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ABSTRACT

The nanocomposite pectin thorium(IV) tungstomolybdate (Pc/TWM) has been prepared by
incorporating pectin biopolymer within thorium(IV) tungstomolybdate, precipitated at 80˚C.
The synthesized nanocomposite material was characterized using scanning transmission
electron microscopy, transmission electron microscopy, scanning electron microscopy, X-ray
diffraction analysis, and Fourier transform infrared spectroscopy. The binary mixture sepa-
rations of heavy metal ions have been performed proficiently on the columns of Pc/TWM.
The synthesized nanocomposite was exploited for removal of malachite green from the
aqueous system under two set of conditions. The synergistic/adsorptional photocatalysis
conditions were found to be more efficient than equilibrium adsorption followed by
photocatalysis in the dark. The Pc/TWM also showed promising antibacterial activity
against the bacteria, Staphylococcus aureus. Thus, the nanocomposite material can be used as
an adsorbent for the remediation of harmful metals and dye pollutants from wastewater.
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1. Introduction

The environmental pollution has increased due to
hazardous and non-degradable components released
from the industries [1–3]. The industrial wastewater
contains water pollutants such as surfactants, phenols,
buffers, dyes, metals, scouring agents, bleaches, caustic
compounds, acids, and xylenes. [4–7]. The various
methods employed for remediation of harmful
pollutants include adsorption, ion exchange, chemical
precipitation, photocatalysis, etc. The researchers are
exploring a number of remediation materials which
includes agricultural waste, biopolymers, carbon

nanotubes, graphene, metal oxides, biochar, etc.
[8–14]. The advanced nanocomposites play a vital role
in the environmental protection due to their
specificity, selectivity, and a wide range of usability
[15–17]. The efforts have been made to improve the
chemical, mechanical, and thermal stabilities of com-
posites so they can be used as a selective material for
removal of heavy metal ions and dyes [18–24]. In
composite materials, two uniquely different materials
possessing completely different properties have been
joined for developing materials having better granulo-
metric properties than its constituent materials.
Beyond additional advantages, composite materials
have been more stable at intense radiation fields and
at high temperature [25,26]. The composite materials*Corresponding author.
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based on inorganic and organic constituents have
enhanced properties such as better thermal stability,
chemical stability, selectivity, etc. [27,28]. Hence, these
materials have been applied in dissimilar fields such
as ion-selective electrodes, antibacterial activity,
biomolecular separations, catalysis, ion potentiometric
sensor, hydrometallurgy, and chromatographic separa-
tions [29–32]. The inclusion of biopolymer part into an
inorganic component to form composite materials has
been useful for removal and recovery of heavy metals
and harmful dyes from the wastewater system. Thus,
different materials have been exploited for the treat-
ment of dye waste from the aqueous system.

In the present work, the nanocomposite pectin tho-
rium(IV) tungstomolybdate has been exploited for
removal of malachite green and heavy metals from
the water system. The nanocomposite material has
also been studied for its antimicrobial activity against
Staphylococcus aureus.

2. Materials and method

2.1. Reagents and instruments

Thorium nitrate, methylene blue, sodium tungstate
(LobaChemie Pvt. Ltd, Mumbai, India), and sodium
molybdate (CDH Pvt. Ltd, New Delhi, India) were
used. A scanning electron microscope (Quanta 250,
FEI Make Mode no. D9393), UV–vis spectrophotome-
ter (Systeronics 2202), and water bath incubator shaker
were used.

2.2. Preparation of reagents

The 0.05 M ThNO3·6H2O solution was prepared in
0.1 N HNO3, 0.05 M Na2WO4·2H2O and 0.05 M
Na2MoO4·2H2O were prepared in demineralized water
(DMW).

