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Herein nickel-iron double layered hydroxide (NiFe-DLH) was prepared by co-precipitation 
and further binary rGO@NiFe-DLH and ternary Pani/rGO@NiFe-DLH composite was 
synthesized by doping NiFe-DLH with reduced graphene oxide (rGO) and rGO plus 
polyaniline (Pani) respectively by hydrothermal methodology. Upon visible light exposure 
the ternary composite showed superior degradation of alizarin yellow R (AYR) dye in 
comparison to NiFe-DLH and rGO@NiFe-DLH. The X-ray diffraction, scanning electron 
microscopy and photoluminescence spectroscopy were used to analyze Pani and rGO 
integration into the NiFe-DLH structure. The degradation efficiency of AYR dye at various 
conditions was employed to evaluate the photocatalytic performance of the ternary 
Pani/rGO@NiFe-DLH composite. A significant enhancement in the photocatalytic 
efficiency of ternary composite as compared to NiFe-DLH and rGO@NiFe-DLH was 
observed. The ternary composite showed exceptional durability and reusability throughout 
10 cycles of degradation. Apart from this, antibacterial potency of the nanocomposite 
against gram-negative bacterium E. coli was also studied, which indicated significant 
growth inhibition of E. coli in liquid culture. 
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1. Introduction 
 
The textile industry's direct release of the highly toxic, non-biodegradable and chemically 

stable azo dyes into water bodies is the main cause of water pollution, which affects aquatic life in 
the water ecosystem as well as humans, due to their mutagenic, carcinogenic, and teratogenic nature 
[1]. Due to their non-biodegradable and chemically stable nature these dyes persist in the 
environment for long times and thus are often responsible for large number of diseases such as heart 
issues, lung cancer, chromosomal abnormalities, neurotoxicity, skin and respiratory issues in 
humans [2]. By altering metabolism in living beings, they cause major harm to aquatic life and 
reduce the amount of sunlight that reaches the water [3,4]. As a result, it becomes evident to treat 
dyes contaminated waste before releasing it into the main water stream.  

The water-soluble anionic dye known as alizarin yellow R (AYR) is often used as pH 
indicator and as a biological stain in the chemical analysis processes within the textile industry 
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dyeing works. They are resistant to deterioration because of their complex aromatic structure, which 
gives them long-lasting stability[5]. Additionally, they exhibit significant persistence in the aquatic 
ecosystem due to their high chemically stability and are non-biodegradable in both aerobic and 
anaerobic environments[6]. Their toxicity and carcinogenicity are high; hence they need to be 
eliminated before being released into the major water streams. Several processes such as coagulation 
[7], precipitation by chemicals [8], adsorption by porous or functionalized materials [9], membrane 
filtration [10], and electrochemical reactions [11] have been widely used to remove AYR from the 
environment. Although these processes break down the dyes into innocuous final products, the 
creation of poisonous sludge and dangerous secondary pollutants poses a major environmental risk 
[12]. 

Therefore, it is necessary to utilize water treatment technologies for dye degradation that 
are efficient, economical, and sustainable. Photocatalysis has become a viable substitute for the 
breakdown of poisonous chemical molecules and dangerous water-soluble dyes[13].  The process 
of photocatalysis involves the breakdown of dyes molecules in the presence of photocatalysts when 
exposed to the light source [14]. Photo-generation of electron-hole occurs on the surface of 
photocatalysts on exposure to radiation [15]. The surface of the photocatalyst absorbs light energy 
exceeding its band gap threshold which excites valence band electrons into conduction bands thus 
creating holes behind [16]. Dissolved oxygen molecules in the water solution interact with holes and 
electrons from photo-generation to generate free radical species (•OH, O2•- and •OOH) [17]. The 
formed reactive free radical species attacks organic pollutants found within the water to generate 
low molecular weight, harmless, biodegradable products [18]. 

