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Abstract: Metal-organic frameworks (MOFs) are promising materials for the removal and pho-
todegradation of pesticides in water. Characteristics such as large surface area, crystalline structure
and catalytic properties give MOFs an advantage over other traditional adsorbents. The application
of MOFs in environmental remediation is hindered by their ability to only absorb in the UV region.
Therefore, combining them with an excellent charge carrier 2D material such as black phosphorus
(BP) provides an attractive composite for visible-light-driven degradation of pesticides. In the study,
a nanocomposite of black phosphorus and MIL-125(Ti), defined as BpMIL, was prepared using a
two-stage hydrothermal and sonication route. The as-prepared composite was characterized using
transmission electron microscopy (TEM), scanning electron microscopy (SEM), X-ray diffraction
(XRD), X-ray photoelectron spectroscopy (XPS), electrochemical impedance spectroscopy (EIS) and
photoluminescence (PL) spectroscopy. These techniques revealed that the circular and sheet-like mor-
phology of the nanocomposites had minimum charge recombination, allowing them to be effective
photocatalysts. Furthermore, the photocatalysts exhibited extended productive utilization of the
solar spectrum with inhibited recombination rate and could be applied in visible-light-driven water
treatment. The photodegradation of diazinon in water was studied using a series of BpMIL (4%, 6%
and 12% by mass) nanocomposites as a photocatalyst. The optimal composite was determined to be
4%BpMIL. The degradation parameters were optimized and these included photocatalyst dosage,
initial diazinon concentration and pH of the solution. The optimal conditions for the removal and
degradation of diazinon were: neutral pH, [diazinon] = 20 mg/L, photocatalyst dosage = 0.5 g/L,
achieving 96% removal of the pesticide after 30 min with 4%BpMIL, while MIL-125(Ti) showed 40%
removal. The improved photodegradation efficiency of the 4%BpMIL composite was attributed to
Ti3*-Ti** intervalence electron transfer and the synergistic effect between MIL-125(Ti) and BP. The

photodegradation followed pseudo-first-order kinetics with a rate constant of 1.6 x 1072 min~!.

Keywords: diazinon; nanocomposite; photodegradation

1. Introduction

Pesticides are common contaminants found in water systems as a result of vari-
ous activities such as chemical spills, industrial effluents and agricultural runoffs [1].
Organophosphorus pesticides are characterized by high toxicity plus carcinogenicity in the
environment as well as humans because of their persistence and stability [2].

Diazinon (Figure 1) falls under a class of moderately hazardous pesticides which
includes dichlorodiphenyltrichloroethane (DDT) and chlordane, amongst others. This group
of pesticides has been categorized as potential carcinogens and classified as belonging to
Group 2A by the World Health Organization (WHO) [3]. This organophosphorus pesticide
demonstrates a vapor pressure of 1.4 mmHg at 200 °C and a Henry’s law constant of
1.4 x 107% mm?® mol ! [4]. These properties indicate that diazinon is less volatile in soil and
water, suggesting the persistence of this pesticide in water systems. Therefore, the removal
of this pesticide should be an effective remediation method in wastewater treatment.
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Figure 1. Structure of diazinon.

Several methods have been developed, such as adsorption, chemical coagulation,
membrane technology and bioremediation. However, photocatalytic degradation of diazi-
non using photocatalysis has proven to be highly efficient, and leads to the production of
less harmful degradation fragments [1,5,6].

Photocatalytic degradation of pesticides assisted by semiconductors such as TiO, has
garnered massive research attention as it provides a strategy to remedy environmental
pollution through the mineralization of organic pollutants into carbondioxide and inorganic
anions through mineralization [7].

Traditional semiconductors such as TiO,, WO3 and ZnO are UV active which limits
their effectual utilization of solar energy [8]. It is therefore important to fabricate visi-
ble light-oriented photocatalysts to overcome the shortcomings of UV-active materials.
Nevertheless, some visible light-driven materials such as BiVO, and WO3 suffer from
electron-hole recombination, which limits their photocatalytic performance [9].

The synthesis of visible light-driven photocatalysts with effectual separation of elec-
trons and holes through the formation of semiconductor heterojunctions, which depend
on the scaffolded arrangement of the valence and conduction band positions, has been
explored [10]. Heterojunction formation is the spatial separation of photogenerated charge
carriers through the formation of a junction which directs electrons and holes to different
materials [9]. The separation of charge carriers is propitious for photocatalysis as it allows
for reduction and oxidation reactions to occur [11].

