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Experimental section

Chemical Syntheses
Polyoxometalates.
All chemicals and solvents were purchased from Aldrich, VWR and Alfa Aesar and used as received.
(TBA)s[a-PW12040], K7[0-PW11030].14H,0, Ks[o-SiW11039].13H,0 and  Ko[oi-AlW11039].13H,0
were prepared following published procedures (TBA stands for tetrabutylammonium cations):

- (TBA)3[a-PW1204]: C. Rocchiccioli-Deltcheff et al., Inorg. Chem. 1983, 22, 207,

- K7[a-PW1103].14H,0: P. Souchay in Polyanions et polycations, Gauthier-Villars, Paris,

1963,
- Kg[o-SiW11039].13H20: A. Tézé et al. Inorg. Synth., 1990, 27, 85,

- and Kg[a-AlW11039].13H20: J.J. Cowan et al., Inorg. Synth., 2002, 33, 18.

(TBA)3[PW11039{O(SiC3HsSH)2}] (POM-P). The synthesis of POM-P has been already detailed
elsewhere [B. Martinez et al., J. Phys. Chem. C, 2018, 122, 26680]. Briefly, POM-P was formed by
the condensation of the (OCH3)sSiCsHsSH silane on the K7 a-PW11039.14H,0 precursor in a mixed
water/acetonitrile medium at acidic pH and low temperature. The compound was recovered by adding
an excess of tetrabutylammonium bromide (TBABTr), and washed with diethylether to give a white
powder with a good yield (76%).

IH NMR (400 MHz, CDsCN) : & (ppm) 3.12 (m, 24H), 2.64 (m, 4H), 1.87 (m, 4H), 1.63 (m, 24H),
1.39 (sex, 2J(H,H)=7.4Hz, 24H), 0.99 (t, 3J(H,H)=7.4Hz, 36H), 0.90 (m, 4H) ; 3P NMR (162 MHz,
CDsCN) & (ppm) -12.37 ; IR (KBr pellet) : v=2962 (m), 2934 (m), 2873 (w), 2567 (vw, SH), 1483
(m), 1381 (w), 1111 (s, PO), 1065 (s, PO), 1052 (s, SiO), 1036 (s, SiO), 963 (vs), 870 (vs), 824 (vs),
711 (m), 585 (w), 522 (m), 383 cm? (s) ; HRMS (ESI-), m/z (%) calcd for CeH14040PS2SioWis :
966.75 [M]* ; found : 966.75 ; calcd for CxHsoNOPS,Si;W11: 1571.26 [M + TBA]* ; found :
1571.26; Elemental Analysis calcd (%) for CsaH122N3040PS,Si>W11 : C 17.87, H 3.36, N 1.16; found :

C17.98,H3.22,N0.92



(TBA)4[SiW1103{O(SiC3HeSH)2}] (POM-Si). Ks a-SiW11030.13H.0 (0,4 g, 0.124 mmol) was
dissolved in 20 mL of water. 15 mL of acetonitrile were added. Then 0.4 mL of diluted HCI (1M in
water) was added to the turbid solution that became almost clear and reached a pH around 4. The
mixture was cooled in an ice bath before the slow addition of the (OCH3)3SiC3HgSH silane (0.097 mL,
0.497 mmol). Then 1 mL of diluted HCI was added to reach an apparent pH of 2 and the solution was
kept under stirring during one night. Then TBABr (0,16 g, 0.497 mmol) was added to the clear
solution and lead to the formation of a white precipitate. The powder was recovered by centrifugation,
dissolved in 15 mL of acetonitrile then precipitated again thanks to the addition of an excess (10 éq) of
TBABr and absolute ethanol. The white powder, recovered by centrifugation was washed with
absolute ethanol and ether then dried under vacuum (yield 77%).

