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Abstract

In the present work, optimum nanocomposites of MdS&NI (polyaniline) were successfully
synthesized by modifying the surface of MgSeith PANI to enhance the photocatalytic
efficiency. A series of MoSePANI nanocomposites with different MoS& PANI weight
percent ratios (1:1, 1:2, 1:3 and 2:1) were prapbasein-situ polymerization method to study the
effect of variation of surface charge on photogcdialefficiency. Samples were characterized
using X-Ray Diffractometer (XRD), Field-Emission&ming Electron Microscopy (FESEM),
Fourier-transform infrared (FTIR) spectroscopy,fse Reflectance spectroscopy (DRS), zeta
potential measurements, Photoluminescence (PL)treigeopy and time-correlated single
photon counting (TCSPC). Comparative photocatalyéigradation of cationic dye (Rhodamine
B) and anionic dye (Congo red) were performed. ifleehanism of degradation was explained
using active species trapping experiments. Interabegroducts formed during the degradation
process were determined using Liquid chromatograpags spectroscopy (LC-MS). Reaction
kinetics for the adsorption of dyes were also ®€ddiMoSe-PANI nanocomposite having
MoSe:PANI in 2:1 ratio showed the most significant deiseparation and optimized surface

charge for photocatalytic degradation of catiomd anionic dye.
Keywords
MoSe-PANI; photocatalysis; zeta potential; TCSPC; LC-MS

Introduction

Carcinogenic wastes and toxic pollutants viz. Rinuda B (RhB) and Congo Red (CR) in
water are causing serious environmental problenh®mnly because of their color which results

in health problems but also because their deg@uairoducts are toxic to various forms of
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human and marine life [1-3]. Photocatalysis is aco@iraging method for wastewater treatment
as it converts toxic organic pollutants into lesgi¢ products [4-8]. MoSeis a promising
candidate for multiple applications including cgsié, energy storage, lubricants and electrodes
in high energy density batteries due to its narband gap, large surface area and high chemical
stability [9]. MoSe can be obtained by numerous physical and chemnethods including
mechanical exfoliation, chemical vapor depositidiguid-phase exfoliation, hydrothermal,
solvothermal and colloidal route [9-11]. In thisidy, MoSe nanostructures were synthesized
by a facile hydrothermal method. This method igdsehan other conventional methods due to
its low cost, control over growth, large scale prctibn and simplicity as no catalyst, seed, and
harmful surfactants are used [12-14]. In hydrotl@rprocess, sample can be obtained directly
from the solution, resulting in uniformity of nueléon and size of the nanoparticles. Mp8as
some shortcomings as a photocatalyst, including ¢dgorosity, slow rate of charge transfer,
low conductivity and high recombination probabildf photogenerated electron-hole pairs [15].
Interacting MoSg with conductive material, such as carbon nanotugesphene, conducting
polymers could possibly decrease their resistab8el§]. Porous materials, such as polyaniline
(PANI) can enhance photocatalytic efficiency beeaofits large specific surface area and high
absorption capabilities [17,18]. Nanocompositegofganic materials and conductive polymers
have been widely studied in the field of photogaial as heterojunction improves the separation
probability of electron and hole by providing ateimal electric field [19-23]. In photocatalysis,
movement of charge carriers and redox reactions pdd&ce at the surface of the photocatalyst
[24, 25]. In this way, surface modification is affieetive method of enhancing photocatalytic
activity.

Main focuses of current study were to (i) synthesianocomposites of MogSBANI in different
weight percent ratios by in-situ oxidative polynzation method, (ii) investigate the effect of
weight ratio of MoSgto PANI on the photocatalytic activity for degréida of cationic (RhB)
and anionic (CR) dyes and (iii) study of interantizetween dye and photocatalyst surface as a
function of surface charge. This study highlightde effect of modified surface on

photocatalytic degradation efficiency.

Materials



Sodium molybdate (N#oO4 99.99%) and hydrochloric acid (HCLB, 99.96%) were
purchased from Thermo fisher scientific India Pud. Selenium (Se, 99.99%), Hydrazine
hydrate (NH4.H>O 98%), tert-butyl alcohol ((CHCOH), Congo Red (§H2:NeNaxOsS,) and
aniline (GHsNH;, 99.98%) were purchased from Central Drug House Btdd. Ammonium
persulfate ((NH).S;0s with max impurity limit of 0.005 % were purchasidm Sisco research
laboratories Pvt. Ltd. p-benzoquinone&sgO,) was supplied by Molychem Pvt. Ltd. Potassium
iodide (KI) was supplied by Pallav chemicals andvets Pvt. Ltd. Rhodamine B
(C28H31CIN2O3) was supplied by RHB Loba Chemie Pvt. Ltd.