2.3. Synthesis of pectin thorium(IV) tungstomolybdate

The composite was synthesized by the sol–gel
method as discussed in the literature [33]. In this, the
pectin gel was added to the inorganic precipitate of
thorium(IV) tungstomolybdate prepared by mixing
equimolar concentration of thorium nitrate, sodium
tungstate, and sodium molybdate with constant stir-
ring at 80˚C. The pH of the solution was adjusted at
~1 by adding 0.1 N HNO3. The resulting mixtures
were kept overnight for digestion. Finally, the precip-
itates were filtered, dried, and transformed into H+

form by immersing the material in 1 N HNO3 for
24 h.

2.4. STEM, TEM, SEM, XRD, and FTIR studies

Scanning transmission electron microphotographs
of pectin thorium(IV) tungstomolybdate nanocompos-
ites were obtained using an LEO 435 VP instrument,
and transmission electron microphotographs were
recorded using transmission electron microscope. The
physical nature of Pc/TWM was obtained by an
XPERT-PROX-ray diffractometer using Cu Ka radia-
tion. The Fourier transform infrared spectroscopy
(FTIR) spectrum of Pc/TWM was recorded using KBr
pellets method on a Nicolet 5700 FTIR spectrometer.

2.5. Band gap studies

In this method, a dispersion of nanocomposite was
prepared in distilled water and ultrasonicated for 1 h
in an ultrasonic cleaner. The UV–vis spectra were
noted using double beam spectrophotometer.

A curve of absorbance vs. wavelength has been
plotted. From the absorbance values, absorption
coefficient (α) was calculated using the formula [34]:

a ¼ 2:303A=l (1)

where A = absorbance and l = length of light path
through the sample in cm.

The UV–vis spectral data has been used for the
determination of optical band gap (i.e. the difference
between the conduction band energy and the valence
band) using the Tauc relation [35,36]:

ahm ¼ A hm� Egð Þn (2)

where α is the absorption coefficient and d is the thick-
ness of the sample, Eg is the energy band gap, n (1/2,
1, 2) is a constant dependent on the degree of transi-
tion, n = 1/2 for direct band gap semiconductors, and
hν is incident photon energy.

The band gap was assessed by plotting hν vs.
(αhν)2 and extrapolating the tangent on the X-axis
(Tauc Plots).

2.6. Quantitative separations of metal ions from synthetic
binary mixtures

Some important quantitative separations of metal
ions were performed on columns of Pc/TWM. 1.0 g of
nanocomposite in H+ form was taken in glass column
of internal diameter 0.6 cm and a height of 35 cm. The
washing of the column was done with double-distilled
water and then with the suitable solvent. The mixtures
of metal ions, each with initial concentration 0.1 M
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were loaded and allowed to pass through the column
at a flow rate of 0.20 mL/min. This mixture was circu-
lated two or three times to ensure the complete
absorption of metal ions on the column. The absorbed
metal ions were eluted with the suitable solvent of
required concentration. The effluent was collected in
10-mL fractions and determined titrimetrically using a
standard solution of 0.01 M disodium salt of EDTA
[37].

2.7. Selective separation of metal ions from synthetic
mixtures

The selective separations of metal ions from syn-
thetic mixtures were achieved on columns of Pc/
TWM. In this method, 1.0 g of nanocomposite in H+

form was taken in a glass column and washed thor-
oughly with DMW. The known concentrations of mix-
tures of different metal ions were passed through the
column many times. Then the varying concentrations
of suitable solvent were used to elute the metal ions
from the columns of the nanocomposite. The amounts
of the metal ions were calculated as discussed in the
literature[38].The selective separation of Cr3+ and Pb2+

from synthetic mixture of (Cr3+, Zn2+, Ni2+, Pb2+, Sr2+,
Mg2+, and Cd2+) for Cr3+ and (Pb2+, Zn2+, Ni2+, Al3+,
Co2+, Mg2+, and Fe3+) for Pb2+ was achieved on the
column of Pc/TWM nanocomposite. The amount of
the Cr3+ and Pb2+ ions in the mixture was changed
keeping the amount of the other metal ions constant
in the synthetic mixture.

