
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

 Catalysis 
 Science & 
Technology

www.rsc.org/catalysis

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


1 

 

Synergistic effect of PtSe2 and graphene sheet supported by TiO2 as cocatalysts synthesized 

via microwave techniques for improved photocatalytic activity 

Kefayat Ullah1, Shu Ye1, Zhu Lei1, Kwang-Yeon Cho2, Won-Chun Oh1 ∗∗∗∗ 

1
Department

 
of Advanced Materials Science & Engineering, Hanseo University,

 

Seosan-si, Chungnam-do, Korea, 356-706 

2
 Korea Institutes of Ceramic Engineering and Technology, Seoul 153-801, Korea 

 

Abstract: 

Here we report a new composite material consisting of TiO2 nanoparticles grown in the presence 

of a layered PtSe2/graphene hybrid as a high-performance photocatalyst material. The 

heterogeneous PtSe2-graphene/TiO2 nanocomposites were successfully synthesized through a 

facile and fast microwave assisted method. The prepared composites were characterized through 

X-ray diffraction (XRD), scanning electron microscopy (SEM) with an energy dispersive X-ray 

(EDX) ,transmission electron microscopy (TEM), Raman spectroscopic analysis, X-ray 

photoelectron spectroscopy (XPS), UV-vis absorbance spectra and UV-vis diffuse reflectance 

spectra (DRS) analysis were obtained. The catalytic behavior was investigated through the 

decomposition of rhodamine B (Rh.B) as a standard dye and Texbrite MST-L as an industrial 

dye.  This extraordinary photocatalytic activity arises from the positive synergetic effect between 

the PtSe2 and graphene components in this heterogeneous photocatalyst. In this study the 

graphene behaves as electron transfer, collector, contributor and a source of active adsorption 

sites respectively. The optical properties were also observed to be effected by the different 

weight % of graphene in the composites by observing their respective band gaps from DRS 

spectra. 
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Introduction:  

Since the discovery of graphene and its uses in the field of photocatalysis, scientists has been 

devoted a lot of research to understand and explore the role of this peculiar material. While 

graphene is a nanomaterial with high electron mobility and elevated conductivity [1-2]. It has 

been reported that bare graphene, graphene oxide or the combination with other semiconductor 

materials can be used as useful catalyst materials. The result obtained from these researches 

greatly highlights the importance of degree of oxidation of graphite sheet which greatly 

influences the catalytic performance [3-4]. The combination of graphene oxide with other 

photocatalyst materials such as, BiVO4, PtSe2, CdS/ZnO, TiO2 etc, have been considered to 

study the photocatalytic effect and enhanced catalytic activities were claimed [5-9]. The main 

theme of these ideas is to develop graphene based semiconductor materials which collect 

maximum part of the solar spectrum as energy source. In this context many scientist consider 

metal or metal complexes supported by organic dyes as a light harvesters to absorb light from the 

solar spectrum and inject electron to the conduction band of semiconductor materials. A similar 

approach has been applied to graphene oxide as light harvester to study the visible light 

photocatalytic activity combined with metal or semiconductor materials [10-14]. In particular, 

owing to unique sp2 hybrid carbonated network, graphene based materials has attracted 

considerable attention because of the high thermal conductivity (~ 5000 W m−1 K −1), excellent 

charge mobility at room temperature (200 000 cm2 V−1 s−1), and extremely high theoretical 

specific surface area (~2600 m2/g) [15-16]. These excellent properties make graphene as an 

excellent material in photocatalyst to increase the charge transfer separation of generated 

electron and holes. The potential application of graphene-based photocatalysts to improve the 

efficiency of solar energy conversion has been explored [17-20]. 

The motive for the improved photocatalytic mechanism can be divided into four categories, 

electron hole pair recombination time, support material to act as catalyst and provide adsorption 

cites, modification of the energy gap/proper photo responsive effect and the use of cocatalyst to 

act as reaction centre for suitable catalytic effect [21]. Recently much attention has been devoted 

to the photocatalytic effect of graphene based materials by altering the band gap of the 

composites to extend the light response in visible range [22-24]. For example Lee et al have 

verified the modification of the energy gap in graphene based anatase TiO2 nanocomposite. The 
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improved catalytic property has been attributed to the red shift of the band edge by providing a 

precise band gap in the visible range and allows enhanced absorption of light [25]. Similarly 

Zhang et al studied the visible light response of large band gap semiconductor ZnS/graphene 

oxide and observed enhanced catalytic effect [26]. Conversely, combination of graphene alters 

the optical properties and increases the visible light response of the composites. Another 

approach, Z-scheme catalyst system has been introduced to consider graphene as an electron 

mediator between two semiconductor photocatalyst [27]. The transfer of electron in the Z 

scheme system between two catalysts is the main feature for producing H2 oxygen or other 

mineral products. The main challenge in manufacturing a solid state electron mediator is to 

achieve a state of dynamic equilibrium between the electron acceptor and donator, to remain 

unchanged during reaction and provide a greater interfacial contact. Similarly ternary CdS–

graphene–TiO2 hybrids (CdS–GR–TiO2) have been prepared through an in situ approach on the 

surface of graphene oxide (GO). It is found that the introduction of the third-component TiO2 can 

sustain the porosity of the samples, tuning of the band gap, increase the surface area, and 

facilitate the charge transfer, thus extending the lifetime of photogenerated carriers [28]. 

