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Preparation of Cu,S Nanoribbons from Cu(thiocarbamide)Cl-1/2H,0 Complex Nanowires
by Solid-state Reaction at Room Temperature without Surfactants
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Cu,S nanoribbons with width of 60—80 nm, length of 200—
500 nm, and average thickness of about 8 nm were prepared by
means of a simple solid-state reaction at room temperature with-

out surfactants. The product was characterized by various tech-
niques of XRD, XPS, TEM, HRTEM, and UV-vis spectra.

The shape-controllable synthesis of low dimensional metal
and semiconductor nanocrystals is of current interest owing to
the strong relationship between the physical properties and the
shape of nanocrystals.! Compared with the cylindrical nano-
wires, nanoribbons with high aspect ratio of both width and
length to thickness are considered a distinctive subgroup of 1-
D nanostructure materials. Although several strategies have been
developed for the growth of semiconductor nanoribbons, they
suffer from the requirements of high temperature, special sol-
vent, or tedious procedures.”™ the solid-state reaction at room
temperature is a simple, cheaper, and convenient process to pre-
pare low dimensional nanomaterials. More than 40 kinds of
nanoparticles have been synthesized by this method.’

Cu,S has been known for a long time as a type of indirect
bandgap semiconductor.®’ Although its nanorods® and nano-
wires’ have been synthesized, to our best knowledge, the prepa-
ration of low dimensional ribbon-like Cu,S has not been report-
ed till now. In this paper, we have prepared Cu, S nanoribbons by
grinding at room temperature without any surfactants.

The detailed synthesizing processes are as follows: 1.0-g
NaOH and 1.0-g Cu(thiocarbamide)Cl-1/2H,0O precursor, pre-
pared according to the reports of Krunks,® are mixed and ground
for 2h. When the mixture becomes black wholly and muddy,
2.0-mL anhydrous ethanol is added. After 1 h grinding, the mix-
ture is washed in an ultrasonic bath with distilled water and an-
hydrous ethanol, respectively. The product is dried in air at room
temperature, and collected for characterization.

The XRD reflections of the sample shown in Figure 1a fit the
diffraction patterns of hexagonal B-Cu,S (JCPDF No: 26-1116)
with the cell parameters @ = 0.3972nm and ¢ = 0.6668 nm.The
broad peaks indicate the small size of the sample. The XRD pat-
tern here is equal to that reported for Cu,S by Gao et al.® The
average crystal size of the sample calculated by the Scherrer’
equation was about 9.0nm. The weak peaks between 30° and
40° might be caused by surplus sulfur.” Tt should be noted the
base lines are relatively higher, which is generally induced by
a high content of heavy metal, which indicates a higher copper
content in samples. Quantitative calculations of energy disper-
sive spectra (EDS) show the ratio of Cu:S to be close to 2:1,
which further confirms the results of the XRD patterns. The yield
of Cu,S is near to 95.3%, based on the content of copper.

X-ray photoelectron spectra (XPS) are used to measure the
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Figure 1. a) XRD pattern b) XPS of S 2p ¢) XPS of Cu 2p d) Cu
L3;MM Auger spectrum of the as-prepared product Cu,S sample.

composition of the sample. XPS of S 2p and Cu 2p (Figures
1b and 1c) of the sample show unambiguously the presence of
S?~, Cu*, or Cu. The distinction between Cu* and Cu cannot
be made from the XPS spectrum in Figure 1¢ because their bind-
ing energy peaks are both at 932.2eV. However, it is observed
that the Auger spectrum shown in Figure 1d shows a peak at
916.9 ¢V in the Cu L3y MM Auger spectrum, which is a charac-
teristic of Cu (I). The Cu (0) dose not exist in the sample as
shown by the absence of characteristic peak of 918.6¢eV in the
Auger spectrum.'® According to the XPS and Auger data, the
sample consists of only S and Cu. Peak areas of these high-res-
olution scans are measured and used to calculate the Cu-to-S ra-
tio for the nanocrystals. Quantification gives a Cu-to-S ratio of
2:1.09, close to stoichiometric Cu,S.

The UV-vis spectrum is used to characterize the optical
properties of the obtained sample. The absorption spectrum of
the sample (Figure 2a) displays a peak at 450 nm and the edge
at 650 nm. According to the results reported by Gao et al,’ the
crystal phase of copper sulfide can be handily determined by
the absorption spectrum. No other products are formed and the
crystal phase of samples is inferred to be pure Cu,S (chalcocite),
in combination with the XRD, UV-vis spectra and XPS results.
There is a blue shift compared with the absorption onset of bulk
Cu,S (1022 nm), which indicates a quantum size effect of the
sample.