Synthesis Process

Synthesis of MoSe;

Sodium molybdate (0.02 moles) was dissolved in 50ofmilli-Q water under constant stirring
at room temperature until a transparent solutiombtined. In a separate beaker, selenium
powder (0.04 moles) is dispersed in 10 mL of hysh@hydrate under constant stirring for 15
minutes to get a black suspension. Selenium solwtias dropwise added to sodium molybdate
solution and stirred for 20 minutes. Finally, tharld brown color solution was collected and
transferred to the hydrothermal bomb and put in filmeace for 24 hours at 200°C. The
hydrothermal bomb is then allowed to cool downoatm temperature. The obtained dark black
color solution is sequentially washed with millivgater and ethanol followed by drying at 50°C
for 4 hours [14].

Synthesis of PANI

1mL of aniline, 3mL of HCI and 16mL of milli-Q watevere mixed using magnetic stirrer and
the obtained solution was put in the refrigeratord hours. 0.1M in 50 mL of APS was added to
the refrigerated solution in an ice bath under tamtsstirring for 3 hours. Finally, the collected
dark green color solution was sequentially washad milli-Q water and ethanol, followed by
drying at 50 °C for 4 hours.

Synthesis of MoSe,-PANI composite

The schematic of MoSdPANI synthesis is as shown in figure 1. Synthasik#oSe powder
was ultrasonicated in 30mL of milli-Q water for 20n and mixed with a refrigerated solution of
HCI, aniline and milli-Q water in an ice water bathder constant stirring. After 10 minutes,
0.1M in 50 ml of APS was added to the above satuéind stirred for 3 hours. Finally, the dark
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green color solution was collected and washed wmith-Q water and ethanol. The sample was
dried at 50 °C for 4 hours [15]. Similarly, MoSIBANI nanocomposites with varying weight
ratios of MoSe to PANI {(1:1(0.1g MoSg, 1:2 (0.05g MoSg, 1:3 (0.025g MoSg and
2:1(0.20g MoSg} were prepared by the in-situ oxidative polymatisn method and labelled as
MP11, MP12, MP13 and MP 21, respectively.

Sodium Molybdate Hydrothermal at MoSe, HCl+ aniline+ milli-Q Polymerization in ice
+ milli-Qwater 200°Cfor24h Nanosheets water bath for 3hours nanocomposite

Figure 1. Schematic of M 0Se,-PANI nanocomposite synthesis

The morphologies of the as-prepared nanocomposiégs observed using a Field Emission
Scanning Electron Microscopy (FESEM) (Quanta 3D FEtEI's)). The crystalline structures of
MoSe-PANI nanocomposites were characterized by X-réfyagitometer (XRD) (Rigaku Smart
Lab) with 40kV tube voltage and 30mA current. Sasplere scanned in the range &ffdm

5° to 90° with a step size of 0.02°. Band gap @ thaterials was determined using UV-Vis
diffuse reflectance spectroscopy (Agilent technm@sgCary 100 series). Functional groups on
the surface of nanocomposites were analyzed by i¢fouransform infra-red (FTIR)
spectroscopy (Bruker Tensor 37 FTIR spectrometer)thie range of 500-2000 ¢&m
Photoluminescence (PL) spectroscopy was perfornteam temperature on Cary Eclipse
(MY15120007) instrument using 350 nm emissions @@with a scan rate of 600nm/min. Time
correlated-single photon counting (TCSPC) was peréal using Horiba (DeltaFlex01-DD)
spectrometerThe signals were collected at the excitonic emissib284nm wavelength. The

emission decay data were analyzed and fitted wgkgonential kinetics model which generates



lifetime values and the corresponding amplitudagfége charge of the nanocomposites was
determined using Zeta potential measurements (Zetager. 7.12, MAL1192921 from Malvern
instrument Ltd.) at room temperature using milln@ter as dispersant.

The concentration of dyes was taken from absorbaraseslength using UV-Vis spectroscopy
(Agilent technologies, Cary 100 series). 1 mL ahpée was taken after fixed interval of time for
150 minutes and analyzed using UV-Vis spectrophetem The intermediates after degradation
of dye were detected by Liquid Chromatography-M&sectroscopy (LC-MS) (Agilent
Technologies, 6540 UHD Accurate-Mass Q-TOF LC-M3he samples were separated
chromatographically using Agilent extend C18 (1.Brometer 2.1*50 mm) column at a flow

rate of 0.3 mL/min using nitrogen gas.

