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XUMUNYecKkne NMCTOYHUKU TOKa: NOrnKa Pa3BUTUA

TeopeTnyecku: ntobana napa
OKUC/INTENb/BOCCTaHOBUTE/Ib MOKET ObITb
ncrnonb3osaHa B XUT

MPaKTUYECKN CYLLLECTBYHOT OFPaHUYEHUA :

1) no pyHAAMEHTANbHBIM NPUYNHAM
(KMHEeTuKa peakumn, 06paTUMOCTD,
BO3MOXKHOCTb peanunsaumm cxembl XUT)

2) no aKcnayaTauMOHHbIM CBOMCTBAM
(EMKOCTb, 3HEeprusa, KOHCTPYKLMA N CPOK
cnyX6bl XUT nonKHbI COOTBETCTBOBATL
3anpocam notpedbutenen)




OcHoBHble napameTpbl XUT
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HeopraHnyeckue sneKkTpoaHble maTtepuab
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Sensors 2008, 8(12), 8037-8066; doi:10.3390/s8128037

5 10/26/2017 11:27 AM




HEOpI'aHI/NECKMe NIEKTPOAHbIE MaTepKnaibl
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TeHaeHUMM Pa3BUTUA TEXHONOTUM
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[MoTpebHOCTb B HOBOM K/1acce 3/IeKTPOAHbIX MaTeEPUasioB

Photo- |
synthesis /> f=_ Emission

“\ : | /_‘,.-:/_ /
Chemo- M N e \/’ Thermal
synthesis * recycling

ChemSusChem 2008, 1, 348 — 355




[MpenmyliecTBa OpraHMYeCcKMX maTepmanos
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*MeHbLUue monAapHaAa macca
* BO3MOXHbl MHOIO3/1eKTPOHHbIE NPOoLecChl
=> 60/1blLie EMKOCTb

*[10CTYNHOCTb CbIpbS
*MeHblUMe 3aTpaTbl SHEPTUN NPU CUHTE3E

*JIErkocTb 06paboTKM MaTepmana (neyaTHble
TEXHO/I0TMMN)

*[1pocTOTa YTUAN3ALMMN, SKONOTMYECKaA YNCTOTA
*6e30nacHoOCTb
=> DKOHOMMYeCcKMe baKTopbl



Xopouwo 3abbiToe cTapoe?

______ Gischarging TABLE 1. Sfeciﬁcuﬁons of the Al-Li/Polyaniline
F T 1 Coin-Type Cells
i | Orargang I I
I AL 2016 |AL 2032 | AL 920
" Electrolyte Wesat e charge ragt 9
P 4 e 30 [ Vimeter  (mm) 20 20
Electrade 1l wension
Thichvens (mm) LB 3z 0
BES L= L —
ty =30 in Beight [ [ A o 4
E.}.ﬂ
8 b} Rominal Faltase vl a
LiLi*=0 ig- 3. Electrode reactions of a polypyrrole-lithium battery, 2 — [ Operating Voltags (V1 3~2
Charge narge =20 o7h L -
. Self-Dischanrge 3 3.0, Nomiral Cagacity [mAR) 3 ] o &
fe)
\W‘-un-sp-,.'.—n-..._.._ ] I Startard Corrmt (a1 Te = Sm |le =~ Sm flue =~ Im
= » %W_‘ o I - R S
.E sor — 20 _ Cycle Life  depth (mAR) 1 " a o1
= Polypyrrole Tife fexcleml | more than 1,000 [more than 1,000 | mere than 1,00
™
E - - Operating Traperature (T -20 ~ +60
o
54 & Necomended Gargi Comstant
<——— Polyacetylene g = PA— Yot Ouree
& -
cathode: @NN*}* (BE;), +e” = [ *(@*Nﬁ-l— (BFy ), + B
L] } + t + } b 1 t i H/ H/y H/rer H At
t‘l ‘100 200 Mumber of Cycles 300 400

1%' 10/26/2017 11:27 J.S. Miller, Advanced Materials, 5 (1993) 671-676
%‘ T. Matsunaga, H. Daifuku, T. Nakajima, T. Kawagoe, Polymers for Advanced Technologies, 1 (1990) 33-39



OpraHun4yeckmne aNeKTpoaHblie MmaTepunabl

One-electron oxidation One-electron reduction
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Fig. 1 The redox reaction of three types of electroactive organics: (a) n-type; (b)

p-type; (c) bipolar. A~ means anion of the electrolyte and Li* can be replaced by
other alkali ions.

