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Characterization of Tin Oxide Nanoparticles
Prepared by Pulsed Laser Ablation and Their Use as
Antibacterial Agents
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Abstract

In this work, preparation of tin nanoparticles using pulsed laser (Nd:YAG) ablation and the study of their
physical properties and their antibacterial activity were presented. The results of biological tests confirmed that
the prepared nanoparticles have good antibacterial activity. It was observed that the increase in the number of
laser pulses led to an increase in the antibacterial activity of all the prepared nanoparticles.
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1. Introduction

The fields of science and industry have
recently embraced nanotechnology as an
emerging topic [1-6]. Nanoparticles have
lately been utilized to circumvent this issue
since they come into direct contact with
bacterial cell walls without having to enter
the cell, making them less likely to
encourage bacterial resistance. Many
metallic nanoparticles, such as zinc, titanium
oxide, silver, gold, copper oxide, and tin,
have been created for use as antibacterial
agents [7-12]. Recent years have seen a rise
in the production of tin oxide nanoparticles
for a variety of uses, including antibacterial
agents [13-15]. The physical process of
pulse laser ablation in a liquid medium is the
alternative methodology [16]. An energy
source such as a pulsed Nd:YAG laser is
frequently employed in this technique to
ablate materials and generate a bright plasma
[17-18]. Following the condensing of the
plasma in the liquid medium, the liquid
medium is  subsequently filled with
nanoparticles. Using a pulse laser ablation
technique, we created tin  oxide
nanoparticles and studied their physical
properties [19-20]. Tin oxide nanoparticles
were prepared using a liquid medium of
ethanol with varied solution concentrations.
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Therefore, SnO2 NPs were then applied as an
antibacterial agent against positive bacteria
(Streptococcus  mutans) and negative
bacteria (Escherichia coli) as well as
Candida albicans that were isolated from the
oral cavity to test the properties of the
nanoparticles produced and determine their
antibacterial activity, as it was shown that
the higher the concentration of tin oxide
nanoparticles, the greater the ability to
degrade bacteria and discourage them.

2. Experimental Part

A Q-switched Nd:YAG laser with
wavelength of 1064 nm and energy of 100
mJ was used to synthesize SnO2 NPs in 3 mL
highly-pure ethanol (99.99%), which was
placed 15 cm away from the laser source.
The repetition rate of laser irradiation was 5
Hz at different number of pulses (50, 100,
150, 200, and 250). As a result, the
brownish-yellow colloidal nanoparticles are
successfully formed in all samples shortly
after laser irradiation on the high-purity tin
metal plate. The color of those colloids is
almost identical to the brownish colloidal tin
nanoparticles prepared in various liquid
media [21-22].

The morphological characteristics of the
prepared nanoparticles were determined
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using the transmission electron microscopy
(TEM).

Positive bacteria (Streptococcus mutans)
and negative bacteria (Escherichia coli) as
well as Candida albicans that were isolated
from the oral cavity were used to test the
properties of the produced nanoparticles and
to determine their antibacterial activity. The
diameter of the inhibition zone (DI1Z), a sign
of an inhibitory reaction to the inhibition of
bacterial growth by the antibacterial
component in the extract, was measured
using the disc diffusion technique.
The inhibitory zone diameter was measured
after the test media had been incubated at
37°C for 18 to 24 hours.

3. Results and Discussion

The TEM images of the colloidal tin
oxide nanoparticles are shown in figures (1)
and (2). The prepared nanoparticles have the
same spherical shape, as can be seen [23].
When metal nanoparticles are synthesized
using the pulsed laser ablation method, these
spherical forms of nanoparticles are
frequently formed. Tin oxide nanoparticles
can easily be formed from tin nanoparticles
produced by pulsed laser ablation in a liquid
medium [24].

40 nm Mag =77.500 KX  DayPetronic Company
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Fig. (5) TEM images of a solution of SnO, NPs particles at
different scales (40 and 200 nm) in low concentration
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Fig. (6) TEM images of a solution of SnO, NPs particles at
different scales (40 and 200 nm) in high concentration

The prepared tin oxide nanoparticles
were subsequently tested at different
concentrations, as shown in figure (3) and
(4). As the concentration of tin oxide
nanoparticles increases, the diameter of the
inhibition zone expands, increasing the
amount of bacterial activity inhibited.
Similar pattern was also recently reported
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[25]. This state is explained by the fact that
as the concentration of SnO. nanoparticles
increases, more of the tiny particles are taken
up by bacterial cells, increasing the rate at
which they dehydrate.

Fig. (7) Antibiotic sensitivity test of E. coli, Streptococcus, and
Candida respectively
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Fig. (8) Histogram of SnO, NPs antibacterial activity
according to the diameters of inhibition zones when prepared
at the wavelength 1064nm

The respiration mechanism that takes
place in the bacterial cell membrane causes
dehydrogenation  to  happen.  After
interacting with the nanoparticles, the
bacteria start to deactivate their enzymes,
which results in the production of hydrogen
peroxide, which kills the bacteria [26]. This
outcome proved that the tin oxide
nanoparticles created in this work can be
used as an antibacterial agent for both gram-
negative and gram-positive microorganisms,
like strep and E. coli, respectively.

4. Conclusions

Measurements of antibacterial activity of
tin oxide nanoparticles prepared by pulsed
laser ablation revealed that they can be used
against Gram positive and negative bacterial
as well as fungi. The highest DIZ value for
the highest concentration demonstrates how
the higher concentrations of tin oxide
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nanoparticles enhance the inhibition zone of
bacterial activity for both types of bacteria.
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Abstract

The CRD technique has been successfully applied in various environments since it directly provides the
frequency-dependent absorption strengths of the medium under study. As mirrors with a sufficiently high
reflectivity, detectors with a sufficiently fast time response, and tunable (pulsed) light sources are available,
there is no intrinsic limitation to the spectral region in which CRD can be applied. In this work, cavity-ring
down (CRD) technique was employed to stabilize the absorption of a cell filled with ammonia gas to 120us

pulses from a 904nm GaAlAsP semiconductor laser.

Keywords: Cavity-ring down technique; Ammonia absorption; Laser diagnostics; Laser applications
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1. Introduction

When a fast laser pulse is transmitted into
the ring-down cavity, it will gradually leak
out of the cavity as a small fraction of the
light is transmitted through the mirrors at
each reflection [1]. If a detector is placed at
the exit mirror, the signal recorded over time
will behave where each pulse corresponds to
one cavity round trip by the laser pulse [2].
Since CRDS measurements are independent
of the initial source intensity, shot to shot
fluctuations of the laser do not limit
sensitivity [3]. In addition, the long
absorption path-lengths (can be as high as a
few km), which result from many laser
round trips, further increase the sensitivity of
this technique [4]. However, since the
number of round trips, and therefore the
path-length, is dependant upon the strength
of the absorbing species, the sensitivity is
generally reported as the minimum
detectable fractional absorption per laser
round trip [5].