Result and Discussion

Figure 2 (a-f) showed the SEM images of pure MpBANI, MP11, MP12, MP13 and MP21
samples, respectively. Figure 2 (a) showed SEM emag ultrathin uniform MoSge
nanostructure. Figure 2 (b) showed the flake-lilk@phology of PANI, indicating the formation
of a cross-linked polymeric network with a high desgof porosity. It is observed in figure 2 (c-
f) that MoSe nanostructures and PANI are highly interconneciée. effect of change in weight

ratio of MoSe to PANI on morphology is clearly evident througeFEM images.




Figure 2: FESEM images of (a) pure MoSe,, (b) pure PANI, (c) MP11, (d) MP12, () MP13
and (f) MP21 samples
Figure 3 (i, a-f) showed XRD diffractograms of MgSBANI, MP11, MP12, MP13 and MP21
samples, respectively. Symbdland# were assigned for Mogand PANI peaks, respectively.
For MoSe, peaks observed aé2(hkl): 13.7 (002), 23.4 (004), 29.5° (100), 41.3° (006), 47.5°
(105), 56.2 (110) and 65.3° (200) (JCPDS No. 29-0914) [26,PANI peaks observed ab?2
(hkl): 8.9° (001), 14.7° (010), 20.6° (011), 25.8° (026 27.4° (200) (JCPDS No. 53-1891)
[28]. In sample MP11, peaks corresponding to bottS® and PANI peaks were present as
shown by * and # symbols, respectively. As evident,samples MP12 and MP13 peaks
corresponding to PANI were dominant whereas in $amf®21, peaks corresponding to MgSe
were dominant. Thus, the XRD peaks intensity in X&Bractograms are in accordance with
the weight ratio of MoSeto PANI in different MoSgPANI nanocomposites.

In order to confirm the functional groups preseaninanocomposites, FTIR spectra of MgSe
PANI, MP11, MP12, MP13 and MP21 samples were remhraés shown in figure 3 (ii, a-f).
Symbols * and # are assigned to Mgaad PANI peaks. The characteristics peaks of PANI
were observed at 795 &m1255 cnit, 1297 cnt and 1420 cm, corresponding to aromatic C-H
out of plane deformation vibration, C-Nstretching, C-N stretching and benzenoid ring
stretching of secondary aromatic amine, respegtij@d]. Peaks of MoSewere observed at 675
cm?, 1040 crit and 1694 ci corresponded to deformation of the benzene riegQ%ond and
C=0, COO stretching bonds, respectively [30,31]. In sampMB1l and MP21, peaks
corresponding to MoSewere dominant whereas in samples MP12 and MP1akspe
corresponding to PANI were dominant. AdsorptionGR and RhB dyes onto the surface of
MoSe-PANI nanocomposite depends on the functional gsodiitrogen and oxygen containing
functional groups on the surface of dye and phaébgst interact via hydrogen bonding whereas
sulfonic groups (S®) of dye and positive groups (NHpresent on photocatalyst react via

electrostatic interaction.
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Figure 3 (i) XRD diffractograms and (ii) FTIR spectra of (a) M 0Se;, (b) PANI, (c) MP11,
(d) MP12, (e) MP13 and (f) MP21 samples
The optical absorbance ability of MaSRANI nanocomposites and pure samples were
examined by UV-Vis diffuse reflectance spectroscdPRS) as shown in figure 4(a). As
observed from DRS spectra, MeS®ANI nanocomposites exhibited absorption abilitythe
visible region and can be excited efficiently by tholar light. The corresponding band gap

energy value can be calculated by using a KubelkaMKM) equation (i).
2 .
—n (i)
where F(R) is the Kubelka-Munk function and R ie teflectance of material. The band gap of

the material was determined by the x-axis interagpfhu(F(R)" vs hy plot, value of n is

