Liquid dispersions as a way
to store and modify nanodiamonds

Neutron scattering is used in the development
of stable liquid dispersions of nanodiamonds for
various nanotechnologies.

Detonation nanodiamonds (DNDs) are dia-
mond crystallites with a characteristic size of less
than 10 nm. They are produced in special reactors
by detonating organic explosives with a carbon-
oxygen imbalance towards carbon. Today, of partic-
ular interest is the combination of a high specific
surface area of DNDs with their biocompatibility, an
important factor in the creation of nanocomposite
materials for medical applications, which use spe-

cial spectral properties of these nanoparticles and
their chemical derivatives. One of the main areas of
physicochemical studies of DNDs is the synthesis of
their liquid dispersions in various solvents as a basis
for storage and subsequent chemical modifications
of nanoparticles. The presence of stable liquid dis-
persions of DNDs in a wide range of concentrations
(up to 10 wt %) makes it possible to use extremely
effectively the method of small-angle neutron scat-
tering (SANS) in structural studies using a contrast
variation based on hydrogen-deuterium isotopic
substitution in solvents. At FLNP, corresponding ex-

Fig. 1. SANS from liquid dispersions of detonation nanodiamonds reveals fractal clusters of nanoparticles and
adsorption of clusters on sheets of graphene oxide in mixed solutions.
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Puc. 1. MYPH Ha XungKkux gncnepcursax 4eTOHALMOHHbIX HAHOA/IMAa30B 06HAPYKMBAET PppaKTasibHble KacTePbl HAHOYa-
CTVL 1 afcopbLmio KNacTepoB Ha NNCTax oKcuaa rpadeHa B CMELLaHHbIX PacTBOpax.

XXuaokune gucnepcumm Kak cnoco6
XpaHeHUa u MogmdukaLmmm HaHoasIMa3oB

PacceaHune HeMTPOHOB NcNonb3yeTcA B paspa-
60TKe CTabUNbHbIX XXUAKUX AUCNEPCUA HaHOaNIMa-
30B A1 Pa3INYHbIX HAHOTEXHONOM U,

[leToHaunoHHble HaHoanmasbl (OHA) npega-
CTaBNAIOT COOON KPUCTaNNNTbI aiMasa C XapaKkTep-
HbIM pa3mepom meHee 10 HM. OHM NPON3BOZATCA B
crieymanbHbIX peakTopax MOCpeaCcTBOM MoApbIBa
OpraHnYyecKnx B3pbIBUYATbIX BeELWECTB C YrNepoa-
KUCNIOPOAHbIM AncHanaHCoOM B CTOPOHY yriepopaa.
CerofHA ocobblll MHTEpeC NpeacTaBiAeT coyeTa-
Hue BbICOKOW yaenbHoWn nosepxHoctn AHA ¢ ux
6MOCOBMECTUMOCTbIO — BaXkHbI GaKTOp Npu Co3-

JaHUN HAHOKOMMO3ULMOHHbIX MaTepPUanoBs s Me-
AVILMHCKUX MPUTOXKEHWIA, NCMOSb3YIOLWMX 0Cobble
CneKkTpasnbHble CBOMCTBA AAHHbBIX HAHOUYACTML, U UX
XUMUNYECKNX MPON3BOAHbIX. OQHUM M3 IMaBHbIX Ha-
NpaBfeHNn PU3NKO-XUMNYECKUX UCCNIef0BaHWIA
IOHA aBnaeTca cMHTe3 NX XULKUX QUCNepCcun B pas-
JINYHbIX PAaCTBOPUTENAX KaK OCHOBbI A/1A XPaHeHNA
1 nocnefyoLWwmnx XMMmiyecknx mogmdrkayumum HaHo-
YyacTuu. Hannume ycTonumBbIX XXUAKUX AMCNEePCUin
[OHA B lWunpokom AnanasoHe KoHueHTpauui (go 10
BeC. %) N03BoNAET KpalHe 3PpPeKTUBHO NPUMEHATb
B CTPYKTYPHbIX NCCIe[0BaHNAX METOA Manoyrio-
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periments are actively carried out using the YuMO
facility of the IBR-2 reactor. Diamond has a signifi-
cantly higher scattering length density for neutrons
than for X-rays, which, in comparison with the latter,
makes neutron experiments more informative. The
main emphasis of today's research is on studying
the formation of clusters (a characteristic level up
to 100 nm and higher) during the synthesis and dis-
persion of DND particles into liquid carriers, as well
as the cluster-cluster interaction and interaction
with other additional components in liquid disper-
sions. Thus, on the basis of measurements of the
scattering structure-factor, model potentials for the

cluster-cluster interaction in solution are proposed.
In cooperation with the loffe Institute (St. Peters-
burg) the adsorption of DND clusters on graphene
sheets in mixed aqueous solutions of nanodia-
monds and graphene oxide (sheet diameter > 1 um)
was revealed. The structural aspects of the transi-
tion of nanodiamond dispersions into gels in con-
centrated solutions were studied in detail as well.