Considerable attention has been given to metal-organic frameworks (MOFs). These
materials have an extended three-dimensional network and they are made up of organic
linkers and metal-oxo clusters [12]. MOFs are characterized by an intriguing crystalline
structure, large surface area, high pore volume and fascinating electrical, optical and
catalytic properties [13]. These exceptional properties have led to the successful application
of these materials in heterogeneous catalysis, gas storage and separation, sensor devices
and chemical separation [14]. The drawback of these materials, however, is their limited
effectual utilization of solar energy as they are only active under the ultraviolet region,
which only accounts for 5% of the whole solar spectrum.

Recent research studies have explored a new photoactive titanium-based metal-organic
framework, MIL-125(Ti), exhibiting TigOg(OH)4(BDC)¢ BDC = 1,4-benzenedicarboxylic
acid which can be used as an adsorbent for contaminants because of its relatively large
surface area.

MIL-125(Ti) is a crystal clear titanium dicarboxylate exhibiting outstanding absorbance
ability and encapsulation potential and good permeability, thermal strength and admirable
photochemical characteristics [15]. As a result of the framework’s porosity, the secondary
building units (SBUs) transport reductive intermediates away from the reactive sites. This
is because the material has a rigid coordination environment ideal to create chromophore
sites by introducing metal co-catalysts to the SBUs. Additionally, this material is decorated
with numerous inactive Ti sites [15]. However, its application in photocatalytic platforms
is limited due to its activation only in the UV light region and fast charge recombination,
resulting in poor photocatalytic efficiency.
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It is thus necessary to design a surface-enhanced MIL-125(Ti) composite for efficient
photocatalytic performance.

Wang et al. showed that MIL-125(Ti) using graphitic carbon nitride via a facile
solvothermal strategy was found to exhibit excellent photoactivity for the degradation of
Rhodamine B under visible light illumination [16].

Yang et al. synthesized a BiVO4/MIL-125(Ti) hybrid photocatalyst via a two-step hy-
drothermal route and the heterojunction interface between BiVO, and MIL-125(Ti) resulted
in the spatial separation of photo-induced charge carriers, which was evidenced by the high
photocatalytic performance of the composite in the degradation of Rhodamine B [17].

Furthermore, Yaun et al. extended the light absorption edge of MIL-125(Ti) into the
visible region by using 2-aminoterephthalic acid as the organic linker [18]. The NH,-MIL-
125(Ti) composite exhibited enhanced Cr(VI) photoreduction performance under visible
light irradiation.

The limitation of MIL-125(Ti) is fast recombination of charge carriers, therefore, com-
bination with 2D materials such as graphene or black phosphorus would mask this defect.

Black phosphorus (BP), an sp*-bonded one atom thick two-dimensional phosphorus
layer, has been receiving rave reviews for enhancing the photocatalytic activity of photo-
catalysts as it is an excellent charge transporter [19]. BP has a layer-dependent bandgap
spanning from 0.3 eV for bulk to 2.0 eV for the monolayer intermediate [20]. This enables
BP to be maximized for several applications by selecting the “right” thickness. The down-
side of this material, however, is its susceptibility to degradation under ambient conditions,
which hinders its application.

The exploration of 2D/MOF composites for photocatalytic applications by taking
advantage of the catalytic properties of MOFs and the fast carrier mobility of 2D materials
is an exciting field [21,22]. However, not much work has been focused on the application
of these composites in the removal of diazinon in water.

Thus, in this work, we report for the first time the synthesis of the MIL-125(Ti)/BP
photocatalyst with enhanced photoactivity for the degradation of diazinon, which, to the
best of our knowledge, has not been reported elsewhere. Furthermore, the optimized
degradation conditions and mineralization of diazinon were investigated in the presence
of UV illumination.

2. Results
Characterization of Photocatalysts

The characterization of the nanocomposites reported in this section was discussed
comprehensively in our previous work [23]. Figure 2 presents that the morphology of
synthesized nanocomposites as observed from SEM and TEM. More precisely, Figure 2a
reveals the block orientation of MIL-125(Ti), while the sheet-like morphology of exfoliated
FLBP is demonstrated in Figure 2b. The composite 4%BpMIL, which was selected as the
optimum from our previous work, exhibited both sheet-like and blocked morphology, as
shown in Figure 2c. The TEM pictorial illustrations presented in Figure 2d—f re-affirm the
morphological findings from SEM.