In spite of these promising results, the main problems which also alter the photocatalytic 

properties are agglomeration of nanoparticles on graphene sheet, which causes a poor interfacial 

contact between nanoparticles and graphene surface. Thus homogenous distribution of 

nanoparticles and utmost interfacial contact with graphene is essential factor to enhance the 

catalytic activity. This will help to improve charge transfer effect between catalyst nanoparticles 

and graphene sheet under light illumination. It has been found that the coupling of small energy 

band graphene based semiconductor with large energy band photocatalyst material extend the 

light response to visible region due to possible synergistic effect between the composites 

materials [29-30]. 

In this work we report a fast and facile route for the preparation of layered PtSe2-graphene 

supported TiO2 photocatalyst through microwave assisted techniques. In this process, graphene 

oxide is mixed with Pt and Se precursor material, and the resulting solution is irradiated through 

microwave for 300 sec. followed by mixing of TiO2 precursor material under appropriate 

condition. During microwave irradiation, partial reduction of graphene oxide into graphene and 

attachment of PtSe2 and TiO2 nanoparticles on graphene sheet are observed in ethylene glycol. 
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The photo catalytic activities of as prepared nanocomposites were tested with Rh. B as a standard 

and Texbrite MST-L as an industrial organic pollutant under UV/Vis light.  

2. Experimental Sections: 

2.1. Materials 

Titanium (IV) n-butoxide (TNB, C16H36O4Ti) used as a titanium precursor was purchased 

from Samchun Pure Chemical Co. Ltd., Korea. Hydrogen hexachloroplatinate (IV) hydrate 

(H2PtCl6. nH2O n=5.5) and Selenium powder (Se) were purchased from Kojima Chemical Co. 

Ltd., Japan. Rhodamine B (Rh. B, C28H31CIN2O3) was used as a model pollutant, purchased from 

Samchun Pure Chemical Co. Ltd., Korea. Ethylene glycol was purchased from Dae-Jung 

Chemical and Metals Co. Ltd Korea. Texbrite MST-L was purchased from Texchem Korea Co. 

Ltd. All the chemicals were used without further purification.  

 2.2. Synthesis of Graphene Oxide 

Graphene oxide was prepared through modified Hummers Offman method reported in our 

previous work [31-32]. In short, 20 g of natural graphite powder were mixed with conc. H2SO4 

(230ml) at 0 ̊ C with constant magnetic stirring. In the 2nd step, 30 g of KMnO4 was slowly added 

to the flask and the temperature was kept below 15 ̊ C. The resulting mixture was stirred at 35  ̊ C 

until it became pale brownish, and it was then diluted to 150 ml using de-ionized (DI) water and 

kept stirring at below 90  ̊ C. After adding water, the container was sealed and kept at 100  ̊ C 

with vigorous stirring for 30 minutes, followed by the addition of 20 % H2O2, drop by drop, 

within 5 minutes. The mixture was then washed several times with water, acetone and 10 % HCl 

solution to eliminate residual metal ions. The mixture was then heat treated in a dry oven at 90 ̊ C 

for 12 h to obtain graphite oxide powder. For the preparation of graphene oxide, 200 mg of 

graphite oxide powder were mixed in 200 ml DI water (1mg/ml), stirring for 30 minutes and 

ultrasonicated for 1 h. The resulting solutions were filtered and washed several times with hot 

water and kept in a dry oven for 8 h to achieve graphene oxide powder. 

2.3. Synthesis of Platinium Selenide 

Platinium selenide was synthesized through fast microwave assiatted techniques. In a typical 

synthesis 1.5 g of anhydrous sodium sulfite (Na2SO3) and 0.3 g of crude selenium (Se) powder 

was mixed together in 200 ml of ethylene glycol under vigourous magnetic stirring. The solution 

was stirred vigourously for 1 hr at 60 oC to ensure homogenous mixture and attain selenium salt. 

Page 4 of 38Catalysis Science & Technology

C
at

al
ys

is
S

ci
en

ce
&

Te
ch

no
lo

gy
A

cc
ep

te
d

M
an

us
cr

ip
t



5 

 

In the next step 0.5 mmol of  hydrogen hexachloroplatinate (H2PtCl6•nH2O n=5.5) was added to 

the abve solution and stirred for 30 minutes to attain a stable solution. The obtained solution was 

finally transferred to 500 ml reaction vessel placed in conventional microwave oven. Th solution 

was then irradaitted with microwave for 300 s, with peroidic on off setting after 5s. The mixture 

was then cooled at room temperature, filtered with watman filte rpaper and hea treated for 6 h at 

90 oC to obain a dark brown PtSe2 powder. 

2.4. Synthesis of PtSe2-graphene supported TiO2 photocatalyst   

PtSe2/graphene nanocomposites were obtained by following the above method. A 

borosilicate glass sealed reaction vessel specially designed for microwave techniques having a 

diameter of 8 cm and height 10 cm was used. Graphene oxide 200 mg and desired amount of 

TNB as titanium precursor was dispersed in 300 ml ethylene glycol for 30 minutes to attain a 

homogenous mixture to form a solution A. In the next step 1 g of anhydrous sodium sulfite 

(Na2SO3) and 0.2 g of crude selenium powder (Se) were vigourously stirred in 100 mL of 

ethylene glycol for 30 min to attain a homogenous solution. Followed by the addition of desired 

amount of hydrogen hexachloroplatinate (H2PtCl6nH2O n=5.5) with vigorous stirring for 1 h at 

35 oC to ensure the homogenous mixing to form a stable suspension B. A and B were mixed 

together stirred for several minutes and transferred into a 500 mL reaction vessel placed in a 

conventional microwave oven. The solution is then irradiated with microwave for 5 sec. on and 

off for 300 sec., and cooled at room temperature filtered with whatman filter paper. The resultant 

powder was washed 3 times with distilled water and transferred into a dry oven for 6 h at 90 °C. 