Since the discovery of photocatalysis, a lot of semiconductors-based catalysts comprising 
of TiO2, ZnO, MnO2, SnO2, AgX (X=Cl, Br, I), etc. have been widely explored for mineralization 
of organic water pollutants [19-21]. Recently double layered hydroxide (DLH), also referred to as 
hydrotalcite-like compounds with chemical formula [M2+

1-xM3+ 
x(OH)2]x+(An-)x/n·mH2O] where M 

is metal cation, An- is organic/inorganic anions and m is water of crystallization have shown huge 
potential for photocatalytic mineralization of organic pollutants [22-26]. 

Metal-salen complexes where metal is Co or Ni in combination with ZnCr-DLH showed 
highly efficient Rhodamine B mineralization which significantly exceeded commercial catalysts 
[27]. Several recent studies confirmed that NiFe-DLH or modified NiFe-DLH exhibited 
photocatalytic activity toward polluted water containing dyes [28]. However, more research is 
required to boost DLH-based photocatalysts powered by visible light into suitable semiconductor 
materials. The extended π-conjugated structures of conducting polymers such as polyaniline (Pani) 
or polypyrrole and carbon materials such as graphene oxide (rGO), have garnered a lot of interest 
as photocatalytic absorbers that can enhance semiconductor photo-response [29–31].Inspired by the 
aforementioned study, in this work Pani/rGO@FeNi-DLH ternary composite was synthesized and 
tested for the photocatalytic activity by degrading AYR dye under visible light as well as studying 
its antibacterial potency against gram negative E coli bacteria. 

 
 
2. Experimental 
 
2.1. Materials required 
Ferric nitrate nanohydrate (Fe(NO3)3.9H2O) 98% SRL, nickel nitrate hexahydrate 

(Ni(NO3)2.6H2O ) 99% SRL, sodium hydroxide pellets (NaOH) 98% SRL, aniline, N-methyl-2-
pyrrolidone (NMP), hydrochloric acid (35%), phosphoric acid (85%), potassium persulfate, 
potassium permanganate, sulfuric acid (98%), hydrogen peroxide (30%), ammonia solution and 
graphite powder were used. Escherichia coli bacterial strain was cultured in Luria-Bertani (LB) 
broth at 37 °C with continuous shaking (150 rpm) until reaching the mid-log phase (OD600 ~0.6). 

 
2.2. Method 
For morphological analysis, field emission scanning electron microscope (FESEM) (model: 

JEOL, JSM-7600F, FESEM, Tokyo, Japan) was used, while the elemental mapping was done with 
an energy dispersive X-ray spectrometer (EDS) from Oxford Instruments, Oxfordshire, UK. The 
surface chemical composition and structure of Pani/rGO@NiFe-DLH composite were investigated 
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by using a monochromatized Al Kα X-ray source (λ 1/4 1486.6 eV) and X-ray photoelectron 
spectroscopy (XPS) were done with ESCALAB 250 from thermal fisher scientific, Warrington, UK. 
The rate of charge recombination, photogenerated hole and free electrons during the photocatalytic 
processes was investigated by photoluminescence   spectroscopy.  

 
2.2.1. Synthesis of Pani/rGO@NiFe-DLH composites 
The synthesis of GO and Pani stock solution can be seen elsewhere [32]. The synthesis of 

NiFe-DLH was done by simple co-precipitation method. In a typical process, 2.61 gram of nickel 
nitrate and 1.21grams of Iron(III) nitrate nonahydrate were dissolved in separate 50 mL beaker and 
stirred for 30 min to get a homogenous solution. There after both solutions were mixed and pH 9 
was maintained with the help of NaOH (1M) solution. The stirring was continued for 24h, resulting 
in the precipitation of NiFe-DLH which was separated by centrifugation, washed multiple times 
with water and ethanol and subsequently dried at 80 °C overnight. For the synthesis of rGO@NiFe-
DLH composite, the obtained NiFe-DLH was dispersed in 50 mL water and 10 mL of GO (5mg/mL) 
was added to it. The whole dispersion was charged into Teflon line hydrothermal reactor and heated 
at 160 °C for 16h to get rGO@NiFe-DLH. Thus, obtained rGO@NiFe-DLH was multiple time with 
water and ethanol and finally dried at 80 °C overnight. For the synthesis of ternary Pani/rGO@NiFe-
DLH, a 500µl of Pani stock solution was added along with GO solution and rest of the procedure 
was same as in the case of rGO@NiFe-DLH composite. 

