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Unusual Synthesis of Highly (111) Oriented Crystalline Cul
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Highly (111) oriented -Cul crystals were successfully
synthesized by a microwave-assisted method using Cu(NO3),-
3H,0 and I, as raw materials in an ethanol solution, in which
ethanol plays an important role as both the solvent and reducing
agent. The products were characterized by X-ray diffraction
(XRD) and scanning electron microscopy (SEM). A possible
reaction mechanism was proposed and discussed the results from
gas chromatography—mass spectrometry (GC-MS).

Cuprous iodide is a water-insoluble solid and has three
crystalline phases (c, B, and ¥).!=> y-Cul is usually obtained at
low temperature (below 350°C) and is one of a few kinds of
p-type large band gap materials with zincblende structure. It is
an important additive for the production of white conducting
polymeric fibers and a powerful heterogeneous catalyst in many
organic reactions.*” In recent years, it has been found that y-Cul
has potential applications in superionic conductors® and in
solid-state dye-sensitized solar cells.!®!> Therefore, a large
number of reports'®!® have demonstrated that Cul can increase
device efficiency, and the morphology of y-Cul can affect
electron-optic micro/nanodevices made of cuprous iodide.
Consequently, considerable efforts?®??> have been made to
fabricate micro—nanoscale y-Cul materials with different mor-
phology.

Various techniques have been developed to prepare Cul
materials, such as hydrothermal,?® surface-etching,>* sonochem-
ical,” pulse laser deposition,?® and precipitation methods.?’
Copper(Il) salt or Cu foil are usually used as copper sources.
When copper(I) salt is used, iodide ion is used as iodine source
accompanying by adding a certain reducing agent. To the best of
our knowledge, there has been no report of Cul synthesized
using copper(Il) salt and iodine as starting materials.

Purely from the standpoint of electron transfer, it is
impossible to form Cul from copper(Il) salt and iodine because
both copper(Il) salt and iodine are electron acceptors, and there is
no electron donor during the reaction. In the present reaction
design, we adopt ethanol as reductive solvent that has the
capacity to provide electrons. Furthermore, considering that
microwave-assisted synthesis is a fast, simple, and efficient
method,>*3° we employ microwave irradiation to fabricate y-Cul
crystals by using copper(Il) nitrate and iodine in an ethanol
solution, in which ethanol plays a key role as both the reaction
media and reducer. The formation process of y-Cul crystals is
discussed supported by GC-MS data. This is likely to be the first
report of the synthesis of Cul using copper(Il) salt and iodine as
raw materials.

The synthesis of Cul was carried out by a microwave-
assisted method. Typically, 0.25g of Cu(NOs;),;-3H,O and
0.45g of I, were separately dissolved in 10 mL of anhydrous
ethanol. The two solutions were mixed and the resultant solution
was subsequently transferred to a flask with a condenser tube.
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The flask was placed in a microwave oven and maintained at
100mA for 20min. Then, the flask was air-cooled to room
temperature. The resulting suspension was separated by cen-
trifugation, and the precipitate was washed with anhydrous
ethanol. Finally, the resultant materials were dried at 60 °C in a
vacuum oven.

Absolute ethanol was treated by microwave heating before
use. Other reagents were used as received. Absolute ethanol,
ethanolic Cu(NOj),, ethanolic I, and ethanolic solution of
Cu(NOj3), and I, were microwave heated under the above
conditions for GC-MS testing.

The samples were characterized by XRD (Bruker D8
Advance diffractometer) using CuKa radiation source and
SEM (Zeiss EVO LS-15). The solutions were investigated by
GC-MS (Agilent Technologies 5975C/7890A GC-MS System).

A typical XRD pattern of the resultant micro Cul is shown
in Figure 1. It is evident that the products are pure y-Cul
because all the diffraction peaks can be indexed to y-Cul and
match well with the peaks of standards (JCPDS file No. 6-246,
space group: F43m (No. 216)). No peaks of any other phases or
impurities can be observed, confirming the purity of the
synthesized y-Cul materials. In addition, it is easily seen that
the peak at 25.6° assigned to the (111) plane of Cul is very
strong, which indicates that the as-synthesized materials were
highly oriented perpendicularly to the [111] crystal axis.
Therefore, the prepared Cul is of high crystallinity, which can
also be verified by the ultra-narrow (111) full width at half-
maximum line width (<0.1°).6

Figure 2 shows the SEM images of the as-prepared micro
Cul. Cul in the size of 2.5-8 um can be clearly identified. It also
shows that the shape of Cul are not very uniform and that the
products are mainly composed of flat materials with an average
thickness of 1.5 um.
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Figure 1. XRD pattern of Cul.

Figure 2. SEM images of Cul.
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Figure 3. GC-MS of the microwave-treated solutions of I,
Cu(NOs),, and ethanol.

It is impossible to form Cul from copper(Il) salt and iodine
only through electron transfer. It can be supposed that the
solvent ethanol also attends the reaction. First, ethanol loses two
electrons to form acetaldehyde, accompanying by the transfer of
electrons to I, to form I~ and Cu?™ to obtain Cu*t. Then, Cul is
formed from Cu™ and I~. The process can be described by the
following equations:

2Cu** + CH3CH,0H — CH;CHO + 2H' + 2Cut (1)
CH;CH,OH + I, - CH;CHO + 2HI 2)

Cut 41~ — Cul (3)

A side reaction also takes place in the presence of ethanol,
shown as follows
2CH;3CH,0H + CH3;CHO — CH3;CH(OCH,CHj3), + H,O (4)

CH;CH,OH + HI — CH3CH,I + H,O ®)

In order to clarify the process, the remaining solutions after
microwave heating were tested by GC-MS (Most GC-MS and
MS spectra for each GC peak are given in Supporting
Information (SI)*®). First of all, ethanol that was microwave
heated before use was selected to conduct a blank test. From SI-
Figure 1,0 it can be seen that there was only ethanol peak
present in the remaining solution after microwave treatment,
indicating that no other reaction can take place during the
microwave exposure. However, ethanol, acetal, and iodoethane
could be produced in solutions of I, and ethanol by microwave
heating (as shown in SI-Figure 23°), implying that I~ and
certain amount of acetaldehyde were brought out, and all side
reactions we predicted happened during the course of reaction.
It was clearly seen that acetaldehyde and acetal were present
from SI-Figure 3,%° showing that plenty of acetaldehyde was
formed and that the side reaction shown in eq 4 takes place
during microwave heating solutions of Cu(NOs3), and ethanol.
From Figure 3, it can be seen that during the reactions of
Cu(NO3), and I, in ethanol solutions plenty of I~ was resumed
by reaction with Cu™ and that it produced very little iodoethane
which cannot be detected. All these results demonstrate that
the process is reasonable and that during the formation of Cul
ethanol plays a key role as both the solvent and reducing
agent.

In conclusion, highly (111) oriented micro Cul was
synthesized by a microwave-assisted method using Cu(NO3),-
3H,0 and I,. A formation mechanism of Cul was also proposed
and discussed. We demonstrated that the ethanol acted not only
as the common solvent but also played the key role as the
reducing agent. This unusual reaction predicts further use of
ethanol to synthesize other metal iodides.
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