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This study includes the synthesis of new hydrogel using pectin, chitosan, and
Mo-MOF (pectin/chitosan Mo-MOF hydrogel). After confirming the structure
of the synthetic hydrogel by Elemental Analysis (EA), Energy-Dispersive X-ray
Spectroscopy (EDS), EDS mapping, Fourier-transform infrared spectroscopy
(FT-IR), X-Ray Diffraction (XRD), Brunauer-Emmett-Teller (BET), Scanning
Electron Microscopy (SEM), and Transmission Electron Microscopy (TEM),
its application in wastewater treatment, including the absorption of Congo
red and the inhibition of pathogenic bacterial strains in wastewater, was
evaluated. The factors affecting the adsorption of Congo red, such as pH,
temperature, and contact time, were studied. The highest adsorption rate was
determined to be 93% using 0.06 g/L of pectin/chitosan Mo-MOF hydrogel
under conditions including pH 8, temperature of 25°C, and contact time
of 90 min. The microbiology evaluations of the pectin/chitosan Mo-MOF
hydrogel, which were performed against the known strains of wastewater
such as Campylobacter jejuni, Shigella dysenteriae, Vibrio cholerae, Yersinia
enterocolitica, and Salmonella enterica, indicated its high antibacterial
properties, so, Minimum Inhibitory Concentration (MIC) and Minimum
Bactericidal Concentration (MBC) values were observed between 4 and
32 μg/mL and 8–64 μg/mL. The diverse characteristics of the pectin/chitosan
Mo-MOF hydrogel can be attributed to its physical and chemical properties,
such as its constituent compounds, specific surface area, and porosity. Finally,
the pectin/chitosan Mo-MOF hydrogel can be introduced as a functional
composition with unique capabilities in controlling pathogenic bacterial strains
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of wastewater and absorbing dangerous chemical compounds of wastewater
for environmental purposes.

KEYWORDS

wastewater treatment, Congo red absorption, wastewater microbial strain, metal-
organic frameworks, hydrogel, molybdenum

1 Introduction

The global demand for freshwater is projected to outstrip supply
by 40%by 2030, with an estimated 1.6 billion people lacking access to
safely managed drinking water (Du Plessis, 2022; Zohud and Alam,
2022). Currently, approximately 4 billion people live in water-scarce
areas, and one in four cities faces water insecurity (He et al., 2021).
This crisis is exacerbated by climate change, which disrupts the
water cycle and leads to more frequent and severe droughts and
floods (He et al., 2021). The situation is dire; by 2050, the urban
population facing water scarcity could double from current levels
(Alemu and Dioha, 2020; Zulqarnain and Khan, 2024). Wastewater
is a significant contributor to the global water crisis, containing
various pollutants, including pathogenic bacteria (Hube and Wu,
2021; Kesari et al., 2021), heavy metals (Qasem et al., 2021), and
hazardous chemicals like Congo red (Oladoye et al., 2022). Congo
red is a carcinogenic dye primarily used in textiles (Khan et al.,
2022) but also found in industrial applications such as diagnostic
use (Oladoye et al., 2022), including staining in amyloidosis
(Shehabeldin et al., 2023). Its presence in wastewater poses severe
risks to human health and aquatic ecosystems (Tkaczyk et al., 2020).
Including in humans, it can lead to cancer due to the presence
of an azo group in its structure (Khan et al., 2022; Punnakkal
and Anila, 2023). Numerous techniques have been developed
to remove Congo red from wastewater. Including, Adsorption
Techniques (Harja et al., 2022): Utilizing materials such as activated
carbon (Mandal et al., 2021; Aftab et al., 2023) or biochar (Yu et al.,
2021). Chemical Oxidation (Luo et al., 2020): Employing agents
like ozone (Mugaishudeen and Harish, 2024) or hydrogen
peroxide (Starko et al., 2024). Biological Treatment (Manzoor et al.,
2024): Utilizing microorganisms capable of degrading dyes
(Skanda et al., 2023).

