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Electrografting of anthracene-9-diazonium (AD) tetrafluoroborate on SiH. Figure S1 shows
voltammograms pertaining to the grafting of AD in MeCN in absence of supporting electrolyte.
The first voltammetric sweep exhibits a broad and ill-defined reduction peak. The second cycle
shows a considerable decrease of the faradaic current and the same is even to a larger extent seen
for the third cycle recorded after having carried out a potentiostatic electrolysis at —1.87 V vs SCE
for 300 s. This indicates that the grafting process, no matter if it is carried out by cyclic

voltammetry or electrolysis, results in the formation of an insulating film on the substrate.
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Figure S1. Cyclic voltammograms of 8 mM AD recorded at a freshly prepared SiH substrate usingv=10.1 V
s in MeCN before (cycles 1 and 2) and after (cycle 3) a potentiostatic electrolysis performed at —1.87 V vs
SCE for 300 s in MeCN.

Electrochemical characterization of SiHpa and SiH-PGFpa. Figure S2 shows cyclic
voltammograms recorded of the redox probe, K;Fe(CN)g, at SiHpn and Si-PGFpa. The
voltammograms are similar to those recorded at the SiHpp and SiH-PGFpp substrates, in that the
modified substrate before pyrolysis is strongly blocking, while after pyrolysis a quasi-reversible
electron transfer is observed. This indicates that the pyrolysis process promotes the formation of a

conducting carbon film.
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Figure S2. Cyclic voltammograms of 1 mM K;Fe(CN)g recorded at SiHp, and SiH-PGFpa using v = 0.1 V
s' in 0.1 M KCI pH 7 phosphate buffered solution. Electrical contact to the PGF was made through the
silicon substrate.

Thickness of the grafted pyrolyzed films. Since the ellipsometric data for the SiH substrate
changed significantly during the pyrolysis process, the thickness of the SiH-PGFs was assumed to
be the same as estimated from the shrinkage of the corresponding films that had been grafted and
subsequently pyrolyzed directly on the native SiO,/Si substrate (denoted Si-PGF). Figure S3 shows
the thickness of these pyrolyzed films plotted against the thickness of the grafted films. The slope of
the straight line obtained by linear regression corresponds to the fraction of material remaining in
the film after pyrolysis, hence revealing that the shrinkage in percentage constitutes 33% and 16%

for Si-PGFpp and Si-PGFp,, respectively.
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Figure S3. Plot of the thickness of pyrolyzed films (dpgr,, or Opgr,,) Vs the thickness of grafted films (dpp or
dpa) of (A) polyphenylene and (B) polyanthracene on SiO,/Si substrate.
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Determination of k° of redox probes at GC, PPF, and PGF substrates. In a series of experiments Kk’
was determined for three redox probe systems, i.e. KsFe(CN)s and Ru(NH;3)sCl; in pH 7 phosphate
buffer (2.59 % 10 M KH,PO, + 4.61 X 10° M Na,HPO,)/0.1 M KCI, and ferrocene in 0.1 M
BusNBF4/MeCN by evaluating the development in AE, as a function of the sweep rate, v. In
general, for the quasi-reversible systems mentioned above, the rate determining step is governed by
the heterogeneous charge transfer comprised by k. As v is increased, the experimental time scale is
shortened and higher overpotentials, reflected by an increase in AE,, is required in order for the
system to maintain equilibrium. By calculating 1 defined as (-0.6288 + 0.0021nAE,)/(1 —
0.017nAE,) for AE, < 0.15 V or 2.18(a/m)?exp|—(a?F /RT)nAE,| for AE, > 0.15 V, k° could
be determined as the slope of the plot of ¢ vs (xDnF/RT)"2v'"2, where D denotes the diffusion
coefficient of the electroactive species, n the number of electrons involved in the electrochemical
process, and F Faraday constant.’' The value of n was set to 1 for all species and D = 0.6 x 10, 0.6
x 107, and 2.4 x 10 cm® s for Fe(CN)s>"*, Ru(NH3)s* "%, and Fc'°, respec‘[ively.sz'S4 All redox
systems were treated using classical Butler-Volmer theory, in which the charge transfer coefficient
a is considered to be constant, i.e. independent of the applied potential. In this work a was set to
0.5 to be in accordance with literature results.

Figures S4-S9 show the plots of Y as a function of v with the electrochemical data obtained at

SiH-PGFpp, SiH-PGFpa, Si-PPF, GC, Si-PGFpp and Si-PGFpa, respectively, where “Si” refers to a

S10,/S1 surface.
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Figure S4. Plot of ¥ vs (mDnF/RT)"*v'"* at SiH-PGFpp for (A) Ru(NH;)sCls, (B) K3Fe(CN)s, and (C)
ferrocene.

S4



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2012

3.0

25

2.0 4

1.0 4

0.5

0.0

y = -0.083 + 0.0348x
R?=0.996

0.7
0.6
0.5
0.4
0.3
0.2
0.1

20 40 60 80
(rDnF/RT) Y22

0.0
100

12

y =-0.044 + 0.0016x
R?=0.998

10

0.8

0.4

0.2

y =0.053 + 0.0176x
R? = 0.997

100 200

(DnF/RT) VA2

300

0.0
400

10 20 30 40 50 60
(nDnF/RT) Y322

Figure S5. Plot of 1 vs (aDnF/RT)"*v"? at SiH-PGFp, for (A) Ru(NH;)Cls, (B) KsFe(CN)s, and (C)

ferrocene.
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Figure S6. Plot of ¢ vs (nDnF/RT)"*v""? at Si-PPF for (A) Ru(NH;)¢Cls, (B) K3Fe(CN)g, and (C) ferrocene.
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Figure S7. Plot of ¢ vs (DnF/RT)"">v""? at GC for (A) Ru(NH3)sCls, (B) KsFe(CN),, and (C) ferrocene.
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Figure S8. Plot of 1 vs (aDnF/RT)"v"? at Si-PGFpp for (A) Ru(NH;)Cls, (B) KsFe(CN)s, and (C)
ferrocene.
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Figure S9. Plot of ¥ vs (xDnF/RT)"A"? at Si-PGFps for (A) Ru(NH;)sCls, (B) KsFe(CN)g, and (C)
ferrocene.