determined by the nature of the semiconductor: for2direct and n=1/2 for indirect band
transition[32]. Band gap of pure MoSand PANI was observed to be 1.82eV and 3.46eV,
considering indirect and direct optical transiti@spectively [17,33]. Figure 4 (b) showed KM
plot assuming direct absorption behavior of MP1R18, MP13, PANI samples and figure 4(c)
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showed the KM plot assuming indirect absorptiondvidr of MoSeand MP21 samples. In
samples MP12 and MP13, direct optical transitioesanassumed due to higher concentration of
PANI in MoSe-PANI (1:2 and 1:3) nanocomposites. However, ineor study the effect of
gradual variation of PANI concentration on energydb gap, direct optical transition is assumed
in MP11 (MoSe2: PANI = 1:1) nanocompositde direct band gap of MP11, MP12, and MP13
were found to be 2.0eV, 3.0eV and 3.1leV respegtividbwever, in sample MP21, indirect
optical transitions were taken into account duéhohigher concentration of MoSm MoSe-
PANI (2:1) nanocomposite. The indirect band gapM&?21 was found to be 2.15eV. The values
obtained for energy band gap are in good agreemigimtthe concentration of MoS®ANI in

MoSe-PANI nanocomposite.

4000
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30004 :
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Figure 4: (a) The UV-Vis diffuse reflectance spectra (DRS) and KM plots assuming (b)
direct absorption behavior of MP11, MP12, MP13, PANI samples and (c) indirect
absor ption behavior of MoSe, and M P21 samples

Photoluminescence spectroscopy (PL) is an idealractexization technique for the
determination of the defects in materials [34].uf@5 (a) showed the PL spectra of the MpSe
PANI, MP11, MP12, MP13 and MP21 samples. The Plctspeof all the samples were taken



with an excitation wavelength of 350 nm. PL emissi@aks wer@bserved at 404 nm and 430
nm corresponding ta*-n transition and polaronic band of PANI, respeciivehd a shoulder
peak around 453 nm is also observed [35]. In saMBl21, PL intensity is significantly lower as
compared to other Mog®ANI (MP11, MP12 and MP13) nanocomposite. The ezsed PL
intensity corresponds to increase in defects wthielp in improvement of photocatalytic
degradation efficiency [36]. The lower recombinatioate is helpful for creating more
photoactive species such @&, and ‘OH radical, which are responsible for higher
photocatalytic efficiency [37-39].

Time-correlated single photon counting (TCSPC) wsed to determine the recombination time.
In TCSPC, the time between sample excitation bylaegl laser and the arrival of the emitted
photon at the detector is measured [40-42]. Theatsgcollected after excitation were detected
and then correlated using a single photon countergl. Upon laser excitation (280nm), the
photoexcited electrons of PANI were moved to Mo&ee to the higher CB of PANI (-1.9 eV)
than that of MoSg(-0.8 eV). The electrons transferred from PANMoSe were determined by
comparing the emission decay kinetics between Pa#idlMoSe-PANI nanocomposites.

The fitting of data and calculation were done udmgxponential function with an equation as
shown in eq. (ii).

y=A4,+ Ble(_ﬁ) + Bze(_%) + Bge(_i) (ii)
where B, B, and B are amplitude of components 1, 2 and 3, respégtivig, T, and &
corresponded to the life-time of component 1, 2 3n@spectively.

Value of electron-transfer rate constang)(Was calculated using equation (iii):

k. (MoSe, — PANI) = ———— — ! (iii)

<Tpann>  <T(MoSe,_panp)~

The emission decay data were analyzed and fitted am appropriate kinetics. Figure 5 (b)
showed the decagssociated spectra of the MgFANI nanocomposites upon excitation with
284 nm laser source. These spectra were fitted twékponential function and yields slow T
and fast (%) decay components, corresponded to radiative andadiative relaxation pathway,
respectively [24]. All the fitting results were samarized in Table 1. The average life-time (T) of
samples MP11, MP12, MP13 and MP21 were observed #2110 ns, 6.56 ns, 5.78 ns and 16.71
ns, respectively. For pristine PANI and M@Samples, average life-time was 1.41 ns and 17.95

ns, respectively. With reference to pristine PAMIMP21 nanocomposite the contribution of