Recent advancements in nanotechnology, particularly
the use of Metal-Organic Frameworks (MOFs), have shown
promise in effectively removing pollutants (Bhatt et al., 2022;
Li et al., 2023b) like Congo red (Uddin et al., 2021). MOFs are
characterized by their high porosity and specific surface area
(Zhang et al., 2020; Behera et al., 2022; Suksatan et al., 2022),
making them suitable for adsorption applications (Liu et al.,
2022) and other biological applications such as theragnostics
and drug delivery (Lawson et al., 2021; Osterrieth and Fairen-
Jimenez, 2021), anticancer (Fatima et al., 2023; Yang et al.,
2023) and antimicrobial activity (Nong et al., 2021; Hubab and
Al-Ghouti, 2024). The integration of MOFs with hydrogels
presents a novel approach to wastewater treatment (Chai et al.,
2022; Laddha et al., 2023; Zheng et al., 2023). Hydrogels can be
designed to encapsulate MOFs, enhancing their effectiveness

in antimicrobial properties (Ahmadi et al., 2024; Yao et al.,
2024). For instance, Zn-MOF hydrogel have shown efficacy in
inhibiting bacterial growth (Li et al., 2023a). However, there have
been reports of Molybdenum-based MOFs (Mo-MOFs) with
antimicrobial properties (Abdelkhalek et al., 2024) and absorbing
Congo red (Jayaraj et al., 2024).

Pectin and chitosan which are mainly used for hydrogel
synthesis (Robert et al., 2022;Morello et al., 2023) can demonstrated
antimicrobial activity (Chanmontri et al., 2023; Zhao et al., 2023)
and potential for dye absorption (Ilgin, 2022). Research has
focused on synthesizing new nanostructures that combine the
benefits of MOFs and hydrogels (Miao et al., 2022). These
materials can be engineered to target specific pathogens
found in wastewater while simultaneously removing hazardous
chemicals (Kodoth and Badalamoole, 2020) like Congo red,
such as CuI/CuII-MOF-incorporated hydrogel (Jin et al., 2023).
Preliminary evaluations indicate that such materials can effectively
inhibit bacterial strains commonly present in wastewater
(Al-dolaimy et al., 2023) and adsorb Congo red efficiently
(Jin et al., 2023).

Addressing the global water crisis requires urgent action
across multiple fronts, including innovative wastewater treatment
solutions. Developing new materials such as MOF-hydrogel
composites represents a promising avenue for enhancing water
security through effective pollutant removal. Moreover, by investing
in these technologies, we can help ensure that future generations
have access to safe and clean water resources. Therefore, a
new pectin/chitosan Mo-MOF hydrogel was synthesized using
molybdenum and a specific ligand. Microbial evaluations were
conducted on several specialized bacteria present in wastewater, as
well as assessments of Congo red adsorption.The newly synthesized
pectin/chitosan Mo-MOF hydrogel demonstrated significant
potential to inhibit bacterial strains found in wastewater while
effectively adsorbing Congo red.

The most important advantage of the synthesized hydrogel
in this study over activated carbon and biochar, which are
known as traditional compounds in the wastewater treatment
process, is both chemical and microbiological effectiveness.
The novelties of the synthesized pectin/chitosan MOFs can be
attributed to their high functional and application capabilities,
both in terms of antimicrobial properties and dye adsorption
properties, compared to other similar compounds (Al-
dolaimy et al., 2023; Alkhatami et al., 2023). That is, by using
one compound, two goals can be considered and it is very
important from an economic and environmental point of view.
In addition, the reusability of the synthesized compound in
this study is also important.
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2 Materials and methods

2.1 Materials, devices, and characterization

In this study, detailed information regarding the chemicals,
culture media, and bacterial strains used for synthesizing the
pectin/chitosan Mo-MOF hydrogel and conducting antimicrobial
evaluations is provided.

Pectin/Sigma-Aldrich (impurities ≤10% moisture), Sodium
periodate/Thermo Scientific, Chemicals (99.8%), Molybdenum
(V) chloride/Thermo Scientific Chemicals (95%), 2,2′-Bipyridine-
4,4′-dicarboxylic acid/Tokyo chemical industry-TCI (96%),
Chitosan/Sigma-Aldrich (10 mg/mL acetic acid: water) were used
to synthesize the products.

Mueller-Hinton broth/Titan biotech limited (TM media) and
Mueller-Hinton agar/Titan biotech limited (TM media) were
used in antimicrobial assays. The bacterial strains, obtained
from the American Type Culture Collection (ATCC), included:
Campylobacter jejuni, Shigella dysenteriae, Vibrio cholera, Yersinia
enterocolitica, Salmonella enterica.

