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OO0masi XapaKTepuCTHKA padoThl
AKTYaJIbHOCTb TeMbl HCCJICOBAHUA

Ilo cpaBHEHHIO C MakpoOpa3MEpHbIMM MaTepUAIaMH HAHOYACTHULIBI
00J1a1a10T CYIIECTBEHHO OOJIBIIECH YIEIbHON NOBEPXHOCTHI0. HeyaAuBUTENBHO 1
BO3HMKHOBEHUE MAaTEPUATOBEAUYECKUX HIEH, CBSI3aHHBIX C HEMOCPEACTBEHHBIM
WCIIOJIb30BaHUEM OIPOMHOW YAENBHOM MOBEPXHOCTH. K TakuMm HampaBieHUsIM
paboOT OTHOCUTCS, B YaCTHOCTH, W3TOTOBICHHE CYNEPKOHICHCATOPOB
(MOHUCTOPOB) € UCTIOIB30BAHUEM HAHOPA3MEPHBIX YACTHIL.

Kak wu3BecTHO, anexkTpuyeckas €MKOCTh IUIOcKoro kosjeHcatopa (C)
OIPENENAETCS KaKk

e0-¢e-§

==
I7ie & - IPOHUIIAEMOCTh BaKyyMa, € - OTHOCUTEIbHAs IPOHUIIAEMOCTh CPEJIbL, S
- TUIOMIA/Ib TIOBEPXHOCTH OOKIAJOK KOHACHcaTopa, d - paccTosHUE MEXITY
oOknmaakamu. Jljis KOHJEHcaTOopa C TEOMETPHUEH, OTIMYHOM OT IIOCKOTO
KOH/IEHCAaTOpa, BhIPAXKEHHUE, KOHEUHO, CIeaAyeT MOAU(PUIUPOBaTh, HO XapaKTep
3aBUCUMOCTH EMKOCTH OT IUIOHIAJM W PACcCTOSHUS MEXAy OOKIagKaMu
COXpaHseTCs. Y Ke U3 BBIPAKEHHUS 111 EMKOCTH INTIOCKOTO KOHJEHCATOpa BUJTHO,
4TO 4yeM OJKe ApYyr K JApyry OynyT oOKmanku, U 4em Oosblie OyAeT ux
IJIOMIAJb, TEM OOJBIIYIO D3JIEKTPUYECKYID EMKOCTh MOKHO MOJYYHUTh.
OOHOBPEMEHHOTO BBINOJHEHUS AITHUX YCIOBUH MOXKHO JOOUTBCS B Cllydae

MCII0JIb30BAaHUSI HAHOPA3MEPHBIX MaTEPHUAJIOB.

HenonnenbHblil HHTEpEC MaTEpUaIOBEIUECKOTO cO00IIecTBa K rpadeny -
CETKE Sp>yryepoja TOJIMIMHOW B OJMH aroM - OOYCIIOBIEH HECKOILKUMU
IPUYMHAMH OJHOBPEMEHHO.

Bo-niepBbiX, rpadeH, SBIAIONIMICI KPUCTAJUIMYECKOW IUIOCKOCTBIO
TOJNIIMHOM B OAMH aToM, OOJamaeT BbicOyaliied pacyETHOW yAeIbHOMN
noBepXHOCTEIO (6omee 2000 M?/T).

Bo-BTOpBIX, POJCTBEHHBIE  YIJIEPOJAHBIE CTPYKTYpbl -  Trpadur,
aKTUBUPOBAHHBIA YroJlb, Ta30Bas caxa M IIPOYME - JABHO M YCIICLIHO
IPUMEHSIOTCS] B NHKEHEPHOM JIEJIe, YTO YIPOILAET MOTEHIMAIbHbIE UCIIBITAHUE
1 BHeApeHHE rpadena.

B-tpetbux, Bpyuenue HoOeneBckoll mpemuu 3a OTKpbITUE TpadeHa
CIIPOBOLIMPOBAJIO MHTEHUBHOE M BCECTOPOHHEE MCCIIEJOBAHUE CMEXKHBIX C
rpadeHoM obsacteil. CpaBHUTENBHO OBICTPO OBUIM  TPEHJIONKEHBI U



YCOBEPIICHCTBOBAaHBI METOJbI cuHTe3a rpadena [l], B wactHocTHM - uepe3
BOCCTaHOBJIEHHE €ro OKHCICHHOU (popMel - okcraa rpadena (OI) [2].

O, B omnmuuue or TrpadeHa, oOIagaeT XUMUYECKH aAKTHUBHBIMU
(GYHKUMOHATBHBIMM ~ TPYININAMU, KOTOpblE  00ECIEUMUBAIOT  KOJJIOMIHYIO
cTaOuabHOCTh (B 4acTHOCTH, B Bojae [3]) W KOTOpble MOIyT OBITH caMu
npeoOpa3oBaHbl xumMuueckuMu meroaamu [4]. Kpome Toro, konmmdecTBOM H
THTIOM XUMHYECKH aKTUBHBIX Tpynm B OI' MOXXHO ympaBisaTh (pu3NYECKUMH U
XUMHYCCKUMH MeToJaMu [5] BIIOTH 70 TMOJHOTO WX yIAJICHHS MPEBPAIICHUS
OI' B rpaden [2] (XOTH 3a4acTyr0 MPUMEHSETCS TEPMHH ‘‘BOCCTAHOBIICHHBIN
okcuy rpadena” (BOI') mist o003HAUEHUs MPEABICTOPUU MaTepHuaia, a Takxke
NoIYEPKUBAHMS BO3MOXKHOU NE(DEKTHOCTU CTPYKTYPHI).

[TonpiTKH MOMY4YUTH rpadeHOBBIE a3pOreir ¢ MaKCUMAalbHO BO3MOKHOM
yIIETbHON TMOBEPXHOCTHIO, KOHEYHO, TOKe Obutn [6], omHaKo OBICTPO CTaIM
OYEBHJIHBIMU HECKOJIBKO MPOOJEM, TJIaBHASI U3 KOTOPBIX - CIMIIAHUE (CTIKHHT)
rpadeHOBBIX MJIACTUHOK M3-3a JielicTBUs BaH-nep-BaanbcoBbIX cui, Bemyliee K
3HAYUTEITLHOMY YMEHBIIEHHUIO JOCTYITHON yIEeIbHON MMOBEPXHOCTH MPH 3apsJIKe
U pa3psiike KOHAEHCATOpa, B KOTOPOM UCIOJIb3yeTcsl Takoil Marepuaii. OQHO U3
OUYEBHJIHBIX PEIICHUH - MPOCTPAHCTBEHHO pa3/eNUTh IUIACTUHKU Tpadena. U3
ONPENEIECHUS DJIEKTPUYECKON EMKOCTH KOHAEHCATOpa CTAaHOBHUTCS OYEBHJIHO,
YTO pACCTOSIHUE MEXIy OOKJIaJKaMu KOHJEHcaTopa - rpadeHOBBIMU
IJACTUHKAMHU - JOJDKHO OBITh Kak MOXHO MeHbIIuM. [loaTomMy pa3zymHBIM
Ka)KeTcs pasJieJIeHue TUIACTUHOK rpad)eHa HaHOPa3MEPHBIMUA YaCTULIAMU.

