
P. Rajesh Anantha Selvan et al. Int. J. Res. Chem. Environ. Vol. 7 Issue 4 (13-22) October 2017 

13 

 

 
ISSN 2248-9649 

International  Journal of 

Research in Chemistry and  Environment 

Available online at: www.ijrce.org 

 

 

Research Paper  
 

Photocatalytic Degradation of Phenol by Polyaniline/ Phosphomolybdic acid/ 

Poly(vinyl pyrrolidone) Composite under Visible Light 
 

P. Rajesh Anantha Selvan
1
, 

*
E. Subramanian

2 
and R. Murugesan

3
 

1Department of Chemistry, St. John’s College, Palayamkottai, Tirunelveli-627 002, Tamil Nadu, INDIA 
2Department of Chemistry, Manonmaniam Sundaranar University, Tirunelveli-627 012, Tamil Nadu, INDIA 

3Department of Chemistry, TDMNS College, T. Kallikulam, Tirunelveli-627 113, Tamil Nadu, INDIA  

 

(Received 10
th

 August 2017, Accepted 19
th

 September 2017) 

 

 

Abstract: Our work is to infusing photocatalytic activity in polyaniline (PANI) by coupling its visible light 

absorption with the catalytic role of phosphomolybdic acid (PMA), a heteropoly acid. A neutral polymer poly(vinyl 

pyrrolidone) (PVP) was used as the soft template. By chemical oxidative polymerization method, the four materials 

viz., PANI, PANI–PVP, PANI–PMA and PANI–PMA–PVP were synthesized. UV-vis, FTIR, XRD and SEM 

techniques were used to characteristics PANI and its three composite materials.  XRD and SEM revealed the 

interaction of PANI with PMA and PVP. Photocatalytic activity of PANI and its composites was studied by visible 

light degradation of phenol using Haber inner irradiation photoreactor (λ > 380 nm, irradiation time = 160 min.  
Experimental parameters for the influence of photocatalytic activity such as initial phenol concentration, pH and 

dosage of catalyst were investigated. The above four photocatalysts exhibited the phenol photodegradation of 6.8, 

10.0, 31.2 and 64.0 % respectively at the optimized condition of initial phenol concentration of 50 mg/L, pH = 6,  

photocatalyst loading of 0.5 g/L, H2O2 2 mL, constant air flow, at room temperature and atmospheric pressure. 

PANI-PMA-PVP showed the maximum decomposition of phenol. The combined effect of PMA and PVP is believed 

to play an important role in enhancing the photoreactivity of PANI in visible region.  
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Introduction 

Organic-inorganic hybrid materials receive greater 

attention because of their specific advantageous 

properties. These new materials have advantages of 
organic materials such as flexibility, light weight and 

good malleability, and those of inorganic materials 

such as stability, high strength, chemical resistance and 

high reactivity. Polyaniline (PANI)–polyoxometalate 

(POM) composites combine the mechanical flexibility1, 

optical2  and electrical properties3 of PANI with the 

high electrical conductivity4 and catalytic activity5 of 

POM. The incorporation of POM into the PANI matrix 

offers enhanced performance for both the components6. 

Common methods for combining a polymer with a 

heteropoly acid (HPA), one of the POMs include (i) 

electrochemical growth on a support7, (ii) one-step 
reaction where the polymer is reacted in solution or on  

 

the solid oxidant8 and (iii) impregrenation of a support 

material9. Recently, more and more attention has been 

focused on the combination of PANI and 
phosphomolybdic acid (PMA) photocatalysis4.  

 

Phenol in waste water is potentially toxic to human, 

aquatic and microorganism life. Traditional waste 

water treatment techniques available are activated 

carbon adsorption10, chemical oxidative degradation11, 

biological digestion12, etc. However, in each technique 

there are limitations and disadvantages11. The 

heterogeneous photocatalysis13, one of the advanced 

oxidation processes14, permits the degradation of 

phenol in aqueous solution in the presence of a 

photocatalyst. Present investigation applies polyaniline 
composites photocatalysts for the visible light 
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degradation of phenol. A neutral polymer, poly (vinyl 

pyrrolidone) (PVP) was used as a soft template in 

synthesis. PVP is also a well known steric stabilizer15. 