Congo red/Sigma-Aldrich (97%) was used to investigate the
absorption properties of the pectin/chitosan Mo-MOF hydrogel.

The synthesis of the pectin/chitosan Mo-MOF hydrogel was
carried out using a Backer vCLEAN1-L9. Unico S-2150 Ultraviolet-
visible spectroscopy was used to prepare the required concentration
of bacterial suspension and measure the absorptions of Congo
red activity.

Fourier Transform Infrared Spectroscopy (FT-IR) of the
pectin/chitosan Mo-MOF hydrogel was performed using a
PerkinElmer RX1 spectrometer. The specific active surface area
and porosity of the pectin/chitosan Mo-MOF hydrogel were
determined using the Brunauer-Emmett-Teller (BET) technique
and Barrett-Joyner-Halenda (BJH) technique, respectively. Nitrogen
adsorption/desorption was measured using a Micromeritics ASAP
2020 PLUS. X-ray Diffraction (XRD) patterns were obtained using
a Shimadzu XRD 7000. Scanning Electron Microscopy (SEM) and
Transmission Electron Microscopy (TEM) images were prepared
using a Hitachi S4800 and Hitachi H9500, respectively. For BET,
a temperature of 77 K is required. For TEM, SEM, and XRD, set
the temperature to 95°C with the aim of removing impurities and
contaminants.

2.2 Materials and methods

2.2.1 Synthesis of pectin/chitosan Mo-MOF
hydrogel

Oxidized pectin was synthesized from the oxidation reaction
of pectin in the presence of sodium periodate, according to
previous studies (Nejati et al., 2020).

5.5 g of Mo (V) and 4.9 g of 2,2′-bipyridine-4,4′-dicarboxylic
acid were added to 100 mL of deionized water and stirred (800 rpm)
for 10 min at 60°C. 1 g of oxidized pectin was added to the created
homogenous mixture and placed under ultrasonication (250 W) for
30 min at ambient temperature. The obtained product was washed
with water and ethanol and dried at 100°C for 4 h under vacuum.
Using ultrasonication, 3.8 g of chitosan was dispersed in 100 mL of
deionized water, and then 7.1 g of the substance produced in the

previous stepwas added to it. It was stirred for 1 h at a temperature of
100°C. Then, 8.4 g of chitosan was added to the mixture and stirred
(800 rpm) for 30 min at 30°C. The synthesized pectin/chitosan Mo-
MOF hydrogel was placed in a water bath at 37°C for 4 h (Salama
and Aziz, 2020).

2.2.2 Antimicrobial test
The Minimum Inhibitory Concentration (MIC) and Minimum

Bactericidal Concentration (MBC) of pectin/chitosan Mo-MOF
hydrogel were tested. “These tests were conducted using hydrogel
concentrations ranging from 1 to 1,024 μg/mL against a suspension
of common strains found in wastewater, with a density of 1
× 105 CFU/mL. The testing method followed the guidelines set
by the Clinical and Laboratory Standards Institute (CLSI) (Al-
Khafaji et al., 2023; Ali et al., 2024).

2.2.3 Minimum inhibitory concentration
Mueller-Hinton broth (90 μL), 10 μL of the bacterial strain

under study, and 100 μL of V/BP-MOF (prepared at each
concentration separately in each well) were added to each
well of a 96-well microplate. The microplate was placed in a
shaker incubator at 37°C for 36 h. After incubation, the wells
were examined, and for each bacterial strain tested, the lowest
concentration at which the contents were clear was recorded as the
Minimum Inhibitory Concentration (MIC) (Al-Khafaji et al., 2023;
Ali et al., 2024).

2.2.4 Minimum bactericidal concentration
For each bacterial strain studied, the contents of the clear

wells from the previous step were cultured in Mueller-Hinton agar.
The cultures were then incubated at 37°C for 72 h. Finally, for
each strain, the concentration at which no growth occurred was
recorded as the Minimum Bactericidal Concentration (MBC) (Al-
Khafaji et al., 2023; Ali et al., 2024).

2.2.5 Congo red adsorption tests
To measure the Congo red absorption percentage, a specific

volume of V/BP-MOF was added to 0.1 L of Congo red solution in
deionized water and stirred (200 rpm) thoroughly. The absorbance
was then measured at 497 nm using a spectrophotometer, following
the procedure outlined in Equation 1 (Moghaddam-Manesh et al.,
2024).

