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DETERMINATION OF DEBYE-WALLER FACTOR AND SYNTHESIS OF SILVER
OXIDE POWDER PARTICLES FROM X-RAY DIFFRACTION AND COMBUSTION
TECHNIQUE

L. Jithender*

Abstract: In this paper, we have been presented the Combustion synthesis technique and
determination of Debye-Waller factor, Debye temperature, mean square amplitude of
vibrations and the particle size of silver oxide (Ag0O) powder particles. Combustion technique
has been adapted to synthesis the AgO powder particles material using silver nitrate as
oxidizer and glycine as fuel. X-ray diffraction study has been adapted to determine the solid
state parameters like Debye-Waller factor, Debye temperature and mean square amplitude
of vibrations and particle size of silver oxide powder particles. The integrated intensities have
been recorded for this powder sample with JEOL JDX — 8P upgraded X-ray powder
diffractometer fitted with a Nal (Tl) scintillation counter using filtered CuKa radiation at
room temperature and have been corrected for TDS (Thermal Diffuse Scattering) effect.
Debye-Waller factor has determined as 0.22 A% The particle size has been estimated from
Hall-Williamson plot and it has been found as 294 nm. The Debye temperature has been
determined as 366 K. The value of Debye temperature obtained in the present work has been
used to estimate vacancy formation energy (E) of AgO powder particles. The Debye
temperature value obtained in the present work has also been compared with the value
obtained from other methods. The values of E; are not available for comparison.
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1. INTRODUCTION

In the last few years, silver oxide powder particles have attracted the attention of many
researchers because of its applications in oxidation catalysis [1], sensors [2], fuel cells [3],
photovoltaic cells [4], all-optical switching devices and optical data storage systems [5] and
hence silver oxide (Ag20) is a versatile material [6]. Recently, the synthesis of powders of
metal oxides has been reported by using different chemical methods viz. sonochemical, sol-
vothermal, micro emulsion etc [7]. Zhouying Zhao et al. [8] and Kirk G. Scheckel et al. [9]
have been reported the developed Ag/AgOx nanostructure can potentially serve as an
efficient system for multiple applications including catalytic chemicals, harsh environment
gas sensing etc. and evaluated the aging of silver and zinc oxide nanomaterials in controlled
Kaolin suspensions using X-ray absorption spectroscopy. Silver oxide powder was prepared
by Combustion technique and the synthesis of oxide materials using redox compounds and
mixtures [10]. Despite the fact, SCS being a very promising method, the work on Ag
nanoparticle synthesis using this process, has been published by Poonam Sharma et al. [11].
They have reported the synthesis of the silver nanoparticles through SCS process by using
two different fuels and varying their fuel ratio. The effect of different fuels, fuel to oxidant
ratio has also been studied on morphology, structure and optical properties of the
synthesized Ag nanoparticles. There was some work on Debye temperature and Debye-
Waller factor for some metals and metal oxides in our laboratory [12,13]. S.Deshmukh et al.
[14,15] were reported Debye temperature and mean square amplitudes of vibration of hcp
rare earth metals. Recently, Christian O. Dimkpa et al. [16] evaluated the elative behaviour
of metal oxide nanoparticles and microparticles in the plant environment to further
understand whether Nps offer increased risks to plant growth and quality because of their
smaller size. Consequently, CuO and ZnO NPs and MPs, and where relevant, Cu and Zn ions,
were used in sand microcosms with and without growth of wheat. The parameter Debye
temperature [17] represented the lattice vibrations present in tellurite glasses because it
plays a vital role in the understanding of a large number of solid state problems connected
with lattice vibrations or conduction process in semiconducting glasses [18-20]. The value of
Debye temperature of pure TeO, glass was 249 K [21].This value is lower than the Debye
temperature of pure SiO, (495 K) and that of BO3 (276 K) [22], and P,0s (307 K) [23]. In all

the reports mentioned above, no attempt was made to calculate the X-ray Debye-Waller
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factor that is a parameter of considerable interest. Motivated by the inexpensive
Combustion synthesis and the interesting applications [6] of AgO powder particles, we have
undertaken a systematic X-ray study to determine the solid state parameters like Debye-
Waller factor (B), Debye temperature (8y), amplitude of vibrations <u®> and particle size (t)

of AgO powder particles for the first time.
2. EXPERIMENTAL DETAILS

Silver nitrate (10g) and glycine (2.8g) were dissolved in 25 ml water contained in a beaker
and placed on a hot plate for 15 minutes as the solution dehydrate to form a disposition like
a gel. Then the beaker was placed in a preheated muffle furnace at 300° C. The solution
boils, ignites with a flame and the entire reaction was completed within 5 minutes. The X-
ray diffraction pattern has been recorded for these AgO powder particles. The integrated
intensities have been measured for this powder sample with a JEOL JDX — 8P upgraded X-ray
powder diffractometer fitted with a Nal (Tl) scintillation counter using filtered CuKa
radiation (A = 1.5418 &) at room temperature and have been corrected for TDS (Thermal
Diffuse Scattering) effect by using the Chipman and Paskin method [24]. The XRD pattern of
these powder particles has been shown in Fig.1. and the pattern confirms the formation of