2.8. Photocatalytic activity

The photocatalytic activity of Pc/TWM nanocom-
posite was explored for the degradation of malachite
green in the presence of solar light. The photocatalytic
experiments were performed using a double-walled
pyrex glass chamber jacketed with thermostatic water
circulation to maintain a constant temperature (25˚C
± 1). Hundred milligrams of the nanocomposite was
added into 2 × 10−6 M solution of malachite dye to
form slurry [39–41]. The slurry was subjected to the
two reaction conditions. Under the first reaction condi-
tion, the slurry was kept in dark to attain the adsorp-
tion–desorption equilibrium and then exposed to
sunlight for further photocatalysis. On the other hand,
the slurry was placed directly in sunlight for synergis-
tic adsorption-photocatalysis under the second
reaction condition. About 3 mL of the dye solution
was withdrawn at various intervals of time and cen-
trifuged to confiscate particles of the nanocomposite.
The absorbance was recorded in the range of

300–750 nm and the kinetics for the photocatalytic
degradation of MG was investigated at 620 nm. The
percent degradation of dye was found as:

%Degradation ¼ Co � Ct

Co
� 100 (3)

where Co and Ct are the concentrations of dye at
equilibrium and at time t.

The rates of photocatalytic degradation of dyes
were determined using pseudo-first-order kinetic
model as follows:

r ¼ �dC

dt
¼ kappt (4)

On integrating the above equation, we get:

ln
Co

Ct
¼ kappt (5)

where Co is the concentration of dye before illumina-
tion and Ct is the concentration of dye at time t, and
kapp is the apparent rate constant.

2.9. Antimicrobial activity against S. aureus

The antimicrobial activity of nanocomposite was
determined using Optical density (O.D) method. A
colony of S. aureus was picked from the overnight
nutrient agar plate culture and inoculated into 5 mL
of nutrient broth. It was then incubated at 37˚C for
24 h. The culture was diluted to 10−5 CFU/mL (colony
forming unit per mL) with NB according to MacFar-
land standard [33,42]. The different concentrations of
Pc/TWM were added into the flasks. The flasks were
then incubated in an incubator shaker at 37˚C for 24 h.
The high rotation was done to minimize aggregation
and settlement of the nanocomposite during the incu-
bation period. The positive control was also studied
which shows the growth of bacteria in the absence of
nanocomposite. After every hour, the O.D of each
sample was evaluated using spectrophotometer at
620 nm. The O.D was plotted against time of
incubation [43,44].

3. Results and discussion

Scanning transmission electron microphotographs
(STEM) of pectin thorium(IV) tungstomolybdate com-
posite were shown in Fig. 1(a) and (b). It has been
used to understand the surface morphology of the
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composite. The STEM photographs of pectin thorium
(IV) tungstomolybdate clearly indicated the fibrous
nature of the material. This was due to binding of
biopolymeric pectin with inorganic moiety. The parti-
cle size as evident from STEM and TEM images
(Fig. 1(c)) was in the range of 10–30 nm. Thus, the
composite material is nanocomposite as the particle
size remains in the nano range [33]. The X-ray diffrac-
tion (XRD) pattern of Pc/TWM nanocomposite is
shown in Fig. 2(a). The low 2θ values confirmed the
semi-crystalline nature of the nanocomposite [33].
The scanning electron microscopy (SEM) images of the
TWM and Pc/TWM nanocomposites at different mag-
nifications are shown in Fig. 2(b) and (c). The image
of inorganic counterpart TWM shows the smooth mor-
phology as shown in Fig. 2(b). Whereas the SEM
images of Pc/TWM nanocomposite has a rough sur-
face morphology (Fig. 2(c)). The change in structural
morphology of the nanocomposite material indicated
the incorporation of pectin into the inorganic counter-
part TWM.

The spectrum of Pc/TWM nanocomposite was
shown in Fig. 3 [33]. The broad band at 3,351 cm−1

represents the water molecules present in the structure
of Pc/TWM nanocomposite [29–31]. The peak at
1,023 cm−1 was due to C–O bond of pectin [16]. The
peaks observed at 951 cm−1 may be due to molybdate,
and at 798 cm−1 may be due to tungstate. The metal-
oxide stretching is shown by a peak present at
558 cm−1 [19,20,27,33,38]. The peak at 1,700 cm−1 was
due to C=O of ester and 1,355 cm−1 corresponds to
stretching bands of free COO− group of pectin [16].