IH NMR (400 MHz, CDsCN) : & (ppm) 3.15 (m, 32H), 2.64 (m, 4H), 1.86 (m, 4H), 1.64 (m, 32H),
1.40 (sex, J(H,H)=7.4Hz, 32H), 0.99 (t, 3J(H,H)=7.4Hz, 48H), 0.76 (m, 4H) ; °Si NMR (119 MHz,
DMSO-ds) & (ppm) -53.07 (O-Si-CsHs-SH), -85.11 (Si-O-W) ; IR (KBr pellet) : v=2961 (m), 2935
(m), 2874 (w), 2567 (vw, SH), 1484 (m), 1381 (w), 1043 (s, Si0O), 1018 (s, SiO), 963 (s), 947 (s), 904
(vs), 855 (s), 806 (vs), 754 (sh), 710 (sh) 535 (m), 389 cm? (s) ; HRMS (ESI-), m/z (%) calcd for
CeH14040S,SisW11 : 724.31 [M]* ; found : 724.31 ; calcd for CaoHsoNO40S,SisWii: 1046.51 [M +
TBA]?* ; found : 1046.51 ; calcd for CssHgsN2040S2SisWa1 : 1690.90 [M + 2TBA]J? ; found : 1690.91 ;
Elemental Analysis calcd (%) for C7oH15sN4O40S2SisW11: C 21.74, H 4.09, N 1.45; found : C 21.70, H

3.97, N 1.43.

(TBA)s[AIW1,05{O(SiCsHsSH)2}] (POM-Al). Ko a-AlW11030.13H,0 (0,4 g, 0.123 mmol) was
dissolved in a mixture of water (20 mL) and acetonitrile (15 mL). Then 0.35 mL of diluted HCI (1M in
water) was added. The turbid solution at pH=4 was cooled in an ice bath before the slow addition of
the (OCHj3)3SiCsHsSH silane (0.093 mL, 0.49 mmol). 0.6 mL of 1M HCI was then added to reach a
pH around 2 and make the solution clear, which was kept one night under stirring. Then TBABr (792
mg, 2,46 mmol) was added to the solution and an abundant white precipitate formed. After

centrifugation the solid was dissolved in the minimum of acetonitrile then precipitated again with an



excess of absolute ethanol. The white powder was washed with absolute ethanol and ether then
dispersed in dichloromethane, in which 400 mg of TBABr and 0.5 mL of triethylamine were added.
The insoluble was separated by centrifugation and the filtrate concentrated in the rotary evaporator
until the appearance of the first solid particles then an excess of absolute ethanol was added to make
precipitate the product. The white powder was washed with absolute ethanol and ether and dried under
vacuum (yield 75 %).

IH NMR (400 MHz, CDsCN) : & (ppm) 3.18 (m, 40H), 2.62 (m, 4H), 1.84 (m, 4H), 1.65 (m, 40H),
1.41 (sex, %J(H,H)=7.4Hz, 40H), 0.98 (t, ®J(H,H)=7.4Hz, 60H), 0.64 (m, 4H) ; Z’Al NMR (104 MHz,
CD3CN) & (ppm) 72.1 ; IR (KBr pellet) : v=2960 (m), 2934 (m), 2872 (w), 2551 (vw, SH), 1484 (m),
1381 (w), 1035 (s, SiO), 1009 (s, Si0), 943 (vs), 928 (s), 881 (Vs), 852 (s), 803 (vs), 546 (M), 473 (M),
384 cm? (s) ; HRMS (ESI-), m/z (%) calcd for CagHgsN20sAlISSi;W1s: 1126.94 [M + 2TBAJ* ;
found : 1126.94 ; calcd for CssHi22N3Os0AIS:Si;Wii: 181155 [M + 3TBAJ*; found: 1811.55
Elemental Analysis calcd (%) for CgsH19aNsO10AIS;Si;Wa1 @ C 25.14, H 4.72, N 1.70 ; found : C

24.87,H4.59, N 1.49.

