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Abstract 
Poly (vinylidene fluoride) (PVDF) is the first-choice ferroelectric support or membrane material. 

The lanthanum strontium manganite (LSMO) is a well-known electrode material in the class of the 
solid oxide fuel cell (SOFC) materials. A set of four polymer composites PVDF-LSMO-PANI(5.0 wt%) 
with different amount of silver doping were fabricated with the silver nitrate and reducing agent. The 
characterization of these four novel PVDF based composites were characterized by the XRD, FTIR, 
SEM, UV-Visible DRS. The present communication highlights: (I) the effect of PANI in the PVDF-
LSMO-PANI (PLP) composites towards the photocatalytic degradation of ciprofloxacin drug. (II) 
the effect of Ag doping in the Ag-PVDF-LSMO-PANI (Ag-PLP) composites towards the photocatalytic 
degradation of ciprofloxacin drug. It is observed that the incorporation of PANI in PVDF-LSMO and 
Ag in PVDF-LSMO-PANI polymer ceramic composites showed enhanced photocatalytic degradation 
of ciprofloxacin in the irradiation of visible radiation. The plausible separation of photo-generated 
e- hole pairs (e- and h+) carried on by charge migration kind of mechanism is being studied here to 
understand the improved photocatalytic activity of Ag-PVDF-LSMO-PANI composites. 

1. Introduction 
 

A specific type of friendly and green technology that is better for 
the sustainable growth of the environment is photocatalytic technology, 
which is utilised to degrade organic pollutants and convert solar energy 
to solve environmental issues and energy crises. As a result, it brought 
about more and more interest in research. Different photocatalyst, 
such as metallic sulphide, metallic oxide, metallic semiconductors, 
non-metallic semiconductors have been developed and extensively 
explored, particularly for the degradation of pollutants, heavy metals, 
water splitting etc [1-5]. The photocatalysts having silver doping are 
capturing greater interest among these many types of photocatalyst 
because of their photosensitivity to visible light, which might optimise 
solar energy and improve photocatalytic activity [6].  

PVDF polymer is so flexible that, it can be formed easily on curved 
surfaces, giving it a distinct advantage over ceramic. Additionally, 
it is tough, creep-resistant, chemically inert and has good stability 
when exposed to sunlight. The addition of piezoceramics to a PVDF 
matrix [7-9] has been tried to enhance the photocatalytic activity. 
However, design and fabrication complexity, environmentally friendly 
and cost always remained issues. The improved adsorption capabilities 
and catalytic performance of PVDF composites, in contrast to pure 
PVDF, stem from surface modifications, synergistic effects, heightened 
porosity, and the capacity to customize material properties through 
the incorporation of diverse fillers. These advancements render PVDF 

composites appealing for diverse applications, spanning environmental 
remediation and photocatalysis. 

The silver compounds have characteristics with plasma, photo-
sensitivity and small band gap that make them simple to activate in 
visible light and exhibit potential photocatalytic activity. The most 
promising organic conducting polymer is polyaniline (PANI), 
which is used in applications like molecular sensors, gas separation 
membranes, rechargeable batteries, and metal corrosion protection 
[10]. PANI is a pH-responsive material that, when subjected to acid/ 
base treatment, takes on various chemical forms. PANI, however, 
exhibits poor mechanical properties because of its poor solubility in 
common organic solvents [11]. Numerous studies have been conducted 
on the use of additives and/ or particular dopants for PANI composites 
to address these drawbacks. The PANI composite can therefore be 
attributed with particular properties, such as conducting and mechanical 
properties and superior solvent solubility [12], which could lead to 
increased photocatalytic property. Nobel metal silver doping significantly 
enhances the thermal, photocatalytic activity of PANI. Hence, the 
mixture of PANI and silver with homogeneous dispersion improved 
photocatalytic activity of the functional composite materials. 