slow decay time (J) increases 11 times from 31.91 ns to 336.25 nis egdtresponding increase
in contribution (§) from 22.44% to 93.83%. However, the decreaseverame life-time (T) in
sample MP13 as compared to sample MP12 is attdaotelominance of charge recombination
instead of electron scavenging at M@BANI interface. This observation is in agreemeithw
the earlier reports on CdS-CdSn€omposite [24]. The enhanced life-time in MP2ingke
implies significant charge separation property ilegdo enhanced photocatalytic degradation
efficiency. Calculated & values of MP11, MP12, MP13 and MP21 samples weference to
pristine PANI were 0.300 ffs 0.557 ng, 0.537 n3 and 0.650 n§& MP21 has maximumek
value, verifying the relatively significant eleatio interaction of MoSgand PANI. It was
signified from the results that MOSEANI nanocomposite with MoS®ANI in 2:1 ratio (MP21
sample) influenced the charge carrier kinetics @3g more considerably by attracting more
photogenerated electrons from PANI which resultkwer recombination rate in MoS@ANI
nanocomposite. The significant charge separatiopepty (life-time (T) =16.71 ns and electron
transfer rate constant£k= 0.650 ng) of MP21 is due to dominated electron scavengivey o
interfacial charge recombination, thus, providalgundant charge carriers for photocatalytic

degradation utilization [21,42].

200 0.40
] —— MP11 -
(a) 4.30
0.35+
> J
=
® 0.304
c
[
© 0.254
S 0.204
2
© 0.154
£
.
O 0.104
2
1 0.054+
0 v M y M M M : M y v ¥ v T v T v T v 1
400 425 450 475 500 3000 3200 3400 3600 3800 4000
Wavelength (nm) (Time/s)

Figureb5: (a) PL spectraand (b) TCSPC of MoSe;, PANI, MP11, MP12, MP13 and M P21

samples
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Table 1: Kinetic analysis of emission decay for MoSe,, PANI, MP11, MP12, MP13 and
M P21 samples

Sample Lifetime (ns) Relative Intensity Average | y° | Ka(nsh
(%) lifetime
T, T, T, fi fs fa T(ns)

MP11 4.79 | 146.860 0.62| 13.4468.53|18.03| 3.10 1.97] 0.396

MP12 5.17 | 25462 0.73| 6.07 83.830.10 6.56 1.45] 0.557

MP13 5.55 | 229.69 0.76 | 7.10| 80.9 12.d 5.78 1.52  0.53)

MP21 5.25 | 336.25 0.73 | 2.32| 93.83 3.84 | 16.71 | 194 0.650

PANI 493 | 31.91 0.63 37| 22.4439.72] 141 1.32 -

MoSe, 3.73 | 257.060 0.51| 1.87 95.752.38 | 17.95| 3.23 -

Photocatalytic experiment

The photocatalytic degradation efficiency of thegared nanocomposites was determined by the
degradation of CR and RhB dye under irradiatiomfi@ xenon lamp. For this experiment, 100
ml of each dye solution (5 mg/L) and 20 mg of prepaphotocatalyst (MoSePANI, MP11,
MP12, MP13 and MP21) were used. The solutions wened for 150 minutes under the xenon
arc lamp. The concentration of dye was determingidguUV-Vis spectroscopy after fixed
interval of time. As shown in figure 6 (a & c), dadation efficiency f) of MoSe, PANI,
MP11, MP12, MP13 and MP21 for CR dye was 8.4%, %3.83.3%, 99.8%, 99.06% and
88.6%, respectively.Thus, all nanocomposites of MoSeANI were very efficient for

degradation of CR dye as compared to pure Ma®el PANI samples. On the contrary, as
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observed from figure 6 (b & d), degradation effigg () of MoSe, PANI, MP11, MP12, MP13
and MP21 for RhB dye was 3%, 17.2%, 34%, 23%, 22% &8.17%, respectively. Thus, the
optimized nanocomposite for photocatalytic degradabf RhB and CR dye was MP21 as it
showed high photocatalytic degradation efficienmyldoth cationic and anionic dyes. MP21 has
high photocatalytic degradation efficiency duet®dptimized surface charge as observed from
zeta potential and lower recombination rate of tebec and hole as observed from PL and
TCSPC. Some of the previously reported results ludtqratalytic degradation of dyes and
organic compounds using MoS&ANI and their composites were summarized in @&blAs
evident from the summarized reports that preserB&48ANI (MP21) nanocomposite showed

superior photocatalytic efficiency for both catiomis well as anionic dyes.
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Figure6: C/Cy vstime plot for degradation of (a) CR and (b) RhB dye; degradation

efficiency (n) vstime plot for degradation of (c) CR and (d) RhB dye

Table 2: State of art of photocatalytic degradation efficiency of M 0Se, and its composites

