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CTPpYKTypa gmnccepTauyioHHOM padoThl
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o ONTUMM3ALINGA COOPKW A4ENKI ONS IN Situ nccnenoBaHUM

* yccnefoBaHne MopdoIorm NPOOYKTOB BOCCTAHOBIEHNS
KNCI0pOo4a Ha rpadEeHOBOM 3/1EKTPOOE

apcop6uua Oz, B3ammoaencTeue ¢
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[ lepeHocC rpameHa
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Pe3ynbTaTtbl 1 BbIBOAb!

e (OTpadboTaHa MeToaMKa NepeHoca rpadeHa Ha TBeEPObIV ANIEKTPONINT OE3
noTepu LENOCTHOCTV U METOL, €ro OYNCTKU;

e ONTMM3MPOBaHa KOHCTPYKLMS U MPOLECC COOPKN NEKTPOXNMNYECKOM
AYENKN C TBEPObIM S/1EKTPOSINTOM;

¢ |/lccnepoBaHa Mopdo10rnga NPOayKTOB BOCCTAHOBIEHNS KMC10pOAa Ha

rpadEeHOBbIX AM1EKTPOAAX PA3NHYHOW CIOVMHOCTU, 1 rpadeHa, OKUCIEHHOIO
aTOMAPHbIM KNCOPOOOM.

HepeLlueHHble NPobeEMb

e Pa3paboTka METOOA aHaIN3a KUHETKM 00pa3oBaHNS NMPOOYKTOB
BOCCTaAHOBJIEHUS;

e BangHme gaBneHns Oz Ha XMMUYECKM COCTaB MPOOYKTOB BOCCTAHOBIEHWS.
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[Ty imkaummn

YyacTtre B Hay4yHOW LUKOME “YTrnepogHble HAHOTPYOKU U rpadeH: HOBbIE
rOpn30HTLI” 1-6 gekadbps 2015 r. (MOCTEPHbIV Ooknasa,)

[logrotoBka nyonmkaumm no TEMe MarmcTepckom amcceptaumm “The role
of carbon defects in electrochemical steps of Li-ORR/OER”

[lanbHeLLneE niaHbl

CuHTE3 N-NnermpoBaHHOro rpadeHa nytemM obpadoTK anNUTakCUasIbHOro
rpadpeHa N-nnasmou;

OTpaboTka crHTE3a S-rpadeHa, Noadbop npekypcopa 1 yCroBUA;
lccnegoBaHue peakum BOCCTAaHOBIEHWS KCIOpOoda Ha

TBEPOOTENbHBIX SYEKaxX C NIErMPOBaHHBLIM rpadEeHOM NPV OaBMEHNGX
O2 0.1 -1 mbap.

[lepeHoC rpadeHa Ha OMCKOBbIE 3NEKTPOObI, MCCEO0BAHNE PEAKLIN
BOCCTAHOBJ/IEHUNS KNCIOPO4Aa Ha BpaLlakoLLEMCH OVCKOBOM 3/1EKTPOLE;
TecTunpoBaHve yctaHoBkm gna DEMS.
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BH/MaHWE!
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YyacTme B KOHMEPEHLMNAX

30 HosA6p4 - 4 nexkabps 2015

Hay4yHaAa wkona “YrnepoaHble HAHOTPYOKU U rpacpeH -
HOBbI€ TOPU3OHTbI”

MockBa

15 -17 nonHga 2016

6th Baltic Electrochemistry Conference: Electrochemistry
of functional interfaces and materials
Helsinki

YyebHaga Harpy3ka

[TpocnyLurBaHmne KypcoB rno Muiocomui HayKn 1 aHr IMMCKOMY A3bIKY,
cada 9K3aMeHOB KaHOWOATCKOro MUHUMYMa (BECEHHUN CEMECTP);

[pocnylmBaHme cneukypcos (3 3a4eTHble eduHULbl, BECEHHNM CEMECTP);

[TpocnyLurBaHme KypcoB Mo negarornke (BECEHHM CEMECTP).
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MexaHnambl anekTpokaTamaa

a
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Peakuni BOCCTAHOBJIEHNA KCNOpPOoaa
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Katonpl: Pt vs C
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MexaHnambl anekTpokaTamaa

2. [lnccoumartvBHag agcopbumsa Kmciopona
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3. KatanmnsaTop OMcnponopLUyOHNpOBaHNS
nepokcuraa/cynepoxkcraa

Wiggins-Camacho et al. // J Phys Chem C 115 2011
Maldonado et al. // J Phys Chem B 109 2005



CUHTES rpadeHa

106 mbap
30 MVH
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ONIEKTPOXMUNYECKME NCCNeno
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VlccnenoBaHe XMMNYECKIKX MNPOLECCOB

Apcop6buua kucnopopaa
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CNeKTPOINIEKTPOXNMUNYECKNE NCCNEOOBAHNS:
CUCTEMbI C XXUOKVM 3JIEKTPOINTOM
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CNeKTPOINIEKTPOXNMUNYECKNE NCCNEOOBAHNSA:
CUCTEMbI C TBEPObIM 3NEKTPOSINTOM

Experiment time, min

0 30 60
CranbHan NNacTMHKa > g S S, . LSS .. r—
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ltkis et al // Nano Lett 13 2013