TakumMu dyacTuaMM MOTYT OBITb, B YaCTHOCTH, JCTOHAIMOHHBIE
HaHoasiMazel (JIHA). DToT Marepuan moOJy4arOT M3 MPOIYKTOB JETOHAIUH
B3pPBIBUATHIX BEIIECTB B 3aKPHITHIX KaMepax B MPOMBIIIEHHOM MaciiTade, mpu
ATOM CaMH YaCTHIIBl TPEJCTABISIOT COOONW HAHOKPUCTAIIBI CO CPEIHUM
pasmepoM 4-5 um [7]. B otianune ot MakpopasmepHbix anMaszos JJHA oGiamaror
XUMUYECKH aKTHUBHOW TIOBEPXHOCTBIO, KOTOpas (IpU COOTBETCTBYIOIIEH
obpaboTke [8]) obecrmeunBaeT KOJUIOMAHYIO CTaOMJIBHOCTH (B YaCTHOCTH, B
BOJIE) U TMO3BOJISIET MEHSTh COCTAB MOBEPXHOCTH 0€3 M3MEHEHUsl (PU3HYECKUX
cBoiictB kpuctauia [9]. Ha ceromHsmHuii [aeHb TEXHOJOTHS TMOJTYYCHHUS
TUAPO30JIeH oTaenbHbIX dactui JIHA sBisieTcs oTpaboTaHHON TEXHOJOTHEH,
npu4éM TIyOMHA OYMCTKHU IIEJIEBOTO MPOAYKTA IMO3BOJIAET paboTaTh JaXke B
obmactu ¢usuku yactui [10].

[lockonbKy — arperaTMBHas  yCTOMYMBOCTh  KOJUIOMJHBIX  CHCTEM
oOyCJIOBJIEGHa  TOJIbKO  KYJOHOBCKMM  B3aUMOJIEUCTBHEM  OJHOMMEHHO
3apsOKEHHBIX  YacTHIl, TO Ba)KHA TOJBKO aOCOJIIOTHAas BeNWYMHA 3apsna,
MPUXOAIIETOCd Ha YacTUIly, HO HE€ €€ 3HaK. OTO MO3BOJISIET 3a CYET



XUMUYECKON Mou(pUKaLUN MOBEPXHOCTH M0JIy4aTh KOJUIOU/IBI
uHAUBHAAYyanbHBIX yacTull JJHA, obnamarommx kak mojgoxutenbHbM [9], Tak u
oTpuaTesbHbIM [11] MOBEpXHOCTHBIM 3apsiIoM B BOJIC.

WNness maHHOrO WCCENOBaHUS 3aKJIIOYaeTCsl B IMOJYYEHUM MaTepuarna,
COCTOAIIETO M3 TpadeHOBBIX IUIACTUHOK, pas3nenéHHbX uactuuamu J[HA.
[IpeasiaraeMplil MyTh K MOJIYYEHHUIO TAKUX CTPYKTYpP JEKHUT 4Yepe3 caMOCOOPKY
CTPYKTYpHl MO mNpuHIUNY “cHU3y-BBepX~ (bottom-up) c¢ mnocnexyrommum
npeobpazoBanuem OI' B rpaden, a JJHA - B poACTBEHHYIO MPOBOIAIIYIO
crpykrypy (bucky-diamond) [12]. Camocbopka Ha dTarne cuHTe3a 00yCIOBICHA
retepokoaryisinueid B Bojae vactun, OI' (MMerommx OTpUIATENbHBIA 3apsij] B
BOJI€) W TIpeIBapUTEIbHO TMOATrOTOBICHHBIX uactul JHA (umeronux
MOJIOKUTEINIbHBIN 3apsij] B BOJIE).

O0bexkT HMccaenoBanus: ruapo3onu u nopomku JHA; ruapozomu OI;
TUAPO30JIM  JIBYXKOMIOHEHTHhIX cucreM (OI' wu  JIHA); cucrema
«BoccTaHoBiieHHbI Ol — rpadutnsupoBansbiii J[THA».

IIpeaMer ucciaen0BaHMsA: CTPYKTYPHBIE, SIEKTPUUYECKUE U ONTHYECKHE
ceoiictBa uactun JIHA, cycnensuii OI, BoccraHoBienHoro O,
rpadutusupoBanHoro JJHA, a takxke cmeceit OI' u JIHA u ux npou3BOIHBIX.

Henb mccieqoBaHusi COCTOUT B BBIICHEHMM . B pamkax 3Tol wnenu
IIOCTABJICHBI CIEAYIOLINE 3a0a4H:

1) BeisicHenne ocoOeHHOCTeH ¢a3zoBoro mepexoma “JIHA -> bucky-
diamond” (a Takxke mMOAO0OP ONTHUMAIBHBIX MapaMeTPOB ATOTO
npoiiecca);

2) Hccnenosanue ontrueckux cBoicts JJHA u «bucky-diamondy;

3) ®opmupoBaHue ABYXKOMIIOHEHTHBIX cucteM Buaa “OI' + JIHA” (a
TaK)K€ BBIICHEHHE ONTUMAJIbHBIX TAPaMETPOB TAKOTO CUHTE34);

4) TlpeoOpa3oBaHue JIBYXKOMIIOHCHTHBIX CHCTEM B  IPOBOJSIILYIO
CTPYKTYPY U HCCIEIOBAaHUE ONTUYECKUX U DIIEKTPUUECKHX CBOMICTB
TaKoro 0ObEKTa.

Hayunasi HoBU3HA pabOThI COCTOUT B CIICAYIOIINX MOJOKECHUSIX:

1) Ioka3ana pa3HuIa MEKITY JearioOMepUPOBaHHBIMH u
HeJleariioMeprupoBaHHbIME yacTuiamu JIHA npu momydeHuu CTPyKTYp
tuna «bucky-diamondy;

2) TIpomeMOHCTPHPOBAHBI METOMBI CENEKTUBHOTO YAAICHUS SP?-yTrIepOaHOM
daser m3 crpykryp Tmma «bucky-diamond» ¢ coxpamenuem Spi-
YIJIEPOJHOTO AJIMA3HOTO S/Ipa; JKCICPHUMEHTHI TPOBEJACHBI Kak JUIs



nearnioMepupoBaHHbelx yactull JIHA, tak m i HexearaioMepupyemblxX
yactun JJHA;

3) CuHTe3upoBaHbl NIByXKOMIIOHEHTHbIe cucteMbl Tuma «OI' — JIHA» c
paseiMu  TunamMu JIHA w® ¢ pa3HBIM MacCOBBIM COOTHOUICHUEM
KOMIIOHEHTOB, IOJ00paHbl M OOBSICHEHbl ONTHUMAJIbHBIE MapaMeTphl
TaKOTO CUHTE3a;

4) Tomyyennt adporemu u3 cmeceir «OI' — JIHA», oreHeHa ynuenbHas
IIOBEPXHOCTB TAaKUX a3POTeEIIEH;

