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This chapter describes the fabrication of a photocatalytic hydrogel utilizing g-C3N4 as a 

photoinitiator. The research investigates the photocatalytic properties of the synthesized 

hydrogel by employing it to remove organic dyes and studying the combined effect of 

adsorption and photodegradation for dye removal. 

Parts of this thesis work are published as: 

Ahmed, A., Saikia, P., Ray, P., Dutta, R. and Dolui, S.K. A robust and highly 

compressible polyacrylamide co-polymer hydrogel developed through g-C3N4 initiated 

photopolymerisation and its photocatalytic activity towards dye removal. New Journal 

of Chemistry, 48(9):3984-3997, 2024. 

 



Chapter 4 

 

~ 4.2 ~ 
 

Robust and highly compressible polyacrylamide co-polymer hydrogel 

developed through g-C3N4 initiated photopolymerization and its 

photocatalytic activity towards dye removal 

4.1 Introduction 

Hydrogel, being a soft material, can be easily deformed and has attracted 

widespread attention to society. The high water holding capacity and tunable physical 

and chemical properties in hydrogel have made it highly advantageous over other soft 

materials and can be employed in a wide range of industrial applications such as 

wastewater treatment, agriculture, oil recovery, and the food industry [1-6].  For many 

years, wastewater treatment has become an important part of water management as 

industries and factories have been releasing dyes and other toxic substances to the water 

bodies at an alarming rate. Thus, efforts have been devoted to recycling water through 

the adsorption or degradation of pollutants. Among the various purification techniques, 

photocatalytic degradation has been widely used because of its easy application and high 

efficiency [7,8]. Although various nano photocatalytic materials exhibit high 

photodegradation efficiency, the difficulties in their separation from water bodies possess 

secondary pollution. Much research work has been dedicated to where nanomaterials are 

loaded into materials such as glass, metal, plastics, polymers, hydrogels, or ceramics to 

increase catalytic efficiency [9-11]. As already discussed in Chapter 1, hydrogels stood 

out to be highly advantageous over other immobilizing photocatalytic materials because 

of their high transmittance, easy and high catalyst loading capability, good 

biocompatibility, high specific surface areas, easy recovery, and recyclability. Moreover, 

the high swelling capacity of the hydrogel allows easy diffusion of the pollutant into the 

hydrogel matrix. Therefore, conjoining hydrogel with photoactive material results in a 

photoactive hydrogel with a wide range of economic anticipation, especially for 

wastewater remediation [12-15]. Although, hydrogel found numerous applications in 

wastewater treatment, its mechanical strength and recyclability which are the most 

crucial properties of an adsorbent are often neglected. In a work by Yang et al., a 

polymer (N-methyl maleic acid/hydroxyethyl acrylate) hydrogel for the adsorption and 

degradation of Sulphamethoxazole has been developed. Under 500W visible light, they 

can remove 95.91% of the pollutant [16]. Again, Sharma et al. in their work, demonstrate 

a combined photocatalytic degradation of a mixture of malachite green and fast green 

dye by starch-based nanocomposite hydrogel [17]. In a similar work, Al-Aidy et al. 

showed the removal of malachite green dyes using starch-based hydrogel adsorbents 

with an adsorption capacity of 18.36mg/g [18]. Shaifee et al. developed a g-

C3N4/Co3O4/MWCNT composite hydrogel for the removal of Rhodamine B by a synergy 
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of adsorption and photocatalysis. They obtained a maximum removal of 87% within 120 

min [19]. In another work, Zhao et al. developed titanium dioxide-embedded sodium 

alginate and acrylamide composite film for dye degradation with a tensile strength of 

0.316 MPa. The film shows reusability for up to 5 cycles [20]. Again Gao et al. 

synthesized a TiO2 embedded hyaluronic acid hydrogel for the photodegradation of dyes 

with a maximum tensile strength of 0.304 MPa [21]. Although the above-discussed 

hydrogels showed good dye removal performance, many works possess potential 

limitations as they have ignored the mechanical and recyclable properties. However, in 

some works, mechanical strength has been discussed but was found to be quite poor. 

Therefore, developing hydrogel with sufficient mechanical properties and good 

recyclability is crucial to withstand the desired application. 

Traditionally, hydrogels are synthesized by a thermally induced free radical 

polymerization reaction. However, hydrogel synthesis via photo-polymerization has 

become an advancing technological approach in polymer science as it is less time-

consuming, requires low input energy, is environmentally friendly, and has good control 

over spatial arrangement [22, 23]. Therefore, research has been carried out to develop an 

efficient photoinitiator with a suitable absorption spectrum under visible light. In that 

regard, graphitic carbon nitride (g-C3N4) has been introduced as a metal-free 

semiconductor photocatalyst that satisfies the basic requirement of an efficient 

photocatalyst. It comprises a layered sheet held together by weak Van der Waals forces 

[24]. Each sheet consists of a regular arrangement of tri-s-triazine units obtained by 

thermal condensation of low-cost and abundant precursors. These precursors are 

generally carbon and nitrogen-containing compounds such as melamine, urea, 

dicyandiamide, thiourea, and cyanimide [25]. With a tunable band gap of around 1.8-2.7 

eV, g-C3N4 acts as an excellent metal-free semiconductor, capable of being excited by 

visible light. In recent years, g-C3N4 has been investigated as a radical initiator for 

polymerisation reactions. Kiskan et.al. used mesoporous graphitic carbon nitride as a 

radical initiator in visible-light induced polymerization and by using tertiary amine as a 

co-initiator [26]. In another work, Kumuru and his co-workers have utilized g-C3N4 as a 

photoinitiator for the formation of hydrogel with reinforced properties [27]. Owing to its 

unique physicochemical stability, non-toxicity, low price, facile synthesis, and good 

catalytic and light harvesting properties, it has attracted significant interest in its use as a 

photocatalyst in water splitting, CO2 reduction, metal-ion reduction, sensing, and 
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imaging.  In addition, its photodegradation property has found immense application in 

water remediation. Akhundi et al. demonstrate a successful preparation of g-

C3N4/ZnO/AgCl nanocomposites for photodegradation of Rhodamine B. They found that 

the photocatalytic activity of synthesized nanocomposite is 9.5 times higher than g-C3N4 

which may be due to the efficient separation of the charge carriers by the synergistic 

effect of ZnO and AgCl in removing photogenerated electrons from g-C3N4 [28]. Again, 

a work by Quan et al. has prepared g-C3N4/Bi@Bi2WO6 composite photocatalyst for 

hydrogen production and photocatalytic degradation of RhB and TC. They found that the 

rate of both hydrogen production and photodegradation was much higher than the pure g-