Photocatalyst Pollutant Degradation Reaction References
efficiency rate constant
M 0Se;-Bi,W Og Toluene 80% 0.44h [43]
Flower shaped M 0Se, Nitrobenzene 62.7% 0.009 mint* [44]
p-nitrophenol 65.2% 0.027 mint
2,4 dinitrophenol 61.5% 0.019 min*
C fibre @ M 0Se, 4Chlorophenol 3.02% 0.0028 min* [10]
Potassium dichromate ~ 34.7%  0.0034 min*
Carbon quantum dot Chromium(VI) 99% 0.026 mih [45]
decor ated M 0Se,
Hexagonal M 0Se, Chromium (V1) 100% 0.0267 mih [46]
MoSe/MMT Rhodamine B 98% ... [47]
M 0Se,/CdSe, Chromium (V1) 100% 0.0441 mih [48]
Broom shaped M 0Se; Methylene blue 90% 0.365 mih [17]
M 0Se,-PANI Methylene blue 65% -0.036 min* [15]
Methyl orange 94% -0.020 min*
M 0Sey/TiO, Methylene blue 7.8% 0.0235 mift [49]
M 0Se,-PANI Congo Red 88.6% 1.483 mirt" Present
(MP21) Rhodamine B 83.3% 1.3205mirt" work

Surface charge is an important factor for the gusmr and degradation of the charged

pollutants. Surface charge of the photocatalyst optimized by varying weight ratio of MgSe

and PANI. Zeta potential (ZP) of MogSBANI nanocomposites were as shown in figure 7).(a-f
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ZP measurements showed that the surface of MisSeegatively charged with ZP of -23.01mV
whereas the surface of PANI is positively chargeth WP of 9.51 mV (Figure 7(a)) [50]. In
sample MP11, a single peak at 5.75 mV is observeereas in samples MP12 and MP13, two
peaks: dominant peak at 8.5 mV and 10.5 mV and wbaklder peak at 21.6 mV and 30.3 mV;
were observed, respectively. The appearance ofddropeak at 21.6 mV and 30.3 mV is due to
the enhancement in PANI proposition in MP12 and BIBamples. The net surface charge on
sample M12 and MP13 is 8.30 and 11.7mV, respegtival sample MP21, two strong peaks
were observed at -14.5mV and 11.8mV and a minok pe&85.4mV. The net surface charge on
MP21 sample is -5.7mV. (Figure 7(e)) From Figu(®, it can be seen that the ZP of MgSe
PANI nanocomposite gradually shifted from negatiepositive with increasing PANI ratio.
Thus, with varying MoSgto PANI weight ratio, surface charge of nanocontposan be tuned.
As a result, cationic dye (RhB) molecules wouldf@rably adsorb on the Mogesurface
(negative zeta potential) while that of anionic &) molecules adsorb on the PANI surface
(positive zeta potential) in MoS®ANI nanocomposites. Enhanced photocatalytic dkgian

of MP21 sample for both cationic and anionic dygeattributed to the presence of both types of

charges on the surface of MP21 sample as evidemigh zeta potential measurements.
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Figure 7: Zeta potential of (a) M 0Se,and PANI, (b) MP11, (c) MP12, (d) MP13, () MP21

samplesand (f) Net surface charge of samples

Pollutants first get adsorbed on the surface oftqdadalyst and then radical species degrade
them into CQ, H,O and other less toxic substances. There are fods lof interactions between
dye and photocatalyst viz. (i) hydrogen bonding, 7 interaction, (iii) van der Waals forces
and (iv) electrostatic interaction as shown in feg8 [51]. The amine and hydroxyl groups of the
photocatalyst form a hydrogen bond with the azalrtyyyl and amine groups of dye molecules.
Sulfonic groups of the dye and positively chargadine and hydroxyl groups of the
photocatalyst surface interact via electrostatieraction [52]. The increase in photocatalytic
degradation efficiency of MP12 and MP13 samplesamspared to MP11 sample is due to the
higher adsorption (via electrostatic interactiohhegatively charged CR molecule on protonated
MoSe-PANI nanocomposite. Thus, all nanocomposites oSB-PANI were able to degrade

CR effectively.

Congo Red CHs Rhodamine B c}«

CH,

COOH

CcoOr

Figure 8: Mechanism for adsor ption of dyes on the surface of M 0Se,-PANI nanocomposite

Mechanism for photocatalytic degradation of dyes time presence of Mog®ANI

nanocomposite is as shown in Figure 9. First, geiwgr of electrons and holes in the conduction
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band (CB) and valence band (VB) of Me$BANI nanocomposite took place upon irradiation
with NIR-visible-light. The holes in the VB of PANVere transferred to Mogas VB potential
(0.8eV) of PANI is more positive than VB of MoS8.6eV). Electrons and holes transferred to
the surface of the photocatalyst, thereby, theytredath atmospheric oxygen and water to
produce superoxide radicalg'§ ) and hydroxyl radicals'©QH), respectively0*; and OH are
mainly responsible for the degradation of RhB arfd that are adsorbed on the surface of
photocatalyst.