Composites were prepared by simple conventional 

aqueous chemical oxidative polymerization16 of aniline 

doped with phosphomolybdic acid (PMA- a HPA)17 

and PVP. Binary system PANI-PMA and PANI-PVP 

composites were prepared by aniline monomer with 

PMA/PVP. Ternary PANI-PMA-PVP composite was 

also prepared as a new photocatalyst. The experiments 

were conducted under visible light in aqueous 

suspension of photocatalysts, different parameters such 
as type of catalyst, initial phenol concentration, pH, 

and dosage of catalyst were also investigated for their 

influence on phenol degradation. Interesting results are 

obtained and reported herein. 

 

Material and Methods 
PMA was purchased from Sigma-Aldrich and used 

without further purification. Aniline from Merck was 

distilled prior to use. Water was used after two 

distillations (DDW). Con. HCl, PVP, hydrogen 

peroxide, N-methyl pyrrolidone (NMP) and acetone 
were obtained from Merck. Sodium carbonate and 

Folin-phenol reagent were obtained from Spectrum 

Chemicals.  

 

Synthesis of PANI materials 
PANI and its composites were synthesized by chemical 

oxidative polymerization method16. In this method, 2 

mL aniline, 2 mL H2O2, 2 mL Con. HCl and 94 mL 

DDW were mixed in a 250 mL beaker and stirred for 

an hour during the course of polymerization reaction. 

Then it was allowed to proceed overnight in a 

refrigerator. After completion of polymerization, the 
polymer sample formed was filtered with suction, 

washed several times with 0.1 M HCl, DDW and 

acetone until the filtrate became colourless. The 

samples were dried in an air oven at 110°C for about 4 

h and ground into fine powder. The polymer sample 

was stored in air-sealed polythene cover. Similarly 

PANI-PVP and PANI-PMA were prepared by adopting 

the same procedure as above with PVP (PANI-PVP: 

[PVP] = 10 mM) and with PMA (PANI-PMA: [PMA] 

= 5 mM). The sample PANI–PMA-PVP composite 

was synthesized by adopting the same procedure as 
above with 5 mM PMA and 10 mM PVP.  

 

Characterization  

The UV-vis spectra of the prepared PANI composites 

were recorded by a spectrophotometer (Perkin Elmer 

UV-vis spectrophotometer, Lambda - 25 model) in 

NMP solvent in quartz cuvettes for the wavelength 

range of 330–800 nm. The polymer samples were 

characterized by FTIR spectroscopy.  KBr pellets were 

prepared for the four materials and used to record FTIR 

spectra with JASCO FTIR - 410 spectrophotometer in 

the region 400-4000 cm-1. The XRD patterns of all the 

PANI composites were recorded using a Shimadzu 

XRD 6000 X-ray diffractometer with Cu-Kα radiation 

source (λ = 1.54 Å) operated at 40 kV and 30 mA in 

the 2θ range 10-90° at the scan speed of 10.0° per 

minute. Microstructure characterization of the polymer 

samples was made with JEOL JSM-6390 Scanning 

electron microscope (SEM) operating at 20 kV, after 

coating the samples with platinum for 45 s using JEOL 

JFC-1600 auto-fine coater with sputtering technique. 

 

Photocatalysis 

The photodegradation studies were carried out in a 
Haber inner irradiation photoreactor model HIPR LC–

150. The light source was the visible light from 150 W 

tungsten lamp (λ > 380 nm, irradiation time = 160 min, 

intensity = 14.79 mW/cm2 at 555 nm measured with 

Kusem–Meco Luxmeter, model KM Lux 200 K). The 

photoreactor wall was covered by aluminum foil 

during the course of reaction. The pH of the medium 

was adjusted using 0.1 M HCl or NaOH. Air flow at 

constant rate was made using air pump. The 

temperature and pressure of the photoreactor was 

maintained at 28±2°C and atomspheric pressure. 300 
mL phenol solution was mixed thoroughly with 

required quantity of photocatalyst and shaken for 30 

minutes to reach adsorption/desorption equilibrium in 

the absence of light. The initial concentration of phenol 

was in the range of 10 to 70 mg/L and a catalyst dose 

of 0.33 to 0.83 g/L was suspended for degradation. 

Photodegradation study of phenol for the four catalysts 

PANI, PANI-PVP, PANI-PMA and PANI-PMA-PVP 

was carried out in light, constant air flow, H2O2 2 mL, 

at initial phenol concentration of 50 mg/L, pH 6, dose 

of catalyst of 0.5 g/L. Experimental variables like 

initial phenol concentration, pH and dose of catalyst 
for phenol degradation were investigated. The first 

phenol sample from dark equilibrium was taken to 

determine the initial concentration of phenol. After that 

tungsten lamp was switched on to start photocatalysis. 