If the light source is monochromatic
(laser is an example), one can record an
absorption spectrum of the sample by
measuring the transmitted intensity as a
function of the frequency. Alternatively, a
broad light source can be used when the
incident light or the transmitted light is
spectrally dispersed [1].
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To date, the cavity-ring down (CRD)
technique has been successfully applied in
various environments.  High-resolution
spectroscopy studies have been performed
on molecules in cells and supersonic jets and
on transient molecules generated in
discharges, flow reactors and flames [6]. The
CRD spectra directly provide the frequency-
dependent absorption strengths of the
molecules under study, which contain
information on the number density, cross-
section and temperature [7]. By now,
successful application of CRD spectroscopy
has been demonstrated from the ultraviolet
(UV) part of the spectrum to the infrared (IR)
spectral region [8].

In atypical CRD experiment, a light pulse
with a spectral intensity distribution and a
duration, which is shorter than the CRD
time, is coupled into a non-confocal optical
cavity consisting of two highly reflecting,
mirrors [9]. The fraction of the light that is
successfully coupled into the cavity bounces
back and forth between the mirrors. The
intensity of light inside the cavity decays as
a function of time, since at each reflection of
a mirror a small fraction of the light is
coupled out of the cavity. Measuring the
intensity of light exiting the cavity easily
monitors time dependence of the intensity
inside the cavity [10]. In an empty cavity,
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this ring-down transient is a single-
exponentially decaying function of time with
ae! of CRD time which is solely determined
by the reflectivity of the mirrors and the
optical path length between the mirrors [10].
The presence of absorbing species in the
cavity gives an additional loss channel for
the light inside the cavity [11]. If the
absorption follows Beer’s law, the light
intensity inside the cavity will still decay
exponentially, resulting in a decrease in the
CRD time [12].

In general, CRD is most applicable to
making highly sensitive quantitative
measurements of trace molecular gas phase
species, performing time resolved Kinetic
studies on short lived or low concentration
molecular species, and investigating weak
molecular transitions from the UV up
through the mid-IR spectral range [13,14].

When Beer’s law behavior fails, CRDS
can still be used to obtain quantitative
information, but the reduction of this
information to the absorption spectrum of
the sample inside the cavity will require
detailed knowledge about the pulse
characteristics [15]. Consequently, we
emphasize in this paper determining the
conditions for which the ring-down
waveform shows exponential decay as a
function of time.

In this work, CRD technique has been
successfully applied in various
environments since it directly provides the
frequency-dependent absorption strengths of
the medium under study.

2. Experiment

There are no intrinsic limitations to the
spectral region in which CRD can be
applied, provided that mirrors with a
sufficiently high reflectivity, detectors with
a sufficiently fast time response, and
tuneable-pulsed lasers are available. A
typical experimental CRD set-up is given in
Fig. (1). This basic set-up is fairly simple; it
consists of LASERTRON pulsed tunable
extended-cavity diode laser (ECDL) system
including digital-controlled driving power
supply (DCDPS), ring-down cavity, beam
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splitter (BS), focusing optics (L), 2 fast
detectors (PD), 2 A/D converter, 2 signal
amplifiers, 2 RS-232 interface cards, 7GHz
spectrum analyzer (R&S FSE-B2), and PC
for data handling and transformation. The
testing elements include gas nozzles,
comparison 4cm® ammonia-filled cell and
rotary pump. The actual choice of these
components depends on the wavelength
region in which the CRD spectrum needs to
be recorded.

0

Fig. (1) The experimental set-up

Two identical concave mirrors form the
ring-down cavity and the reflectivities and
radii of curvature (r) are 0.99, 25cm and
0.95, 1m, respectively. The length (1) filled
by gas in the CRD chamber is ~4cm and the
mirrors are placed at a distance (d) and is
adjustable from 1cm to 10cm that is O<d<r.
The mirrors are placed on mounts to change
their positions relative to each other in order
to align the cavity. Experimentally, the
distance d was varied from 4cm to 10cm
since its minimum corresponds the distance
(1) filled by ammonia.

The output laser wavelength is tuned over
894-914nm with <1nm resolution by
changing laser cavity length (d). The
maximum output power of laser diode used
is ~bmW. Pulsating is achieved by the
(DCDPS) with a pulse duration of ~120us
and pulse repetition rate (PPR) of 10Hz.
After averaging the ring-down transients
over a predefined number of laser pulses on
the on-board memory of the spectrum
analyzer, the data are transferred to the PC.

Printed in Iraq 8



IRAQI JOURNAL OF APPLIED PHYSICS LETTERS

In the first attempts of experiment, a
problem appeared that the laser beam
directing to the test chamber is spread.
Hence, beam expander optics were placed to
keep laser beam guided. Flow rate of gas
entering the test chamber is 10-50 liter/min
as the maximum suction speed of the rotary
pump is 50 liter/min.

3. Results and Discussion

The decay or CRD time (z) was deduced
to be few nanoseconds range. Fig. (2) shows
the wvariation of absorption with the
concentration of ammonia filling the test
chamber. As shown, the absorption of gas to
the laser wavelength increases as its
concentration does. According to Beer-
Lambert law, this increasing absorption
saturates when the mean free path becomes
small enough to admit more absorption. In
this experiment, the concentrations of
ammonia did not reach such level of
saturation as confirmed by the continuous
increasing of absorption.

25

= = )
o [6;] o

Absorptance (%)

[é)]

0 300 600 900 1200 1500 1800
Concentration (ppb)

Fig. (2) Variation of absorptance (A) as a function of the NH;
concentration inside the CRD chamber

As the spacing between the two mirrors
of ring-down cavity is varied (4-10cm), the
percent absorption was determined at the
0.909um wavelength and the results are
shown in Fig. (3). Though the distance filled
by ammonia is practically constant (I~4cm),
the absorption is increasing with the
increasing distance (d). This is attributed to
increasing volume of the effective medium
(ring-down cavity) including the absorbing
medium (NH3s). However, large distance
caused laser beam to oscillate out of the
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cavity axis, which may be lost by diffraction
at the edges of cavity.

25

Absorptance (%)
= = N
o (6] o

[é)]
T R

0 +— —
2 4 6 8 10 12
Cavity Length (cm)

Fig. (3) Variation of absorptance of the NHs-filled chamber
with ring-down cavity length (spacing between CRD mirrors)

The deviation from exponential ring-
down decay becomes significant for long
observations times, which are associated
with the pulse absorption pathlengths equal
to several line-center absorption lengths. For
the absorption pathlength shorter than, the
decay remains approximately exponential,
even if the pulse linewidth is wider than the
absorption linewidth

Since the work aims to employ CRD
technique in  diagnostics, then the
transmittance in Fig. (4) was measured as a
function of input laser power at the optimum
wavelength  (0.909um) and  1500ppb
concentration. This measurement is required
for calibration.

25

= = )
o o o
. . .

