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Abstract -  New series of Sm1-xZrxFe1-xYbxO3 (SFZYO) (x=0.0,0.1,0.3,0.5,0.7and 0.9) were synthesized using dry chemistry 

route. Rietveld refinement of the obtained X-ray diffraction data confirmed the materials with x = 0.0 to 0.7 crystallizes in 
the orthorhombic symmetry (Pbnm space group). For x = 0.9, the crystal structure changed to cubic in the Fm-3m space 

group. Introducing Zr and Yb into SmFeO3 crystal structure significantly improves its light absorption capacity and  

enhances its photocatalytic activity. Optimized Zr and Yb content with x = 0.5 showed highest photocatalytic H 2 production 

evaluation rate(15µmol/h/g) under visible light while under UV light (70µmol/h/g), additionally high ionic conductivity of 

1.465x10-2S/cm. 
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INTRODUCTION 
 

High demand of energy utilizat ion are confronting the 

biggest challenges in our current era and in the future 

[1],[2].The fossil fuel drawbacks like the 

environmental issues including air pollution and 

limited resources(as they are running out at a faster 

rate) makes the uncertainty in energy sustainability. 

Therefore, to overcome these serious problems, 

energy alternatives are nowadays the main concerns. 

The production of hydrogen from photocatalytic 

activities is one of the most promising technique as a 

solution to the above mentioned problems[3–

5].Currently, perovskite type ceramics are very useful 

and essential substances applied in the modern energy 

technology developments. Samarium doped  

materials [6] showed that the conversion of the Sm
+3

 

to Sm
+2

 species can happen  at the same time with the 

oxidation of the other doped material. Possibility of 

such modifications makes samarium based perovskite 

material as a potential candidate for photocatalytic 

activity applications.  New series of materials Sm1-

xZrxFe1-xYbxO3 (x =0.1, 0.3, 0.5,0.7,0.9) were 

synthesised and characterized. The doping in 

perovskite structure depends on the ionic radii of the 

constituting atoms to select cation/anion sites ABO3. 

Hence, Zr was doped in the A site (Sm
+3

) and Yb was 

doped in the B site (Fe
+3

). Then, these series of 

materials were characterized by powder X-ray 

diffraction (XRD), scanning electron microscope 

(SEM) and Rietveld analysis, electrochemical 

analysis and photocatalytic measurements. 

Photocatalytic measurements showed a good water 

splitting activity producing 10µmol/h/g under visible 

and 70µmol/h/g under UV light, respectively. 

 

II. MATERIALS AND METHODS  

 

Perovskite- compunds of  SZFYO were prepared by 

standard solid state reaction method. Stoichiometric 

amounts of high-purity Sm2O3, ZrO2, Fe2O3, and 

Yb2O3 powders were mixed together and ball milled  

for 24 h, then collected after magnetic stirring for 

4hrs at 150 
o
C. The mixed powders were calcined at 

800 °C for 6 h, pressed into pellets using 4 bars 

pressure and then sintered at 1100 
o
C.  The heating 

and cooling rate were 5°C/min. Few more sintering 

steps were carried out to make the single phase 

materials e.g. at 1100 
o
C for 9 h, at 1400 °C for 12 h  

and at 1450 °C for 12 h. All sintering was done in air. 

Then, initial structural characterization of the SZFYO 

perovskites were performed by XRD, (Shimadzu-

7000, Shimadzu, Japan) using CuKα1 radiat ion  with 

a wave length of λ=1.5406 Å in the 2θ range from 10
o
 

to 80
o
 with a scan step 0.01 /sec. SEM-JSM-7610F 

Scanning Electron Microscope was used to find the 

morphological properties.  