Samples were taken periodically at various time 

intervals for 160 min, 2 mL sample was drawn out for 

every 10 min for an hour and remaining samples were 

taken at 20 min intervals. The experimental samples 

were centrifuged and filtered through a Whatman filter 

paper No.1 to separate catalyst particles.  

 
The percentage of phenol degradation was analyzed by 

Phenol-Folin method18. In this method phenol aliquot 

was complexed with Folin reagent. By measuring the 

absorbance at λmax = 650 nm phenol concentrations 

were determined from the calibration curve 

(concentration vs absorbance) produced from known 

concentrations. The percentage photodegradation of 

phenol was calculated by using equation (1). 

% photodegradation = (A0-At)/A0×100 --------------- (1) 

Where A0 and At are the absorbances of phenol–Folin 

complex samples at zero and at time ‘t’ respectively. 
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Experiments were repeated in duplicate for getting the 

reproducibility of the results. 

 

Results and Discussion 

UV-vis spectral studies 

To examine the interaction between PANI, PVP and/or 

PMA, the UV-vis absorption spectra of the PANI 

composites in NMP solvent were obtained. They are 

shown in figure 1 and data in table 1.  The spectrum of 

PANI (figure 1a) consists of three absorption bands19. 

The first one at 380 nm is assigned to π-π* transition, 

second one at 557 nm to low wavelength polaron-π* 
(n-π*) transition and another one around 678 nm to a 

high wavelength polaron-π* transition related to the 

quinonoid unit, which can be used as a measure of the 

oxidation state of PANI19. However, the π-π* transition 

band shows a significant blue shift to 369 nm for 

PANI-PVP composite, low wavelength polaron-π* 

transition shows a remarkable blue shift to 549 nm, 

however, the high wavelength polaron-π* transition 

related to the quinonoid unit is red-shifted to 687 nm
20

. 

PANI doped with  

 
PMA shows three absorption bands. The first 

absorption band of PANI-PMA has red-shifted and 

appears at 394 nm.  The PMA in non-reduced form is 

generally characterized by oxygen-to-metal (O→M) 

charge transfer bands below 400 nm7-9 which have 

mingled with this π-π* band. π-π* transition with red-

shift (394 nm) shows the interaction of PMA with the 

polymer chain21. The second and third bands around 

553 nm and above 694 nm respectively are also red-

shifted and indicate the interaction. In case of PANI-

PMA-PVP, by the introduction of PMA and PVP into 

the PANI matrix, first the relative intensity of π-π* 

transition is very much enhanced with a considerable 

blue-shift to 365 nm. This drastic change itself proves 

the mutual interaction among the components in 

PANI-PMA-PVP ternary system8,15,21,22. Similarly the 

other two bands also undergo change, indicating this 

interaction. Considerable increase in absorbance of 

three component PANI-PMA-PVP sample relative to 

others definitely indicates that it could be a better 

photocatalyst than others. Indeed, the extent of light 

absorption determines the efficiency of any 

photocatalyst. 

 
 

Figure 1. UV-vis spectra of PANI and its composites 

in NMP solvent 

(a) PANI  (b)  PANI-PVP (c) PANI-PMA and (d) 

PANI -PMA-PVP 

 

 

Table 1: UV-vis spectral and XRD data for PANI and its composites 

 

 

Sample 

UV-vis peaks in 

NMP solvent 

(nm) 

XRD data 

2θ 

(deg) 

d value 

(Å) 

Average crystallite size 

(nm) 

PANI 380, 557, 678 18.5 

25.7 

4.79 

3.45 

13.60 

6.90 

PANI-PVP 369, 549, 687 28.1 3.19 11.27 

PANI-PMA 394, 553, 694 26.4 3.36 105.20 

PANI-PMA-PVP 365, 551, 696 26.4 3.36 95.91 

 

FTIR spectral studies 

FTIR spectra of PANI and its composites are shown in 

figure 2. PANI shows the main characteristic bands at 

833, 1035, 1186, 1287, 1351, 1442, 1500 and 1566cm-1 

corresponding to C–H out–of–plane bending vibration 

for aromatic rings, C-N in-plane bending vibration, 

(two successive bands), C = N stretching vibration in 

quinoid, stretching of imine, stretching  

 

