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ABSTRACT

The effect of different stabilizing agents on size and shape of synthesized
CuO nanocrystalsis studied. Spec grad CuCl, and three different stabiliz-
ing agents LiOH, NaOH and KOH are used as starting materials. X-ray
powder diffraction (XRD), transmission electron microscopy (TEM), se-
lected area electron diffraction (SAED), and UV-Visible absorption spec-
troscopy are used for characterizing the obtained powder samples. Size
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and shape of the obtained nanorods are found to be depend on the used
stabilizer. The diameter and length of the obtained nanorods are also esti-
mated. The optica band gap of the prepared sampleswerefound to be 2.09,
2.28, and 2.64 eV for LiOH, NaOH and KOH respectively.
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INTRODUCTION

It was established that, nanomaterial properties
(mechanical, physicd, chemicd, eectronic, optical and
magnetic) differ from that of bulk counterparts. Thisis
duetothehigh surfaceareato volumeratio aswell as
quantum confinement effects. Nanoparticlesexistin
severd different shapessuch asspheres, cylinders, rods,
platelets, tubes, etc. Generally, they aredesigned with
surfacemodificationstail ored to meet theneedsof given
applicationsthey aregoing to beused forf?. Oxidesof
trangition meta sareimportant classof semiconductors,
because of their widerange of applications: magnetic
storagemedia, solar energy transformeation, electronics
and catalysis®. Cupric oxide (CuO) isap-type semi-
conducting oxidewithmonoclinic crystd structureand
direct band gap of ~1.2 eV with interesting electro-

chemical, photovoltaic, and catalytic properties. Vari-
ous applications have been reported for nanostructured
CuO such asheterogeneous catalysis, solar cells, gas
sensors and magnetic storage mediawhereit offers
highly reactive surfaces, and improved optical,, € ectri-
cal, and catal ytic properties compared to that of bulk
crystals. Recently, the controlled shape synthesis of
nanostructured CuO hasattracted considerabl e atten-
tion where variety of CuO nanostructures (e.g.
nanoneedl es, nanoribbons, nanowires, nanorods, and
nanosheet configurations) have been fabricated by
pulsed | aser ablation, sol-gd, hydrotherma processing
andthermal oxidation™.

It wasreported that there are different parameters
such astemperature, time, pH value, pressure, con-
centration of chemica speciesand capping agent influ-
encethemorphology of nanocrystal®8l. Inthe present
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Figure 1: XRD spectra of prepared CuO nanostructures by using LiOH, NaOH and KOH (a, b and c respectively)

article different stabilizing agent are used in order
to study the effect of solute additions on the proper-
ties of the produced nanoparticles. The CuO
nanostructure samples are obtained using different
stabilizing agentsof LiOH, NaOH and KOH.

EXPERIMENTAL

CuO nanoparticlespreparation

Three powder samplesof nanocrystalineCuO are
prepared by dissolving 0.07M of cupper chloride(SD
Fine Chem. Limited, India) in 50 ml of distilled water
under vigorousdtirring for 20 minutes. Alkali solution of
(X) OH were added to the Cu solution drop by drop
with constant stirring & 57 °C until the pH value reaches
9 accordingto equation (1)

CuCl,+2XOH — Cu (OH), ¥+ 2XCl 1)
where (X) isLi, Naand k.

Withtheaid of hydrothermal process, part of the
Cu (OH), colloidsdissociateinto Cu?* and (OH) ions,
and when the concentration of Cu?* and (OH)  reaches
the supersaturation CuO nucle will form accordingto
thefollowing reactions:

Cu (OH), &> Cu* + 2 (OHY (2)
Cu?+2(OH) < CuO +H,0 (3)

The obtained products were separated by cen-
trifugation and washed thoroughly by distilled wa-
ter, absolute ethanol and acetone in sequence to re-
move the possibly remaining ions. The ingots then
dried inair at room temperature.

Analytical techniques

The structure of the prepared samples were in-
vestigated (XRD) using (Philips PW3050/60, MPSS)
diffractometer, with nickel- filtered Cu-Ka radia-
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tion provided with aproportional counter. Transmis-
sion eectron microscopy (TEM) imageswith selected
areae ectron diffraction (SAED) pattern wererecorded
using (JEOL - JEM-1230) and accel erating voltage of
100kV toget excdlent imaging capabilitiessuitablefor
materia s science applications. The prepared samples
for TEM observation were dispersed in ethanol fol-
lowed by ultrasonicvibration for 20 min, then onedrop
is placed onto a copper grid coated with a layer of
amorphous carbon. For UV/Vismeasurement, PG In-
strument CO., Ldt UV/Visdouble beam spectropho-
tometer (T80+) was used to record the UV-Visible
absorption, prepared powder samplesaredissolvedin
distilled water with same percentage (0.1 mg/mL ) then
treated with ultrasonic wavesfor 30 minutes.