5) Ilony4eHbl  TPOBOISIIME  JBYXKOMIIOHCHTHBIE  CTPYKTYphl — BHJA
«BocctanoBienHbld OI" — bucky-diamondy.
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OcHoBHOe coaep:xaHue padoThl

1. UccaenoBanus ¢azoBoro mepexona «/JIHA -> bucky-diamond» n
«bucky-diamond -> THA»

da3oBbie ¥ YaCTUYHBIC (ha30BBIC TIEPEXOAbl HAHOPA3MEPHBIX aJMa30OB B
Sp2-yriepoaHble CTPYKTYpHI (Kak M 0OpaTHbIE (pa30BBIC MEPEXO/bI) U3YUYAIHCh
panee [12-14]. Panee moka3aHoO, 4TO €CiH OOECHEYUTH YCIOBUS MPOTEKAHHSI
¢dazoBoro mepexoma “‘anmvasz -> rpadutr’ (Harmpumep, oOpabOoTaTh aJMa3HBIA
MOPOIIOK MPU BBICOKOM TeMIlepaType B MHEPTHOM arMmocdepe MM Bakyyme),
TEPMOJIMHAMUYECKOE PABHOBECHUE YCTAHOBUTCA TOJBKO TMOCIE IOJHOTO
OCYIIECTBJICHUS ATOTO Tepexoaa. B pannux paborax [14] mokazaHo , 4TO B
clyyae HaHOpa3MepHbIX aiMa3oB (B uactHoctu - JIHA) Takoil Qa3oBbiif
MePexo]l MPOUCXOIUT OT TMOBEPXHOCTH K SAPY KpHUCTaIa, 4TO OOYCIOBIICHO
MEHBIIIM YHEPTETUYECKUM 0aphepOM MPUTTOBEPXHOCTHBIX aTOMOB.

OpnHako eciii co3/1aTh YCJIOBHUSA, TP KOTOPBIX Takoi (a30BbIi mepexon
IPOTEKAeT MEIJIEHHO, €r0 peajbHO OCTAHOBUTH. DTO TMO3BOJISET MOJIYYUTH
CTPYKTYphl C IPOMEKYTOUHBIM COCTABOM THIA “‘Sp?-0001I0YKa M Sp -sa1po”.
Takue mpoMexyTodHbIE CTPYKTYPBI B JIUTEpaType Ha3bBaloOT “bucky-diamond”,
NoMu€PKUBasi CTPYKTYPHOE CXOJCTBO TaKUX CTPYKTYp ¢ (QyJulepeHamH,
Ha3BaHHBIMH B CBOIO OUYEPEb B UECTh apxutekropa bakmunncrepa Oymepa.

B nanHO# yacTu pabOTHI HE TOJBKO MOBTOPEHBI OMBITHI MO MOJTYYEHHUIO
cTpykTyp TtHna “bucky-diamond” Ha pa3HbIX THNAX JAETOHAIMOHHBIX
HAHOPA3MEPHBIX AJIMA30B, HO U JOMOJIHUTEIBHO MCCIIEIOBAHbI KIFOYEBBIC IS
JAaHHOM pabOThI CBOMCTBA TaKUX CTPYKTYp. [ToMuMoO 3TOTO HICCIenoBaH BOMpPOC
CEJIEKTUBHOIO YAlCHHUs MPEIBAPUTENLHO CO3JAHHON Sp2-yriuepoaHoi (asbl B
“bucky-diamond” cTpyKTypax ¢ COXpaHEHHEM SP>-yIIEPOJHOIO SIpa.

1.1. earnomepupoBannbiii JTHA

[leneBoit  0OBEKT, KOTOPBIM  MPEAIONAraeTCs  HCIOJIb30BaTh B
JBYXKOMIIOHEHTHBIX CTPYKTypax - J€arjiOMEpUPOBAHHBIA JAETOHALIMOHHBIN
HaHOAJIMa3 C MOJOXKUTEIbHBIM J13€Ta-MIOTEHIIUAIOM B BoJgHOM cpene (AHA (+).
Takolt Marepuan TpenCTaBIsAeT COOOM TOPOIMIOK W3 TSATHHAHOMETPOBBIX
aJIMa3oB, 00pa3yIoIINX B BOJIE CTAOMIIBHBIN KOJUIOW] MHAUBUIYATIbHbBIX YaCTHUII
¢ BbicokuM (>50 MB) m3era-norenuuanioMm B BOAHOHM cpeae. Takoil mpoaykr
MOJIydeH NpU OTXKUre BbICOkouncToro mnopomka JHA (momydeHHoro mo



TEXHOJIOTHH, OIKMCaHHOH B [8]) B mOTOKe BoOpoaa (TeXHOIOTHs onucaHa B [9]).
Oo6pa3en ganmee ormedeH kak “Initial sample”.

Hcxomusiii o6paszenn nmojaseprain TemiepaTrypHoit oopadotke nmpu 1300°C
B TeueHHe 1 yaca B Kamepe ¢ ocTaTouHbIM gaineHueM < 1-10° ITa. O6pasen
nanee orMedeH kak “DND vac”.

3arem wu4acth oOpasua “DND _vac” moaBepranu TemmepaTypHOU
obpabotke B atmocdepe Bozmyxa (480-510°C B Teuenme 18 wacoB; obOpazen
nanee nomeueH kak “DND_vac_air”).

Yacte o6pazma “DND vac” moamepramu TemmeparypHO 0OpaboTke B
noToke ceepxurcroro Bogopoaa (900°C, 10 gacos; oOpazerl] gajiee moMedYeH Kak
“DND vac Hy”).

Bce o00pasnpl  uccienoBaid METOAOM MOPOIIKOBOM PEHTI€HOBCKOM
mudpakuun (Pucynok 1) u moBepxHoctHOlM copOuunu azora (Tadmuna 1). Taxxke
n3 Bcex oOpasnoB (kpome oOpasnma “DND vac H,”) Obuin crnpeccoBaHbI
TabneTkn omaumHakoBoM MmiIoTtHoctH (1.0 = 0.1 r/CM3) U OLECHEHBI YICIbHbBIC
AIEKTPUUYECKUE COMPOTUBIICHUSI YETHIPEXKOHTAKTHBIM MeTojoM (Tabmuma 1).
Taxke 11 Bcex 00pa3noOB OBUIM TMOJTYYEHBI CHEKTPHI TOTJIONICHUS TpU
OJIMHAaKOBOM KoHIleHTpanuu (Pucynox 2).
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Pucynox 1 - ludpakrorpamMmmsl uccienyemMbix 0opasmos. 13 gudpakrorpamm
BBIYTEHA 0a30Bast JIMHUS, KPUBbIC HOPMHUPOBAHBI M PA3HECEHBI IO BEPTHKAIH
JUTSL HATJISITHOCTH.



Tabnuma 1. YaenbHble 3MEKTPUYECKUE CONMPOTUBICHUS 00pa3loB, OICHEHHBIE
10 YETHIPEX30HIOBOMY METOY.