3.1. Binary separations

The separation potential of the pectin thorium(IV)
tungstomolybdate nanocomposite has been confirmed
by achieving some analytically complex binary separa-
tions of Cr3+, Pb2+, Cu2+, and Ca2+ metal ions from
different synthetic binary mixtures of metal ions as
Ni2+−Cr3+, Ba2+−Cr3+, Zn2+−Cr3+, Mg2+−Cr3+,
Ni2+−Pb2+, Co2+−Pb2+, Ni2+−Cu2+, and Ba2+−Ca2+. The
successive elution of ions through the column
depends on the metal–ligand complex stability. The
weakly retained metal ions are thus eluted at the earli-
est and the strongly retained at the last. The separa-
tions are quite sharp, reproducible, and the recovery
was quantitative. About 95.95% Cr3+, 93.97% Pb2+,
91.02% Cu2+, and 91.00% Ca2+ was recovered in each
separation. The detailed results of separations are
summarized in Table 1. The salient features of these
separations are represented in the chromatograms as
shown in Fig. 4.

3.2. Separation of Cr3+ and Pb2+ from synthetic
mixture

Selective separation of Cr3+ and Pb2+ from a syn-
thetic mixture containing Cr3+, Zn2+, Ni2+, Pb2+, Sr2+,
Mg2+, and Cd2+ for Cr3+, and Pb2+, Zn2+, Ni2+, Al3+,
Co2+, Mg2+, and Fe3+ for Pb2+ has been achieved on
the column of pectin thorium(IV) tungstomolybdate
nanocomposite. The amount of the Cr3+ and Pb2+ ion
in the synthetic mixtures was varied keeping the
amount of other metal ions constant. It was indicated
that about more than 96% Cr3+ and 94% Pb2+ metal
ions were recovered in each separation. The detailed
results are presented in Tables 2 and 3. The adsorption
of metal ions onto Pc/TWM nanocomposite is shown
in Fig. 5 [33].

3.3. Band gap studies

The band gaps of thorium(IV) tungstomolybdate
and pectin thorium(IV) tungstomolybdate nanocom-
posite have been calculated using Tauc relation as

Fig. 1. STEM photographs and (a–b) TEM photographs (c)
of pectin thorium(IV) tungstomolybdate [33].
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Fig. 2. SEM photographs and (a–b) XRD pattern (c) of pectin thorium(IV) tungstomolybdate [33].

Fig. 3. FTIR spectrum of pectin thorium(IV) tungstomolybdate [33].
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shown in Fig. 6(a) and (b). The band gap as
determined from Tauc plots was 3.35 eV for thorium
(IV) tungstomolybdate and 3.30 eV for pectin thorium
(IV) tungstomolybdate. The band gap of pectin
thorium(IV) tungstomolybdate was found lower than
thorium(IV) tungstomolybdate, may be due to strong
sp-d exchange interactions. Also, the polymer reduces
the recombination chance of excitations. The capping
induces the distortion of the local electric field and the
photo-induced electrons–holes could be trapped
around the polymer. The decrease in optical band gap
thus enhances the visible region applications of pectin
thorium(IV) tungstomolybdate.

3.4. Dye removal studies

Fig. 7(a) and (b) shows the photocatalytic
degradation of MG dye using pectin thorium(IV)
tungstomolybdate nanocomposite under two condi-
tions: (i) equilibrium adsorption in dark followed by
photocatalysis and (ii) synergistic adsorptional/photo-
catalysis directly under sunlight irradiation. The
decrease in the adsorption band intensities were
observed for MG which clearly revealed that the dye
was degraded effectively by pectin thorium(IV)
tungstomolybdate nanocomposite.

