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ABSTRACT 
 
Monocrystalline Mn:SrTiO3 was prepared from the compounds MnO2, TiO2, and SrCO3, which had 
equivalent weights of 2.52 g. Mn was doped in this sample at 60 mol%. The sample was heated half hour, 
and annealed at 1223 K (950°C). The sample had an orientation of (100). The study was performed at room 
temperature (T = 300 K = 27°C). The structure of this crystal was investigated using X-ray diffraction and 
found to be cubic (푃	푚3푚). The lattice parameter of the Mn:SrTiO3 crystal was 3.269 Å. The grain size of 
this crystal was magnified 5,000 to 100,000 times using scanning electron microscopy and found to be in 
range of 1.33 to 91.4 nm.  
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INTRODUCTION 
 
Strontium titanate oxide (SrTiO3 or STO) crystal is a 
perovskite oxide material (ABO3, where A is the rare 
earth element, B is the titanate, and O3 is the oxide) (De 
Groot et al., nd). This group of materials has a wide 
range of applications, including uses in transistors, 
receivers, and non-vital memory devices (Choudhury, 
2015). It is a semiconductor material (Biegalski et al., 
2008), but becomes a superconductor when doped with 
Mn or any other transition metal ion (Fix et al., 2010; 
Choudhury, 2015; Gor'kov, 2016). This characteristic is 
responsible for the development of numerous physical 
properties, including good conductivity and magnetic 
properties (Fix et al., 2010; Gallardo et al., 2002).  

It is worth mentioning that the preparation methods for 
most ABO3 crystals are very similar. Several preparation 
techniques have been developed to produce Mn:SrTiO3 
nanoparticles, including a sol–gel method, organic 
precursor method (Mohamed et al., 2010), powder 
sample method (Azzoni et al. 2000), and solution method 
at high temperatures (Fix et al., 2010; Azzoni et al., 2000; 
Choudhury et al., 2011; Choudhury et al., 2005). 

In this study, a monocrystalline sample of Mn:SrTiO3 
was prepared using a solution method at a high 
temperature, where Mn was used to dope the SrTiO3 
crystal (Fix et al., 2010; Azzoni et al., 2000; Choudhury et 

al., 2011; Choudhury et al., 2005). Then, X-ray diffraction 
(XRD) was used to investigate the structure. This was the 
first study to investigate the structure of this crystal using 
a low-resolution XRD device with a maximum current 
intensity was I = 1 mA and voltage V = 25 kV. The grain 
size was determined using scanning electron microscopy 
(SEM). The crystal preparation was complicated because 
available literature is not sufficiently clear, and there are 
different methods for doping the crystal and annealing at 
high temperatures, which requires a special furnace. In 
addition, special skill is required to adapt the low-
resolution XRD device. 
 
 
MATERIALS AND METHODS 
 
Preparation of Mn:SrTiO3 monocrystal 
 
The Mn:SrTiO3 monocrystal was prepared using powders 
of MnO2, TiO2, and SrCO3 (Fix et al., 2010; Azzoni et al., 
2000; Choudhury et al., 2011; Choudhury et al., 2005) 
with purities of 70%, 99 and 98%, respectively. These 
compounds were added by equal weights of 2.52 g of 
each of the compounds were used (Choudhury et al., 
2005),  so  that  SrTiO3  was  heavily  doped  by Mn at 60  
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mol%. The powders were mixed under magnetic stirring 
for 1 h to obtain a homogenous mixture. Then, the 
mixture was soaked in de-ionized (DI) water for 20 to 25 
min (Choi et al., 2001; Kareev et al., 2008). A 3:1 by 
volume HCl:HNO3 acidic solution was added and mixed 
for 12 min (Zhang et al., 2009; Kareev et al., 2008). The 
sample was annealed by being heated in a furnace at 
atmospheric pressure and temperature up to 1223 K 
(950°C)  over  a  period  of  half  hour,  and  then  cold 
(Choi  et al.,  2001;  Abadpour,  2015;  Fix  et al.,  2010). 
It was then ground and pressed (Tkach et al., 2005; 
Dehkordi et al.,  2015;  Mashall and Castell, 2009) to 
form a pellet with a thickness of 3 mm and diameter of 12 
mm. Thus, the monocrystal was formed. The  surface  of  
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this pellet was purified using acetone (Choudhury, 2015). 
The steps for preparing the monocrystal are shown in 
Figure 1. 
 