Oo6pasery Ryx (mpu p = 1.0 £ 0.1 r/cm®), Om-m
Initial sample (mearmomepupoBaHHbIi | > 2-108

JAHA)

DND_vac1300 2.60 +0.03

DND_vac_air >2-108

DND_vac_H,

HudpakrorpaMmma o0Opasiia, OTOAOKEHHOTO B BaKyyMe, OTJIMYAETCS OT
nudpakTorpaMMbl KICXOHOTO 00pasiia Hamu4YueM rajo Ha 26 rpagycax (26, Cu
TpyOKa), aCCOLUMPYEMOTO C YIIOPAAOYEHHON SP-yrnepoanoi daszoii. IIpu sTom
COXpaHslTC (M HEMHOIO  YHIMPSIOTCA)  pediaekchl OT  ajJMa3HbIX

HaHOKPUCTAJUIUTOB.
DND (deagglomerated)
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IR
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1\
0.25 ‘\ - — = Initial sample
- 1\ —— DND_vac
3 0.2041 —— DND_vac_air|-|
—— DND_vac_H,

0.15 1
0.10

0.05

- -

0.00

36{:- ' 460 ‘ 560 ' sclJo ' 760

Wavelength (nm)
PI/IcyHOK 2 CHGKTpBI IMOTrJIOMICHHUA B BOAHBIX CYCIICH3UAX UCCIICYCMbIX
00pa3ioB. CIeKTpHI 3alMCaHbl PH OJMHAKOBON BECOBOM KOHIICHTPAIIUN
UCCIIeTyEeMbIX 00pa3IoB U C UCIIOJIH30BAHUEM UHTETPUPYIOIEH Chephl.
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Pucynox 3. UK-cniekTpsl ucxoaHOro 00pasia (MMyHKTUpHAs JTUHUS) U 00pasia
“DND_vac_air”. CniekTpsl 3anucanbl B MaTpuile KBr ¢ ucnonb3oBanuem
NPUCTaBKH TU(PPY3HOTrO OTpaKeHUS.

JlaHHbIE criekTpodoTomMeTpun MOJATBEPKAAIOT dbopmupoBaHue
YIOpAA0YEeHHOH  Sp>-yrimepomHoii a3kl C  XapakTePHBIM  MAaKCHMYMOM
norJyionieHus: Ha 260 HM.

Hakonelr, olieHKa 3JIEKTPOMPOBOJHOCTH TO3BOJSET CTPYKTYpP CYAUTH O
CYIIECTBEHHOM KOJHMYECTBO IMPOBOAAIICH yriiepogHoit da3el B oOpasie
«DND vac1300».

COBOKYITHOCTh JaHHBIX COTJIACYETCS C OMYyOJMKOBAaHHBIMHU paHee
naHHbIMU [14] W mo3BoNIIET YTBEpPXKAAaTh, YTO B OSKCICPUMEHTE IOIYYCHBI
crpykrypsl Tuma «bucky-diamond» - anmassoro spd-sagpa, IOKpEITOro
(ysIepeHono06HEIM CII0EM SP>-yIIepoa.

HudpakrorpaMmmbl U crekTpsl  morjomeHus  bucky-diamond’os,
noaBeprmmxcs oopadotke B moroke Bogopoaa (“DND vac H,”) u B atmocdepe
Bo3ayxa (“DND_vac_air’) mo3BOJSIOT TOBOPUTH O CEJIEKTUBHOM yaleHUH Sp2-
YIJI€pO/a C COXPaHEHUEM SP°-yIIepOIHOrO Spa.

[MIpu stom UWK-cmektp o6pasma «DND_vac air» mokas3biBaeT, uTO
yhaneHue sp>-¢asel B armMocepe BO3AyXa IPOHUCXOAUT [0 MEXAHU3MY
OKHUCJICHUS BO3TyXOM.
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Kpome TOro, mpm OJMHAKOBBIX BECOBBIX KOHIIGHTpalMsIX o0Opasel
«DND vac air» o01agaeT MEHbBIIEH BETUYNHOW aOCOJIIOTHOTO TOTJIONICHUS B
yIbTpadOICTOBOM, BUIAMMOM U OMMKHEH WHQpakpacHOH 00JacTaX IIo
CpPaBHEHHUIO C HCXOJHBIM oOpa3nom. [lo Bcell BHIAMMOCTH 3TO CBSI3aHO C
[[eJICHANPaBICHHBIM YAAJIEHUEM HECKOJIbKUX MPUIOBEPXHOCTHBIX AaTOMHBIX
cnoés Spi-yrnepona. Pamee 6buto mokaszano [15], urto, mo Bcel BUAMMOCTH,
MMEHHO IIPUNOBEPXHOCTHBIE aTomHble ciaoun B JHA oTBercTBeHHBI 3a
aHOMaJbHOE (B CpPaBHEHUHU C KPYMHBIMU KpUCTa/NIaMU ajMas3a) TMOTJIOIICHHE B
BHJIUMOM 00JIACTH CHIEKTpa.

[To maTepuanaM JaHHOTO pa3jelia TOTOBUTCS MyOJIMKaIIHs.

BricokoTemmniepaTypHass 00paboTka MOPOIIKOB MPU HU3KOM JIaBJICHHUU
npoBoauiack coBMectHo ¢ A.¢.-M.H. C.B. KuganoseiM. Bo3MOXHOCTh OlLIEHKH
AJIEKTPUUYECKOTO CcOmpoTUBiIeHUsT obecrneueHa K.p.-m.H. A.T. JlunedkuHbIM U
nHxeHepoM M.B. ATaMaHOBBIM.

1.2 Henearnomepupyembrii JTHA

CBepxKpenkue  HeIearJoMEpUpyeMble  YacTHIbl  JAETOHAIMOHHOTO
HaHOAJIMa3a B  KOHTEKCT€ JIaHHOW palboThl  paccMaTpUBAIOTCS  Kak
JOTIOJIHUTEJIbHBIN MOJCIBHBIN OOBEKT C OTIUYHON OT UHIUBUIYATBHBIX YAaCTHII
JIHA nosepxHOocThIO0. KpOMe TOr0, HE OABEPKEHHBIE AEATJIOMEPALNH YACTHULIBI
JNHA - Manou3ydeHHbI B HACTOsIIEE BPEMsSI OOBEKT, UCCIIEI0BAHUE KOTOPOTO
MO3BOJISIET  JIOMIOJIHUTH ~ (DYH/IAMEHTAJIbHBIE TIPEJCTaBIICHUS O TpoIlecce
JNETOHAMOHHOTO CHHTE3a HAHOYACTHII.