 

 
forms of C–N bond, C=C stretching vibration of 

benzene ring and C=C stretching vibration of quinoid 

respectively19,23. The spectrum of PANI-PVP 

composite (figure 2b) moves towards higher 

wavenumber at 1575 and 1447 cm-1. The red-shifted 

peak at 1167 cm-1 due to C – H in-plane bending shows 

interaction of PANI with PVP. All the spectral features 

associated with PANI-PVP composite, especially the 

shift of peaks indicate strong interaction of PVP20,24 

causing a structural and chemical change in PANI.  
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FTIR analysis of PANI-PMA (figure 2c) shows peaks 

at 1569, 1493, 1447, 1287, 1166 and 797 cm-1 which 

are the characteristic peaks of PANI. The bands in the 

range of 800-1100 cm-1 corresponds to PMA which 

overlap with weak PANI bands in this region. New 

high intense sharp peak at 1063 cm-1 is assigned to 

stretching mode of P–O bond, peaks at 964 and 853 

cm-1 are assigned to the Mo=O terminal bond and an 

symmetric stretching Mo–O–Mo bond, 

respectively8,20,25.  Therefore the above IR result shows 

that PMA is completely interacting with PANI and 

forms a new composite20,25. IR spectra of the ternary 
composite, PANI-PMA-PVP (figure 2d) exhibit some 

changes in the bands of the PMA anchored in the 

polymer matrix as compared to those of the free acid. 

A detailed inspection of the band of Mo=O group of 

PMA in the composite shows shifting to 960 cm-1 and 

the band of Mo-O-Mo to 862 cm-1. As could be 

expected, the inner P-O bonds are affected by the 

composite formation as indicated by the small variation 

in frequency of vibrations. The external Mo=O bond 

stretching shift to lower wave number (960 cm-1) 

proves the composite formation. But the main changes 
are observed in Mo-O-Mo vibrations, which involve 

the more basic oxygen atoms, i.e., those involved in 

the protonation of the anion.  Thus the interaction of 

PMA and PVP into the polymer matrix is confirmed26.  

 

 
 

Figure 2: FTIR spectra of (a) PANI (b) PANI-PVP 

(c) PANI-PMA and (d) PANI-PMA-PVP 

  

XRD studies 
The XRD patterns of PANI and its composites are 

shown in figure 3 and the data commuted are given in 

table 1. The broad pattern of PANI has the 

characteristic peaks, first one at 18.5° and second27 at 

25.7° which indicate amorphous nature of PANI. For 

PANI-PVP composite, the very broad shifted 

diffraction band at 28.1° shows the incorporation of 

PVP into PANI matrix. Further, the intensity radio of 

peaks in PANI (figure 3a) i.e., higher intensity at lower 

angle peak and lower intensity at higher angle peak, is 

totally changed in PANI-PVP composite, actually the 

reverse with peak broadening is observed. These 

results firmly show the strong interaction between 

PANI and PVP. XRD pattern of PANI-PVP matched 

with the reported pattern of PANI28.  Generally PMA is 

crystalline in nature and is confirmed from the 

literature22. By the addition of PMA the PANI 

composites move towards crystalline nature.   

 

 
 

Figure 3: XRD patterns of PANI materials (a) 

PANI (b) PANI-PVP (c) PANI-PMA and (d) PANI-

PMA-PVP 

 

PANI-PMA and PANI-PMA-PVP display sharp peaks 

(figure 3c and d) at 11.1°, 21.6°, 26.4°, 30.6°, 36.1°, 

55.6°, 62.3° and 10.6°, 21.4°, 26.4°, 30.6°, 36.0°, 55.7°,  

61.9° respectively. All these peaks were indexed to 

(110), (220), (222), (400), (332), (552) and (732) set of 

planes of Primitive Cubic structure with reference to 

JCPDS File no. 09-0412 for PANI-PMA and JCPDS 

File no. 09-0412 for PANI-PMA-PVP sample. By 
comparing PANI-PMA and PANI-PMA-PVP with 

PANI and PANI-PVP patterns, it is observable that 

new sharp peaks appear at several positions due to the 

incorporation of PMA. PMA is dispersed well 

throughout the PANI polymer matrix without losing its 

crystalline nature. For PANI-PMA and PANI-PMA-

PVP composites, the XRD patterns are in agreement 

with the previous results22,29. For PANI-PMA and 

PANI-PMA-PVP composites, there is good agreement 

between the patterns reported in JCPDS files and in 

Figs. 3c and d in terms of sharp high intense reflections, 
peak position and (h k l) values of the respective planes. 

