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Figure S1 Diameter distribution of as-synthesized PbSe NWs as determined by TEM.
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Figure S2 Transfer characteristics of the electrolyte-gated PbSe NW-FET in Fig. 2B showing negligible
gate current leakage (L = 10 µm).
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Figure S3 Transfer characteristics of the electrolyte-gated PbSe NW-FET in Fig. 2B versus the applied
gate voltage (A) and referenced against an oxidized silver electrode (B) (L = 10 µm).
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Mobility calculations

The apparent field-effect mobilities of the PbSe NW-FETs were calculated from the transconductance
in the linear regime at Vds = 0.01 for electrons and -0.01 V for holes, taking into account only the channel
geometry and not the number of nanowires as follows:

µlin =
∂ Ids

∂Vg
· L
WCiVds

(1)

where Ci is the capacitance per unit area of the gate dielectric (11.5 nF/cm2 for 300 nm of SiO2 and 3.4
µF/cm2 for [EMIM][FAP], estimated from impedance measurements (LCR-bridge, Cp-mode) on a Pt/ionic
liquid/Pt sandwich structure. The mobilities represented in Figures S4 and S5 were calculated according to
equation (1).

Additionally, we measured the voltage dependent capacitance of the ionic liquid/PbSe NWs interface in
a typical PbSe NW-FET using an LCR-meter in Cp-mode at a constant frequency of 20 Hz. The specific
capacitance of ionic liquids depends on the applied AC-frequency during impedance measurements, due to
the movement of the ions and increases with decreasing frequency. However, at frequencies below 100 Hz
the capacitance reaches a plateau and does not increase further as shown for [EMIM][FAP] by Thiemann et
al. (Ref. 22). The lowest possible frequency of the LCR meter 4980A (20 Hz) can thus be used to determine
the quasi-static capacitance necessary for the mobility calculations. The source and drain electrodes were
shorted and connected to the low input and the gate electrode (platinum wire) was connected to the high
input. Due to the structure of our device, which exposes not only the channel but also the electrodes to the
ionic liquid (i.e., acting as an additional capacitor in parallel), the capacitance C of the active channel region
was determined as the difference between the capacitance of the device with NWs and identical electrodes
without NWs. The gate voltage was swept from 0 to 1 V for electrons and 0 to -1 V for holes. Ci in equation
(1) can be substituted by Ci =C/(W ·L) giving:

µlin =
∂ Ids

∂Vg
· L2

CVds
(2)

We can thus determine the gate voltage dependent mobility for this device without knowing of the
exact channel width, i.e., the number of nanowires in the channel. Figure S6 shows the extracted voltage
dependent capacitances and hole and electron mobilities.

Additionally, the gate-dependent capacitance values were estimated from displacement current measure-
ments at the sweep rates of 1.10, 1.58, 2.98 and 4.24 V/s. In these measurements, the source/drain contacts
were grounded and the displacement current due the PbSe NWs with [EMIM][FAP] was determined as
the difference between currents obtained for two identical devices with and without NWs under the same
conditions. The gate voltages were swept from 0 to 1 V for electrons and 0 to -1 V for holes. The gate
voltage dependent capacitances for electrons and holes were calculated as follows:

C =
Idisp

rv
(3)

where rv is the scan rate in V/s. These capacitance values were applied in equation (2) to extract gate voltage
dependent mobilities, which are shown in Figure S7. Note that due to the ambipolar nature of the devices
without a well-defined off state the estimation of injected charges is rather difficult compared to unipolar
devices and the margins of error might be quite high.
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Figure S4 Comparison of mobilities of the back-gated and electrolyte-gated PbSe NW FET. Transfer
characteristics of a typical PbSe NW-FET with channel length of 20 µm with (A) back-gating and (B)
electrolyte-gating. Apparent linear field-effect mobilities of this FET calculated using equation (1): (C)
and (F) hole and electron mobilities of the back-gated device with Vds = -0.01 V and 0.01 V, respectively;
(D) and (F) hole and electron mobilities of the electrolyte-gated device with Vds = -0.01 V and 0.01 V,
respectively, using a constant capacitance of Ci = 3.4 µF/cm2 for equation (1).
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Figure S5 (A) Transfer characteristics of a typical electrolyte-gated PbSe NW-FET with channel length of
10 µm. (B) and (C) apparent linear hole and electron field-effect mobilities calculated from
transconductance using equation (1) with a constant specific capacitance Ci = 3.4 µF/cm2.
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Figure S6 (A) and (B) Voltage-dependent capacitance of PbSe NWs/[EMIM][FAP] interface by
impedance measurements (LCR-meter, Cp-mode, frequency 20 Hz) for the same electrolyte-gated device
as shown in Figure S5 (L = 10 µm). (C) and (D) corresponding apparent linear hole and electron
field-effect mobilities calculated from equation (2) with Vds = -0.01 V and 0.01 V, respectively.
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Figure S7 (A) and (B) Dynamic gate-displacement current measurements of the same electrolyte-gated
device as shown in Figure S5 at various sweep rates at negative and positive gate voltages (L = 10 µm).
(C) and (D) corresponding gate-dependent capacitances calculated with equation (3). (E) and (F)
corresponding linear hole and electron field-effect mobilities.

8

Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013



- 0 . 8 - 0 . 4 0 . 0 0 . 4 0 . 8 1 . 2 1 . 61 0 - 8

1 0 - 7

1 0 - 6

1 0 - 5

1 0 - 4

- 0 . 8 - 0 . 4 0 . 0 0 . 4 0 . 81 0 - 6

1 0 - 5

1 0 - 4

1 0 - 3

B

 

 

So
urc

e-D
rai

n C
urr

en
t (A

)

G a t e  V o l t a g e  ( V )

 V d s  =  0 . 1  V
 V d s  =  0 . 3  V
 V d s  =  0 . 5  V

B e f o r e  h y d r a z i n e  t r e a t m e n t
[ E M I M ] [ F A P ]

A

 

 

So
urc

e-D
rai

n C
urr

en
t (A

)
G a t e  V o l t a g e  ( V )

 V d s  =  0 . 1  V
 V d s  =  0 . 3  V
 V d s  =  0 . 5  V

A f t e r  h y d r a z i n e  t r e a t m e n t
[ E M I M ] [ F A P ]

Figure S8 Transfer characteristics of an electrolyte-gated PbSe NW-FET (L = 10 µm) (A) before
hydrazine treatment and (B) after 1 min exposure to a 1 molar hydrazine solution in tetrahydrofuran.
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Figure S9 FTIR spectra of the PbSe NWs before and after hydrazine treatment (1 min exposure to a 1
molar hydrazine solution in tetrahydrofuran).
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Figure S10 Output characteristics of an ion gel-gated PbSe NW-FET (L = 5 µm) at (A) positive and (B)
negative source-drain voltages. The gate voltage was applied via a gold side gate electrode.
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