HNcxomuwiii  oOpaszerr - ocrtaTouHas — Heaearjgomepupyemas  (asza
alMa30CcoJepKaIiero mpoaykra (mpolecc aearjoMepanuu omucan B [8];
HeJlearsioMeprpyeMyro anmasnyro (asy B padore [8] ormemsuin oT 1eneBoro
NpoAyKTa  IEHTPU(YrupoBaHUEM u nanee HE UCTIOJTB30BAJIH).
HenearnomepupoBanHas anMasHas ¢a3a, MoJydyeHHas Kak MOOOYHBIN MPOAYKT B
[8], JIOTIOJTHUTEIIEHO OYMIIATIN OT XAMHAYECKUX npuMecei
HEHTPU(PYTUPOBAHUEM; YUCTOTY Henearsiomepupyemoit dhassl JJHA onenuBanu
METOZIOM  JHeproaucnepcuoHHoil  cmektpockomuu  (EDS), cymmapnoe
KOJIMYECTBO XUMHUECKUX MPUMECEH B UCCIEAYEeMOM Jiajiee 00pasiie COCTaBIISLIO
menee 0,5 Bec.%. Obpazen najnee nomedeH kak “Initial sample™.

O6pazen; “Initial sample” noaBeprasin TemmnepaTypHOH 00paOOTKEe B
Kamepe ¢ 0cTaTouHbIM faBinenreM < 1-107 ITa (900-1400°C B Teuenume 1 gaca;
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oOpa3zubl ganee ormeueHbl kak “DND_ vacXXXX”, rne XXXX - temneparypa
o0OpaboTku B rpagycax llenbcus).

OGpasery ¢ HauOONBIIMM  KOIMYECTBOM  SP’-yriepogHoil a3kl
(“DND _vac1400”) 114 celeKTHBHOIO yIaJeHHs Sp>-yriepoaa oopabaTeiBain B
atMocdepe Bozayxa (mocienosarenbHo 10 vacoB npu 480°C u 10 vacoB npu
510 °C; obpa3zer manmee momedeH kak “DND_vac air”).

JIJ1st KOHTPOJISL U CpaBHEHUS pe3ynbTaToB obpasern “Initial sample” Taxxke
oOpabateiBasii B aTMocepe BO3Ayxa NpPHU AHAJOTHYHBIX YCJIOBHSX, HO 0€3
MpeABapUTEIILHON 00pabOTKM B BaKyyMHOW Kamepe (oOpasel MOMEYeH Kak
“DND air”).

Bce oOpa3mpsl uccrienoBalii  METOAAMH  PEHTTEHOBCKOW —AMQpaKIuu
(Pucynku 4 u 5) u komOuHaMoHHOTO paccesHus (Pucynok 6). Takke u3 Bcex
00pa3IoB ObUIM CIpEeccOBaHbl TaOJMETKU oauHakoBou miotHoctu (1.0 £ 0.1
r/cM3) W OLEHEHBl  yACNbHBIE  JJIEKTPUYECKUE  COMPOTUBIICHUS
YEThIPEXKOHTAKTHBIM MeTo1IoM (Tabmuna 2). [ToMmumo 3Toro 1ijist Bcex o0pasiion
OBLTM TIONYYEHBI CHEKTPHI TMOTJIOMICHHWS] TMPHW OJWHAKOBOW KOHIICHTPAIIUU
(Pucynok 7).

_ Graphite (0002) Diamond (111)
} 1

[}
: Diamond (220)  Diamond (311)
|
|

Normalized intensity

I
" n
T T T T T g T T T T T T T T T

T ™
10 20 30 40 50 60 70 80 90 100
20

Pucynok 4. ludpakrorpamMmsl ucciaeayeMbIx 00pas3ioB
HeneariioMepupoBaHHbiX [JHA 1 nmpon3BOAHBIX U3 HETO 00pa3ioB. Takxke
npuBeeHa AU(paKkTorpaMma JJis 1earaioMepUpPOBAHHBIX YACTHIL (HUKHSISA

KpuBas). M3 nudpakrorpamm BeiuTeHa 0a30Basi TMHUSA, KPUBbIE HOPMUPOBAHBI U
Pa3HECEHBI 10 BEPTUKAJIN IS HATJIAHOCTH.
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----- Initial sample }7 DND_vac1400
77%——4.5nm 37% 4.5 nm
10% 3.0nm 48% 3.0nm
13% ——9.0 nm 15%}—90nm
Cumulative Fit Peak| Cumulative Fit Peak|

Lorentz Lorentz

Normalized intensity
Normalized intensity

40 42 44 48 48 50 40 42 44 46 48 50

----- DND_vac1400_air
57% 4.5 nm 70%!
21% 3.0nm 0%
22%}— 9.0 nm 30% 9.0 nm

Cumulative Fit Pea t Cumulative Fit Pea
A

Lorentz Lorentz

Normalized intensity
Normalized intensity
\

Pucynok 5. [lekonBomtouus pedaekcos (111) B qudpaxrorpammax
UCCJIEyEMbIX 00pa3LoB.

AHaJIOrM4YHO JI€arIoMepUpOBaHHOMY 00pa3ily TeMIepaTypHas 00paboTka
B BaKyyMHOH KaMepe, KaK BHUJIHO M3 JAaHHBIX PEHTreHO(a30BOTO aHaIM3a U
OLIGHKH 3JIEKTPOIPOBOAHOCTH, MPHUBOJUT K MOCTENEHHOMY IMPEOOPa30BaAHUIO
HAHOAJIMa3a B SP’-yIIIEPOAHYIO (yIIEPEHONON00HYI0 (asy, HPHUEM 3TOT
MPOLIECC TAKXKE MPOXOJUT OT MOBEPXHOCTH K SAPY. DTO TaKkKe MO3BOJISET,
BapbUpysl TeMmIepaTrypy oO0paOOTKH, MOJYy4YUTh CTPYKTypbl Tuna ‘“bucky-
diamond” ¢ pa3nMYHOM TOMMIMHON SP-yriaepoaHol (yIuIepeHonon00H0M (Baskl
BOKPYT aJIMa3HOTO si/ipa, HE MPeTepIeBLIero (pa30oBblid MEPEXOI.

B otnuuaune ot nearnomepupoBannoro J{HA, uccnenyembie 00pasiisl, Cy s
no AuQpakTorpaMMamM, CIEKTpaM KOMOWHAIMOHHOTO pPaccesHus U CIEKTpam
MOTJIOIIEHUSI, AEMOHCTPUPYIOT MHYI0 KHHETHKY (ha30BOro mepexoja «sp3 ->
sp2». OTO CBA3aHO, CyIsd TI0 COBOKYNHOCTH JaHHBIX, C HaJIUYUEM
3HAUYUTEIBHOTO KOJMYECTBA CpPaBHUTEIbHOM Majbix Kpuctamuuro JJHA (3.0
HM ¥ MeHee npu cpeaHem pasmepe [JHA 4.5 am), chopMprOBaHHBIX HA paHHUX
JTanax JeTOHAMOHHOIO CHHTE3a.

[Tokazano, uto mocnenyomas obOpaborka oOpasmoB Ttuma «bucky-
diamond» Takke, kKak W B ciy4ae jaeariomepupoBanHoro IHA, mpuBoguT k
CEJICKTUBHOMY yJIIaJIEeHUIO Sp2-yriepojia ¢ coxpaHeHwem sp3-yriepoaa. He
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CMOTpSl Ha LIEJICHANPABJICHHBIN CUHTE3 SP2-YIJIEpOJHONW OO0O0JIOUKU U €€
CEJICKTMBHOE yJaJ€HHE C MOBEPXHOCTH aJIMA3HOTO sipa, o0Iiee MOTJOoLICHHE
XOTh W CTAHOBUTCA CYIIECTBEHHO MEHbIE, HO 0O0pa3lbl COXPaHSIOT
XapaKTepHYIO /I HaHOAIMa30B (hopMy KprBoi noriomeHus [16].

