Dielectrophoretic Placement of Quasi-Zero-, One-, and Two-dimensional Nanomaterials into Nanogap for Electrical Characterizations

Supporting Information
The dielectrophoretic force acting on a homogeneous dielectric material is given by the well-known analytical expression:
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, where E is the magnitude of the electric field. fCM is the Clausius-Mossotti factor, defined as , where 
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 represent the complex permittivity of the particle and that of the suspending medium, respectively. The complex permittivity is described by an equation,
[image: image5.wmf]*

i

s

ee

w

=-

, where 
[image: image6.wmf]e

, 
[image: image7.wmf]s

, 
[image: image8.wmf]w

 are the permittivity, conductivity, and angular frequency of applied electric field, respectively. The direction of DEP motion depends on the sign of the real part of the Clausius-Mossotti factor, Re[fCM]. When the value of Re[fCM] is positive (negative), particles move towards the high (low) electric field region. Figure S1 represents the value of the real part of Clausius-Mossotti factor as function of frequency for the case of (A) PbSe QDs (εp=250 ε0 , σp=2×10-2 S/m) suspended in a toluene solution (εp=2.379 ε0 , σp=5×10-10 S/m), and (B) polyaniline nanofibers (εp=2 ε0 , σp=2×103 S/m) suspended in deionized water (εp=80 ε0 , σp=10-6 S/m) (see Table S1). From the simulation results in Figure S1, it is clear that, at low frequencies, the Re[fCM] reveals a positive value, causing an attractive DEP force. Thus the specified, constant frequency of 1 MHz AC voltage selected in our study (for the cases of PbSe QDs and polyaniline nanofibers) is definitely under an attractive force regime. In addition, the value of Re[fCM] decreases gradually with increasing the value of the operated frequency. In the case of polyaniline nanofibers, the Re[fCM] reduces to be negative in a frequency higher than 1011 Hz. 
[image: image9.png]>

3
v
[0)
24

PbSe QDs B

1.00+
0.99 .
=

=
[9)

0.98+ 22

0.971 ol " ™ wr " -y ™ " " ™

' 100 10° 10" 10° 10"

Frequency (Hz)

_polyaniline nanofibers

1.0

0.5+

-0.54

10'

-

-

10°

oy o -

10° 10 10° 10"

Frequency (Hz)




Figure S1. The real part of the Clausius-Mossotti factor as a function of frequency for the cases of (A) PbSe QDs, and (B) polyaniline nanofibers.

	
	ε (F/m)
	σ (S/m)
	Reference

	PbSe
	250 ε0
	2×10-2
	Science 2005, 310, 86

	Toluene
	2.379 ε0
	5×10-10
	CRC handbook of chemistry and physics

	Polyaniline nanofiber
	2 ε0
	103
	ACS Nano 2011, 5, 1541

	DI water
	80 ε0
	10-6
	Nano Lett. 2009, 9, 2260


Table S1. The parameters of the DEP force, and their corresponding references.

In the case of rGO devices, the frequency of 300 kHz was chosen, according to a previous report (See ACS Nano 2009, 3, 1729). In this reference, we have got an evidence to guarantee the occurrence of a positive DEP force under this specific frequency.
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