The powder was then heat treated at 500 °C for 1 h in electric furnace. The weight ratios of GO 

to PtSe2 and TiO2 were taken as 1%, 2.5%, 3.5% and 4.5 %, the obtained samples were labeled 

as PtSe2-GT1, PtSe2-GT2, PtSe2-GT3, PtSe2-GT4, respectively. 

2.5. Photocatalytic Studies  

The photocatalytic activity of the as-prepared PtSe2-graphene supportted TiO2 

nanocomposites were evaluated by the degradation of Rh. B and Texbrite MST-L as an organic 

dyes under UV/Vis light. Xenon lamp 12 W served as the simulated visible light source. In each 

run10 mg of PtSe2-graphene/TiO2 catalytic samples were taken in 80 ml solution of Rh. B 

(0.1mg ml-1). To obtain adsorption desorption equilibrium the solution was kept under dark for 2 

h. Before the Xenon lamp was switched on a sample was collected from the solution and kept in 
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a centrifuge at 10,000 rpm for the removal of solid material. Afterwards, the Xenon lamp was 

switched on and samples were collected periodically.  At given time intervals, the collected 

samples were centrifuged for 10 minutes instantly to remove the solid material for further 

analysis. Each photocatalyst in the composite was irradiated for 150 minutes to compare their 

catalytic efficiencies. 

A similar procedure is used to measure the photocatalytic activity of the PtSe2-

graphene/TiO2 nanocomposite, using UV light for the degradation of Texbrite MST-L. The 

photocatalytic behavior of the samples was analyzed through the absorbance spectrometry with a 

UV/Vis spectrophotometer (Optizen POP, Mecasys, Korea). 

2.6. Instrumentation 

The fabrication of the samples were carried out in the Microwave oven (RE-406B) 700 W 

Samsung Korea Ltd. LED lamp (8W, Fawoo, Lumidas-H, Korea) was used at a distance of 90 

mm from the solution in the dark box for the ivestigation of catalytic properties. UV light source 

model No: VL-4. LC 365nm, 8 W, Villber Lourmat, France) was used. To determine the crystal 

phase and the composition of the  as-prepared PtSe2-graphene supported TiO2 samples, XRD 

characterization was carried out at room temperature using XRD (Shimata XD-D1, Japan) with 

Cu Kα radiation (λ=1.54056 Å) in the range of 2θ = 10-80 o at a scan speed of 1.2 o m-1. A SEM 

(JSM-5200 JOEL, Japan) was used to observe the surface state and morphology of the prepared 

nanoparticles.  The morphology of the samples was studied with an Energy dispersive X-ray 

spectroscopy (EDX), which was also employed for elemental analysis. Transmission electron 

microscopy (TEM, JEOL, JEM-2010, Japan) was used to observe the surface state and structure 

of the photocatalyst composites at an acceleration voltage of 200 kV. TEM was also used to 

examine the size and distribution of the PtSe2 and TiO2 nanoparticles on the graphene sheet. X-

ray photoelectron spectroscopy (XPS) was performed using VG scientific VISACA lab 2000, 

and a monochromatic Mg X-ray radiation source. Survey (wide scan) spectra and high-resolution 

spectra of C1s, and the element contained within sample, were recorded. C/O ratios were 

evaluated from the wide scan spectra, by using relative sensitivity factors. Diffuse reflectance 

spectra were obtained by using a scan UV/Vis spectrophotometer (Neosys-2000) equipped with 

an integrating sphere assembly. Raman spectra of the samples were observed using a 

spectrometer (Jasco Model Name NRS-3100) with an excitation laser wavelength of 532.06 nm. 
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The decomposition kinetics for the photocatalytic activity was measured by using a spectrometer 

(Optizen POP, Mecasys, Korea).  

3. Results and Discussions   

3.1. Growth and characterization  

The microwave assisted fabrication of the nanocomposites is depicted in scheme 1. 

Microwave synthesis is solvent limited techniques and usually need polar solvent. Therefore 

ethylene glycol was selected as a solvent to absorb microwave energy and localized overheat 

which causes decomposition. Microwave techniques are advantageous over other synthesis 

techniques because of less amount of solvent and clear reaction profile causes small waste. A 

short reaction time is needed which help to save electricity and extra cooled reflux water. 