Energy Environ. Sci., 2013, 6, 2280-2301



KoHdurypauum batapewu

Anode Electrolyte Cathode
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Anode Electrolyte Cathode
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*COOTBETCTBME KaToAa M aHoAa
e[loctaToyHO 6onbwoe 3/1C
*BHMMaHME K UCXOAHbIM COCTOSSHUAM U MEXaHU3MaM A0NUPOBaHUA
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[loTeHUManNnbHbIE INIEKTPOAHbIE MaTePUA/Ibl

Conjugated hydrocarbon

Conjugated amine

Conjugated thioether
Organodisulfide

Thioether (4e)

Nitroxyl radical
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Average discharge potential / V vs Li/Li

OpraHn4yecKkune aneKkTpoaHble matepuansl - UMpb!
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Y.L. Liang, Z.L. Tao, J. Chen, Organic Electrode Materials for Rechargeable Lithium

Batteries, Advanced Energy Materials, 2 (2012) 742-769,

Z.P. Song, H.S. Zhou, Towards sustainable and versatile energy storage devices: an
overview of organic electrode materials, Energy & Environmental Science, 6 (2013)

2280-2301
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TpeboBaHMSA K 3NeKTPOAHbIM MaTepmnaiam

e a
R-8-R=—=R-§-R<—=R-5-R
0

R-8-8-R=—=R-S +S5-R

*O6pPaTUMOCTb peakLmnm (XMmmnyeckan n  BbiCOKas sHeprna akTueaumm

TepMO,EI,MHaN\ML-IeCKaﬂ)

[ ] -
Penokc-noTeHuman p-Tvn — 6onee BbICOKNIM NOTEHLUMAN;

Katoa: 2-4 B oTH. Li/Li* Perynnpyetca BBeeHMEM 3/1eKTPOH-A0HOPHbIX

— —OH, -NH, , —OCH
aHopa: 0-2 B oTH. Li/Li* ( 2 3)

nnu akuentopHbix rpynn (—Cl, —=F, —=CN, —NO,)

*TeopeTnyeckasa EMKOCTb — MHOrosNeKTpOHHbIe peakumm;

CHUXKeHWe MOoNAPHOMN macchl

*PacTBOPMMOCTb — Manbie Mo/eKy/ibl PaCTBOPUMbI B 3/1IEKTPOSIUTE

NMNonnmepusauyma, clUMBKa

*LleHa, macwTabupyemocTb METOAUKM

CNHTEe3a
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CneundurKa matepmnasnoB pas3IMYHbIX TUMOB
Conjugated hydrocarbon %R}:H %R% - %Rﬁ M @;
Conjugated amine ‘E’ - E @H% @
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Cucrtemsl C conpAaxXeHHbiMmun 1t-CBA3AMMU

*BbICOKaA aNeKTpOHHaA
NpPOBOAMMOCTb

conducting polymers

+«—— uncharged {undoped) charged (doped) —

+—— mostly uncolored colored —»

insulators semiconductors metallic conductors
T T I T T 1 T
10" 10" 10® 10" 10° 10° 10°
quartz diamond glass silicon mercury Silver
copper
germanium graphite iron
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CuUCTEMbI C COMPAMKEHHbIMU TI-CBA3SIMU, «NPOBOAALLME MOAUMEPDLI»

Open Circuit Voltage / V

Full-oxidation State
(Unstable)

Semi-oxidation State
(Conductive)

Pristine State
(As-synthesized)

e saaad

Full-reduction State
(Insulative)

Doping Level
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AR

+ BbICOKas 3/IeKTPOHHAA U MOHHaA
NPOBOAMMOCTb

+ BbICOKasa MOLWHOCTb

+ MoryT 6bITb OCHOBOM KOMMNO3UTHOIO
maTepuana

- OrpaHM4YeHHaA ypoBHEM AONUPOBAHUA
€MKOCTb

-Mpobnema nepeokUcieHua u aerpagaumm

-Mpobiembl ¢ PacTBOPMMOCTbIO, NNABATCA C
pa3noXeHnem



«npoeogdawmne noanmepbl» - 3aa4n

LiFPO;