C3N4. These enhanced photocatalytic effects were caused by the synergies of the 2D/2D 

coupling interface and the deposited metal Bi [29]. In a similar work by Tian et al. 

developed a ternary g-C3N4/MoS2/graphene nanocomposite photocatalyst which again 

shows photodegradation of RhB with a rate which is 4.8 times higher than that of pure g-

C3N4 under visible light irradiation [30] Similarly Bao and his co-workers synthesized a 

LaNiO3/g-C3N4/MoS2 Z-scheme heterogeneous nanostructure as a photocatalyst for 

water splitting, photodegradation of TC, and Cr(VI) reduction and it was found to exhibit 

enhanced photocatalytic performance [31]. Therefore, g-C3N4 has been incorporated into 

the hydrogel matrix for developing photocatalytic hydrogels. Cao et.al developed a 

macrogel by utilizing g-C3N4 as a photoinitiator. They also demonstrate the 

photocatalytic properties of the gel [32]. Therefore, incorporating g-C3N4 into a 3D 

hydrogel matrix shows not only photocatalytic behavior but also improves the overall 

mechanical properties of the hydrogel by acting as a reinforcing agent [33-35]. Although, 

many works were found on g-C3N4 composite hydrogel. Nonetheless, only a few works 

have been done in synthesizing photocatalytic hydrogel by employing g-C3N4 as a 

photoinitiator.  

In this chapter, we have developed a facile and one-step procedure to synthesize a 

photocatalytic hydrogel by the co-polymerization of 2-acrylamido-2-methylpropane 

sulphonic acid (AMPS) and acryl amide (AAm) by employing visible light irradiation 

and g-C3N4 as a photoinitiator. The co-polymerization of AMPS with AAm increases the 

swelling capability of the hydrogel which is attributed to the an ionizable sulphonic 

group [36]. The developed hydrogel shows good mechanical properties with extreme 

compressibility and possesses excellent photocatalytic activity towards the degradation 

of different organic dyes with high selectivity towards cationic dyes. It was found that 
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the readily swellable properties of the hydrogel allow easy and fast diffusion of the 

contaminant particles into the gel network thereby resulting in fast photocatalytic 

degradation. Therefore, the synergistic effect of adsorption and degradation in g-C3N4 

based hydrogel results in an efficient photocatalytic material. This implies that the 

synthesized hydrogel provides a simple, green, and cost-effective method for treating 

wastewater containing harmful cationic dyes. 

4.2 Experimental sections  

4.2.1 Materials 

Acrylamide (AAm), melamine was purchased from Fluka. 2-Acrylamido-2-

methyl-1-propanesulphonic acid (AMPS) and N,N´-methylenebis(acrylamide) (MBA), 

crystal violet (CV), rhodamine B (RhB), methylene blue (MB) and methyl orange (MO) 

were purchased from Sigma Aldrich. Ammonium persulfate (APS) was obtained from 

Merck. Deionized water was used during the experiment for preparing various solutions. 

All the reagents used were of analytical grade and were used as received. 

4.2.2 Synthetic procedures 

4.2.2.1 Synthesis of bulk graphitic carbon nitride (g-C3N4) 

Bulk g-C3N4 was synthesized by a thermal polymerization reaction reported 

previously [37]. Initially, 3 g of melamine powder was taken in a crucible and heated in a 

muffle furnace at 490 °C for about 5 hrs. The product thus obtained was ground to 

powder to get the bulk g-C3N4. 

4.2.2.2 Synthesis of blank hydrogel (CN0) 

0.8 g of AMPS and 0.4 g of AAm were taken in a glass vial with 5 mL of 

deionized water. 1 wt % MBA was then added to the prepared solution as a crosslinker. 

APS was dissolved in 1mL of water and added dropwise to the prepared solution. The 

mixture was then flushed with nitrogen for 15 min, and the reaction was kept on stirring 

for almost 4 hours. The obtained hydrogel was washed several times and dried for further 

use. 

4.2.2.3 Synthesis of g-C3N4 based hydrogel (CN hydrogel) 

In a 100 mL round-bottom flask, a calculated amount of g-C3N4 was dispersed in 

4 mL of distilled water and allowed to undergo ultrasonication for 1 hour. After that 0.8 g 

of AMPS and 0.4 g of AAm, along with crosslinker MBA were added to the above 

dispersion. The reaction mixture was then flushed with a nitrogen atmosphere for 15 
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min. The solution was then placed in a light chamber containing two 50-watt white LED 

lights to initiate gelation. A white-colored gel was obtained within 1 hour. The resulting 

hydrogel was washed with distilled water to rinse out the unreacted particles. The 

detailed composition of the hydrogel was given in Table 4.1. 

Table 4.1 Detailed composition of the CN hydrogels 

4.3 Characterization 

4.3.1 Structural characterization 

The Fourier Transform Infrared (FTIR) spectral analysis, Scanning Electron 

Microscopy, Powder X-Ray Diffraction (XRD), And Thermal Stability of the hydrogel 

were recorded using the same instrumentation and similar methods as described in 

section 2.3 in Chapter 2. 

4.3.2 Transmission Electron Microscopy (TEM) 

TEM images were recorded using a Transmission Electron Microscope JEOL 

JEM 1400 instrument, Japan at 120 kV of acceleration voltage. The samples were 

prepared for TEM by dispersing them in ethanol solution. 

4.3.3 UV-visible spectroscopy 

  A Shimadzu 2550 UV-visible spectrophotometer was used to record the UV-

visible absorbance. Here, the samples were prepared by dispersing them in water. 
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4.3.4 CHN and Photoluminescence (PL) analysis 

CHN analysis was done by using the Perkin Elmer CHN analyzer. 

Photoluminescence (PL) was performed by using Hitachi F-2700 fluorescence 

spectrophotometer. The compression tests on hydrogels were determined by using a 

Universal Testing Machine (UTM, Zwick, Z010).  

4.3.5 Determination of equilibrium swelling of the hydrogel 

For determining the swelling behavior of the hydrogel, a fixed amount of oven-dried 

hydrogel samples with different compositions of g-C3N4 were immersed in distilled 

water and different solutions of pH 1 and pH 10. The samples were then allowed to swell 

until an equilibrium swelling was reached. The swelling percentage of the hydrogel was 

calculated by using the formula: 

Swelling % = 
𝑊𝑠−𝑊𝑑

𝑊𝑑
× 100% 

where Ws and Wd are the weights of the swollen and dehydrated samples respectively. 