The polymorphs of the nanocomposites were confirmed through XRD patterns shown
in Figure 3A. The successful formation of a heterojunction was substantiated by the appear-
ance of diffraction peaks corresponding to MIL-125(Ti) (*) and FLBP (#). The significance
of heterojunction formation from the viewpoint of recombination was studied through PL
and Nyquist plots presented in Figure 3B,C, respectively.
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Figure 2. (a—c) Images of MIL-125(Ti), FLBP, 4%BpMIL from SEM and (d—f) images of MIL-125(Ti), FLBP, 4%BpMIL
from TEM [23].
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Figure 3. (A) XRD patterns of (a) MIL-125(Ti), (b) 4%BpMIL, (c) 6%BpMIL, (d) 12%BpMIL. (B) PL spectra of nanoparticles
(excitation wavelength = 242 nm). (C) Nyquist plots of synthesized NPs [23].

The composites displayed a suppressed recombination rate compared to MIL-125(Ti),
validating that heterojunction formation reduces the recombination rate.
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The formation of a heterojunction as elucidated from XRD was further confirmed by
the VBXPS data (Figure 4A) as a result of the red shift observed for 4%BpMIL (2.24 eV) as
opposed to 1.62 eV for FLBP. The VBXPS data gave a precise numerical value of the valence
band potential and, thus, 4%BpMIL showed inhibited recombination resulting from the
separation of photogenerated electrons and holes.
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Figure 4. (A) The VBXPS spectra (a) FLBP and (b) 4%BpMIL. (B) Band positions of 4%BpMIL [23].

This was complemented by the scaffolded arrangement of the conduction and valence
band potentials which were favorable for electron-hole pair separation, as depicted in
Figure 4B.

The band edge potentials were computed using Equations (1) and (2)

Eyp = X — E* + 0.5E, (1)

Ecg = Evp — Eg ()

where Eyp, Ecp are, respectively, the valence and conduction band potentials, E? is approx-
imately 4.5 eV, defined as the energy of free electrons vs. normal hydrogen electrode and
X is the electronegativity of the semiconductor, calculated from the geometric average of
the electronegativity of elemental atoms [22]. The electronegativity of MIL-125(Ti) was
computed to be 6.58 eV while that of FLBP was 4.67 eV.

The band positioning and the VBXPS data revealed that 4%BpMIL would be ideal for
visible-light-driven photodegradation of diazinon in water.

The surface charges of the nanocomposites were evaluated through zeta potential
studies. Figure 5 depicts the zeta potential of the photocatalysts against change in pH.
The point of zero charge (pzc) of pristine MIL-125(Ti) was observed to be at pH 3.3, while
the isoelectric points for the nanocomposites 4%, 6% and 12%BpMIL were found to be
3.5, 3.8 and 4, respectively. Collectively, this revealed that all the materials were negatively
charged at neutral and basic pH, while they demonstrated positive surfaces in acidic pH.
The pK, value of diazinon is 2.6, from the literature [6]. On account of this value, the
surface of diazinon was expected to be negatively charged above this value.
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Figure 5. Zeta potentials of nanocomposites as a function of pH.

3. Discussion
3.1. Photodegradation Studies
3.1.1. Influence of Different Photocatalysts on Photodegradation of Diazinon

Figure 6 presents the photodegradation of diazinon using the various nanocomposite
photocatalysts. This was evaluated by degrading 20 mg/L of diazinon at neutral pH and
constant loading (0.5 g/L) of the photocatalysts. The results revealed that MIL-125(Ti)
exhibited the lowest removal of diazinon (40%), while 4%BpMIL had the highest diazi-
non removal (95% after 30 min). The BpMIL composites showed a higher removal due
to the synergistic effect between MIL-125(Ti) and BP. The high removal rate related to
4%BpMIL could be attributed to this composite possessing the lowest recombination rate
and enhanced visible light activity, which was shown by the characterization studies dis-
cussed earlier. Thus, 4%BpMIL was chosen as the optimum photocatalyst for the work
reported here.

—a— MIL-125(Ti)
—a— 12%BpMIL

\I
L —e— 6%BpMIL
—<— 4%BpMIL

c/c,

0.04

Time (min)

Figure 6. Degradation of diazinon (20 mg/L) using different photocatalysts at pH = 7 and nanocom-
posite = 0.5 g/L.
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3.1.2. Influence of Initial pH on Photodegradation of Diazinon

The role of pH on the photodegradation efficiency of diazinon was evaluated in
the pH range 3-11, at constant nanocomposite dosage (0.5 g/L) and constant diazinon
concentration (0.5 g/L). Figure 7 shows that optimum photodegradation efficiency was
observed at neutral pH. The point of zero charge (pzc) of 4%BpMIL was determined
to be 3.5. The 4%BpMIL photocatalyst surface was positively charged when pzc > pH,
whereas it was negatively charged when pzc < pH.

