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Synthesis and characterizations of (TBA),[PW,,03,{SnC¢H,-C=C-CcH;NH,}] Ks,[ArNH,]
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Figure S1. '"H NMR (400 MHz) and 3'P (162.0 MHz, framed inset) spectra of Kg,[ArNH,] in CD;CN.

S3



Relative Abundance
a
8

7465558
=4

746.0554
=4
7458052
745.5550
=4
745.3047
=4

744.8042
z=4

7443038
=4

=
7435532
=

747.0561

7475565
z=4

748.0569
=4
748.3072
74
748.8076
=
749.3081
=4

749.8085
z=4
750.5591
I ‘ z=4

7465553

746 0547
745, 8044
745 5540
7453037
=2

745.0534
=2

7445528
=7
744.0522
=7
7433014 ©
= ’

L
747.0560
=7

7483077
z=?

748.8084
z=?

749.3091

749.8098
=7
750.5607

| L

7515621 7525635
=7 =7

742 743 744 745 746

Relative Abundance
8

995.7434

995.4096
z=3

994.7421
z=3
994.0746
z=

993.7408
=3

993.0731

=3
992.4056
9394337 9908192 23
=

2]

996.

=3

748 749 750 751 752 753 754
miz

4110
z=3

997.0785
=3

997.4122
z=3
998.0799
z=3

998.7476
z=3

999.4148
po
10000625
1001 4165 1003.7377 1004.738;
J =3 =3

P

»
3

3

995.7429

995.0753

7=
994 7416
994 407&
994.0740
z=2
993.7403
=2
993.0728
=2
992 4053

990 o609 991 4043

z=?

996,

997.0780
z=?

997.4118
=7
998.0794
z=?
998.7470
=7

9994146
=7

1000.0821
=7

I 10014173 40027525
| =

Relative Abundance
@
g

3

il

950 994

10755020
z=3

10748347
z=3
10745011
z=3

1074.1674

1073.5000
z=3

1072.8325
10718314  Z=3

z=

T
996

1076.1694
z=3

T T
998 1000 1002 1004

1076.8367
=3 10775041
=3
10778377
)
10785051
==
1078.8389
=3
1079.1726
=3
1079.8400
23

1080.5076
z=3

10755011
=2

1075.16;
pe)
1074.8336
=

1074.4998
z=7

1073.8323
2=

1073.1648
P

721 7
10711627 1072509

73

1076.1687
par)

7076.8362
=7 1077 5035

1077 8376
10785052
=7
1079.1727
=7

1079.8403
=7
10805079
77

1051 5052
10825107
L5,

z=2 1
e
1071

T
1072 1073 1074 1075 1076

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
1077 1078 1079 1080 1081 1082 1083 1084
miz

10815087
l [ (
NL:

NL:

1.59E7

201800504_4#1-14 RT:0.02:0.74 AV: 14 T:FTMS - p
ESI Full ms [200.00-2000.00]

Simulation

NI
1.57E3

P 114 Sn1 G4 Hio Ny Os1.00:p (g5, :40) Otrg 4
R:90000 Res Pwr . @FWI

NL:
1.15E6

201800504_4#1-14 RT:0.02-0.74 AV: 14 T: FTMS - p
ESI Full ms [200.00-2000.00]

Simulation

1.58E3

P1W118n1C1aH1oN1 O30 Hy *1.0(

P1Wi1Sn1 CiaHio N OangHasN1“1 00:p (gss,
s /p:40) Chrg -3

R:90000 Res Pwr . @FWHM

NL:

8.56E6

201800504_4#1-14 RT:0.02-0.74 AV: 14 T:FTMS -p
ESIFull ms [200.00-2000.00]

