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Abstract 

 To construct rGO/SrTiO3 nanocomposite using a facile hydrothermal synthetic 

approach for enhanced photocatalytic application. In this study, the structural, morphological, 

elemental, surface compositional, optical properties, and photocatalytic activity of 

rGO/SrTiO3 nanocomposites were investigated. From the various analyses, the synthesized 

nanocomposites produce heterostructure formation between reduced graphene oxide (rGO) 

and SrTiO3. By the optical analysis, the results showed that prepared ESG 10 photocatalyst 

has efficient charge separation and migration with suppressed recombination probability of 

photogenic charge carriers. The photocatalytic reactivity of the synthesised photocatalysts 

was evaluated by methylene blue (MB) aqueous dye and 2-nitrophenol (2-NP) degradation 

under UV-Visible (UV-Vis.) light irradiation. Therefore, the ESG 10 photocatalyst exhibited 

a maximum removal efficiency of 91 % and 81 % over MB dye and 2-NP, respectively.  In 

contrast to other samples, the introduction of rGO could suggestively enhance the 

photocatalytic activity by increasing the amount of rGO, and the degradation rate was also 

reduced after the optimal level of rGO. The radicals involved in the degradation process are 

investigated by scavenger experiments. The recycle experiment reveals that the ESG 10 
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photocatalyst doesn’t show any major loss of activity after 4 consecutive runs. Meanwhile, 

the possible reaction mechanism and interface characteristics are also discussed.  

 

Keywords:  

Nanocomposite; Photocatalysis; Reduced graphene oxide; Perovskite; Stability; 

 

1. Introduction 

 The modernization of society, technology and industrialization cause various 

environmental issues. The various pollutant mixed into the groundwater resources affects the 

entire environment very badly [1,2]. The untreated effluents from plastics, cosmetics, food 

and textile industries directly discharged into the water system cause severe health issues to 

the humans [3,4]. Thus, various technologies have been followed to remove the effluents 

from wastewater. Amongst, photocatalysis constitutes the most hopeful option due to its 

efficiency, environment-friendly and promising remediation for the current environment 

deterioration [5,6]. Recently, perovskite materials with ABO3 formula have gained attention 

owing to their attractive application in various technological fields [7].  

 Over the past decades, various semiconductor photocatalysts like TiO2 [8,9], ZnO 

[10,11], SrTiO3 [12] and g-C3N4 [13] etc [14–17] and perovskite alkaline earth titanates of 

ATiO3 (A=Sr, Ca, Ba) have also been reported for effective hydrogen production by the 

photocatalytic process. Among various photocatalysts, SrTiO3 has garnered attention with 

compelling properties in photocatalysis [18]. Moreover, SrTiO3 has been one of the potentials 

and well-known semiconductor photocatalysts owing to its low cost, high chemical stability, 

biocompatibility and comparable optical property with the standard TiO2 photocatalyst 

[19,20]. However, the reported investigations showed a wide band gap of SrTiO3 which 

respond only in the ultraviolet (UV) solar spectrum and consequently showed its limitations 

in practical applications.  

 Recently, researchers have approached several methods to achieve and control the 

physical properties of SrTiO3 with certain conditions to change the perovskite phase, 

morphology, particle size and crystal defects [21]. Various methods of synthesis have been 

reported such as sol-gel combustion [22], solvothermal [23], sol-gel hydrothermal [24] are 

available for synthesising SrTiO3. However, these methods seek lower temperatures (180-260 

°C) and a long-lasting heating time of about 18 to 48 h. Using these methods, the materials 

exhibit irregular formation in perovskite phases and poor optical property which is not 

optimized for desired applications [25]. So, the researchers have focused their attention on 
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the conventional method of a hydrothermal process for synthesising SrTiO3 at a low-

temperature level with a shorter time of heating [26]. This method is a time-efficient, cost-

effective and facile type of approach. This approach is well suitable for designing SrTiO3 

with good optical property by controlling morphology with size and shape through purity and 

homogeneity form of chemicals [27].  

 Additionally, several researchers have intentionally modified to enhance the various 

properties of SrTiO3 with metals, non-metals and combining carbon-based materials like 

rGO, gC3N4, graphene, etc [28–31]. The combination of these materials with SrTiO3 could 

expand the band gap into the visible region and effectively reduces the crystallite size, which 

leads to enhance the photocatalytic activity [32–35]. Due to the high expensive of metals are 

not such a favourable option for designing an efficient photocatalyst. Moreover, Carbon-

based material is a well and suitable option for enhancing photocatalytic efficiency.  