100 4

80 -

60

40 -

g
0 5 10 15 20 25 30
Time (min)

Figure 7. Degradation of diazinon (20 mg/L) using 0.5 g/L 4%BpMIL at different pH values.

The electrostatic interaction between the surface of 4%BpMIL and diazinon can be
used to account for the difference in photodegradation efficiency in different pH solutions.
Since the pK, value of diazinon is 2.6, diazinon was negatively charged above this value,
whereas the catalyst was positively charged below 3.5.

The corresponding ionization equations are shown in Equations (3) and (4).

(4%BpMIL)-OH + H* — (4%BpMIL)-OH,* (pH < pzc) 3)

(4%BpMIL)-OH —> (4%BpMIL)-O~ + H* (pH > pzc) @)

Thus, the optimum condition could be achieved in the range pK; (diazinon) < pH
< pHpzc (4%BpMIL), where the negatively charged diazinon and positively charged pho-
tocatalyst should easily attract each other, which correlates to enhanced adsorption of
the pesticide onto 4%BpMIL and thus increased degradation efficiency. Neutral pH was
selected for subsequent experiments to preserve the stability of the MOF material [23].

However, at alkaline pH, both materials are negatively charged and hence electrostatic
repulsion between the two causes reduced adsorption of diazinon onto the nanocomposite
and, therefore, results in decreased photodegradation efficiency. In this work, neutral pH
was selected for optimal conditions.
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3.1.3. Influence of Diazinon Concentration

The photodegradation removal of diazinon was explored by changing the concen-
tration of diazinon (10 mg/L, 20 mg/L, 30 mg/L, 40 mg/L, 50 mg/L) at neutral pH and
0.5 g/L loading of the nanocomposite. The results are depicted in Figure 8, which reveal
that the photodegradation efficiency of diazinon decreased from approximately 98% to
about 80% with increasing diazinon concentration from 10-50 mg/L in 30 min. Other
researchers have also reported a decrease in degradation efficiency of diazinon with an
increase in diazinon concentration [5,24].

100 -
80 -
60 -

- —s— 20mg/L

—e— 10mg/L

—d— 50mg/L

- —v—40mg/L

e 30mg/|_

WE T T " ! : ] . ; . I | I
0 5 10 i = = -

Time (min)

Figure 8. Degradation of different concentrations of diazinon at neutral pH and 0.5 g/L 4%BpMIL.

This decline in degradation efficiency may be ascribable to the decreased adsorp-
tion sites as a result of more adsorption of diazinon on the surface of the photocata-
lyst [1]. The degradation efficiency decreased with increased diazinon concentration
and Jonidi-Jafari et al. [5] postulated that the photocatalyst surface adsorbs more diazinon
molecules at higher concentrations of this pesticide.

3.1.4. Influence of Photocatalyst Quantity

Studies to investigate the effect of varying the 4%BpMIL photocatalyst (0.1, 0.5,
1 and 2 g/L) at pH 7 and constant diazinon concentration (20 mg/L) are presented in
Figure 9. The results revealed that the removal of diazinon was approximately 98% for
the 0.5 and 1 g/L loadings, however, the degradation efficiency was reduced to around
70% with the application of 2 g/L of the photocatalyst. In addition, an increase in re-
moval efficiency was observed when the quantity of the photocatalyst was changed from
0.1-0.5 g/L. Kaneco et al. reported the mineralization of diazinon with nanosized photocat-
alyst TiO; in water under sunlight irradiation, and the removal efficiency of diazinon was
90% within 80 min. In our work, the diazinon degradation efficiency was better compared
to those results [24].
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Figure 9. Degradation of diazinon concentration (20 mg/L) at pH = 7, using different photocatalyst quantities (0.1, 0.5, 1

and 2 g/L).

This increment may be attributed to more diazinon molecules being adsorbed on the
surface of 4%BpMIL with an increase in photocatalyst quantity. The decrease in efficiency
with an increase in catalyst dosage from 0.5-2 g/L could be explained by the occurrence of
light scattering which inhibits the aggregation and performance of photocatalyst particles [5].