Absorptance (%)

(&)]
!

0

0 05 1 15 2 25 3 35 4 45 5
Laser Power (mW)

Fig. (4) Variation of absorptance (A) of the NH;-filled

chamber with laser power entering test chamber

The absorption of test chamber to the
laser radiation was measured again with
varying concentration of NHs, as shown in
Fig. (5). As soon as the detector receives the
first transmitted signal, the readout is
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converted into percent absorptance term and
stored as a reference value. When the
concentration is increased, the absorptance
decreases, as in Fig. (2), hence, the second
readout is compared to the first one. It is
already lesser, so the control circuit
increases driving current and hence output
power. Accordingly, the transmitted, as well
as the absorbed, part of radiation is increased
to the reference level. As soon as the detector
receives it, the former step is repeated. It
should be noted that this procedure is
performed while the laser wavelength
remain constant (0.909um). So, the
interaction between laser radiation and gas
medium can be described as “stable”, as
shown in Fig. (5).

0.2

0 250 500 750 1000 1250 1500 1750
Concentration (ppb)

Fig. (5) Normalization of transmitted laser intensity (I7) as a
function of NH; concentration inside the CRD chamber

In practice, the length of the observation
time is limited by the dynamic range of the
detection system used to acquire and digitize
the ring-down waveform. It is justified,
therefore, to restrict the observation time to
about 5t, where 7 is the ring-down time for
the system [16]. During the observation time
5t, the signal intensity decreases by about
99%. For sample absorption loss
constituting about 10% of the total cavity
loss, the observation time 5t is associated
with an absorbance value of 0.5.

4. Conclusions
In this work, cavity-ring down (CRD)
technique was employed to introduce the

Vol. (6) No. (4) October-December 2023, pp. 7-10

absorption characteristics of a cell filled with
ammonia gas to 120us pulses from a 904nm
GaAlAsP semiconductor laser. A stability of
about 1% was achieved in the absorption
response of a ring-down cavity to the laser
radiation. This stability is obtained by
optimizing the absorption parameters of gas
medium filling the resonance cavity. Despite
that such experiment has several parameters;
it is simple, reliable, non-destructive and
accurate (within ~1%) diagnostic technique
in many applications such as trace gas
detection, optical parametric oscillator
(OPO), and fast absorption spectroscopy.

References

[1] R.T. Jongma, M. Boogaarts and I. Holleman,
Rev. Sci. Instrum., 66 (1995) 2821.

[2] P. Zalicki and R.N. Zare, J. Chem. Phys., 102
(1995) 2708.

[3] R. Engeln, G. Berden and R. Peeters, Rev. Sci.
Instrum., 69 (1998) 3763.

[4] G. Berden, R. Peeters and G. Meijer, Chem.
Phys. Lett., 307 (199) 131.

[5] R. Peeters, G. Berden and A. Apituley, Appl.
Phys. B, 71 (2000) 231.

[6] B.A. Paldus, C.C. Harb and T.G. Spence, Opt.
Lett., 25 (2000) 666.

[7] J.D. Ayers, L. Apodaca and W.R. Simpson,
Appl. Optics, 44 (2005) 7239.

[8] H.D. Osthoff, S.S. Brown and T.B. Reyrson, J.
Geophys. Res., 111 (2006) D12305.

[91 H. Fuchs, W.P. Dube and S.G. Ciciora, Anal.
Chem., 80 (2008) 6010.

[10] H. Fuchs, W.P. Dube and B.M. Lerner, Environ.
Sci. Technol., 43 (2009) 7831.

[11] G. Schuster, I. Labazan and J.N. Crowley,
Atmos. Meas. Tech., 2 (2009) 1.

[12] N.L. Wagner, W. Dube and R. Washefelder,
Atmos. Meas. Tech., 4 (2011) 1227.

[13] S. James et al., J. Anal. Spectro., 18 (2018) 49-
56.

[14] P. Woodward et al., J. Chem. Phys., 55 (2008)
101-110.

[15] C.J. Oxwald et al., Phys. Chem. Lett., 47 (2004)
215-220.

[16] P. Meystre and M. Sargent Ill, "Elements of
Quantum Optics™, 2" ed., Springer (Berlin,
1991).

[17] M. Dominquez et al., Proc. Quant. Opt., 13
(2010) 33-36.

ISSN 1999-656X (print) 2958-6488 (online)

© All Copyrights are reserved

Printed in Iraq 10



IRAQI JOURNAL OF APPLIED PHYSICS LETTERS

Vol. (6) No. (4) October-December 2023, pp. 11-14

Preparation and Characterization of Carbon Nitride
Nanopowders by Glow Discharge-Induced Reaction

Sami M. Abdullah?!, Oday A. Hammadi?, Laith R. Ghareeb!

! Department of Physics, College of Science, University of Sumer, Thi Qar, IRAQ
2 Department of Physics, College of Education, Al-Iragia University, Baghdad, IRAQ

Abstract

In this work, the reaction of methane and ammonia gases at room temperature was induced by electric power
transferred to the reaction volume throughout argon fast glow discharge at high pressures. This power was
applied to the reaction as short pulses to produce carbon nitride nanoparticles without production of cyanogen
molecules. The growth and development of carbon nitride structures was confirmed by x-ray diffraction (XRD)
and Fourier-transform infrared (FTIR) spectroscopy. The synthesized carbon nitride nanoparticles were
polycrystalline and lower number of crystal planes was obtained using shorter pulses of discharge power.
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1. Introduction

Due to the increasing importance of carbon
nitride nanostructures in various applications,
intense research works were carried out
during the last two decades on the synthesis as
well as characterization of such structures.
This compound is very interesting candidate
for applications such nanocomposite with

enhanced  photocatalytic  activity  [1],
nanocomposites [2], electrocatalyst [3],
photochemical  applications  such  as

photoredox catalysis [4], metal-free catalysis
[5-7], optoelectronics such as photodiodes [8]
and tribology [9].

Carbon nitride has many formulas resulted
from the bonding of carbon and nitrogen
atoms, however, dicyanodiazomethane with
the formula of C3N4 or (CN)2.C.Nz2 is one of
the most important ones and has a 3D
structure as shown in Fig. (1) [10,11]. It has
two solid covalent network compounds: beta
(B-CsNa) and graphitic (g-CsNas). The first is
predicted to be harder than diamond while the
second has very important catalytic properties
[12-15].

Carbon  nitride  nanostructures  are
synthesized and prepared by various methods
and techniques such as photoreduction [1],
thermal evaporation [3], polymerization of
some organic compounds [5,13], laser
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ablation in liquids [6], chemical vapor
deposition [10], plasma decomposition of
methane and molecular nitrogen [11], ball-
milling at high temperatures [15], plasma-
enhanced chemical vapor  deposition
[9,12,17], laser pyrolysis [18], RF reactive
magnetron sputtering [19], ion beam assisted
sputtering [20] and shock-wave compression
of organic C-N-H precursors [11].

