AnemMeHTapHble CTaaun XUMUYECKUX peakLnn B afCOPOLIMOHHbIX CNOAX

OrieMeHTapHble CTagun peakuui:
- agcopouus

- pekoMbuHauusa

- anccoumnatmBHaga agcopbums

- Usomepusauud

- NOBEpPXHOCTHaA aAnddysund

Ancopbuua n katanunia B gunamndeckon xmmmnm — Surface science kak
pasgen Pu3nkm KOHOEHCUPOBAHHOIO COCTOAHUA: Ha4ano

B3anMOOeENCTBUSA

MeToabl dukcaumm eguHNYHbIX aacopOMpPoOBaHHbIX MOTEKYIT U
NHTEPMEANATOB peakL i Ha MOBEPXHOCTU

[MpunoxeHnsa B npoueccax ocaxaeHusa u3 razosoun dpasbl
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Mpumepbl anemMeHTapHbIX cTagumn
(okncnenne CO Ha meTannax rpynnbl NJIaTUHBbI)

CO 4+ % =2 CO4y ancopbuus

Oy + 2% 2 0349 — 2044  anccoumatvsHas agcopbums

Oy +CO,4q — COr 4+ 2% pekoMOuMHaLums

PopmanbHasa KUHeTUKA » MeaneHHas ctagus
A

CmeneHb 3arosiHeHuUs
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PeakunMoHHas 30Ha — Ha MeXxda3Hon rpaHuue
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[eTeporeHHbIU KaTanus Surface Science
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dusnyeckasa xummsa: obpatnman agcopbums
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dusnyeckas xmummns: N3oTepMbl aacopoLmnm

Cwm. C.J1.KunepmaH, BeegeHne B KWUHETUKY reTepOoreHHbIX KaTanuTnyeckmx
peakumn, M., Hayka, 1964, rnasa lll.
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dusnyeckaa XxumMms: oobLEKTbl (KaTanusaTopbl)

Loading = «3arpy3ka» (Mac.% unu r/cmM2 reom.)

Catalyst /support Pt loading /%  Particle size nm

lon-exchanged /oxidized C 3.5
Impregnated /C 4.4
Colloidal “Turkevich™ /C 5.5
Collmdal “Bonnemann™ /C 3.7

Sintered impregnated /C 4.0

1.20+ 0.4
1.70+0.5

2.50+0.9
2.10+1
780+25

YoenbHasn (specific) akTMBHOCTb.:
CKOPOCTb Ha I UNTU HA CM?
UCTUHHOM NOBEPXHOCTU KaTanusaTtopa

icTMHHasa NnoBepXHOCTL He Bceraa
paBHa CyMMeE MNOBEPXHOCTEN
yacTuy, (bbiBaloT B104HbIE KaTann3aTophbl)

|

PasmepHble/«CTPYKTYPHbIE»

9P deKThI

«ONEKTPOHHbIE» 3PP EKTDI




dPusnyeckas XUMnUA: «KCTPYKTYPHbIe» MHepnpeTauum pasmepHbIX 3heKToB

[MonTtopak O.M., BopoHuH B.C.
MuTtoaapusa Kak HOBbI METO N3Y4YEHNA aKTUBHbIX LLEHTPOB KPUCTasMUYECKNX
kKaTanusaTtopoB.- XK. dn3. Xum., 1966, 1. XL, Bbin. N, 2671-2687.

Kinetic analysis of cluster size dependent activity and selectivity

Dmitry Yu. Murzin* Journal of Catalysis 276 (2010) 85-91
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TUnNnYHbIN 3KCNepuMeHT B surface science:

Preparation of the Ru(0001) sample was performed by
repeated cycles of Art ion sputtering (5 uA/2 kV/2 x 1072
mbar of Ar) and baking the sample at 1100 K in an oxygen
back-pressure of 10~/ mbar for 10 min. Final annealing of the
sample to 1600 K removes the residual oxygen on the surface.
With LEED the sample showed a bright (1 x 1) pattern with
low background intensity.

The (1 x 1)-O phases were prepared in a two-step procedure.
First. the sample was exposed to 30 langmuirs of O, (Messer
Griesheim. purity 99.998%). resulting in a (2 x 1)-O phase on
Ru(0001). Next. this overlayer was exposed to 15 langmuirs
of NO> (Messer Griesheim, purity 98%, main contaminants
HNO; with volume concentration = 1.5% and H->O with volume
concentration =0.5%) which transtorms the (2 x 1)-O into a
(2 x 2)-30' and eventually into a (1 x 1)-10 overlayer
structure. Even higher NO> doses lead to the formation of
subsurface oxygen. keeping the (1 x 1)-O overlayer on the
surface. The coverage was determined by the integral thermal
desorption O signal which 1s calibrated against the ideal O
coverage of the (2 x 1)-O (assumed to be 0.5 ML). To
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Surface Science:
doToamMmnccnoHHasa anekTpoHHas mukpockonusa (PEEM)

H.H. Rotermund, W. Engel. M. Kordesch, and G. Ertl,
Nature (London) 343, 355 (1990).

