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Experimental Section

Synthesis of 1a and 1b:  Pyrrole (1.5 mL, 22 mmol) was added dropwise at 0 °C to a

dry DMF solution (150 mL) of a mixture of 1,12-dibromododecane (14 g, 43 mmol)

and NaH (0.95 g, 24 mmol), and the resulting solution was stirred for 2 h.  The reaction

mixture was extracted five times with hexane/ethyl acetate (3/1), and the combined

extract was washed with water, dried over MgSO4, and subjected to column

chromatography on silica gel with hexane as eluent, where the second fraction was

collected and evaporated to give 1-(12-bromododecyl)pyrrole in 67% yield.  Then, the

resulting pyrrole derivative (3.0 g, 9.5 mmol) was added to a 28% aqueous solution of

Me3N (20 mL), and the mixture was stirred overnight at room temperature.  The

reaction mixture was evaporated to dryness, and the residue was freeze-dried from

benzene to give 1a quantitatively.  1H NMR (270 Hz, CDCl3): δ = 1.24 (20H, CH2),

3.41 (s, 9H, NCH3), 3.50 (2H, NCH2), 3.83 (2H, NCH2), 6.10 (t, 2H, CH), 6.62 (t, 2H,

CH); FAB-MS: m/z: 293 [M+ - Br] (calcd: 293).  In a manner similar to that for the

preparation of 1a, 1-{10-(1-pyrrolyl)decyl}trimetylanmonium bromide (1b) was

obtained in a comparable yield.  1H NMR (270 Hz, CDCl3): δ = 1.22 (16H, CH2), 3.43

(s, 9H, NCH3), 3.54 (2H, NCH2), 3.83 (2H, NCH2), 6.11 (t, 2H, CH), 6.62 (t, 2H, CH);

FAB-MS: m/z: 266 [M+ - Br] (calcd: 265).

Measurements:  X-ray diffraction (XRD) patterns were recorded on a Rigaku RINT

2400 diffractometer with CuKα radiation (20 kV, 50 mA) and a step size of 0.01° at a

scan speed of 2° min-1.  Electronic absorption and infrared spectra were recorded on

JASCO U-best V-560 and JASCO FTIR-610 spectrophotometers, respectively, with

attachments for the film samples.  Optical micrographs were taken by a Nikon model

Optiphoto optical microscope.  Thermogravimetric analysis (TGA) was carried out on a



Shimadzu TGA-50 at a heating rate of 10 °C min-1.  Calcination of the silica films was

carried out by heating at 450 °C for 8 h with a Toyo model KM-160 electronic muffle

furnace.



Figure S1.  X-ray diffraction (XRD) patterns of a pyrrole/silica nanocomposite film 2a before 
and after dipped in an ether solution of FeCl3 (2 M) for 1 min at 20 °C (3a).
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Figure S2.  Thermogravimetric analysis (TGA) of pyrrole/silica nanocomposite film 2a.
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Figure S3.  Infrared (FT-IR) spectra of extracts from a) 2a, b) 3a, and c) 31a/DTAB 
([1a]:[DTAB] = 1:6) via etching of their silicate frameworks with HF. DTAB:
dodecyltrimethylammonium bromide.

Notes: The organic extract from 2a was exclusively pyrrole monomer 1a,
indicating no polymerization of 1a upon treatment with HF. The C-H vibrational
bands due to pyrrole-α at 1062 and 1089 cm-1 are much less intense in Figures S3b
and S3c than those in Figure S3a.  This trend is characteristic of the polymerization 
of pyrrole (see ref. 9).
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Figure S4. 1H NMR spectra (in D2O at 50 °C) of a) 1a and b) a soluble fraction
extracted from 3a via etching of the silicate framework with HF.

Notes: Etching of 3a with HF allowed complete extraction of poly-1a as a black
precipitate, which was hardly soluble in common organic solvents, while only
slightly soluble (lower molecular-weight fraction) in water. Figure S4b clearly shows
the absence of 1H NMR signals due to the monomer, indicating complete
polymerization of 1a. The average degree of polymerization of the water-soluble
fraction, as estimated by 1H NMR (Figure S4b), was 25. The insoluble fraction is
likely to possess a much higher degree of polymerization.  Poly-1a (for IR, see Figure 
S3c) extracted from 31a/DTAB ([1a]:[DTAB] = 1:6) by etching the silicate framework
with HF was also highly insoluble, indicating a sufficiently high degree of
polymerizatoin of poly-1a formed in the presence of DTAB. DTAB:
dodecyltrimethylammonium bromide.

R = C12H25N+Me3 Br-
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Figure S5. X-ray diffraction (XRD) patterns of pyrrole/silica composite films 21a/DTAB
prepared at molar ratios [1a]:[DTAB] of a) 1:3 and b) 1:6, and 21a/DDAB prepared at molar 
ratios [1a]:[DDAB] of c) 1:3 and d) 1:6. DTAB: dodecyltrimethylammonium bromide,
DDAB: didodecyldimethylammonium bromide.
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Figure S6. Electronic absorption spectra of polypyrrole/silica nanocomposite films
31a/DTAB, prepared at molar ratios [1a]:[dodecyltrimethylammonium bromide (DTAB)] of 
a) 1:2 and b) 1:9. Both spectra were taken 30 min after dipped in an ether solution of
FeCl3 (2 M) for 1 min at 20 °C.  No spectral change occurred thereafter.

Notes: Similarly to 3a (Figure 4a), composite film 31a/DTAB prepared at a molar ratio
[1a]:[DTAB] of 1:2 showed a broad absorption band characteristic of bipolarons (Figure
S6a). On the other hand, 31a/DTAB prepared at a molar ratio [1a]:[DTAB] of 1:9 showed
absorption bands characteristic of polarons (Figure S6b), where a band at 700 nm was more 
explicit than those at molar ratios [1a]:[DTAB] of 1:3 and 1:6 (Figures 4b and 4c).