4.3.6 Photocatalytic activity study  

The photocatalytic activity of the synthesized hydrogel was studied by the 

degradation of CV dye as a model organic pollutant in an aqueous solution. To study the 

effect of pH and g-C3N4 content on dye removal, batch experiments were carried out by 

immersing a fixed quantity (approx. 0.09 g) of different hydrogel samples into a 30 ml 

dye solution of 10 ppm concentration. The solution was then placed in the dark for 30 

min to attain maximum swelling. After that, the solution containing the photocatalyst 

was placed in a light chamber containing two 50W white LED lights placed at 9 cm. 

Aliquots (1 ml) were then withdrawn at a specific time interval and the solution 

concentration was evaluated by using a UV-visible spectrophotometer. The UV-visible 

spectra of the samples were recorded between 200-800 nm.  

The removal efficiency of the dye can be calculated by using the formula: 

 Removal Efficiency % = 
𝐶0−𝐶𝑡

𝐶0
 × 100% 

Where Co is the concentration of the dye at time, t=0 min and Ct is the concentration of 

the dye at a specific time interval. 
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The kinetics of CV dye degradation were also explored using pseudo-first-order and 

pseudo-second-order kinetics models. 

4.3.7 Selective behaviour to dyes 

The selectivity of the hydrogel to different dyes was determined by performing 

experiments on different cationic dyes such as MB and RhB as well as anionic dye MO. 

Here, hydrogel samples were immersed in 30 ml of different dye solutions containing the 

above cationic and anionic dyes. The concentration of dye at different time intervals was 

measured using a UV-visible spectrophotometer. Moreover, the selectivity of the 

hydrogel was further confirmed by performing a similar experiment using a binary 

mixed dye solution containing CV and MO dye.  

4.3.8 Recyclability study 

To study the recyclability of the hydrogel, the dye-treated hydrogel was simply 

washed with distilled water and then oven-dried for de-swelling. The dried hydrogel thus 

obtained was again immersed in 30 ml dye solution and its dye removal efficiency was 

determined by using a UV-visible spectrophotometer. This cycle was repeated for 5 times 

to examine the recyclability of the synthesized hydrogel. 

4.3.9 Adsorption property study 

The adsorption property of the hydrogel towards the dye was also evaluated by 

immersing the hydrogel sample into a CV dye solution. The adsorption was investigated 

by taking out a volume of 1ml solution at a definite time interval until equilibrium and 

dye concentration were studied by using a UV-visible spectrophotometer. The whole 

experiment was performed under dark conditions and at room temperature. 

 The effect of adsorbent dosage and removal efficiency was evaluated by taking 

different adsorbent dosages ranging from 0.025 g to 0.1 g in a 30 ml dye solution with a 

concentration of 10 ppm. Similarly, the influence of initial dye concentration on dye 

adsorption was studied by varying the concentration of dye from 5 ppm to 50 ppm with 

an adsorbent dosage of 0.03g. 

 The adsorption capacity was calculated by using the equation: 

𝑄 =
(𝐶0 − 𝐶𝑒)𝑉

𝑚
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The adsorption percentage was calculated by using the equation: 

𝑅% =
𝐶0 − 𝐶𝑡

𝐶0
× 100% 

Where Co is the concentration of the dye at time, t=0 min and Ct is the concentration of 

the dye at a specific time interval, Ce is the concentration of the dye at equilibrium, m(g) 

is the mass of the adsorbent; and V(L) is the volume of the adsorption solution. 

 The adsorption kinetics and adsorption mechanism of the hydrogel towards the 

dye solution were also determined. 

4.4 Results and Discussion 

4.4.1 Fabrication and characterization of photoactive hydrogel 

The synthetic procedure for the fabrication of photoactive hydrogel follows a 

facile one-pot synthesis method. The g-C3N4 which acts as a photoinitiator for the 

polymerisation of hydrogel was first synthesized according to a previously reported 

pyrolysis method using melamine as a precursor. After dispersing g-C3N4 in water, the 

monomer AAm and AMPS along with crosslinker MBA were added to it and then 

degassed with N2 atmosphere to remove dissolved oxygen. The photopolymerization 

reaction proceeds through a free radical polymerization reaction where g-C3N4 acts as a 

photoinitiator.  

On light irradiation, the photo-generated electron, and holes on g-C3N4 surfaces 

initiate the formation of radicals on AMPS and AAm monomers. The polymer chain was 

further cross-linked by the end vinyl group of the crosslinking agent MBA and by g-

C3N4 through the strong hydrogen bonding interactions to give three-dimensional 

crosslinked hydrogel. The formation of radicals on g-C3N4 surfaces was further 

determined by performing reactions by adding different radical scavengers and it was 

found that there was complete inhibition of gelation. The high photocatalytic activity of 

g-C3N4 provides a faster gelation rate resulting in the formation of hydrogel within 1 hr. 

In addition, as shown in Table 4.1, in group 7, g-C3N4 was not used during the reaction 

process, therefore on light irradiation, no radicals are generated hence, no hydrogel 

formation takes place. Similarly, no reaction occurred in group 9. This is due to the 

presence of O2 atmosphere. Since molecular oxygen inhibits free radical polymerization 

reaction by scavenging the radical formed during the initiation of the reaction, resulting 
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in the formation of peroxy radical which retard the photopolymerization reaction. 

Therefore, reactions performed in the presence of oxygen gave a negligible product 

showing poor mechanical strength. The plausible mechanism of the hydrogel formation 

is shown in Scheme 4.1 

Step 1: Synthesis of bulk graphitic carbon nitride (g-C3N4) 

 

Step 2: Synthesis of g-C3N4 based hydrogel (CN hydrogel) 

 

Scheme 4.1 Plausible mechanism of hydrogel formation 

4.4.2 FTIR analysis 

The formation of g-C3N4 can be determined from the FTIR spectral data as 

shown in Figure 4.1(a). The peak at 3080 cm-1 is due to the N-H group vibration present 

at the surface of carbon nitride or due to the stretching mode of the –NH2 group, which 

are uncondensed amine groups. The strong bands at 1637 cm-1 and 1407 cm-1 were 

assigned to the aromatic CN stretching vibration. The intense peak at 803 cm-1 is 

attributed to the C-N heterocycles and is the characteristic peak of the triazine molecule. 
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 Again, to determine the formation of hydrogel, FTIR spectroscopy has been 

carried out and the spectra are shown in Figure 4.1(b). The spectra of AAm and AMPS 

showed two peaks in the range of 1600-1700 cm-1 which can be assigned to C=C and 

C=O vibration. However, the spectra of hydrogel exhibit only a single peak in that region 

which is remarkable for C=O vibration. Again, in the range of 930-980 cm-1, two peaks 

were observed in the monomers which can be attributed to vinyl C-H bending but 

collapsed in the hydrogel. The appearance of a single peak at 1030 cm-1 might be due to 

the C-S-O group from AMPS [39]. Moreover, two sharp peaks at 2920 and 2850 cm-1 in 

the hydrogel can be attributed to methylene C-H symmetric and asymmetric vibration. 