Oc

Fig. (1) The chemical structure of dicyanodiazomethane (C3sN.)
molecule

In a total reaction volume of 2000 mm? and
gas pressure 5 mbar, the reaction of methane
(CH4) and ammonia (NHs) needs for more
than 5 ms to occur normally at room
temperature and lead to the formation of
cyanogen (C2Ny>) as follows [21-24]:
2CH, + 2NH; - C,N, + 7H, (1)

The chemical structure of cyanogen
includes triple bonds between carbon and
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nitrogen atoms in the form N=C-C=N. It is
very hazardous and flammable compound
[21,24].

The final product of this reaction can be
varied by controlling the molar concentrations
of starting materials as well as providing high
power as short pulses to the reactants [5,8,17].
Then, dicyanodiazomethane (C3Ns) can be
formed as follows [25,26]:
3CH, + 4NH; = C3N, + 12H, (2)

The bonds between nitrogen (N) and
hydrogen (H) atoms in ammonia molecule as
well as those between carbon (C) and
hydrogen (H) atoms in methane molecule can
be easily broken by high power provided by
the glow discharge [23]. Therefore, the
released carbon and nitrogen atoms tend to
bond with the availability of these atoms at
high pressures (~3mbar).

In this work, carbon nitride (C3Na)
nanoparticles are synthesized by a novel
technique including fast glow discharge of
methane and ammonia gas mixtures at high

2. Experimental Part

Deposition camber is first evacuated down
to 10° mbar to remove any residuals or
contaminants. Argon gas at pressure of 0.5
mbar was used to generate the fast glow
discharge between two electrodes made of
stainless steel. The dimensions of each
electrode are 20x5 mm?. Argon was chosen
due to its low breakdown voltage (~190V at
35mA) compared to methane and ammonia,
therefore, small amount (~0.033%) of the
minimum applied power is consumed for the
generation of plasma column to represent the
resistor through which the remaining power
(~99.96%) is transferred to the reaction
volume to break the bonds in methane and
ammonia molecules and soon induce the
reaction between the released carbon and
nitrogen atoms. The discharge power from a
power supply (5-6kV, 4-5A) is applied
between the electrodes as pulses of different
durations (0.1, 0.25 and 1ms). A pulse
forming network (PFN) was used to convert
the DC signal of the power supply into short
pulses. The repetition rate of discharge pulses
could be determined from 1 to 100 Hz by the
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PFN circuit. However, all results presented
here were obtained using repetition rate of 20
Hz. The methane (CHs) and ammonia (NHz)
gases are premixed in a cooled reactor before
pumped into the chamber at flow rate of 1
sccm. This reactor is cooled down to 5°C to
prevent the normal reaction of methane and
ammonia (Eg. 1). The maximum pressure of
gas mixture is 3 mbar. As soon as the
breakdown of argon gas occurs, the remaining
power induces the reaction (Eq. 2) between
CHs and NHz molecules to form CsNg
molecules. This reaction occurs faster than the
normal reaction given by Eg. 1. The
synthesized nanoparticles were collected on a
clean watch glass (2cm in diameter) inside the
chamber. The chamber was kept closed during
the application of discharge power throughout
valves on the inlets of gases and outlet to the
vacuum pump. Figure (2) shows the CsNa
nanopowder sample prepared in this work.

Fig. (1) Photograph of carbon nitride nanopowder prepared by
in this work

3. Results and Discussion

Figure (3) shows the XRD patterns of the
synthesized carbon nitride samples using fast
glow discharge pulses of different durations.
These patterns were illustrated with
CrystalSleuth® software for XRD analysis.
The sample synthesized using glow discharge
pulse duration of 1 ms (Fig. 3a) shows that it
is polycrystalline with twelve distinguished
peaks corresponding to the crystal planes of
(110), (200), (101), (210), (1112), (300), (220),
(310), (400), (221), (311) and (320)
[1,5,18,27-30]. The number of these peaks
was decreased to seven while the heights of
the observed peaks were increased as the
discharge pulse duration is decreased to 0.25
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ms (Fig. 3b). Moreover, only three peaks are
observed in the synthesized sample as the
discharge pulse duration is decreased to 0.1
ms (Fig. 3c). The heights of the three observed
peaks were increased. This result may be
attributed to the fact that some crystal planes
does not find enough time to grow at shorter
pulse durations, while some other planes, such
as (110), (200) and (111), are immediately
formed. In other words, if the discharge power
of 20-30 kW is transferred to the reaction
volume during shorter time, the crystal planes
produced by the reaction leading to form C3Na
molecules are fewer than those produced at
relatively longer time. Accordingly, the
crystal planes of (110), (200) and (111) seem
to grow as soon as the carbon and nitrogen
atoms are bonded to form C3N4 molecules.

sample #7

- »
8 8
110
————— 200

1

300
l— 220
00

= 210

3= 22

sample #18

w
8
200

110

-
1
300
fr— 220
fr—— 400

20 (deg)

200

110
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Fig. (2) The x-ray diffraction (XRD) patterns for the synthesized
samples using discharge pulse duration of (upper) 1 ms,
(middle) 0.25 ms, and (lower) 0.1 ms

Figure (4) shows the FTIR spectrum of the
carbon nitride sample synthesized by
discharge pulse duration of 0.1 ms. The broad
band around 1100-1250 cm™ is attributed to
the stretching mode of C-N bond [5].
However, the peak at 1250 cm? is a
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characteristic for the sp3-bonded C-N [8]. The
peak around 1550 cm? is ascribed to the
stretching mode of double C=N bond [9]. The
peak around 1600 cm™ is also attributed to the
stretching vibration of C-N bond [13]. These
peaks can be overlapped with other peaks
within 1000-1800 cm™* ascribed to the bonded
carbon layers, which become active in the
infrared region as their symmetry is broken
due to the incorporation of nitrogen in these
layers [30]. The peaks observed below 950
cm? are attributed to the C-H bond [8,31].
Other peaks observed around 2900 and 3340
cm are attributed to the CHx and NHx groups,
respectively, as precursors of carbon nitride
molecules.

100

-~ 1600 cm’!

77T 1550 em!