These patterns indicate, beyond any doubt, the 

presence of crystallinity in PANI-PMA and PANI-

PMA-PVP samples. d value decreases from PANI to 

other composites (table 1) which reveals close 

arrangement of PANI chains. The intensity of the 

peaks shows that fine differences do exist between 
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PANI-PMA and PANI-PMA-PVP in d–space and 

average crystallite size values. Hence, the soft template 

PVP and the HPA-PMA mutually interact and also 

with PANI. 

 

SEM studies 

SEM photographs of PANI and its composites taken at 

10,000 × magnification are shown in figure 4. PANI 

has rough-surfaced and irregularly-shaped grains of 

micron size (figure 4a). PANI-PVP composite has 

nano rods morphology (figure 4b). The rods have 

approximately 200 nm dia and few micron lengths. 
Addition of PVP into PANI as a steric regulator and 

template has completely changed the morphology of 

pristine PANI. This is in accordance with our previous 

work24. However, addition of PMA to PANI has 

changed the PANI morphology into micron size 

spheres (figure 4c). Primary nano spherical particles 

agglomerated into secondary clusters are visible in the 

image in figure 4c. Compared to PANI, the PANI-

PMA primary nano spherical particles agglomeration is 

less and leads to micron size spheres. That means the 

inorganic PMA is uniformly dispersed in PANI matrix 
and such observation is consistent with XRD 

characterization (figure 3c) and was reported in 

previous study8 also. The three component composite, 

PANI-PMA-PVP has entirely different morphology 

from others (figure 4d) and has almost smooth-

surfaced, spherical shaped and uniformly distributed 

micron-sized particles/grains. These are all secondary 

particles/clusters consisting of agglomerated nano-

sized primary particles.  

 

 
 

Figure 4: SEM images of (a) PANI (b) PANI-PVP 

(c) PANI-PMA and (d) PANI-PMA-PVP 

 

One support for this observation is that even those 

secondary particles have surface-projected nano-size 

fringes/bristles–like structures which could be 

visualized on close view (figure 4d). This quite 

different morphology might have arisen by the mutual 

interaction between PMA and PVP, thus nullifying the 

steric control role of PVP. From SEM images one can 

realize that no separate crystallites of the bulk phase of 

PMA are found in the composite samples, i.e. they are 

all homogeneous in nature30. 

 

Studies of Photodegradation 

For preliminary experiment, the photocatalytic 

degradation of phenol was studied under conditions of 

a) synthesized catalyst under dark condition and air 

flow and b) in light, constant air flow and 2 mL H2O2 
(without catalyst). All these experiments were carried 

out at initial phenol concentration of 50 mg/L, pH 6 

and dose of catalyst of 0.5g/L. The results of the above 

experiments are displayed in figure 5. There was only 

negligible degradation (2-3 %) of phenol31. That means 

without catalyst or without the oxidant H2O2, phenol 

decomposition did not take place. The photocatalytic 

performance of the four catalysts PANI, PANI-PVP, 

PANI-PMA and PANI-PMA-PVP was investigated in 

the absence of H2O2 under light, [phenol] = 50 mg/L, 

pH = 6, Temp = 28 2°C, constant air flow and catalyst 

dose of 0.5 g/L. The results are shown in figure 6. 

The % degradation of phenol was found to be 4.5, 7.6, 

8.8 and 17.0 for the four catalysts respectively. Even 

without H2O2, the catalysts are able to degrade phenol, 

of course, to a lesser extent. Evidently this result 

demonstrates that these four materials function as 

photocatalysts and could produce reactive oxygen 

species like •OH, O2
•– etc., with aerial O2 or H2O2.  

 

 
 

Figure 5: Photocatalytic degradation of phenol (a) 

in dark in the presence of PANI and air flow 

(without oxidant H2O2) and (b) in light, constant air 

flow and 2 mL H2O2 (without catalyst PANI) 

 

Also addition of PVP and/or PMA to PANI enhances 

the latter’s activity. Particularly, the combination 

PMA-PVP works better and the resulting catalyst 

PANI-PMA-PVP exceedingly has a higher efficiency 



P. Rajesh Anantha Selvan et al. Int. J. Res. Chem. Environ. Vol. 7 Issue 4 (13-22) October 2017 

18 

 

than others. In the above experiment, however, if H2O2 

was added, the degradation results could be far better. 