 

Photocatalytic hydrogen production of the prepared 

samples was carried out in a top-irradiation-type 

photo-reactor connected to a gas-closed circulation 

system and evacuation system (Perfect Light, 

Labsolar-IIIAG) to perform the test. All the samples 

were tested with the assistant of (0.05M) Na2SO3 as 

sacrificial agent with 0.2g sample powders and were 

ultrasonically dispersed in 100ml aqueous solution, 

then the reactor were evacuated and purged with pure 

Ar. Pt was loaded on the surface of the samples as a 

co-catalyst. A 500W high-mercury lamp was used as 

a light source for light irradiat ion (λ ≥ 420 nm). The 
gas component within the reactor was then analyzed 

using a non-lined gas chromatograph with a TCD 

detector. Impedance measurements were conducted at 

50 °C intervals in air at 100 ml/min. The sample was 

stabilized at a given temperature for 2h before 

measurement. The test was performed in  

potentiostatic mode using Autolab PGSTAT302N 

coupled with a frequency response analyzer (Autolab 

302, Eco Chemie, Netherlands) over a frequency 

mailto:14h8851@ubd.edu.bn
mailto:abul.azad@ubd.edu.bn
http://www.conserve-energy-future.com/causes-and-effects-of-indoor-air-pollution.php


International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 8, Issue-5, May.-2020, http://iraj.in 

Zr And Yb Co-Doped Smfeo3 Electrochemical Characterization and Photocatalytic H2 Evaluation 

 
80 

range of 106 Hz to 0.1 Hz under a low-amplitude 

sinusoidal voltage of10 mV.  

 

III. RES ULTS AND DISCUSSIONS  

 

3.1 Crystal structure and morphology 
The XRD powder diffraction patterns of the Sm1-

xZrxFe1-xYbxO3 (x =0.0, 0.1, 0.3, 0.5, 0.7, 0.9) were 

obtained from sintered pellets.  Figure 1(a) illustrates 

the comparison of XRD patterns, noting the phase 

changes for higher concentration of doping(x≥ 0.1). 

Figure 1(b) shows the 3 dimensional schematic 

representation of SmfeO3 and Sm0.9Zr0.1Fe0.9Yb0.1O3. 

As mentioned before the orthorhombic phase of 

SmFeO3 changed to cubic phase for 90% doping of 

both A and B sites.  

 

 
Figure 1(a): XRD patterns of the compounds Sm1-xZrxFe1-xYbxO3𝟎 ≤ 𝐱 ≤ 𝟎.𝟗  (b) 3D schematic crystal structure of i) SmfeO3 and 

ii)Sm0.9Zr0.1Fe0.9Yb0.1O3. and (C) Rietveld analysis of SMFZO 
 

The indexing of XRD data gives the correct 

symmetry and unit cell parameters. Rietveld analysis 

using Fullprof software gives the accurate atomic 

positions, space group and cell parameters. For x = 
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0.0 to 0.7, all materials crystallize in the single phase 

orthorhombic symmetry in the space group Pbnm as 

perovskite material. The unit cell parameters are 

related to the basic single cubic perovskite cell 

parameters by a = 2 ap, b = 2 ap and c = 2 ap (ap is 

the cell parameter of basic single perovskite) which  

crystallize in the Pm-3m space group. For the 

compositions x = 0.9, the material crystallize in the 

cubic symmetry with Fm-3m space group. All 

refinements converged in to a good refinement 

factors and 
2
 values. In fact the cubic phase grows 

from the very beginning of the doping and increases 

with the doping percentage. Finally it converts totally 

for x = 0.9. Table1 shows the Rietveld refinement 

results of cell parameters, volume and 
2
.  Calcu lated 

theoretical density also included in table. 1.  

 

 

 
Table 1: Structural parameters of Sm1-x ZrxFe1-xYbx O3 (x =0.0, 0.1, 0.3, 0.5,0.7,0.9) 

 

The materials microstructure morphology were 

examined using SEM (Fig. 3a–e) which shows the 

increasing porosity with higher percentage of Zr and 

Yb dopant. Therefore, it gives a strong 

recommendation for this series of material to be a 

good candidate for photocatalyst as well as fuel cell 

applications as electrode materials. It has been shown 

that ordered macropores enable better penetration and 

interaction of molecules and light in the deepest part 

of the active catalyst [7]. Moreover, it will give the 

chance of higher movement of oxygen as well as high 

electrocatalysis reactions[8]. This morphology can 

give an excellent stability and reversibility of oxygen 

storage-related process [9]and the occurrence of high 

transportation in SZFYO oxides can easily exist 

because of the high porosity percentage. 

