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Structure studies on nanocrystalline powder
of MgO xerogel prepared by the sol-gel method
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Structure studies were performed on nanocrystalline powder of MgO xerogel prepared by the sol-gel
technique, producing high purity, chemically homogeneous materials of relatively high specific surface
area. Magnesium methoxide was used as an MgO precursor. The wet gel was dried under conventional
conditions, yielding xerogel with periclase phase; the only crystalline form of magnesium oxide. The
X-ray diffraction, scanning and transmission electron microcopies were used as the tools of structure
analysis. The Toraya PRO-FIT procedure and the Rietveld refinement method were applied for X-ray
data analysis. Both techniques apply the Pearson VII function for the description of line profiles. The
gamma crystallite size distribution was determined using the FW(1/5)/(4/5)M method proposed by Pie-
laszek. The obtained values of <R> and o (measure of polydispersity) of particle size parameters are
equal to 7.1 nm and 2.1 nm, respectively, whereas the average crystallite size, estimated by the William-
son-Hall procedure, was equal to 7.5 nm. The Rwp, and S fitting parameters obtained from the Rietveld
refinement were equal to 6.4% and 1.8, respectively. This would seem the most satisfactory result, when
considering the nanosize of MgO crystallites and a very probable presence of amorphous phase.
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1. Introduction

There is currently a revolution in new materials that deals with the synthesis of
nanoparticles of inorganic substances. Nanostructured materials with high surface
area, high porosity, and particle sizes in the 1-10 nm range are becoming more avail-
able. These materials have shown great promise as adsorbents and catalysts [1].
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Magnesium oxide is an interesting basic oxide that has many applications in catal-
ysis, adsorption and in the synthesis of refractory ceramics [2—5]. It is a unique solid
because of its highly ionic character, simple stoichiometry and crystal structure, and it
can be prepared in widely variable particle sizes and shapes [6]. It has been docu-
mented that the shape and size of nanocrystalline magnesium oxide particles endow
them with high specific surface and reactivity, because of the high concentration of
edge/corner sites and structural defects on their surface [7]. All these factors play
arole in high efficiency of these materials in various heterogeneous reactions, e.g.,
with organophosphorous [8] and halogenated compounds [9].

The sol-gel synthetic route based on the use of magnesium alkoxide precursor, fol-
lowed by drying under different conditions, has proved to be an efficient and success-
ful approach to the production of nanocrystalline magnesium oxide particles [5, 7, 10].

The present work involves the structure analysis of nanocrystalline powder of
MgO xerogel prepared by the sol-gel method with conventional drying procedure ap-
plied during synthesis. This analysis was performed by X-ray diffraction (XRD),
scanning electron microscopy (SEM) and transmission electron microscopy (TEM)
techniques. The above methods are standard ones used in studies of nanocrystalline
materials [11-15].

2. Experimental

As the precursors, commercially available magnesium methoxide solution (Al-
drich, 8.96 wt. % in methanol), methanol (POCh), and toluene (POCh) were used. The
applied molar hydrolysis ratio was equal to 2 and the hydrolysis of magnesium meth-
oxide solution was conducted in the presence of toluene. The volume ratio of toluene
to methanol was 0.94. The gelling process was visually monitored by gently tilting the
vials from time to time, to observe any change in the viscosity of the alcogel. Prior to
drying, the wet gels were conventionally aged for 3 days. After ageing, the caps of
vials containing alcogels were loosened for a few days to allow slow evaporation of
the solvents. Next, the alcogels were vacuum-dried at room temperature for 12 h. Fi-
nally, the vials were transferred to an oven and heated at 60 °C for 48 h until constant
weight was obtained. Heat treatment of magnesium hydroxide xerogel samples at
723 K under dynamic vacuum yielded the dehydrated magnesium oxide.

The Toraya PRO-FIT procedure and Rietveld refinement method were applied in
X-ray data analysis. The PRO-FIT procedure enables the determination of parameters
of individual diffraction lines, and applies the Pearson VII function for the description
of line profiles [16]. This function appeared to be the most useful also in the Rietveld
refinement procedure. The Rietveld analysis was performed using the DBWS-9807
program, which is an updated version of the DBWS programs for the Rietveld refine-
ment with PC and mainframe computers [17]. The crystallite sizes and lattice distor-
tions were analyzed using the Williamson-Hall method [18]. The crystallite size dis-
tribution was determined using the Pielaszek procedure [19].
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X-ray diffraction patterns were collected by an X-Pert Philips diffractometer
equipped with a curved graphite monochromator on diffracted beam, and with the
following slits (in the sequence from copper tube to proportional counter): Soller (2°),
divergence (1/2°), antiscatter (1/2°), Soller (2°) and receiving (0.15 mm). The powder
morphology was analyzed using the SEM (JEOL JSM-6480) and TEM (JEOL 3010)
techniques. A nitrogen adsorption-desorption isotherm measured at 77 K with a Mi-
cromeritics ASAP 2000 instrument was used to obtain the value of the specific surface
area, Sger.