Due to the long-lasting adverse effects, organic pollutants have 
a significant effect on water. Among the various kinds of organic 
pollutants, hormone disrupting substances like petroleum, dyes, and 
pharmaceutical ingredients are extremely hazardous for aquatic life, 
people and vegetation. Antimicrobial drugs like antibiotics are currently 
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used extensively to kill or halt the growth of bacteria. Antimicrobial 
medications come in a wide variety of forms with various structures 
and purposes [13]. Ciprofloxacin (CIP) is a class of antimicrobial 
medication used primarily by people for the treatment of joint infection, 
gram positive, gram negative, and typhoid illness. Additionally, 
because of their extensive utilization, it has been found in surface water, 
ground water, drinking water, and sewage water [14]. Furthermore, 
when the aforementioned waters are used to irrigate agricultural 
territory, these antibiotics are frequently found in the soil. Therefore, 
the CIP deterioration can be resolved using a variety of conventional 
methods, including electrochemistry, bacteria decomposition, 
adsorption technology. In light of these techniques, semiconductor 
photocatalytic technology has received a lot of attention from 
academics as an effective and environmentally friendly way to degrade 
environmental pollutants[15]. 

In the present communication, the Ag-PVDF-LSMO-PANI 
(Ag-PLP) composite polymer films are fabricated by solution casting 
method. The structural and morphological study along with optical 
characteristics are obtained by SEM, FT-IR and UV- DRS. The Ag-PLP 
composite has demonstrated excellent photocatalytic properties, 
making it an effective material for the degradation of ciprofloxacin 
drugs in wastewater treatment. The impact of this material lies in 
its potential to address the growing concern of antibiotic resistance 
and environmental pollution caused by the improper disposal of 
pharmaceutical drugs. These materials shown great promise in 
degrading ciprofloxacin efficiently, offering an effective solution to 
this issue. The photocatalytic properties of the Ag-PLP composite 
material allow it to degrade ciprofloxacin under visible light, which is 
a significant advantage over other photocatalysts that require UV light.  
 
2. Experimental details 

 
2.1 Materials 

 
 
 

The dimethyl formamide (DMF) having 99% purity was brought  
from Merck and poly vinylidene fluoride (PVDF) pellet was purchased 
from HI Media laboratories. Manganese acetate [Mn (CH3CO2)2], 
Strontium nitrate [Sr(NO3)2] and Lanthanum nitrate [La(NO3)3] were 
from HI Media laboratories. The ammonium persulfate (APS) and 
aniline were purchased from Merck. 

Synthesis of Lanthanum Strontium Manganese Oxide (LSMO) 
is described in our previous publication [16]. A combination of 
ammonium persulfate (APS) as initiator and chemical oxidative 
polymerization of aniline monomer, polyaniline (PANI) was 
synthesized by maintaining the flow rate and stirring for 6 h at 
room temperature. After the polymerization reaction, the resultant 
mixture was filtered and washed successively using 1.0 M HCl 
several times followed by double distilled water until the washing 
became colourless. Finally, using acetone, the residue was washed 
and dried at 60℃. 
 
2.2 PVDF/LSMO/PANI@Ag (Ag-PLP) 
 

A set of four polymer composites PVDF-LSMO-PANI (5.0 wt%) 
with different weight percentage (2.5, 5.0, 7.5, and 10.0 wt%) of 
silver doping were fabricated with the silver nitrate (AgNO3) and 
reducing agent (NaBH4) and named as Ag-PLP-2.5%, Ag-PLP-5.0%, 
Ag-PLP-7.5% and Ag-PLP-10.0%. 

For the polymer sheet fabrication Ag-PLPs materials were taken 
individually in glass beakers according to their stoichiometric 
proportions. About 50 mL of Dimethyl formamide (DMF) solvent 
was gradually poured into it and stirred continuously with constant 
heating (approx. 80℃) on a hot plate till a homogeneous solution 
was obtained. Then the mixtures were poured into petri dishes and 
placed at room temperature till the evaporation of excess DMF. 
After the complete evaporation of the solvent, the polymer sheets 
were peeled out from the petri dishes and labelled for further 
characterizations. The schematic representation of synthesis of LSMO, 
PANI and polymer sheet fabrication is illustrated in Figure 1. 

