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Abstract Bis-(8-hydroxyquinoline) mercury nanorib-
bons with average width of 300 nm, thickness of 50 nm
and length of up to tens of micrometers were synthesized
by a facile solvothermal method. X-ray powder diffraction
and Fourier transform infrared spectrum were employed to
determine their structure. The conductivity of a bundle of
nanoribbons was also measured, which exhibited linear
current-voltage characteristics and excellent photore-
sponse to light, indicating their potential applications in
photoswitch nano-devices in the future.
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1 Introduction

In the past decades, the demands of technological
development in electronics have aroused tremendous
development of nanoscale electronic and optoelectronic
devices based on functional nanomaterials [1,2]. Since the
functional materials’ crystallinity and molecular arrange-
ment influence the performance of the devices greatly [3—
5], nanomaterials with various morphologies have been
widely studied. Among those, one-dimensional (1D)
nanostructures particularly received high attentions in the
past few years for their unique electronic and optic
properties and prospective applications in nanometer-
scale devices [6,7].

Nowadays, 1D organic nanomaterials have emerged as
promising and prospective next-generation materials
owing to their superior properties compared with 1D
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inorganic nanomaterials, such as variety, flexibility, multi-
functionality, designability, and tailorability [8—10]. How-
ever, there are only a few successful preparations of 1D
organic nanomaterials reported up to now, such as self-
assembly methods [11,12], templates [13], and vapor
deposition techniques [14].

Since the efficient low-voltage-driven organic light-
emitting diodes based on tris-(8-hydroxyquinoline)alumi-
num (AlQ;) were first reported in 1987 [15], 8-hydro-
xyquinoline complexes have attracted wide attentions as
important organic semiconductor materials because of their
wonderful physical and chemical properties, and broad
applications in many fields [16-18]. Recently, Li et al.
obtained AlQ; and CdQ, nanorods via a solution-based
route with surfactant [19]. Zhu et al. synthesized ZnQ, by
sonochemical route from the water/oil microemulsion [20].

In this work, a facile solvothermal method without the
assistance of templates and the contamination from the
surfactants was employed to prepare bis-(8-hydroxyquino-
line)mercury (HgQ;) nanoribbons. A photoconduction
device was fabricated based on the nanoribbons, and the
photoconductive property was measured. The current-
voltage (I-V) characteristics of the as-prepared products
exhibited good linear behavior with the fast and reversible
photoswitching response under on/off light exposure
conditions. This conclusion was interesting and might be
found a potential application in nano-optoelectronic
devices in the future.

2 Experiment
2.1 Materials

All the chemical reagents were of analytical grade and used
without further purification.
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2.2 Preparation of HgQ, nanoribbons

In a typical synthesis, 0.5 mmol HgCl, and 1 mmol 8-
hydroxyquinoline were dissolved into 40 mL methanol
under stirring, which was transferred into a Teflon-lined
autoclave of 60 mL capacity and heated to 140°C for 10 h
and cooled to room temperature naturally. Then ultrapure
water was added into the resulting solution dropwisely
under violent stirring. The resulting suspension was
separated centrifugally, washed with ultrapure water
several times, and then dried under vacuum at 60°C for
12 h.

2.3 Characterization

The powder X-ray diffraction (XRD) pattern was recorded
on a Shimadzu XRD-6000 X-ray diffractometer equipped
with CuKa radiation (A=0.15406 nm); a scanning rate of
0.05°/s was applied to record the pattern in the 26 range of
5°-60°. The morphology and size of the products were
studied by a Hitachi S-4800 scanning electron microscope
(SEM). Fourier transform infrared (FTIR) spectrum was
obtained with KBr pellets for solids on a Shimadzu FTIR-
8400S spectrometer. The electrical measurements were
tracked with a CHI 620B electrochemical workstation. The
low magnification image was taken from an Olympus
optical microscope.

