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Detonation nanodiamonds (DND) How they are produced
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Detonation nanodiamond (DND) < - ultradispersed diamond (UDD

Applications

Lapping and Polyshing

Additive to engine oils (e.g. ADDO);

Dry lubricants for metal industry (Drawing of W-, Mo-, V-,
Rh-wires)

Reinforcing fillers for _plastic and rubber, to modify the
mechanical and thermal properties

Thermal fillers for plastic and rubber, to create thermally
conductive but electrically insulating materials for
electronics) ;

Additives to electroplating electrolyte (e.g. DiamoSilb,
DiamoChrom, Carbodeon uDiamond)

shuttle chemotherapy drugs to cells without producing the
negative effects of today's delivery agents. Clusters of
the nanodiamonds surround the drugs ensuring that they
remain separated from healthy cells, preventing
unnecessary damage; upoh reaching the intended targets,
the drugs are released into the cancer cells
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https://en.wikipedia.org/wiki/Metal_industry
https://en.wikipedia.org/wiki/Plastics
https://en.wikipedia.org/wiki/Rubbers

Detonation nanodiamond (DND) What do they look like
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Cxema rpynn Ha nepugepum AeTOHALIMOHHOro HaHOAGIMAa3a

Diamond core

Broken carbon shell

Surface functional group layer

Fig. 5. Possible model of the structure of the primary particle of DND [5. §]



Hybrid metal-organic perovskites(MA) PbX,,

Cub lattice (MA)
Cub lattice of lead,
Tetr of halogens with tetrahedron centers on the lead ions.

Interest in perovskites (Inorg or Hybrid)
specific for their operation in SE:

-high absorption coefficient in Vis-
relatively low cost,

-low exciton binding energy (important
for e-h separation

-long diffusion length of charge carriers




«AHOMANUU» rMMbpUAHOro NepoBCKUTA 7
The main feature is extremely low concentrations of “ordinary” carriers -
electrons and holes - at the level of (10°-1013) cm—3 and
- very low energies of formation of lattice defects (and equally extremely
high concentrations of dominant ions (10'8-1020) cm—3

The dominating motive for the
migration of lattice components
in perovskites (MA)PbX3 is the
movement of halogen X ions along
the faces of the halogen
tetrahedron.




Migration of halogen ions is the bane of halide perovskites
With migration activation energy of (0.2 - 0.5) eV high
concentrations of ions and vacancies are inevitable

Concentration of charged halide ions and charged vacancies
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Current density with py=1 cm2/Vs=10"* m2/Vs

Thickness of 200 nm; U=1V (F=5x10% V/m)

N=1024 m—3 :
J=1024x1.6x10 —19 x5x106x10 4 =8x10° A/m2=80 A/cm?



CtapToBas uaes - BcTpoeHHoe none sHyTpu HP, HaseaeHHoe
nernpoBaHMeMm ariMasHbIX HAHOUYACTUL, U PYHKLIMOHANBHLIMU Py Namu
Ha UX NOBEPXHOCTU

Ho Kakoea ero senmuumHa?



TTponuce TexHonoruu nonydveHua nneHku HP,
moauguumposaHHoro DND

TTopowok CH;NH;PbI; pacteopanu 8 DMF,

pnobasnanu 1 wt.% DB DND (diamond blend)

pacTeop nepemewmeanm 10 min Ha US f ~ 20 kHz.

nonue  pacteopa Ha rubkme PET  (polyethylene
terephthalate) noanoxkm ¢ ITO koHTakTAMMU

paccTtosHue mexay KoHTaktamm 200 mkm.

cywka npu 100-C 20 min B atmocgpepe uHepTHOro bokca.

TonwwuHa nnéHok — 1 im.
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Current (A)

Current (A)

BAX nnéHku HP, moaugpuumporaHHoro DND
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OupgepeHUUanbHas NPOBOAUMOCTb MNEHKU
HP, moaupuuuposaHHoro DND
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TTone 86:113M aNMAsHOroO UHTepgeca B 3aBUCUMOCTU OT ero NerMpoBaHUs U
NPUBUTLIX PYHKLMOHANbHBIX Fpynn
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Tonbko NOBepXHOCTHOe neruposaHue BOAOPOAOM

(Q/e)x10, ¢, 3B
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OTPULIGTENIHOTO 3MEeKTPOHHOro CPOACTBA nerupokaHue



OauvH p-nerupyrowm atom (6op) HenocpeacTBeHHO BAOMb Nyua
3peHUs (OHa Xe - JIMHUA U3MeHeHUs NoTeHUuana

(Q/e)x10, o, 3B
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BeeaeHue p- npumecHoro atoma (6opa) HenocpeAcCTBEeHHO Ha
UHTepelice nukemamnpyet NEA 15