 
2.2.2. Photocatalytic study 
The synthesized materials NiFe-DLH, rGO@NiFe-DLH and Pani/rGO@NiFe-DLH was 

evaluated for the performance of photocatalytic activity by using AYR as a model pollutant under 
visible light irradiation. The photocatalytic experiment was conducted in a 100 mL reaction vessel 
containing 50 mL of 20 ppm AYR solution with an optimized photocatalyst dose of 0.1 g/L. The 
suspension was magnetically stirred for 30 minutes in the absence of visible light for adsorption-
desorption equilibrium between AYR molecules and catalyst surface. 

The 150 W halogen lamp was used as a visible light source and after irradiation and during 
degradation, 3 mL aliquots were withdrawn from suspension after every15-minute intervals for up 
to 90 minutes. The eliminate photocatalyst particles from each sample, a 0.45 µm syringe filter paper 
was used. The residual concentration of AYR in the filtrate was determined by employing a UV-Vis 
spectrophotometer to measure the absorbance at its characteristic wavelength (420 nm). The formula 
(1) was used to calculate photocatalytic degradation efficiency of the catalyst: 

 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(%) = (𝐶𝐶𝑜𝑜−𝐶𝐶𝑡𝑡

𝐶𝐶𝑜𝑜
 )100     (1)  

 
The formula (2) used to calculate the rate constant (k) of photocatalytic reaction. 
 

ln(𝐶𝐶𝑡𝑡
𝐶𝐶𝑜𝑜

) =  −𝑘𝑘𝐷𝐷                                                    (2) 

 
To confirm the contributions of photocatalysis, control experiments were conducted under 

the identical circumstances without light and photocatalyst. The effect of the individual components 
(NiFe-DLH, rGO@NiFe-DLH and Pani/rGO@NiFe-DLH) on photocatalytic activity was also 
evaluated for comparison. 

 
2.2.3. Antimicrobial activity assay 
For liquid inhibition assays, 100 µL of E. coli culture was treated with each nanocomposite 

and incubated at 37 °C for 24 hours. Bacterial growth was measured by using a micro plate reader 
at OD600. 

 
2.2.4. Agar diffusion assay 
For zone of inhibition studies, 50 µL of E. coli suspension was spread on LB agar plates, 

and wells were filled with 100 µL of each composite. Plates were incubated at 37 °C for 24 hours, 
and inhibition zones were measured. 
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2.2.5. Data analysis 
Experiments were performed in triplicate, and results were analysed using one-way 

ANOVA for statistical significance. 
 
 
3. Result and discussion 
 
3.1. XRD analysis 
The XRD analysis of NiFe-DLH, rGO@NiFe-DLH and Pani/rGO@NiFe-DLH is presented 

in Figure 1. For NiFe-DLH, the peaks at 11.30, 23.01, 34.6 and 60.22 2θ shows successful synthesis 
of NiFe-DLH [33]. The XRD pattern of rGO@NiFe-DLH composites corresponds to the hexagonal 
NiFe-DLH, with no distinctive graphite peak seen. This result shows that the restacking graphene 
sheets is successfully inhibited, as seen by total graphite exfoliation in the rGO@NiFe-DLH 
composite [34]. Additional research has demonstrated that if the regular stacks of graphite oxide or 
graphite are harmed by exfoliation, the diffraction peaks of these materials would weaken or even 
vanish [35–37].In the Pani/rGO@NiFe-DLH ternary composites, Pani peak is not distinct due to its 
low concentration and amorphous nature.  

 
 

 
 

Fig. 1. XRD of NiFe-DLH, rGO@NiFe-DLH and Pani/ rGO@NiFe-DLH. 
 