Absorptionpercentage (%) = [(InitialCRconcentration (mg/L)

−ResidualCRconcentration (mg/L))/

InitialCRconcentration × (mg/L)]100
(1)

3 Result and discussion

3.1 Pectin/chitosan Mo-MOF hydrogel
synthesis result and discussion

The new pectin/chitosan Mo-MOF hydrogel was synthesized
using oxidized pectin, chitosan, molybdenum (V) chloride, and
2,2′-bipyridine-4,4′-dicarboxylic acid. The proposed structure,
presented in Figure 1A, is based on the spectral data that
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FIGURE 1
Proposed structures for (a) pectin/chitosan Mo-MOF hydrogel and (b) oxidized pectin.

will be discussed and confirmed in the following sections.
Oxidized pectin was synthesized from the oxidation reaction
of pectin in the presence of sodium periodate (Nejati et al.,
2020). A review of previous literature proves that oxidized
pectin/chitosan hydrogel can be created from the Schiff reaction

of the amine group of chitosan with the aldehyde of oxidized
pectin/Figure 1B (Alkhatami et al., 2023).

Therefore, first 2,2′-bipyridine-4,4′-dicarboxylic acid and
oxidized pectin are added to the molybdenum (V) chloride, and
after creating a complex through the oxygen bonds of the carboxylic
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FIGURE 2
FT-IR (a), EDAX (b), nitrogen absorption/desorption (c), pore size distribution curve (d) and XRD (e) of pectin/chitosan Mo-MOF hydrogel.

groups of 2,2′-bipyridine-4,4′-dicarboxylic acid and oxidized pectin
with Mo, chitosan is added to it and reacts with its aldehyde groups
of oxidized pectin and the proposed product presented in Figure 1A
was synthesized.

Referring to the FT-IR spectrum of the pectin/chitosan Mo-
MOF hydrogel/Figure 2A, peaks in regions 965 cm−1, 2,940 cm−1,

1,715 cm−1, 1,530 cm−1, 1,410 cm−1 and 1,150 cm−1, was due to
bonds Mo-O, C-H, C=O, C=N, C=C, and C-O which is a proof of
the proposed structure of Figure 1A. It can be stated that the O-H
peak appeared in 3,200 cm–1 (Abdtawfeeq et al., 2022).

Elemental analysis and EDAX of the pectin/chitosan Mo-MOF
hydrogel, as shown in Figure 2B, provide proof of the presence of
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FIGURE 3
Histogram curve (a), SEM (b), and TEM (c) of pectin/chitosan Mo-MOF hydrogel.

carbon, oxygen, nitrogen, hydrogen, and molybdenum. Thus, in
the elemental analysis of the pectin/chitosan Mo-MOF hydrogel,
carbon, hydrogen, nitrogen, and oxygen elements were observed
as 45.17%, 4.65%, 6.32%, and 30.12%, respectively, and in EDAX,
molybdenum metal was also observed.

The nitrogen absorption/desorption curve of the
pectin/chitosan Mo-MOF hydrogel, which proves its high specific
surface area and porosity, is shown in Figure 2C. Based on these
curves, Brunauer-Emmett-Teller (BET) technique and Barrett-
Joyner-Halenda (BJH) technique, the specific surface area of the
pectin/chitosan Mo-MOF hydrogel and the volume pore were
obtained as 2,349 m2/g and 0.62 cm3/g, respectively.The absorption
and desorption curve of this compound is similar to type IV
isotherms, which are unique to mesoporous compounds (Al-
Ghouti and Da’ana, 2020). The pore size distribution curve of the
pectin/chitosan Mo-MOF hydrogel shown in Figure 2D.

The crystal structure of molybdenum (JCPDS No. 05-
0508) in the XRD pattern of the pectin/chitosan Mo-MOF
hydrogel/Figure 2E was proved by using its peaks in areas 11°, 25°,
and 52° corresponding to planes 020, 110, 220, (Illyaskutty et al.,
2014; Abdtawfeeq et al., 2022). The peaks in regions 5°, 28°,
and 30° can be attributed to 2,2′-bipyridine-4,4′-dicarboxylic
acid (Saadh et al., 2024). According to the Scherer equation, the
crystallite size of the pectin/chitosan Mo-MOF hydrogel was
calculated to be 82 nm. Of course, the histogram curve, based on the
TEM image, (Figure 3A), of the pectin/chitosan Mo-MOF hydrogel
and its SEM (Figure 3B) and TEM (Figure 3C) images proved its
nanosize and identical same morphology, as shown in Figure 3,
and based on the histogram curve, the particle size
was 76 nm.

