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An important material for nanotechnology is
nanocarbon clusters, namely fullerenes, nanotubes
and carbon onions discovered and synthesized at
the end of the 20th century. Nanodiamonds also
belong to this family.

These are unique ‘construction blocks’ having
the structure of the hardest natural material -
diamond - and possessing nanometer sizes. They
can be synthesized from carbon during explosion
of some explosive materials.

The first reports on nanodiamond synthesis
came from Russia and the United States in the
middle of the 1980s [1,2]. During the last four
years, we have witnessed active interest in the
production, purification, physico-chemical
properties, and applications of this unique material.

In this report I will focus on the modern
conception on the nanodiamond structure and its
correlation with synthesis condition and method of
purification, some features of the phase transition
“nanodiamond graphite” and  possible
applications of nnodiamonds for electronics.

1. During last years it has been shown that the
nanodiamond cluster consists of a diamond core of
40 to 45 angstroms in size, enveloped by a shell
from carbon onions [3]. It must be emphasized that
diamond cores have very sharp distribution in
sizes, and the distribution depends strongly on
conditions of detonation synthesis.

2. We have found experimentally that during
the heating in an inert atmosphere, the diamond—
graphite transition is carrying out and there is
consecution of the structural transformation in the
line: nanodiamond - onion-like carbon
nanographite [4]. We reveal the following
interesting feature : annealing in argon increases
the sp?/sp° ratio of the bound carbon, which means
that the graphite content increases. In hydrogen
annealing, however, there is a temperature range
with a larger sp’-hybridized, or diamond, content.
It means that in hydrogen, we can observe the back
transition onion-like carbon — diamond in a certain
temperature range.

3. It is quite clear that nanodiamond clusters
with the number of surface atoms comparable with
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that of bulk atoms cannot exist separately, because
the unsaturated surface bonds will make them
aggregate. The electron scanning shown that
nanodiamond particles indeed aggregate to form a
well-ordered hierarchy. The primary aggregates
unite about 10 nanoparticles and are from 50 to 60
nanomaters in size. They, in turn, unite with one
another to make larger aggregates. You can notice
that their structure becomes less ordered as their
size increases. The experimental data show that the
smallest aggregates are the most stable.

4. We shown that nanodiamonds can be used
for preparation of nanosized silicon carbide [5]
and growing of CVD diamond films on different
substrates  [6] besides  their traditional
applications.

5. Modern approaches for formation of field
electron emitters based on different nanocarbon
structures will be discussed and a new possibility
for nanodiamond application for the field emitter
will be proposed [7].
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JETOHAIIMOHHBIE HAHOAJIMA3BI.
CTPYKTYPA, ®A30BBIE IIEPEXO/IbI U IIPUMEHEHUSA

AS.Byasb
Ousnko-Texuuueckuit ”HCTUTYT UM.A.D.Nodde PAH

[Tomurexuuueckas 26, Cankr-IletepOypr 194021, Poccus

B texHonOrNMM HaHOMaTepHUaIoB Bce Ooee
3aMETHOE MECTO WTPar0T KJIACTepbl HAHOYTIEepoa
OTKPBITBIE W CHUHTC3UPOBAHHBIC B KOHIEC
MPOILIOTO BeKa (yJIepeHbl, HAHOTPYOBI, YIIIepox
JTyKOBUIHOH (DOPMEL.

K cempe 3THX yriepoaHbIX HAHOOJIOKOB
OTHOCSITCS ¥ HAHOAIMa3bl. OTU YHUKAIbHEIC
«CTPOUTENBHEIC OIOKMY, o0amarorme
CTPYKTYpOH €aMOT0 TBEpJAOTO0 W3 W3BECTHBIX
NPUPOAHBIX  MaTepUaIOB anMaza, HMMeIOT
XapakTepHble pa3Mepbl B MHIJUIMAPAHBIE JIONH
merpa. OHH CHHTE3HWPYIOTCI W3 yIiepoaa
B3pPBIBUATBIX BEOICCTB B MOMCHT B3phIBa.

[lepBbie cooOuIeHNsT O CHHTE3€ HAaHOAIMa30B
MOSIBUIIMCh B CEPEIUHE BOCBMHIECATHIX TOIOB B
Poccun wu, 3arem, B CUIA [1,2]. Tpu-uersipe
MOCJIEHUX T0Ja OTMEUEHBI BCEOOIIUM HHTEPECOM
K OCOOGHHOCTSM CHHTE3a, METOJIlaM OYHCTKH,
(PM3UKO-XUMUYECKUM CBOMCTBaM W MPHMEHEHHUSIM
3TOT0 YHHKaJILHOTO HaHOMaTepHaia.

