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CTPYKTVYPA TA ®ISNYHI BJIACTUBOCTI InSe I GaSe, CEJIEKTUBHO
IHTEPKAJIBOBAHUX JIITIEM

I. I. T'puropuaxk, C. B. I'aspusiok, B. B. Herara, 3. J1. Kosasiok

Yepniseuyvre siddinernns Inemumymy npobaem mamepianosznascmea tm. I. M. @parnyesuwa HAH Vrpainu,

eyna. I. Biavde, 5, Uepnisui, 58001, YVxpaina
(Orpumano 10 maucromana 1999 p.)

YV poboTi HOCTIIMKEHO IPOoIeC 1HTEPKaJIOBaHHA MOHOCEJEHIOIB 1HIII0 W raJiio eJleMeHTHO —
CeJIeKTUBHUM METOIOM 13 po3umuy n—OyTmnmiTiio. Bumipani “in—situ” 3HadeHHs MATOMOI eJIeKT-
POTIPOBIAHOCTH MEPIEHAUK YJIAPHO 110 MIapiB Jal0Th 3MOrY 3pOOUTH BHCHOBOK IIPO Te, IMO TOPHAL
13 JTOHOPHUMM BJIACTHBOCTAMH “TOCTHOBHMX  KOMIIOHEHT HJIA XapaKTEePUCTUKU IIPOIECIB IEPEHOCY
HeoOX1THO BpaXOBYBATH 3MIHY €HEPreTHYHOl TOIOJIOrI JOMINIKOBIX PIBHIB, a TaKOXK IIPOIECH PO3-
citopamma. Yacrtorri (1072 + 10°I'm) samexmHocTi iMmenancy BKasyloThb Ha MePECKOKOBHl Mexa-

HI3M eJeKTPOIPOBIIHOCTH B3H0BXK Kpucrasgorpadiduaol ocu C. O64unciaeHl IOBXKHWHA IIEPECKOKY,
ryctuHa cramis Ha pisHi Pepmi Ta pOSKHI IaCTKOBHX ILEHTpIB CTAHOBJIATH Bimmobimgo 220 A;
1.6-10'7 eB~!-cm™2; 0.28 eB. Kpucrasorpadiurmii mapamerp ¢ mis GaSe 36inbmyersbes ma 0.054,

a mug InSe na 0.081 A.

KuawouoBsi cioBa: IHTepKaaslls, peHTIeHIBChbKl nudpakTOMETPAYHI JOCII K eHHS.

PACS number(s): 72.80.Jc, 61.10.Ht, 61.10.Nz

Croromfl MpakTHYIHO HI B KOTO HE 3AJIMIIUIOCH CYMHI-
BIB 11010 OOIPYHTOBAHOCTH KOHIENTYAJIBHOTO IMAXOMY,
3TIAHO 3 AKUM 1HTEPKAJIAIIIO BU3HAIOTh K OIWH 3 TIEPC-
MEeKTHBHUX METOIIB “KpHCTaJIOIHKeHepll” I MaTepld-
JIB 3 “TOCTBOBUMH CTENMEeHAMN BlIbHOCTH. [Ipegcrapam-
KaMH OCTaHHIX € MUPOKUii Kjaac TBepanx a3z 13 Halpis-
HOMAaHITHINIOK e€JeKTPOHHOIO CTPYKTYPOIO, CEPEN AKHUX
HalbIIBINOl YBATH 3acAyTOBYIOTH HAMIBIPOBIAHIKH, IO
3YMOBJIEHO HANBUINOI YYTIAUBICTIO 1XHIX XapaKTePHC-
THUK [0 PI3HOTO THIY “TOCTHOBHX  KOMIOHEHTIB. s
TOOYIOBH HAYKOBUX OCHOB 1HTEPKAJIAIMIIRHOI HAHOTEXHO-
JIoTil HeobOX1IHe MOBHE PO3yMIHHA BJIACTHBOCTEN cucTeM
“rocmomap — TicTh” , 30KpeMa IHTepKaJIaTiB, 1K1 CTAHOB-
JATH coDOI0 CHOJAYKH TPOIECy, AJid Yoro MOTpibHO Bl-
HalTH KOpedIiio iXHIX ocobImBOCTEll 31 criocobaMn OT-
puManHd. [TnTaHHAM €JIeKTPOXEeMITHOI JAITIEBOI IHTEPKa-
JIAI OMHUX 3 HalIMIKaBIHX 4K y dYHIAMEHTAIHLHOMY,
TaK 1 NPUKJIAIHOMY acleKTaX HAMlBIPOBIIHUKOBUX Ma-
TeplaJaiB 3 MapyBaTOI KPUCTAJITHO CTPYKTYpoto InSe,
GaSe npucsgueno mpani [1-5], a MeTol0 1BOrO HOCIII-
IDKeHHA € BUACHEHHA OCHOBHMX OCOOJIMBOCTEN 1X JIIT1H—
CEJIEKTUBHOIO 1HTEPKAJIIOBAHH .