Thus, occurrences of new peaks and shifts in the original peaks indicate the successful 

synthesis of the hydrogel. Moreover, as shown in Fig 4.1(c), the incorporation of g-C3N4 

into the hydrogel matrix shows a shift in the N-H stretching from 3437 cm-1 to 3419 cm-

1. This shift towards lower wavenumber indicates the formation of H-bonding between 

the hydrogel matrix and g-C3N4. In addition, the appearance of a sharp peak at 809  cm-1 

is due to the triazine unit of g-C3N4 [38]. 

Figure 4.1 FTIR spectroscopy of (a) bulk g-C3N4, (b) AAm, AMPS monomers and CN5 hydrogel, 

(c) CN0 hydrogel and CN5 hydrogel 

(a) (b) 

(c) 
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4.4.3 X-ray diffraction analysis (XRD) 

The XRD pattern for g-C3N4 shows two peaks at around 13 ° and 27 ° as shown 

in Figure 4.2(a). The small characteristic peak at around 13 ° represents (1 0 0) facet 

which arises due to in-planar tri-s-triazine unit. The strongest characteristic peak at 

around 27 ° is indexed as (002) facet, which is usually seen in graphitic materials because 

of the interaction of the interlayer stacking in the conjugated aromatic system 

Again, XRD analysis of the blank hydrogel (CN0, without g-C3N4) and g-C3N4 

incorporated hydrogel (CN hydrogel) have been examined. From Figure 4.2(b), it is seen 

that the g-C3N4 based hydrogel showed a small peak at around 27.2o which is 

characteristic of g-C3N4 while no such peaks appeared in the spectra of the blank 

hydrogel [28]. This further confirms the incorporation of g-C3N4 within the hydrogel. 

 

4.4.4 SEM and TEM analysis 

The morphological structure of the g-C3N4 as shown from the SEM image reveals 

disorderly stacked layers consisting of heterogeneously distributed and agglomerated 

structures which was further confirmed by its TEM images. From, the SEM images of 

the synthesized hydrogel, it was found that the blank hydrogel (CN0) appeared to have a 

smooth morphological surface. Whereas g-C3N4 with disorderly stacked layers when 

incorporated into the hydrogel matrix, turns the smooth surface of hydrogel into uneven 

and lamellar structures thereby revealing the successful incorporation of g-C3N4 into the 

hydrogel matrix. The SEM and TEM images are shown in Figure 4.3 (a),(b),(c), and (d) 

 

Figure 4.2 Powder X-ray diffraction pattern of (a) bulk g-C3N4, (b) CN hydrogel and blank 

hydrogel 

(a) (b) 

(a) 
(b) 
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4.4.5 UV-Vis spectroscopy 

The UV-visible absorbance of bulk g-C3N4, blank hydrogel (CN0), and CN5 

hydrogel (hydrogel with 5wt% g-C3N4) were determined and shown in Figure 4.4. The 

optical band structure of g-C3N4 as characterised by UV-visible absorption spectroscopy 

shows strong absorption in the range of 250-550 nm which is like a typical 

semiconductor absorption spectrum. These absorptions are attributable to the π-π* or n-

π* electronic transitions. The optical band gap of g-C3N4 was also calculated from the 

tauc plot and was found to be 2.66 eV. Comparing the absorbance of CN0 and CN5 

hydrogel, it was found that CN5 hydrogel shows a significant hyperchromic shift which 

further confirms the incorporation of g-C3N4 into the hydrogel matrix. Although the 

absorption intensity of bulk g-C3N4 is stronger than that of CN5 hydrogel, the absorption 

ability of CN5 hydrogel in the visible region is much higher than that of bulk g-C3N4. 

This indicates that the incorporation of g-C3N4 into the hydrogel matrix broadened the 

absorption wavelength of bulk g-C3N4, resulting in the improved photocatalytic property 

of g-C3N4. 

 

 

 

 

Figure 4.3 (a) TEM image of bulk g-C3N4 powder, SEM images of (b) bulk g-C3N4 powder, (c) 

CN0 hydrogel, (d) cross-section CN5 hydrogel 

(a) (b) 

(c) (d) 
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4.4.6 CHN analysis 

The CHN elemental analysis of CN0 and CN5 is shown in Table 4.2. The content 

of C and N atoms in CN5 hydrogel (with g-C3N4 incorporation) is comparatively higher 

than that in CN0 hydrogel (without g-C3N4). However, the change in the H atom in both 

the hydrogel is negligible. These results further confirmed the successful incorporation of 

g-C3N4 within the hydrogel matrix. 

Table 4.2 Elemental composition of CN0 and CN5 hydrogel obtained from CHN analysis. 

 

 

 

Sample C% H% N% 

CN0 37.68 7.15 10.11 

CN5 40.29 7.04 13.54 

Figure 4.4 (a, c) UV-Visible absorbance spectra and (b, d) Band gap energy of the synthesized 

bulk g-C3N4, CN0, and CN5 hydrogel 

(a) 
(b) 

(c) 
(d) 
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4.4.7 PL spectroscopy 

The steady-state PL spectra of the synthesized bulk g-C3N4, CN5 hydrogel and 

CN0 hydrogel are shown in Figure 4.5. The spectrum for bulk g-C3N4 showed a broad 

peak around 437 nm with an excitation of 375 nm which results from the strong radiative 

recombination of photogenerated electron-hole pairs. Again, the spectrum of CN0 

hydrogel doesn’t show any emission peak. However, the CN5 hydrogel shows a strong 

peak around 533 nm depicting the successful incorporation of g-C3N4 within the 

hydrogel matrix. Analysis of both the bulk g-C3N4 and CN5 hydrogel shows a 

progressive red shift with increasing emission intensity revealing the physical interaction 

between the hydrogel and bulk g-C3N4.  

