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ABSTRACT: In this work, the microfluidic-assisted synthesis of copper-tetracyanoquinodimethane (Cu−TCNQ)
nanostructures in an ambient environment is reported for the first time. A two-layer microfluidic device comprising parallel
actuated microchambers was used for the synthesis and enabled excellent fluid handling for the continuous and multiple chemical
reactions in confined ultrasmall chambers. Different precautions were applied to ensure the reduction state of copper (Cu) for
the synthesis of Cu−TCNQ charge-transfer compounds. The localized synthesis of Cu and in situ transformation to Cu−TCNQ
complexes in solution were achieved by applying different gas pressures in the control layer. Additionally, various diameters of the
Cu−TCNQ nano/microstructures were obtained by adjusting the concentration of the precursors and reaction time. After the
synthesis, platinum (Pt) microelectrode arrays, which were aligned at the microchambers, could enable the in situ measurements
of the electronic properties of the synthesized nanostructures without further manipulation. The as-prepared Cu−TCNQ wire
bundles showed good conductivity and a reversible hysteretic switching effect, which proved the possibility in using them to build
advanced nanoelectronics.
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1. INTRODUCTION
Metal−organic charge-transfer complexes based on 7,7,8,8-
tetracyanoquinodimethane (TCNQ) have attracted consider-
able research interest, due to their intriguing electronic
properties and their potential applications in building advanced
conductive materials, sensors, and energy and data storage
substrates.1−4 Cu−TCNQ is considered to be representative of
complexes with TCNQ because of its reversible, bistable
switching capabilities in conductivity when induced by an
electric field. The bulk and thin films of Cu−TCNQ have been
extensively studied. However, after the discovery of its quasi-
one-dimensional (1D) crystalline nanostructures,5,6 Cu−
TCNQ has received greater attention in the nanotechnology
field, due to its advantages for building practical nano-
electronics over their bulk and thin film counterparts. For
example, He et al. described the use of Cu−TCNQ
microribbon electrodes in organic single-crystal transistors.7

For this reason, various approaches in obtaining Cu−TCNQ
nanostructures have been reported, such as chemical vapor

deposition of TCNQ gas on a metallic Cu0 surface,8−11 solution
reaction of TCNQ with Cu0 metal in organic solvents,5,12 and
chemical/electrochemical/photochemical reduction of TCNQ
in the presence of Cu+ or Cu2+ ions.6,13,14 However, the
chemical vapor techniques required an inert atmosphere since
Cu0 was quickly oxidized when directly exposed to air,15 and
also a high temperature (over 100 °C) was needed.8 Although
the other methods made progress in the fabrication of micro-
and nanoscale Cu−TCNQ structures, the controlled growth of
this nanoscale crystal with reproducible uniform morphology in
less harsh environment at room temperature is still challenging.
To solve this problem, microfluidic technology was shown to
be an optimal approach, due to its possibility of precise fluid
handling, allowing spatially controllable reactions.16−19
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In addition, reported studies on the switching effect of Cu−
TCNQ showed that the traditional sandwich electrode
structures with aluminum (Al) could influence the conductive
behavior of this organic material.20,21 Thus, the use of
nonsandwich devices and metals other than Al as electrodes
is highly desired in studying the conductive behavior of Cu−
TCNQ.7,22

In this work, a microchamber array developed by our group23

was adopted and greatly improved for the localized formation
of Cu−TCNQ nano/microscale structures in ultrasmall
microchambers. This method allows not only continuous and
multiple chemical reactions in confined microchambers but also
excellent fluid handling which ensures the reaction of TCNQ
with a trapped Cu0 layer. This is also the first on-chip
conversion of Cu0 into Cu−TCNQ nanostructures. Further-
more, since the synthesis is carried out in a solution phase
inside the microchip, efficient reduction of exogenous oxygen
into the system is possible when pretreated (argon gas flushed)
solutions are used. With the proposed method, the morphology
of Cu−TCNQ nano/microstructures was controlled by
adjusting the concentration of precursors and the reaction
time. Outcomes of this method were analyzed by scanning
electron microscopy (SEM). Moreover, the conductive
property and reversible switching effect of such synthesized
Cu−TCNQ nanostructures were tested by using integrated Pt
microelectrode arrays to avoid the effects from the electrode
system. In combination with integrated electrodes in the
microchambers, a direct bottom contact of Cu−TCNQ with Pt
microelectrodes is achievable without further complicated
manipulations. This work represents the first attempt to
synthesize Cu−TCNQ nanostructures by microfluidic-assisted
techniques in a “normal” environment at room temperature,
with direct integration into an electrode system for conductive
measurement.