All structural information obtained in the
course of neutron experiments is actively used in
the development of methods for controlled cluster
formation in liquid dispersions of nanodiamonds
during their long-term storage.

Fig. 2. Interaction of clusters in aqueous dispersions of detonation nanodiamonds: scattering structure-factor
for clusters; network of clusters in concentrated solutions; growth of viscosity upon sol-gel transition.
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Puc. 2. B3aumopelicTBMe KNacTepoB B BOAHbIX ANCNEPCUAX AETOHALMOHHbBIX HAHOANIMA30B: CTPYKTYPHbIN GpakTop
paccesaHVs A1 KNacTePOB; CeTb KNAacTePOB B KOHLIEHTPVPOBAHHbIX PACTBOPAX; POCT BA3KOCTY MPU 30/b-TeSb

nepexoge.

BOro pacceAHus HenTpoHoB (MYPH) c ncnonb3osa-
HVeM BapuaLmm KOHTpacTa Ha OCHOBE N30TOMHOrO
3aMelLeHnA BOOoOpOoa-AeTepuin B paCTBOPUTENAX.
B JIH® cooTBeTCTBYIOWME SKCMNEPMMEHTbI aKTUBHO
npoBoAaATcA Ha yctaHoBke OMO peaktopa VBP-2.
Anmas obnagaeTt cywecTBeHHO 6osbluei naoT-
HOCTbIO AJINHbI PacCeAHNA B OTHOLLIEHNN HENTPO-
HOB, YEM PEHTIeHOBCKIMX NIyYel, UTo, B CPaBHEHNN
C nocnenHumMmu, obycnaenmeaeT 66nbLIy0 UHOOP-
MaTUBHOCTb HEMTPOHHbIX 3KCNeprMeHTOB. OCHOB-
HOW aKLeHT CeroaHALIHMX NCCNefoBaHN fenaeTca
Ha M3y4JeHune obpa3oBaHUA KNacTepoB (xapakTep-
Hbll ypoBeHb Ao 100 HM 1 BbILE) NPU CUHTE3E U
ancneprupoBaHun vactuy, IHA B Xupgkue Hocu-
Tenu, a TaKXe VX B3anMOZencTBUA ApYr C [PYrom v
ApyrMn o6aBOYHbIMU KOMMOHEHTaMU B »KUOKUX

ancnepcusix. Tak, Ha OCHOBAHUU N3MEPEHNI CTPYK-
TYpHOro ¢aktopa paccesHuns npensioxKeHbl Mo-
JenbHble NoTeHUMas bl B3aUMOAENCTBUA KnacTepoB
B pacTBope. B cotpygHunyectse ¢ Dr3nko-TexHuye-
CcKUM nHCTUTYTOM M. A.O.Modde (CaHkT-TNeTep-
O6ypr) BbifiBNeHa apcopbumsa  KnacTepoB  Ha
rpadeHoBbIe NMNCTbI B CMeLUaHHbIX BOAHbIX PacTBO-
pax HaHOanMa3oB M oKcupaa rpadeHa (ouametp
nmcTa > 1 MKM), a TakKe Noapo6bHO 1ccneaoBaHbl
CTPYKTYpPHbIE acmneKTbl Nepexofa HaHOAIMa3HbIX
AVUCMepCUn B renv NpU X KOHLEHTPUPOBAHUM.
Bca cTpyKTypHas Hpopmauums, nonyyeHHas B
X0[le HENTPOHHbIX SKCMEPUMEHTOB, aKTUBHO WUC-
nosb3yeTcs B pa3paboTke crnocoboB KOHTponupye-
MOTO KNacTepoobpa3oBaHUs B XKUAKUX AUCIEPCUAX
HaHOaNIMa30B MNPW VX ANTUTENIbHOM XPaHEHWN.
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