Kpucrannm mMoHoceneHIIiB 1HAIO i rajdio OyJam BHPo-
IIeHl MeTOIOM BpumkMeHa 13 CTEXIOMETPUIHOTO CKIAILY
KoMIOHEHTIB. (GaSe BOJIOMIE p—THUIIOM TPOBLIHOCTH 3 IIH-
punoto 3aboponenol 30uu 2.02 €B, a InSe — n—Tumom 3
mmpuHoIo 3aboporenol 3ouu 1.2 eB. Posmip mocmiaxy-
BaHUX 3paskiB: 3 x5 x 0.6 mu>. [Ipomec iHTepKaioBaHHA
IpPOBEIeHO NIIAXOM eKCIOHYBaHHHA 3pas3kiB y 24% pos-
gl n-Oyruaaitiio (n — C4HgLi) B rexcani.

Yci omepariil mpoBeleHO B CyXiit 1HEPTHIH aTmMocdepl
npu Temmeparypi 20°C.

Ha puc. 1 306paxkeno xapakTep 3MIHE THTOMOTO EJIEK-
TPOOTOPY MOCTIHHOMY CTPYMOBI HEPHEHIUKYIAPHO IO
mapiB (ysmosx Kpucrajgorpadiunol ocu C), BuMmipioBa-
HOTO B XOJIl TIPOIeCy IHTepKaJIIOBaHHdA. K BUIHO, yIpo-
BA/UKEHHA ATOMIB JITIO HA MOYATKOBHX €Tamax 1HTep-
KaJIAIll 30BCIM MO—PI3HOMY BILINBAE€ Ha MHTOMHI eJeK-
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Tpoomip InSe 1 GaSe, npoaBiarodn, HAROLIBII IMOBIPHO,
JOHOPHHN XapakKTep “TOCTHOBUX KOMIIOHEHTIB” , 1O ITO-
BUHHO CYIIPOBOIKYBATUCA AK Y MEPIIOMY, TaK 1 B IPY-
oMy BHTAJKaX 3MIHOTO MosIoKeHHd piBHA Pepmi. Omrak
JIJIA ceJIeHIIy 1HIII0 MeXaHI3M He € TaKNM TPHBIAJILHIM
— MICad WATH M6 eKCIOHYBaHHA e€JIEKTPOIPOBIIHICTE
MOYMHAE 3MEHITYBaTHCH. K TPaBUiIo, B 1HTEPKAJIAIIIi-
HI#i 13Ul HEMOHOTOHHY 3aJIEKHICTH IMTUTOMOTO €JIEKT-
poOTIOpY Bl CTYIEHA “TOCTHOBOTO” HaBaHTaXKEHHS IIO-
B A3YIOTH 31 3MIHOIO 30HHOI CTPYKTYPH BUX1AHOI MaTPHIIL
[6]. ¥ HamoMy BUIAJAKY, YPaXOBYIOUM 3HAYHILIE 3DOC-
TaHH# ONOpY, HiX Horo momepenniii caf (3 - 102 nporu
3-10? pasiB), nominytouuMu eeKTaMU CJI YBaKaTH BCe
K TaK¥W He Tepeaatdy eJIEKTPOHIB Bl aTOMIB JITIO, a Ie-
pebymoBy eHepreTUIHOl TOMOJIOTI TOMIIIKOBUX IEHTPIB
1 3MIHHE B IIpollecax PO3CIIOBAHHA.