2. EXPERIMENTAL SECTION
2.1. Materials. Positive photoresist AZ-9260 and AZ-400 K

developers were purchased from Microchemicals (Ulm, Germany).
1H,1H,2H,2H-Perfluorodecyl-dimethylchlorosilane was purchased
from ABCR (Karlsruhe, Germany), and poly(dimethylsiloxane)
(PDMS) (Sylgard 184) was obtained from Dow Corning (Midland,
MI, USA). Acetonitrile (CH3CN, 99.8+%), copper(II) sulfate (CuSO4,
anhydrous, powder, ≥99.99% trace metals basis), ethanol
(CH3CH2OH, 99.8+%), sodium borohydride (NaBH4, powder,
≥98.0%), sodium citrate dehydrate (C6H5O7Na3·2H2O), sodium
hydroxide (NaOH, reagent grade, ≥98%, pellets) were all purchased
from Sigma-Aldrich (Buchs, Switzerland). 7,7,8,8-Tetracyanoquinodi-
methane (TCNQ, >98.0%, HPLC) was obtained from TCI
(Eschborn, Germany). Ultrapure deionized (DI) water (Mill-Q
purifiers, 18.2 MΩ·cm at 25 °C) was used throughout the experiment.
2.2. Chip Design and Fabrication of the Double-Layer

Microchips. The microfluidic chip used here was an improved chip
design based on the microchamber array designed before,23 but here
with further reduced volumes. Generally, a 50 μm wide microchamber
design was used, with modified fluid inlet and outlet designs and gas
control channels. A four-electrode system with eight pairs of electrodes
was integrated into the microchip for a four-point measurement. Each
pair of electrodes was aligned to a microchamber separately. Detailed
methods for master mold fabrication, multilayer chip assembly, and
patterning of microelectrodes also refer to the reported work.23

Finally, in order to avoid introducing air into the microchip when
solutions were changed, two reservoirs were added onto the two inlets
after the assembly of the multilayer chip.
2.3. Microchip Operation. Control layer channels were filled with

water by centrifugation before the experiments. Custom-made metal
connectors and silicone tubing were used to introduce N2 gas into the

control layer of the microchip. The gas channel in the control layer
was pressurized up to 3 bar for closing the microchambers and
stopping fluid flows. It was released to 2 bar to allow the slow diffusion
of solutions into the microchambers. In the fluid layer, the reagents
were loaded into plastic syringes and supplied through Teflon tubing
into the microchip using a software controlled syringe-pump system
(neMESYS module, Cetoni GmbH Korbußen, Germany).

2.4. In Situ Formation of Cu−TCNQ Nano/Microstructures.
Solution Preparation. CuSO4 and C6H5O7Na3·2H2O powders were
dissolved in DI water separately to form solutions of concentrations up
to 0.5 M. A 1 M NaBH4 solution was prepared by using NaOH
solution (pH = 12) as the solvent. A high pH value was used to
stabilize NaBH4. TCNQ was dissolved in CH3CN at concentrations of
2 and 5 mM, respectively. Other concentrations of solutions were
obtained by diluting the above-mentioned solutions using their
separate solvents. In addition, to avoid air in the experiment, all the
solutions were flushed using Ar gas for 20 min before use.

Synthesis of Cu0 Layer and Cu−TCNQ. As illustrated in Figure 1,
the formation of Cu0 and Cu−TCNQ was achieved by the following
steps:

(i) The middle control channel was pressed to 3 bar by N2 gas to
close the middle of the chamber. Cu(C6H5O7)2

4− (obtained
after mixing CuSO4 and C6H5O7Na3, see section 3.2) and
NaBH4 solutions were supplied from two inlets (Figure 1, (i)).

(ii) The two side gas channels were pressurized to 3 bar to stop
supplying solutions. Then the middle gas channel was released
to allow the two solutions to mix. This led to the formation of
Cu0 (Figure 1, (ii)).

(iii) DI water was supplied from the inlets. The left gas channel was
released to 2 bar to allow water to slowly diffuse into the
chamber and wash Cu0 (Figure 1, (iii)).

(iv) CH3CN was supplied (instead of water) from the left inlet to
diffuse into the chamber and wash Cu0 (Figure 1, (iv)).