PasHble rpynnbl U pasHbie BApUAHTLI O6BEMHOrO neruposaHuUs

1 BocnpouseoaUT NpeablayWwmii pucyHok— HeT NEA ;

2—aTom 6opa nepemelleH BO BTOPOU paj aTOMOB anmasa— MOXET 6biTb NEA

3- KpuBasa 4epe3 Hopmanb, nNapannenibHyro HOpManu 2, HO He MpoxoAaalLyHo
yepe3 atoma 6opa B (xenTtbie)

4- rupapoxkcunbHeIv pagurkan OH Ha HeneruposaHHOM anmase. Atom O BblaeneH
KpAcHLIM— HET U HaMEKa Ha oTpuuaTesibHoe CPOACTBO 16



O6a anmasa He neruposaHsbI. ECTb TONbKO PYHKUMUOHanbHaa rpynna OH.
Hanbwe sapbuposanu nervposaHue feBoro anmasa u HarnpasneHue

pPasBoOpoTa PYHKLUUOHANBbHOW TPy nnbI

67  ¢"(au)u(eV)

BHyTpW npasoro

anmasa,

| mogenupyrowero HP,
eCTb NoTeHUuManbHas

< Doped ND —_— amMa

, group group |,

I |
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DHeprum cBA3U U NONA’ Ha KPOMKAX HenerMposaHHOrO GnIMasa, 18
umutupyrowero HP

HarpyxeHHbIe rpynnbr fgpoaces) imosde_ rumloaded| | prloaded
/ \ B Ef:ﬁipﬁd'hm _ Esgw,lmm‘ V/IA V/A
(c..—C) -HO—(C—...—C...—C)—OH--|(C—...—C) |0 0 0.46 0.42
(C..—C)~HO—(C—..—B..— C)—OH--(C—..—C) | —04 —0.56 063 |0.35
(c..—C) -HO—(C—...—P...— C)—OH- - (C—...—C) | —1.2 —1.42 1.28 1.23
(C..—C)—OH--(C—..—C..— C)~HO--(C—..—C) | 0.7 1.05 035 |0.57
(C..—C)—OH-—+(C—..—B..—C)--HO—(C—..—C) | —1.45 —2.15 113 [ 1.36
(C..—C)—OH-+(C—...—P...—C)-"HO—(C—...—C) | 0.90 1.25 024 |0.79
[Eyposced| | | gploacea | || | [
_ E::Lc;apc;d,hne? _ E:J:;za;zd,lme?‘
(C—C) --HNHz—(C—..C.. —C)—NHzH-(C—..—C) |0 0 036 |04
(C—C)*HNH—(C—..B...—C)—NH2H--(C—...—C) | —0.33 —0.26 0.53 045
(C—C)--HNHz—(C—..P.. —C)—NHzH-(C—..—C) | —1.44 —1.32 162 [1.43
(C—C) — NHzH-(C—..—C..— C)--HNH—(C—C) | 0.56 1.25 0.15 |05
(C—C).— NHzH-«(C—...—B...— C)-*HNH>— (C—C) | —1.45 —2.05 1.32 | 1.16
(C—C)— NHz2H+(C—...—P...— C)-"HNH>—(C—C) | 0.83 1.37 0.24 |0.59

Hanbonbwmii npyupocT B BenuumuHe nonsa Ha rpaHuue HP pnaer cnyuvam
YepeAOBAHUSA OTpULIATENIbHOMO (351eKTPOHHOM0) AOMNAHTA afiMasa U
371eKTpooTpULIATEIbHOrO aToMa Yepes 0auH (NMbo HaoboporT)




AHctatnuT (NUpokceH) MgSiO; - moaenbHBIA NepOBCKUT 19
Mg |
L/L 4
Ru NN
Si— BHYTPpU TeTPa3/4pOoB KUCIOPOAOR
[Eaoeced| | | g | 2] | [z
E:rr‘\(l;:)c:d Jline1 E::(I;:zizd Jline1
(C...—C) “HO—(C—..—C...—C)—OH--HP 0 0 0.36 | 0.40
(C..—C) “HO—(C—..—B..— C)—OH--HP —0.66 —0.79 0.60 |0.31
(C..—C)—OH-+(C—...—C...— C)-"HO—HP 0.93 1.25 0.54 |0.59
(C..—C)—OH~(C—..—B..—C)-"HO—HP —1.25 —1.59 1.10 [1.06




Hackonbko Benuko 3TO nNosfle NO  CPaBHeHUHO C
HacbIwarowmm nonem HP kak cerHetoanektpuka.