*Co3aaHMe KOMMNO3UTHbIX MaTepmnanos (NpoBoaALLUIiA CKkeneT) B PEDOTPSS

’A,ﬂ,aﬂTaLI,MFI CUHTETUYHECKUX MEeTOAUK ANA nyyllero
aAncneprnposaHmMA

*dyHKUMOHaNM3aLMA

Layer-by-Layer Assembly

Substrate

f & @ LiFePO,
‘ \ Aniline

- Eachcycle LiFePO ,/PANi composile

- deposits > PAN A i "

1 one layer pair 4
A Hydrothermal °° Pyrrole PPy
{ PANI salt dispersion —-
V,0; solution p o s[)s APS
Rinsing .
PANI/V,0; Composite Coco, CoCOL/PPy composite

19 JOURNAL OF POLYMER SCIENCE, PART B: POLYMER PHYSICS 2013, 51, 468480 RSC Adv., 2015, 5, 42109-42130



Cneunduka maTepmasioB Pas3NNYHbIX TUMOB
Conjugated hydrocarbon %R};H%R%H%R% /Eé\\}; 4{@%
Conjugated amine ‘.-:'*’ - ‘z' @n}; @%

. s
4 3
Conjugated thioether R-$-R<—R-$-R ‘E@% QSD
TA
“ Peakuuun c

R-S-S-R=—=R-5+8-R S

Organodisulfide s pa3prBOM n
obpa3oBaHnem
0 0 -
R-§-R=—= R-§-R=—= R-S-R CBA3EU

Thioether (4e) X

R.ﬁ.RHR N'R____R‘I‘:I'R
Nitroxyl radical o o 0

(o] (o)
P -
- Conjugated carbonyl RJLR R"LR



HeconpsXeHHble (peaoKc) noammepbl

*[lepeHoOC 3apAaaa no

2 - NPbIXXKOBOMY MEXaHU3MY;
[ *CKOpOCTb 3apAfa-paspasa
RXRXRXRJ;\ - onpeaenaeTca ABUNKEHNEM
N e Y dpoHTa TBepA0da3HOI

CILEE peaKkuum

21 10/26/2017 11:27
Al



OpraHun4yecKkune cynbduabi

-(SRS)—,+ 2ne” + 2nLi" < nLiSRSLi

S S
CoHs * CH
7o s-s-EN TP —(S"[\ )‘S}—

CzHg CoHs

TETD PDMcT
181 mAhlg 362 mAhlg
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PDTDA
329 mAh/g (3e)

040

PDTTA
418 mAhlg

+ [1ByX3/1EKTPOHHbIN Npouecc —
BbICOKaA éMKOCTb

+ [lonnpoBaHne MOHaMu
meTanna

- MeaneHHaA KMHETUKa peakunun
- PacTBOpUMOCTb B 3/1€KTpoauTe

- HU3KaA saneKTpoHHaA
NPOBOANMOCTb



Moaundunkauma cynbdmnaos

PerynnpoBKa noTeHuUmana BBegeHmem pyHKLUMOHAIbHbIX Fpynmn

I

\(\S/\‘/ S‘V”\S’)' i —> ‘PS\(S?/’S")‘H
2.3B " 2B KS” N7 TSy

CHUXEeHMEe IHEePrnm akTUBaL MM peaKkLUN N PaCTBOPUMOCTU:
boKkoBaA uenb

= S~ -S
/ =8 S
fv I LS N = g L Pio=s
N N n - ~ N N
NSONT SN

23 10/26/2017 11:27
%/I 0/26/20 Adv. Energy Mater. 2011, 2, 742-769



CneundurKa matepmnasnoB pas3IMYHbIX TUMOB
T e e
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HUTPOKCUIbHbIE paauKanbl

o _-€ 0 € o + ObpaTtnmbin npouecc —
N + e /N\ +e /N\
Al ® . * BbICOKaA CTabUNbHOCTb
aminoxyl anion nitroxide radical oxoaminium cation
(v type) (P-type) + OyeHb bbICTPaAA KUHETUKA
9% 90 /Q_o
N O@ AN 9 J)Q) - o
- BbICOKUN MONEeKYyNApHbIN BeC —