(TBA4.1H0.9)[AIW1103:{O(SiCsHsSH)2}] (POM-AIH). The synthesis of POM-AIH followed exactly
the procedure used for the synthesis of the POM-AI (see above) until the stirring of the solution
during one night. Then, TBABr (198 mg, 0.615 mmol) was added to the clear solution and a white
precipitate formed. The solid was recovered by centrifugation, dissolved in the minimum of
acetonitrile then precipitated with an excess of ether, washed with ether and dried under vacuum (yield
76%).

IH NMR (400 MHz, CDsCN) : & (ppm) 3.14 (m, 33H), 2.62 (m, 4H), 1.82 (m, 4H), 1.64 (m, 33H),
1.40 (sex, 3J(H,H)=7.4Hz, 33H), 0.98 (t, 3J(H,H)=7.4Hz, 49H), 0.74 (m, 4H) ; Al NMR (104 MHz,
CDsCN) 6 (ppm) 71.7 ; IR (KBr pellet) : v=2961 (m), 2935 (m), 2874 (w), 2564 (vw, SH), 1484 (m),
1381 (w), 1034 (s, SiO), 1009 (s, SiO), 955 (vs), 937 (s), 888 (vs), 859 (s), 795 (vs), 541 (m), 470 (m),
383 cm (s) ; Elemental Analysis calcd (%) for CegH19aNsO40AIS;Si;W1s 2 C 22.10, H 4.18, N 1.48 ;

found: C22.22, H 3.80, N 1.53.



Platinum nanoparticles. The PtNPs have been synthesized as followed (S. Gomez et al., Chem.
Commun. 2001, 1474 ; S. Tricard et al., Mater Horiz 2017, 4, 487). All operations were carried out
using Fischer-Porter bottle techniques under argon. A solution of Ptz(dba)s (90 mg; 0.165 mmol of Pt)
in 20 mL of freshly distilled and deoxygenated THF was pressurized in a Fischer-Porter bottle with 1
bar of CO during 30 minutes at room temperature under vigorous stirring. During this time, the
solution color changed from violet to brown (attesting the formation of the NPs). The mixture was
evaporated and washed with pentane to eliminate the dba (3 x 20 mL), and to obtain native NPs. The
colloid was then redissolved in 20 mL of acetonitrile. The size of the NPs was found to be between 1.7

+0.3nmand 2.1 + 0.4 nm.

Self-assembly. 1 mL of a solution of POM (at 6.10° mol.L? in acetontrile) was added to 4 mL of the
native NP mixture under vigorous mixing. The precursor concentrations were adapted to obtain 0.2 eq.
of POM per introduced Pt. The brown solution was agitated for 2 hours. Drops of the crude solution
were deposited on specific substrates for each characterization (see below). The remaining solution
was evaporated to dryness and was isolated as dark-brown powder. For each series of measurements,

the sizes were determined by TEM imaging.

Characterization of the polyoxometalates

NMR spectroscopy. *H and 3P spectra were recorded on a Bruker Avancelll Nanobay 400 MHz
spectrometer, the 2’Al spectrum on a Brucker Avancel 400 MHz and the ?°Si spectrum on a Bruker
Avance 111 600 MHz, all equipped with a BBFO probehead. *H and 2Si chemical shifts are quoted as
parts per million (ppm) relative to tetramethylsilane using the solvent signals as secondary standard (s:
singlet, d: doublet, t: triplet, sex: sextet, m: multiplet) and coupling constants (J) are quoted in Hertz
(Hz). 3P and #Al and #Si chemical shifts are quoted relative to 85% HsPO4 and AI(NOs)s 1M in
D0, respectively. All spectra were recorded in CDsCN, except for the POM-Si, poorly soluble in

acetonitrile, which was dissolved in DMSO-ds to record the 2°Si spectrum.



IR spectroscopy. IR spectra of all the powders were recorded from a KBr pellet on a Jasco FT/IR 4100

spectrometer (32 scans, resolution 4 cm™).