Simulation

1.52E3

P1Wi18Sn;C1aH1oN1Os9Hy*1.00 +

P1Wiq Sm Cu H1o N1 039 C1g Hag N1*1.00: p (gss,
5 /p:40) Cl

R:90000 Res F'wr @FWHM

S4



1615.7596 NL:
0 - 9.06E5
6147584 1616.7609 201800504_4#1-14 RT: 0.02-0.74 AV: 14 T: FTMS - p ESI
z= =2 Full ms [200.00-2000.00]
80 1617.2617
1613.7569
80 72
o 70 1613.2562 1618.2629
g = =
5 60 1612.7559 1618.7638
2 z=2 z=2
E 1612.2552 1619.2643
2 =2 z=2
5 40 16117544
@ =2 16202658
16107531 =
20 =2 16212673
1609.7522 z2
103 16078706 22 ‘ ( : .
=2 [, Simulation
1615.7580 NL:
16147566 7-7 67503 15263
100 )
) P1W11Sn C1s HioNi OggH2*1.00 +
% 17.2600 P4 W11 Sn1 C1s HioN1 O30 C 16 Has N1 H1 *1.00 +
1613.7553 z=? P1Wi1Sn1 C1aHio N1 O30 (C 16 Has N1)2"1.00: p (gss,
a0 =2 s Ip:40) Chrg -2
1613.2546 R:90000 Res .Pwr . @FWHM
7 s 1618.2614
16127540 z=?
60 =2
1612.2534 1619.2628
50- z=?
40
1611.2521 1620.2642
30 =7 z?
1610.2508 1621.2655
20 o 2
10 16087492 1 ‘
=2
| |
rerer [T T e
16 1610 1612 1614 1616 1618 1620 1622

Figure S2. Comparison of experimental (lower trace) and calculated (upper trace) isotopic peaks for the
ions [PW1 1039{SHC6H4-CEC-C6H4NH2}]4_,
and [PW] 1039 {SnC6H4-CEC-C6H4NH2} 2TBA]2' of

[PW] 1039 { SnC6H4-CEC-C6H4NH2} TBA]3_

KSn [Al'NHz]
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Synthesis and characterizations of (TBA);[PW,,0;¢{(SiC¢H~C=C-CcH,NH,),0}] Kg;|ArNH;]
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Figure S3. '"H NMR (300 MHz) and 3'P (121.5 MHz, framed inset) spectra Kg;]ArNH;] in CD;CN.
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Synthesis and characterizations of (TBA)s[P, W70 {(SiCsH4-C=C-CsH4NH,),0}] Dg;|ArNH;]
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Figure S5. '"H NMR (300MHz) and 3'P (121.5 MHz, framed inset) spectra of Dg;[ArNH,] in CD;CN
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Figure S6. Comparison of experimental (upper trace) and calculated (lower trace) isotopic peaks for the
ions [P2W|706] {(SiC6H4-CEC-C6H4NH2)20} .H]S_, [P2W17061 {(SiC6H4-CEC-C6H4NH2)2O} .TBA]S_,
[P2W17O51 {(SiC6H4-CEC-C6H4NH2)20} .2TBA]4', [P2W17O61 {(SiC6H4-CEC-C6H4NH2)20} .3H]3' and
[P2W17O61 {(SiC6H4-CEC-C6H4NH2)2O} 3TBA]3' of DSi[Al'NHzl.
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Electrochemical characterization
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Figure S7. Cyclic voltammogram of 1 mM Dg[ArNH;| in CH;CN (0.1 M TBAPF) at a ITO electrode,
potentials given versus SCE electrode, scan rate 0.3 V.s™!
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Figure S8. Cyclic voltammogram of immobilized Kg[Ar] in CH;CN (0.1 M TBAPF¢) at a ITO
electrode, potentials given versus SCE electrode, scan rate 0.5 V.s''. First cathodic peak Ep, at -0.369
V/SCE and the corresponding anodic peak Ep, at -0.350 V/SCE (Ep,-Ep.=0.019 V; E,,= 1/2(Ep,+Ep.)
=-0.360V)
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Figure S9. Cyclic voltammogram of immobilized Kg,[Ar] in CH;CN (0.1 M TBAPFy) at a ITO

electrode, potentials given versus SCE electrode, scan rate 0.5 V.s'. First cathodic peak Ep. at -
1.022V/SCE and the corresponding anodic peak Ep, at -0.987 V/SCE (Ep.-Ep. = 0.035V, E,=
1/2(Ep.tEp.) = - 1,004 V)
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0