Table S1 shows the values of k° for the PGFs formed on native Si0,/Si substrates. Compared
with the corresponding results obtained for the SiH substrates, the k” values are diminished by
factors of 2, 5, and 8 for KsFe(CN)s, Ru(NH;)eCls, and ferrocene, respectively. This lowering of k°

can be attributed to the effect from the insulating character of the upper SiO; layer (dsio, = 3 nm).

Table S1. Values of k” Determined for the Redox Couples Ru(NHs)s* ">, Fe(CN)s*"*, and F¢™ at
Si-PGFpp and Si-PGFpA.

Ru(NH3)63+/2+ Fe(CN)63-/4- FCO/+
Carbon  Substrate d (nm) 10°k° (cm s™) 10°k° (cm s™) 10°k° (cm s™)
film
PGFpp Si0,/Si 7.1£0.5 4.4 0.8 3.5
PGFpa Si0,/Si 72+0.4 4.2 0.7 32
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Characterization of the SiH-PGFpp substrate by XPS. From high resolution XPS spectra of
SiH-PGFpp six different types of carbon in Cls and three types of oxygen in Ols regions were

identified in accordance with the fitting results presented in Figure S10A,B.
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Figure S10. High resolution XPS spectra (A) C 1s and (B) O 1s of SiH-PGFpp.

From C 1s high resolution spectrum it is possible to identify a peak at 285.0 eV corresponding to
the sp” and sp> hybridized C-C bonds. The component at 286.0 eV is assigned to C-O-C groups and
the peak at a binding energy of 286.9 eV originates from C-O groups. The peaks at 288.0 eV and
289.2 eV are ascribed to C=0 and O=C-O groups, respectively, while the last peak at 291.0 eV is
recognized as “shake-up satellites” originating from the bonding to anti-bonding transition of the n
molecular orbital.

The O 1s high resolution spectrum was deconvoluted into three peaks. The peak at 531.7 eV is
ascribed to C=0 and Si-O groups while the peak at 533.4 eV originates from C-O groups. A third

peak at 536.1 eV is needed for a good fit and is assigned to presence of water traces.
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Electrografting of 4-nitrobenzenediazonium (NBD) tetrafluoroborate on SiH-PGFps and PPF.
Figure S11A,B shows voltammograms recorded of the grafting of NBD on SiH-PGFpa and PPF,
respectively. In both cases a well-defined grafting peak is seen on the first voltammetric sweep,
while the current decreases rapidly on the second and, in particular, the third cycle. The latter is
obtained after electrolysis had been performed at —0.2 V vs SCE (200 mV negative to the peak
potential) for 300 s. This behaviour is consistent with the formation of a grafted and insulating

layer of 4-nitrophenyl groups.
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Figure S11. Cyclic voltammograms of 2 mM NBD recorded using v=10.1 V s™" in 0.1 M Bu,;NBF,/MeCN at
(A) SiH-PGFps and (B) PPF (on a SiO,/Si substrate) before (cycles 1 and 2) and after (cycle 3) a
potentiostatic electrolysis performed at —1.87 V vs SCE for 300 s in MeCN.
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Electrochemical characteristics of SiH-PGFpa"® and PPF“®. Figure S12A,B shows cyclic

voltammetric responses of the PGFpA™® and PPFNB electrodes, respectively, in a blank 0.1 M

BusNBF4+/MeCN solution.
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Figure S12. Cyclic voltammograms recorded at (A) SiH-PGFp,"® and (B) Si-PPF™® usingv=2V s in 0.1
M Buy,NBF,/MeCN.
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AFM images of PPF and pyrolyzed grafted films on SiO,/Si. Figure S13A,B shows AFM images

of PPF before and after electrografting of NBD on SiO,/Si, respectively.
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Figure S13. AFM non-contact tapping mode images of scan size 3 X 3 um? for (A) Si-PPF (Rg=10.6 £0.1
nm, d=94.7 + 0.2 nm) and (B) 4 nm thick NB film on Si-PPF"" (Rg=2.7+0.1 nm).

Figure 14A,B shows AFM images of the PP film before and after pyrolysis at 1050 °C for 30
min on SiO,/Si (denoted Sipp), respectively. The electrografting was carried out using BD as
grafting agent in the same procedure as described for the H-terminated substrates. In general,
thinner films were obtained at the SiO,/Si substrates because of the insulating character of the upper

Si0; layer.
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Figure S14. AFM non-contact tapping mode images of scan size 3 X 3 pm?® for (A) Sipp (Rg=1.7+0.1 nm,
d=20.6 = 1.2 nm nm) and (B) Si-PGFpp (R;=1.4+0.1 nm, d =13.4 + 0.7 nm).
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Figure 15A,B shows the AFM images for the corresponding Sipa film.
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Figure S15. AFM non-contact tapping mode images of scan size 3 X 3 pum® for (A) Sipa (Rg=1.8+0.1 nm,
d=13.4 £+ 0.7 nm nm) and (B) Si-PGFps (R;=1.2+0.1 nm, d =10.9 + 0.8 nm).
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