Mass spectrometry. High-resolution ESI mass spectra were recorded using an LTQ Orbitrap hybrid
mass spectrometer (Thermofisher Scientific, Bremen, Germany) equipped with an external ESI source
operated in the negative ion mode. Spray conditions included a spray voltage of 3.5 kV, a capillary
temperature maintained at 270 °C, a capillary voltage of —40 V, and a tube lens offset of —100 V.
Sample solutions in acetonitrile (10 pmol.uL™t) were infused into the ESI source by using a syringe
pump at a flow rate of 180 pL.h"l. Mass spectra were acquired in the Orbitrap analyzer with a
theoretical mass resolving power (Rp) of 100 000 at m/z 400, after ion accumulation to a target value
of 10° and a m/z range detection from m/z 300 to 2000. All data were acquired using external
calibration with a mixture of caffeine, MRFA peptide and Ultramark 1600 dissolved in Milli-Q water/

HPLC grade acetonitrile (50/50, v/v).

Elemental analysis. Elemental analyses were performed at the Institut de Chimie des Substances
Naturelles, Gif sur Yvette, France, for the POM-P, POM-Si and POM-AI and at the Laboratoire de

Chimie de Coordination, Toulouse, France for the POM-AIH.

Electrochemistry. Electrochemical studies were performed on an Autolab PGSTAT 100 workstation
(Metrohm) using a standard three-electrode set-up. Glassy carbon electrode, platinum wire and
saturated calomel electrode (SCE) were used as the working, auxiliary and reference electrode,
respectively. The cyclic voltammograms were recorded in 1 mM solutions of the POMs in acetonitrile
with tetrabutylammonium hexafluorophosphate TBAPFs as electrolyte (0.1 M), at a scan rate of 0.1
V.st. To get around the problem of solubility of POM-Si, the POM was dissolved first in a drop of

DMEF then an excess of acetonitrile was added to fill the electrochemical cell.



Detailed interpretation of the POM characterization. On the NMR spectra, the typical peaks of the
TBA counter cations were present, as well as three supplementary multiplets, integrating for four
protons and corresponding to the methylene groups of the aliphatic arms wearing the thiol group (Fig.
S1 to S3). The comparison of the three *H NMR spectra (Fig. S4) showed, as expected, an increasing
of the TBA/methylene peaks ratio, as the POM charge increased. In addition, the multiplet
corresponding to the closest methylene from the POM inorganic core shifted significantly from POM-
P (6= 0.90 ppm), to POM-Si (6= 0.76 ppm) to POM-AI (6= 0.64 ppm), probably due to the charge
variation, which modulates the number of counter cations surrounding the POM. IR spectroscopy
confirmed the structural features of the three POMs (Fig. S5): the main bands of the TBA counter
cations (around 2900, at 1484 and at 1381 cm™) and of the POMs inorganic core (between 300 and
1150 cm™) were observed on all the spectra, as well as the vibration bands of the S-H and the Si-O
bonds, characteristic of the organic arm of the hybrid POMs. Mass spectrometry was in agreement
with the proposed chemical structures of the three POMs (Fig. S6 to S8). Elemental analysis
confirmed the number of TBA surrounding the POMs and thus their charges: 3- for POM-P, 4- for

POM-Si and 5- for POM-AI.

Structural characterization of nanoparticles and self-assemblies

Transmission Electron Microscopy. Samples for TEM were prepared by deposition of one drop of the
crude solution on a carbon covered holey copper grid. TEM analyses were performed at the “centre de
microcaractérisation Raimond Castaing” using a JEOL JEM 1400 electron microscope operating at
120 kV. The mean size of the particles was determined by image analysis on a large number of

particles (~300) using the ImageJ software.

Infrared spectroscopy. FT-IR spectra were recorded on a Thermo Scientific Nicolet 6700 FT-IR
spectrometer in the range 4000-700 cm-1, using a Smart Orbit ATR platform. The sample deposition
was performed by drop casting of the crude solution on the germanium crystal of the platform; the

measurement was acquired after evaporation of the acetonitrile solvent.