ITicns exkcrioHyBaHHA 3pasKyW MPOMHUBAJKN B TeKCaHI
i BUCYUIyBan B ONMCAHUX BHUIE ONEPaIlifHIX yMOBax.
IxH1 piBHOBaXKHI eJIeKTPOIHI MOTEHIIAIN MoA0 Li 3MeH-
NIYBAJIHCH 3aJelBe B JecATh PasiB, IO BKa3ye Ha OT-
puMaHHA MaliKe KpaliHbO 1HTEPKAJBOBAHUX CIOJIYK 3
JiTieM. PeHTreHIBChbKI HOCTIIKEHHA MOKA3a M, MO s
GaSe kpucragorpadiunuii mapaMeTp ¢ Ta CHMETpPid He
3MIHIOIOTBCA, & mapaMeTp ¢ (molepek 1mapis) 36iabTye-
thea Ha 0.054 A. Y MoHoceserini im0 CHUTyallld aHa-
JIOTIYHA: CUMETpId i mapaMeTp a He 3MIHIOIOThCA, a Ia-
pamerp ¢ 3pocrae Ha 0.081 A.

Yce 11e B moeaHAHH] 3 JaHUMH MOJIYM’ AHOI pOTOMETPIl
A€ 3MOTY 3allcaTH PIBHAHHA 1HTEPKAJIAIIl B TaKOMY
BUTJIAL:

InSe + z(n — C4H,Li) = Li,InSe + gcgﬂlg, (1)
GaSe + z(n — C4HoLi) = Li,GaSe + gcgﬂlg, (2)

Je ¥ — CTYIHb “TOCThOBOTO” HaBaHTaKEHHSA, MPOIOP-
MIAHIR 10 Jacy eKCIoHyBaHH.
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Puc. 1. Buina onopy InSe (a) 1 GaSe (6) nepueHnukyisapHo
0 WIapiB I 9ac 1HTepKaTFOBAHHI.

3 MeTOoI0 BUACHEHHA KIHETUIHUX OCOOJIMBOCTEN Ta OT-
puMaHHA 1HpOpMAIil MOI0 XapaKTepy JTOMIIIKOBOI i~
CHCTEMU IHTEPKATBOBAHOTO cesleHimy rasifo (a1 InSe ne
3pOOUTH KOPEKTHO BUABIJIOCH MPOOJIEMATHIHUM YEPES
JOCHUTH HOMITHY JUCTOPCIIO I'PATKH) MPOBOIMIN JTOCITi-
JZKEHHSA TEMIIEPATYPHOL i 9aCTOTHOI 3aJIeKHOCTel KoM-
IJIEKCHOl €JI€KTPOIPOBIAHOCTH 3 BUKOPUCTAHHAM 1MIIe-
maHcHOro cnekTpomerpa dipmm Shlumberger SI 1286.
Hignason uacTtoT cramosms 1072 = 10° I'm, a ammii-
TYAYy 3MIHHOTO CHUTHAJy BHOMpaJu MIHIMAJIBLHOIO 3 JIi-
HIfiHOl OIJIBHUIN BOJIbT—aMIIEpHOl XapaKTepucTuku. Ha
puc. 2 306pazKeHl 9acTOTHI 3aJIEKHOCTI THTOMOTO OITOPY
MepIEeHINKYJIAPHO [0 HIapiB “IHCTHX i 1HTEpKaJIbho-
BaHUX 3pa3KiB IPHU IBOX TeMieparypax. ['0JOBHOL 1X-
HBOIO 3aKOHOMIDHICTIO € 3BYXKEHHA YaCTOTHO HE3AIEK-
HOI AUTAHKY p 1 (w) Micsd IHTepRATIOBaHHA B3aral 1 Ipu
MOHIKEHH] TEMIIEPATYPH 30KPeMa, IO MPH BPaxyBaHH]
TEHIEHII]l BIAHOCHOTO POCTY BIAMOBIAHUX abCOJIOTHUX
3HAYEHb CJIJ OB fA3aTH 3 KOMIIEHCAIIEI0 AKIEMTOPHIX
PIBHIB Ta MpoIlecaMy T'eHepallll HOCIIB CTPYMY 3MIHHIM
eJIEKTPUIHUM TIOJIEM. 3OLTBIIYIOYNACH MICIH 1HTEPKAJTIO-
BaHHA Maitke B 10? pasis, muToMuit omip HabyBae 3Ha-
yennd ~ 3 - 107 OM - cM, Ipy gKOMY 3acTocyBanHd dop-