PANI 0,

MoSe, 00000000
CB(-1.9eV) ) o, — on*
S kB(-0.8e9 220000 —_ 3
E T 0,/0,*-0.28eV
[}
3 VB(0.6eV) oo o 00 e VB(.3eV)

“ ¥ "N\_ S

H,0/0H* -0.83eV

Figure 9: Mechanism for photocatalytic degradation of dyesin the presence of M 0Se,-
PANI nanocomposite
Adsor ption Kinetics

First, dyes get adsorbed on the surface of phabystithen active radical species degrade them
into less toxic substances. Parameters such as phwocatalyst concentration and initial
pollutant concentration highly affect the photobzaes process. Figure 10 (a and d) showed the
adsorption of CR and RhB on MoSRANI nanocomposites as a function of time, respelst
Since the photocatalytic degradation is considereceterogeneous reaction, which includes
solid, liquid and gas phases, twmetic models (pseudo first order and pseudo skaoder)
were used to simulate the adsorption of CR and &mnB MP11, MP12, MP13 and MP21 with

time t, which are given as follows:
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In(Qe — Q) = In(Qe) — k1t (iv)
equation (iv) is called the pseudo first order kimequation.

Where Q (mg/qg) is the amount of dye adsorbed at any tirfmein), Q (mg/g) is the amount of
dye adsorbed at equilibrium and calculated byqg. (

Qe = (Co — Co) *v/w (v)
where G and G are the initial and equilibrium concentration ofedy (l) is the volume of
solution andw (g) is the amount of photocatalyst used for phatalysis. k (min™) is the kinetic

constant of pseudo first order adsorption.

t 1 t .
—- = + — Vi
Q  k2Q% Qe (vi)

equation (vi) is called pseudo second order kinetjoation, whereas,Kg/(mg min)}is the

pseudo second order rate constant. Figure 10 (b she@wed linear plot of log (&Q;) vs time

for CR and RhB and its slope determined the firdeo rate constant {k Figure 10 (c & f)
showed linear plot of t/(¥s time and its slope determined the pseudo secatet rate constant
(k2) (Eq. (vi)) for CR and RhB, respectively. The Kkins data for adsorption of CR and RhB
onto MP11, MP12, MP13 and MP21 were fitted betiepbeudo second order model than first
order model with their high correlation coefficigff). The R values for degradation of RhB are
0.783, 0.922, 0.905 and 0.889 MP11, MP12, MP13 and MP21, respectively. THevRlues

for degradation of CR are 0.995, 0.9971, 0.9972@A@43 for MP11, MP12, MP13 and MP21,
respectively It suggested that the overall adsorption procestominated by the chemisorption
process and there are significant valence forcestalsharing or exchange of electrons between

photocatalyst and dyes.
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Figure 10: Plot of (a,d) Q; vstime, (b,e) pseudo first order adsorption model and (c,f)

pseudo second order mode for CR and RhB dye

Role of active species 0H, holes and);") in photocatalytic degradation of CR using MP13

were explained by performing trapping experimergga different scavengers such as para-
benzoquinone (BQ)ert-butyl alcohol (TBA), also called tert-butaraslt-butanol (t-BuOH) and

potassium iodide (KI) in the concentration of 1miMLOOmI as shown in figure 11. BQ was used
to trap0'3, t-BUOH to trap OH radicals and Kl to trap OH and photogenerated holk$ [53].
Degradation efficiency was reduced from 90% to 8i$itig BQ, 37% using t-BuOH and 24%

using KIl, implying strong effect of holes and hyxlybradicals on photocatalytic degradation.
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Figure 11: Trapping experiment to deter mine active speciesin presence of BQ, t-BuOH
and Kl