Another advantage of closed reaction vessel for short time prevents releasing toxic gases to 

environment [33-34]. Microwaves act as high frequency electric fields and will generally heat 

any material having movable electric charges, such as in solid state conducting ions, polar 

molecules in a solvent. Polar solvents are heated as their component molecules are forced to 

rotate with the field and lose energy in collisions. Conductors and semiconductor materials 

produce heat when ions or electrons within them form an electric current and energy is lost due 

to the electrical resistance of the material. This high frequency waves generates a localized hot 

spot with extremely high temperature and pressure and accelerate the nanoparticles and 

simultaneous attachment occur [35-36]. Structural features and for the identification of 

crystalline phases of the PtSe2-graphene/TiO2 nanocomposites with varying amount of graphene 

were analyzed by XRD as shown in figure 1. The bare PtSe2 and PtSe2 in the composites had 

similar diffraction pattern that corresponds to hexagonal crystal phase (JCPDS PDF#: 00-065-

3374) exhibit the characteristic diffraction peaks at (001), (011), (012), (110), (111), (201), 

(202), (113), (121) and (122) reflections. The intensity of the PtSe2 peaks is very high as 

compared to PtSe2-graphene/TiO2 nanocomposites. The suppression of the peaks confirms the 

minute development of the crystalline phases on graphene sheet. The intensity variation of the 

diffraction peaks for the nanocomposites also verify the increase amount of graphene and 

suppression of the crystalline phases. The interaction of the nanoparticles with graphene sheet 

creates phonon confinement effect which decreases the probability of formation of spherical 

particles. Decrease in intensity peaks suggest that the lattice structure of PtSe2 is distorted by the 
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interaction with GO [37-38]. The PtSe2 are found to be sheet like from the TEM results which 

also evident this suppression of the peak. The TiO2 diffraction peak (101) and graphene (002) 

peak are located at same 2Ѳ values. Therefore it is difficult to distinguish both peaks as a result 

of intense diffraction from TiO2 (002) plane. The nanocomposite contains characteristics 

reflection (101), (004), (200), (105), (211), and (220) that corresponds to the anatase crystal 

phase (JCPDS PDF#: 00-021-1272).   

EDX spectra were carried out to obtain the micro elemental analysis of microwave assisted 

PtSe2-graphene/TiO2 nanocomposites as shown in figure 2. In the whole spectra, C elemental 

peak derived from the graphene sheet. The strong Kα and Kβ peaks from Se element appear at 

11.2 and 12.4 KeV while moderate Kα peak from O element appear at 0.54 KeV [30]. The 

titanium and oxygen in the figure arise from the TiO2 precursor material. The strong Kα and Kβ 

peaks from the Ti element appear at 4.5 and 4.9 KeV. Figure 2 also confirms the presence of Pt 

in the composite with the strong peaks at 2.3 KeV [39].   Table 1 lists the numerical results of the 

EDX quantitative microanalysis of the samples. There were some small impurities, which were 

attributed to the starting experiment for the oxidation of graphite to obtain graphene oxide. 

The surface morphologies of the sample PtSe2-GT3 nanocomposite were examined using 

SEM as function of graphene oxide content as depicted in figure 3. The sample was analyzed at 

different regions with same magnification to examine the overall morphology of the composite.  

Figure 3 (a) ascribed the SEM image of the PtSe2-GT3 sheet with lower magnification. From this 

figure the overall structure can be clearly predicted that graphene is plate like structure broken 

off in different direction. The morphology of the graphene is observed as a crumbling texture 

which reflects its layer structure. After microwave treatment, the sheet morphology is retained 

and the surfaces are covered with PtSe2 sheet and TiO2 nanoparticles as shown in figure 3(b-c). 

The same plate like morphology can be seen in figure 3(d-e). Because of the presence of oxygen 

functionalities on the surface of graphene sheet, electrostatic force arises among them in the form 

of Van dar Walls interaction that tends graphene sheet to aggregate back to graphitic structure. 

Attachment of nanoparticles on graphene sheet is helpful to overcome these interactions [40]. 

The graphene sheet acts like a support material which may be advantageous to supply a path for 

the generated electron and as a result will improve the photocatalytic behavior of the 

nanocomposites.  
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The microstructure of the nanocomposites was studied using TEM for further confirmation of 

the morphology and shape of the PtSe2-GT3 sample. The TEM image has been depicted in figure 

4 (a-e) with different magnification. In figure 4 (a-b), it can be seen that the nanoparticles of 

TiO2 are partially agglomerated on the surface PtSe2 and graphene sheet. The PtSe2 seems to 

form a bridge like support between TiO2 and graphene sheet. These results are in good 

agreement with the theoretical reports [41-42]. It is clear from figure 4 (c-d) that the two 

dimensional structure of the graphene sheet is retained with partial agglomeration and the TiO2 

nanoparticles are seen to be spherical in shape resides on PtSe2 nanosheet and graphene. Figure 4 

(e) with 20 nm resolution shows TEM image of the resulting PtSe2-GT3 composite in which the 

layer PtSe2 act as novel support that is mostly decorated with TiO2 nanoparticles. Thus it can be 

inferred that the close neighboring of TiO2, PtSe2 and graphene components achieved through 

microwave assisted techniques is supposed to favor the victorial transfer of photoexcited 

electrons from PtSe2 to TiO2 or graphene sheets, thus increasing the charge separation effect and 

catalytic efficiency [43]. 

XPS was carried out for the qualitative analysis of the PtSe2-GT3 nanocomposite containing 

PtSe2, TiO2 and graphene. The XPS survey spectrum had peaks corresponds to Pt, Se, O, C and 

Ti consistent with the formation of PtSe2-graphene/TiO2 nanocomposites as shown in figure 5 

(f). Figure 5 (a) shows the C1s spectra of the carbon presented in the composites. The C1s has a 

strong peak located at around 284.1 eV and a slight peak at 289.1 eV. These binding energies 

corresponds to C-O, and C=O functional groups. These results reveal that our nanocomposites 

still contains some partial oxygen functional groups. The peak position in figure 5 (b) of Ti 2p 

corresponds to that of the Ti4+ oxidation state. During thermal heating process, Ti 2p peak 

becomes narrow and the peak position of Ti 2p3/2 moves, indicating that there is also little Ti 

exists in low valence (Ti3+) form [44]. The presence of oxygen functional groups may increase 

the light absorption towards the visible region [45]. As it is clear that the O1s photoelectron 

kinetic energies are smaller than those of the C1s, thus the sampling depth is smaller, and 

therefore the O1s spectra are slightly more surface specific. We have assigned in figure 5(c) the 

