of n-type TCO electrode in
which the product of an electrochemical reaction is monitored spectroscopically. There has been considerable interest in
the fundamental electrochemical properties of SnO, semiconductive electrodes deposited on the glass or quartz
substrate [4-9]. In this form, electrodes have been prepared that can be used to observe electroactive species near the
electrode-solution interface by internal reflectance spectroscopy in the visible region of the spectrum [5-7]. The
electrochemical and surface characteristics of doped SnO, and In,O; film electrodes [10] were discussed and compared
to Pt and Au ones [10, 11]. Kuwana [12] has reviewed some earlier studies of the effect of light irradiation on
electrochemical cells and those in which light emission is a consequence of the electrochemical process. Gerischer [13,
14] has discussed the photoeffects in electrochemical systems under illumination associated with semiconductive
electrodes. Spectral photosensitization was also discussed from electrochemical point of view, as it was caused by
electron transfer from or to excited molecules [14]. Little attention, however, has been given until the early 1970s to the
application of these effects for energy conversion.

Fujishima and Honda [15] have discussed the electrochemical photocell based on n-type TiO, electrode in contact
with the aqueous electrolyte and platinum as counter electrode. The photoreaction in their system is the decomposition
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