TT11001250 em 1}

Transmittance (%)

0
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-')

Fig. (4) The FTIR spectrum for the carbon nitride sample
synthesized using discharge pulse duration of 0.1 ms

4. Conclusion

In concluding remarks, the reaction of
methane (CHs) and ammonia (NHz3) gases can
be induced and controlled towards the
production of carbon nitride (C3Na)
nanoparticles without formation of cyanogen
(C2N2). This control is performed by the
application of high discharge power as short
pulses to the reaction volume. The discharge
pulse duration was found very important to
control the number of crystal planes formed in
the final product.
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Abstract

In this work, a closed-field unbalanced dual magnetron assembly was designed, constructed and characterized.
This assembly can be successfully used in plasma sputtering system to improve the electrical characteristics of
the plasma. This improvement was shown by the Langmuir probe diagnostics of the plasma and the values of
plasma parameters, such as electron and ion temperatures and densities. The applicability of such design may
enhance the whole sputtering process and the production of nanoscale structures with low cost, high purity and

good properties.
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1. Introduction

Sputtering is complex process, which is
highly dependent on number of process
parameters, such as deposition pressure,
discharge voltage, discharge current, target to
substrate distance, gas compositions, process
gas flow rate, reactive gas flow rate in case of
reactive sputtering, substrate biasing, etc. [1-
7]. Deposition of thin films by magnetron-
based sputtering systems is performed at
much higher rates than diodes and operated at
lower pressures, where gas-phase scattering
and gas-phase impurities are minimal [8-10].
DC magnetron is basically a magnetically
enhanced diode in which the spatial
relationship of electric and magnetic field is
designed to confirm secondary electrons
produced by ions bombardment of the target
[11-13]. Restricting these electrons to remain
close to the target surface increases their
probability to ionize the working gas [14].
This effect results in more intense plasma
discharge that can be sustained at lower
pressure. Since the ions are heavier than
electrons, they are not affected by the
confining magnetic field and may sputter
much as in a diode type configuration [15,16].

In case of planar circular magnetron —
which is used in the present work — two round
magnets are placed behind the target, as can
be seen in the figure below and formation of
an erosion profile known as “racetrack™ is
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induced by the non-uniform ion bombardment
across the target surface [17,18]. For balanced
magnetrons, both magnets have the same
magnet strength that results in strongly
confined plasma near the target region [19].
Consequently, only a few charged particles
reach the substrate, which might be useful in
the case where low energetic bombardment is
mandatory as in the case of polymeric
substrates, but it is a drawback when energetic
ion/electron bombardment in the anode
surface is needed because the bombardment
with energetic particles (ions or electrons)
influence the growth of thin films [20-22].

The bombardment of the substrate with
energetic particles can be achieved by
unbalanced magnetron configuration, as two
magnets with different strength and/or
dimensions are used [23,24]. This way, the
magnetic field lines are extended to the
substrate and the plasma density is increased
near the substrate [25-27]. Although the
presence of magnets increases the efficiency
of sputtering, it leads to inefficient target
usage where only ~30% of the material is used
[28-30].

The bulk of the plasma is “quasineutral”
where electron and ion densities are the same,
and the potential difference between the bulk
of the plasma and the wall is concentrated in a
thin layer or sheath near the wall [31]. The
gradient of the plasma potential determines
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the electric field that is responsible for
energizing the electrons, which maintain the
discharge through ionization [32].

In this work, a closed-field unbalanced
dual magnetron assembly was designed,
constructed and characterized to be used in
plasma sputtering system to improve the
electrical characteristics of the plasma. This
improvement was shown by the Langmuir
probe diagnostics of the plasma and the values
of plasma parameters, such as electron and ion
temperatures and densities.

2. Experimental Part

Two closed-field unbalanced magnetrons
were employed at the anode and cathode of
plasma sputtering system. Electrodes (anode
and cathode) were made of stainless steel and
each was a disk of 8 cm in diameter and 4 mm
in thickness. Two annular concentric magnets
were placed behind each electrode to form the
magnetron configuration. The outer diameters
of the two magnets were 8 cm and 4 cm, while
the inner diameters were 4 cm and 3.2,
respectively. The electrodes were connected
to a DC power supply to provide the electrical
power required for discharge. The lower
electrode (anode) could be move vertically
with respect to the fixed upper electrode
(cathode) to adjust the separation of the two
electrodes from 1 to 8 cm.

Pure argon gas was used to produce the
discharge plasma. A DC power supply up to 5
kV was used for electrical discharge between
the electrodes and both breakdown voltage
(up to 1 kV) and discharge current (up to 100
mA) were monitored by two digital voltmeter
and ammeter, respectively. A current limiting
resistor of 6.75 kW was connected in series to
the discharge circuit in order to control the
current flowing in the circuit. The discharge
chamber was evacuated by a two-stage
Leybold-Heraeus rotary pump and the
vacuum inside chamber was measured by
Pirani gauge connected to a vacuum controller
from Balzers VWS 120. Argon gas was
supplied to the chamber through a fine-
controlled needle valve (0-160 ccm) to control
the gas pressure inside the chamber.

ISSN 1999-656X (print) 2958-6488 (online)

© All Copyrights are reserved

Vol. (6) No. (2) April-June 2023, pp. 15-18

3. Results and Discussion

When dual magnetrons were used, the
drained current by the probe was decreased by
about 16% due to the roles of both magnetrons
in trapping much more charged particles near
the cathode and anode and hence reducing the
number of particles passing the distance
between the electrodes where the probe is
placed. However, these roles could not
prevent the discharge current from flowing
between the electrodes but even these
particles sustaining the discharge are
accelerated by the both electric and magnetic
fields to higher drift velocities that the probe
could not attract them from their paths across
the inter-electrode distance [33].

Accordingly, the magnetrons caused to
change the values of plasma parameters, such
as electron and ion temperatures and densities,
as these parameters are deduced from the
current-voltage characteristics of the probe
immersed in plasma. These variations are
observed in Table (1).

Table (1) Effect of using magnetrons on the plasma parameters

No One Dual

magnetron magnetron | magnetrons
Electron
Temperature 4.856 4.871 4.850
(eV)
Electron
Density 1.329 1.148 1.130
(x10%'m®)
lon
Temperature | 0.889-1.192 | 0.888-1.189 | 0.864-1.159
(eV)
lon
Density 1.329 1.148 1.130
(x10%m™®)

The probe current near the anode was
higher by about 6% than its value at the center
point because the density of electrons near the
anode is already low and the magnetron at the
anode also plays a role in trapping a fraction
of these electrons near the anode. Therefore,
the number of electrons collected by the probe
near the anode is reasonably lower than that
that near the cathode [34].

For comparison, the electron temperatures
and densities were determined from the
current-voltage characteristics of Langmuir
probe for three different working pressures
and at the center point between the electrodes.
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As shown in Fig. (1), the electron temperature
was reduced as the working pressure
increased from 0.35 to 0.7mbar and then
raised as the pressure increased from 0.7 to
0.9mbar.

4.86
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]

. /
[ ]

0.2 0.4 0.6 0.8 1
Working pressure (mbar)

@)

Electron temperature (eV)

1.8E+21
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1.2E+21 A
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./

0.2 0.4 0.6 0.8 1
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(b)
Fig. (1) Variation of electron temperature and density in plasma

with working gas pressure at the center point between the
electrodes when dual magnetrons were used

Electron density x10%* (m-3)

6E+20

Increasing the working pressure means
providing the discharge volume with more
neutral atoms of argon and hence the mean
free path of electrons as well as their gained
energy is reduced as the number of their
collisions with neutral atoms is decreased.
Accordingly, the number of electrons
produced by collisional ionization processes
is decreased. The majority of these electrons
are trapped by the magnetrons at both
electrodes while the minority of electrons may
escape from the trapping region towards the
anode to sustain the glow discharge with
lower energies (lower temperatures) than
those trapped because they will be subject
only to the electric field between the
electrodes (V/d) while those trapped near the
electrodes are subject to ExB drift.