 Recently, graphene with high surface area, excellent hydrophobicity, higher stability, 

and electron acceptor properties has been utilized for the production of energy storage 

devices, sensors, organic compound absorption and separation etc [36]. Moreover, graphene 

with a 2D structure possesses higher electrical and thermal conductivity, electron mobility, 

chemical stability and mechanical strength [37,38]. The large surface area and good affinity 

of rGO possibly encourage the adsorption of organic molecules by π- π interactions (suitable 

for degrading pollutants). rGO acts as an acceptor and transporter of electrons, which 

enhances the photocatalytic activity of pollutant degradation and hydrogen evolution. This 

leads to more efficient charge separation and suppresses the recombination of electron-hole 

(e
-
/h

+
) pairs [39]. So, the researchers have turned up their attention towards carbon-based 

materials combined with SrTiO3 materials. Based on previously reported articles, the 

combination of rGO/SrTiO3 nanomaterials for the degradation of organic dyes was very 

rarely reported.  For example, Tao Xian et al. [40] investigated SrTiO3-graphene 

nanocomposites are utilized for the degradation of acid orange 7 by photocatalytic reduction 

method under UV light irradiation. A. Rosy and co-workers [35] evaluated the degradation 

performances of Rhodamine B (RhB) and Rose Bengal (RB) by rGO/SrTiO3 heterostructured 

nanocomposite. Chenye He et al. [41] reported that SrTiO3/graphene composite could 

generate an efficient pathway for degrading the RhB pollutant under UV light irradiation. 

Many reports have been reported with some drawbacks like long duration to degrade, higher 

band gap energy value, morphological defects, lesser photocatalytic efficiency. According to 

the previous discussions, the mixing, intercalation, doping or attachment of various materials 

enables us to take advantage of the many properties of each, therefore, the composites must 
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be specially crafted to incorporate advanced photocatalysts. To the best of our knowledge, the 

degradation of MB organic pollutant by rGO coupled SrTiO3 nanocomposites via two-step 

facile hydrothermal method was not reported so far. So, we have decided to synthesis a low 

cost, environment-friendly, biocompatible nature and facile synthetic technique to achieve an 

effective attempt towards photocatalytic applications. Our main aim is to design the material 

with a composition of carbon materials with SrTiO3 that may possess a tuned optimal band 

gap towards the UV or UV-Vis. light region, enhanced the charge separation and close 

surface interfacial interaction between these materials. Thus, the charge carriers can easily 

transfer and it tends to enhance the recombination of photogenerated e
-
/h

+
 pair. 

 In this work, the construction of different weight percentages (5, 10 & 20 Wt.%) of 

rGO-SrTiO3 composites were prepared by facile hydrothermal method. SrTiO3 nanoparticles 

(NPs) were decorated over reduced graphene oxide sheets that could be exploited to enhance 

photocatalytic efficiency. Various physicochemical properties of the prepared samples were 

evaluated by several characterization techniques. The evaluation of the photocatalytic dye 

degradation performance was confirmed using MB dye and 2-NP as a model pollutant under 

the UV-Vis. light exposure. Furthermore, the exposure of different radicals involved in the 

photocatalytic mechanism is also examined by scavenger experiments. The reusability and 

structural stability of the prepared samples were evaluated by recycling experiments. The 

possible charge transfer mechanism of the photo-degradation process via band alignment is 

also proposed. 

 

2. Experimental section 

2.1 Materials  

 All reagents were commercially purchased and directly used without any further 

purification. Titanium (IV) Isopropoxide (TTIP - 97%), Strontium chloride (SrCl2 - 99.99%), 

Potassium Hydroxide (KOH - 97%), Ethyl alcohol (99.9%), Graphite powder (99.5%), 

Hydrogen peroxide (H2O2 - 30% purity), Sulfuric acid (H2SO4 - 97%), Hydrochloric acid 

(HCl - 38.0%), Potassium permanganate (KMnO4 - 99.0%), Sodium nitrate (NaNO3 - 

99.0%), Methylene Blue (MB), 2-nitrophenol (2-NP), Benzoquinone (BQ - 98%), 

Ammonium oxalate (AO - 99%) and Isopropyl alcohol (IPA - 99.8%) were used as a 

precursor. De-ionized (DI) water was used for all the synthesis process. 
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2.2 Synthesis of graphene oxide/reduced graphene oxide 

 Graphene oxide (GO) was obtained using the ultrasonic modified Hummer’s method 

[42]. 1 g of graphite and 6 g of KMnO4 were added to 120 mL H2SO4 (98 %) and 13.3 mL 

H3PO4 (85 %). The mixture was then irradiated for 50 min in an ultrasonic bath at 30 °C to 

obtain a dark brown suspension. 1 mL H2O2 (30%) was gradually added to 266 mL of 

deionized (DI) water to reduce residual permanganate into soluble manganese ions. The 

colour of the mixture changed from dark brown to dark yellow. The mixture was filtered and 

washed with HCl aqueous solution to remove metal ions and then centrifuged at 6000 rpm. 

The filtered materials were washed with distilled water to remove residual acids and other 

impurities and the centrifugation step was repeated. Finally, the resulting solid was dried in 

an oven at 70 °C for 24 h to obtain GO.  