(v) TCNQ solution was supplied (instead of water) to diffuse into
the microchamber and react with Cu0. Different morphologies
of the structures were observed after the reaction (Figure 1,
(v)).

(vi) The solvent, CH3CN, was introduced to wash off the TCNQ
solution in the channel and microchambers (Figure 1, (vi)).

Figure 1. Schematic illustration of the formation of Cu−TCNQ nano/
microstructures in solution inside a subnanoliter microchamber. Solid
lines show one microchamber, and dashed lines indicate the
pressurized gas channels. See section 2.4 for details.
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Finally, the microchip was put in a vacuum to allow for evaporation
of the solvent. The resulting nano/microstructures were obtained in
the microchambers.
2.5. Characterization. Colored images were recorded on a

stereomicroscope (AZ-100M, Nikon) equipped with a digital camera
(Digital sight DS-Fi1, Nikon). Other optical images were taken on an
inverted microscope (IX71, Olympus) equipped with a digital camera
(UK1117, ABS) and standard filters. Absorption spectra were obtained
on a UV−vis spectrophotometer (V-650, JASCO). The IR trans-
mission measurements were performed using a TENSOR 37 (Bruker)
FT-IR spectrometer. The spectral resolution was set to 4 cm−1. Raman
spectra were obtained on a confocal Raman microscope (NanoScan
Technology) equipped with a diode-pumped solid-state (DPSS) laser
(Cobolt Samba, λ = 532 nm) and a 50× Olympus objective (NA
0.75). The laser power was 0.4 mW, and the accumulation time was 60
s. The SEM images and the energy dispersive X-ray spectroscopy
(EDX-SEM) were obtained using a FEI Quanta 200 FEG at the
Scientific Centre for Optical and Electron Microscopy (ScopeM) of
ETH Zürich.
To measure the electrical properties of the nanostructures, the

microchip was dried in vacuum after the synthesis. Afterward, four Pt
microelectrodes (5 μm gap) which enabled top contact with in situ
formed nanostructures in a confined microchamber were used for a
four-point measurement, with a signal reading from Au needle probes
in contact with Pt microelectrodes (Figure S1, Supporting
Information). For I−V curve measurements, current was applied
through the outer electrode pair (source high and source low) and the
resulting potential on the inner electrode pair (sense high and sense
low) was monitored using a Keithley 2612A system source meter.24

For testing the electrical switching effect, a voltage sweep was used.
2.6. Data Processing. Raman spectra were recorded using NSpec

software (NanoScan Technology, GmbH). IR spectra were recorded
by the OPUS software (21 CFR Part 11 compliant). The Raman and
IR spectra of TCNQ and Cu−TCNQ were analyzed with Origin Pro
9.1 (Academic) (Originlab Corporation). Conductivity results were
recorded by the TSP Express Software Tool and analyzed with Origin
Pro 9.1 (Academic) (Originlab Corporation).

3. RESULTS AND DISCUSSION
3.1. Microchip with Chamber Array. As shown in Figure

2a, the microfluidic device was a double-layer microchip made
of PDMS by soft lithography,25,26 with a top control layer
consisting of three gas channels and a fluid layer with ten

parallel microchambers, separated by a thin and flexible PDMS
membrane. The multilayer chip was assembled and integrated
to a glass slide with prepatterned microelectrodes to form the
final device (Figure 2a,b). The mirochambers were operated by
the three parallel control channels upon pressurization with N2
gas (see section 2.4 for details). Compared to the micro-
chamber array for Ag−TCNQ reported by our group,23 several
aspects were improved in this new chip design. First, 50 μm
wide microchambers were fabricated to reduce the volume of
solutions required to a subnanoliter volume. Second, the
microchannel toward inlet and outlet of the fluid layer were
changed in order to better control the fluids into the ultrasmall
chambers. Third, for the electrical measurement of the
structures formed in microchambers, a four-electrode system
(source high, source low, sense high, and sense low) was used
in the four-point probe measurement (Figure 2c), instead of
the two-point method.23 These improvements helped to
precisely control the growth conditions of Cu−TCNQ and
made a detailed in situ analysis possible. The synthesis of Cu0 in
the microchamber by controlling the gas channels is shown in
Figure 2d−f (detailed experimental procedure see section 2.4).