Jff £y %X% HMU3KaA EMKOCTb
fjv ﬁv th Q K - HW3Kan aneKTpoHHaA

NnpPpoBOAUMOCTb

PTMA PTVE PTN PTEO
112 mAh/g 135m Ah/g 109 mAh/g 147 mAh/g
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HUTPOKCUAbHbIE paanKanbl - 3a4a4u

*YBennyeHue yaesbHOM EMKOCTU — CHUKEHUE
MOJIEKYNTAPHOM Macchbl

: 5 Ko o -
o 0 AT KOG
0.0 o =1, n

Mw 226 198 184 196 138 127 114
Theoretical capacity 4 135 145 141 194 211 224
(Ah/kg)

26 Nishide and Suga, The Electrochemical Society Interface ® Winter 2005



HUTPOKCUIbHbIE paguKanbl - 3a4a4m

*YBennyeHue npoBoOoAUMOCTU — CO34aHNE KOMMNO3UTHbIX MaTepmnaaios

SEM images of PTMA-carbon composite electrode made by (a) liquid-solid and (b) solid-solid mixing methods.
[0 70 % MHEePTHbIX KOMMOHEHTOB!

27 10/26/2017 11:27
Chem. Rev. 2016, 116, 9438-9484



CneundurKa maTepmanos pas/IMYHbIX TUMOB

Conjugated hydrocarbon
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XWUHOUAHbIE CTPYKTYPbI
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+2e7, +2Li*

-2e7, -2Li*

—TLi-O

©
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o}

®
Li

@O—Li—-

Li

+ MoryT gonupoBaTbCA
KaTMOHaMMN meTanna

+ MHOroaneKTpOHHbIe NPOLECChl
(BbICOKas EMKOCTb)

+ XopoLluaa KMHeTuKa
- HU3Kn peaoKc noteHyman

- HW3Kaa aneKkTpoHHaA
NPOBOAMMOCTb



XWUHONOHbIE CTPYKTYPbI - 3a4a4u

;t ‘Immobunnmnsaumns Ha
Q DarEabad " NOAMMEPHOW Lenw
505 mAh.‘g 3 ‘EA:EMQ PZD::MQ

ﬁ”ﬁ *MoandbuKkauma CTpyKTypbl C
; H 070k, LeNblo M3MEHEHNA peaoKc-

% noteHumMana
*h Q Co3aHne KOMMO3NTOB C

PAQS PVAQ
225 mAhfg 228 mAh/g Zﬂ mAhI'g

o o . ] BbICOKOW 3N1EKTPOHHOM
%"m"’\% £ g " NPOBOAMMOCTbIO
o] (4] C 8]

Pi-2 PI-5
221 mAhig (2e) 203 mAhlg (2e)
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,£I,per|e INIEKTPOAHbIE MaTepKnaibl
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21 Chem. Rev. 2016, 116, 9438-9484



Bpemsa cobupatb 610KH

I
Energy Density
— Conducting Polymers *HaKkonsieHa orpomHadA 6a3a AaHHbIX N0
— Organodisulfides PeAOKC-aKTUBHbIM GYHKLMOHANbHbIM
—Thioethers
— Nitroxyl Radical Polymers rpynnam

~ Conlugated Garbonyl Compotnds e 11 0AMH U3 M3BECTHBIX K1ACCOB

OpPraHUYECKUX INEKTPOAHbIX MAaTEPNANOB
He ob6nagaeT NPeMMyLLEeCcTBOM NO BCEM
3KCNAyaTaUMOHHbIM NapamMeTpom

*OpraHun4eckme matepmasibl MOXKHO
KOMBUHUpPOBATL

Cycling Stability Power Density

Comparison of the comprehensive electrochemical performance
between different types of organic electrode materials.