 

2.3 Preparation of SrTiO3 and rGO/SrTiO3 nanocomposites 

 The preparation of SrTiO3 is involved in co-solvent synthesis via facile hydrothermal 

route. 1.77 g of TTIP was dissolved in an appropriate amount of ethanol to form an initial 

precursor. 1.47 g of SrCl2 and an appropriate amount of KOH were dissolved in 10 mL of DI 

water then added dropwise to the initial precursor under constant stirring for 30 mins. The 

obtained suspension was transferred to a hydrothermal autoclave and kept in an oven for 4 h 

at 200 °C. The resultant white precipitate was washed with acetic acid and DI water several 

times, then the washed products were dried in an airflow oven at 80 °C for 12 h. The yielded 

SrTiO3 product was labelled as E SRT.    

 In the typical synthesis process, different weight percentage (5, 10 and 20 Wt. %) of 

graphene oxide was ultrasonicated by 30 mL DI water and 20 mL ethanol mixture solution 

for 2 h. After that, the dispersed solution was mixed with 20 mg of E SRT and stirred for 2 h 

to obtain a homogeneous suspension. Then, the mixture was transferred into a hydrothermal 

reactor and kept in a hot air oven with a maintaining temperature of 120 °C for 12 h. Notably, 

GO can be thoroughly reduced to rGO while the reaction temperature was maintained 

between 100 °C – 250 °C [43]. The resultant vessel was auto cooled at room temperature. 

Then the products were centrifuged, washed with DI water and ethanol for four times and 

further dried in a vacuum oven at 80 °C for 12 h. The schematic diagram of the synthesis 

procedure is shown in Fig. 1. Also, the synthesised resulting composite was labelled as ESG 

5, ESG 10 and ESG 20. 
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Fig. 1. Schematic representation of synthesis procedure for rGO/SrTiO3 

nanocomposite 

 

2.3 Materials characterization 

 The synthesised products were analysed using X-ray diffraction (XRD) analysis 

(Rigaku D/Max Ultima III), Fourier transform infrared (FT-IR) spectra analytical tool 

(NEXUS 470 spectrometer) and UV-Visible absorption spectrophotometer (UV-Vis., JASCO 

V-770). The surface morphology and microstructure of the as-prepared samples were 

analyzed by using FESEM (Hitachi S-4800), HRTEM and EDX (JEOL JEM 2100) 

instrumental techniques. The chemical configuration and electronic structure of the samples 

were examined using X-ray photoelectron spectroscopy (XPS, ESCA 3400 spectrometer). 

The recombination process of the samples was accomplished by photoluminescence (PL) 

spectra (JASCO-spectrofluorometer FP-8200). 

 

2.4 Photodegradation experiments 

 The performance of photocatalytic activity was evaluated by photodegradation of MB 

and the reduction of 2-NP in an aqueous medium under UV-Vis. irradiation with help of 500 

W Halogen lamp as a light source. In a typical experiment, 10 mg of as-prepared 

photocatalysts were added in a 100 mg/L MB solution in the Pyrex double-layered beaker 

then stirred for several minutes. After the stirring process, the mixtures were placed in a dark 

room for 1 h to attain adsorption/desorption balance. Before initiating the degradation process 

the 0.1 mL of initial suspension was pipetted out. Then the Pyrex beaker was kept under 

illumination with a distance of 10 cm between the beaker and light source. During the 

experiment process, the beaker was circulated with water to prevent evaporation from the 

suspension. When the illumination starts, 0.1 mL of aliquots were taken out with 30 mins of 

time interval and immediately all the collected aliquots were centrifuged to evict the 

catalysts. The different dye concentration of the MB solution was measured using UV-Vis. 

absorption spectrophotometer. Furthermore, the same procedure was followed for all the 
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typical experiments with similar conditions for evaluating scavenger test, recycle and stability 

test. The degradation efficiency (%) of the synthesised photocatalysts were calculated by a 

typical empirical equation [44,45]. 

 

3. Results and discussion 

3.1 XRD analysis 

 X-ray diffraction analysis was carried out to find the crystallographic structure and 

phase purity of the synthesised samples. Fig. 2, shows the XRD pattern of pure and other 

synthesised nanocomposites. The indexed diffraction peaks of E SRT observed at an angle 2θ 

= 22.5, 32.1, 39.6, 46.1, 57.3 and 67.2°, which are assigned to (100), (110), (111), (200), 

(211) and (220) planes, respectively. All the peaks were well consistent with the perovskite-

type cubic phase structure identified by (JCPDS No. 40-1500). Furthermore, the synthesised 

nanocomposites also showed similar diffraction peaks of the E SRT sample. From Fig. 2 (a), 

A single peak of GO was observed at 11.04°. The introduction of rGO with different weight 

percentages shows no obvious changes in the corresponding XRD patterns. However, the tiny 

amount of rGO suggests no characteristic peaks were detected in the corresponding 

diffraction pattern and the influence of rGO loaded E SRT with different weight percentages 

shows variation in intensity suggests that the crystallinity and crystalline size were decreased 

[46]. The average crystalline size was calculated by Scherrer’s equation, and the values are 

36.4, 35, 33.1 and 34.9 nm for E SRT, ESG 5, ESG 10 and ESG 20 respectively. 