B noknane OyayT H3TOXKEHBI COBPEMEHHBIE
MIPEJICTABIEHUS O CTPYKType HaHOAIMa3HOTO
KJacTepa M ee CBS3H C MpoIeccaMd CHHTE3a H
OUUCTKH, OCOOEHHOCTH  (hpa30BOr0  Mepexoja
HaHOanMa3 — TpaduT, BO3MOXKHBIE MPUMEHEHUS
HaHOAJIMa30B B DJIEKTPOHHKE.

1. HccnemoBanusi mociaeIHUX JIET MOKa3alu,
YTO KIJIACTEP HaHOAJIMa3a COCTOWT W3 ajJMa3HOTO
sapa pasmepoM 40 - 45 aHrctpeM, HMOKPHITOTO
000J109KO0# U3 yriaeposa TyKOBUIHOU Gopmel [3].
CyIecTBEHHO, 4YTO aJMasHble sApa HMEIOT
Ype3BblYalHO  y3KO€  pachpeleleHne 10
pasMepaM, KOTOpPOE  OIpENeNsieTCss  TOJBKO
rapamMeTpaMHy B3PBIBHOTO CUHTE3A.

2. UccaemoBanus ¢aszoBoro mepexona,
MIPOUCXONAIIETO B HAHOATMAa3HOM KJIacTepe TOJ
JIECTBUEM BBICOKOTEMIIEPATYpPHOIO OTXKHUTa B
pasmUYHBIX aTMocdepax IOKa3alid, YTO HMEeeT
MeCTO MOCJIETOBATENHHOCTH CTPYKTYPHBIX
TpaHchopManuii aamaz - JIyKOBHYHas ¢opma
yraepona — HaHorpagut [4].

CymiecTBeHHO, YTO €CIM TpU OTXKHUTE B
WHEpPTHOU aTrMocdepe pacTeT OTHOLICHUE Sp2/sp3
CBSI3aHHOTO YTJIEpOAa, TO €CTh YBEIMYHBAETCA
nonss rpaguToBOM (a3pl, TO TpPH OTKUTE B
atMocepe BOAOpOJa CYIIECTBYET HHTEpBal
TemiepaTtyp, B KOTOPOM pacTeT Jols Sp°
rUOPUIN30BAaHHOTO, TO  €CTh  «aJIMa3HOro»
yraepoga. B atmocdepe Bogopoaa, B HEKOTOPOM
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HHTEPBAJIE TEMIEPATYD,
0oOpaTHBIA TIepexonm U3
yrjiepoja B aiMas.

3. JlocTaTo4yHO OYEBHJIHO, YTO HaHOAIMa3HBIN
KJacTep, B KOTOPOM YHCIIO MMOBEPXHOCTHBIX aTOMOB
COIOCTaBHMO C YHCJIOM OOBEMHBIX, HE MOXET
CYyLIECTBOBAaTh HM30JIMPOBAaHHO. HeHachllieHHbIE
IIOBEPXHOCTHBIE CBSI3M MPHUBEAYT K arperanuu
HAHOAJIMA30B. DJIeKTPOHHAS MUKPOCKOTIHS
MoKasajia 4TO, 4acTHIbl HaHOaliMa3a arperupyror,
oOpasys IOCJIENOBATEIbHY IO HEPAPXUUECKYIO
CHCTEMY - TIEpBUYHBIC arperatbl OOBECIUHSIOT
okojio 10 HaHOYACTHIl, © UMEIOT, COOTBETCTBEHHO,
pasmepsl okosio 50-60 nHanomerpoB. IlepBuuHble
arperaTsl, B CBOIO ouepe/ib, O0BEAMHSIOTCS B OoJee
KpynHble. MOXKHO 3aMEeTUTb, 4YTO PBIXJIOCTh
arperaToB IO MEpEe HX YKPYNHEHHS pacTeT, a
IUIOTHOCTH MAaAacT.

4. TlokazaHo, 4YTO KpOME€ TPAJAUIMOHHOTO
UCIOJIb30BAHMSI, HAaHOajAMa3bl MOTYT  OBITh
HCTOJIb30BaHbl IS MOJYYEHUS] HAaHOPA3MEPHOTO
kapbuma kpemuus [5], mist pocta CVD anma3HBIX
MJICHOK Ha Pa3JIMYHBIX TOJJIOXKKaX [6].

5. OOCy)IaroTcsl CYIMECTBYIONIUE MOIXObI K
CO3[JaHHI0  ABTODJIEKTPOHHBIX  OMMUTTEPOB  Ha
OCHOBE PAa3JIMYHBIX YTIEPOAHBIX HAHOCTPYKTYpP U
o0cyxaaercs BO3MOKHOCTh HCTOJIb30BaHUS
HaHOAJIMAa30B JJIsl CO3JaHUsI TAKUX AIMUTTEPOB [7].

Pa6ota TOJACPKUBAETCS T'ociporpammoit
«®DynnepeHsl U aToMHblE KiacTepb» u IIporpammoit
IIpesunuyma PAH  «HuskopasMmepHble KBaHTOBBIE
CTPYKTYPBbI»
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