A fraction of the electrons escaping from
ExB trapping region may be collected by the
probe at the center point between the
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electrodes to form the probe current, which
was shown lower than those near the
electrodes.

The further increase of working pressure
(to 0.9mbar) provide the discharge volume
with more neutral gas atoms, therefore, the
number of collisions among electrons and
neutral atoms is increased and hence the
production of charged particles is increased
too. Accordingly, the electron density is
increased and more electrons are trapped by
ExB effect before escaping to pass the inter-
electrode distance as well as the center point
where the probe is placed. These electrons are
relatively higher in energy than those escaping
at lower pressures (0.7mbar) because they
were initially trapped before the electron
density being higher than the capability of
trapping region. Therefore, the probe would
collect more electrons with higher energies
(temperatures). Despite that ion temperatures
are much lower than electron temperatures;
similar behavior was observed when
measured at different points between the
electrodes [35].

On the other hand, the electron density (as
well as ion density) was continuously
increased with increasing working pressure
due to the corresponding increase in discharge
current, as shown earlier. The following table
shows the plasma parameters deduced at three
different positions between the discharge
electrodes.

Table (2) Plasma parameters measured at three different
positions between the discharge electrodes

Center Near Near
point cathode anode
Electron
Temperature 4.856 4.838 4.855
(eV)
Electron
Density 1.130 1.654 1.201
(x10%m™®)
lon
Temperature | 0.864-1.159 | 0.885-1.188 | 0.869-1.166
(eV)
lon
Density 1.130 1.654 1.201
(x10%m™®)

4. Conclusion
The probe current was higher than other
positions because the densities of electrons
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near the cathode are higher than any other
region inside plasma since the cathode is the
source of discharge electrons in addition to the
trapping effect of the magnetron placed at the
cathode. Therefore, the probe would collect
much more electrons in this region. The
increase in probe current near the cathode was
about 46% than its value at the center point
between the electrodes.

The probe current near the anode was
higher by about 6% than its value at the center
point because the density of electrons near the
anode is already low and the magnetron at the
anode also plays a role in trapping a fraction
of these electrons near the anode. Therefore,
the number of electrons collected by the probe
near the anode is reasonably lower than that
that near the cathode.
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Abstract

The effects of closed-field unbalanced dual magnetrons on the performance of plasma sputtering system were
studied. These effects were introduced by comparing the obtained Paschen’s curve in existence and absence of
magnetrons. The distribution of magnetic fields between the magnetrons was introduced to optimize the closed-
field unbalanced configuration. Characterization of Paschen’s curve as well as discharge current with gas
pressure at different distances between the discharge electrodes was introduced. Also, the current-voltage
characteristics were introduced at the optimum operation conditions.
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1. Introduction

In sputtering, at low Kinetic energies
(energies between 0 and about 50 eV), the ion
does not have sufficient energy to dislodge the
target atoms and thus the ejection of target
particles occurs only for very special collision
geometries [1-4]. With moderate energies
(between 50 and roughly 1 keV), the ions
impact dislodge “knock-on” atoms into the
target, which by their turn will dislodge other
target atoms [5]. Several studies showed that
the ion energies must exceed four times the
binding energy of the atoms of the target
surface to induce sputtering. This induces
collision cascade that eject atoms, ions,
electrons and neutrals from the first 10 to 50A
of the surface of a target [6-9].

The breakdown voltage (Vs) depends on
the product of pressure (p) and electrode
separation (d) as this product is denoted as
“pd”, while this voltage weakly depends on
the cathode material that defines the emission
coefficient of secondary electrons [10-13]. As
well, the breakdown voltage is proportional to
the product pd at large values of this product
and the electric field (E=V/d) is scaled
linearly with the pressure [14]. In case of
small values of the product pd, only few
collisions occur and higher voltage is applied
to increase the probability of breakdown per
collision. Hence, the minimum voltage
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required to ignite the discharge of a gas
sample of pressure p over a distance d is
defined at the minimum of Paschen’s curve,
where

1 1

pdly,, =zlog(1+5) @

If the pressure and/or separation distance is
too large, ions generated in the gas are slowed
by inelastic collisions so that they strike the
cathode with insufficient energy to produce
secondary electrons. In most sputtering glow
discharges, the discharge starting voltage is
relatively high.

Eventually, an avalanche occurs in which
the ions striking the cathode release secondary
electrons, which form more ions by collision
with neutral gas atoms. These ions then return
to the cathode, produce more electrons. When
the number of electrons generated is just
sufficient to produce enough electrons to
regenerate the same number of electrons, the
discharge is self-sustaining. The gas begins to
glow, the voltage drops, and the current rises
abruptly [15]. This is called the “normal
glow”. The color of this luminous region is
characteristic of the excitation gas used. Since
the secondary electron emission ratio of most
materials is of the order of 0.1, more than one
ion must strike a given area of the cathode to
produce another secondary electron. The
bombardment of the cathode in the normal
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glow region self-adjusts in the area to
accomplish this. Initially, the bombardment is
not uniform, but concentrated near the edges
of the cathode or at other irregularities on the
surface. As more power is supplied, the
bombardment increasingly covers the cathode
surface until a nearly-uniform current density
is achieved [14].

2. Experimental Part

The electrodes were connected to a DC
power supply to provide the electrical power
required for discharge. The lower electrode
(anode) could be move vertically with respect
to the fixed upper electrode (cathode) to adjust
the separation of the two electrodes from 1 to
8 cm.

Pure argon gas was used to produce the
discharge plasma for sputtering. A DC power
supply providing voltage up to 6kV was used
for electrical discharge between the electrodes
and both breakdown voltage (up to 1 kV) and
discharge current (up to 100 mA) were
monitored by two digital voltmeter and
ammeter, respectively.

First, the magnetic field intensity of each
magnetron was measured individually, and
second, the magnetic field intensity between
both magnetrons was measured too. In the
second case, the magnetrons were maintained
parallel to each other and the probe was
positioned between them using an adjustable
clamp. Measurements were carried out over
all the distance between the two magnetrons
in all coordinates in order to determine the

3. Results and Discussion

In order to determine the optimum distance
between two magnetrons, the magnetic field
intensity was measured at the midpoint along
the distance between the two magnetrons and
at 2.2 cm from the edge of the electrode and
the results are shown in Fig. (1). The
maximum was observed at 4 cm, which can be
considered as the optimum distance, while the
minimum was measured at > 8 cm. The
diameter of the measuring probe is 0.8 cm,
therefore, the minimum distance was 2 cm in
order to locate the measuring probe at the
midpoint. The behavior shown in the figure
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below is attributed to the interference between
the lines of the magnetic field, i.e., the
maximum interference occurs at the midpoint
of 4cm separation, whereas this interference
decreases as the two magnetrons move away
from each other reaching to “no interference”
condition at > 8 cm separation.