 

3.2. Morphology analysis 
The morphology of base material and ternary composite were investigated by using SEM 

and elemental composition were investigated by EDS that is shown in Figure 2. Figure 2a clearly 
shows the big blocks of NiFe-DLH while in rGO@NiFe-DLH (Figure 2b), apart from NiFe-DLH, 
the distinct rGO sheets is visible. The morphology of Pani/rGO@NiFe-DLH (Figure 2c) is similar 
as in rGO@NiFe-DLH due to the low content of Pani. The presence of C, O, N, Fe and Ni in the 
EDS spectra suggests the efficacy of the synthesis methodology (Figure 2d).   
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Fig. 2. SEM image of (a) NiFe-DLH, (b) rGO@NiFe-DLH (c) Pani/rGO@NiFe-DLH and (d) EDS of 
Pani/rGO@NiFe-DLH ternary composites. 

 
 

3.3. Charge recombination behavior 
The photoluminescence (PL) spectra provide insights into the charge recombination 

behavior of the synthesized NiFe-DLH and its composites, directly correlating to their photocatalytic 
efficiencies. Among the tested materials, NiFe-DLH exhibited the highest PL intensity (Figure 3), 
indicating a high rate of charge carrier recombination, which limits the availability of electrons and 
holes for initiating photocatalytic reactions. This high recombination rate is consistent with its lower 
photocatalytic activity and degradation efficiency for AYR [38]. In contrast, the PL intensity of 
rGO@NiFe-DLH is significantly reduced, suggesting that the incorporation of rGO effectively 
suppresses charge recombination by acting as an electron acceptor and promoting charge transfer 
[39]. This reduction in charge recombination contributes to the enhanced generation of reactive 
oxygen species, thereby improving the degradation efficiency of AYR. The Pani/rGO@NiFe-DLH 
composite shows the lowest PL intensity among all tested materials, reflecting the most efficient 
charge separation and the lowest charge recombination rate. The synergistic interaction between 
Pani and rGO enhances electron transfer and prolongs the lifetime of charge carriers, promoting a 
greater activity of photocatalysis. The suppressed PL intensity in the ternary composite directly 
correlates with its superior photocatalytic degradation of AYR, as efficient charge separation ensures 
the generation of more reactive species responsible for breaking down dye molecules. 

 

(a) (b)

(c)

(d)
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Fig. 3. PL spectra for NiFe-DLH, rGO@NiFe-DLH, and Pani/rGO@NiFe-DLH. 
 
 
3.4. Band gap analysis 
The energy band gaps of the ternary composites was determined by using the adsorption 

spectra and Tauc plot method. Pure NiFe-DLH exhibited a band gap of 2.16 eV (Figure 4a), which 
is consistent with the limited visible light absorption and suboptimal photocatalytic activity observed 
in this material. Upon the incorporation of rGO into NiFe-DLH, the band gap decreased to 2.06 eV 
(Figure 4b).  

 

 
 

 
 

Fig. 4. Band gap analysis for (a) NiFe-DLH, (b) rGO@NiFe-DLH,  
(c) Pani/rGO@NiFe-DLH and (d) band gap presentation. 
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This reduction can be attributed to the electronic interactions between rGO and NiFe-DLH. 
The incorporation of rGO enhances the delocalization of electrons, thereby narrowing the band gap 
and enabling better absorption of visible light. The photocatalytic efficiency is further enhanced by 
the reduced charge carrier recombination caused by rGO which functions as an electron sink. Once 
Pani was added to the rGO@NiFe-DLH composite, the band gap further decreased to 1.96 eV 
(Figure 4c). 

The Pani, which has a tiny inherent band gap, greatly increases the composite's absorption 
range into the visible spectrum. The synergistic combination of Pani, rGO, and NiFe-DLH allows 
for effective charge transfer and separation, which contributes to the ternary composite's increased 
photocatalytic activity. The decreased band gap enhances photon absorption under visible light 
irradiation, encouraging the formation of reactive oxygen species that promote AYR degradation. 
The progressive reduction in band gap from 2.16 eV (NiFe-DLH) to 1.96 eV (Pani/rGO@NiFe-
DLH) (Figure 4d) demonstrates the effectiveness of incorporating rGO and Pani in modifying the 
electronic structure of NiFe-DLH. 