TTonapusyemoctu 8 HC(MuKpokynoH)/cm? [Q/(nnowaab A))]

apekTUBHoe none ~4mQ/(eA) B C6S nnu Q/(eg,A) B CH.

TTpu Q/A=1 3710 1.1x107/¢ V/cm

Ona MaPbI3 €=50, Q/A~0.3 (ans pasa HP Q/A —Heckonbko
eauHul [71]).

BHYTPeHHUEe nofa Ha rPaHULAX PYHKLUMOHANbHBIX rpynn
OTBeYaroT npesenbHOM nonapusaumm NepoBCKUTA KaK
CerHeTo31eKTpUKa.

TTpu pabote HP B pexume meMpUCTUBHOU S4eUKU BHelLHUE
nons ropasao membue: Fy...~6:10* V/ecm (ecnu ppg v ~(1-10) cm?/Vs,
h~1018 cm—3)

20



«AHOMANUU» rMMbpUAHOro NepoBCKUTA 21
The main feature is extremely low concentrations of “ordinary” carriers -
electrons and holes - at the level of (10°-1013) cm—3 and
- very low energies of formation of lattice defects (and equally extremely
high concentrations of dominant ions (10'8-1020) cm—3

The dominating motive for the
migration of lattice components
in perovskites (MA)PbX3 is the
movement of halogen X ions along
the faces of the halogen
tetrahedron.




Murpauusa uwoHoe Hal u BakaHcu cylecTBeHHO MeHseT
npopuns CBM

VBM Au \. Me

TTpy Murpaumm K nepeHoCy TOKA 3APSXEHHBIMU FaNIOreHAMU U BAKAHCUAMU +
nepeHOoC BellleCTBA U peakLmm, B KOTOPLIX yYaCTBYHOT:

HeWTpanbHbIe aveliku HP ¢ npaBunbHbEIM Yncnom ranoreHoe Celly?,
NONOXUTENbHO U OTpULATeNbHO 3apsxeHHble gauyeuku Cell,= ¢ nUWHUM
ranoreHom, nosoXuTenbHbIe U  HeUTpasibHbIe SYeuku C  HeAOCTarOLMM
ranoreHom — BakaHcuu Vac* (Cell_;~) v HevitpanbHeie Vac? (Cell_,°).

Ha katoae Vac*: Vac* +e = Vac® u oHa apeligpyeT k aHoAy.

B o6beme Cell_%+Hal,? >Cell%; Cell_%+ Cell ,°>2Cell°

Ha aHoae BoccTaHoeneHue ranoreHa 2Cell_;——2e—>Hal,°

Opeip Hal,%« katoay u peakumu ¢ Vac*: Hal,%+ Vac*> Cell;*;

B o6veme Cell_;=+ Cell*> 2 Celloo. 22
Cell_,%+ Cell 9>2Cell,°




DNEeKTPOHHLIU U UOHHO - BAKAHCUOHHBIW (i-V) TOKU 23

BxoaHou 6apbep
Ae=Epm(prvskt)—ef, .=5.1—3.36=1.74 eV
OYeHb BeNUK NO CpaBHeHuro ¢ T

‘81 Ho BO3MOXHO npamoe TyHHenupoBaHWe
CKBO3b TYHHeNnbHO- MpO3payHbIN bapbep
(ctpenka 1) BbrcoTOM . B KOMbUHALUU C

npeABapuTesibHbIM TepMUYECKUM Habopom
Me 2HePTUM 3NeKTpoHa.

U= ¢, + 9,=20, 2 o, = ¢, =U/2+(A—A,))/2,
A., A, —paboTbI BbIXOAA KATOAA U AHOAQ,

-~

Toraa jimme < 1.1x107xexp(—(Ae—U/2)/T) = 1 nA/cm?
nmwb npu U=156 eV.

Nlwb npu poctatouHo 60MnbWOM HaNpsSXKeHUU U Moxer
NPOABNATLCA i-V TOK, Kakyto 6bI nMoTeHUuanbHo 6onbluyto
BeSIMUUHY OH He umen.



Hackonbko none B npusnekTpoAHOM Cnoe «CcTa4yMeBaeT> BXOAHOU

6apbep 3/11eKTPOHHOrO TOKa

YMmeHblweHue bapbepa — Beniv4YuHa
A®=(eF x+e?/4x),..o0 B e&  Touke
MUHUMYMa Xo=(e/4F )12,

TTpn x=x, oba cnaraembIx B Cymme

°’~" paeHbI eF x,, Tak uto AZ=(e3F_)!/2,
F.~o/TonwmHe cnoa~rp(o./T)?  (g<1)
> A3=(ry/rp)V2(E; (T 79)1/2)12

