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Abstract
The engineering of extremely efficient, low-cost, and stable electrocatalysts were required for the sluggish
oxygen evolution reaction (OER). Herein, using hydrothermal technique, strontium telluride (SrTe/GC)
nanoballs fabricated for water splitting to work efficiently as an efficient OER catalysts. According to
physical and chemical characterizations, SrTe/GC nanoballs exhibits a three-dimensional form and
homogeneous surface distribution, performing a low overpotential of 268 mV at 10 mA/cm2 with small
Tafel slope of 25 mV/dec. The fabricated material exhibits excellent stability of 24 hours with no decline
in current density. The Te-induced metallic telluride and substantial covalency around the strontium
center is responsible for this catalyst's outstanding performance. This study reveals the valuable insight
of metal telluride materials to function as an extraordinarily efficient and stable OER catalysts at high
current densities.

1. Introduction
Fossil fuels now account for the vast majority of the world's energy [1], and these energy carriers must be
phased out due to their rapid depletion, environmental contamination, and carbon footprints. To compete
with fossil fuels, scientists are exploring new renewable energy sources [2]. Long-term energy allocation is
getting increasingly difficult as energy distribution networks grow more efficient [3], and if energy is
available indefinitely, an increase in industrial output is achievable [4]. The electron transfer process
allows the renewable energy to be stored in chemical bonds [5–7]. Renewable energy sources include
biofuels, solar electricity, wind power, and water power [8, 9]. Because of its great efficiency and low
environmental impact, hydrogen (H2) is often promoted as a potential option to meet the growing global
demand for clean and renewable energy resources [10–13]. On the one hand, finding a cost-effective,
convenient, and ecologically friendly means to obtain H2 gas [14–16]. It was created in reaction to an
imminent primary resource shortage, as well as the low conversion efficiency and environmental
concerns [17, 18]. When using renewable energy sources like wind [19], geothermal [20], and solar power
[21], electrochemical water splitting has proven to be a viable choice among many others [22–24]. One of
a number of alternatives, oxygen evolution (OER) and hydrogen evolution (HER) processes can be used in
a variety of ways to electrolyze the water [25–27].

The practical results for electrolytic polarization-induced overpotentials (e.g. 1.50 V) are sometimes
substantially different from theoretical expectations (1.23 V) [28, 29]. When it comes to improving
reaction rates on a large scale, commercial application of precious metal electrocatalysts like IrO2/RuO2

for OER and Pt-based materials for HER is limited by high costs, lack of availability, and monotonous
activity [30–32]. There has been ongoing research into metal-based materials such as oxides and
hydroxides, phosphides, nitrides, and carbides [33–35]. There are various advantages to using OER
electrocatalysts, which can sustain activity and stability in alkaline electrolytes while lowering capital and
operating expenses [36]. At alkaline concentrations, however, OER electrocatalysts struggle to maintain
their high activity and long life [37]. If electrocatalysts are to be effective, they must consider a number of
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criteria, like charge transfer to surface reaction sites is enabled by electrocatalysts with higher electric
conductivity than the substrate electrodes [38]. In order to provide more readily accessible active zones
for higher currents, they must have a larger specific surface area than substrate electrodes [39]. To lower
activation energy, electrocatalysts must change their hierarchical structure. This can be accomplished by
altering the electrocatalysts' chemical and physical properties. The chemistry and electrical conductivity
of an electrocatalytic surface active site can be fine-tuned to some extent. The easiest technique to
enhance the number of active sites and mass diffusion capacity of electrocatalysts is to make them
porous [40]. One of the most promising catalysts is porous materials, which have demonstrated their
efficiency in a range of chemical reactions [41]. Because of their distinct physical and chemical
properties, porous materials have a number of benefits over bulk materials when it comes to water-
splitting electrocatalysts [42, 43].