4.4.8 TGA analysis 

TGA results reveal that the synthesized hydrogel is relatively stable and can be 

used under an elevated range of temperatures. As shown in Figure 4.6, the initial weight 

loss of 8% between 90 °C to 230 °C is mainly attributed to the loss of moisture within 

the gel. The maximum weight loss of 39% occurs in the temperature range of 230 °C to 

330 °C which might be due to the decomposition of the sulphonic and amide group. The 

final decomposition above 350 °C is probably due to the degradation of C-C bonds in the 

polymeric chain [40,41]. 

Figure 4.5 PL spectra of (a) bulk g-C3N4, (b) CN5 and CN0 hydrogel 

(a) 
(b) 
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4.4.9 Swelling behaviour  

The swelling behaviour of the hydrogel is one of the important features of the 

hydrogel as it has significant impact on various applications, particularly when applied in 

water treatment. Therefore, by varying the content of g-C3N4 in the hydrogel, a series of 

experiments have been performed to determine the swelling behaviour of the hydrogel. 

When the hydrogel was immersed in distilled water, it showed maximum 

swelling within an hour. However, to examine the equilibrium swelling, the hydrogels 

were immersed in water for 24 hours. In general, the addition of a reinforcing agent 

decreases the swelling behaviour of the hydrogel [42]. Therefore, it is difficult to 

maintain the swelling property while introducing a reinforcing agent into a hydrogel 

matrix. Here, we have found that on an aqueous solution (pH 7), the hydrogel with 5wt% 

g-C3N4 shows maximum swelling of 4783% without causing any degradation to the 

three-dimensional structure. This excellent swelling behaviour of the hydrogel can be 

attributed mostly to the presence of an ionizable sulfonate group within the hydrogel 

matrix causing high repulsion, thereby allowing water molecules to penetrate easily. 

Moreover, it was found that with the increase in the content of g-C3N4 from 1wt% - 

5wt%, the swelling behaviour of the hydrogel increases. This enhanced water absorption 

property with increasing g-C3N4 content could be explained by the formation of a more 

porous structure with a high surface area and enhanced expansion capacity. Again, the 

overall swelling behaviour of the hydrogel in acidic conditions (HCl solution of pH 1) is 

lower compared to their swelling in basic conditions (NaOH solution of pH 10). This is 

because, in acidic conditions, most of the sulfonate group remains protonated thereby 

restricting electrostatic repulsion. The swelling behaviour of the hydrogel is shown in Fig 

4.7.  

Figure 4.6 TGA spectra of CN5 hydrogel 
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4.4.10 Compressibility 

 The mechanical properties of the hydrogel can be studied by performing 

compression tests. It was found that the hydrogels with varying compositions of g-C3N4 

exhibited high compressibility. The compressive stress-strain curve for the hydrogel with 

varying compositions of g-C3N4 has been shown in Fig 4.8 (a). However, the detailed 

value with Young’s modulus is shown in Table 4.3. 

  It is seen that, when the hydrogels were compressed up to a strain of 100%, the 

hydrogels with 0.8wt% (CN0.8) and 1wt% g-C3N4 (CN1) content show the compressive 

strength of 0.12 MPa and 0.08 MPa. On further increasing the content of g-C3N4 to 2wt% 

and 5wt%, a slight reduction in the mechanical strength is observed and compressive 

strain decreases to 73% and 80% respectively. This might be due to the reason that on 

increasing the content of g-C3N4, the crosslinking density of the hydrogel becomes 

denser and less homogenous, resulting in the cracking of the hydrogel at lower strain. 

However, a remarkable change is observed in the CN3 (hydrogel with 3wt% g-C3N4), 

where it achieved an excellent mechanical strength of 0.55MPa and can be compressed 

up to a strain of 230% without cracking. The high compressibility of the hydrogel results 

from the increasing hydrogen bonding between the polymer chain and the g-C3N4 layers. 

The additional crosslinking induced by g-C3N4 into the hydrogel increases its mechanical 

properties. 

The cyclic compressibility of the CN3 hydrogel is shown in Figure 4b. During 

the experiment, the hydrogel was compressed to a strain of 80% and was recovered to its 

original state rapidly without causing any cracking or damage even after 20 cycles. The 

mechanical strength of 0.07MPa is also retained after 20 cycles. The repetitive 

Figure 4.7 Swelling behaviour of the hydrogel at g-C3N4 concentration of 1wt%, 3wt% and 5wt% 

at pH values of 1, 7 and 10 



Chapter 4 

 

~ 4.18 ~ 
 

Robust and highly compressible polyacrylamide co-polymer hydrogel 

developed through g-C3N4 initiated photopolymerization and its 

photocatalytic activity towards dye removal 

compression cycle is shown in Figure 4.8(b). Alongside, the flexibility of the hydrogel 

can be seen from its resistance towards sharp objects. For example, when a piece of 

hydrogel is compressed with a sharp blade (Figure 4.8(c)), it shows resistivity and 

remains undamaged even after multiple compression. This again determines the strength 

of the network within the hydrogel. 

Table 4.3 Compressive stress along with strain and Young’s modulus are shown with varying 

compositions of g-C3N4 

 

 

 

 

 

 

 

 

Figure 4.8 (a) Compressive strength of the CN hydrogel by varying the composition of g-C3N4, 

and (b) Repetitive compressive strength of the hydrogel by performing various cycle, and (c) 

Digital photograph of the hydrogel when compressed with a sharp object 

 

Composition 

(wt% of 

total 

monomer) 

Stress 

(MPa) 

Strain Young’s 

modulus 

(KPa) 

0.8 0.12 100 1.2 

1 0.08 100 0.8 

2 0.09 73 1.232877 

3 0.55 230 2.391304 

5 0.07 80 0.875 

(a) (b) 

(c) 
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4.4.11 Removal of organic dye by the synergistic effect of adsorption and 

photocatalytic degradation 

The removal of cationic CV dye by the CN hydrogel is hypothesized to be 

removed from the solution by the synergistic effect of adsorption and photocatalytic 

degradation. Therefore, to determine the contribution of each removal mechanism, 

different experiments were performed by considering two conditions (i) with hydrogel 

under dark conditions and (ii) with hydrogel under visible light irradiation.  