Small angle X-ray scattering. SAXS patterns were recorded on a PANalytical Empyrean
diffractometer using the Co Ka radiation. Small angle measurements were performed on a microscopy
glass, on which the crude solution was drop casted. An advantage of working with particles smaller
than 2 nm is that the inter-particle distance is sufficiently small to observe correlation distances
between two particles with a regular XRD diffractometer without the need of any dedicated SAXS

facilities.

Charge transport measurement

Dielectric constant. Dielectric spectroscopy measurements were performed on powder samples
compacted between two stainless steel electrodes (diameter 10 mm) in a Teflon sample holder. The
thickness of the powder was as small as possible (~400 um) to increase the sensitivity of the
measurement. Dielectric measurements were carried out as a function of frequency (102 - 108 Hz) and
temperature (100 -296 K) using a Novocontrol broadband dielectric spectrometer at an applied AC of
1 Vims. Frequency sweeps were carried out isothermally. The intrinsic dielectric constant of the free
aryl ligands was obtained from the real part &’ (w) of the complex dielectric permittivity *(w) taken at

a high frequency of 1MHz.

I-V curve measurement. Conductive AFM measurements were performed with an AIST-NT
SmartSPM 1000 microscope, equipped with a conductive AFM unit. The samples were prepared by
drop casting of one drop of the crude solution on silicon wafers covered by a ~50 nm layer of gold
(with a ~5 nm chromium anchoring layer). We used conductive silicon tips covered by platinum
(Mikromash HQ-NSC15/Pt). Typical measurements consisted in first performing a topography image
of the sample and then going in contact on zones with individual assemblies to measure their I-V
characteristics. Measurements were performed on several objects per zone and several zones of the

substrates.



Data analysis. The I-V characteristics were normalized at 2 V. We then averaged the characteristics on
50 curves (error bars on the graphs are 95% confidence intervals). In order to fit the | « V¢ behavior,
the linear component determined at low | values was subtracted and data were fitted for positive |
values by the formula I/1(2V) = (V/2)%. The charging energies were calculated by the formula given in
the main text; all the experimental data necessary to calculate the charging energies are available in
Table S1. Differences in absolute value of current at a finite voltage are hardly distinguishable (Fig. 4a
and b). But the extraction of the power exponent & gives a good enough precision to statistically

distinguish the current responses of the different systems (Table S1 and Fig. 4c).



Supplementary characterization data
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Figure S1. *H NMR (400 MHz) and P NMR (162 MHz, inset) spectra of POM-P in CDsCN.
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Figure S2. *H NMR (400 MHz) spectrum in CDsCN and 2°Si NMR (119 MHz, inset) spectrum in

DMSO-ds of POM-Si.
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Figure S3. *H NMR (400 MHz) and Al NMR (104 MHz, inset) spectra of POM-Al in CD3CN.
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Figure S4. Stacking of the *H NMR spectra of POM-P (green), POM-Si (blue) and POM-AI (red).

11



a)?

100

n(s-H)z

80

60

T (%)

40

20

n(Si-O)

T (%)

80

60

40

20

n(s-H)a

/

n(si-o)a

T (%)

)