In an effort to increase the electrochemical performance, metal chalcogenides-based electrode materials
have recently been investigated [44], and outperform their micron-sized equivalents in terms of
performance. Higher quantities of surface oxygen binding energy are required for OER activity. The
telluride based material has received little attention for OER catalysis, despite its metallic nature [45]. As a
result, metal tellurides have better electrical conductivity, mechanical strength, rate capability, and cycling
stability due to their synergistic benefits [46]. As far as we know, no one has ever employed hydrothermal
synthesis to produce SrTe as an electrocatalyst to improve the electrochemical activity or electrode
material durability. Due to the presence of telluride, the strontium tellurides exhibit high specific
capacitance and a high level of stability. The electrochemical characteristics of synthesized catalyst is
exceptional because of their more active sites, ion dispersion, and enhanced electron transmission may
be expedited, and all the activities are discussed below.

2. Experimental Section

2.1. Materials
Analytical-grade chemicals as such were used to make strontium telluride. Deionized water (resistivity = 
18.2 M cm) was used to make all of the solutions in this experiment, and the following chemicals were
utilized in the experiment like Tellurium powder (Te, > 99.9%), Strontium nitrate (Sr(NO3)2.6H2O, Sigma
Aldrich, > 99.9%), Hydrazine monohydrate, (N2H4.H2O, Panreac, > 80%), Ethyl alcohol (Merck, 99.8%), and
Potassium hydroxide (KOH, Analar, 99%).

2.2. Preparation of SrTe
Ordinary conditions and significantly simple setup were employed for hydrothermal synthesis to generate
SrTe nanoballs. Dissolving 5 mL of 7 M KOH solution in 0.01 M strontium nitrate hexahydrate and 0.01 M
tellurium powder for the synthesis of SrTe. The mixture must be homogenized for two hours with the
addition of 2 mL of hydrazine monohydrate. The resultant mixture was placed in 100 ml Teflon-sealed
stainless-steel autoclave at 180°C for 12 hours. To separate precipitates and impurity elimination, it was



Page 4/15

centrifuged after being filtered through deionized water and ethanol subsequently. Finally, the material
was dried in a preheated oven at 70°C overnight, and the obtained SrTe powder was stored for
characterization purpose.

2.3. Characterization
A Bruker D2 PHASER powder diffractometer with Ni-filtered CuK radiation at 30 kV and a current of 10 mA

was utilized for the XRD study. On a 2𝞱 scale of 20–80o, scans were done at a rate of 5o min−1. Scanning
electron images taken with the Quanta 200-FEG SEM reveal the morphologies of the samples.
Transmission electron microscope (JEOL (JEM-2100) TEM) was used also to analyze the deep internal
morphology.

2.4. Electrochemical setup
In a Teflon-covered Pyrex glass cell with 1.0 M KOH solution was employed via three-electrode
electrochemical cell to perform cyclic voltammetry, electrochemical impedance spectroscopy, and
controlled potential bulk electrolysis. The electrochemical cell was cleaned thoroughly with ultrapure
water and acetone before being utilized and then dried at 80°C for around 30 minutes. HNO3: HCl (1:3) as
a cleaning solution was utilized for Ag/AgCl and platinum wire, employed as reference, and counter
electrodes in the as-prepared electrode system. Before being used in the electrochemical cell, the platinum
wire was cleaned in a nitric acid solution. As specified in the equation, all potential measurements were
taken using a reversible hydrogen electrode (RHE).

ERHE = EAg/AgCl + Eo +(0.059*pH) (1)

To compensate for their 50% iR-compensation, the cyclic and linear sweep voltammeteries were scanned
at 5 mV/s. The electrochemical cell containing the electrolyte was cleansed with argon gas for around 30
minutes, and the geometrical area of the working electrode was used to compute all current densities.
Using the following equation like to determine the Tafel slope to learn more about catalytic and kinetic
efficacy.

η = α + 2.303 
RT
αnF  logj (2)

The number of electrons involved in this reaction is n, the Faraday constant is F, current density is j, and
the slope is 2.303 RT/nF. Using the Cyclic Voltammetry (CV) curve in the non-faradic zone at different
scan speeds, the capacitance of the as-prepared working electrodes' double layer was determined at a
scan rate of 2, 4, 6, and 8 mV/s. To calculate the ECSA of the synthesized electrode material, divide the
capacitance of the double layer by a constant of 0.04 mFcm− 2.