Using a UV-visible absorbance spectrophotometer, the dye concentration was 

measured at an interval of 30 min over a definite time. From Figure 4.9(d), it is seen that 

for over 210 min, the dye removal efficiency of the hydrogel under dark conditions is 

only 29% which is many times lower compared to the hydrogel under light irradiation 

where within 210 min, it shows dye removal efficiency of 90% when put under visible 

light. Moreover, even after 1260 min (21 h), the hydrogel could not completely remove 

the dye under dark conditions. Therefore, these findings supported the above hypothesis 

that removal of the dye is due to the conjoining effect of both adsorption and degradation 

mechanism where the dye molecule first adsorbed into the hydrogel matrix followed by 

degradation via g-C3N4 mediated photocatalysis. The rapid removal of the dye upon the 

addition of hydrogel into the dye solution can be attributed to the highly porous structure 

of the hydrogel which allows easy diffusion of the organic dye molecule through the gel 

to the photocatalytic site. In addition, the electrostatic interaction between the negatively 

charged hydrogel matrix and the positive charge on the CV molecule accelerates the 

adsorption of the dye molecule resulting in rapid removal of dye. The UV-visible 

absorption spectra of CV dye on treatment with hydrogel under light irradiation and dark 

conditions are shown in Figure 4.9(a) and(b).  

Pure bulk g-C3N4 also exhibits photocatalytic properties towards dye degradation. 

However, the efficiency of photodegradation of pure g-C3N4 is much lesser compared to 

the g-C3N4-hydrogel composites. In a controlled experiment, a comparative analysis was 

performed for a definite time to determine the photodegradation efficiency of bulk g-

C3N4 and CN hydrogel under visible light irradiation. For this, 0.09 g of bulk g-C3N4 was 

used whereas the 0.09 g hydrogel used contained only 0.03 g of g-C3N4. It was found 

that the dye degradation efficiency of bulk g-C3N4 is 80% less compared to the 

degradation efficiency of CN hydrogel when studied for 180 min. This limited 

photocatalytic property of pure g-C3N4 is due to its poor dispersibility which causes its 
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agglomeration, poor adsorption ability, and small specific surface area. Therefore, the 

dye molecules could not approach the surface of g-C3N4 hence no effective 

photodegradation takes place. On the other hand, after the incorporation of g-C3N4 into 

the hydrogel matrix, no agglomeration of g-C3N4 occurs. The g-C3N4 in the hydrogel 

retains its photocatalytic property which further serves its purpose in degrading organic 

dyes. After illuminating light, the g-C3N4 on the hydrogel matrix generates couples of e- 

and h+ which further generate ˙O2 ̄
 and OH ̄ thereby degrading the organic pollutant to 

produce CO2 and H2O as byproduct. Moreover, the high hydrophilic property of 

hydrogel allows easy and fast adsorption of dye molecules which facilitates effective 

photodegradation over the surface of g-C3N4 particles. The graphical representation of 

the mechanism of dye removal by the hydrogel is shown in Figure 4.10.  The UV-visible 

absorbance spectra of dye treated with pure g-C3N4 and CN3 (hydrogel with 3wt% of g-

C3N4) are shown in Figure 4.9(c)   

Figure 4.9 UV-Visible absorbance spectra of the dye treated (a) with hydrogel under light 

irradiation, (b) with hydrogel under dark condition, (c) with hydrogel, g-C3N4 powder for a 

definite time, (d) Relative removal efficiencies of the dye by the hydrogel as a function of 

irradiation time under different light condition 

(b) (a) 

(c) (d) 
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Figure 4.10 Graphical representation of the mechanism of dye removal by the hydrogel 

4.4.11.1  Effect of g-C3N4 content on dye removal  

At a definite interval of 150 min, it was found that hydrogel with g-C3N4 content 

of 1wt% shows a maximum dye removal of 98%. However, increasing the content of g-

C3N4 from 1wt% to 4wt%, there is a lowering in dye removal efficiency. This can be 

attributed to the additional electrostatic interaction between the dye molecule and the 

negatively charged electron cloud of g-C3N4 on the surface of the hydrogel. This 

interaction slackens the penetration of dye molecules within the hydrogel matrix, thereby 

lowering the removal efficiency. The dye removal efficiency of the hydrogel with 

different g-C3N4 is shown in Figure 4.11.  

Figure 4.11 Relative removal efficiencies of the dye by the hydrogel as a function of irradiation 

time under varying content of g-C3N4,  
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4.4.11.2 Effect of pH on dye removal  

As seen in Figure 4.12, the overall dye removal efficiency of the hydrogel 

at acidic, neutral, and basic pH solutions is almost equivalent. However, there is a 

slight decrease in the removal efficiency at pH 1. These changes in removal 

efficiency are due to the protonation of the ionisable group within the hydrogel 

moiety at an acidic solution (pH 1), which decreases the electrostatic interaction 

between the cationic group in the dye molecule and the anionic group in the 

hydrogel moiety, thereby lowering the dye adsorption and consequently lowers the 

degradation.  

4.4.11.3 Kinetic studies of dye degradation 

The kinetics of dye degradation towards CV dye was determined by plotting 

pseudo-first order and pseudo-second order kinetic model and their corresponding 

mathematical equation are given below: 

𝑙𝑛 (
𝐶0

𝐶𝑡
) = 𝑘1𝑡                                      (1) 

1

𝐶𝑡
=

1

𝐶0
+ 𝑘2𝑡                                 (2) 

Where Co, Ct are the initial concentration and concentration at time t respectively, k1 and 

k2 are the rate constant for pseudo-first order and pseudo-second order respectively. 

Figure 4.13 (a) and (b) represent the graph between ln(Co/Ct) vs time for pseudo-first 

order and 1/Ct vs time for pseudo-second order. It is seen that the plot for pseudo-first 

order fitted best with a correlation coefficient (R2) of 0.99. Therefore, the 

Figure 4.12 Dye removal efficiency of the hydrogel at pH 1, pH 7, and pH 10 
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photodegradation of CV dye by the hydrogel is considered to follow the pseudo-first-

order kinetic model.  

4.4.11.4 Scavenger test  

The photocatalytic degradation of organic dyes generally involves many reactive 

species such as hydroxyl radical (˙OH), superoxide radical (˙O2 ̄ ), holes (h+), and 

electrons (e-). Therefore, to determine the role of different reactive species responsible 

for the degradation of CV dyes, reactive species trapping experiments were performed 

using a series of scavengers such as ethylenediamine tetraacetic acid (EDTA) for h+, 

isopropanol (IPA) for ˙OH, benzoquinone (BQ) for (˙O2
-), and potassium persulphate 

(K2S2O8) for e- [43-46]. The degradation efficiency of the hydrogel as shown in Figure 

4.14 demonstrates that the addition of BQ had a significant impact on degradation by 

minimizing the removal efficiency to 48%. Alongside, the addition of IPA and K2S2O8 

decreases the removal efficiency to 72% and 78% respectively. The addition of BQ 

shows the highest impact on the degradation reaction suggesting that the effect of 

superoxide ion is higher relative to the other reactive species. 