O1s peak at 532.1 eV to contributions from C=O and O-C–OH groups this means after heat 

treatment the conversion to other chemical species may be possible [46-47]. The remaining peak 

at 534.7eV indicates that C–OH group is still appearing. Assuming that the reduction of 
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remaining C–OH groups in reduced graphene oxide is very difficult or it may not possible at our 

heat treated condition [48]. Selenium 3d core level peak were confirmed at 54.1 eV form the 

high resolution scan spectra as shown in figure 5 (d). The author assume that their XPS Pt4f 

spectra invariably involve 2 different platinum chemical species as shown in figure 5(e) wich 

produces a single peak each, any given platinum chemical species in fact produces 2 spin–orbit 

split (Pt4f7/2 and Pt4f5/2) Pt4f peaks corresponds to (74.1 and 77.3) eV [49-50]. In figure 5 (e) 

both the spin–orbit multiplicity and chemical state multiplicities of the Pt4f peaks, indeed; one 

invariably expects a branching ratio and energy separation for both the peaks Pt4f7/2 and Pt4f5/2 

of 3.2 eV [51].  

Raman spectroscopy was used to analyze the structural properties of the PtSe2-graphene/TiO2 

nanocomposites. Figure 6 (A-B) depicted the micro Raman spectra of GO and our 

nanocomposites with G band and D band correspond to the vibration of carbon atom in disorder 

or defects site and in plane vibration of sp2
 bonded carbon atoms respectively [52]. The 

intensities of peaks depend on defects concentration. The difference in the Raman band intensity 

or shift provides information about the nature of the defects and C-C bonds [53]. The 

characteristics D and G bands appear at 1354 cm-1 and 1590 cm-1 respectively. The peaks 

observed below 600 cm-1 may be assigned to metallic component in the composites crystal. The 

peaks around 200 cm-1 to 300 cm-1 wave number are attribute to some Seo trigonal phase. And 

the peaks around 410 cm-1 and 510 cm-1 seems to be associated with the anatase TiO2 [54-55]. 

The defects can be reflected by the intensity ratio of the corresponding D to G band. The 

calculate ratio of the intensities from D to G band were found to be ~0.960. This value is much 

smaller than that of graphene oxide in figure 6 (A). The decrease in the ID/IG ratio is clear 

evidence of the increase number of graphene layers. Moreover, the lower ID/IG ratio expresses an 

improved defect repair mechanism [56].  

The search for the design of new photocatalyst materials which utilizes the maximum part of 

solar energy spectrum is very important. For the decontamination or elimination of 

environmental pollutant needs an ideal photocatalyst have maximum efficiency in both UV and 

visible rang of the electromagnetic spectrum. In this context we carried out the absorption 

spectroscopy of our nanocomposites and try to understand the response of our nanocomposites to 

electromagnetic spectrum. The DRS spectra depicted in figure 7 clearly reveals that our 
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nanocomposites mainly absorb in the visible light of electromagnetic spectrum. The overall 

spectra looks like the ordinary carbon based semiconductor materials [57]. From the spectra it is 

clearly observed that bare TiO2 has absorbance in the UV region because of the intrinsic band 

gap energy absorption (3.2 eV).  After the attachment of PtSe2 and graphene the absorption edge 

shifts towards the visible region. Due to carbonated structure of graphene, the unpaired π 

electron may cause the interaction with metal nanoparticles. Such interaction may cause the shift 

in the band edges and may increase the light absorption towards the visible region [58]. Lee et al 

also observed such kind of effect with titanium nanoparticles and observed the optical response 

towards the visible region of electromagnetic spectrum [25]. It can be clearly seen that the 

modification of graphene with platinium selenide results in red shifts in the absorption edges, 

and moreover, the absorption intensities are significantly increased in the whole visible region, 

confirming effectively improved light-harvesting activity. 

The evaluation of the band gap was carried out using Kubelka Mulk transformation by 

converting the reflectance plot according to Tauc condition. The following equation was 

proposed by Tauc, Davis, and Mott [59].  

(Һνα)1/n = A( Һν-Eg)   (1) 

Where h is plank constant, ν is frequency of vibration, α is the absorption coefficient. Eg is band 

gap and A is proportional constant. The value of the n in the exponent of equation 1 represents 

the nature of sample transition. i.e., for direct allowed transition n=1/2. In the next step the 

acquired diffuse reflectance spectrum is converted to Kubelka Mulk transformation. In this 

calculation the vertical axis is converted to quantity called F(R∞), which is proportional to the 

absorption coefficient. Thus, the α in the Tauc plot in equation is substituted with the function 

F(R∞). The actual relational expression becomes 

(Һν F(R∞))2 = A( Һν-Eg)   (2) 

Using the KM function, the (Һν F(R∞))2 was plotted against the Һν. The curve having (Һν 