Rh Pt Okpacka = paboTta BbIXxo[4a 3NeKTpoHa
(noBblWwaeTtcs npu agcopodbumn CO, ewwe
cunbHee npu agcopoumn O)

I 10 MKM

[TpoCTpaHCTBEHHOE pa3peLleHUE:
~ 1 MKM

(b)

PaspeLwieHue no spemeHun: ~ 1 Mc

PRL 86 (2001) 6038 - 6041



Butterfly ~ Free

\

Surface Science:
CTM Busyanusaumsa npespaLieHUsA
apacopounpoBaHHbIX MOMEKYI

Free

Si(100), 5 K

f

Butterfly

J. Amer. Chem. Soc.
131 (2009) 7344



Surface science:
IETS, inelastic tunneling spectroscopy -
KonebaHua agcopoupoBaHHbIX MOMEKYI
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precursors: gas or aerosol
(Aerosol Assisted, AACVD)
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1. Decomposition \

) ) ) 3. Dehydrogenation 6. Migration
CH*, CH;*, CH, H, and growth
= 1. C (graphene)
| 2. Adsorption | CH* CH,* CH,* A C (ads) C (ads) — 90000

Nickel N\ ¢ —"

4.Bulk ﬁ 5. Bulk diffusion
CH*, CH,”, CH,” = active species either as isoiuian S Segregaon
carbanions or radicals J. Mater. Sci. 53 (2018) 7095 - 7111
MoBepxHoOCTHas 2o BN oo o B o o o o
Andbyaus LA & L XX
e = R & s
CTM-Bu3yanusauus (W) Activation energy  Frequency prefactor
E (eV) v (s7)
Single jumps o 0.84+0.06 2.2(x11.3% ) = 108
Double jumps 2 1.44+0.13 7.9(x127.3*) < 107!
Rebound jumps B 1.03+0.06 14(=10. 3 = 108

Phys. Rev. B 74 (2006) 153406



«CTtapbie» MOCVD npekypcopbl
ans l-V un 11-VI BuHapHbIX NONyNnpoBOAHUKOB

Melting point  Boiling point Vapor pressure

Compound Symbol (°C) at 760 mm (°C) (mm)
Dimethylzinc DMZn —42(-29) 46 124 at 0°C
Diethylzinc DEZn —28 118 15 at 20°C
Dimethylcadmium DMCd —42 105.5 350 at 80°C
Trimethylaluminum TMAI 154 126 8.4 at 20°C
Trimethylgallium TMGa —15.8 55.7 64.5 at 0°C
Triethylgallium TEGa —823 143 18 at 48°C
Diethylgalliumchloride = DEGaCl — — —
Trimethylindium T™MIn 88.4 135.8 7.2 at 30°C
Tricthylindium TEIn —32 184 3at 53°C
Tetramethyltin TMSn —53 78 10 at —20°C
Tetracthyltin TESn —-112 179.5-181.5 10at 73°C
Tetramethyllead TMPb —27.5 110 10at 44°C
Tetraethyllead TEPb —135 198-202 10 at 78°C
Triethylphosphine TEP —88(—8)) 127 —
Trimethylantimony TMSb —87.6(—62.0) 80.6 —
Dimethyltelluride DMTe —10(—150) 82(93.5) —
Diethyltelluride DETe — 137-138 —

Ann. Rev. Mater. Sci. 12 (1982) 243-269



B-aukeToHaTbl — npeKkypcopbl MOCVD
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Ultraviolet-assisted injection liquid source CVD (UVILS-CVD)
Zr[OC(CH3)5],+ N, O — ZrO, + N,

oxidizer
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JlokanbHbIe npoueccokl CVD:
dokycnmpoBaHHbIN MOHHbLIN NY4YOK(FIB)
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Parameter influencing FIB deposition.

Vacuum 86 (2012) 1014-1035

Source Parameter Precursor gas
Ga' Molecular flux lon dose Benzene, toluene, Methylmethacrylate, styrene
Ga' lon dose Fe(CO)s, Al(CsHo)
Ga' lon dose, lon current MeCpPt(Me)s, H,
Incidence angle Substrates temperature
Ga' Incidence angle MeCpPt{Me)s, Al{CH;3)3, W (WF5), C;H;05FzAu
Ga' Gas pressure, lon current Dwell time Hydrocarbon
Ga* Current density, Gas flux MeCpPt(Me)s W(CO)s
Scan dwell, Loop time
Ga' Angle of incidence Mez-Au-hfac, W(CO)s
Ga* lon current, Focus size W(CO)s
Ga* Dwell time, Refresh time Al(CH3 s, Al(C4Hg)s, W(CO)g, Fe(CO)s, Me,-Au-hfac Styrene{CgHg), Nitrogen
Ga* Precursor gas TMCTS, OMCTS,PMCPS, DMPS, TDMSS, TEOS
Ga' Simple Structure W(CO)5, Oxyegen(0s), H,O TMCTS (tetramethylcyclotetrasiloxane)
Ga' Dwell Time, Spot size Refresh time, Beam current WI(CO)s
Gat Dwell Time, Current density Cycle time Pt precursor
Ga* — W(CO)s, PMCPS, 05, H,0
Ga' Various W(CO)s
Ga' Pixel size, Scan speed, Scan size CiaHyg
Ga' Pixel size, Scan speed Cy4Hipn
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