magismy Bonbnimana—Bioxa crae mpobiaeMaTuaHuIM 14
BCHOTO CHEKTPA CIMIOCTEPEKYBAHNX KIHETHIHUK ABUIIL. Y
MEBHUX BUMAJKaX XBUJIHOBE YHCJIO B Halpamky ocu C
yiKe He MOXHa BBayKaTW TMOBHICTIO Bu3HadeHuM. Tomy
MeXaHI3MH TEPEHOCY 3apAmy HalblLAbII IMOBIPHO € IIe-
PECKOKOBHMU, fKi B iHTepKaaTax, a4k Bigomo [7, 8], Mo-
KyTh 6yTH 6e3(bOHOHHIMHE, 3yMOBJIIOBATHCA (DOHOHAMH
i /i JOMIlIKAMHU.
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Puc. 2. YacToTHa 3a/1€XKHICTH TMTOMOTO OIOPY TIepIIeH -
KyJsapHo mo mapis GaSe mo (1,2) i micaz (3,4) iHTepkaso-
BaHHA npu Temuneparypi —40°C (2,4) i +60°C (1,3).

Briguo 3 reopielo JTkebonna—Tlomnaka [9], nepec-
KOKHM €JEKTPOHIB MO JIOKAJI30BAHUX CTaHAX 3 €HepIi-
aMu 611 piBHaA PepMl, MO CYTPOBOIKYIOTHCA BHITYC-
KaHHAM 1 MOTVIMHAHHAM (POHOHIB, ¥ TAaCTOTHIN 3aJIexK-
HOCTI eJIEKTPOTPOBIAHOCTH 0 (w) ~ W™ BU3HAYAIOTHCA,
AK TMPaBUJIO, 3HAYEHHAM MOKasHuUKa cremeHd n ~ (.8.
Anastisyroun orpuMani sasexHocTi (puc. 2, Kpuei 1,
2), 6aunMo, 1O 3a3HAYEHOMY 3aKOHOBI BiINOBigae By-
3bKHUil 1HTEPBAJI YaCTOT: 10° = 10% I'm. Y HESBKOYACTOT-
it obnacri o(w) ang aignasony 1.58 - 10* < w < 10°
MOKA3HUK cTenmeHd n ckiaagae 1.119 mpum Temmeparypi
—40°C 1 0.39 mpu +60°C. YpaxoBywodn maHl PEeHTTE€HIB-
cororo anamisy LiGaSe 1 6epydn mo yBarm pesysibTarTh
npatipb [10-13], MOKHO 3pObUTH NPUILYIEHHS PO HECYT-
TEBUII BIINB MOMKJMBOI 3MIHH e€Hepril (pOHOHIB MiC/Id
IHTepKaJTIIOBAHHA Ha OIHKY TYCTUHH CTAaHIB MOOJIH3Y
piBag ®epmi. Toml, 6epytn 3sHaTeHHA POHOHHOI TACTOTH
ve ~ 102 T'n [7] i nocriitnol camy XBuabOBOI byHKITI

L vt [14], orprmaemo npu T = 233 K:

@ = 3510

o(w)