2r TTpu 9.=1eV u RT nonyuyaem A2=0.5 eV

YpoBeHb
Bakyyma A

YmeHbleHue 6apbepa 3HAYUTENbHO, HO

6onbwom HanpsaxeHuu Ha HP-nnéHke

YpoBeHb
®epmn )

JHO 30HbI —Y

CTQHOBUTCA 3QMETHLIM NuUlb NpU AOCTATOYHO
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DNeKTpoHHOe ConpoTUBIIeHUe OnpeaenseTcs NocneaoBaTeIbHbIM 25
coefUHeHneM BXOAHOro CONPOTUBIEHUS U CONPOTUBIIEHUS
TYHHENUPOBAHUSA MeXAy JTOBYLIKAMU

-1 -1

R(®) — Rgi)ter + Rffr)i fp = (Ggen)ter) + (ijegi ft)

G =g exp(—(a€—€,~U/2-40)/T)0(€, +Ab+U/2-A€)+
enter -~ “enter G(Ae_el—U/z—Aq))

/m
ije')ift = Gf:ler;'ogteXp((To /T)l )

Jomede = Jrien [exp(—(Ae—u/Z)/T)e(u/2—Ae)+e(Ae—U/2)]

TYHHETMPOBAHUSA MeXAy JTOBYLUKGMU MOXeT

CoBOKYyNHOe conpoTusneHue
[~
6bITb HACTOSIbKO BESIUKO, UTO

As L S —— conpoTuerieHmne Ha Bxoae B 06 bEM He
A aBNSETCA IMMUTUPYHOLLEU CTaAUEeN U ero
1 / 2 Pruskt He 3aMeTHO
v LA o L TTosTomy 6onbluas 3a4epKuUBaroLLas

Me 3KCMNOHEHTa MoXeT b6bITb He 3aMeTHa

Au
[1na i-v TOKa 3Ta 3KCNOHeHTa 06a3aHa bbITb

NUMUTUPYHOLLEU




Kak paccyxaeHus v oueHKU mexaHU3MOB NPOBOAUMOCTU
COOTHOCATCA C AGHHBIMU peanibHOrO 3KCNepumMeHTa

10 . TTepexoa Kk
’ PEXUMY i-V-
. NPOBOAUMOCTUDark

10—10 -

1 0—12 | | | | ]

OAWH U3 BAPUAHTOB MOAUMUKALIUU C
HQHOANIMA3aMu

TTpoucxoaut RS 1 ero ectecTseHHO
CBSA3bIBATb UMEHHO CO BKJIFOUYeHUeM
I-V NPOBOAUMOCTU MpU A0CTATOYHO
bonbLWOM HanpsxeHUu
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Filaments,
nepexoa K

pexumy

TTepexoa K pa36uerusa Ha
PEXUMY I-V-  gueiikn (9)
nposonm—

LA mMoCTU

N
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HeHawes, AnewwuH et al. 2022
noanoxka Si-Si0O2 ¢ Auu Al
3M1eKTPOAAMM +

2 5% RGO, T=RT (1), 220K (2)

Eoo~24 meV

©

R (Ohm cm)

y E,q ~ 48 meV
CH3;NH,;PbBr3:GO
2.5 wt.% GO

{107 10%T (10%K)
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EcTb nu HeopHOpoaHas NO nnowaAu UOHHAS NPOBOAUMOCTD. 27
Ha, n 06a3aHa 6biTb. PasbueHue Ha aveuku beHapa
B 3a30pe, 0AHOPOAHOM BAONL MNOCKOCTU

-nonesoe asuxkeHue Vac’, -sctpeyHas augppysmsa Vac”

Avppy3ms Vac, HeTpanM3OBAHHBIX HAa KATOAE ~ BCE BHYTPU
oaHoro kopuaopa. Ho:

1) pesoHaHcHas nepesapaaka Vac™ + Vac®

2) Hepe3oHaHcHas nepesapaara X +X2&> X+X3™.

TTpu yacTUYHOM pasaeneHun ABUXeHUs 3apsxKeH-

HbIX KOMMOHEHT B6/IM3U KaToAa U GHOAG noTepu CoKpawiaroT

nopor pasbueku Ha SYelku U Ux macwrtab

CKOpOCTb AUCCUNALIMU NpU pe3OHAHCHOU nepesapaake Vac
Qrescharge =0 restach ( ;ac \?qc)AExAvor'r

H)KOYJ'IQBO Tenno, Bbraenisemoe BUXpeBbIM TOKOM.

ON
o . T—
Qvorf L (U N J ,

Y B peanuax AGHHOWU 3a4a4U

Q, = 5 (v (r)2mrde ~ (oM /1) (v 6 2),

2

Q2 - 3| e | (r)2mrdr ~m(vi.) /2
0
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