Comparatively smaller crystalline size implies a superior platform to transfer the charge 

carriers which is a necessary property of an efficient photocatalyst. The mechanism behind 

the inhibition of crystalline growth due to the inclusion of rGO has been presented elsewhere 

[47]. 
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Fig. 2. XRD patterns for (a) GO, (b) E SRT, (c) ESG 5, (d) ESG 10 and (e) ESG 20 

nanocomposite 

3.2 Fourier transform infrared analysis 

 The functional group of the samples were identified by FT-IR analysis. The FT-IR 

spectra of the prepared samples are shown in Fig. 3. For the SrTiO3 particles, the prominent 

absorption band at 570 cm
−1

 was in the region of stretching vibration of Ti-O-Ti [48]. The 

occurrence of the Ti-O bond and Sr-O bond were located by a combination of vibrations 

between the broadband at 500 cm
-1

 and 800 cm
-1 

[49]. The weaker peak at 1431 cm
−1

 was 

ascribed to C-H bending vibration. The presence of rGO absorption peaks at around 1217 

cm
−1

 due to C=C asymmetric stretching vibration [50]. The band at 1626 cm
−1

 was assigned 

to the bending vibration of H-O-H from the surface absorbed H2O, which revealed several 

peaks in the 1450-1700 cm
−1

 range. The peaks at 1550, 1626, and 1703 cm
−1

 could be 

attributed to the vibrations of carbamate esters, the C-C stretching of sp
2
-hybridized carbon, 

and the C-O vibration of carboxylic groups, respectively [51,52]. The composition of rGO 

and SrTiO3 was attributed to the interaction of C-H groups which might be formed by 

successful reduction of GO to rGO. The characteristic peak of Ti-O-Ti was observed in ESG 

10 spectra proving the successful synthesis of rGO/SrTiO3 nanomaterials. 

 

Fig. 3. FT-IR spectra for (a) E SRT, (b) ESG 5, (c) ESG 10, (d) ESG 20 nanocomposite 

and (e) GO 

 

3.3 Morphological analysis 

 The determination of surface morphologies and microstructure was carried out by 

FESEM analysis. The surface morphology of the synthesised bare E SRT and ESG 10 
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nanocomposites were visualized in Fig. 4 (a-d). As shown in Fig. 4 (a & b), the synthesised 

pure E SRT particles have spherical like morphology with tiny particles on the surface. The 

unsmooth surface obtained due to the usage of solvent with low viscosity medium leads to 

agglomeration of nanoparticles. Moreover, low viscosity solvent has an ability with a high 

diffusion rate which enables a faster growth rate of nanostructures [53,54]. From Fig. 4 (c & 

d), the E SRT NPs have surrounded by the rGO sheets and in Fig. 4 (d), It is clearly seen that 

E SRT NPs were embedded on rGO sheets with strong interaction with graphene [55]. which 

can efficiently facilitate the interface charge separation and hamper carrier recombination. 

Therefore, it indicates that the successful formation of rGO with E SRT nanocomposite and 

the rGO led to good dispersion of E SRT on its surface.  

 

Fig. 4. FESEM images of (a, b) E SRT and (c, d) ESG 10 nanocomposite  

 

3.4 HRTEM and EDX analysis 

The crystalline nature and internal morphology of the prepared ESG 10 

nanocomposite was visualized by HRTEM analysis as shown in Fig. 5 (a-e). From Fig. 5 (a 

& b), the E SRT spherical like agglomerated particles were spread over the surface of rGO 

sheets. It reveals that the E SRT sample was successfully wrapped over a 2-D layer of 

graphene sheets with no other impurities. The strongly influenced interaction between the 

combined heterostructure network of E SRT/rGO facilitates an exemplary charge transfer 

process which led to improving the catalytic activity. The clear interplanar lattice spacing was 

measured as 0.27 nm which clearly illustrates the atomic plane (110) of the E SRT sample as 

shown in Fig. 5 (e). The crystalline nature of the synthesized sample was obtained from the 
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SAED pattern shown in the inset of Fig. 5 (e). From these results, the synthesized ESG 10 

nanocomposite provides advantageous properties for enhancing photocatalytic activity.   

The presence of elements was confirmed by EDX analysis. From Fig. 5 (f) the EDX 

spectra confirm the successful formation of nanocomposite and the elements Sr, Ti, C and O 

were present in the ESG 10 nanocomposite. Also, no other impurity peaks were present in 

this composite. Further, the mass percentage of these elements were depicted in the inset Fig. 