 
Study methods 
 
XRD was used to study the structure of this monocrystal 
by a low-resolution device (X-ray apparatus 55481) with a 
molybdenum anode, maximum current intensity I = 1 mA, 
and voltage V = 20 kV (Gmbtt, 2001), as shown in Figure 
2A. The monocrystal was polished using platinum 
materials, and then SEM (JSN-7610) was used to 
determine its grain size, as shown in Figure 2B. 

 
 
 

 
 
Figure 1.  A. Powder compound mixing.  B. Magnetic stirrer. C. 
Homogenous sample after stirring.  D. Sample after annealing. E. 
Mn:SrTiO3 monocrystal with thickness of 3 mm and diameter of 12 
mm. 

 
 
 

 
 
Figure 2.  A. XRD (X-ray apparatus 55481) device. B. SEM (JSN-7610) device. 
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RESULTS AND DISCUSSION 
 
Structural study using XRD 
 
The best spectrum of this monocrystal was obtained in 
several steps. In the first step, the voltage was varied (V 
= 10, 15, 20 and 25 kV), while the current intensity was 
fixed at I = 1 mA, as shown in Figure 2. From this figure, 
it is clear that at a high voltage, the deformation in the 
shape of the spectral lines is duplicated in some parts of 
the spectra more than in the others. This indicates a large 
electron emission from the cathode to the anode, which 
made it difficult to investigate the number of reflection 
planes. At a low voltage, it should be noted that the 
spectrum has a small number of lines. In other words, the 
number of reflection planes in the crystal decreased 
because there were several electrons in the cathode that 
could not gain enough energy to arrive at the anode. For 
this reason, the X-rays coming from the source were very 
weak, which made it difficult to see the full crystal (Gmbtt, 
2001). As seen in Figure 3, the best spectrum of this 
monocrystal was clearly found at a voltage V = 20 kV, 
and the number of reflection planes (lines) agrees with 
the other results [9]. The sample was grown in the 
direction of the [100] plane, based on a calculation for the 
axial axis. 

The second step involved varying the current intensity 
(I = 0.5, 0.7, 0.75, and 1 mA), while fixing the voltage V = 
20 kV, as shown in Figure 4. At a low current intensity, 
the number of reflection planes decreased because the 
number of electrons emitted from the cathode and 
arriving at the anode was low, which prevented all of the 
planes in the crystal from being seen. The best spectrum 
lines found in this step were at I = 1 mA, which agreed 
with the number of lines reported in the literature 
(Dehkordi et al., 2015; El-Sayed, 2002). 

Finally, the best spectrum was found for Mn:SrTiO3 at a 
current intensity I = 1 mA, voltage V = 20 kV, and T = 300 
K (27°C), as shown in Figure 5. It consisted of eleven 
reflection planes, which agreed with the results of other 
studies (Choudhury et al., 2011; El-Sayed, 2002). 

The X-ray wavelength of the best spectrum was 
calculated using Equation 1: 

 
 =                                                                              (1) 
 
 = . ×                                                                    (2) 
 
 = 0.62퐴̇                                                                       (3) 
 
Where   is wavelength, h is plank constant, e is electron 
charge and V is voltage. The lattice parameter (a), which 
was approximately equal to the distance (d) between the 
planes in the crystal, was calculated from the slope in 
Figure 6 and Bragg's law (Equation 4), as shown in the 
following Equations 19: 
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Figure 3. Spectrum lines of Mn : SrTiO3 with variable voltage. 
 
 
 

 
 
Figure 4. Spectrum lines of Mn:SrTiO3 with variable current 
intensity. 
 
 
 
푛 = 2푑푠푖푛휃                                                                   (4) 
 
푎 = 푠푙표푝푒/2                                                                    (5) 
 
푎 = 3.269퐴̇ %)008.0(                                                  (6) 
 
Where n the number of reflection planes, d is the 
distance between the reflection planes and a is the lattice 
parameter. The lattice constant value obtained from the 
experimental data was nearly the same as that found by 
others (Azzoni et al., 2000; Choudhury et al., 2011). The 
reason for the very small differences between our lattice 
parameter result and that of others was the ratio of Mn 
doped in the STO, which was very high (heavily doped) in 
this study compared to others. If the doping in the crystal 
increased, the value of the lattice parameter decreased 
and vice versa (Azzoni et al., 2000). 

