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A new idea of the nanorods preparation and a novel application of calixarenes are presented.
Calix[4]arene was introduced into solvothermal system to produce one-dimensional inorganic nano-
material. The obtained product was characterized by XRD and TEM. Results of the XRD analysis
showed that the product was pure cubic phase of PbS with high crystallinity. TEM images revealed
that the diameter and length of the PbS nanorods were about 200 nm and up to 3.5 um, respectively.
Optical properties of the product were also studied. PL emission image showed that the product
exhibited an emission peak at 308 nm in ultraviolet region showing a blue shift of 14 nm compared
to the bulk material. The formation mechanism of PbS nanorods in the presence of calix[4]arene is

discussed.
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The calixarene is a special class of cyclophane ca-
pable of binding both neutral and charged guests [1,
2]. The first calixquinone series, calix[4]arenes, pro-
vides a prototypical example of electroactive calix-
arenes. These compounds are capable of undergoing
two-electron reductions for each quinine moiety. Ex-
traction of the first electron is generally reversible,
while the subsequent elimination of the second one
is typically quasi-reversible. The ability of calixarenes
to bind alkali, alkaline earth, or transition metals ions,
makes the calixarene systems suitable to control reac-
tion speed in synthesis [3-5]. In recent decades, nano-
materials attracted interest of numerous researchers.
Though there are a few reports on the cross of super-
molecules with nanotechnology [6, 7], calixarene has
not been employed for the controlled growth of lead
sulfide nanorods.

PDbS is a typical semiconductor with unique photo-
conductive properties [8]. PbS has potential applica-
tion in production of devices with optical absorption
and emission in red and near-infrared region of the

electromagnetic spectrum for its especially small di-
rect band gap energy [9]. Many methods have been
used to prepare PbS nanomaterials, such as the pre-
cipitation method, metallorganic precursor method,
solvothermal and hydrothermal methods [10]. Among
these methods, solvothermal and hydrothermal meth-
ods are typically used for their simplicity, convenient
equipment, and high yield [11]. The preparation of
PbS nanorods using the solvothermal method has
been reported in several papers [12—16]. However,
the use of calix[4]arene for the hydrothermal prepa-
ration of PbS nanorods is first reported in this paper.
It presents not only a new idea in the field of prepa-
ration of inorganic salts nanorods, but also a novel
application of supermolecules.

Calix[4]arene (Fig. 1) used in this study was syn-
thesized according to [17]. All other reagents were of
analytical grade and used without any pretreatment.

During the preparation of PbS nanorods, 0.33 g of
lead nitrate (Pb(NOgs)2) and 0.01 g of calix[4]arene
were dissolved in toluene at 80°C for 1 h. Then, 0.076
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Fig. 1. Planar chemical structure of calix[4]arene.

g of thiourea (CS(NHj)2) was added into the solu-
tion. The mixture was transferred into Teflon-lined
autoclave. The autoclave was sealed and heated at
170°C for 24 h. The reaction system was cooled down
to room temperature and the product was collected
by centrifugation. A black powder was obtained after
washing the raw product with deionized water and
anhydrous ethanol.

X-Ray powder diffraction pattern (XRD) of the
product was measured on a Philips PW1710 X-ray
powder diffractometer with CukK, radiation (A =
1.5418 A) The sample morphology was investigated
on a JEOL JEM-1230 transmission electron micro-
scope (TEM). The photoluminescence (PL) of the pre-
pared sample was observed under excitation by UV
light at 244 nm with a Perkin—Elmer LS-55 fluores-
cence spectrophotometer.

TEM images of the PbS samples are given in Fig. 2.
Fig. 2a shows the image of the product prepared in
the presence of calix[4]arene. Diameter of synthesized
nanorods is about 200 nm and the length is up to 3.5
pm. ED picture inset in TEM image indicates that the
product is cubic single crystal phase. Some nanopar-
ticles observed in the image represent a direct reac-
tion between Pb?t and thiourea without the control
of calix[4]arene. This assumption is confirmed by the
image shown in Fig. 2b that presents the morphol-
ogy of PbS obtained in the absence of calix[4]arene.
The products are nanoparticles with diameter of about
70 nm. No one-dimensional nanomaterials were ob-
tained using this procedure. Thus, it can be con-
cluded that calix[4]arene controls the speed of Pb%*
reaction with thiourea and induces the formation of
nanorods.

Fig. 3 shows the XRD pattern of the prod-
uct. It can be observed that the product is cubic
face-centered structure galena phase with high crys-
tallinity, which corresponds with JCPDS card (No.
5-0592). Galena phase PbS is an important semicon-
ductor with unique semiconducting and optical prop-
erties. The relative intensity of peak (220) is higher
than that of PbS bulk material, which indicates orien-
tation growth of nanorods in crystal face (220). The
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Fig. 2. TEM image of PbS prepared using calix[4]arene as tem-
plate (a) and without calix[4]arene (b).
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Fig. 3. XRD curve of the prepared PbS nanorods.

result is in accord with the image obtained by the
TEM method.
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Fig. 4. PL emission curves of PbS nanorods (a), nanoparticles
(b), and bulk PbS (c¢).

Fig. 4 shows the PL emission curves of PbS excited
at 244 nm. Curve a represents emission spectral line
of the prepared nanorods. Emission peak appears at
308 nm in ultraviolet region. Curve b shows a peak at
320 nm, which is the PL spectrum of PbS nanopar-
ticles prepared without the presence of calix[4]arene.
Curve ¢ shows the PL emission spectrum of bulk PbS.
It can be seen that the PL emission peak of the ob-
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Fig. 5. PbS nanoparticles size distribution.

tained PbS nanorods presents a blue shift of about 14
nm with respect to the emission peak of bulk PbS.
This may be contributed to quantum-sized effect of
nanorods. Moreover, PL emission peak of the obtained
PbS nanorods is shifted by about 12 nm compared
with the emission maxima found in the spectrum of
nanoparticles prepared in the absence of calix[4]arene.
This observation results from the fact that the thick-
ness of PbS nanorods is smaller than the diameter of
PbS nanoparticles.

Fig. 5 presents the size distribution of PbS
nanoparticles showing that the length of the main por-
tion of prepared particles is in the area of 40—60 nm,
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Fig. 6. Mechanism of the formation of PbS nanorods.
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which agrees with TEM measurements. The results
were obtained using Imager 4.00 software.

The mechanism of PbS nanorods formation was
proposed as it is shown in Fig. 6. Firstly, thiourea
interacts with hydroxyl groups of calix[4]arene form-
ing a cavity. Pb?" cation enters this cavity before
being caught by S of the thiourea molecule. After
the formation of PbS, fresh thiourea molecule com-
bines with calix[4]arene replacing the spent one. Then,
the formed PbS crystal nucleus is released from the
cavity. Repeated interaction—reaction—exchange—
release process causes that the PbS crystal nuclei are
assembled into nanorods. According to the proposed
mechanism, similar behavior of other calixarenes could
be expected.
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