5 (e). Moreover, the element Cu arose from the copper grid used for HRTEM analysis.  

 

Fig. 5. (a – e) HRTEM images and (f) EDX spectra of ESG 10 nanocomposite 

 

3.5 XPS analysis 

The surface chemical configuration and electronic structure of the prepared rGO and 

ESG 10 photocatalysts were investigated by high-resolution XPS spectroscopic technique. 

The full range survey spectra of rGO and ESG 10 samples was demonstrated in Fig. 6 (a). As 

shown in Fig. 6 (b), the Sr 3d peaks with binding energy positions at 131.8 eV and 133.5 eV 

for ESG 10 sample is observed with two deconvoluted spectra, which are attributed to Sr 

3d5/2 and Sr 3d3/2 states, respectively. From Fig. 6 (c), the binding energies indexed at 457.1 

eV and 463 eV in the case of ESG 10 are ascribed to the states of Ti 2p3/2 and Ti 2p1/2 

respectively [56]. In the perovskite structure of SrTiO3, the binding energy values are 

corresponding to Ti with the oxidation state of 4
+ 

[57]. Fig. 6 (d) shows that the O 1s spectra 

of rGO was deconvoluted into two peaks with a binding energy value of 532.1 eV and 532.8 

corresponds to the formation of C=O and C-O-C, respectively. Furthermore, in the case of 
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ESG 10 with two splitted peaks at 528.4 eV and 531.2 eV are ascribed to lattice oxygen (OL), 

also the value of 531.2 eV due to surface hydroxyl groups (OOH) respectively. The C 1s high-

resolution spectra for the prepared samples are shown in Fig. 6 (e). For rGO, the C 1s spectra 

were deconvoluted into two peaks with the binding energy positions 284.6 and 288.9 are 

assigned to C=C, O-C=O, respectively and the deconvoluted two peaks appeared at ESG 10 

with binding energy values of 283.6 eV and 287.6 eV ascribed to the formation of the Ti-C 

bond [58]. Notably, both the O 1s and C 1s peaks slightly shifted to lower binding energies 

due to O atoms are replaced by low energy electronegative C atoms, increasing the electron 

density around Sr and Ti atoms, respectively [59]. Furthermore, the occurrence of peak shifts 

in ESG 10 spectra towards lower binding energies attributed to strong interface bond between 

rGO and E SRT [60]. 

For photocatalysts, the overlap of the Ti atom's 3d orbit and the C atom's sp
2
 orbit 

were facilitated a continuous pathway for electrons which enhancing the quick transportation 

of charge carriers. Additionally, it migrates that the charge recombination process which is 

the important factor for enhancing the photocatalytic activity.  In comparison, this result 

suggests that the peaks in Fig. 6 (a-e), with no other functional groups were observed, hence 

it confirms that the effective formation of the high purity of the prepared samples. 
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Fig. 6. XPS spectra (a) survey spectrum of rGO and ESG 10 nanocomposite, (b) Sr 3d, (c) 

Ti 2p spectrum of ESG 10 sample, (d) O 1s and (e) C 1s for rGO and ESG 10 

nanocomposite 

3.6 UV-Vis. absorption spectroscopy 

 The investigation of optical properties of the bare E SRT and ESG 10 nanocomposite 

were studied by UV-Vis. analysis. As shown in Fig. 7, the absorption edge of E SRT is 

exhibited at ~381 nm and ESG nanocomposites are exhibited from 387 to 400 nm. The 

absorption edge of the nanocomposites were red-shifted due to the addition of rGO. Thus, the 

nanocomposite attributes to interfacial formation between rGO/SrTiO3. The shifts in 

absorption edge occurred due to the electronic transition from the O (p) state to Ti (d) state 

[61]. The absorption peak shifting indicates that the optical properties of SrTiO3 NPs are 

varied by the implementation of rGO in SrTiO3. The direct band gap values of the 

synthesized samples were calculated by Tauc relation as presented in equation (1) [61,62], 

     (αhν)
2
 = k (hν - Eg)      (1) 

 Whereas, α - absorption coefficient, Eg - band gap energy of semiconductor, K - 

constant, hν - energy of a photon. From the above equation, the direct band gap of E SRT 

exhibited with 3.25 eV with an absorption edge at 381 nm, whereas the band gap (absorption 

edge) of the composites are gradually decreased from 3.20 eV (387 nm), 3.16 eV (392 nm) 

and 3.10 eV (400 nm) for ESG 5, ESG 20 and ESG 10, respectively. Furthermore, the ESG 

20 photocatalyst shows a higher band gap which is due to the highest amount of graphene 

leads to hinders the light absorption property by E SRT NPs [63]. The excess content of rGO 

in the sample is considered to act as a recombination centre for photoinduced e
-
/h

+
 pairs [64]. 