This is investigated in further experiments. 

 

 
 

Figure 6: Photocatalytic performance of (a) PANI 

(b) PANI-PVP (c) PANI-PMA and (d) PANI-PMA-

PVP in phenol degradation 

Condition: [phenol] = 50 mg/L, pH = 6, Temp = 

28 2°C, catalyst dose = 0.5 g/Land constant air flow 

(no H2O2). 

 

Effect of types of catalyst with H2O2  

The photocatalytic degradation of phenol in the 

presence of PANI, PANI – PVP, PANI – PMA and 

PANI–MA–PVP are found to be 6.8, 10.0, 31.2 and 
64.0 % respectively at optimized conditions as shown 

in figure 7.  

 
 

Figure 7: Photocatalytic performance of (a) PANI 

(b) PANI-PVP (c) PANI-PMA and (d) PANI-PMA-

PVP in phenol degradation 

Condition: [phenol] = 50 mg/L, pH = 6, temp = 

28 2°C, catalyst dose = 0.5 g/L, H2O2 = 2 mL and 

constant air flow. 

On comparing the efficiency of the catalysts without 

and with H2O2 (2 mL addition and incorporation into 

300 mL phenol reaction solution) (figure 6 and 7), it is 

inferable that there is enhancement in efficiency with 

H2O2, particularly to a greater level for the last two 

catalysts PANI-PMA and PANI-PMA-PVP. Such 

observation is already reported32. Addition of external 

oxidant H2O2 to the heterogeneous system improves 

the formation of hydroxyl radicals and hence the 

degradation extent32.  In PANI-PMA-PVP it enhances 

the photodegradation by 3.7 times. 

 

Effect of initial phenol concentration 

The influence of initial phenol concentration plays a 
vital role for photodegradation of phenol31-33. The 

effect of initial phenol concentration at various levels 

of 10, 30, 50 and 70 mg/L was investigated and the 

degradation data are plotted in figure 8. Photocatalytic 

degradation increases with increase in initial phenol 

concentration from 10 to 30 mg/L reaches a maximum 

value at 50 mg/Land then decreases at higher 

concentration (70 mg/L) and the degradation data are 

2.66, 14.1, 32.0 and 15.47 mg/L respectively. So, 50 

mg/L is the optimal phenol concentration for its 

maximal degradation. The decrease in degradation at 
higher phenol concentration (70 mg/L) is explained as 

follows. At higher phenol concentration, equilibrium 

adsorption of phenol on the catalyst surface, 

increases34. As a result, competitive adsorption of 

H2O2/O2 on the same site decreases and consequently 

the amount of •OH and O2•
- formed on the surface of 

catalyst decreases. This leads to a decrease in 

degradation efficiency.  

 
 

Figure 8: Effect of initial phenol concentration 

(mg/L) on degradation (a) 10 (b) 30 (c) 50 and (d) 

70.  

Condition: pH = 6, Temp = 28 2°C, dose of PANI-

PMA-PVP = 0.5 gL-1, H2O2 = 2 mL and constant air 

flow 

 

Effect of pH  

pH is an important factor for phenol degradation35. 

The role of pH on the efficiency of phenol removal 
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from solution was investigated in the pH range of 2.0 

to 8.0, the results are plotted in figure 9. After 160 min 

reaction time, the % degradation obtained are 25.3, 

32.0, 64.0 and 16.2 at pH = 2.0, 4.0, 6.0 and 8.0 

respectively. The maximum degradation occurred at a 

pH of 6.0 and the lower degradation occurred at pH = 

2.0 and 8.0. 

 

The point of zero charge (pHzpc) of the PANI–PMA–

PVP catalyst was found to be 6.97, an almost neutral 

pH. At highly acidic pH 2.0, the surface charge of the 

catalyst is positive, since H+ can be attached to aniline 
group. This is an unfavorable situation. While at pH 

8.0, the catalyst surface may be negative. Since pKa of 

phenol is 11, at higher pH 8, the proportion of 

availability of phenoxide ion will be increasingly 

higher. Hence there could be electrostatic repulsion 

between phenoxide and catalyst, which renders phenol 

adsorption difficult. Altogether pH 6.0 is a conducive 

condition for maximum adsorption of phenol and is, 

thus the optimal pH condition. A similar observation 

has been noted in previous studies35,36.  