As the characterization and confirmation of the structure
proved, the pectin/chitosan Mo-MOF hydrogel has a porous
crystalline nanostructure with high thermal stability and a highly
specific active surface.These capabilities, especially the high specific
active surface and its porosity, give it the ability to be used in various
applications. These properties, which depend on the synthesis
method of nanostructures, indicate the use of the appropriate
method in synthesizing pectin/chitosan Mo-MOF hydrogel. In
addition, the presence of compoundswith biological properties such

as pectin (Devasvaran and Lim, 2021), molybdenum (Jomova et al.,
2022), 2,2′-bipyridine-4,4′-dicarboxylic acid (Mahadevi et al.,
2022), and chitosan (Wang et al., 2020) in the structure of the
pectin/chitosan Mo-MOF hydrogel can lead to the biological
properties.

Therefore, considering the important capabilities of the
pectin/chitosan Mo-MOF hydrogel, it was used as an absorbent of
Congo red, which is one of the dangerous compounds of wastewater,
and to remove pathogenic strains in wastewater.

3.2 Antimicrobial activity result and
discussion

As mentioned, the synthesized pectin/chitosan Mo-MOF
hydrogel contains oxidized pectin, chitosan, molybdenum (V)
chloride, and 2,2′-bipyridine-4,4′-dicarboxylic acid. A review
of past literature showed that these compounds have biological
properties, especially antimicrobial properties (Confederat et al.,
2021; Liu et al., 2021; Al-Khafaji et al., 2023; Saadh et al., 2024).

Therefore, its antimicrobial activity against common pathogenic
strains found in wastewater, including C. jejuni/ATCC 33291
(Figure 4A), S. dysenteriae/ATCC 13313 (Figure 4B), Vibrio
cholerae/ATCC 14033 (Figure 4C), Y. enterocolitica/ATCC 27729
(Figure 4D), and S. enterica/ATCC 14028 (Figure 4E) were
investigated and results are shown in Figure 4. To evaluate the
effectiveness of the pectin/chitosan Mo-MOF hydrogel, common
antibiotic drugs such as azithromycin, ampicillin, and ceftriaxone
were used for comparison.

The highest effectiveness of the pectin/chitosan Mo-MOF
hydrogel was observed against strain S. dysenteriae, V. cholerae.
Thus, it’s MIC and MBC values were 4 μg/mL and 8 μg/mL,
respectively.The effectiveness of ampicillin against S. dysenteriaewas
the same as pectin/chitosan Mo-MOF hydrogel. Vibrio cholerae was
resistant to ampicillin, and ampicillin was not effective. In addition,
ampicillin was not effective against Y. enterocolitica, and S. enterica,
but the pectin/chitosan Mo-MOF hydrogel showed acceptable
results against the mentioned strains. As shown in Figure 4,
the MICs of 8 μg/mL and 4 μg/mL were obtained against Y.
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FIGURE 4
Antimicrobial activity results (a) Campylobacter jejuni/ATCC 33291. (b) Shigella dysenteriae/ATCC. (c) Vibrio cholerae/ATCC 14033. (d) Yersinia
enterocolitica/ATCC 27729. (e) Salmonella enterica/ATCC 14028.

enterocolitica and S. enterica, respectively. Also, Y. enterocolitica
showed resistance to azithromycin. The resistance of C. jejuni
to ceftriaxone is notable. Therefore, it can be concluded that

the synthesized pectin/chitosan Mo-MOF hydrogel has significant
antibacterial and inhibitory properties against common pathogenic
bacterial strains in wastewater.
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FIGURE 5
Congo red absorption using pectin/chitosan Mo-MOF hydrogel.

Past studies indicate that the effectiveness of MOF compounds
against bacterial strains is achieved in two ways, the first
through contact of the MOF surface with the strains, and the
second through trapping within MOF cavities (Cao et al., 2020).
Therefore, compounds with biological activity play an important
role in this field. In addition, the role of the special surface
area and MOF cavities is undeniable (Al-Khafaji et al., 2023;
Ali et al., 2024).