3.4.1. Equilibrium adsorption in dark followed by
photocatalysis

Under dark condition, nanocomposite acted as an
absorbent for the adsorption of dye from the water
system. The MG dye gets adsorbed onto the nanocom-
posite, till the adsorption–desorption equilibrium was
established. The dye adsorbed nanocomposite with

dye solution was exposed to sunlight for further pho-
tocatalysis. Fig. 7(a) shows the UV–vis spectral
changes of MG with reaction time under visible light.
About 29.69% MG dye was absorbed into pectin tho-
rium(IV) tungstomolybdate under dark conditions
(Fig. 7(c)). Further, photodegradation of dye in sun-
light revealed that 63.43% MG (Fig. 7(c)) removal
occurred in 5 h as shown in Table 4.

The mechanism of equilibrium adsorption followed
by photocatalysis is as follows:

First step—Dye (in dark at equilibrium)

Pc=TWM þ MG ðFree in solutionÞ !Pc=TWM
�MG ðadsorbedÞ

Second step—Adsorption followed by photocatalysis
in light

Pc=TWM�MG ðadsorbedÞ and Dye ðfree in solutionÞ
þ hm �! Pc=TWMðe� þ hþÞ �MG

hþ þH2O �! OH� þHþ

hþ þOH� �! OH�

e� þO2 �! O��2

O��2 orOH� þMG ðadsorbed and free in solutionÞ �
! Intermediate Product �! Degraded Product

The rate of photocatalytic degradation of various dyes
reported followed the pseudo-first-order kinetic model
[34,35]:

r ¼ �dA

dt
¼ kappt (6)

On integrating the above equation, we get:

ln Ao=At ¼ kappt (7)

where kapp is the apparent rate constant, Ao is the
absorbance of dye before illumination, and At is the
absorbance of dye at time t.

The plot of ln Ao/At vs. irradiation time revealed a
linear correlation with good precision as shown in
Fig. 7(e). Hence, the photodegradation of MG dye by
Pc/TWM nanocomposite was sound fitted to pseudo-
first-order kinetics [40,41]. The value of rate constant k
for MG (0.00138 min−1) was calculated from the slope

Fig. 5. (a–b) Tauc plots for TWM and Pc/TWM.
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of the plot and the value of correlation coefficient (R2)
for MG is shown in Table 4.

The degradation of MG into Pc/TWM nanocom-
posite was possible due to the presence of transition
metals in the composite matrix such as thorium, tung-
sten, and molybdate. The metal ions are responsible
for the generation of electron–hole pair, which leads
to disruption of conjugation in dye molecules.

3.4.2. Synergistic adsorptional/photocatalysis directly in
sunlight

Under these conditions, a synergistic effect of
adsorption and photocatalysis for the dye degradation
was studied. The Fig. 7(b) showed the UV–vis spectral
changes with reaction time, showing the extent of
degradation of MG during synergistic adsorptional/
photocatalysis. The adsorptional/photocatalysis of MG
dyes involves the adsorption of dye onto the material
and photodegradation of dye molecules at the same
time. The transition metals such as tungsten, thorium,
and molybdate present in composite matrix produce
free radicals [45,46]. The free radicals disrupt the con-
jugation in the adsorbed and free dye molecules. Thus,
degrade the dye. The degraded dye products left the

surface of nanocomposite free for further adsorption
and photocatalysis. The recommended mechanism for
the degradation of dye under synergistic adsorptional/
photocatalysis condition is as follows:

Fig. 7. Adsorption of metal ions onto Pc/TWM nanocomposite [33].