3 Results and discussion

The XRD pattern of the as-prepared HgQ, nanoribbons is
shown in Fig. 1. The peaks at 26 of 8.18°, 16.44°, 24.78°,
33.22° and 41.90° are strong. This pattern may be indexed
as the hexagonal phase with crystal constants a=
13.93314£0.0912 nm, and ¢=10.7222+0.0928 nm, using
the Hesse-Lipson method [21,22]. The peaks of (001) are
strongest, which indicates that the growth direction of the
as-prepared products is (001).
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Fig. 1 XRD pattern of products

The FTIR spectrum is recorded to reveal the composi-
tion of HgQ,, as shown in Fig. 2. The quinoline’s
characteristic stretching vibrations (1612-1458, 1303,
1379, 821, 756 cm™"), aromatic amine resonances (C-N,
1234, 1265, 1373 cm™!) and the C-O stretching vibration at
1099 cm™ are clearly observed. The peak at 486 cm™ is
assigned to the Hg-N stretching vibration. The hydroxy
peaks at 3306 and 1220 cm™" disappear in the spectrum. All
of the vibrations may be assigned to HgQ, [23], which
further support that the as-prepared products are pure

HgQo.
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Fig. 2 FTIR spectrum of the products

Figure 3(a) displays a panoramic SEM image of the as-
prepared HgQ,, which shows the ribbon-like morphology
with lengths up to several hundreds of micrometers. The
high magnification SEM image shown in Fig. 3(b) further
reveals the ribbons with average width of 300 nm and
thickness of 50 nm.

To measure the conductivity of the products, indium tin
oxide (ITO) coated glass with the electrode gap of 25 pm
was employed as the substrate. A bundle of HgQ,
nanoribbons were dispersed and bridged over the electro-
des with an effective length of about 40 pm, as shown in
the inset of Fig. 4(a). To increase the injection of the
device, gold gap electrodes were fabricated on the
substrate by thermal evaporation with a micrometer-sized
Au wire as the mask; by slightly moving the Au-wire
mask, Au-Au gap electrodes were deposited [24]. Then the
conductivity was measured in a dark box or under
illuminated by using an incandescent lamp (12V, 10 W).
To decrease the thermal effect, the power of the
incandescent lamp was only 10 W, and the distance of
the device-to-light source was 10 cm.

Figure 4(a) shows the /— V' curves measured in dark and
under illumination by using an incandescent lamp (12V,
10 W) for comparison. Both of them exhibit good linear
behavior, which proves a fine ohmic contact between the
HgQ, nanoribbons and Au electrodes. The current of the
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Fig. 3 SEM images of the products. (a) Low magnification; (b)
high magnification

nanoribbons rapidly increases under illuminating with an
incandescent lamp. Figure 4(b) shows the reversible
photoresponse characteristic of HgQ, during light switch-
ing on/off. A voltage of 0.01 V was applied across the two
electrodes (Au-Au electrodes), and the current recorded
during the light was alternately turned on and off at 20-s
intervals. It is clearly observed that the conductivity of the
HgQ, nanoribbons promptly increases or decreases
according to the illumination on/off, which shows that
the products have excellent photoresponse.

The photoswitch is attributed to the enhanced carrier
density in the nanoribbons and the reduced depletion
width. This behavior can be simply explained by the
desorption of oxygen ions (O~ ,0, or O*") on the surface
of the nanoribbons. Under illumination, the energy from
the light excites the electrons in the semiconductor HgQ,
jumping from the valence band into the conduction band,
leaving holes in valence band, increasing the charge carrier
concentration via direct electron-hole pair creation and,
thus, enhancing the current of the nanoribbons. At the
same time, oxygen ions capture the photoexcited holes,
which liberates the oxygen species and leads to the
increase of current attributed to both an enhanced carrier
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Fig. 4 Photoresponse of a bundle of products. (a) /—V curves in
the dark or under illumination, and the image of the products
between two Au electrodes from an optical microscope (inset); (b)
photoresponse characteristics of the device during light switching
on/off

density in the nanoribbons and a narrower depletion width
[25].

4 Conclusion

In summary, large-scale and high-purity HgQ, nanorib-
bons were successfully synthesized via a facile solvother-
mal approach, without the use of a template or a surfactant.
The photocurrent of a bundle of HgQ, exhibited unique,
fast and reversible photoswitching response. This work
might have potential application in organic semiconductive
or photosensitive nanodevices in the future.
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