The synthesized pectin/chitosan Mo-MOF hydrogel was very
effective in this field. As the results proved, factors such as
high specific surface area, high porosity, as well as compounds
with antimicrobial properties in its structure, such as oxidized

pectin, chitosan, molybdenum (V) chloride, and 2,2′-bipyridine-
4,4′-dicarboxylic acid, caused these results and its high ability to
inhibit and destroy bacterial strains.

3.3 Congo red adsorption result and
discussion

As can be seen in the structure of the pectin/chitosan Mo-MOF
hydrogel (Figure 1A), the significant sites including oxygen and
nitrogen are capable of hydrogen bonding. Of course, here also, the
role of active special surface and porosity is undeniable.The removal
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FIGURE 6
Examining different conditions in the absorption of Congo Red [(a) Congo red concentrations, (b) Hydrogel concentrations, (c) pH, (d) Temperature,
(e) Time].

of Congo red is facilitated by the formation of hydrogen bonds
between the hydrogen atoms attached to the nitrogen of Congo
red and the oxygen and nitrogen groups in the hydrogel structure
(Figure 5).

It has been demonstrated by comparing the absorption
percentages of Congo red by the pectin/chitosanMo-MOF hydrogel
and the pectin/chitosan hydrogel, as discussed in the following

sections. To achieve maximum absorption of Congo red by
the pectin/chitosan Mo-MOF hydrogel, various effective factors
were investigated, including adsorbent dose, pH, temperature, and
contact time. The results obtained from these investigations are
discussed below. It can be stated that all tests performed on the
pectin/chitosan Mo-MOF hydrogel were conducted under the same
conditions as those for the pectin/chitosan hydrogel.
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FIGURE 7
Nitrogen absorption/desorption of pectin/chitosan Mo-MOF hydrogel
after adsorption process.

3.3.1 Congo red concentrations
Different concentrations of Congo red were prepared, and

their absorption was investigated using a constant amount of the
pectin/chitosan Mo-MOF hydrogel.

For this purpose, solutions of Congo red at concentrations of
100, 150, 300, 600, 900, and 1,200 mg/L were prepared in double-
distilled water, and their absorption was evaluated using 0.01 g of
the pectin/chitosanMo-MOF hydrogel. In these evaluations, the pH
value was 7, the temperature was 25°C, and the absorption time was
120 min. The results obtained were as Figure 6A. As can be seen,
with the increase in the concentration of Cogo Red, its absorption
percentage has decreased with a constant amount of pectin/chitosan
Mo-MOF hydrogel. The reason is entirely logical and acceptable.
As the concentration of Congo red increases, the absorbable active
sites of pectin/chitosanMo-MOF hydrogel are saturated, so with the
rise in the concentration of Congo red, its absorption percentage
decreases (Salama and Aziz, 2020).

The 600 mg/L Congo red solution is used as a fixed
concentration to evaluation of other factors.

3.3.2 Hydrogel concentrations
Obtaining the optimal amount of pectin/chitosan Mo-MOF

hydrogel is the next factor in evaluating the adsorption capacity of
Congo red. Amounts of 0.01, 0.02, 0.04, 0.06, 0.08, 0.10, and 0.12 g/L
pectin/chitosanMo-MOF hydrogel were added to the concentration
of 600 mg/L Congo red solution and the absorption percentage
was obtained. It should be mentioned that pH 7, temperature of
25°C, and time of 120 min were considered constant conditions.The
results obtained were as Figure 6B. The results showed that with the
increase in the amount of pectin/chitosan Mo-MOF hydrogel from
0.1 to 0.06 g/L, absorption increased significantly and at values of
0.08 g/L, and 0.10 g/L the absorption percentage can be considered
almost constant and even less absorption was observed in 0.12 g/L.
The reason for the fixed and decreasing percentage of absorption at
concentrations higher than 0.6 pectin/chitosan Mo-MOF hydrogel
can be attributed to the accumulation of nanoparticles and the
inactivation of the active absorbable sites of Congo red due to
the increase in its concentration and agglomeration (Salama and
Aziz, 2020). Therefore, the concentration of 0.06 g/L was chosen

as the optimal amount of pectin/chitosan Mo-MOF hydrogel in
other studies.

