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CeneHng TutaHa 6Gbln NOnyYeH MeTOAOM ra3oTPaHCMOPTHbLIX peakuuii B ycrnoBusax n3bbiTka ceneHa. O6pasubl ans MNOM-
uccrieqoBaHuin NpeacTasnsitoT coboi MopoLLOK, OCTaBLUMICS Nocne M3BriedeHust maccvBHoro obpasua u3 amnynbl. B obpasuax
BbISIBITEHbI HAHOOOBEKTLI — TPYOKK, «PEnbChI», KPUCTANMMNYeckne Xnonbsa. AT 06bEKTbl YYBCTBUTENbHLI K BO3AEWNCTBUIO SMEKTPOH-

HOrO Ny4ka — NPOMCXOANUT UX amopr3aLms 1 yTpaTta CTPYKTYpbI.

Knroqeenie cnoea: Ti-Se; ceneHug TUTaHa; ra3oTpaHCrnopTHbIE PeaKumu; HaHOTPYGKKM; HAHOPESbChI; NPOCBEYMBAIOLLAs 3rek-

TPOHHasA MUKPOCKOMUS.
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TiSe, shows a transition to a condition with a charge density wave, described as the state of an excitonic insulator (Keldysh —
Kopaev transition). A sample of Ti-Se was obtained in the process of growing TiSe; single crystals from a previously synthesized
mixture. The crystals were grown by the method of gas-transport reactions with an excess of selenium as a carrier gas. The transfer
occurred at the cold end of the ampoule. The temperature of the cold end was 600 C, the hot end was 800 C. TEM sample is a
powder from the hot end of the ampoule, remaining after extraction of the obtained single crystals. The TEM reveals mixture of vari-
ous nanoobjects besides TiSe, microcrystals and nanoflakes. The most interesting are linearly elongated nanorod-like objects, ~ 20
- 50 nm wide and 100 nm - 1 micron in length, demonstrating crystalline diffraction and some internal structure. TEM identifies 2
types of them, resembling multi-layered nanotubes and "nanorails". Under the action of the TEM electron beam, these objects were

amorphized.
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BeeaeHue

TiSe2 OeMOHCTpUpyeT nepexos B COCTOSIHUE C
BOJIHOW 3apsiAoBOM MMOTHOCTKU [1], onncbiBaeMoe Kak
COCTOSIHME 3KCMTOHHOro mnsonatopa [2] (nepexon Ken-
gblwa-Konaesa [3]). B obpa3sue coctaBa Ti-Se BbisB-
neHbl HAHOCTPYKTYpPbI — TPYOKK, penbebl, xnonbs. MNog
BO3€EVCTBMEM 3NEKTPOHHOrO Myyka npu muccneposa-
HAM B MPOCBEYMBAIOLLEM INEKTPOHHOM MMUKPOCKOMNe
(M3M) HabniogaeTcs U3MEHEHUE MX CTPOEHMS U MOp-
donorvn, B T.4. NPOMCXOOUT MX amopdmsauusi, pac-
KpbITUE W Aerpagaumsi HaHOTpyboK, BUOOM3MEHEHMS
CTYNEeH4aTOCTM HaHOpenbC U UM NOAO0OHbIX NTUHENHBLIX
obpa3zoBaHuii.

MeToauka akcnepuMmMeHTa

O6pasupl Ti-Se GbINM Nony4eHbl B npouecce Bbi-
pawwmBaHua MoHOKpucTtannoB TiSe: u3 npegsapu-
TENbHO CUHTE3UPOBAHHOW LWNXThl. Kpuctannel Bbipa-
LUMBaNMCb METOAOM ra30TPaHCMOPTHbIX peakuuMn C
n3bbITKOM ceneHa B kavecTBe rasa-Hocutens [4]. Me-
pPEHOC MPOUCXOAMIT Ha XOMNOAHBLIA KOHEeL, ammyrbl.
TemnepaTypa XonoaHoro koHua coctaensina 600 °C,
ropsyero — 800 °C. Wccnepyemble obpasubl npea-
CTaBnanyM cobol NOPOLLOK C ropsivyero KoHua amnyrbl,
OCTaBLUWICS MOCMe W3BMEYEHUs] KPYMHbIX MOHOKPU-
CTannos, NepeHeceHHbIN Ha ceTouky ans MN3M uccne-
[OBaHUI C NOBEPXHOCTM OUCTUNITMPOBAHHOM BOAbI.