B pamkax maHHOW TJIaBbl YCTAHOBIIEHO, YTO HCCIEAYEMbId OOBEKT -
MOJIUJIMCIIEPCHBIN TOJUKpUCTAUT aiMasa. JlomnonHeHa oOMEenpuHsATas MOJIEINb
JETOHAIMOHHOTO CHHTE3a, OOBSICHEHA MPHUPOJIa CBEPXKPENKOM CBSI3M B TaKUX
cTpykTypax. IlokazaHel MEXaHM3MBI CEJIEKTUBHOIO YJAJEHUsS HECKOJIbKUX
aTOMHBIX CIJIOEB ¢ moBepxHOocTH JTHA.

[To Matepuranam TaHHOTO pa3zesa NOJArOTOBIEHA K OTIIPABKE CTAThA.

BricokoTemmniepaTypHass 00paboTka MOPOIIKOB MPU HU3KOM JIaBJICHHUU
npoBoauiack coBMectHo ¢ 1.¢.-M.H. C.B. KunanoseimM. Bo3MOXKHOCTE OlIEHKH
AJIEKTPUUYECKOTO CcOmpoTUBIeHUsT obecrneueHa K.p.-m.H. A.T. JlunedkuHbIM U
nxkeHepoM M.B. AtamanoBbIM. CIIEKTPBI MTOTJIONIEHUS 3aIIMCAHBI COBMECTHO C
K.}.-M.H. JI.B. IlapoHOBO#.

Ta6Jmua 2. YIIGJIBHLIG QJICKTPUYCCKUC COIIPOTUBJICHUA o6pa3u013, OLICHEHHEIEC
I10 LIGTI)IpéXKOTHTaKTHOMy MCTOOY.

OGpasern Ry: (mpu p = 1.0 £ 0.1 r/em®), OmM'm
Initial sample [ >2-108

(aenearnomepupoBanHbiil JJTHA)

DND_vac900 >2-108

DND_vac1000 >2-108

DND_vac1100 ---

DND_vac1200 2500
DND_vac1300 14.8 +£0.03
DND_vac1400 1.8+0.03
DND_vac1400 _air >2-108
DND_air >2-108
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i DND_air
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Normalized Raman intensity
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Pucynox 6. CiekTpbl KOMOMHAIIMOHHOTO PACCESTHUS UCCIIEYEMbIX 00pa3IioB.
Takxe npuBEJEH CIEKTP AJIs earjIOMEPUPOBAHHBIX YACTHUIl (HUXKHSISL KpUBast).
JlnvHa BosHBI KicTOYHUKA: 532 HM. U3 criekTpoB BeIuTeHa 0a30Bast JIMHMS,
CIIEKTPbl HOPMHUPOBAHBI U PA3HECEHBI 110 BEPTUKAJIM JJIs1 HArJISITHOCTH.
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Pucynox 7. CieKTpsl MOTJIOMICHUS B BOJAHBIX CYCIIEH3USIX HCCIIETYyEeMbIX
oOpasioB. CrieKTphl 3aMKiCcaHbl IPU OJJUHAKOBON BECOBON KOHIIEHTPAIIMH
HCCIIETyeMbIX 00pa3lioB U C UCIIOJIb30BAaHUEM MHTETrpupytouieil cepnl. Ha
Bpe3ke - bucky-diamond’s1, mosydeHHbIC TPH pa3HBIX TEMIIEpaTypax OT)KUTA B
BAKYYMHOM Kamepe.
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2. Xapakrepusanus oxkcuaa rpagena (OI)

Wcxonnpiit Matepuan - okcun rpadena (OI') - momydeH U3 MpUPOTHOTO
rpadpura 1o MoaudHIMpOBaHHOMY MeToAy Xammepca [17] B Hucturyre
xumuyeckoit puzuku um. H.H.Ceménona.

B pamkax nmanHOM paboThl 11 BogHOM cycrieH3un Ol momydeH ciexTp
nornomieHus (Pucynok 8). I[Inéukm OI, BbICylIEHHBIE Ha BO3IYyXE,
HCCIICIOBAHBl  METOJIOM  CIIEKTPOCKONMUU  KOMOMHAIIMOHHOTO  PACCESHUS
(PucyHnok 9).

ITokazano, uto wucxomneii OI', ucHonb3yeMblli B JaHHOW pabdorte,
HOJHOCTHIO COOTBETCTBYET OIIMCAHHOMY B JINTEpaTypy Marepuaiy [3].

®da3zoBbIil niepexoy okcuga rpadgena (OI) B BOCCTaHOBJIEHHBIM OKCHUJ
rpadena (BOI') B maHHOM padoTe HE U3ydaJICs, MOCKOJIBKY ATOT MPOLIECC ONMKUCaH
B smrepatype [2]. Taxxke Bompockl npeoOpasoBanms “OI' -> BOI™ panee
U3y4Jaluch B Jlabopartopud (usuku KiactepHbiX cTpykTyp O@TU um. A.O.
Hodde [18].

CrexTpbl TOIJIONICHUS 3amucaHbl coBMecTHO ¢ K.p.-m.H. JLB.
[ITapoHOBOM.

254 F

231 nm
/ >

c=C
2.0+

GO suspension

1.5 1

ad

1.0 5

0.5+

0.0

T T T T T
200 400 600
Wavelength (nm)

Pucynok 8. Cnekrp nornomenus BogHou cycrensun OI'. Cnektp 3anucan ¢
UCIIOJIb30BAaHUEM UHTETPUPYIOIIEH cephl.
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Pucynok 9. CriekTp KoMOMHAIIMOHHOTO paccesHus miéHku O
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3. ®opMupoBaHue IBYXKOMNOHEeHTHOI cuctemsbl “OI + THA”

B pamkax maHHO# paboThl ucciaen0BaHO (POPMUPOBAHUE CTPYKTYp BHUAA
“OI' + JHA”. IlpoBea€H JKCHEPUMEHT IO MOJYUYCHHIO TAKUX CTPYKTYp B
BOJIHOM cpene ¢ pasznuyHbIiM cooTHomeHueM macc OI' u JIHA B obpasie, a
takke ¢ JIHA pasHoro tuna (mosy4eHHbIX mo meroay [11] u mo metomy [9]).

[Tomy4yeHHBIE CMECH MHOT'OKPATHO LUEHTPU(PYTUPOBAIH JO TEX MOP, IMOKA
ONTHYECKAas IUIOTHOCTh HAJA0CAJOUYHOM KUAKOCTH HE CHUXKAJIACh J10 TOPOTOBOIO
3HAQYEHUs, 4YTO O3HAYajo IMPEKpallleHHEe BbIMbIBaHUA HecBsizanHoro JIHA.
[Tonyyennsie kommnosutsl “OI' + JIHA” B ¢opme cycrneH3uil uccienoBaiu
METOJAaMU  CTaTUYECKOTO  CBETOPACCESIHUSA,  JIA3€PHOrO  JOIJIEPOBCKOIO
aneKTpodopesa U MaJoyriioBOro PeHTT€HOBCKOTO PACCESHHUS.