3.2. Reaction Mechanism (Scheme S1, Supporting
Information). Cu−TCNQ structures were synthesized by
using Cu0 and TCNQ solution in CH3CN. Cu

0 was produced
from an electroless Cu-plating solution consisting of a copper
salt (CuSO4), a complexing agent (C6H5O7Na3), a reducing
agent (NaBH4), and NaOH to adjust the pH. Here,
C6H5O7Na3 is used as an organic chelating agent that interacts
with CuSO4 and solubilizes Cu2+ ions present in solution, to
form a Cu−chelator complex.15

3.3. Controlled Synthesis of Cu0 and Cu−TCNQ Nano/
Microstructures on Microchips. Since Cu0 can easily be
oxidized when in contact with air,27 special precautions were
taken to efficiently reduce oxygen in the microchips. First of all,
all the solutions were flushed with Ar gas for 20 min before the
experiment. Then, two reservoirs were filled with water or
CH3CN (Figure 2b), with the purpose of avoiding air bubbles
being introduced into the microchannels during the experi-
ment. With this microchip, the localized synthesis of Cu0 inside

Figure 2. Microchip device for the synthesis of Cu−TCNQ structures. (a) Schematic of the alignment of the microchip. (b) Photograph of the final
device with two reservoirs added to the inlets after the alignment of the microchip. The glass slide is 24 mm × 40 mm in size, and the dimensions of
the microchip are 24 mm × 24 mm × 6 mm. (c) Top: optical image of the microchip, with orange and red food dyes in the control and fluidic layers,
respectively. Bottom: magnification of one reaction microchamber (50 μm in width) with aligned microelectrodes. The four electrodes used in this
experiment are shown in this image, with source high and source low electrodes outside and sense high and sense low electrodes inside. Scale bars:
200 μm. (d)−(f) Operation of gas channels with (d) the middle gas channel B is pressurized to 3 bar to close the chamber, (e) the two side gas
channels A and C are pressurized to 3 bar to stop flows and allow the reaction inside the microchamber (black products started to form from the
middle indicating the formation of Cu0), and (f) the channel A was released to 2 bar to allow the slow solvent exchange in the microchamber and to
wash the Cu0 formed inside the chamber. Scale bars: 100 μm.
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the microchamber was achieved by adjusting the pressure into
the gas channels to 3 bar (Figure 2d,e). Finally, after the
formation and washing of Cu0, the direct synthesis of the
charge-transfer compound Cu−TCNQ was achieved by slightly
opening the valves to allow the diffusion of TCNQ solutions
into confined microchambers with trapped Cu0 particles
(Figure 2f and Figure 1v).
The Cu0 formed via this method appeared brown in color

and shiny as a metal, as observed by eye on a glass slide of a
nonbonded chip (Figure S2a, Supporting Information), as well
as under an optical microscope on a glass slide (Figure S2c,
Supporting Information) and in a microchannel (Figure S2d,e,
Supporting Information). After the reaction of Cu with TCNQ
solutions on a nonbonded chip, a dark blue product was
obtained on the glass slide (Figure S2b, Supporting
Information), indicating the formation of Cu−TCNQ.28 The
wire morphology inside a microchamber was observed under a
microscope (Figure S2f, Supporting Information). With the
microfluidic techniques, the density of the Cu0 layer and the
morphologies of Cu−TCNQ were formed in a controlled way,
for example, by using different concentrations of precursors and
controlling the reaction time (Table 1).
High concentrations of Cu(C6H5O7)2

4−/NaBH4 (250/500
mM) resulted in a thick Cu0 layer (Figure S3a, Supporting
Information). Upon reaction with 5 mM TCNQ at a flow rate
of 2 μL/min for 10 min, dense short nano/microrods (0.4−1
μm in diameter, 5−10 μm in length) were observed (Figure
S3b,c, Supporting Information). However, 5 times diluted
Cu(C6H5O7)2

4−/NaBH4 solutions (50/100 mM) resulted in
large particles of Cu0 (Figure S3d, Supporting Information),

followed by the formation of long nano/microrods after
reacting with 5 mM TCNQ for 10 min (Figure S3e,f,
Supporting Information) (structures with 0.8−1.5 μm in
diameter, 10−50 μm in length). In contrast, a very low
concentration of the Cu(C6H5O7)2

4−/NaBH4 solution (25/50
mM) was used and led to the formation of a thin Cu0 layer in
the channel (Figure S3g, Supporting Information), after
reacting with a low concentrated TCNQ solution (2 mM)
for 10 min. In this case, bundles of nanowire structures were
observed (Figure S3h, Supporting Information), as also seen by
SEM results (Figure 3a,b). In addition, a longer reaction time
(20 min) caused the formation of larger structures (Figure S3i,
Supporting Information), compared to those in Figure S3h
(Supporting Information). This may be due to the aggregation
of wire structures.5 Using high concentrations of Cu-
(C6H5O7)2

