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NatureXXZH#JProtein-nanowire devices$l& 55E

1. The bottom electrode (Cr/Au, 10/100 nm) was first defined on a glass slide (25 X 75 mm2;
Fisher Scientific) by standard metal electron-beam evaporation using a shadow mask.

2. A polydimethylsiloxane (PDMS, Sylgard 184, 10/1 mix ratio; Dow Corning) film (3-5 mm
thick) was cut with an opening (1-25 mm2), which served as the well for holding the
nanowire solution and placed on the glass slide with the opening aligned to the defined
bottom electrode.

3. The purified nanowire solution was tuned to pH 2.0 with hydrochloric acid (HCl) solution to
improve nanowire conductivity and drop-casted into the PDMS well.

- Previous study revealed that a low pH (~2)in the nanowire preparation solution
increased the conductivity in individual nanowire, although the mechanism is not
yet known (e.g., by doping to functional groups). For this reason, hydrochloric acid
(HCl) was added to adjust the pH in nanowirepreparation solution to ~2 and intend to
improve nanowire film conductivity. As the film was formed by evaporating the solution at
80 °C, the volatile HCl component was expected to be driven out and introduce negligible
effect to observed phenomenon.

4. The glass slide was then placed on a hot plate (at roughly 80 °C) to facilitate solvent (water)
evaporation in order to form the nanowire thin film.

- Note that the nanowires have been found to be stable at temperatures higher than 100
°C.

- The final nanowirefilm thickness was controlled by tuning the solution volume over the
unit area. Empirically, a 110 pl cm2 nanowire solution (150 pg ml—1) yielded an
average film thickness of roughly 1 pm.



Evaporation

5. The PDMS mould was removed after nanowire-film assembly.
6. Finally, a confined gold electrode was placed on top of the nanowire film to complete the
device structure for electrical measurement.
7. Two forms of top gold electrodes were used (Supplementary Fig. 1g).
a. Thefirst was a braided gold-plated shield (diameter roughly 0.7 mm, model CC-SC-50;
LakeShore).
b. The second was a polyethylene terephthalate (PET) thin-film stripe (roughly 0.5 mm
wide) coated with 50-nm gold film. Both top electrodes yielded close electrical outputs.
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1. Electrical measurements were performed in an ambient environment, unless otherwise
specified.

2. The output voltage (Vo) in the nanowire devices was first buffered by a unit-gain amplifier
(LM 741; Texas Instruments) and the short-circuit current (Isc) was amplified with a
preamplifier (DL-1211; DL Instruments). Both signals were then recorded at an acquisition
rate of 10-100 Hz using a 16-channel A/D converter (Digidata 1440A; Molecular Devices)
interfaced with a computer running recording software.

3. We used a unit-gain amplifier (LM 741; Texas Instruments) for voltage-signal buffering
because the nanowire devices have an internal resistance in the range of MQ (Fig. 1b), which
is comparable to the input resistance of the A/D converter (roughly 1 MQ), so a direct
connection would induce measurement error.

4. The relative humidity in the ambient environment was recorded by using a humidity
datalogger (R6030; Reed Instruments).

5. Individual capacitors (CAPXON Electrolytic Capacitors; 1,000 puF, 16 V) were charged by
nanowire devices with an average voltage output of approximately 0.55 V.

6. The LCD (ADM1602K-NSW-FBS/3.3 V; Sparkfun Electronics) was lit by ten capacitors in
series and the LED (630-HLMPK150; Mouser Electronics) was lit by four capacitors in
series.
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1. Alternatively, we controlled the relative humidity by tuning the equilibrium vapour pressure
of sulfuric acid solutions, that is, the concentration of sulfuric acid.
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2 30% 51.6 47.35 52.65
3 45% 45.4 53.65 46.35
4 60% 40.8 58.35 41.65
5 75% 30.1 69.3 30.7
6 90% 17.9 81.75 18.25
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2 45% 45.4 11: 52 24.2 65.6
3 30.00% 51.6 13:20 24.9 63.3
4 45% 45.4 14:20 25.7 56.4
5 60% 40.8 4:05 254 59
6 75% 30.1 3:39 25.5 59
7 90% 179 3:04 255 57.9
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1. The bottom electrode (Cr/Au, 10/100 nm) was first defined on a glass slide (25 X 75 mm2;
Fisher Scientific) by standard metal electron-beam evaporation using a shadow mask.

2. A polydimethylsiloxane (PDMS, Sylgard 184, 10/1 mix ratio; Dow Corning) film (3-5 mm
thick) was cut with an opening (1-25 mm2), which served as the well for holding the
nanowire solution and placed on the glass slide with the opening aligned to the defined
bottom electrode.

3. The purified nanowire solution was tuned to pH 2.0 with hydrochloric acid (HCl) solution to
improve nanowire conductivity and drop-casted into the PDMS well.

- Previous study revealed that a low pH (~2) in the nanowire preparation solution
increased the conductivity in individual nanowire, although the mechanism is not
yet known (e.g., by doping to functional groups). For this reason, hydrochloric acid
(HCl) was added to adjust the pH in nanowirepreparation solution to ~2 and intend to
improve nanowire film conductivity. As the film was formed by evaporating the solution at
80 °C, the volatile HCl component was expected to be driven out and introduce negligible
effect to observed phenomenon.

4. The glass slide was then placed on a hot plate (at roughly 80 °C) to facilitate solvent (water)
evaporation in order to form the nanowire thin film.

- Note that the nanowires have been found to be stable at temperatures higher than 100
°C.

- The final nanowirefilm thickness was controlled by tuning the solution volume over the
unit area. Empirically, a 110 pl cm2 nanowire solution (150 pg ml—1) yielded an
average film thickness of roughly 1 pm.



Evaporation

5. The PDMS mould was removed after nanowire-film assembly.
6. Finally, a confined gold electrode was placed on top of the nanowire film to complete the
device structure for electrical measurement.
7. Two forms of top gold electrodes were used (Supplementary Fig. 1g).
a. The first was a braided gold-plated shield (diameter roughly 0.7 mm, model CC-SC-50;
LakeShore).
b. The second was a polyethylene terephthalate (PET) thin-film stripe (roughly 0.5 mm
wide) coated with 50-nm gold film. Both top electrodes yielded close electrical outputs.
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a 110 pl cm2 nanowire solution (150 ug ml—1) yielded an average film thickness of
roughly 1 pm.
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a 110 pl cm2 nanowire solution (150 pg ml—1) yielded an average film thickness of
roughly 1 pm.
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