The crystal structure factor was calculated from the 
atomic scattering factor (f) and spectrum intensity (R), as  
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Figure 5. Best spectrum lines of Mn:SrTiO3 crystal. 

 
 
 

 
 
Figure 6. Relation between wavelength of reflection order (n) and 
diffraction angle (θ). 

 
 
 
shown in Equation 7 and Figure 7 (Kooijman, 2005). 
 
푅 , , = 푓 , ,                                                                   (7)  
 
In Equation 7, R is peak intensity, h, k and L are the 
Miller indices in the x, y and z directions, respectively. 
The atomic scattering factor (F) is constant in figure (6). 
Thus, the crystal structure factor (S) can be calculated 
using Equation 8 and Figure 6. The crystal structure had 
a value equal to zero, as shown in Equation 10 (Roessle, 
2009). 

푆 = ∑ 푓 푒 ( )                                                    (8) 
 
 푆 = ( )

| | + ∆푓                                                              (9) 
 
 푆 = 0                                                                           (10) 
 
Here, n is the number of atoms in the molecule; u, v and 
w are the cut parts along the x, y and z axes, 
respectively; and e is an exponential function. The 
structural factor was zero. Thus, this crystal was cubic, of 
type  ( 푃	푚3푚),  as  shown  in  Figure  8  (Roessle, 2009;  
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Figure 7. Relation between atomic scattering factor and (sin 휽/훌). 

 
 
 

 
 

Figure 8. Structure of Mn:SrTiO3 crystal 
(푃	푚3푚 ) (http://photonscience.desy.de/ 
research highlights/archive/perv Skite 
like crystal in an electric field/index 
eng.html). 

 
 
 
Huijben et al., 2009). This result agreed with those of 
others (Choudhury, 2015; Roessle, 2009; Huijben et al., 
2009), where Mn2+ substituted for Sr2+ and Mn4+ 
substituted for Ti4+ (Silly and Castell, 2006; De Groot et 
al., nd; Choudhury et al., 2005; Tkach et al., 2005). 
 
 
Calculating grain size using SEM technique 
 
There are several techniques for elemental analyses at a 
specific  location  using  SEM  and  transmission  electron 

microscopy (TEM). SEM is used to analyze the surface 
and obtain information about the particle size, and TEM is 
used to determine the internal structure of a  
solid (http://www.solids-solutions.com/rd/particle-sizing-
and-particle-size-analysis/scanning-transmission-
electron-microscopy/). 

The grain size of this monocrystal was calculated using 
SEM, as shown in Figure 9, with a magnification of 5,000 
times. The grain size of the crystal was in the range of 
1.33 to 1.39 µm when magnified 5,000 times, but it was in 
the range of 84.9 to 91.4 nm when magnified 100,000 
times. The grain size changed with the level of 
magnification (http://www.postnova.com/centrifugal-
fff.html?gclid=CMbNkZ6Tg88CFYUy0wodgoAMEg). This 
result agreed with those of others (Mohamed et al., 
2010). The grain size of the crystal depended on the 
doping ratio of the crystal. If the doping ratio of the crystal 
increased, the grain size decreased (Azzoni et al., 2000; 
Choudhury et al., 2011). 

Table 1 provides a brief summary of the results. 
 
 
CONCLUSION  
 
This was the first structural study of Mn:SrTiO3 with 60 
mol% of Mn doped in the STO. It was investigated using 
a low-resolution XRD device, and the results obtained 
were the same as those of a neutron diffraction study of 
STO doped with Mn. The structure of this crystal was a 
cubic type (푃	푚3푚) in the direction of the [100] plane, 
and the lattice constant was 3.269 Å. The grain size was 
in the range 1.39 to 91.4 nm when magnified 5,000 to 
100,000 times.  
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Figure 9.  Mn : SrTiO3 crystal at different magnifications (1,500 to 100,000), showing differences in grain size (1.33 µm to 
91.4 nm). 

 
 
 

Table 1. Brief summary of results. 
 

Wavelength   Å 
Mn ratio in crystal  60% mole percent 
Crystal size Thickness 3 mm  diameter 12 mm 
Annealing temperature 1223 K = 950 °C 
Crystal temperature 300 K = 27 °C 
Lattice parameter (a)  a = 3.269 Å 
Crystal structure type (푃	푚3푚) cubic 
Crystal grain size  1.33 µm to 91.4 nm 
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