4−/NaBH4 (250/500 mM), bubbles were observed
in the channel, likely due to the release of hydrogen in the
redox reaction between NaBH4 and water (eq 2 in Scheme S1,
Supporting Information).15,29−31 Instead, this was not observed
when low concentrated solutions were used. Thus, a low
concentration of precursors (Cu(C6H5O7)2

4−/NaBH4, 25/50
mM) and a short reaction time (10 min) are ideal for the
synthesis of nanometer scaled Cu−TCNQ structures.

3.4. Characterization of Cu−TCNQ Nano/Microstruc-
tures. Detailed characterization was performed to confirm the
composition and properties of the as-prepared nano/micro-
structures. As shown in Figure 3, the compositions of Cu0 and
resulted Cu−TCNQ were determined by the EDX-SEM
spectra (Figure 3c,d).

Table 1. Morphology of Structures Formed under Different Reaction Conditions on Microchips

[Cu(C6H5O7)2
4−]/[NaBH4] (mM) [TCNQ] (mM) reaction time (min) morphology of productsa (Φ diameter, μm; L length, μm)

250/500 5 10 short nano/microrods (0.4−1), (5−10)
50/100 5 10 long nano/microrods (0.8−1.5), (10−50)
25/50 2 10 nanowire bundles (0.1−0.8), (5−20)
25/50 2 20 microrods

aThe optical and SEM images are shown in Figure S1 and Figure 4a,b.

Figure 3. (a) and (b) SEM images of Cu−TCNQ nanowire bundles (100−800 nm in diameter, 5−20 μm in length), with the magnification of wire
bundles marked with the yellow box. The EDX spectrum of the (c) Cu0 layer (notice the strong Cu element signal) and the (d) Cu−TCNQ
nanowire bundles. Notice the appearance of the N element, the obvious increase in C, and the decrease in Cu signals, compared to that of Cu
(Figure 3c). The strong O signals in the EDX spectra were mainly obtained from a glass slide (Figure S4a, Supporting Information) and presumably
from the oxidation of samples upon exposure to air.
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In addition, the UV−vis spectra of neutral TCNQ and Cu−
TCNQ solutions were obtained, with the latter from the eluted
solution of a nonbonded microchip after synthesis. As indicated
in Figure 4a, neutral TCNQ showed only one peak at 393 nm.

In contrast, the Cu−TCNQ solution exhibited a broad peak at
416 nm and exhibited absorption peaks at 746 and 840 nm,
which could be assigned to TCNQ anion radicals in the
sample.5 FT-IR and Raman measurements were carried out in
order to determine the oxidation state of TCNQ molecules in
neutral TCNQ and Cu−TCNQ nanostructures. As can be seen
from the IR spectra (Figure 4b), compared to the spectrum of
pure TCNQ, the CCH mode of Cu−TCNQ shifted from
861 to 825 cm−1. In addition, the CC ring stretching peak at
1543 cm−1 split into two peaks at 1506 and 1577 cm−1.
Typically, the peak at 1506 cm−1 denoted the formation of
TCNQ anion radicals.5 The CC wing-stretching region was
also represented by the peak at 1354 cm−1. Moreover, the
strong band at ∼2200 cm−1 was associated with the CN
stretching mode. Apart from these, the Raman spectral analysis
of Cu−TCNQ (Figure 4c) showed the main characteristic
vibration modes at 1205 cm−1 (CCH bending), 1377
cm−1 (CCN stretching), 1606 cm−1 (CC ring stretching),
and 2209 cm−1 (CN stretching). Compared to the Raman
spectrum of a neutral TCNQ crystal, the CCN stretching

mode in Cu−TCNQ shifted from 1455 to 1377 cm−1 because
of the complete charge transfer between Cu0 and TCNQ
molecules.8,32 Thus, the FT-IR and Raman spectra results
clearly proved the composition of Cu−TCNQ in these
nanostructures.
The larger microstructures formed at higher concentrations

of precursors (Figure S3e,f, Supporting Information) were also
characterized by EDX-SEM (Figure S4, Supporting Informa-
tion), FT-IR, and Raman spectroscopy (Figure S5, Supporting
Information). These spectra showed that the microstructures
exhibited similar charateristics to the nanostructures, suggesting
a similar composition of these structures.