300

B-field (Gauss)
o ~ N
2 g 2

g

@
-

0
0 2 4 6 8 10 12

Separation distance (cm)

Fig. (1) Variation of magnetic field intensity along the vertical
distance separating the two magnetrons

The electrons are unable to travel
perpendicular to the magnetic field lines over
distances greater than Larmor radius,
therefore, they are confined. The electric field
on the other hand causes the electrons to move
in the direction perpendicular to both the
electric field and the magnetic field (ExB or
Hall drift) [16]. The combination of the
electron confinement and the ExB drift
ensures that the electrons have a much longer
mean free path in the plasma than in
conventional glow discharges, giving rise to
more ionization collisions, and consequently
higher ion fluxes [17]. These ion fluxes are
highest in between the magnets, hence most of
the target material is sputtered there. This
gives a characteristic feature of conventional
planar magnetrons called the racetrack [18].
This racetrack generally limits the complete
target utilization, resulting in higher working
costs [19]. This problem can be overcome by
using rotatable magnetrons. Instead of a
cylindrical inner magnet and an outer magnet
ring, these magnetrons consist of a central bar
shaped magnet surrounded by a rectangular
shaped magnet configuration around which a
cylindrical target rotates. This greatly
enhances the utilization of the target and is
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therefore much more interesting for industrial
applications [20].

The sputtering electrons are assumed to be
trapped near the cathode by the magnetic field
of the magnetron in order to increase the path
length of these electrons. Therefore, the
maximum interference between the two fields
is not preferred for such purpose because the
electrons would not be seized near the
cathode. Instead, these electrons may be
drifted by the interfered lines away from the
cathode.

Sputtering of a target atom is just one of the
possible effects resulting from the surface ion
bombardment. Aside from sputtering, the
second important process is the emission of
secondary electrons from the target surface,
which play a fundamental role in keeping the
sputtering process itself. Figure (2) shows
Paschen’s curve for both cases of using and
not using the magnetron at the upper electrode
(cathode). As clearly shown, the effect of
using magnetron lies in decreasing the
breakdown voltage to about 15% of its initial
(maximum) value, while the minimum
voltage was decreased to seventh its value in
absence of magnetron. However, Paschen’s
curves of both cases are identical with
different minima, as the value of “p.d”
product was 1.1 mbar.cm when no magnetron
is used and 1.4 mbar.cm when a magnetron is
used.

900
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0. \ 1 magnetron
no magnetron

700 -

600

500 -

Breakdown voltage (V)

400 +

300

T T T T
0 0.5 1 1.5 2 2.5
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Fig. (2) Paschen’s curve for the constructed plasma sputtering
system with and without magnetron

A disadvantage of the magnetron
sputtering configuration is that the plasma is
confined near the cathode and is not available
to active reactive gases in the plasma near the
substrate for reactive sputter deposition. This
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difficulty can be overcome using an
unbalanced magnetron configuration, where
the magnetic field is such that some electrons
can escape from the cathode region [21]. An
unbalanced magnetron (UBM) has a proper
magnetic field configuration in which a finite
degree of the field lines from the outer
magnetic pole diverge to the substrate, though
the rest of the lines finish on the inner pole
behind the target. Sufficient plasma density
and a positive ion current on a metallic
substrate even at a large distance from the
target can be achieved in the unbalanced
magnetron as compared with the balanced one
[22,23].

The plasma sputtering system was then
characterized by the relation of discharge
current to the gas pressure inside the chamber
at different inter-electrode distances, as shown
in Fig. (3). Again, all curves are identical with
the discharge current shifted upward on the
vertical axis. As the distance between the
electrodes is decreased, the current density
from electron current emitted from the
cathode je(0) is increased because less number
of electrons are able to reach the anode and
hence lower current flows. However,
compensation is required between gas
pressure and distance to work at a given
discharge current before converting into
decreasing current as saturation is reached.
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Fig. (3) Variation of discharge current with increasing gas
pressure for different inter-electrode distances (d)

The plasma pressure will also have an
impact on the sputtering process. Higher
pressure means high density of gas molecules
in the chamber. As a consequence, this will
lead to higher electron density and ion density
in the plasma. The high electron and ion
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density will increase the bombardment counts
and also the probability of collision between
particles. The applied voltage will have an
impact on the charged particles density and
the energetic level of the charged particles.
The density of ions is mainly related with the
power input to the plasma. Usually, one
thirtieth of the discharge energy will be
transformed into ionization process. However,
the applied voltage shouldn’t reach too high
for avoiding the implantation of ions.

4. Conclusion

Referring to the results obtained from this
work, the home-made dc magnetron plasma
sputtering system was characterized to
introduce its performance in accordance to
magnetic ~ field distribution,  electrical
characteristics, Paschen’s law and governing
properties of such deposition systems. Results
have showed that using magnetron at the
cathode of discharge configuration highly has
affected these operation characteristics as the
breakdown voltage was decreased, the
minimum point was little shifted upward, .
This system was found to satisfy the
requirements for deposition of high-quality
thin films from different materials.
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Abstract

In this work, titanium dioxide (TiOz) nanoparticles were prepared by two different methods; solvothermal and
dc reactive sputtering. The crystalline structures of these nanoparticles were determined by x-ray diffraction in
order to introduce the effect of preparation method on the structural characteristics of these nanoparticles. In
solvothermal method, the TiO2 nanopowder was prepared as a nanopowder precipitated from an extract solution
of banana peels and titanium isopropoxide. In dc reactive sputtering technique, the TiO2 nanopowder was
extracted from thin film samples deposited on glass substrates. Results showed that the crystalline structure of
the nanopowder prepared by solvothermal method contains both anatase and rutile phases of TiO2 with mixing
ratio of 1:1, while the crystalline structure of the nanopowder prepared by dc reactive sputtering contains both
anatase and rutile phases with mixing ratio of 2:1. As well, single phase (anatase) nanopowder was prepared
by using heat sink method to prevent the thermal transition of anatase into rutile phase. Average crystallite size
was determined for the three samples and found to be 38, 27 and 37 nm for 1:1, 2:1 and anatase samples,
respectively. Accordingly, preparation method has an important role in determining the structural
characteristics of the TiO2 nanopowder and hence the preparation parameters should be sufficiently governed
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Plant-Extracted Preparation of Crystalline Titanium

in order to control these characteristics.

Keywords: Titanium dioxide; Nanoparticles; Structural phase; Reactive sputtering; Solvothermal method
Received: 17 February 2023; Revised: 11 May 2023; Accepted: 18 May 2023; Published: 1 June 2023

1. Introduction

Crystallinity is an important factor to be
considered in the optimization of the
photodegradation efficiency [1,2]. It has been
shown that amorphous TiO2 has negligible
photodegradation efficiency compared with
TiO2 of high crystallinity [3,4]. The low
efficiency of amorphous TiO: is caused by the
high recombination rate of electrons and holes
due to the large amount of defects [5,6].