 
3.5. Photocatalytic degradation of AYR 
In this study, the photocatalytic degradation of AYR was evaluated using three different 

photocatalysts, NiFe-DLH, rGO@NiFe-DLH, and Pani/rGO@NiFe-DLH. The photocatalytic 
activity was monitored at 15-minute intervals over a 90-minute period, with degradation efficiencies 
of 85, 70, and 40%, respectively (Figure 5a-b). The calculated reaction rate constants were 0.005764 
min⁻¹ for NiFe-DLH, 0.013377 min⁻¹ for rGO@NiFe-DLH, and 0.021621 min⁻¹ for 
Pani/rGO@NiFe-DLH, reflecting the trend in degradation efficiency (Figure 5c). 

 
 

 

 
 

Fig. 5. Degradation of AYR (a) Adsorption spectra of Pani/rGO@NiFe-DLH (b) percentage degradation, 
(c) reaction rate constant of NiFe-DLH, rGO@NiFe-DLH, and Pani/rGO@NiFe-DLH. 
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The pure NiFe-DLH exhibited the lowest performance, which can be attributed to its 
relatively high bandgap and limited visible light absorption, resulting in poor photocatalytic 
activity[40]. The quick recombination of photogenerated electron-hole pairs in NiFe-DLH further 
contributed to its suboptimal efficiency[41]. Despite the layered structure of NiFe-DLH facilitating 
ion exchange and adsorption, the absence of effective charge separation mechanisms limits its 
photocatalytic potential under visible light. This limitation is evident in its low reaction rate constant 
of 0.005764 min⁻¹, indicating sluggish degradation kinetics. 

The incorporation of rGO to NiFe-DLH significantly improved the degradation efficiency, 
increasing it to 70%, with a corresponding reaction rate constant of 0.013377 min⁻¹. This 
enhancement can be attributed to rGO role as an electron sink, which reduces the recombination of 
photogenerated charge carriers [42]. The rGO increases the lifespan of reactive species like hydroxyl 
radicals (•OH) and superoxide radicals (O₂•⁻) by facilitating electron transfer from NiFe-DLH's 
conduction band. These reactive species play an essential role in the degradation of AYR [42]. 
Additionally, the incorporation of rGO contributes to the reduction in the bandgap of NiFe-DLH, 
allowing for better utilization of visible light, which is another reason for the enhanced degradation 
of AYR [43]. The enhanced electron mobility provided by rGO mirrors the behavior observed in 
photocatalysts like G-TiO₂@Fe₃O₄, where the incorporation of carbon based materials facilitates 
electron transfer and reduces the rate of charge recombination [44]. 

The highest degradation efficiency of 85% was observed for the ternary Pani/rGO@NiFe-
DLH composite, with a reaction rate constant of 0.021621 min⁻¹, the highest among the prepared 
photocatalysts. This superior performance is due to the synergistic effect between Pani and rGO, 
where Pani extends the visible light absorption range and enhances charge separation [45]. Pani, a 
conducting polymer with a narrow bandgap, efficiently transfers photogenerated electrons to rGO, 
which subsequently shuttles them to the conduction band of NiFe-DLH, sustaining prolonged 
electron availability. This extension of light absorption into the visible region is a key factor in the 
improved photocatalytic activity, as Pani reduces the overall bandgap of the composite. The 
decreased bandgap allows for improved photon absorption under visible light, boosting the 
production of reactive oxygen species responsible for dye degradation. Pani plays a similar role to 
graphite in TiO₂-based catalysts, helping to reduce bandgaps and improve charge separation 
efficiency[46]. 

 
3.6. Effect of AYR concentration 
The effect of AYR dye concentration on the photocatalytic degradation ability of 

Pani/rGO@NiFe-DLH was investigated using four different concentrations of AYR: 20, 30, 40, and 
50 ppm. The highest degradation efficiency of approximately 85% was achieved at 20 ppm after 90 
minutes of visible light irradiation (Figure 6a). 