3.5. Conductive Measurement of Cu−TCNQ Nano-
structrues. To test the possibility of a direct integration onto
microelectrodes and to characterize the electrical properties of
Cu−TCNQ nanostructures, the I−V curves of the Cu0 layer
before and after reacting with TCNQ solutions were obtained
on-chip by four-point probe measurements after solvent
evaporation in a vacuum. The graph in Figure 5a shows a
linear I−V sweep for the copper layer, indicating its typical
metallic nature. In contrast, after the formation of nanostruc-
tures (100−800 nm in diameter, 5−20 μm in length) inside
different microchambers, nonlinear I−V curves were obtained
(Figure 5b). The quasi-symmetric character of the I−V curves
for wire bundles indicates the formation of Cu−TCNQ crystals
and the good contact with the prefabricated microelectrodes
inside the microchamber. Reproducible I−V responses indicate
the possible application of this technique for parallelized
integration of conductive nanowires. Moreover, the electrical
properties of the synthesized nanowire devices were proven to
be stable in air. The conductive behavior of larger micro-
structures was also tested (Figure S6, Supporting Information),
and the nonlinearity of their I−V curve clearly proved the
conductive behavior of Cu−TCNQ microwire structures.
When a reversible voltage from 0 to 10 V was applied to the

nanowire bundles, reversible hysteretic I−V curves were
observed (Figure 5c). In addition, the two switchable states
were confirmed and attributed to high and low impedance,
respectively. The reversible hysteretic I−V curves proved the
good switching behavior of the Cu−TCNQ nanowire bundles,
which also confirmed the importance of this organic memory
material in the switching process.10 In addition, we tested the
oxygen persistence of Cu−TCNQ nanostructures by measuring
the conductivity on the same nanostructure device before and
after air exposure at different times (Figure S7). The I−V
curves show that the conductivity decreases slowly over 72 h to
a constant value, which indicates an oxidation process; however,
difficulties in the contact between electrodes and structures
may have contributed to this decrease as well.
There was evidence in former studies that the switching

mechanism of the Cu−TCNQ film involved a composition
change.33 The composition of the switching states consists of
M+TCNQ−• that shows high electrical resistivity and
M+(TCNQ−•)TCNQ, with neutral TCNQ in the structure,
that exhibits low electrical resistivity (Scheme 1).
However, there is still inconsistency in reported studies

concerning the switching effect of Cu−TCNQ. Some
researchers suggested that the switching behavior was
associated with phase changes in bulk samples (from phase II
to phase I) after application of the electric field,13 while others
proposed that this effect was caused by the contact of the Al
electrode with the Cu−TCNQ surface.20,21 In our study, a
device with Pt electrode systems was applied. We observed the

Figure 4. (a) UV−vis absorption spectra of TCNQ (black) and Cu−
TCNQ (red) solutions in CH3CN. (b) FT-IR and c) Raman spectra of
TCNQ and Cu−TCNQ nanowires obtained from nonbonded
microchips at the concentration of Cu(C6H5O7)2

4−/NaBH4 (25/50
mM) after reacting with 2 mM TCNQ.
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electric-field-induced reversible hysteretic switching effect of
our nanowire bundles, in accordance with the observations of
Müller et al.10 and Xiao et al.,8,34 though the detailed working
mechanism is yet to be understood.

4. CONCLUSIONS
In conclusion, the microfluidic-based synthesis of conductive
Cu−TCNQ in an ambient environment at room temperature
was achieved. Different morphologies of Cu−TCNQ nano/
microstructures could be synthesized in a controlled way by
tuning the concentration of precursors and by changing the
reaction time inside microchips. With this technique, reactions
were confined in parallel ultrasmall microchambers. Thus, the
nanostructures were locally formed and integrated with
prefabricated microelectrodes, and moreover, their electrical
properties could be measured directly, without further
micromanipulation. Cu−TCNQ nanostructures formed with
the proposed method showed a conductive behavior and a
reversible hysteretic switching effect upon an electric field,
indicating the possibility of using this technique for the building

of nanoelectronics and nanoswitches in an easy and efficient
way. Although inconsistent switching mechanisms of Cu−
TCNQ were reported in former studies, our observations
correlate well with some previous findings.8,10,34 For
clarification, a detailed study of the switching mechanism has
to be done. Work along this way is under investigation in our
laboratory.
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