 

 
Figure2: SEM images of the (a) Sm0.9Zr0.1Fe0.9 Yb0.1O3; (b) Sm0.7Zr0.3Fe0.7 Yb0.3O3; (c) Sm0.5Zr0.5Fe0.5 Yb0.5O3, (d) Sm0.3Zr0.7Fe 0.3 

Yb0.7O3, and (e) Sm0.1Zr0.9Fe0.1 Yb0.9O3,respectively. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 8, Issue-5, May.-2020, http://iraj.in 

Zr And Yb Co-Doped Smfeo3 Electrochemical Characterization and Photocatalytic H2 Evaluation 

 
82 

3.2 Photocatalytic hydrogen production  
Figure 3(a,b) show the measurement and analysis of 

photocatalytic hydrogen production rate of the 

prepared samples which  was carried out using 

sodium sulfite  as a sacrificial element. Activities of 

the prepared samples were tested under UV and 

visible lights. For the visible lights  (λ≥420 nm)and 

full range of Ultra-violet light (λ≥250 nm)are samples 

except x = 0.9 shows poor hydrogen production. But 

for the sample Sm0.5Zr0.5Fe0.5 Yb0.5O3 it is showing a 

reasonable rate of (15µmol/h/g) which seems to be 

related to the strongest visible light absorption[10]. 

 

 
Figure3: Typical time courses of hydrogen evaluation for Sm1-x ZrxFe1-xYbx O3 (x = 0.3, 0.5, 0.7and  0.9) a) Plot of Photocatalytic 

hydrogen productions rate according to the surface molar percentage b) Photocatalytic H2 Production rate of the prepared samples 
in UV and visible lights. 

 

Sm0.5Zr0.5Fe0.5 Yb0.5O3is not only giving a reasonable 

value in the visible light, but also it is showing a 

considerable improvement rate of hydrogen 

production rate (70µmol/h/g) in the UV light under a 

full range irradiation. The high performance 

displayed under UV region is attributed to the 

photons and electron-hole pairs are likely generated 

from a different manner[11].The effect of Zr and Yb 

introduced into SmFeO3structure can be understood 

by the improved photo activity under UV irradiat ion 

but not a severe compromise of activity under visible 

light irradiat ion. It seems to enhance the light 

absorbance in the UV reg ion and modify the electron 

structure which accounts the photocatalytic activity 

improvement. 

 

3.3 EIS and Conductivity Measurements  

 

Electronic Impedance Spectroscopy (EIS) 

measurements of Sm0.3Zr0.7Fe0.3Yb0.7O3 and 

Sm0.5Zr0.5Fe0.5Yb0.5O3 samples were measured based 

on their high productivity of H2. As mentioned 

before,Sm0.5Zr0.5Fe0.5Yb0.5O3 gave the highest amount 

of photocatalytic H2. The measured temperature 

ranges were from 550°C to 800°C. However, at 800 

°C we observed highest conductivity for x=0.5. 

Conductivity increases with increasing temperature. 

The total ionic conductivity of Sm0.5Zr0.5Fe0.5Yb0.5O3 

at 800 °C was found to be 1.465 x10
-2

S/cm. 

 
Figure 4: Comparison of total ionic conductivity of Sm1-x 

ZrxFe 1-xYbx O3for x =0.5 and 0.7 showing highest conductivity 
for Sm0.5Zr0.5Fe0.5Yb0.5O3of 1.465x10

-2
S cm

-1
 at 800

ο
C. 

 

IV. CONCLUS ION 

 

Standard Solid state reaction method was successfully 

used to synthesize a series of Sm1-xZrxFe1-

xYbxO3(x=0.1, 0.3, 0.5, 0.7, and 0.9) samples to 

investigate photocatalytic activity of the novel 

material after confirming the structural and 

microstructure properties. The increase of Zr and Yb 

co-dopant concentration results in the decrease in the 

lattice parameters. The microstructure demonstrates a 

gradient increase of porosity % from x=0.1 to x=0.9. 

The photocatalytic H2 production rate was a highly 
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improved for the Sm0.5Zr0.5Fe0.5Yb0.5O3 under UV 

irradiation compared to the rest of the samples but not 

a severe compromise of activity under visible light 

irradiation. These materials have shown good 

performance under photocatalytic and 

electrochemical measurements. 
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