Concentration effect

Multi-graftings

Concentration (mM) | 1 0210512 1 1 1

' x10'""mol.cm™ 1402091209 1.1 1.3
I, 14 1.4 1.7
I, 2.2 3.7
r, 3.5 6.2
IS 2.9
I 6.2

Table S1. Variation of the apparent surface coverage I" with the initial concentration of Dg;[ArNH,] in
solution and upon multiple electrograftings
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Surface characterization
Oum 1 2 3

I'-Ieigﬁt' [nm]

0 T P L P R W T R W T B e e TR Rl Tl
0 1 2 3 4 5
X (oam)

Figure S10. AFM image and profile of raw ITO as supplied roughness Ra = 3.244 nm (average thickness
Ma =22.95 nm)
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Figure S11. C-AFM images of a double grafted Dsi[Ar] film onto ITO, left :topography, right: current
map at Vi =-0.5V
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Figure S12. FESEM image of a double grafted Dsi[Ar] film onto ITO, using a narrow potential range
[0; -0.5 V] for the electrodeposition

5.0kV 2.6mm x250k SE(M,LA3)
Figure S13. FESEM image of a Dsi[Ar] film electrodeposited onto ITO from DSi[ArNH,] using
LiBF, as the supporting electrolyte (from cyclic-voltammetry : I';1; = 3.9 1071 mol.cm™ if recorded
in a LiBF, electrolyte and I, g = 1.0 101 mol.cm™ if recorded in a TBAPFelectrolyte )
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Figure S14. FESEM images of Kg,[Ar] films electrodeposited onto ITO from KSn[ArNH,] /tBuONO
(left, mono-grafting) or preisolated Kg,|ArN,"] (right)
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Figure S15. XPS survey of three Dsi|ArN] films electrodeposited onto ITO from DSi[ArNH,]. The
three substrates have an increasing I" values (I'; = 1.35 x 107! mol.cm?, I'y= 3.51 x 10"'° mol.cm and

I's = 6.20 x 10" mol.cm? for double-, quadruple- and sextuple-grafting respectively), from top to
bottom

S17



An estimation of the thickness of the POM-based films could have been derived from the attenuation of
the In photopeak from ITO. Three substrates of increasing I" values for double-, quadruple- and sextuple-
grafting respectively), prepared on the same day were studied. The In photopeak is hardly detectable on
the survey spectra of two of them but is present on the third one (sextuple-grafting) The same substrates
later on imaged by FESEM (see Figure 5 middle and bottom and Figure S15) displayed some thickness
variability from place to place, yet with higher values than those that would allow to detect the In by
XPS, which is technically limited to the analysis of a few nanometer thick materials (we roughly
estimated a limit of 7-8 nm for a POM-based film using the QUASES program'?). The XPS analyses
indirectly confirm that our POM-films have an overall thickness of several nm but point out, in
agreement with the SEM images, that the coverage is not uniform, thus allowing erratic In detection.

) QUASES-IMFP-TPP2M Ver. 3.0 Inelastic Electron Mean Free Paths Calculated from the TPP-2M
Formula, Code Written by Sven Tougaard. Copyright (¢) 2000-2016 Quases-Tougaard Inc.

2) Shinotsuka, H.; Tanuma, S.; Powell, C. J.; Penn, D. R. Calculations of Electron Inelastic Mean Free Paths.
X. Data for 41 Elemental Solids over the 50 EV to 200 KeV Range with the Relativistic Full Penn Algorithm:
Calculations of Electron Ineclastic Mean Free Paths. X. Surf. Interface Anal. 2015, 47 (9), 871-888.
https://doi.org/10.1002/sia.5789.
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Figure S16. Representative examples of I-V characteristics of a Dg;[Ar] film electrodeposited onto
ITO: 95 % of WORM-type behavior (left) and 5% of Flash-type behavior (right) (double grafting)
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Figure S17. SET voltage variation for a given substrate (in orange or in green) and from a substrate
to another
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Figure S18. Current stability over time at a 0.5V reading voltage
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