3.2. Degradation Kinetics

The plots of In([diazinon]/[diazinon]j) versus time for the degradation of diazinon
are shown in Figure 10. The plots depict straight lines exhibiting slopes that relate to
pseudo-first-order rate constants. The photodegradation of the diazinon pathway followed
a pseudo-first-order mechanism.

The rate constant was deduced from the gradient of In([diazinon]/[diazinon]y) against
time. The loading 0.5 g/L showed the highest rate constant of 1.6 x 1072 min~!, while the
2 g/L loading had the lowest rate constant (0.8 x 10~ min~!). The results are tabulated in
Table 1.

Table 1. Reaction kinetics values for diazinon degradation.

[4%BpMIL] (gL—1) Kyajge (min—1) R?
0.1 1.0 x 1072 0.9710
0.5 1.6 x 1072 0.9804
1 1.6 x 1072 0.9628

2 8.0 x 1073 0.9797
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Figure 10. Photodegradation kinetics of diazinon using different concentrations of 4%BpMIL.

Figure 11 depicts a proposed mechanism for the degradation of diazinon and this
is summarized by Equations (7)-(11). Hlophe et al. [23] presented that when 4%BpMIL
is irradiated with UV light (A < 365 nm), electrons are excited and transferred to the
conduction band from the valence band, which generates electron-hole pairs, as shown in
Equations (5) and (6).

FLBP + hv — FLBP(e” + i) (5)

MIL — 125(Ti) + e~ — Ti>" — MIL — 125(Ti) 6)

HO:

/

Diazinon ., degradation
by-products

P

H,0

0,

Figure 11. Schematic of diazinon degradation.
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Then, reactions between electrons and O, occur, while positively charged holes react
with HyO or OH™ to release reactive OH', which can oxidize diazinon and its degradation
fragments [1,5].

Ti*" — MIL — 125(Ti) 4+ O, — Ti*™ — MIL — 125(Ti) + O, @)
h\J;B + diazinon — diazinon'™ — oxidation of diazinon (8)
hyp +H,O — H" + OH' )

h{z +OH™ — OH (10)

h{*,'B + diazinon — diazinon degradation (11)

The distribution of the reaction fragments from the photodegradation of diazinon
in aqueous media through an advanced oxidation process has been presented in a pre-
vious study by Shemer et al. [25]. The investigation revealed that the sulfate ion was
cleaved first, and then generation of phosphate, carbonate and nitrate ions occurred. The
chemical structure of diazinon can be used to elucidate these results, as the sulfur groups
could easily detach from the diazinon molecule and lose electrons to form sulfate anions.
Kouloumbos et al. [24] reported similar findings.

4. Materials and Methods
4.1. Chemicals

All regents and solvents utilized were of analytical reagent grade and used as received from
suppliers. Terephthalic acid (BDC), N'N-dimethylformanide (DMF), N-methylpyridine (NMP),
sodium hydroxide (NaOH)), titanium isopropoxide (TBOT), bulk black phosphorus, ethanol
(>99.8% absolute), sodium sulphate (>99% Reagent Plus), polyvinylidene fluoride (PVDF)
and methanol were purchased from Sigma-Aldrich Co. Ltd., Johannesburg, South Africa.

4.2. Synthesis of BpMIL Composites

Few layer black phosphorus (FLBP) was synthesized following methods reported in
the literature [23]. The MIL-125(Ti) was fabricated according to an approach previously
reported with slight adjustments [26]. The composites were prepared by varying the weight
loadings of MIL-125(Ti) while keeping the amount of FLBP constant. Typically, MIL-125(Ti)
(1.8 x 1074,3.6 x 10~* and 5.4 x 10~ mol) was added to 10 mL of FLBP. This dispersion
was then sonicated for 2 h, after which it was centrifuged and washed with ethanol three
times. The wet powders were then dried in an oven at 60 °C overnight. The composites
were denoted 4%BpMIL, 6%BpMIL and 12%BpMIL (m/m).

4.3. Theory/Calculation
4.3.1. Characterization

Work we have published elsewhere [23] shows that morphologies of the nanocompos-
ites, having been captured using scanning electron microscopy (SEM) and transmission
electron microscopy (TEM). The SEM (TESCAN Vega TC) equipped with VEGA 3 TESCAN
software was operated under nitrogen gas at a working voltage of 20 kV. The SEM coupled
with energy dispersive spectroscopy (EDS) was also operated at the same voltage and was
used to probe the elemental composition of the nanoparticles (NPs). Furthermore, TEM was
used to capture the images of the NPs at an accelerating voltage of 200 kV. Prior to analysis,
the nanocomposites were sonicated in ethanol before being dropped on carbon-coated
copper grids.