ECSA = Cdl/Cs (3)

Electrochemical impedance (EIS) spectroscopy was used to measure the interphase solution and charge
transfer resistances across an electrode-electrolyte interface (0.1 Hz to 100,000 Hz frequency range). In
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the high frequency range, this method is related to the Nyquist plot Z' against -Z’’s semicircle diameter.
NOVA 2.1 software and a simple Randles circuit were used to calculate the Rs and Rct from Metrohm
Autolab electrochemical workstation. Each cyclic voltammetry curve has been IR adjusted to the possible
greatest extent. To account for potential values, use the following equation:

Eactual = Eexperimental – IR (4)

3. Results And Discussion

3.1. Structural analysis
A simple hydrothermal procedure for manufacturing SrTe/GC nanoballs are shown in Fig, 1. The crystal
structure and purity of SrTe/GC was found by XRD investigation. Figure 1 depicts the results of sample
used to identify the crystalline phases and product composition are well matched with Joint committee
of powder diffraction (JCPDS) card No. 03–065–5700 (space group: Pm-3m, space group number: 221).
All peaks correspond to the Cubic crystalline SrTe/GC phases make up the end product. Strontium based
telluride diffraction peaks at 2𝞱= 24.1o, 34.5 o, 42.3 o, 49.2 o, 55.4 o, 61.1 o, 72.1 o, and 77.3 o indexed to
hkl (100), (110), (111), (200), (210), (211), (220), and (221) are well matched revealing high purity and
narrow intense peak display crystallization.

3.2. Morphological analysis
Scanning electron microscopy (SEM) image reveals the morphology of SrTe/GC displaying small, cluster
nanoballs (Fig. 2a&b). The morphology of nanoballs with varying size can be visualized using SEM
images (Fig. 2a). As observed in the SEM photos, the nanoballs had average thickness of 40 nm. Ultra-
small structure may exhibit large number of active sites to electrolytes for the ease of ions and electron
transportation across the interface of the electrode and electrolyte. The transmission electron (TEM)
image shown in (Fig. 2b) is well in agreement and consistent with the SEM micrograph. The TEM is in
enlarged as compared to the SEM micrograph considering large active sites for better oxygen evolution
reaction.

3.3. Electrochemical characterization
The OER was carried out at a scan rate of 5 mV/s in an electrolyte containing 1.0 M KOH catalyzed by
SrTe/GC balls deposited on glassy carbon (GC) electrodes to obtain CV curves for catalyst effectiveness
study as shown in Fig. 3a. SrTe/GC has a high integrated peak area, implying that many Sr-charged
species are involved in the generation of oxygen gas. The anodic peak value of the Sr redox reaction for
SrTe/GC at 1.48 V vs RHE and overpotential of 268 mV at 10mA/cm2 current density through the CV and
LSV are shown in Fig. 3a-b. The CV curve for SrTe/GC, exhibits an effective OER swing, enhanced current
density, and decreased overpotential due to the formation of hydroxotelluride and oxyhydrotelluride in
alkaline media. The sharp and steep peak confirms the active strontium ions as result intermediate of
hydroxotelluride and peroxide produces to speed up the sluggish oxygen evolution reaction. Because
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induction of strontium in chalcogenide may influence the lattice structure and engineering morphology,
resulting in increased OER activity. Table 1 shows the comparative study of all electrochemical activity
with SrTe/GC balls. The exceptional OER activity of unimetal with telluride make it superior rather than
using bimetallic chalcogenides with same results.

Electrochemical impedance is one of the techniques to measure the intrinsic electrocatalytic activity. The
EIS test shown in Fig. 3(c) for the SrTe/GC electrocatalyst exhibits low charge transfer resistance (Rct)
and solution resistance (Rs) that is 3.5 and 3.2 Ω, respectively. The semicircle in a low frequency region
demonstrates small resistance to charge transfer and high electrical conduction for the smooth OER
performance. Because of the low Rct value, electrons are quickly transferred from the electrolyte to the
electrode.