At 30 ppm, the degradation efficiency decreased to 79%, and further reduction was observed 
at 40 ppm (76%) and 50 ppm (70%). The decrease in catalytic efficiency with increasing dye 
concentration can be attributed to several factors. At lower concentrations (20 ppm), there is a more 
favorable balance between dye molecules and active sites on the photocatalyst surface, leading to 
optimal interaction and efficient generation of reactive species like hydroxyl radicals (•OH) and 
superoxide radicals (O₂•⁻) [47]. These reactive species are key to the degradation process, and their 
generation is maximized at the optimal dye concentration. 

As the dye concentration increases, there is an excess of dye molecules that occupy the 
catalyst surface which limits its exposure to light [48]. This limits the production of photogenerated 
charge carriers, as the catalyst surface becomes saturated, leading to reduced efficiency in charge 
separation and diminished photocatalytic activity. Furthermore, at higher concentrations (40 and 50 
ppm), the excess dye molecules also absorb a significant part of the incident light, reducing the 
photon flux available to excite the catalyst, thus further decreasing the generation of reactive species. 

These results suggest that while Pani/rGO@NiFe-DLH is highly efficient at lower dye 
concentrations, there is an optimal concentration range beyond which the photocatalytic 
performance diminishes.  
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3.7. Reusability and stability of the Pani/rGO@NiFe-DLH  

To assess reusability and the stability of the Pani/rGO@NiFe-DLH photocatalyst, a cyclic 
degradation test was performed at a fixed dye concentration of 20 ppm (Figure 6b). After 10 
consecutive cycles, the degradation efficiency remained relatively high, with a value of 
approximately 81%. This indicates that the catalyst exhibits good stability and maintains a 
significant portion of its photocatalytic activity over multiple cycles. The slight decrease in 
degradation efficiency compared to the initial cycle (85%) may be attributed to factors such as the 
accumulation of degradation intermediates on the catalyst’s surface, which could hinder the active 
sites and reduce the overall catalytic performance. However, the high retention of degradation 
efficiency after 10 cycles suggests that the Pani/rGO@NiFe-DLH composite is quite durable and 
capable of repeated use, making it a promising candidate for long-term, sustainable photocatalytic 
applications. 

 

Fig. 6. (a) Concentration dependence and (b) cyclic stability of Pani/rGO@NiFe-DLH catalyst. 

 

3.8. Possible degradation mechanism 

When exposed to visible light, the catalyst absorbs photons, which results in the creation of 
electron-hole pairs and the photocatalytic destruction of AYR. Low photocatalytic activity in pure 
NiFe-DLH is caused by rapid charge carrier recombination and poor absorption of visible light 
(Figure 7). The introduction of rGO into NiFe-DLH significantly improves charge separation, as 
rGO acts as an electron sink, capturing photogenerated electrons and extending the lifetime of 
reactive species. This enhancement is further amplified in the Pani/rGO@NiFe-DLH composite, 
where Pani absorbs visible light, transfers photogenerated electrons to rGO, and reduces 
recombination thus expanding the absorption range into the visible spectrum in an efficient manner. 
Pani and rGO work in concert to increase electron mobility and promote the production of reactive 
oxygen species, including hydroxyl radicals (•OH) and superoxide radicals (O₂•⁻), which mineralizes 
AYR. Effective interaction between dye molecules and the catalyst's active sites maximize the 
generation of reactive species, resulting in the maximum degradation efficiency, at an ideal dye 
concentration of 20 ppm. However, at higher concentrations, the excess dye molecules occupy active 
sites and absorb incident light, reducing the availability of photons and reactive species, thereby 
lowering degradation efficiency. The Pani/rGO@NiFe-DLH composite demonstrates excellent 
stability, retaining substantial photocatalytic activity even after multiple cycles, with only a slight 
decrease due to surface fouling by degradation intermediates.  
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Fig. 7. Proposed degradation mechanism of AYR by Pani/rGO@FeNi-DLH. 