Based on these results, the synthesised photocatalyst shows the variations in band gap energy 

values evidenced that the incorporation of different wt. % of rGO have modified the surface 

of crystal lattice could extend/affects the light absorption property which leads to enhance or 

deteriorates the photocatalytic degradation efficiency.  Jo
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Fig. 7. UV-Vis. absorption spectra for E SRT, ESG 5, ESG 10 and ESG 20 nanocomposite  

 

3.7 Photoluminescence analysis 

 The recombination behaviour of photo-excited charge carriers of E SRT and ESG 10 

photocatalysts were evaluated by PL analysis. As shown in Fig. 8, the PL spectra were 

recorded in the range from 400 nm to 600 nm with 325 nm as an excitation wavelength. In 

general, A high recombination rate of photoexcited e
-
/h

+ 
pairs is associated with a strong PL 

emission intensity, while a low recombination rate is associated with a weak PL emission 

intensity [65,66]. Hence, the synthesized ESG 10 photocatalyst shows weaker emission in PL 

intensity indicates a low recombination rate of photogenerated e
-
/h

+
 pairs compared to E SRT 

photocatalyst. Evidently from Fig. 8, the lower level of PL intensity effectively suppresses 

the recombination process due to electrons are quickly transferred from rGO to SrTiO3 could 

enhance the photocatalytic activity.  Furthermore, the amount of rGO increased above to its 

optimal value the agglomeration has occurred and it acts as a charge recombination centre 

that might enhance the PL intensity. 
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Fig. 8. Photoluminescence spectra of (a) E SRT, (b) ESG 5, (c) ESG 10 and (d) ESG 20 

nanocomposites 

 

3.8 Photocatalytic Activity 

 The photocatalytic capability of the synthesised E SRT and ESG 10 nanocomposites 

were examined by decomposition of MB dye with help of UV-Vis. light irradiation. The 

photodegradation performance of synthesized photocatalysts was obtained from UV-Vis. 

absorption spectra as shown in Fig. 9 (a & b). All the photocatalytic experiments are 

performed for 150 min of duration until the pollutant almost get to degrade. The degradation 

of MB dye was remains stable under light illumination as well as in the dark condition 

without photocatalyst. From Fig. 9 (d), the degradation efficiency chart of photocatalysts 

have been found to be 61, 83, 91 and 75 % for E SRT, ESG 5, ESG 10, ESG 20 samples 

respectively. Among all the synthesized photocatalysts ESG 10 shows enhanced 

photoactivity with 91 % of degradation efficiency in 150 min under UV-Vis. light exposure is 

shown in Fig. 9 (b). The ESG 10 photocatalyst showed favourable dye degradation 

performance than bare E SRT, which means the introduction of graphene played an important 

role as an obtained catalyst. The absence of O vacancies in the synthesized photocatalyst 

enables a lower recombination rate. Thus, the ESG 20 photocatalyst resultant in the lowest 

degradation efficiency. The kinetic pertaining plot (Ct/C0) of different photocatalysts were 

mentioned in Fig. 9 (c), to indicate the comparison of photodegradation performance. 
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Fig. 9. (a) UV-Vis. absorption spectra of E SRT, (b) ESG 10, (c) photodegradation rate and 

(d) degradation efficiency chart for (E SRT, ESG 5, ESG 10, ESG 20) photocatalysts 

 

To determine the linear relationship between irradiation time (t) versus slope of the 

plot of ln (C0/C) for MB dye degradation over synthesized photocatalysts first-order kinetics 

plots were drawn and depicted in Fig. 10. From Fig. 10, the investigation was quantitatively 

found over MB degradation and the kinetics of degradation reaction processes are fitted to 

pseudo-first-order equation function model. The values are obtained using ln (C0/Ct) = - kt 

whereas, k is apparently rate constant, C0 is a preliminary concentration at 0 min, Ct is a 

concentration at t = t. All the photocatalytic degradation curves were consistently fit well 

with first-order kinetics (pseudo-order) for the synthesized photocatalysts. The highest 

degradation rate constant over MB dye degradation was observed for ESG 10 photocatalyst, 

which is about 2.5, 1.5 and 1.9 folds higher than that bare E SRT, ESG 5 & 20 

nanocomposites respectively. The photodegraded reaction rate constant for the slope of a 

fitting line is determined from Fig. 10, and the values are 0.007, 0.0113, 0.0177 and 0.0089 

min
−1

 for E SRT, ESG 5, ESG 10 and ESG 20 respectively.   
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Fig. 10.  First-order kinetic plot for the degradation of MB dye over E SRT, ESG 5, ESG 

10 and ESG 20 photocatalysts 

In the same way, the investigation of photocatalytic performance was assessed against 

the reduction of colourless 2-NP with the presence of ESG 10 photocatalyst under UV-Vis. 

light irradiation. The recorded UV-Vis. absorption spectra were demonstrated in Fig. 11 (a). 