F(R∞))2 on the horizontal and Һν on the vertical axis defines the precise band gap our 

nanocomposites. The unit of the Һν is eV and its relation to the wavelength is well known 

equation Һν = 1240/λ. A line drawn tangent to a point of inflection on the curve and the Һν value 

at that point defines the estimated band gap of the nanocomposites [9, 6, 20]. The obtained plots 

are given in figure 8. The band gap energies were found to be in order of PtSe2-GT1> PtSe2-
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GT2> PtSe2-GT4> PtSe2-GT3 of the PtSe2-graphene/TiO2  nanocomposites. The corresponding 

values for approximated band gap are given in table 1 in detail. The difference in the band gap of 

our nanocomposites is attributed to the distribution of PtSe2 and TiO2 nanoparticles on the 

graphene sheet. Similarly the partial agglomeration can also affect the absorption property and 

hence may result in band gap variation. Another reason for the variation of the band gap may be 

the different amounts of graphene in the composites, which considerably affects the optical 

property of PtSe2-graphene/TiO2 nanocomposites. Therefore, reduction in the band gap is 

observed for the composites also reported elsewhere [60-61]. 

3.2. Adsorption properties and proposed photocatalytic mechanism study 

 The photocatalytic activity of the as-prepared nanocomposite was evaluated by catalytic 

degradation of Rh. B and Texbrite MST-L as an organic dye UV and visible light irradiation. For 

the degradation and photocatalysis mechanism important steps are the absorption by the 

photocatalyst, adsorption of pollutant on the surface of catalyst materials and the fast charge 

transfer rout to create the radical species to decompose the organic pollutants.  In our 

nanocomposites graphene act as adsorption support materials due to its conjugated structure and 

two dimensionality. The dye molecule absorbed on the surface of graphene via π-π interaction. 

[62]. In order to check the adsorption ability of the PtSe2-graphene/TiO2 nanocomposites, the 

concentration changes of rhodamine B solution were recorded and were shown in figure 9 (a-c).  

In order to attain adsorption-desorption equilibrium, the solution was kept under dark for 

2h, after adsorption desorption equilibrium were achieved the solution was kept under visible 

light chamber. The solution was irradiated with visible light radiation for 30 min. For analysis 

the sample was withdrawn periodically with 30 min. time interval, the solid material were 

removed by centrifugation. Dye concentration of the sample was analyzed using UV-visible 

spectrometer. As shown in figure 9 almost 80 % of the organic dye was degraded by the PtSe2-

GT3 sample in 150 minutes. The degradation rate can be seen from the decrease in the intensity 

peak 554 nm of the Rh. B dye with increasing time interval. The decrease in the concentration 

and improved catalytic effect can be attributed to the homogenous distribution of TiO2 and PtSe2 

component by providing large number of reaction centres. The metallic nanoparticles on the 

graphene sheet create a Schottky barrier at the interface with TiO2 and graphene sheet. Therefore 

the trapped electrons will transfer and separate the excited molecules absorbed at the interface of 
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PtSe2 and graphene sheet by retaining the recombination process. This may be helpful to increase 

the degradation efficiencies of our nanocomposites. In order to test the adsorption ability of the 

nanocomposites, the concentration changes of Rh. B solution were recorded and shown in figure 

9 (d). It can be clearly seen that 80 % of Rh. B was degraded by PtSe2-GT3 nanocomposite. 

Adsorption of Rh. B was slightly reduced by the incorporation of different wt% of graphene to 

TiO2 in the composites. Similar to the above results, loading of TiO2 slightly reduced the 

adsorption, while increasing the amount of graphene significantly enhanced the adsorption, 

which is evident by the PtSe2-GT3 nanocomposite, and describes the optimum loading condition 

in our nanocomposites. 

The kinetic studies were performed on the basis of the degradation rate of the organic dye. 

The reactions between the dye molecules and the catalyst materials can be expressed by the 

Langmuir- Hinshelwood model as shown in figure 10 and expressed by the following equation 

[63].  

 -dC/dt= KappC (1) 

Integrating this equation (with the restriction C = C0 at t = 0, with C0 being the initial 

concentration in the bulk solution after dark adsorption, and t is the reaction time) will lead to the 

following relation  

 -lnCt/C0= Kappt (2) 

where Ct and C0 are the reactant concentrations at times t = t, respectively and Kapp and t are the 

apparent reaction rate constant and time, respectively. From the graphical plot in figure 10, the 

slope of the linear plots should be equal to the apparent first order rate constant (Kapp). The Kapp 

values give us the degradation rate of Rh.B molecules by the photocatalyst materials under the 

influence of UV/Vis light. The rate constant Kapp are listed in table 1. The Rh.B degradation rate 

constant for PtSe2-GT3 composite were found (6.1 x10-3) min-1 under visible light, which are 

much higher than PtSe2-GT1, PtSe2-GT2, and PtSe2-GT4  nanocomposites. These results further 

confirm that the PtSe2-GT3 nanocomposite is a much more effective catalyst material than the 

other nanocomposites in our microwave assisted nanocomposites. We further analyze our 

nanocomposite for the degradation of Texbrite MST-L industrial dye under UV light radiation. 

After attaining of adsorption desorption equilibrium for 2h. The sample was put under UV light 

irradiation and six samples were collected periodically during 150 minutes time duration. The 
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solid was removed by centrifugation and the solution was analyzed by UV-visible spectrometer. 

From figure 11, we can see that the intensity variation of the Texbrite MST-L with increasing 

time interval. This further confirms the extraordinary photocatalytic properties of PtSe2-GT3 

nanocomposite.  