JUist uccnenoBaHus MOJYYEHHBIX CTPYKTYP METOAOM MPOCBEYMBAIOIICH
AIEKTPOHHOM MHUKPOCKONHMHM, pAacTPOBOM JJIEKTPOHHOM MHMKPOCKOIIMM U
PEHTIeHOBCKOM  audpakuuu oOpa3el BbICYIUMBaIM Ha Bo3ayxe. Jus
UCCJIEIOBAHMS CTPYKTYpP METOJOM Ta30BOM copOuMU 00pas3ibl MOJBEpraiu
TEPMOAECOPOLIMY IPU MOCTOSHHOM OTKAUYKe MPOJYKTOB.

Kommno3utrsl B ¢dopme cycreH3uil JIUOQUIU3UPOBATM U TMOTYYaIH
KOMITO3UTHI B ¢opme adporesneil. J[ByXKOMIIOHEHTHbIE CHUCTEMBI B (dopme
a’poreiner  HCCIENOBAIM  METOAAMHU  IMPOCBEUMBAIOIICH  DIIEKTPOHHOM
MUKPOCKOIIUH, PACTPOBOM 3JIEKTPOHHOM MHKPOCKONHH, PEHTIeHO(]A30BOro
aHajn3a, Ta30Boi cOPOLIMU U MAJIOYTJIOBOIO PEHTTE€HOBCKOTO PACCESHHUS.

[Tokazano nmpuHUMOHANIBHOE paziauyue B Mopdonoruu ctpykryp “OI +
JHA(C +)” u “OI' + DND((-)”. Pa3znuuust oOBsSCHEHBI B TEPMUHAX CpEIHEH
ANIEKTPOPOPETUIECKON MOABUYKHOCTHU U KOMIIEHCAllUH 3apsi/ioB.
[IpoieMOHCTPUPOBAHBI YCIOBHS, MPU KOTOPBIX MOKHO JOOUTHCS YIEIHHOM
moBepxHocTH 530 M2/T.

[To maTepualiaM JaHHOTO pa3jeia onyoauKoBaHa ctaths [19].

DKCHEepUMEHTHI MO JAHHOMY pa3zelly MPOBOJUIUCH COBMECTHO C K.(.-
M.H. M.K. Pabuunckum u k.¢.-m.H. A.B. IlIBuguenko, n3rorosieHue asporeieit
— ¢ cotpyaaukamu Mucturyra xumudeckon ¢uszuku um. H. H. CeménoBa PAH
(M.K. TyaxoB, K.A. IlusnHoBa), ananu3 oOpa3loB U HWHTEPHpPETALUS
pe3ynbTaTtoB — coBMecTHO ¢ coTpyaHukamu OTU um. A.D. Uodde (M.B.
baiinakosa, C.H. I1aBnos, [I.A. Kupumienko), HAL[ «KypyaToBCKUil HHCTUTYT»
- [T D (F0.B. Kyneeenuc), HULL «KypuatoBckuii uactuty™ (I'.C. Tletepc).
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4. TloayyeHme W HCCIeA0BAHHE [BYXKOMIIOHEHTHBIX CHCTEM
“BoccTtanoBiaennblii OI' + bucky-diamond”

OI' u IHA o06nanaroT BBICOKUM JJIEKTPUYECKUM COINpPOTUBIeHUEM. [[1s
NOJIYYCHHS] ~ MPOBOASIIMX  CTPYKTYp  BoaHble  cycneHsuu O wu
nearnomepupoBandHoro JIHA({ +) cmemmuBanu ¢ 3aJaHHbIM MacCOBBIM
COOTHOIIICHHEM KOMITIOHEHTOB. CMecu BbICymHMBanu Ha Bo3ayxe mpu 130°C.
Bricymennsie oOpas3ipsl TepMuueckd oOpabaThiBaii B BaKyyMHOW Kamepe
(mocnenoBarenbHo npu 900 um 1400 °C). Takum o6pazom, OI' mpu 900°C
BoccTaHaBiIuBaiau 10 BOI' 1 0THOBPEMEHHO 3ajeuruBalIid A€PEKThI CTPYKTYPHI B
BOI' (ananoruuno [20]), a mocieayrommii moabém temmnepatypsl go 1400 °C
obecnieunBan daszoseiii mepexon “JIHA -> bucky-diamond” B yxe coOpaHHOI
ctpykrype. Ilpu sTOoM, kKak ObLIO TMOKa3aHO BhINIE, Takas oOpaboTka JIHA
MPUBOJUT K YacTUYHOMY (Ha30BOMY TIEPEXOJy: BHYTPU KpPHUCTAUIUTA
COXpaHseTCs ajJMa3HOE€ SApO, HECKOJbKO ATOMHBIX CJIOEB Ha IOBEPXHOCTH
KpUCTaJUIUTa TpeTepreBatoT (¢azoBbld nepexon. CdopmupoBaHHas B TaKOM
mporecce  Sp>-yriepoaHas — o0OIOYKa BOKPYT  sp -saapa  obecredmBaeT
IPOBOJIUMOCTb, OJTU3KYIO K TpoBoIMMOCTH Tpadura (Tabmumna 1).

Bce  momydeHHble ~ JBYXKOMIIOHEHTHBIE  MPOBOMASINNE  OOpPA3IbI
UCCJIeIOBAJI METOJaMU TOPOIIKOBOM PEHTreHOBCKOM audpakuun (PucyHok
10) u cnekrpockonuu komOMHaNMOHHOTO paccesHus (Pucynok 11). Taxke
OblIa OlLIEHEHa YJelibHasi MOBEPXHOCTh MO MeToay razoBoil copOuum (bIT)
(xpome ob6pazma “DND/GO = 1.5 -> vac900 -> vac1300”, Tabmuma 3).

HauOonbiias  ynenpbHass MOBEPXHOCTh B KOHEYHOM  MPOAYKTE
HaOmomaercs y oobpasina ¢ cootnomennem mace JIHA u OI' B ucxoaHoit cmecu
paBHbIM 3.5 : 1.0. OT0T 3 (HeKT 00BICHIETCS TOYHON B3aUMHON KOMIICHCAITUEH
3apsina IHA u OI' mpu [aHHOM COOTHOIIEHWM Macc, YTO IIOKAa3aHO B
OImy0JIMKOBaHHOM HaMu cTathe [19].