From Fig. 11 (b), there is no reduction of 2-NP was occurred without the photocatalyst, with 

the presence of photocatalyst the peak observed at 280 nm concomitant peaks were 

diminished at different time intervals, hence the reduction was observed with 81 % of 

degradation efficiency. The above results revealed that ESG 10 photocatalyst can effectively 

degrade the 2-NP compound. Once again, the results confirm that the ESG 10 nanocomposite 

does not only degrade the coloured product but also degrades the organic molecules by 

similar photocatalytic reactions. 

 

Jo
ur

na
l P

re
-p

ro
of



17 
 

Fig. 11. (a) UV-Vis. absorption spectra and (b) photodegradation rate of 2-NP in 

the presence of ESG 10 photocatalyst 

 

3.9 Scavenger test 

 The radicals involved in the photodegradation processes were determined by 

scavenger experiments with various scavenging agents. The various scavengers employed in 

this experiment are benzoquinone (1 mM) for superoxide radical (O2
•-
), isopropyl alcohol 

(1mM) for hydroxyl alcohol (OH
•
) and ammonium oxalate for holes (h

+
).  As depicted in Fig. 

12, without any scavengers ESG 10 photocatalyst shows no obvious changes in the 

degradation. By the addition of BQ, the degradation was drastically reduced from 91 % to 

69.7 %, which indicates superoxide radical (O2
•-
) played a role during the degradation 

process. With the addition of IPA (OH
•
) as a radical trapping agent, the degradation was 

suppressed to 48 % which reveals that hydroxide radical OH
•
 also played a role in the 

inhibition of e
-
/h

+
 pair recombination. Moreover, the photodegradation activity of ESG 10 

was dramatically dropped more than other scavengers while the addition of AO for (h
+
). The 

photodegradation process controlled by the species are in order as follows O2
•- 

> OH
•
 > h

+
. In 

the radical trapping experiments, O2 is necessary for the separation of e
-
/h

+
 and the transfer of 

e
-
 from CB to O2 solution is slower than from dyes to h

+
. From these results, we may 

conclude that electron transport from the dye molecule to the holes dominates the photo-

degradation of MB on 10 Wt. % of SrTiO3-rGO (ESG 10) surface under ambient 

photocatalytic conditions. 

 

Fig. 12. Photodegradation of different scavengers over MB dye on ESG 10 photocatalyst 
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3.10 Recycle and stability test 

 The evaluation of stability for synthesized photocatalysts is investigated by recycling 

experiments. It is the most essential parameter to determine the sustainability of synthesized 

photocatalysts. In the typical experiment, ESG 10 photocatalyst was used for 4 consecutive 

runs over MB dye for 150 min under UV-Vis. light illumination. As shown in Fig. 13 (a), the 

degradation efficiency of the MB was drastically decreased after 4 consecutive runs of 

experiments. The loss in the degradation efficiency is due to catalyst loss during each cycle of 

the experiment. In addition, the XRD analysis was used to verify the crystallographic 

structure of the sample and the ESG 10 photocatalyst was not affected by any crystalline 

defects after the recycle experiment as shown in Fig. 13 (b). Therefore, the synthesised ESG 

10 photocatalyst exhibits exemplary stability, efficient and non-photo corrosive material for 

practical photocatalytic applications. The degradation efficiency of the prepared ESG 10 

photocatalyst, compared with earlier reported articles as shown in Table 1. 

 

 

 

 

 

 

 

 

Table 1 

Comparison study of dye degradation efficiencies by previously reported photocatalysts 

S.No. Photocatalyst Degradation 

efficiency 

(%) 

Reaction 

time 

(min) 

Pollutant References 

1.  Polythiophene/SrTiO3 

nanocomposites 

91 210 MB [67] 

2.  Cr/SrTiO3 nanoparticles 60 180 MB [68] 

3.  Cu/SrTiO3 nanoparticles 66 120 MB [69] 

4.  V doped SrTiO3 nanocubes 83 120 MB [70] 

5.  Sulphur doped SrTiO3 74.5 180 MB [71] 

6.  10 wt. % rGO/SrTiO3 (ESG 

10) 

91 & 81 150 MB & 2-NP This work 
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Fig. 13. (a) Degradation efficiency chart up to 4 cycles and (b) XRD pattern for 1
st
 & 4

th
 

cycle of ESG 10 photocatalyst 

 

3.11 Photocatalytic mechanism 

To understand the plausible photocatalytic mechanism of rGO/SrTiO3, the schematic 

representation was proposed in Fig. 14. The estimation of band edge position and its band 

edge potentials are essential parameters to affirm the photocatalytic degradation mechanism. 