AgO. The XRD pattern of pure silver (Ag) is also shown in Fig.2.
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Figure 1. XRD pattern of silver oxide powder particles
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Figure 2. XRD pattern of pure silver powder particles
3. ANALYSIS OF DATA
Silver oxide metal powder has a hexagonal structure (hcp) [25]. The integrated intensity of
Bragg reflection from a hexagonal cell may be written as follows [26-28]
lo = Clc exp {-(4ntsin®/A )* [(<u,®> cos®¥ + <u %> sin®¥)]} (1)
where c is a constant, I is the calculated intensity. <u,®> and <u > refer to the components
of the average vibrational amplitude projected onto the hexagonal axis and basal plane
respectively. W is the angle between the diffraction vector and the hexagonal axis and @ the
wavelength. The calculated intensity I is given by
lo= LpJF? (2)
where L, is the Lorentz polarization factor, J the multiplicity factor and F the structure
factor. The structure factor is given by
F4=36f> cos® 2t for  -h+k+l=3n (3)
The structure factors are calculated from the atomic scattering factors given by Cromer and
Waber [29]. These are corrected for anomalous dispersion [30]. <u,®> and <u,® are
obtained from a least square analysis of the logarithmic form of Eq.(1). From these, the
directional Debye-Waller factors B, and B, are obtained from the equations.
B, =8m’<u,’>, B,=8m’<u,’> (4)
The mean Debye-Waller factor B is given by
B= (2B, +B,)/3 (5)
The directional Debye temperatures 8, 6,, and mean Debye temperature 8y, are obtained
from B, B, and B respectively using the Debye-Waller theory [31] relation
B = (6h*/M ks Om)W(x), Bi=( 6h*/Mks)W(x), By=(6h?/M kg0,)W(x) (6)
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where h is the Plank’s constant, kg the Boltzmann constant, M the atomic weight and By
the Debye temperature. The function W(x) is given by

W(X) = [$(X)/X +(1/4)] (7)
where X= O\/T, T is the temperature of the crystal and ¢(X) is the Debye function. The

values of W(x) for a wide range of X can be obtained from standard tables [32].
4. RESULTS AND DISCUSSION

In this work, the values of Debye temperature (8y), Debye-Waller factor (B) and amplitude
of vibrations <u®> have been measured for AgO powder particles. The Debye temperature
has been used to estimate vacancy formation energy (E¢) also for the same sample. The E¢
value is also included in Table.1. and there is no availability of comparison.
The particle size (t) has been estimated by using Hall-Williamson technique [33] and the
equation is

Br cosB = kA/t + £ sinB (8)
where Br is the peak broadening due to crystallite size and € the lattice strain, k the shape
factor usually taken as 1.0 and t the crystallite size in nanometers, 8 and A are the Bragg
angle and the wavelength of incident X-ray beam in nm.
Glyde [34] has derived a relation between the vacancy formation energy (Es) and the Debye
temperature (0) of a solid. The relation is
Er= A(k/h)’ M 8%a° (9)
where a is the interatomic spacing, A a constant shown to be equal to 1.17 x 107, M the
molecular weight and h and k are the Plank and the Boltzmann constants respectively. The
validity of Eq. (9) was verified for a number of fcc, bcc and hcp metals [35]. There are no
values of E; available for comparison.

Table 1. Values of Debye temperature, mean square amplitude of vibrations and Debye-

Waller factor of AgO powder particles

Parameter Particle Size (t) <u®> B Om E¢
(nm) (A%) (A%) (K) (eV)
AgO 294 0.00286 0.22 366 2.76

5. CONCLUSIONS

The Debye-Waller factor, Debye temperature, mean square amplitude of vibrations, vacancy

formation energy and particle size of silver oxide (AgO) powder particles have been

Vol. 4 | No. 6 | June 2015 www.garph.co.uk IJAREAS | 53




International Journal of Advanced Research in ISSN: 2278-6252
Engineering and Applied Sciences Impact Factor: 5.795

determined for the first by using X-ray diffraction method. Combustion technique has been
adapted to synthesis the AgO powder particles material. The Debye temperature of AgO
powder particles has been used to estimate the vacancy formation energy (Ef). The value of

Ef is also included in Tablel.
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