 

 

Figure 1. Schematic representation for synthesis of polymer sheet fabrication 
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3.  Results and discussion 
 
3.1  FTIR Analysis 
 

The structural analysis of PLP, Ag-PLP and Pure PVDF was 
performed by FTIR spectrum using Jasco FT/IR-4600 (Model no. 
FT/IR-4600LE) and shown in Figure 2(a) and Figure 2(b) respectively. 
For polyaniline, the IR band specific to C-H vibrations (2965, 2931, 
2842, 1375, 994, 970, and 910 cm-1), N-H vibrations (3370, 3200, 
and 3023 cm-1), C-N vibration (1650 cm-1), C=C vibrations (1595, 
1510, 1495, and 1450 cm-1), C-N vibration (1312 cm-1) are observed 
[17-21]. Bands at 2956.21 cm-1 and 2880.57 cm-1 region arising from 
C-H stretching. The main absorption band at 615 cm-1 is caused by 
the perovskite’s metal oxygen bond being stretched. Within the 
MnO6 octahedral structure, the Mn-O-Mn bond length is altered by 
this internal motion. Carbonates is indicated around 920 cm-1 and 
1050 cm-1 by the absorption peaks. The stretching vibration of carboxylic 
group (COO-) in carbonate is revealed by the strong absorption peak 
around 1381 cm-1 in LSMO. O-C-O is responsible for the absorption 
peak at 2360 cm-1. The characteristic of absorbed water or the -OH 
group in the alcohol is the broad absorption peak around 3350 cm-1. 
The Mn-O-Mn bond length changes in the stretching, whereas the 
Mn-O-Mn bond angle changes in the stretching mode. According 
to transmission spectra, the structure of LSMO has formed, which 
is consistent with the XRD findings. This is shown by the appearance 
of stretching and bending modes.  

The proportion of β-phase present in the material can potentially 
be determined employing a method described by Gregorio [22]. For 
each phase the, the following formula (Equation (1)) applies for a 
film sample with thickness of ‘L’ and IR absorption bands: 

 
A =  log (Io/I)  =  Ɛ.X.L (1) 

 
where, I: incident, I0: transmitted radiation intensities, Ɛ: extinction 

co-efficient of IR bands corresponding to each phase (6.1 × 104 cm2⸳mol-1 
for α and 7.7 × 104  cm2⸳mol-1 for β-phase), and X: degree of crystallinity 
of each phase. Therefore, percentage of F(β), the relative fraction of 
β-phase, in the material with α and β-phases, can be expressed using 
Equation (2): 
 

%F(β) = � Xβ

Xα + Xβ
 �× 100 = � Aβ

1.26Aα +  Aβ
�  × 100 (2) 

 
The Aα and Aβ correspond to absorption bands at 530 cm-1 and 

840 cm-1 for α and β-phases, respectively. The value of F(β) obtained 
for the Ag-PLP and Pure PVDF at 840 cm-1 was 52% and 57% 
respectively. 

 
3.2  SEM 
 

The morphological study of composite sheets obtained by ZEISS 
(EVO 18) scanning electron microscope. Figure 3(a) and Figure 3(b) 
represents the microstructure of PLP 7.5 wt% and Ag-PLP 7.5 wt%  
polymer sheet with particle size distribution respectively. The figure 
suggest that there is no clustering of particles. The mean value of 
the size of nanoparticles of PLP is 2.29 µm with std. deviation 1.12 
and Ag-PLP systems is 2.85 µm with std. deviation 0.62. The EDS 
spectra shows that all the elements are present without any trace of 

impurity. Figure 3(c) shows EDS spectra colour maping of Ag-PLP 
7.5 wt% system in which the presence of elements are clearly visible. 