%%VI 10/26/2017 11:27 Energy Environ. Sci., 2013, 6, 2280-2301



MoneKkynapHaa nHKeHepusa

*YBennyeHme emKoCcTu

71 72

% 10/26/2017 11:27 Adv. Energy Mater. 2012, 2, 742-769



MoneKkynapHaa nHKeHepusa

*YBe/IMYeHMe CKOPOCTU 3apsga-paspasa

81 (2.3-endo, endo)
82 (2,3-ex0, exo)

79 (2,3-endo, exo)
80 (2.3-endo, endo)

KnHeTuKa
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83 (2.3-endo, endo)
84 (2,3-exo, exo)

Adv. Energy Mater. 2012, 2, 742-769
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MoneKkynapHaa nHKeHepusa

*IameHeHne peaoKc-noTeHUMana

O O

92 R =CONH, 93 R=CONH,

90 =H
91 R =NH,
Ly L
N N’J<
0 0
95 R=C(Me}2Ph 97 R =0Me
96 R =OMe

% 10/26/2017 11:27 Adv. Energy Mater. 2012, 2, 742-769



MoneKkynapHaa nHKeHepusa

*YBennyeHne cTabuibHOCTU, CHUKEHUE PACTBOPUMOCTH

¢
=N
OR
= o
oo o
A T %ﬁ
o~ 'R o] Y
103 R=Etor Ac, R'=TEMPO or PROXY ﬁv (CHe)1o 7@
N

@

% e Adv. Energy Mater. 2012, 2, 742-769



[Mpobnema NnpPoBOAMMOCTH

PTMA, Carbon,
111 mAh/g
Me
n
kf g electrode
0~ "0
Capacity
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y=-4.1025-0.9195x
R<=0.99 h

Potential (V vs. Fc%/Fc?*)

i 0 ——PEDOT
——PPT
-4 ! | ! | L | \ | | 1 1 1 1 1
-5 -4 -3 -2 -1 0 0.02 0.04 0.06 0.08
LUMO (eV) Conductance (S)

R.B. Araujo, A. Banerjee, P. Panigrahi, L. Yang, M. Stremme, M. Sjodin, C.M. Araujo, R. Ahuja, J. Mater. Chem. A, 5 (2017)
o0 4430-4454



3a4a4u: nyyeHmne adppeKToB OT B3aMMOAENCTBUA

HO
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H Tw
H ] b
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OH

Long flexible linker «— Mo interaction

Short linker +— Waak intaraction

Mo linker ++ Strong interaction

m

Mel

Polymerization
L

8!

1,3-5

L= {nolink)

Maly

fand2 3 4 5

41 ¢ Karlsson, H. Huang, M. Stremme, A. Gogoll, M. Sjodin, RSC Adv., 5 (2015) 11309-11316
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cnery Preparation of Salen-type complexes

— =N  N= Widely applied
(@)
dOH s N N, dOH Hob in catalysis:

L + M2+| - 2H* Oxidation,
Salicilic Ethylene MN,_\NZH Epoxydation,
aldehyde  diamine (= o~ Hydrolysis etc...
R, R4 Rs R, . 2R3 R4 Rs R, 2

. R, H R H R
Electrochemical =N_ N= =N_ N=
. . M M
Oxidation 7 o | 5 o
R R R R n
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Saint Petersburg
State University

Polymeric Salen-type complexes

e www.spbu.ru
Benefits for ener rage: 25 poly[Ni(R-Salen)]
enefits for energy storage = DA oo TEMPOTEMPO*
- electron and ion conductivity, 1o
- high capacity, 109
- structural variability, g 7
- availability,
- scalable production.
Maximum value of Dgf, cm? s ! _25_' : : : : : :

poly[(NiSalen)]
poly[Ni(Salphen)]
poly[Ni(Saltmen)]
poly[Ni(CHzOSalen)]

E/V
1.1 <108

43 <107

3.6 x107

49 <108 : )
poly[Ni(CH5;0Salphen)] 7.2 < 108 ’% .
poly[Ni(CHs;OSaltmen)] 7.5 < 10 8 ' .