TEM and SAED provide a further insight into the nanostruc-
ture of the sample. Figure 2b presents a low-magnification TEM
image of the Cu,S sample. The nanoribbon morphology can be
appreciated from the arrows in Figure 2b. The image is darker
where the particles overlap compared with the particles isolated,
and the optical density of the isolated particles appears homoge-
nous. This overlap phenomenon would not occur for cylindrical
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nanowires. It appears that the sample has a relatively uniform
width (60-100nm) and the nanoribbons have many striation
contrasts on their observed faces. These are bending contours be-
cause of lattice bending in thin samples, where the electronic
beams are diffracted, which is fit to Bragg diffraction. These
streak lines change in position as the samples are tilted in the
TEM measurement. The growth directions for the nanoribbons
are determined from the SAED patterns and high-resolution
TEM images of individual nanoribbons. The SAED pattern of
the ribbon shown in the inset in Figure 2b is recorded with the
electron beam along the [010] zone axis (perpendicular to the
ribbon), which indicates that the nanoribbons are a single crystal
with a growth direction of [002]. An HRTEM image shown in
Figure 2c further confirms that the single-crystal ribbon grows
along the [002] direction (indicated with an arrow). A lot of de-
fects have been seen to distribute uniformly over the nanorib-
bons in Figure 2c.
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Figure 2. a) UV—vis absorption spectrum of the Cu;,S nanoribbons.
b) TEM image of Cu,S nanoribbons. The inset of (b) shows the
SAED pattern of the Cu,S nanoribbons along the [010] axis. c)
HRTEM image of the nanoribbons, inset in (c) enlarged image of
the selected area in (c), the arrow showing its growth direction [002].

Because of the nature of the nanoribbons, it is difficult to ob-
serve their exact thickness by HRTEM. However, the average
thickness of the nanoribbons can be calculated according to
the bandgap shift because the blue shift is predominantly gov-
erned by the sheet thickness.'!
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Here, My is the reduced effective mass of the exciton, L, is
crystallite dimensions. However, it is difficult to seek the param-
eter (;,Ly) of Cu,S from handbooks. In work of Gao et al.,’ the
sample IV of Cu,S nanodisks with thickness of 6 nm presents
an absorption peak at 382nm and the absorption edge at
567nm (AE, = 0.977¢eV). It is deduced from the above Eq:
for the different thickness of Cu,S nanocrystal, AEg-L,2 is a
constant. Here, AE, = 0.64eV. So the calculated average thick-
ness of Cu,S nanoribbons is about 8 nm, which is in good agree-
ment with the average particle size obtained from XRD analysis.
For 2-D nanocrystallites, the size calculated by the Scherrer’
equation mainly indicates its thickness.

899

Now we come to investigate the formation mechanism of
Cu,S nanoribbons. It is well known that in basic aqueous solu-
tion the S>~ ions are generated by hydrolysis of thiocarbamide:

NH,CSNH, + 20H~ — $?~ + NH,CN + 2H,0

When NaOH and the Cu(thiocarbamide)Cl-1/2H,O com-
plex are mixed and ground in mortar box, owing to deliquescent
of NaOH, the high saturated concentration OH™ ions will quick-
ly react to thiocarbamide of Cu(thiocarbamide)Cl-1/2H,0 com-
plex, which causes the decomposition of the chelate complex.
Then, Cu™ ions will react with S*~ ions and the Cu,S is in situ
produced.

Figure 3. SEM image of wire-like Cu(thiocarbamide)Cl-1/2H,0
complex.

In SEM image of Cu(thiocarbamide)Cl-1/2H,O complex
nanowires shown in Figure 3, the complex nanowires with diam-
eters of about 100 nm and lengths of dozens of microns are ob-
served. Some thin precursor nanowires aggregate into bundle-
shaped wires. On the basis of above facts, the formation of nano-
ribbons may be related to the template effects of complex nano-
wires together with the nature characteristics of Cu,S crystal
growth.” Although the exact transformation mechanism from
the complex nanowires to Cu,S nanoribbons is still not clear,
the whole process is similar to Ag,Se nanowires synthesized
templating against nanowires of trigonal Se.'?

In summary, Cu,S nanoribbons with width of 60-80nm,
length of 200-500 nm and average thickness of about 8 nm are
prepared from Cu(thiocarbamide)Cl-1/2H,0O complex nano-
wires by a simple solid-state reaction without surfactants and
the possible growth mechanism is discussed. The nanoribbons
might find application in nanoscaled photoelectronic and semi-
conductor devices in future.
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