 
 

Figure 9: Effect of pH on photodegradation of 

phenol (a) 2 (b) 4 (c) 6 and (d) 8 

Condition: [phenol] = 50 mg/L, Temp = 28 2°C, dose 

of PANI-PMA-PVP = 0.5 g/L, H2O2 = 2 mL and 
constant air flow 

 

Effect of the dose of catalyst  

To study the effect of catalyst dose on phenol 

degradation, a dosage variation of 0.33 to 0.83 g/L of 

the optimized catalyst PANI-PMA-PVP was employed. 

The results in figure 10 show that the percentage of 

phenol degradation increases with increasing catalyst 

loading upto 0.5 g/L (maximum decomposition of 

64.0 %) and then decreases. The observed initial 

increase in degradation efficiency might be due to the 

increase in the number of active sites on the 
photocatalyst surface. The decrease in degradation 

efficiency observed beyond the catalyst loading of 0.5 

g/L could be attributed to the increase in turbidity of 

the solution as a result of the excess catalyst present in 

the phenol solution. This leads to the so called 

screening effects37,38 that involves the reflectance, 

interception and scattering of light and hence incident 

light rays could not penetrate into the solution. From 

our findings, the catalytic loading increase will 

increase the number of photons absorbed, the available 

active sites and consequently the concentration of 

phenol molecules adsorbed. However, an optimum is 

reached where light penetration is compromised 

because of excessive particle concentration. The 

tradeoff between these two opposing phenomena 
results in an optimum catalyst loading34,37,38 for the 

photocatalytic degradation.  

 

From the parametric variation study described in 

Sections 3.5.1-3.5.4, it is concludable that PANI-PMA-

PVP is the highest efficient catalyst which functions 

better at the optimized condition of 50 mg/L phenol 

concentration, pH 4.0, and a dosage of 0.5 g/L.  

 

 
 

Figure 10: Effect of PANI-PMA-PVP catalyst 

dosage (g/L) on phenol destruction (a) 0.33, (b) 0.5, 

(c) 0.67 and (d) 0.83 

Condition: pH = 6, [phenol] = 50 mg/L, Temp = 

28 2°C, H2O2 = 2 mL and constant air flow. 

 

 

UV-Vis spectra during phenol degradation 

Degradation of phenol was confirmed by the change in 

UV-Vis absorption spectrum of phenol. Uv-vis 

spectrum of phenol as a function of time in presence of 

PANI–PMA–PVP catalyst under visible light 

illumination is shown in figure 11. It is evident that 

absorption peak of phenol at 270 nm39 decreases with 

time. Higher catalytic activity occurred during the first 

100 min reaction time and after that the catalysis 

occurred at a slower but constant rate and hence the 

phenol pollutant is mineralized. The gradual decrease 

in absorption at 270 nm without the appearance of any 
new peak confirms phenol degradation39. 
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Figure  11: UV-vis spectrum of phenol during its 

photodegradation with PANI-PMA-PVP at various 

time intervals of  (a) 20 min (b) 40 min (c) 60 min 

(d) 80 min (e) 100 min (f) 120 min (g) 140 min and 

(h) 160 min 

Condition: [phenol] = 50 mg/L, Temp = 28 2°C, 

catalyst dose = 0.5 g/L, H2O2 = 2 mL and constant air 

flow 

 

Conclusion 
The binary and ternary PANI composites, PANI–PVP, 

PANI–PMA and PANI–PMA–PVP were prepared by 

chemical polymerization method. UV-vis and FTIR 

showed the formation of new composites by the 
interaction of PVP/PMA with PANI. X-ray diffraction 

and SEM studies confirmed that the first two were 

amorphous and the remaining were nanocrystalline in 

nature. The results on phenol degradation showed that 

PANI-PMA-PVP photocatalyst, at a dosage of 0.5 g/L, 

pH = 6 and initial phenol concentration of 50 mg/L 

under visible light degraded 64 % of phenol after 160 

min. The photodegradation study, thus, suggests that 

the light absorption of PANI and catalytic role of PMA 

could be coupled for high  photocatalytic functionality. 

The soft template, PVP facilitated the role through 

small particle formation and active sites number 
enhancement. This work opens a new avenue for the 

design of new modified photocatalysts with high 

activity for the large-scale water treatment and other 

applications. 
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