E. V. Alekseeva, I. A. Chepurnaya, V. V. Maley, A. M. Timonoy, V. V. Sizov, M. V. Novozhilova, E. V. Alekseeva, M. P. Karushev, A.
O. V. Levin: Electrochimica Acta 225 (2017) 378-391 M. Timonov, S. N. Eliseeva, A. A. Vanin, V. V. Maley, O. V. Levin:

11:27 spbu.ru
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saint Petersburg 3,3’- [Ni(Salen)] derivative — PTMA composite

State University

wwwSpbu.ru preparation methods

Me
X
THF / PhMe, -60°C

Me Me Me Me
Me . Me Mé I}{ Me /
O o

-

Oxidazing
Agent '[

Electropolymerisation §—N N= \; ,
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saint Petersburg 3,3’- [Ni(Salen)] derivative — PTMA

State University

e e ___ layer-by-layer composite
poly[Ni(R-Salen)] —=— PTMA

= ii Despite of high porosity .] . fesusenn eoo

E%‘:/C(s of poly[Ni(R-Salen)] film, G S A

2 it can adsorb limited *&

amount of PTMA. No % - T

benefit in specific T T

capacity is achieved in "% T

“poly[Ni(R-Salen)]  polyINi(R-Salen)] /PTMA _ poly[Ni(R-Salen)] / PTMA
(4:1 ) (3:1) .

11:27 spbu.ru



saint Petersburg Chemical oxidation of Ni-Salen-type complexes

State University

J'E*’Eg

www.spbu.ru _ and mixing with PTMA
How to produce better mixture of the [Ni(R-Salen)] polymers and
PTMA? the chemical oxidation?

"\ Oxidazing Procedure 1

‘ge”t O 5 Filtration

Procedure 2 \
Addition of Removal of

Centrifugation, solution of o (2 volatil
ﬁ
washing @ PTMA vacuim

J

11:27 spbu.ru .



Saint Petersburg Chemical oxidation of Ni-Salen-type complexes

State University

www Spbu.rU and mixing with PTMA

:EQ—E_:

—
_ —=— PTMA
25+ poly[Ni(R-Salen)](Chem) : —m— poly[Ni(R-Salen)] (Chem)
b poly[Ni(R-Salen)](Chem)/PTMA —*— poly[Ni(R-Salen)] (Chem) / PTMA (20%)
20 - PTMA 60 — —%— C/PTMA (30%)
s 1 PTMA/C 3:7 ] poly[Ni(R-Salen) chem)
- e
4 é 50 4
10 < _r\*
] T
0w 5 40 - [
3 . 8 ] \*\
: 30 _:\-\- *\
_5 - \g \ \- \
| > ——
] ] ~— * D o~
210 4 % 24 \* \-\
J — -
—
159 (\) -I\. *\*N
20 | 10 " - *
20 4 ]
1 \.\.\-_\-\
=2 i i i i i ) ' 0 ——— T T T T T —
0.4 0.2 0.0 0.2 0.4 0.6 0.8 ] " o
E/V Potential sweep / mV/sec

Chemically prepared poly[Ni(R-Salen)] has lower capacity than electrochemical one; however it can
be used as conductive additive for PTMA. Specific capacity of composite is higher than capacity of
each component, but lower than capacity of electrochemically prepared poly[Ni(R-Salen)].

11:27 spbu.ru 49



Sl i PTMA utilization

www.spbu.ru

2%— éEi

—- L}
- —m— PTMA
\ poly[Ni(R-Salen)] (Electrochem) / PTMA (20%)
: PTMA "~ —&— poly[Ni(R-Salen)] (Electrochem) / PTMA (25%)
294 PTMA / C 3:7 \ —@— poly[Ni(R-Salen)] (Electrochem) / PTMA (33%)
Poly[Ni(R-Salen)] - poly[Ni(R-Salen)]/PTMA 100 —*— poly[Ni(R-Salen)] (Chem) / PTMA (25%)

A/C (30%)

Difference curve

20+

10

/ mANg (per PTMA weight)
»
| 4

o0
z 0 — 50 <
= -
=105 .<:—/ \.\
—
| —, -~ e
20 - 9) — *. A
— .\.\ >
BRSNS S S
230 0 - !
T T T T T T T T T T v T d
0.4 -0.2 0.0 0.2 0.4 0.6 0.8 A S ey g ——r—

T
5 1 10 100
Potential sweep / mV/sec

Utilization of PTMA capacity is close for C/PTMA and chemically polymerized poly[Ni(R-
Salen)]//PTMA mixture.