A e OTpadboTaHbl METOAVKN CNEKTPONEKTPOXVIMNYECKINX
@ESSY T AalLB.A N3MEPEHU B JINTUN-KNCTIOPOOHOW CUCTEME U

BOJHOW CUCTEME C NOJINMMEPHBIM 3JNIEKTPOJTINTOM

mHnga ISISS nmHmna CIRCE
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MooenbHaga cuctema: rpaeH
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. YpenbHaa sHeprvs (BT y/Kr)
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Possible side reaction pathways

0
0 :
I !
@ + 07 —» —» O:o
= o7 %

Danen W. C., Warner R. J. & Arudi R. L. in ACS Symposium Series 69, 244-257 (AMERICAN CHEMICAL SOCIETY, 1978)

0 0-
| _
RAC-CH=CH-R + 0,° —& Rt CH=CH-R + o,
' ']
R-C—CH=CH-R + 0, —& Rlc'-cle-CH-R
0-0

Frimer A. A. & Rosenthal |. Chemical reactions of superoxide anion radical in aprotic solvents.
Photochemistry and Photobiology 28, 711-717 (1978)
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Another possible reasons for
carbonate formation

LioO2 + C + 1/2 02 = LiIoCO3 AG =-542.4 kdJ/mol
2LioO2> + C = LioO + LiCOs AG =-533.6 kd/mol

B. McCloskey et al. // J Phys Chem Lett 3 (2012)

e §

PP %

e/.—e
VIS TYESe - e A
Li,O Li»05 LTI P

with adsorbed O

-0.8 eV -7.2 eV -8.0 eV _
per Li atom per Liatom  per Li atom -16.27 eV per Li atom

LioCO3

44 E.Kataev et al. // in preparation
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Superoxide attacks
carbon materials
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BoccTaHoBIEHME KMCN0opOoaa
B BOOHbIX Cpenax

AHopHbIU nNpouecc: Ho-2e = 2H+ H,
Hy
KaTtoaHbii npouecc (BoccTtaHoBneHue 0Oa): H: P |
H- 1
Pt,Pd,... O2+ 4e + 2H20 = 40H- o

yrnepog  Os + 2" + 20H- = 2HO>

AHoQ, BoAHbIN
SAEKTPOAUT

KaToa

Ha rpauTe: Ha CTeKJIoyrnepoae:

O2 = 02 (anc) O> (anc) + €™ = O2 (anc)
O2 (agc) + HOH + e = HO2 (agc) + OH- Oz (age) + HOH = HO2 (agc) + OH-
ZHOZ (apc) + OH = OZ + HOZ_ + HOH HOZ (apoc) + € = HOZ_(aplc)

AKTVIBHbIE LeHTPbl agcopdumn’?
BnvsHue anexkTpona Ha peaxkumio a1cnponopLmMoHMpPOBaHNA?

Yeager et al. // J Mol Cat 1986



Na*+ e + O, — NaO;

Hartmann P. et al. A rechargeable room-temperature

sodium superoxide (NaO;) battery. Nature Materials 12,
228-232 (2012)

Lif+e + O —>»

chemical
reaction

LinO» LinO; + O3

Peng Z. et al. Oxygen Reactions in a Non-Aqueous Li* Electrolyte. Angew Chem Int Edit 50, 6351-6355 (201 1)

+ e + 1"
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Photoemission intensity
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TepmMoaHaMmM4eckmne naHHbIe

Selected Thermodynamic Data of Oxygen Species® at 25°C

AG®, AH®, S°,
Formula Standard state kJ/mol kJ/mol J/mol/K
0O, Gas, 1 atm 0 0 205.3
H,O Pure liquid -237.18 —285.83 69.91
OH™ 1M, aq. -157.29 -230.00 -10.75
H,0, 1 M, aq. undisc. -134.1 -191.2 143.9
HO,™ 1M, aq. -67.36 -160.3 23.8
0, 1 M, aq. 27.4%¢ n.a.? n.a.’?
HO, 1M, aq. 5.09%¢ n.a.? n.a.¢
OH Gas, 1 atm 34.23 38.95 183.6

Standard Electrode Potentials of Selected
Oxygen Reactions

Standard potential vs. SHE,

Formula |74
0, +4H" +4e¢” = 2H,0 1.229
O, +2H,0 +4e =40H 0.401
0, + 2H" +2e” = H,0, 0.695
0, +2H,0 +2¢ = H,0, + 20H™ -0.133
0, +H,0+2¢e =HO, +OH™ —0.065
H,0, + 2H" +2¢~ = 2H,0 1.763
H,0, +2e =20H" 0.935
HO, + H,O0+2¢ =30H"~ 0.867
O,+e =0, -0.284
O, +H" +e = HO, -0.053
H02 +e = HOZ— 0.751
H02 + I‘I+ +e = H202 1.443
0, +H,0+e =HO, +OH™ 0.155
O, +2H,0+3e =40H" 0.629
HO, +3H" +3e” = 2H,0 1.656

1 M.R. Tarasevich, A. Sadkowski, and E. Yeager, Oxygen Electrochemistry (New York, 2015), pp. 1-98.
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