The polymorphs of the NPs from SAED patterns were verified utilizing powdered
X-ray diffraction (X'Pert Philips) with a CuK« radiation (0.1540 nm) polychomator beam in
the 26 scan range 20-80 °C. A step size and step time of 0.0170 (20) and 87.63 s were used
at 40 kV and 40 mA instrument power settings.
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Optical properties of the nanocomposites were studied from the viewpoint of photolu-
minescence spectra. They were recorded using an LS 45 fluorescence spectrometer (Perkin
Elmer) at a 242 nm wavelength.

The Metro Autolab:Nova 2.0 potentiostat was used to evaluate the electrochemi-
cal measurements. The potentiostat comprised a standard three-electrode system with
Ag/AgC(l as a reference electrode, a Pt wire as a counter electrode and a working electrode
fabricated using fluorine-doped tin oxide (FTO) glass with NPs pasted on the fluorine-
doped side. A mixture of polyvinylidene fluoride (PVDF) and as-prepared nanocomposites
in the ratio 10:1 were added to 1 mL N-methylpyridine (NMP) to fabricate the working
electrode. A homogeneous slurry from the combination of the nanocomposites, PVDF and
NMP was decorated onto the FTO glass and left to dry at room temperature overnight. To
establish a good flow of electric current to the potentiostat, a copper wire was attached
utilizing silver paste which was air dried at room temperature for 24 h The electrochemical
impedance spectroscopy (EIS) spectra were recorded at a frequency range of 100 kHz to
0.1 Hz at an AC voltage of 10 mV rms vs. E .

Valence band measurements were deduced with the aid of X-ray photoelectron spec-
troscopy (XPS), which was conducted with a Thermo spectroscope, model ESCALAB 250Xi,
using a Al K« monochromator (1486.7 eV) as an excitation source at a working pressure
of <10—8 mBar.

Electrophoretic light scattering (ELS) using a Zetasizer Nano ZS (Malvern) was used
to deduce surface charge measurements.

4.3.2. Photocatalytic Experiment

The degradation setup comprised a UV lamp (ENF-240C/FE, Spectronics Corporation
Westbury, NY, USA) which provided UV light of wavelength 365 nm. For all experi-
ments, 300 mL (10-50 mg/L) of diazinon concentration was illuminated in the presence
of 0.1-2 g/L of the photocatalyst at a certain pH (2-10). The initial pH of the solution
was adjusted with 2M HCl and 2M NaOH. All runs were performed in triplicate under
ambient conditions for 1 h The suspension solution in the photoreactor was kept at room
temperature and was continuously stirred. The photocatalyst suspension was equilibrated
in the dark for half an hour. Once adsorption—desorption equilibrium was reached, the
suspensions were irradiated with UV light. Approximately 3 mL was sampled at 5 min
intervals for 30 min. The diazinon concentration was measured using a Shimadzu UV-2450
UV-Vis spectrophotometer at a wavelength of 295 nm. The percentage removal was
computed using Equation (12).

% diazinon removal = | 1 — M x 100 (12)
[diazinon],

where [diazinon], = initial diazinon concentration and [diaiznon| = final diazinon concentration.

The reaction kinetics of diazinon photodegradation were investigated and the first-
order model fit the results and the plot based on calculated In([diazinon]/[diazinon]j)
against duration of reaction was obtained.

In([diazinon]/[diazinon]y) = In[diazinon]y — kt (13)

where k is defined as the reaction constant and ¢ represents the reaction time.
The reaction rate was extrapolated from the slope of the plot defined above calculated
from Equation (13).

5. Conclusions

In this work, the application of MIL/BP composites for the photodegradation of
diazinon was investigated. The 4%BpMIL showed the best removal efficiency compared to
the other nanocomposites and as such was selected as the optimum photocatalyst for the
subsequent investigation of the other degradation parameters. The greatest degradation
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efficiency was observed at neutral pH. As the quantity of the photocatalyst was increased
to 0.5 g/L, the effectual photodegradation efficiency was enhanced, however, it decreased
when the loading of the photocatalyst was increased to 2 g/L. The kinetic studies revealed
that the degradation followed pseudo-first-order kinetics.
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