~_ -

poly[Ni(R-Salen)] is a good conductive agent. But we may increase overall capacity by
using electrochemically preapred polymer.
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Saint Petersburg E I e Ct ro c h e m i c a I pOIymerization Of

State University

SOl St [Ni(Rsalen)] in PTMA-containing solution

2%— éEi

160 -
120 4
80
40 4

I/pA

-120
-160

-200

-240

T g T g T g T g T g T u T J . r r . I . T . T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

PTMA incorporates into the film.
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D Test of copolymer

www.spbu.ru

?g

200 0.1 M LICIO, in AN 200 0.1 M LiCIO, in H,0

150 4 | cycle number # 150 4 | cycle number #
1 1
4 5 ] 2
100 — 5 100 5
] 10 E 10
50 50
N el < o
~ ~
L] T — -
-50 - 50
-100 — -100 —+
-150 -150
-200 T ; T ; T ; T ; T ; T T T =200 T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
E/V E/V

Composite is stable in aqueous and nonaqueous solutions

However, PTMA is ' PTMA is firmly bonded to the
soluble in AN composite material

52
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Molecular design

e www.spbu.ru
] L}
0.1 M LiCIO, in AN, 50 mV/s
(?. 100 | ——NisalEn-(R-TEMPO),
N /— \ i
_N\ /N_ 80 | ==NiSalPEn-R-TEMPO
O/NI\O 60 | ——TEMPO:C 2575
40
R "o 20
é < -
= 04
” |
© -20 - : .
m c o] normalized by electrode weight
=N_ N= - ]
Ni 604 TEMPO:C 25:75
/ AN -
o o -80 - . .
{ normalized by TEMPO weight—
R' R' -100
NiSalPEn-R-TEMPO NiSalEn-(R-TEMPO), -120 e B B N B B e B —
00 02 04 06 - 08 1.0 12
j— o | I
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sa Saint Petersbur
858 | staie niveraity Bonus: KaTUOHHOEe gonnpoBaHue

@ | www.spbu.ru

== —_—
in 0.1 M Liclo4 in 0.1 M LiCIO4/AN Cl2p
TBAPSS Liclo 1 :
3 .
. =
4 & a
:g’ z
£ g
) . 2
oz 0 = NiMeOSalen/RED =
i T L X NiMeOSalen/OX
0,14 10 0,3 e NS v ‘é‘-"‘.“"'"“z~'-,-.f‘..'.—.-.~.-.,».-c"‘f-'f'->:.
=] ‘ ‘ ‘ ‘ ; —_—
E :" E 0,0 05 g 210 205 200 195 190 216 214 212 210 208 206 204 202
— 0,01 4@ - A
- g = Binding energy / eV Binding energy / eV
’C\ - | q = 0,34 g : &Y
RED + ox +
40,0
2 -0,6 4
m -0,24 0.9 in 0.1 M LiCIO4/AN Lils in 0.1 M LiCIO4/AN )
wv ‘ . 5 =0, ‘ 5 RED < ox L:l‘ls
O 0,5 0,0 0,5 1,0 -0,3 0,0 0,3 0,6 09
Mn = ]
T E/V vs. Ag/AgNO, E /V vs. Ag/AgNO, & NiMeOSalen/RED & NiMeOSalen/OX
O 5 : = 5 R
=2 0.5+ M(TBA*)=242 1.254 M(CIO,)=99.5 £ < ‘ £ e
e M(AN)=41 M(AN)=41 E E
Z 0.0 1.001 MLity=7 /
—_
- 0.75
— 2 05 Mz= +72 (TBA® - 4 AN) 9 o050/ Mz= -40 (Li" - AN) 50 64 62 60 58 56 54 52 50
o -~ Z : Binding energy / eV
o 5 -1.0 g 0.251 Mz= -38 (Li" - AN)
-1.59 9001 - N N
s NGV
2.0 ' NI
= 0.000 0.001 0.002 0.000 0.001 0.002 0.003 —_— o o
Q/cC Q/C
_ 4
-~ -LlI 0 Q
n HsC CHj; n
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