 

 

4. Analysis of antibacterial properties 

 

4.1. Antimicrobial studies on NiFe-DLH, rGO@NiFe-DLH, and Pani/rGO@NiFe- 

        DLH against E. coli  

Although it is frequently found in the human gastrointestinal tract, the gram-negative 
bacterium E. coli can also cause extraintestinal diseases. Furthermore, it is well known that E. coli 
can create biofilms on medical equipment, which might result in implant failure. Considering these 
possible resistances, it is essential that implanted medical devices surfaces successfully stop the 
growth of microorganisms. 

In this study, antimicrobial properties of NiFe-DLH, rGO@NiFe-DLH, and 
Pani/rGO@NiFe-DLH, using E. coli as the test organism was studies. E. coli was selected for this 
study due to its known ability to form biofilms and contribute to nosocomial infections. The growth 
inhibition of E. coli in the presence of these three compounds at three different concentrations (0.25, 
0.5, and 1 mg/mL) was measured. The results indicated significant growth inhibition of E. coli in 
liquid culture (Figure 8) and among the tested materials, Pani/rGO@NiFe-DLH showed highest 
antimicrobial activity, achieving a 70% reduction in bacterial growth at a concentration of 1 mg/mL. 
In comparison, NiFe-DLH demonstrated the least growth inhibition, at 40%, while rGO@NiFe-
DLH exhibited moderate growth inhibition of up to 50% at the same concentrations. When these 
nanocomposite compounds were applied to growing E. coli culture plates, a noticeable zone of 
growth inhibition was observed after one day of incubation (Figure 8). 

 

4.2. Antimicrobial mechanisms of NiFe-DLH, rGO@NiFe-DLH, and Pani/rGO @  

       NiFe-DLH against E. Coli  

(i) Cell membrane damage via reactive oxygen species (ROS) generation by NiFe-
DLH and its composites causes lipid, protein and membranes damage [49,50]. 

(ii) Sharp nanostructures of NiFe-DLH material with GO sheets causes physical 
damage leading to cytoplasmic leakage[49,51–53]. 

(iii) Further addition of Pani with nanocomposite materials causes electrostatic 
interaction and charge transfer as the positively charged Pani in Pani/rGO@NiFe-DLH interacts 
with oppositely charged E. Coli which disturbs membrane potential leading to injury to the cell 
walls. 
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Fig. 8. The antimicrobial study of nanocomposite materials (a) NiFe-DLH (b) rGO@NiFe-DLH, and (c) 
Pani/rGO@NiFe-DLH, against the E. coli as the test organism. The figure indicates the zone inhibition and 

percent bacterial inhibition at fixed dose 1 mg/mL concentration applied in liquid media. 
 
 
5. Conclusion  
 
In summary, this work demonstrates that reduced graphene oxide (rGO) and polyaniline 

(Pani) improves the photocatalytic efficacy of a nickel-iron double layer hydroxide (NiFe-DLH) 
catalyst. According to photoluminescence (PL) analysis, the addition of rGO to the NiFe-DLH 
greatly enhanced the photocatalytic degradation of alizarin yellow R (AYR) dye in visible light by 
encouraging charge separation and lowering recombination. The inclusion of Pani leads to further 
reduction in that PL intensity and the highest degrading efficiency of 85%, demonstrating the 
complementary roles of rGO and Pani in lowering recombination and enhancing charge transport. 
The diffuse reflectance spectroscopy revealed that the Pani/rGO@FeNi-DLH's smaller band gap 
was linked with increased visible light absorption and photocatalytic activity. After 10 cycles, the 
composite retained 81% of its original efficiency, demonstrating exceptional reusability. In terms of 
photocatalytic destruction of organic pollutants, the Pani/rGO@FeNi-DLH composite exhibits high 
efficiency, stability, and sustainability, indicating considerable promise for environmental 
applications. The ternary Pani/rGO@FeNi-DLH also showed efficient killing of gram-negative E. 
coli due to the synergistic effect of DLH, rGO and Pani leading to production of reactive oxygen 
species and disturbing membrane potential of E. coli. 
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