In photocatalytic degradation of RhB dye, hydrosadiicals and holes could attack the central
carbon of RhB to degrade the dye and further degraidinto harmless products. Intermediate
products after photocatalytic degradation of Rhg dging MoSgPANI nanocomposite were
analyzed using liquid chromatography-mass speatms¢LC-MS). The intermediates formed
during RhB decomposition were observed at 150midegfradation period and compared with O
min (before treatment) as shown in Figure 12 (al@ndrrom the ESI spectra (figure 12(a)), the
main peak at m/z-443.25 corresponds to RhB. Tlaivelabundance of the RhB peak present at
m/z-443.25 decreases from 8.13%10 2.06x10 after 150 minutes of degradation in the
presence of MP21 [54]. RhB dye degraded into pessittiermediate at m/z ratios of 116 and
122 corresponded to 4-oxapentanoic acid and benzmid, respectively [55]. Figure 12 (b)
showed relative abundance vs acquisition time (ffon)RhB at 0 min (before treatment) and
150 min of degradation period. A prominent pealRbB dye was identified at retention time of
7.5 min before treatment. After 150 min of degrauaperiod, the intensity of peak present at
7.5 min decreases and new peaks at retention timé.70 and 7.1 min were identified
corresponding to oxalic acid and malonic acid, eefigely [56]. These formed intermediate

were further mineralized into simple compounds sagICQ and HO.
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Figure 12: ESI mass spectrafor degradation of RhB dyein presence of M P21 sample (a)
relative abundance vs m/z and (b) relative abundance vstime detected by LC-M S

Conclusion

An inorganic-organic nanocomposite, MeFRANI, was synthesized and used as a photocatalyst
for the removal of CR and RhB dye. The adsorptioth @egradation of CR and RhB were found
to be dependent on the surface charge of a phatgsatThe adsorption kinetics and isotherms
for adsorption of CR and RhB dyes were well-fittedthe pseudo second order kinetics. The
optimized ratio of MoSgto PANI is found to be 2:1 as it degrades both RhB CR dyes with
high photocatalytic degradation efficiency. The thighotocatalytic degradation efficiency of
MP21 is explained on the basis of surface chargd@mer recombination rate as observed from
zeta potential measurements TCSPC studies, resplgcti
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Figure captions:

Figure 1. Schematic of MoSePANI nanocomposite synthesis

Figure 2. FESEM images of (a) pure Mo5é€b) pure PANI, (c) MP11, (d) MP12, (e) MP13 and
() MP21 samples

Figure 3 (i): XRD diffractograms and (ii) FTIR spectra of (a) Ma3b) PANI, (c) MP11, (d)
MP12, (e) MP13 and (f) MP21 samples

Figure 4. (a) The UV-Vis diffuse reflectance spectra (DRSY &M plots assuming (b) direct
absorption behavior of MP11, MP12, MP13, PANI saes@nd (c) indirect absorption behavior
of MoSe and MP21 samples

Figure 5: (a) PL spectra and (b) TCSPC of MgSEANI, MP11, MP12, MP13 and MP21
samples

Figure 6. C/Cy vs time plot for degradation of (a) CR and (b) Riy&; degradation efficiency
(n) vs time plot for degradation of (c) CR and (d)ERtye

Figure 7: Zeta potential of (a) MoSand PANI, (b) MP11, (c) MP12, (d) MP13 (e) MP21

samples and (f) Net surface charge of samples
Figure 8: Mechanism for adsorption of dyes on the surfadd@®e-PANI nanocomposite

Figure 9: Mechanism for photocatalytic degradation of dyeshe presence of MoS@ANI
nanocomposite

Figure 10: Plot of (a,d) Qvs time , (b,e) pseudo first order adsorption nhadd (c,f) pseudo
second order model for CR and RhB dye

Figure 11: Trapping experiment to determine active specigga@sence of BQ, t-BuOH and KI

Figure 12: ESI mass spectra for degradation of RhB dye isgree of MP21 sample (a) relative
abundance vs m/z and (b) relative abundance vsdetexted by LC-MS

Table caption:
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Table 1: Kinetic analysis of emission decay for MgSBANI, MP11, MP12, MP13 and MP21
samples

Table 2: State of art of photocatalytic degradation efficignf MoSe and its composites
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Highlights

. Synthesis of MoSe,:PANI nanocomposite at different weight percent ratio of MoSe, to
PANI.

. Characterization using XRD, FESEM, FTIR, DRS, Zeta potential, TCSPC and PL.

. Photocatalytic degradation of cationic dye (Rhodamine B) and anionic dye (Congo Red)
with ultra-high degradation efficiency.

. Study of intermediate products using LC-MS.

. Study of photocatalysis mechanism with trapping experiment and reaction kinetics.
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