The mechanism of photodegradation of dyes has been broadly discussed in the 

literature and can be generalized into steps as shown below:  

CN   CN + e- + h+ 

e- + O2    ˙O2
- 

h+ + H2O  ˙OH + h+ 

CV + h+    oxidation product 

CV + e-    reduction product 

Figure 4.13 Fit plot of (a) pseudo-first order, (b) pseudo-second-order kinetics model for dye 

degradation 

(a) 

(a) (b) 



Chapter 4 

 

~ 4.24 ~ 
 

Robust and highly compressible polyacrylamide co-polymer hydrogel 

developed through g-C3N4 initiated photopolymerization and its 

photocatalytic activity towards dye removal 

Here, the hydrophilic nature of hydrogel allows the dye molecules to come closer 

to the surface of g-C3N4. On light irradiation, the photoelectrons from the filled 

valence band are promoted to the empty conduction band thereby generating e- 

and h+ pair. This e-/h+ pair can also directly react with the dye molecule. The 

highly reactive radical species thus formed react with the dye molecule to give 

water and carbon dioxide as degraded products. 

4.4.11.5 Selective behaviour to dyes  

The behaviour of the hydrogel to different dyes was further determined by 

qualitative analysis of the hydrogel on different cationic dyes such as RhB, and MB as 

well as on anionic dye MO. The results as shown in Figure 4.15(a), (b), and (c) 

demonstrate that the hydrogel degrades both the cationic dyes rapidly within 150 min. 

However, it fails to degrade the anionic dye methyl orange. These results indicate that for 

the dyes to be adsorbed and degraded by the hydrogel, there must be a strong interaction 

between the hydrogel matrix and the dye molecules. Since the overall charge possessed 

by hydrogel is negative because of the presence of the sulphonic group, it can easily 

form an electrostatic interaction with positively charged dye and thereby efficiently 

remove the cationic dye. However, it fails to remove anionic dye as there no such 

interaction takes place.  

The degradation efficiencies of the hydrogels towards both cationic dyes have 

been shown in Figure 4.15(d). On light irradiation, for a period of 150 min, the hydrogel 

shows removal efficiencies of 97% and 92% towards MB and RhB dyes respectively.  

Figure 4.14 Dye removal efficiency of the hydrogel under the influence of different scavengers 
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To further validate the selectivity of the hydrogel towards cationic and anionic 

dyes, the hydrogel was allowed to treat a mixture of dyes containing cationic CV and 

anionic MO, and the results support the above explanation. (Figure 4.15(e)). The digital 

photographic images are shown in Figure 4.15(f). 

 

 

 

Figure 4.15 UV-Vis absorbance spectra showing removal of (a) MB dye, (b) RhB dye, (c) MO 

dye, (d) Removal efficiency of hydrogel towards MB and CV dyes, (e) UV-Vis absorbance 

spectra showing removal of mix dye of CV/MO under light irradiation at different time 

intervals, and (f) Digital image showing selective degradation performance by hydrogel from a 

CV/MO mix dye solution 

(a) 
(b) 

(e) 

(f) 

(c) (d) 
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4.4.12 Recyclability  

The reusability of the CN hydrogel was determined by performing 5 consecutive 

cycles. As shown in Figure 4.16(a), there is no loss in removal efficiency even in the 5th 

cycle. However, the change in removal efficiency after the 1st cycle demonstrates the 

breakdown of the hydrogel to small hydrogel particles on dye diffusion. These small 

particles offer more surface area for the dye molecule to be adsorbed and degraded, 

thereby increasing the removal efficiency.  

The characterization of the CN hydrogel after recycling was carried out. As 

shown in Figure 4.16(b), FTIR spectra of the CN hydrogel after the 5th cycle showed no 

appreciable change. However, there is a small decrease in intensity in the range of 1250 

cm-1 to 1150 cm-1. This decrease in intensity around 1250 cm-1 is due to the electrostatic 

interaction of the C-N group of the hydrogel with residual CV dye molecules. Similarly, 

the decreasing intensity around 1170cm-1 is due to the interaction of the -SO3 group of 

hydrogels with the CV dye molecules. The small peak at 809cm-1 depicts the presence of 

g-C3N4 in the dye-treated hydrogel. Again, from the SEM morphology of the hydrogel 

after the 5th cycle demonstrates a nonporous and smooth wavy surface which is due to 

the subsequent drying and swelling process that causes a change in morphology on the 

hydrogel surface (Figure 4.16(c). Therefore, the above results indicate that, although the 

hydrogel shows recyclability up to 5 cycles, a small portion of residual dye molecules 

got adsorbed within the hydrogel matrix thereby causing small changes in the structure 

and morphology of the dye-treated hydrogel. 

 

 

 

 

(a) 
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4.4.13 Adsorption property of the hydrogel towards the dye 

To investigate the adsorption property of the synthesized hydrogel, we have 

chosen CV dye as a model dye. We have studied the effect of adsorbent dosage, initial 

concentration, and contact time on the removal efficiency and adsorption capacity of the 

hydrogel.  

4.4.13.1 Effect of adsorbent dosage  

The effect of adsorbent dosage on dye adsorption is determined by immersing 

different dosages of adsorbent into a dye solution of 30 ml with a concentration of 10 

ppm until the attainment of equilibrium adsorption. As shown in Figure 4.17, at 

equilibrium, the removal efficiency of all the adsorbents with different dosages are same 

i.e. around 98%. However, with an increase in adsorbent dosage from 25 mg to 100 mg, 

the adsorption capacity (qe) decreases. This change can be attributed to the reason that as 

the mass of the adsorbent increases, the number of adsorbates adsorbed per unit weight 

of adsorbent decreases, resulting in a decrease in the qe value with increasing adsorbent 

mass. Thus, these results suggested that 25mg of the synthesized hydrogel is sufficient 

for adsorbing 30 ml of 10 ppm CV dye solution.  

 

 

 

 

 

 

Figure 4.16 (a) Repeatable removal efficiency of the hydrogel up to 5 cycles (b) FTIR spectra of 

the hydrogel before and after recycling and (b) SEM morphology of the hydrogel after recycling 

(b) (c) 
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4.4.13.2 Effect of contact time 

The effect of contact time was determined from the adsorption capacity and 

removal efficiency of the hydrogel towards CV dye by immersing 100mg of the 

adsorbent to a 30 ml dye solution of 10 ppm concentration. The adsorption amount and 

removal efficiency at time t were plotted against time (t, h) as shown in Figure 4.18. The 

rate of adsorption is the highest in the initial state however with time, rate of adsorption 

gradually decreases and finally reaches the equilibrium. Therefore, initially, there must 

occur some electrostatic interaction between active sites on the hydrogel and the dye 

molecules. After the occupation of all the active sites, there might occur only diffusion of 

small dye molecules into the porous structure of the hydrogel matrix resulting in a 

decline in the rate of dye adsorption. 