TiOz is close to be an ideal photocatalyst
and the benchmark for photocatalysis
performance [7,8]. TiO: is cheap, photostable
in solution and nontoxic. Its holes are strongly
oxidizing and redox selective [9]. For these
reasons, several novel heterogeneous
photocatalytic reactions have been reported at
the interface of illuminated TiO>
photocatalyst, and TiO2-based photocatalysis
has been researched exhaustively for
environmental cleanup applications [10,11].
The single drawback is that it does not absorb
visible light [12]. To overcome this problem,
several methods including dye sensitization,
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doping, coupling and capping of TiO, are
proposed [13].

In this work, titanium dioxide (TiO2)
nanoparticles were prepared by two different
methods; solvothermal and dc reactive
sputtering. The crystalline structures of these
nanoparticles were determined by x-ray
diffraction in order to introduce the effect of
preparation method on the structural
characteristics of these nanoparticles.

2. Experimental Part

Two methods were used in this work to
prepare titanium dioxide (TiO2) nanoparticles.
In the first method, solvothermal method, the
TiO2 nanoparticles were synthesized from the
titanium isopropoxide and banana peels. For
more details on this work, see reference [14].
In the second method, dc reactive magnetron
sputtering, a highly-pure titanium sheet was
sputtered in presence of Ar:02 gas mixture
inside a vacuum chamber at gas pressure of
0.5mbar and discharge current of 40mA to
deposit TiO. thin films on glass substrates.
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The deposited films were containing both
rutile and anatase phases of TiO». In order to
deposit TiO> films with only anatase phase, a
heat sink was placed under the substrate to
avoid the thermal transition of anatase into
more details on this
The

rutile phase. For
technique, see references [9-13].
nanopowder was extracted from the tin film
samples by the conjunctional freezing-
assisted ultrasonic extraction method [15].
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Fig. (1) Photographs of nanopowder prepared by solvothermal
method (a) and thin films prepared by dc reactive sputtering
technique at different deposition times

The crystalline structures of the prepared
nanopowders were determined by the x-ray
diffraction (XRD) patterns obtained using a
Bruker D2 PHASER XRD system (Cu-Ka. x-
ray tube with A=1.54056A).

3. Results and Discussion

Figure (2) shows the XRD patterns of the
three nanopowder samples prepared in this
work. It is clear that the crystalline structure
of the nanopowder prepared by the
solvothermal method (1:1) is identical to that
of nanopowder prepared by dc reactive
sputtering (2:1) without heat sink step. The
difference in mixing ratio between these
samples is attributed to the higher transition
rate from anatase into rutile in the
solvothermal method due to the inevitable
thermal effect included in such preparation
method, while the dc reactive sputtering
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technique may include limited thermal effect
resulted from the heating of anode (and hence
substrate) during deposition time [9].
Consequently, the transition rate from anatase
into rutile is lower than that in the
solvothermal method. As shown in tables (1)
and (2), another difference between these two
patterns is observed in the FWHM values as
the 2:1 sample shows larger values of FWHM
when compared to that of the 1:1 sample. This
can be ascribed to the fact that sputtering is an
atomic-scale preparation method while the
solvothermal method is a chemical reduction
method. So, the size distribution of
nanoparticles formed in sputtering technique
is reasonably lower than that in solvothermal
method. Wider FWHM means smaller

nanoparticles within the crystalline structure
[16].

Table (1) XRD parameters of the 1:1 nanopowder sample

W o . 5 Crystallite
No. | Position [°26] | d-spacing [A] | FWHM [°26] Size [nm]
1 254315 3.499 0.1624 615
2 27.5239 3.238 0.0758 22.6
3 36.1697 2481 0.0866 16.0
4 37.8389 2.375 0.0758 22.8
5 41.3361 2182 0.0866 16.2
6 48.1359 1.888 0.1948 53.3
7 53.9573 1.697 0.1948 54.7
8 54.3939 1.685 0.0792 31.3
9 55.1386 1.664 0.1848 57.5
10 62.8176 1.478 0.1584 78.1
11 69.8624 1.345 0.0792 34.0
12 75.1086 1.263 0.1320 132

Table (2) XRD parameters of the 4:1 nanopowder sample

No. | Position [°28] | d-spacing [A] | FWHM [°26] %gz‘;:'r';‘;'
1 | 254315 3.499 0.11368 | 43.05

2 | 275239 3.238 005306 | 1583

3 | 36.1697 2481 006062 | 1120

4 | 378389 2.375 005306 | 16.02

5 | 413361 2.182 006062 | 1138

6 | 48.1359 1.888 0.13636 | 3731

7 | 539573 1607 013636 | 38.29

8 | 543939 1.685 005544 | 21.9

9 | 551386 1.664 012936 | 4025
10 | 628176 1478 0.11088 | 5467
11 | 698624 1345 005544 | 2383
12 | 75.1086 1263 009240 | 09.24
On the other hand, the nanopowder

prepared by dc reactive sputtering technique
with heat sink step exhibits single phase
(anatase only) structure as the thermal
transition was  completely  prevented
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throughout cooling the anode (and hence the
substrate) [7]. As well, the FWHM values are
comparable to those of the 2:1 nanopowder
sample, as shown in table (3), which is
attributed to the same reason as they are both
prepared by sputtering technique.

Table (3) XRD parameters of the anatase nanopowder sample

o . o Crystallite
No. | Position [°28] | d-spacing [A] | FWHM [°26] Size [nm]
1 25.2293 3.527 0.2814 335
2 38.6007 2.330 0.2598 37.7
3 47.9753 1.894 0.1948 53.2
4 55.0723 1.666 0.1732 62.8
5 62.8468 1477 0.4330 24.5
6 68.8081 1.363 0.4330 254
7 75.0583 1.264 0.5196 21.9
= Anatase
=z Green (1:1)
27 Mixed (2:1)
=
)
<C
I
8
>
f
217
i

20 30 40 50 60 70 80
20 (degrees)

Fig. (2) XRD patterns of the three TiO, nanopowder samples
prepared in this work
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4. Conclusion

In concluding remarks, the crystalline
structures of the TiO2 nanopowders is
reasonably affected by the preparation method
as the preparation parameters can allow or
prevent the transition of anatase phase of TiO>
into rutile phase. Also, the average crystallite
size is sufficiently affected by the preparation
method as the dc reactive sputtering technique
may produce mixed-phase TiO2 nanopowder
with higher anatase content and lower
crystallite size. Accordingly, preparation
method has an important role in determining
the structural characteristics of the TiO:
nanopowder and hence the preparation
parameters should be sufficiently governed in
order to control these characteristics.
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