 
3.3  UV-DRS 

 
The analysis of UV-Visible spectra broadens the responsiveness 

of the sample to electromagnetic radiations and increases its potential 
for application. The energy of incident photon and absorbance having 
relationship is shown in Equation (3): 
 

(αhν)2 = C�hν-Eg� (3) 
 
Where α is absorption coefficient, h is plank’s constant, ʋ is the 

incoming light frequency, A is the absorption coefficient, Eg is the   
band gap and C donates absorption constant.  The band gap energy of 
the developed photocatalyst can be determined by plotting (αhʋ)2 
for direct transition against energy. The absorbance spectrum of PVDF 
and Ag-PLP 7.5 wt% is shown in Figure 4(a), the energy band gap 
is shown in Figure 4(b) and the value of Eg are determined by the 
X-axis intercept. The calculated value of (αhʋ)2 vs hʋ provides the 
direct allowed bandgap energy of 4.66 eV for PVDF and 2.60 eV for 
Ag-PLP 7.5 wt% [23,24]. As observed, Ag-PLP 7.5 wt% have lower 
band gap energy which makes it useful for photocatalytic and electrical 
application. 

 

 

     

Figure 2. (a) FTIR spectra of PLP and Ag-PLP and (b) FTIR spectra of Pure PVDF. 
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Figure 3. (a) Surface micrograph with particle size distribution of  PLP 7.5 wt% (b) Surface micrograph with particle size distribution of  Ag-PLP 7.5 wt%, 
and (c) EDS spectra of Ag-PLP 7.5 wt% with colour maping of various elements

 

 

Figure 4. (a) UV-VIS-DRS absorbance spectra, and (b) Energy bandgap of PVDF and Ag-PLP 7.5 wt% 
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3.4  Photocatalytic degradation of CIP (Ciprofloxacin) 
 
3.4.1  Photocatalytic study 

 
The PLP and Ag-PLP composites (0.02 g each) were taken in 20 mL 

CIP solution (20 mg⸳L-1). The entire system was put in a constant 
temperature oscillator for about 30 min in the dark for adsorption and 
then kept in the sunlight about 90 min for desorption. After degrading, 
the catalyst was filtered out, and the absorbance intensity of CIP 
was investigated by UV-Visible spectrophotometer whose maximum 
absorption peaks were observed at 272 nm. Within a given concentration 
range, the concentration of CIP solution and its absorbance follow 
a linear relationship. The percentage of degrading efficiency of CIP 
solution can be calculated by the following Equation (4): 

 
Efficiency (%)  =  {(C0-C)/C0} × 100 (4) 

 
Where C0 is the initial concentration, and C is the final concentration 

of CIP after the reaction. Adsorption-desorption equilibrium experiments 
were performed to determine the optimal period for the photocatalytic 
process, as shown in Figure 5(a). According to the results of the 
experiment, the highest adsorption of CIP was seen at around 272 nm. 
As the time passes from 15 min to 90 min, the absorbance steadily 
decreases. The experiment clearly shows that 90 min is the optimum 
time for the photocatalytic activity. Adsorption of drugs is a crucial 
phenomenon for photocatalytic degradation because greater adsorption 
means more photocatalytic degradation.  

The effect of pH on CIP photodegradation by PLP and Ag-PLP 
composites was investigated by calculating the percentage of photo-
degradation at various pH levels. As shown in Figure 5(b) the photo-
degradation efficiency of the composite for CIP is best at pH=6. CIP, 
on the other hand, has pKa values (pKa1=6.1, pKa2=8.2) (Scheme 1), 
hence its ionisation is significantly reliant on pH. The point of 
zero charge (PZC) of Ag-PLP 7.5 wt% was determined to be 8.51 
(Figure 5(c)). The surface was positive charged when pH<PZC, and 
negatively charged when pH>PZC. Because the surface is positively 
charged, there is a stronger attraction between the catalyst and the 
substrate, which improves the adsorption of CIP onto the surface of 
the catalyst and hence the degrading efficiency.  