Nrp = 1/(96m2e2kTa—5w)[In(ve /w)]*

=100k M3 =1.6-10"eB tem3.
Buaroun Np, MoxKHa 3rigHo 3 [13] obuucauru poskuz
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I. I. TPUTOPHAK, C. B. TABPUJIIOK, B. B. HETATA| 3. /1. KOBAJIIOK

“macTok” mobsm3y piBHA Pepmi:

3 1
J‘i'wRSNF’

ne R — Biacranb cTpmbKa, MO MOB’d3aHa 3 CEPEeIHbOIO
qacToTol f, HpH AKifi BUKOHYyeThCHA 3aKoH 0 (w) ~ w98
CHIBBLIHOUICHHAM

1 o
R=——In(f/ve) ~15.15(In[5 - 1077) ~ 220 A

Tom J = 0.28 eB. Ak 6auumo, mMacTKOBI TEHTPH 30CEPE-
JZKeHl y BY3bKiii eHepreTndHiil cMysl, a peaabHa IyCTHHA
rAUOOKUX MACTOK CKJIAJAE 3HAYEHHS:

Ny =Np-J=16-10"7-0.28 =4.5-10%cn2.

TemmepaTypHa 3aJeKHICTD €JIEKTPOOIOPY CBIAYHTH
(puc. 3), wo mic/asd IHTEPKATIOBAHHA HOCHIIOETHCA Ha-
MIBOIPOBIIHUKOBUH XapaKTep eJIEKTPOIPOBITHOCTH, TKY
BuMipoBasn Ha dactoTl 3.167 I'. llikaBo BimsaavwnTnh,
wo npy 36iabmenni vacrorn B inrepsasai 104 = 10° T'n
TeMIlepaTypHa 3aJeXKHICTL p| UYUCTUX 3Pas3KiB Mpak-
THYHO He 3MIHIOETHCA, TOMI K IJId IHTEPKAJIbOBAHUX

BIAMOBIAHI KPHBI CTAIOTh THM HOJIOTIINAMH 1 JIeKATh THM
HUZKYeE 1O OCl p, 9UM OLJTbIIIe 3SHAYEHH W 3 HABEIEHO1 06-
mactu. OctanHiil pakT TrOBOPUTH PO AKTUBAIIIO TOMIII-
KOBHWX PIBHIB, IO BHHUKJHM U TEpPEepPO3MOMIJICH] BHAC-
JIIOK 1HTEPKAJAII 3MIHHIM €JIEKTPHIHIM TOJIEM 1 TI0-
BUHHI 6y/IH 6 6YTH aKTHBOBAHI TEPMITHO.
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Puc. 3. TemmepaTrypHa 3aJIeKHICTH ITUTOMOTO €JIEKTPOO-
Hopy HepleHnuKyJaApHo mo wapis GaSe mo (1) i micaa (2)
CeJIEKTUBHOTO IHTEPKAJIIOBAHHA JITIEM.
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THE STRUCTURE AND PHYSICAL PROPERTIES OF InSe AND GaSe SELECTIVELY
INTERCALATED WITH LITHIUM

I. I. Grygortchak, S. V. Gavrylyuk, V. V. Netyaga, Z. D. Kovalyuk
Chernivts: Branch of the IPM NAS of Ukraine
5 I Vilde Str., Chernivtsi, UA-58001, Ukraine

The intercalation process of indium and gallium monoselenides with LiT ions from a 24% solution of n-
butyllithium in hexane is investigated. From the “in—situ” measurements of conductivity across the layers it is
concluded that along with the donor properties of the “guest” component the variation of the energetic topology of
impurity levels as well as scattering processes should be taken into account. The impedance frequency dependences
in the range from 1072 to 10° Hz point to a hopping conductivity along the C axis. The calculated values of the
hopping distance, the density of states at the Fermi level, and the spread of trap centres are 220 A; 1.6-10'7eV ™!,
and 0.28eV, respectively. The observed increases of the lattice parameter ¢ are 0.054 and 0.081 A for GaSe and

InSe crystals, respectively.
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