The photocatalytic mechanism was proposed by a number of scientist’s worldwide for the 

utilization of light having wavelength in the range of 400−1000 nm to further explore the 

photocatalytic mechanisms for graphene based materials. PtSe2 band gap from theoretical and 

experimental observation were found to be ~1.8eV. This semiconductor material can be excited 

from its ground state to excited state upon irradiation of visible light. During the catalytic 

reaction incident light radiation excite electrons from the valance band to conduction band. Thus 

creating electron hole pair, in the absence of any dopant or support material, most of the electron 

hole pair recombines and thus lower the catalytic effect. Attachment of PtSe2 on graphene sheet 

enhances the photocatalytic effect because of the extraordinary absorption and conducting 

properties of graphene [64-65]. During light irradiation incident photons were absorbed by 

graphene resulting in emission of photoelectrons and transfer to conduction band of PtSe2. 

Simultaneously the excited electrons in the conduction band of PtSe2 transfer to graphene sheet 

and prolong the recombination time. These electrons from the PtSe2 and graphene react with 

absorbed molecule on the surface of graphene sheet and thus prevent the recombination by 

improving the catalytic effect [6].   

Recently TiO2 graphene has been found as a visible light photocatalyst material. This 

wide band gap (3.2 eV) TiO2 semiconductor material cannot be excited upon visible light 

irradiation. Modifying TiO2 nanoparticles with graphene can induce visible-light-responsive 

photocatalytic activity. The oxygen functionalities on the surface of graphene oxide with 

unpaired π electrons are bonded with titanium atoms on the surface of TiO2. These interactions 

are responsible for the reduction of energy band of graphene-TiO2 nanocomposites. Therefore, it 

can be inferred that graphene with unpaired π electrons could be used to modify the TiO2 surface 

to manufacture a visible-light-responsive photocatalyst. The enhanced photocatalytic activity of 

graphene-TiO2 under visible light illumination is attributed to a red shift of the band edge and a 

significant reduction of the band gap of the graphene-TiO2 composite, which consequently 

allows the enhanced absorption of visible light and efficient transfer of photogenerated electrons 
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through graphene nanosheets. The addition of graphene induces the light absorption intensity in 

the visible region. Therefore narrowing of band gap is observed for the composite.  

The photocatalytic activity can be further improved by the introduction of heterogeneous 

system. The transfer of electron between two distinct photocatalyst in the system is the 

determining process for the decomposition of organic dyes [66]. Under visible light irradiation 

graphene and PtSe2 are excited and transferred electrons simultaneously. These electrons through 

graphene sheet interact with VB electrons of TiO2. The graphene sheet behaves like an electrons 

sea because of high charge transfer effect. These electrons thus react with VB of catalyst 

materials and increase the recombination time and will help to improve the catalytic effect. The 

electrons through graphene sheet will transfer to VB of the TiO2 in the composite and thus 

creating a donor level. Thus the attached semiconductor material on graphene sheet acts like a 

kind of electron absorber in the photocatalytic reaction mechanism [61].  

The incident photons have sufficient energy to excite these electrons and transferred to 

CB of TiO2.  This is because the photogenerated electrons from the PtSe2 photocatalysts 

accumulate on graphene; the Fermi level of graphene would shift upward and closer to the 

conduction band of the photocatalyst due to the metallic behavior of graphene. Under the light 

irradiation the sandwich type structure is advantageous not only to electron injection but also to 

the hole recovery for both PtSe2 and TiO2. This unusual photocatalytic activity arises from the 

positive synergetic effect between the PtSe2 and graphene components in this hybrid cocatalyst, 

which serve as an electron donor, collector, transporter, and a source of active adsorption sites, 

respectively [21,13]. The two-dimensional planar conjugation structure in graphene facilitated 

interfacial charge transfer along the graphene sheet to TiO2 and subsequently an effective charge 

separation was achieved. The generated electrons (e-) react with dissolved oxygen molecules and 

produce oxygen peroxide radicals O2
•-. The positive charge hole (h+) can react with OH- derived 

from H2O to form hydroxyl radicals OH•. The Rh.B and Texbrite MST-L may be degraded by 

oxygen peroxide radicals O2
•- and hydroxyl radicals OH• to CO2,  H2O and other mineralization 

products. The proposed mechanism is given in figure 12. 
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Conclusion: 

In this study, we successfully synthesized PtSe2-graphene/TiO2 nanocomposites by a facile 

microwave assisted method. TEM images clearly indicate that the TiO2 nanoparticles are well 

distributed on surface of transparent graphene sheet supported by PtSe2. The XPS result shows 

the presence of Pt, Se, C and partial oxygen functional groups on graphene sheet. The XRD 

results explore that hexagonal PtSe2 and anatase TiO2 were present. From the DRS results one 

can observed red shift in overall PtSe2-GT (1-4) samples. These also manifest the visible light 

response of the nanocomposites. From the UV-visible spectrum it is clear that enhanced catalytic 

effect was observed for PtSe2-GT3 nanocomposite describing the optimum loading effect of 

graphene in the composites. It is clearly found that the PtSe2-graphene/TiO2 nanocomposite can 

be used as an efficient photocatalyst under UV/Visible light irradiation. It is believed that the 

positive synergetic effect between the PtSe2 and graphene sheets can efficiently suppress charge 

recombination, improve interfacial charge transfer, and provide a greater number of active 

adsorption sites and photocatalytic reaction centers.  This high activity is also attributed to the 

positive synergetic effect of high charge mobility and the observed red shift in the absorption 

edge of the PtSe2-graphene/TiO2 nanocomposites.  
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Figure Caption: 