Fig. 8. Growth curve of S. aureus in presence of Pc/TWM
nanocomposite.
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Pc=TWM þMB Dye adsorbed !Pc=TWM
�Dye absorbed ðin sunlightÞ

Pc=TWM ðhþÞ �Dye adsorbed þ H2O �
! Pc=TWM ðOH�Þ �DyeþHþ

Pc=TWM ðhþÞ �Dye adsorbed þ OH� �
! Pc=TWM ðOH�Þ �Dye

Pc=TWM ðe�Þ �Dye adsorbed þ O2 �
! Pc=TWM ðO��2 Þ �Dye

O��2 or OH� þDye� Pc=ZSWP �
! Intermediate Product �
! Degraded Product þ Free Pc=TWM for reuse

It has been observed that about 71.62% MG (Fig. 7(d))
dye was removed in 3 h of photoperiod under
synergistic adsorptional/photocatalysis condition as
shown in Table 5. The whole process of dye degrada-
tion followed a pseudo-first-order kinetics with an
overall rate constant (ko) (Table 5) 0.00354 min−1 for
MG (Fig. 7(f)). The values of correlation coefficient
(R2) for MG under synergistic adsorptional/
photocatalysis condition are shown in Table 5. The

Table 1
Binary separation of metal ions achieved on the Pc/TWM nanocomposite column

Binary mixtures
Amount loaded
(mg)

Amount founda

(mg) % Recovery Eluent used
Volume of eluent required for
elution of metal ions (mL)

Ni2+ 5.86 5.39 91.98 0.1 M HNO3 60
Cr3+ 5.19 4.98 95.95 0.5 M HNO3 70
Ba2+ 13.73 12.21 88.93 0.1 M HNO3 70
Cr3+ 5.19 4.98 95.95 0.5 M HNO3 70
Zn2+ 6.53 6.07 92.95 0.1 M HNO3 70
Cr3+ 5.19 4.98 95.95 0.5 M HNO3 70
Mg2+ 2.43 2.25 92.59 0.1 M HNO3 70
Cr3+ 5.19 4.98 95.95 0.5 M HNO3 70
Ni2+ 5.86 5.39 91.97 0.1 M HNO3 60
Pb2+ 20.72 19.47 93.97 0.5 M HNO3 70
Co2+ 5.89 5.30 89.98 0.1 M HNO3 60
Pb2+ 20.72 19.47 93.97 0.5 M HNO3 70
Ni2+ 5.86 5.27 89.93 0.1 M HNO3 60
Cu2+ 6.35 5.78 91.02 0.5 M HNO3 60
Ba2+ 13.73 12.08 87.98 0.1 M HNO3 60
Ca2+ 4.00 3.64 91.00 0.5 M HNO3 60

aAverage of three replicate determinations.

Table 2
Selective separation of Cr3+ from a synthetic mixture of Cr3+, Zn2+, Ni2+, Pb2+, Sr2+, Mg2+, and Cd2+ on the column of
Pc/TWM nanocomposite

Metal
ion

Amount loaded
(mg)

Amount founda

(mg)
%
Recovery

%
Error

Volume of eluent
used Eluent used

Cr3+ 0.51 (Set-1) 0.49 96.08 −3.92 70 0.5 M Nitric
acid1.02 (Set-2) 1.23 97.06 −2.94 70

2.04 (Set-3) 1.97 96.57 −3.43 70

aAverage of three replicate determinations.

Notes: The selective separation of Cr3+ has been attempted from the synthetic mixture of different metal ions in three different sets as:

Set 1: Cr3+ (0.51 mg), Zn2+ (0.65 mg), Ni2+ (0.58 mg), Pb2+ (2.07 mg), Sr2+ (0.88 mg), Mg2+ (0.24 mg), and Cd2+ (1.12 mg).

Set 2: Cr3+ (1.02 mg) and the amount of other metals was kept same as taken in set 1.

Set 3: Cr3+ (2.04 mg) and the amount of other metals was kept same as taken in set 1.
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rate constants clearly revealed the higher rate of pho-
todegradation under synergistic adsorptional/photo-
catalysis reaction conditions.