The photocatalytic degradation of all the catalysts were evaluated 
in presence of sun light at pH=6 for 90 min. The photocatalytic 
degradation percentage of different synthesized polymer samples 
are shown in Figure 5(d-e). Due to the effect of increase in weight 
percentage of LSMO ceramic, the optimised PL 5.0 wt% was doped 
with different weight percentage of PANI and observed that the 
percentage degradation increases in PLP (about 51%) with the effect 
of increase in weight percentage of PANI. Similarly, the effect of 
addition of silver, increased the degradation percentage (about 82%) 
in Ag-PLP and decreased at higher loading of Ag, i.e., Ag-PLP 10.0 wt%. 
All of the Ag loaded photocatalysts performed better than pure PLP 
due to the surface plasmon resonance effect, which increases photo-
reduction efficiency by extending light absorption to the UV-Visible 
light band. In comparison to other Ag loaded photocatalysts, Ag-
PLP 7.5 wt% had the best photo-reduction efficiency with an 82.0% 
reduction. Therefore, Ag-PLP 7.5 wt% is used as an example to 
determine the photodegradation performance of the composite for CIP. 

The rate of photodegradation reduced as CIP concentration 
increased. This experimental data is consistent with the graph of the 
first order kinetics expressed in Equation (5): 

 
Log C/C0  =  kt (5) 

 
Where C is the concentration after degradation and C0 is initial 

concentration of CIP. The rate constant of a pseudo-first-order kinetics 
reaction is represented by K. The photodegradation of CIP was evaluated 
by taking all the photocatalysts as shown in Figure 5(f). The effect 
of CIP concentration on photodegradation of CIP in the presence of 
sunlight was investigated. The photodegradation vs time graph shows 
that increasing the CIP level from 20 mg⸳L-1  to 80 mg⸳L-1 reduced 
photodegradation efficiency. This is most likely due to a rise in CIP, 
which effects solar absorption, reducing light utilisation by Ag to 
some extent.  

Several scavenging agents, including PBQ, IP, CA and DMSO are 
used to trap the potential active radicals O2-., OH., h+ and e- respectively. 
The experiment shows that the addition of CA considerably reduced 
the photodegradation of CIP. This confirmed that h+ is the active 
species involved in the photodegradation process. Figure 5(g) shows 
the impact of several scavenging agents on the photodegradation 
process. After every photocatalytic experiment, the composite was 
dried and washed with water and anhydrous ethanol to assess its 
reusability. The photodegradation efficiency does not significantly 
drop after four consecutive cycles, as seen in Figure 5(h), suggesting 
that Ag-PLP 7.5 wt% composite is stable during photocatalysis. 
The Figure 5(i) represents the X-ray diffraction (XRD) reflection of 
before and after degradation of Ag-PLP 7.5 wt% polymer composite. 
The diffraction patterns of composite films were obtained by Rigaku 
X-ray diffractometer using CuKα (λ = 1.54056 Å) mono-chromatic 
radiation (10°≤ 2θ ≤ 80°). The highest intensity peaks were matched 
with the phase lanthanum strontium manganese oxide (LSMO) whose 
diffraction peaks to be found at 2θ values of 32.88 (320), 44.20 (52-1), 
58.64 (90-1) and 59.84 (04-1) having reference ID: 00-054-1219. 
Some less intensity peaks are also observed which are matched with 
the impurity phase and diffraction peaks to be found at 2θ values of 
25.18 (101), 25.81 (11-1), 35.17 (021), 36.13 (311) and 43.18 (321) 
having reference ID: 01-084-1778.The diffraction peak appeared 
around 2θ=41.02 corresponding to the presence of Ag [25]. A broad 
peak occurred at 2θ=25.53 which shows the amorphous nature of 
PANI [26,27]. All the above results demonstrated that silver, PANI, 
LSMO all are successfully doped into PVDF membranes. The results 
also suggested that the intensity of the Ag-PLP 7.5 wt% becomes 
relatively low after its fourth usage which may be due to the photo 
corrosion and photo dissolution of the catalyst. 

 

 

Scheme 1. Increasing of pH caused different form of CIP. 
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Figure 5. (a) Photodegradation of CIP by Ag-PLP 7.5% at different time intervals, (b) Photodegradation of CIP by Ag-PLP 7.5% at different pH, (c) Point 
of zero charge (PZC) of Ag-PLP 7.5%, (d) Best Photocatalyst, (e) Photodegradation of CIP by various composite at different time, (f) Pseudo-first order 
kinetics at different concentration, (g) Impact of several scavenging agents on the photodegradation process, (h) Reusability, and (i) XRD reflection of 
before and after degradation of Ag-PLP 7.5%. 
 