For better understanding the kinetics of the electrochemical water oxidation, tafel slope is computed from
the linear component of the CV shown in Fig. 3(d). The OER kinetics of SrTe/GC nanoballs appear to be
superior due to its smaller tafel slope 25mV comparable to or lower than previously reported metal
telluride-based electrodes (Table 1). Simple electron transfers and rate-determining steps have long been
associated with the Tafel slope. According to the tafel slope, there is 4 electron transfer for the OER rate
determining step. The SrTe/GC tafel slope value indicates that oxygen evolution occurs faster during
electrochemical reaction.

SrTe+OH− SrTe-OH− + e− (5)

SrTe-OH+OH− SrTe-O+H+ + e− (6)

SrTe-O+OH− SrTeOOH+e− (7)

SrTe-OOH+OH− SrTe+O2+H+ + e− (8)

Table 1: Comparison of different electrocatalysts with the present study

Sr. No. Electrocatalyst Over potential (mV) at 10mAcm-2 Tafel slope (mVdec-1) References

1 CoTe 241 66 [47]

2 MOF/CoTe2 330 61.67 [48]

3 CoTe2-MnTe2 310 115 [49]

4 CuTe2 323 96 [50]

5 Porous NiTe 679 151 [51]

6 Cu7Te4 460 103 [52]

7 SrTe 268 25 This work
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Total four CV cycles at different scans rates (2, 4, 6, and 8 mV/s) were performed in a short voltage in the
non-faradic region as shown in Fig. 4a. Hierarchical poriferous nanoballs have a densely packed
electrochemical surface area with active patches. Double layer capacitance is used to calculate the ECSA.
The integrated area of the CV curve in the range of -0.6 to 0.8 V vs. RHE has slightly increased, as seen by
the CV curves in Fig. 4a. With a Cdl value of 33.5 cm− 2 at a potential window of -0.6 to 0.8 V against RHE,
these hierarchical nanoballs had the most electrochemically active surface area (Fig. 4b). As a result,
surface averaged techniques can be utilized to assess electrocatalysis' intrinsic activity. To evaluate
intrinsic catalytic activity, LSV curves can be normalized with electrochemical active surface area (ECSA).
The ultrasmall SrTe/GC nanoball increases mass transport kinetics by increasing the contact area
between the electrode and the electrolyte, resulting in faster charge transfer. Conductivity is higher in SrTe
due to fast transport kinetics across the electrode-electrolyte interface are achievable due to the high
conductivity generated during the oxygen evolution event, as indicated by the low onset, overpotential,
tafel slope and charge transfer resistance. The electrocatalyst's long-term stability is determined by its
ability to be used in real-world applications.

Using repeated CV scans under the same electrochemical conditions, the long-term survival of an
electrocatalyst was examined. In a 1.0 M KOH solution, the first and 1000th CV cycles at 50 mV/sec
provide the almost same electrochemical signal as repeated CV scans (Fig. 5) In strongly oxidative
circumstances, the CV cycle shows that catalytic function is slightly affected. Slight decrease in current
density and no change in onset potential is observed. Hence, the nanostructures are suitable for large-
scale commercial applications because they can penetrate and eliminate gas bubbles from the electrode
edge.

4. Conclusion
Simple hydrothermal technique was used to synthesize the nanosized strontium telluride (SrTe) with a
ball-like structure and are analyzed with different techniques. OER activity of the synthesized material is
high due to the three-dimensional structure, enhanced electrochemical surface area resulting 1.48 V onset
and 268 mV overpotentials to attain 10 mA/cm2 current density. A moderately steep Tafel slope (25
mV/dec) for 4 electron coupled proton transfer. Also, the catalyst is extremely stable after 24 hours at a
constant current density. This research looks at the viability of synthesizing metallic telluride with a
certain shape, high activity, and stability at high current densities to increase OER performance and
produce high purity H2 on a large scale.
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Figures

Figure 1

XRD spectra of synthesized SrTe/GC
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Figure 2

(a) SEM, and (b) TEM micrographs of SrTe/GC
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Figure 3

(a) cyclic voltammogram, (b) linear sweep voltammogram, (c) EIS, (d) tafel slope of SrTe
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Figure 4

(a) ECSA plot, (b) Cdl values of SrTe

Figure 5
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Cyclic stability of SrTe/GC
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