Figure 1. XRD pattern of bare PtSe2 and PtSe2-graphene/TiO2 composites 

Figure 2. EDX spectra PtSe2-graphene/TiO2 nanocomposites 

Figure 3. SEM micrographs of PtSe2-GT3 with different magnifications 

Figure 4. TEM Images of PtSe2-GT3 (a) 0.2µm (b) 100 nm (c) 50nm (d-e) 50 nm 

Figure 5. XPS results of PtSe2-GT3 nanocomposite (a) C1s (b) Ti2p (c) O1s (d) Se3d (e) Pt4f (f) 

survey scan spectra 

Figure 6. Raman spectra ; (A) GO  (B); (a) PtSe2-GT1(b) PtSe2-GT2 (c) PtSe2-GT4 (d) PtSe2-

GT3 

Figure 7. Diffuse reflectance spectra (DRS) (a) PtSe2-GT1 (b) PtSe2-GT2 (c) PtSe2-GT4 (d) 

PtSe2-GT3 (e) TiO2 

Figure 8. Transform Kubelka Munk function verses photon energy; (a) PtSe2-GT1 (b) PtSe2-GT2 

(c) PtSe2-GT4 (d) PtSe2-GT3: Inset (e) TiO2 

Figure 9. UV/Vis absorption spectra for the Rh.B degradation by PtSe2-graphene/TiO2 under 

visible light (a) PtSe2-GT1 (b) PtSe2-GT3 (c) PtSe2-GT4 (d) Plot of Rh.B degradation efficiency 

v/s irradiation time  

Figure 10. Apparent first order kinetics of Rh.B degradation over PtSe2-GT(1- 4) 

nanocomposites under visible light 

Figure 11. UV-vis absorption spectra for the Texbrite MST-L degradation by PtSe2-GT3   under 

UV light irradiation. 

Figure 12. Charge transfer mechanism at the interface of PtSe2 and graphene supportted by TiO2 

catalyst nanocomposites 

 Scheme 1. Microwave reaction chamber for the synthesis of PtSe2-graphene/TiO2 

nanocomposites 

Table.1 Elemental weight %, photocatalytic degradation rate (kapp) constant and Eg of PtSe2-

graphene/TiO2 under UV/Visible light  
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Figure 1. XRD pattern of PtSe2-graphene/TiO2 composites 

 

 

 

 

 

 

 

 

Page 25 of 38 Catalysis Science & Technology

C
at

al
ys

is
S

ci
en

ce
&

Te
ch

no
lo

gy
A

cc
ep

te
d

M
an

us
cr

ip
t



 

 

 

 

 

 

 

 

 

Figure 2. EDX spectra PtSe2-graphene/TiO2 nanocomposites 
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Figure 3. SEM micrographs of PtSe2-GT3 with different magnifications 
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Figure 4. TEM Images of PtSe2-GT3 (a) 0.2µm (b) 100 nm (c-d) 50nm (e) 20 nm 
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Figure 5. XPS results of PtSe2-GT3 nanocomposite (a) C1s (b) Ti2p (c) O1s (d) Se3d (e) Pt4f (f) 

survey scan spectra 
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Figure 6. Raman spectra ; (A) GO  (B); (a) PtSe2-GT1(b) PtSe2-GT2 (c) PtSe2-GT4 (d) PtSe2-

GT3 
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Figure 7. Diffuse reflectance spectra (DRS) (a) PtSe2-GT1 (b) PtSe2-GT2 (c) PtSe2-GT4 (d) 

PtSe2-GT3 (e) TiO2 
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Figure 8. Transform Kubelka Munk function verses photon energy; (a) PtSe2-GT1 (b) PtSe2-GT2 

(c) PtSe2-GT4 (d) PtSe2-GT3: Inset (e) TiO2 
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Figure 9. UV/Vis absorption spectra for the Rh.B degradation by PtSe2-graphene/TiO2 under 

visible light (a) PtSe2-GT1 (b) PtSe2-GT3 (c) PtSe2-GT4 (d) Plot of Rh.B degradation efficiency 

v/s irradiation time  
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Figure 10. Apparent first order kinetics of Rh.B degradation over PtSe2-GT(1- 4) 

nanocomposites under visible light 
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Figure 11. UV-vis absorption spectra for the Texbrite MST-L degradation by PtSe2-GT3   under 

UV light irradiation.  
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Figure 12. Charge transfer mechanism at the interface of PtSe2 and graphene supportted by TiO2 

catalyst nanocomposites 
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Scheme 1. Microwave reaction chamber for the synthesis of PtSe2-graphene/TiO2 

nanocomposites 
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Table.1 Elemental weight %, photocatalytic degradation rate (kapp) constant and Eg of PtSe2-

graphene/TiO2 under UV/Visible light  

 

Samples C % O % Ti % Se% Pt % Other 

% 

Kapp(min
-1
) 

Vis light 

Band 

Gap(eV) 

PtSe2-GT1 70.2 9.78 10.6 3.6 4.9  0.92  1.70 x10
-3
 2.20  

PtSe2-GT2 69.54 9.97 11 4.98 3.34 1.17  1.8 x10
-3
 2.10 

PtSe2-GT3 64.13 13.86 10.5 5.51 5.34  0.66  6.1 x10
-3
 1.91 

PtSe2-GT4 57.92 12.37 13.50 10.13 4.5  1.58  2.6 x10
-4
 1.98 
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