 

Scheme 2. Schematic diagram for possible photocatalytic mechanism of Ag-PLP photocatalyst.
 
3.4.2  Photocatalytic mechanism 

 
The alteration of Ag on the surface of PLP improves photoreduction 

efficiency due to the surface of plasmon effect. The two most significant 
photocatalytic processes are the formation and separation of photoexcited 
electron hole pairs and a potential photocatalytic mechanism of charge 
transfer in Ag-PLP. There are three approaches to improve the solar 
driven photocatalysis as the Ag modification occurs on the PLP surface: 
(i) the process known as “plasmon-induced resonance energy transfer” 

[28] through which the plasmon in Ag can transmit energy to PLP 
resulting in electron-hole pairs; (ii) the induced hot electrons that 
are generated by LSPR (located surface plasmon resonance) [29] 
shift to PLP, increasing the number of free electrons in PLP; (iii) the 
separation of e- hole pairs occurs for which the photogenerated e-s in 
PLP migrating to Ag due to the reduced work function. The photo-
catalytic process for degradation of CIP was shown in Scheme 2 and 
following reactions (Equation (6-14)) occur during this photocatalytic 
process: 
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Ag-PANI/LSMO + hʋ → Ag-PANI/LSMO (e-
CB + h+

VB)  (6) 
 
Ag-PANI/LSMO(e-

CB + h+
VB) → Ag-PANI/LSMO + heat  (7) 

 
 Ag-PANI/LSMO(h+

VB) + H2O → Ag-PANI/LSMO + H+ OH. (8) 
 

Ag-PANI/LSMO(h+
VB) + OH. → Ag-PANI/LSMO + OH.  (9) 

 
Ag-PANI/LSMO(e-

CB) + O2 → Ag-PANI/LSMO + O.
2    (10) 

 
O.

2
- + H+ → HO.

2    (11) 
 
Ciprofloxacin + OH- → Degradation products    (12) 
 
Ciprofloxacin + h+

VB→ Oxidation products    (13) 
 
Ciprofloxacin + e-

VB →Reduction products   (14) 
 

4. Conclusion 
 

The present communication explained successfully (I) the effect 
of PANI in the PVDF-LSMO-PANI composites towards the photo-
catalytic degradation of ciprofloxacin drug and (II) the effect of Ag 
doping in the Ag-PVDF-LSMO-PANI composites towards the photo-
catalytic degradation of ciprofloxacin drug. It is now evident that 
the incorporation of PANI in PVDF-LSMO and Ag in PVDF-LSMO-
PANI polymer ceramic composites can improve the photocatalytic 
degradation of ciprofloxacin in the visible range of electromagnetic 
radiation. The presences of Ag and the ceramic phase could be verified 
from the XRD diffraction pattern before and after degradation of 
Ag-PLP 7.5%. A remarkable amount of photocatalytic activity is 
potentially shown in the synthesized Ag-PLP composites. The separation 
of photogenerated electron hole pairs (e-and h+) carried on by charge 
migration was mostly attributed to the improved photocatalytic activity 
of Ag-PLP composites. A potential photo-catalytic process for drug 
reduction was brought up over Ag-PLP composite. The CIP removal 
efficiency of Ag-PLP was 82.0% which showed higher than the 
unmodified LSMO in UV-Visible light irradiation at the experimental 
conditions. The photocatalytic properties of the Ag doped PLP composite 
material allow it to degrade ciprofloxacin under visible light, which is 
a significant advantage over other photocatalysts that require UV light.  

Overall, the Ag doped PLP composite material has the potential 
to revolutionize the field of wastewater treatment by providing an 
effective and efficient method for the degradation of ciprofloxacin 
and other pharmaceutical drugs. Its impact extends beyond the 
scientific community, as it contributes to the improvement of public 
health and the protection of the environment. 
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