The potentials of the conduction band (CB) and valence band (VB) plays a crucial role in the 

catalysis process are calculated by using the following empirical equation [72,73],  

     EVB = χ – E
c
 + 0.5Eg      (2) 

     ECB = EVB – Eg      (3) 

 Whereas EVB is the VB edge potential, χ is the geometric means of electronegativity 

(5.34 eV) [40], E
c 

is the free electron energy on hydrogen’s scale (4.5 eV) and Eg is the 

energy band gap of the semiconductor. From the above-mentioned equations, the CB and VB 

potential values are calculated and the obtained values are ECB = -0.785 eV and EVB = 2.465 

eV respectively, for potential energy versus normal hydrogen electrode (NHE). The Fermi 

level of graphene is −0.008 V vs NHE [74]. The CB band potential is -0.785 eV, which is 

positive to the Fermi level of graphene. As a result, the intermediate energy level is below the 

CB of SrTiO3 causes the photoexcited electrons could rapidly transfer from the CB of SrTiO3 

to rGO. The result shows that SrTiO3 and rGO composite possess heterostructure formation, 

thereby the photoexcited e
-
/h

+
 pairs were suppressed and their separation efficiency was 

enhanced which could eventually enhance the photocatalytic degradation efficiency.   

 In the photocatalytic experiment process, when the illumination starts exposed on 

photocatalyst, both SrTiO3 and rGO absorbs the light and are excited to generate 

Jo
ur

na
l P

re
-p

ro
of



20 
 

photoinduced e
-
/h

+
 pairs at CB and to VB. The generation of photoinduced e

-
 of SrTiO3 and 

rGO transited from VB to CB and the h
+
 were left behind at VB of SrTiO3. Furtherly, the 

photoinduced e
-
 of SrTiO3 facilitates the e

- 
transfer quickly to rGO, which is due to solid-solid 

intimately contacted interfaces.  As a result, the introduction of rGO with its unique 

electronic structure enables facile charge separation and inhibits the charge recombination 

process. Furthermore, the enhanced light absorption and effective e
-
/h

+
 pair separation, 

transportation, and capture by the targeted molecules may occur due to synergistic effects 

[75]. During the photocatalytic process, the photogenerated e
-
 at CB is absorbed by O2 

molecules and reduced to O2
•-
 by photoreduction process and the photogenerated h

+
 at VB is 

directly decomposed from H2O to OH
•
 radical by photooxidation process. Lastly, the OH

•
 and 

O2
•- 

radicals ultimately respond with surface absorbed H2O with a durable oxidizing agent 

through enhanced oxidation process over MB dye into CO2, H2O, mineral acids, etc., 

resultantly all these activities improve the photocatalytic degradation efficiency. The possible 

reaction mechanism is as follows; 

   SrTiO3 + hv   → SrTiO3 + (e
-
 + h

+
)     (4) 

   SrTiO3 (e
-
) + O2  → O2

•-
      (5) 

   SrTiO3 (e
-
) + rGO  → SrTiO3 + rGO (e

-
)     (6) 

   rGO (e
-
) + O2   → O2

•- 
+ rGO      (7) 

   SrTiO3 (h
+
) + OH

-
  → SrTiO3 + OH

•
    (8) 

   OH
•
 + MB   → H2O + CO2 (Degraded Products)  (9) 

   O2
•- 

+ MB   → H2O + CO2 (Degraded Products)              

(10) 

 

Fig. 14. Schematic representation of possible photocatalytic degradation mechanism   
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4. Conclusion 

 In summary, the rGO/SrTiO3 agglomerated spherical shaped like morphological 

nanostructure with a Ti-C chemically bonded interface have been synthesized using rGO 

mediates with titanium hydroxide and strontium ions by facile hydrothermal method. The 

cubic phase structure and agglomerated spherical like morphology of SrTiO3 perovskite were 

deduced by the XRD and FESEM studies. The formation of rGO/SrTiO3 and its functional 

groups were investigated by FTIR analysis. The presence of various elements was confirmed 

by EDX analysis. The optical absorption spectra reveal positively shifted spectra by the 

incorporation of rGO. Thus, the study shows that the incorporation of rGO increases the 

charge separation efficiency which leads to enhance the photocatalytic activity. Among the 

synthesised photocatalysts ESG 10 exhibits with 91 % of MB dye degradation efficiency and 

81 % of 2-NP reduction in 150 min under UV-Vis. irradiation. The stability of the 

photocatalyst was verified by the recycling experiment. Moreover, the synthesized ESG 10 

nanocomposite has a profound ability on enhancing the photocatalytic property and it is 

affordable to design an efficient, recyclable and perovskite/graphene-based photocatalyst for 

environmental remediation application. 
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Highlights 

 The perovskite rGO/SrTiO3 nanocomposite was prepared via facile hydrothermal route 

 rGO possess interfacial contact with E SRT provides more charge transport ability 

 ESG 10 photocatalyst achieves 91 % of MB dye degradation efficiency  

 Possible degradation mechanism and charge transfer pathways were discussed 

 The ESG 10 photocatalyst was utilized for 4 recycle runs with good stability 
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