3.3.3 pH
The pH of 4, 5, 6, 7, 8, 9, and 10 was another study in which the

absorption percentage of 600 mg/L Congo red solution by 0.06 g/L
pectin/chitosanMo-MOF hydrogel was tested.The temperature and
time of the tests in these studies were considered constant at 25°C
and 120 min. The results obtained were as Figure 6C. The highest
absorption percentage was observed at pH 8. Due to the hydrolysis
and destruction of metal-oxygen bonds at both high and low pH
levels, a substantial decrease in absorptionwas observed at pHvalues
of 10, 9, 4, and 5. The reason can be justified by studying past
texts. At a balanced alkaline pH that does not lead to hydrolysis,
the density of negative charges on oxygen increases. The reason is
the reduction of negative charge absorption towards the carbonyl
group. At a balanced acidic pH that does not lead to hydrolysis,
increasing pH results in protonated oxygen and nitrogen groups
leading to a decrease in absorption. In an alkaline environment,
hydroxyl (OH) groups interact with carbonyl groups, leading to a
decline in the absorption capacity of negatively charged OH groups.
This interaction ultimately increases the formation of hydrogen
bonds between oxygen groups (Salama and Aziz, 2020). Therefore,
a pH equal to 8 was chosen as the appropriate pH factor in the
absorption process.

3.3.4 Temperatures
The evaluation of the absorption percentage of 600 mg/L Congo

red solution using 0.06 g/L pectin/chitosanMo-MOFhydrogel at pH
8 for 120 min at temperatures of 25, 30, 40, 50, and 60 C was another
test thatwas done.The results obtainedwere as Figure 6D.Due to the
high absorption of Congo red by pectin/chitosanMo-MOFhydrogel
at ambient temperature and since a high difference in efficiency is
not observed at ambient temperature up to 70°C (approximately 2%),
with regard to saving energy, ambient temperature is therefore used
as the optimal temperature.

3.3.5 Time
In the last step in obtaining optimal conditions, absorption

time was investigated. In the optimal conditions obtained, including
600 mg/L Congo red solution, pH 8, 25°C, the amount of
concentrated absorption of 0.06 g/L pectin/chitosan Mo-MOF
hydrogel in the investigated times of 30, 45, 60, 90, 120,
150, 180, and 240 min was done. The results obtained were as
Figure 6E. The results showed that up to 90 min, the process of
increasing absorption is incremental, while beyond this time, the
absorption activity remains relatively constant. Therefore, for up to
90 min, all the active sites of pectin/chitosan Mo-MOF hydrogel
absorption are saturated, so that it can be reported as the optimal
absorption time (Salama and Aziz, 2020).

As mentioned in the evaluations, the tests on the hydrogel were
also performed as a comparison. In all the tests, it was observed that
the absorption of pectin/chitosanMo-MOF hydrogel is significantly
higher than hydrogel. The reason for this, as mentioned at the
beginning (Figure 5), is the large amount of absorption by the MOF
cavities, which the hydrogel lacks.

After the adsorption process, the pectin/chitosan Mo-MOF
hydrogel were washed with a mixture of water and ethanol, and
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after drying in an oven, their specific surface area was measured and
obtained 2054 m2/g as shown in Figure 7.

4 Conclusion

The synthesis of a new hydrogel containing pectin, chitosan,
Mo-MOF (pectin/chitosan Mo-MOF hydrogel), and its application
in wastewater treatment was the subject of this study. After
confirming the structure, it was found that the pectin/chitosan
Mo-MOF hydrogel has a high specific surface area and porosity.
Therefore, these properties could be utilized in the adsorption
process of Congo red, which is known as one of the most
important chemical pollutants in wastewater. The presence of
compounds with antimicrobial activity in the structure of the
pectin/chitosan Mo-MOF hydrogel was another factor investigated
as an antimicrobial agent in the control of pathogenic bacterial
strains present in wastewater. The evaluations proved that the
synthesized final product can be used to eliminate pathogenic strains
present in wastewater, such as C. jejuni, S. dysenteriae,V. cholerae, Y.
enterocolitica, and S. enterica. The synthesized pectin/chitosan Mo-
MOF hydrogel demonstrated superior efficacy compared to some
commercial antibiotics, such as antibiotics azithromycin, ampicillin,
and ceftriaxone. In adsorption studies, a concentration of 0.06 g/L
of nanoparticles achieved 93% adsorption at pH of 8 within 90 min.
Ultimately, this synthesized hydrogel can be introduced as a novel
material with multiple functionalities.
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