It has been shown that the degradation of MG dye
proceeded faster under synergistically adsorptional/
photocatalysis conditions compared to equilibrium
adsorption in the dark followed by photocatalysis
within 3 h of photoperiod. The reason behind this
degradation is same as for Pc/ZSWP nanocomposite.
As under synergistic process conditions, the adsorp-
tion and photocatalysis work together at the same
time. The polymeric part pectin is responsible for
absorption of dyes from solution and at the same time
transition metals generate the electron–hole pairs on
absorption of light which results in photodegradation
of dye molecules present on surface of material and in
solution. The adsorption of dye onto adsorbent facili-
tates the photodegradation process and reduces the

degradation time. The absorbed dye molecules were
more susceptible to the attack of radicals than the dye
molecules present in the solution.

The comparison of rate constants of synergistic
adsorptional/photocatalysis and equilibrium adsorp-
tion followed by photocatalysis also reveals that
(Table 5) the dye degradation under synergistic condi-
tions was more efficient and effective.

3.5. Antimicrobial activity of Pc/TWM nanocomposite

The antimicrobial activity of the nanocomposite
Pc/TWM was studied against S. aureus by employing
O.D method. The growth curves for inhibition of bac-
teria is shown in Fig. 8. The growth curve studies of
S. aureus show that Pc/TWM nanocomposite was
effective in the destruction of S. aureus. It was
observed that a concentration of 220 μg/mL Pc/TWM

Table 3
Selective separation of Pb2+ from a synthetic mixture of Pb2+, Zn2+, Ni2+, Al3+, Co2+, Mg2+, and Fe3+ on the column of
Pc/TWM nanocomposite

Metal
ion

Amount loaded
(mg)

Amount founda

(mg)
%
Recovery

%
Error

Volume of eluent
used Eluent used

Pb2+ 1.35 (Set-1) 1.28 94.81 −5.19 70 0.5 M Nitric
acid2.07 (Set-2) 1.97 95.17 −4.83 70

4.14 (Set-3) 3.98 96.13 −3.87 70

aAverage of three replicate determinations.

Notes: The selective separation of Pb2+ has been attempted from the synthetic mixture of different metal ions in three different sets as:

Set 1: Pb2+ (1.35 mg), Zn2+ (0.65 mg), Ni2+ (0.58 mg), Al3+ (0.27 mg), Co2+ (0.58 mg), Mg2+ (0.24 mg), and Fe3+ (0.56 mg).

Set 2: Pb2+ (2.07 mg) and the amount of other metals was kept same as taken in set 1.

Set 3: Pb2+ (4.14 mg) and the amount of other metals was kept same as taken in set 1.

Table 4
% Removal of MG by Pc/TWM under two reaction conditions: equilibrium adsorption followed by photocatalysis and
synergistic adsorptional/photocatalysis

Dye
Concentration (M)

For adsorption followed by photocatalysis For synergistic
adsorptional/photocatalysis

% adsorption (in 1 h) in Dark % degradation (in 5 h) in sunlight % removal of dye

MG 2 × 10−6 29.69 63.43 71.62

Table 5
Apparent rate constants and linear regression coefficients from log Ao/A vs. T plots for MG in presence of Pc/TWM

Dye
Concentration (M)

For adsorption followed by
photocatalysis

For synergistic adsorptional/
photocatalysis

kapp (min−1) R2 kapp (min−1) R2

MG 2 × 10−6 0.00138 0.9988 0.00354 0.9929
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totally inhibited the growth of S. aureus for the 24-h
period of incubation. The other concentration of Pc/
TWM was also effective in inhibiting the growth of
bacteria but to a lesser extent. The death phase of the
S. aureus was observed after 20 h of incubation. The
metal ion present in the nanocomposite was responsi-
ble for lysis of bacterial cells. The chemical interactions
between the reactive surfaces of Pc/TWM nanocom-
posite and bacterial cells may be responsible for the
disruption of the cell membrane. The induced reduc-
tive decomposition of functional groups in the pro-
teins and lipopolysaccharides of the outer membranes
may also be responsible for killing the bacteria [47].

4. Conclusion

The pectin thorium(IV) tungstomolybdate nanocom-
posite has been examined for its efficiency in metal sep-
aration and degradation of malachite green dye from
water. It was found that the nanocomposite is a
multifunctional material which can be employed for
environmental remediation.
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