100

80

n(s-Ha

60

40

20

0 1 1 1 1
3200 2800 2400 2000 1600 1200 800

o L L L L L L
3200 2800 2400 2000 1600 1200 800

oL L L L L L L
3200 2800 2400 2000 1600 1200 800

R A _q
v{cm™) v{em') v(em)
Figure S5. Infrared spectra from a KBr pellet of a) POM-P, b) POM-Si, ¢) POM-AI.
9667475 15712634
1003 1003 1570,7626 15722608
15702620
903 - 9674149 903 15607613
o] 9654123 9680826 e
3 9664135 703 199008 185732662
15687598
o 9677490 ol W0 s | 15737671
9647446 9657460 9670815 9667502
503 503 15682589
15782676
969.4160
03 9640770 9684166 ] 15677584 15787685
9644109 9690842 15672575
b 2o 15752052
sarase 15667569
o soaas 5700656 sodiseszses |
gl 9697519 gl
9630755 9704194 970.75%
9 H o
100 o66.4135 0|0 1007 5707072 15712689 15717605
966,080 967.0809 9674144 15697618
%03 965245 B 15722650
eod 9654127 w03 15692612 15727660
9677482 15687605 5732666
73 9650789 2060820 03 1
el 9647452 o0l 1568.2600 15737672
s68.4156
503 9644114 03
9687492 16677504 15782682
ol 9640779 seocore s 15747669
15072567
303 9637442 969.4166 3 15752697
23 9634106 N
18757701
9630767 09757 9100844
103 062 7432] A l am07521 |
- ; ; r r I s
& e ks e oh1 ok Y o o 1555 1867 e T iy Tort e Tora o i e
e e

Figure S6. Comparison of calculated (upper trace) and experimental (lower trace) isotopic peaks for

the ions [C6H14O40P828i2W11]3' (Ieft) and [szH50N04oPSQSi2W11]2' (right) of POM-P.

12



16909077 10465096
1003 1691.4082 1005 10461761 | 10468431
e 1689.9067 1691.9088 o0] 1047.1767
1689.4060 10455089
169241
80 1688.9055 692409 80 Loas.1753 10475104
1692.9102 1047.8440
70] 709
1044 8417
1688.4051
666,405 16934109 10481777
e 1687.9043 !
10445080
s 10485112
o] 16930116 o]
16874030 10441743
o] 1604,4123 01 10488450
1686.9032 16949120 10438407
ol o] 10491786
1686.4029 16954138 10435070 10495124
20 16858021 ;sgs 145 20 10431732 1049.8460
o] 16854016 mgs 415;1597 - o] 10428394 10501795
tsasgo) | [ sosta7i0 10424719 i [ )19505489 1051 0075
e 590 907 oo 76 5T
1689.905¢ 1691.9088 1047.1776
o] 904 10458424 1047.8452
1689.4052
ol 16924095 803 10451747
703 16929102 703
o 1688.4037 oo 10485129
1687.9030 16934110 10445072
509 16939117 sod
1048 8468
1687.4023
o 16044125 0] 10441734
1686.9015 16940132 10495144
30 0]
1686.4008 16954139 10435058 1049,8482
203 16859001 16959146 203 10431719 msu 1820
1685, 3994 1596 150 10428382
103 10 1050 8496
0043960 e 1042 1705
L 10411691 1 10518500
4 . : : . It b Jort
1684 1686 1688 1690 1602 1604 1696 1608 1041 1082 1043 104 1045 046 1047 1048 1049 1050 1051 1052

Figure S7. Comparison of experimental (upper trace)

and calculated (lower trace) isotopic peaks for

the ions [C22H50N040828i3W11 ]3' (|8ft) and [C38H85N2040323i3W11]2' (right) of POM-Si.

18115512
1004 1126.9385 100-
1RO | iz 18105497 | 18120521
903 1127.6061 90
11256035 1810.0490 18125527
804 80 1800.5485 18130537
1127.9400 ‘
0] 11252698 raao73s .
1809.0477 1813.5546
603 1124.9360 60
11286077 1808.5470 1814.0553
9 11246024 0
11289415 1814.5564
1 4
0] w© 808.046:
" 1124.2687 11202755 ) 18075456 18150572
11239350 11296093 1800.0247 18070448 18155581
209 20 1302 0275 1816.0505
1129.0433
11236016 1130773 1806.5441 1816.5604
10711215016 nzzzam 1300452 10 1606 0431 18175635
11319336 . 18200452
o [ bbbl IﬁlvA P o llillljlsznn . llln,y,. A
1004 100-
11276076
1811.0517
903 1126.2724 %
11282753
803 11256047 80 18125599
11286002 18130545
703 70 1810.0503 18135553
11280420
605 60 1814,0561
1124.9371
503 11292768 50- 1808.5479 1814.5567
112956106 1808.0472
403 11246034 40 18150575
1129,0445 18155582
3 11302783 0 18075404 1816.0591
11239357
204 11306121 20- 1807.0457 1816,5598
11232681 1806.5450
1122.0342 11309459 1817.0606
103 1122 mﬁ 11312798 N 1:305 5436 1818.0620
| | | paears 18025302 18045421 | | 1820,0650
1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1800 1802 1804 1806 1808 1810 1812 1814 1816 1818 1820
miz miz