3. Results and discussion
The X-ray diffraction pattern presented in Fig. 1 clearly shows that in the studied

powder sample periclase is present, the only crystalline form of magnesium oxide. The
broadening of diffraction lines is clearly seen.
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Fig. 1. X-ray diffraction pattern of MgO powder

From the analysis of the Williamson-Hall plot (not presented here) it can be con-
cluded that the size-broadening is the main component of physical line broadening.
The estimated average size of MgO crystallites is equal to 7.5 nm, whereas the lattice
distortion is negligible (0.11%). The Pielaszek procedure [19] was applied to deter-
mine the size distribution of MgO nanocrystallites. The measurement of two widths of
the same diffraction line at 1/5 and 4/5 of the peak maximum (FW1/5M and FW4/5M,
respectively) allows the determination of the average crystallite size <R> and the dis-
persion of sizes o, which is more informative. From these parameters the gamma crys-
tallite size distribution [19] can be drawn. The dispersion parameter o, a measure of
the crystallite size polydispersity, is as
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o=\<R*>-<R>’ (D)

The procedure proposed by Pielaszek bears the same limitations as the Scherrer
method. This means that only size-broadening of diffraction lines appears, whereas
stacking fault, twinning probabilities and lattice strains are negligible. The applied sol
-gel preparation procedure, high symmetry of crystal structure (diffraction lines do not
overlap) and ionic binding of MgO are very convenient in fulfilling the above limita-
tions. The crystallite size distribution, as calculated by the Pielaszek procedure, is
presented in Fig. 2. A 200 diffraction line profile was applied in calculations; relative-
ly large polydispersity of crystallite sizes was observed.
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Fig. 2. Gamma crystallite size distribution (CSD) with average crystallite
size <R>=7.1 nm £ 0.6 nm and dispersion o= 2.1 nm+0.2 nm

The Rietveld refinement method was used for the determination of the lattice pa-
rameter of MgO nanocrystalline phase (Table 1).

Table 1. Lattice (ay), crystallite size (D, <R>, 0)
and lattice distortion (<4a/a>) parameters for studied MgO powder

ay, lattice parameter Williamson - Hall FW(1/5)/(4/5M
Space
group RietVeld ICDD D <Aa/a> <R> P
[nm] [nm] [nm] [%] [nm] [nm]
Fm3m 0.4226(1) 0.4213 7.509) 0.11(2) 7.1(6) 2.1(2)
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Fig. 3. SEM images of the MgO powder

Scanning and transmission electron microscopy images are presented in Figs.
3 and 4, respectively. These images indicate that the powder sample is an agglomerate
of particles. From the analysis of TEM images and the X-ray diffraction pattern, it can
be concluded that the amorphous phase is also present. Thus the values of R, and the
S fitting parameters obtained from the Rietveld refinement, equal to 6.41% and 1.81,
respectively, seem to be satisfactory. The electron microscopy images indicate an
extended surface of powder particles. The specific surface area, as determined by the
BET method, is equal to 138 m?/g.
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Fig. 4. TEM images of the MgO sample:
a, ¢) bright field, b, d) dark-field and e) electron diffraction pattern

4. Conclusions

The observed diffraction line broadening from MgO phase can be attributed to
fine crystallite size. Good agreement between the average crystallite sizes, as deter-
mined by the Williamson—Hall analysis and by the Pielaszek procedure, was obtained.
From the Williamson—Hall analysis, the lattice distortion (<Aa/a>) is relatively low
and equal to 0.11 %, whereas the average crystallite size is estimated to be 7.5 nm.
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The average crystallite size determined by the Pielaszek procedure is equal to
7.1 nm, with dispersion o (measure of crystallite size polydispersity) equal to 2.1 nm.
Despite the nanosize of MgO crystallites and the presence of amorphous phase, a good
fit was found between the calculated X-ray pattern and the experimental one from the
Rietveld refinement. Scanning and transmission electron microscopy images show the
agglomerate nature of the powder sample, and an unfolded surface. The specific sur-
face area, determined by the BET method, is equal to 138 m*/g.
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