HudpakrorpaMmbl  Juisi  BCeH  JMHEMKH  0Opa3lOB  MPAaKTUYECKU
uaeHTuuHbl. OJHAKO B CIEKTPOCKONMUM KOMOWHAIIMOHHOTO  PacCesHUS
OTUETIIMBO MPOCIICKUBAETCA U3MEHEHUE XapakTepa cnekTpa. [lpu yBenmyenun
konuyectBa JIHA B ucxomHoil cmecu mno otHomeHuto K OI' B crmekTpax
KOHEUYHBIX JBYXKOMIIOHETHBIX o0OpasmoB Tuma “BOI' + bucky-diamond”
MPOSIBIISIIOTCA CIEAYIOIINE OCOOEHHOCTH:

° yBeruuBaeTcs Bki1aJ G-TI0J0Ckl OTHOCUTENBbHO D-110710ChI

° G- 1 D-nosnockl CTaHOBATCA MEHEE pa3pelI€HHBIMU OTHOCHTEIIBHO

JIpYT Apyra U HAYMHAIOT YaCTUYHO MEPEKPHIBATHCS
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° YMEHbBIIIAETCS MHTEHCUBHOCTh TIOJIOC, AacCOLUUpyeMbIXx ¢ 2D-
nosiocamu rpadura u rpadeHONOAOOHBIX CTPYKTYD.

DND+GO -> air -> vac900 -> vac1400

—  Graphite (0002) Diamond (111)

: 4 Diamond (220)  Diamond (311)
] ! /

I

|

I [}
I
L S — DND/GO = 26.5

I
I
[
\ [
I
I

A

\

\ /
v W DND/GO =10.5

|

I

! DND/GO = 3.5
[ I random mixing
I

I

1 DND/GO = 3.5

Normalized intensity

DND/GO =1.5

10 20 30 40 50 60 70 80 90 100

Pucynok 10. JluppakrorpaMMbl IByXKOMIIOHETHBIX CTPYKTYP, OTOXKEHHBIX B
BakyyMHoO# kamepe (BOI" + bucky-diamond). KpuBsie HopmupoBaHbI 1
Pa3HECEHBI IO BEPTUKAJIN JUJISL HATJISHOCTH.

Taxoke Henb3s He OTMETUThH paznuuus B crnektpax “DND/GO = 3.5” u
“DND/GO = 3.5 (random mixing)”. YIIOMSHYyTbI€ 00pa31bl OTJIMYAIOTCS TOJIBKO
TexHukon cmemenus 3ojert JIHA u OI' Ha srane cuHTe3a. Paznuuue B
nHTeHCUBHOCTU G- W D-mojoc roBOpUT O, BEPOSITHO, MEHBIIEM KOJUYECTBE
cBs3er Mexay mactuHaMu Ol m vactuniamu JIHA mipy HemponopuuOHAIBHOM
U CIIy4aillHOM J1I03UPOBaHUU KOMIIOHEHTOB.

Marepuai 1o JaHHOMY pazzenny OyaeT nopabaTbiBaThCs.

BricokoTemmnepatypHasi o0paboTka MOPOIIKOB MPU HU3KOM JIaBJICHUH
npoBoamiiack coBMecTHO ¢ a.p.-m.H. C.B. KumamoBeim. OreHka yaelbHOM
noBepxHocTH 1o Metoay bOT nposeaena k.x.H. E. FO. CroBnsiroi.
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Tabnuma 3. Y aenpHas TOBEPXHOCTH 00pa3ioB, oneHEHHas o Mmeroay bOT.

Ob6pasern Sz M%/T

DND/GO =1.5 -> vac900 -> vac1300

DND/GO = 3.5 -> vac900 -> vac1400 442
DND/GO = 3.5 (random mixing) -> vac900 -> vac1400 439
DND/GO = 10.5 -> vac900 -> vac1400 417
DND/GO = 26.5 -> vac900 -> vac1400 385

DND+GO -> air -> vac900 -> vac1400

1350, ;1599

2695 2938

DND/GO = 26.5

DND/GO =10.5

DND/GO =3.5
random mixing

Normalized Raman intensity
1

DND/GO =3.5

DND/GO =1.5

I — I N I ! 1 ' I !
1000 1500 2000 2500 3000
Raman shift (cm™)
Pucynox 11. CiekTpbl KOMOMHAIIMOHHOTO PACCESHUS IBYXKOMITOHEHTHBIX

oOpasuoB. JlinHa BoiaHbl HcTOYHMKA: 532 HM. CHIeKTpbl HOPMUPOBAHBI U
Pa3HECEHBI IO BEPTUKAJIN JUIS HATJISAHOCTH.
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3ak/IoueHue

Ha TCKYHII/Iﬁ MOMCHT IIO TCMC pa60TI)I MOXHO OTMCTUTH CICAYIOIIHC

pe3yNbTaThI:

CunTe3npoBaHa JIMHEMKAa JBYXKOMIIOHEHTHBIX CHUCTEM BHAA “‘OKCHUL
rpadena + geroHannoHHbNA Hanoanmasz” (Ol + JIHA);

OnpeneneHbl ONTUMAJbHBIE MApaMETPbl CHUHTE3a JABYXKOMITIOHETHBIX
cucteM: Tuln ucnonb3dyembix yactul JHA, cootHomenne macc OI' u
JIHA nHa »rame cuHTE3a, NPEANOYTUTEIBHBIA TUII  CMELICHHS
KOMIIOHEHTOB;

[Tonyuenst asporemu “OI' + JJHA”;

Bcectoponne uszyuena mopdonorust cucrem Buaa “OI' + JIHA” B Buze
CYCIICH3HI U B BUJE a3POTreen;

N3 nByxkommoHeHTHbIX cucrem Buaa “OI' + JIHA” mnomydeHsl
MIPOBOJIALLIME CUCTEMBI BUJIa “BOCCTAHOBJIEHHBIA OKcUJ TrpadeH + bucky-
diamond”’; yacTUYHO McCCIeA0BaHa CTPYKTYpa TAKUX CUCTEM;

N3 wactun [JIHA mnoiydeHbl YacTUIBl C pPa3duyHON  TOJIIHUHON
npopojsmiero  ciosd  sp>-yriepoja  (bucky-diamond);  ouenena
OPOBOJAMMOCTh  TAaKUX  CTPYKTyp;  HCCIE€IOBaHAa  BO3MOYKHOCTH
ucronab3oBanus yactull JJHA pa3nudnHoii nmpupoasl B
[IpoJEMOHCTPUPOBAaHA BO3MOXKHOCTH  CEJEKTUBHOTO YAAlE€HHS Sp°-
yriepoza ¢ yactui tumna “bucky-diamond”;

OO0BsicHeHa TTPUPOJIa CBEPXKPENKUX HeaeariioMepupyembix yactul [JHA;
nosyyeHbl yactuilbl JJHA co CHM)KEHHBIM ONTHUYECKUM MOTJIOIMICHUEM B
BUJIUMOM JIHAra30He.

JlanpHeilie  HampaBlieHUs paboOThl  OyIyT  COCPEJOTOYECHBI  Ha

WCCIICIOBAaHUM DJICKTPUYECKMX CBOWCTB JIBYXKOMITOHEHTHBIX CHCTEM BHIa
«BoccranoBiiennsrii  OI'  —  bucky-diamond», a Takke Ha MONBITKAX

HCIIOJB30BaTh JAHHBIA MaTepuall B CYIIEpKOHICHCATOPAX.
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