RESULTSAND DISCUSSION

X-ray powder diffraction

Theobtained XRD spectraaregivenin (Figures. 1
a, band c) for the prepared samples. The peaksat 2q
values of 32.459, 35.52, 38.673, 48.816, 53.522,
58.136, 61.517, 66.178, 68.097, 72.300, 75.179 cor-
respond to the crystal planes of 110, 111, 111, 207,

020, 202, 113, 310, 220, 311, 22Z of crystalline cop-
per oxide, respectively. These peaksarein consistent
with thedataof the ICSD (Inorganic Crystal Structure
Database) file, reference code (01-080-0076!", 00-
048-15489), and confirm that all CuO samplesareof
monoclinic tenorite structure. Which are in good
agreement with recent observationg®01,

In the absence of microstrains, the grain size of
powder can be determined from the Scherrer equa-

tion® d = ==

Broosd

where| isthe X-ray wavelength, 2
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TABLE 1: Grain sizeand microstrainsof the prepared samplesestimated from Scherrer equation and Williamson-Hall plot

together with calculated lattice constantsin nanometer

TEM Partidesize

x-r ay Partide size L attice Constants

. (nm)
Sabilizing (nm) Band gap
agent (eV) Scherrer’s  Williamson- ;
Srain a b C
AV ength (nm) Hall
Diameter
LiOH 8 72 -76 2.09 16.7nm 20.2041 000234 0.469 0344 0512
NaOH 10 50-64 2.28 18.02 nm 31.0067 000265 0.469 0343 0512
KOH 5 11-76 264 37.3nm 41.6216 000424 0.467 0343 0512
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Figure2: Plot of #;,;; cos & vs. sin g of theprepared CuO samples

isthefull widthat half maximum (FWHM) of the peak
and q is the Bragg angle, In order to estimate the
microstrains, one should apply the well known
Williamson-Hall equation(*?

kA
fros@ = nsinf + o
Where qisthediffraction angle, k the shapefactor, |
thewavelength of X-ray, » isthe microstrainsof the
crystal lattice and D is the particle size. TABLE 1
shows the grain size and microstrains of the pre-
pared samples estimated from Scherrer equation and
Williamson-Hall plot.

Figure 2 shows the Williamson-Hall plot of the
prepared CuO samples. The estimated values of both
and D, calculated from the above equation, arelisted
inTABLE 1. Theobtained datareveal that both par-

ticlesizeand micro-strainincreasesby increasing the
akalinity of theakali metas(Li, Naandk). TEM im-
agesof the prepared samplesshow in Figures 3, 4, and
5, whererodlike structureisobserved. In addition the
TEM images shows bundlesof theformed rods.

Transmission electron microscopy

Themorphologica surface characterization of the
prepared sampleswere carried out by thetransmission
electron microscopy (TEM) equi pped with the sel ected
areadectron diffraction (SAED) pattern. TEM images
(Figures 3 - 5) indicate the nanostructure of CuO
prepared using lithium and sodium hydroxidesgrown
as nanorods morphology. It is clear from (figure 3)
that CuO nanorods prepared by using lithium hydrox-
Ide solution were clustered to form bundle nanorods
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Figure 3: Transmission electron microscopy (TEM) images of CuO prepared with the use of lithium hydroxide stabilizing

agent together with selected area electron diffraction pattern

o

Figure4: Transmission electron microscopy (TEM) imagesof CuO prepar ed with the use of sodium hydroxide stabilizing

agent together with selected area electron diffraction pattern

r-‘ - . '-‘} o :
Figure5: Transmission electron microscopy (TEM) imagesof CuO prepared with theuse of potassum hydroxidestabilizing
agent together with selected area electron diffraction pattern

with average diameter 8 nm with length ranging from
72 to 76 nm. However, the prepared sample by us-
ing NaOH solution (Figure4) showsaverage 10 nm
diameter and 50 - 64 nm length. Moreover, in the
case of potassium hydroxide the diameter isabout 5
nm length of 11 — 76 nm as shown in Figure 5. Dif-
fraction rings based on SAED images matcheswith
the peaksin XRD patterns which proves the mono-
clinic structure of the prepared CuO particles.

Optical absor ption spectra
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UV-Visabsorption spectraof the prepared CuO
samplesareandyzed and presented in (Figure 6) where
the absorption peaksclearly observed at 218 nm, 220
nm and 222 nm for CuO nanostructures prepared by
LiOH, NaOH, KOH respectively. A straight lineisob-
tained for all prepared samples (Figure 7) by plot-
ting (ahi)?versushi based on the relation ahi = A (hi

Eg)”, where 4 is the absorption coefficient, A is
constant (independent on i) and n is the exponent
depending on quantum selection rulesfor the particular
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Figure6: UV-visabsor ption spectra of nanostructure CuO
prepar ed with different stabilizing agents

materia. Thisindicatesthat, theabsorption edgeisdue
toadirect alowed transition, such transitionsare most
probablein crystallinemateria sdueto trand ation sym-
metry. TABLE 1 showsthat the obtai ned band gaps of
the prepared samplestogether with the particlessize
and shapes. Itisclear a so that the obtained band gaps
arelarger than therecorded valuefor thebulk CuO (Eg
=1.2eV)™ whichisrdated to thedecrease of particle
szeand hencethe quantum confinement. Theobtained
E vauesareinfair agreement with the dataobtained
by M. L. Cohen, et.a*® Rakhshani and Wang(*.
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