O6pasubl Mccnegosanucb B NM3M npu yckopsito-
wmx HanpshkeHusx 200 u, gononHuTtensHo, 80 kB (c
Lenbio Ny4Llero BbISIBNIEHUSI CIOUCTON NpMpoabl Xarnb-
KOreHuaHbIX xnonees) npu yBenunyeHusx x100-x500K.
Mcnonb3oBanmcb pexunmesl CBETNONO U TEMHOIO MOMnen,

Mukpo- (SAED) n HaHogudppakumm, EDX. OkcnoHupo-
BaHMe HAHOOOBLEKTOB 3MEKTPOHHBLIM My4YKOM MPOBOAU-
nocb B TeveHne 5-10 MuHyT, B T.4. OOQHOBPEMEHHO C
tocTnpoBkon npubopa.

PesynbTaTtbl U nX o6¢cyxaeHne

O6paseL npeacTaBneH pasHOPOOHBIMU U CMELLaH-
HbIMWU  CKOMMEHUSIMA  KPUCTannM4ecknx OBGBbEKTOB.
Hanbonblunii uHTEPEC U HOBW3HY cpeau HUX npeg-
CTaBMsAOT NMHEWHO-BbLITAHYTbIE OOBEKTHI LUMPUHON ~
20 — 50 HM n npoTskeHHOoCTbo 100 HM — 1 MKM, gato-
lMe KpucTannuuyeckyo avdpakumio n obnagatowme
BHYTPEHHel cTpykTypon (puc. 1 a-r, puc. 2 a, 6). [MOM
BbISIBMSIET 2 TUNA NMHENHbLIX HAHOOOBLEKTOB, HaNOMM-
HalLWKMX OOHO- U MHOTOCMOMHbIE HaHOTPYOKM (puc. 1
B, ) U HaHOpenbCbl» U UM NOAOGHbIE CTyrneH4yaTble
obpa3soBaHust 6onee croxHoro npodwunsa (puc. 1 6,
puc. 2 a, 6). VicxogHo HaHOOOBLEKTHI AEMOHCTPUPYIOT
TEeHAEHUMIO UMEeTb npsimble kpasi. Mo npeasapuTenb-
HbIM aaHHbIM EDX, B Ux coctaBe npeobnagaeT TUTaH
(3o ~80-90%). lMNepemeHHbI KOHTPACT HEKOTOPbIX
0ObEKTOB YKa3blBAET Ha HanuuMe B HUX HECKONbKUX
cnoes. Takke B 06pasue 6binv BbiISBNEHbl OTAENbHbIE
TOHKME (PparMeHTbl KPUCTAmNMYECKMX CIOEB NCXOOHO-
ro matepuana (puc. 1 o).

YcTaHoBMeHo, 4YTo nog Bo3gencTamem nydka MNoM
B TeyeHue ~ 10 MVMH NpoMcxoauT YacTUyHas Unn nor-
Hasi amopdum3aums AaHHbIX 0OBEKTOB (4TO 3aMETHO Mo
3MNeKTpoHOorpaMMam) 1 ytpata UMW HayYanbHOM MOp-
donornm (puc. 2). Ha cHumkax dparMeHTOB Croes
nposiBNsaeTca nabupuHTHasi cTpykTypa (puc. 2 B, ).
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Puc. 1 a — ckonneHne nuHenHbIX HaHOO6bLEKTOB 1 ero SAED
(Ha Bpeske); 6 — oTAenNbHbIV «HaHOHPenbC» u ero SAED; B —
HaHOTpybKa C OTBEPCTUAMU B CTEHKE; I — pparMeHT HaHo-
TPyOKM; A — CHMMOK HaHoxJlonbeB Ti-Se npu yckopsitoLiem
HanpsieHun 200 kB (cnesa) u 80 kB (cnpasa).

Fig. 1 a - accumulation of linear nano-objects and its SAED
(inset); b - a separate “nanonrells” and its SAED; (c) nano-
tube with holes in the wall; g - nanotube fragment; e - a snap-
shot of Ti-Se nanoflaps at an accelerating voltage of 200 kV
(left) and 80 kV (right).

3akntoyeHue

ABTOpbI 0aHOM M3 pabot no TiSe2 nanorods [5],
noraranu, 4YTO HaHOTPYOKM [AOIMKHbI MMETb CTEXWO-
METPUYECKMI CcOCTaB, oObGneryawLwmn 3akpyynBaHue
cnoeB TiSe2. Hawum nccnegoBaHus nokasbiBalOT, YTO
NpUCYTCTBUE WHTEpKanaHTa (CBepxcTexmomeTpuye-
CKOro TMUTaHa) NpuBoAUT K GomnblUOMYy pasHoobpasuio
CNOXHbIX HaHodopM cucTemsl Ti-Se.
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