Figure S8. Comparison of experimental (upper trace) and calculated (lower trace) isotopic peaks for

the ions [C38H86N2040A|SzSilel]S' (|Eft) and [C54H122N304oA|SzSi2W11]2' (rlght) of POM-AL.

13



4 N

27AIR

100 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25
3 (ppm)

Figure S9. 'H NMR (400 MHz) and 2’Al NMR (104 MHz, inset) spectra of POM-AIH in CDsCN.

E (V) vs SCE
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Figure S13. TEM pictures and size distributions of the Pt nanoparticles in the: a) SA-AI-2 (1.9+£ 0.3

AlH-2 (2.0 £ 0.4 nm) self-

nm), b) SA-Si-2 (2.0 £ 0.3 nm), ¢) SA-P-2 (2.0 £ 0.3 nm), and d) SA

assemblies.
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Figure S14. Infrared spectra of the pristine Pt nanoparticles and of the SA-AI-2, SA-Si-2, SA-P-2, and
SA-AIH-2 self-assemblies: a) full spectra and b) zoom on the terminal CO region (the baselines are
shifted for clarity — the dashed lines are a guide for the eye); peak maxima: Pt NP - 2: 2040 cm™*, SA-

Al-2: 2032 cm™®, SA-Si-2: 2035 cm™?, SA-P-2: 2038 cm™, and SA-AIH-2: 2036 cm™.
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d(£0.05nm) | s(x0.05nm) & (£ 0.05) Ec (eV) 3

SA-Al 15 2.4 3.10 0.63 +0.05 2.92 £0.06
SA-Si 15 24 3.36 0.58 £ 0.05 2.94 +0.07
SA-P 1.7 24 3.97 0.35+0.03 2.19+0.06
SA-AIH 15 2.4 3.51 0.56 + 0.05 2.69 £ 0.06
SA-Al-2 1.9 2.8 3.10 0.43+0.03 2.70 £ 0.07
SA-Si-2 2.0 2.8 3.36 0.34+£0.03 2.16 £0.06
SA-P-2 2.0 2.8 3.97 0.29 £0.02 1.94 + 0.06
SA-AIH-2 2.0 2.8 3.51 0.33+0.02 1.99 + 0.07

Table S1. Nanoparticle size d, inter-particle distance s, dielectric constant of the POM &, charging

energy Ec, and power exponent & of the self-assemblies considered in the manuscript. d, s and & are

determined experimentally; Ec is calculated from these values with the equation given in the main

text; and £is fitted from the 1-V curves. Margins of error have been determined from the precision of

measurements: trends of evolution for both Ec and & are significant (but a more precise study of

differences falls within the margins of error).
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Figure S15. a) Small angle X-ray scattering patterns for the substrate alone (reference without any
compound — ref) and for the SA-Si and SA-Si-2 self-assemblies. The reference corresponds to the
signal of the continuous background, whereas the self-assemblies show supplementary broad peaks,
which corresponds to a specific correlation distance between the nanoparticles. b) SAXS patterns of
the SA-Si and SA-Si-2 self-assemblies after subtraction of the background signal and fit of the curves
for estimation of the correlation distances (s = 21 / Gmax): SA-Si: Gmax = 0.26 AL, s = 2.4 nm ; and SA-

Si-2: Qmax = 0.22 A1, s = 2.8 nm.
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