Figure 4.17 Effect on adsorption amount and removal efficiency of CV dye by the CN3 hydrogel 

with different adsorbent dosage 

Figure 4.18 Effect on adsorption amount and removal efficiency of CV dye by the CN3 hydrogel 

at different contact time 
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4.4.13.3 Effect of initial concentration 

To evaluate the effect of initial concentration on dye adsorption, 0.03g of 

adsorbent was immersed into a 50 ml of CV dye solution with different concentrations of 

5 ppm to 50 ppm. From Figure 4.19 (a), it is seen that the dye adsorption capacity is 

dependent on the initial dye concentration which shows that with an increase in dye 

concentration, adsorption amount increases. This is due to the increased driving force of 

the concentration gradient causing increased adsorption on the adsorbents. However, the 

removal efficiency at the equilibrium is around 99% for all the different concentrations 

of dye. In general, it is found that with the increase in the initial concentration of dye, 

there is a decline in dye removal efficiency. This accounts for the saturation of adsorption 

sites as well as saturation in diffusion [47]. But here we found no such decrease in 

removal efficiency with an increase in initial concentration implying that the hydrogel 

adsorbate has enough active sites to adsorb more dye molecules [48,49]. 

In addition, the adsorption capacity of the hydrogel towards MB and RhB has 

also been determined by varying the initial concentration of dyes. From Figure 4.19 (b) 

and (c), it is seen that similar to CV dyes, the adsorption capacity of both MB and RhB 

depends on the initial concentration of dyes. With the increase in dye concentration, the 

adsorption amount increases which is again due to the increased driving force of the 

concentration gradient that causes increased adsorption on the adsorbents. The removal 

efficiency of both the dyes at equilibrium for all the concentration of dyes is around 99%  

 

(a) (b) 
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4.4.13.4 Adsorption isotherm 

To analyse the adsorption mechanism of the synthesized hydrogel towards CV 

dye, Langmuir and Freundlich isotherm models were applied. Their corresponding 

mathematical equations are given below: 

Ce

qe
=

1

qmkL
+

Ce

qe
                                               (3) 

ln qe = ln kF +
1

n
ln Ce                            (4) 

Where Ce (mg/L) denotes the concentration of the solution at equilibrium, qe (mg/g) is 

the adsorption amount at equilibrium, qm is the maximum adsorption capacity, kL and kF 

represent the Langmuir and Freundlich isotherm constants respectively, n is the 

Freundlich constant which relates to the adsorption intensity. The adsorption isotherm 

curves plotted between Ce/qe vs Ce (Langmuir) and ln qe vs ln Ce (Freundlich) are shown 

in Figure 4.20(a) and (b) and their relevant fitting parameters are shown in Table 4.4. It 

was found that the correlation coefficient R2 > 0.99 in the case of Langmuir which is 

close to 1 compared to Freundlich where R2 differs from unity, thereby depicting that the 

adsorption of dye follows the Langmuir isotherm model. This indicates the formation of 

a monolayer by the dye molecule on the surface of the adsorbate. 

 

 

 

 

 

(c) 

Figure 4.19 Effect on adsorption amount and removal efficiency of CV dye by the CN3 hydrogel  

with different initial concentration of (a) CV, (b) MB, and (c) RhB dyes 
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Table 4.4 Isotherm parameters for adsorption of CV dye by CN hydrogel 

Models Parameters 

Langmuir qmax (mg/g) 100 

KL (Lmg-1) 2.5 

R2 0.996 

Freundlich 1/n 0.626 

KF 75.18 

R2 0.96 

 

4.4.13.5 Kinetic studies of dye adsorption 

To investigate the adsorption kinetics, pseudo-first order and pseudo-second-

order kinetics model were applied, and their corresponding mathematical expressions are 

given below: 

log(qe − qt) = log qe −
k′t

2.303
           (5) 

t

qt
=

t

qe
+

1

k′′qe
2                                              (6) 

Where qe (mg/g) is the adsorption capacity at equilibrium, qt (mg/g) is the adsorption 

capacity at a specific time, t is time (h), k′ (1/h) and k′′ (g/mg.h) are the rate constants of 

pseudo-first order and pseudo-second order respectively. A graph between log (qe-qt) vs t 

for pseudo-first-order and t/qt vs t for pseudo-second-order was plotted (Figure 4.21(a) 

and (b)). Their corresponding fitting plot reveals that the adsorption kinetics strongly 

Figure 4.20 Linear fit plot of (a) Langmuir adsorption isotherm, (b) Freundlich adsorption 

isotherm model for adsorption of CV dye by the CN hydrogel 

(a) (b) 
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follow the pseudo-second-order kinetic model with a correlation co-efficient, R2 > 0.99. 

The fitting parameters for both models are shown in Table 4.5.  

 

Table 4.5 Kinetic parameters for adsorption of CV dyes by CN hydrogel with different adsorbent 

dosage 

Adsorbent 

dosage 

(mg) 

qe 

(exp.) 

(mg/g) 

Kinetic model 

Pseudo-first order Pseudo-second order 

k1 

(g/mg.h) 

qe, (cal) 

(mg/g) 

R2 k2 

(g/mg.h) 

qe (cal) 

(mg/g) 

R2 

25 12.18 0.25 10.89 0.960 0.03 13.94 0.995 

50 6.09 0.18 4.18 0.968 0.059 6.61 0.998 

75 4.03 0.267 4.61 0.985 0.052 4.76 0.970 

100 3.04 0.265 2.57 0.955 0.144 3.28 0.994 

 

4.5 Conclusion 

In this Chapter, we have successfully developed a facile one-pot synthesis method 

for the co-polymerization of AAm and AMPS monomer into a highly photoactive 

hydrogel. The developed hydrogel possesses good mechanical properties with high 

compressibility and swellable properties. Here, the excellent performance of g-C3N4 

provides an efficient and eco-friendly photopolymerization technique. Moreover, after 

polymerization, the g-C3N4 retains its photocatalytic property within the hydrogel. This 

photocatalytic property of the hydrogel was further utilized to treat wastewater 

containing organic dyes. The well-defined porous structure of the hydrogel allows easy 

Figure 4.21 Fit plot for (a) Pseudo-first order and (b) Pseudo-second order kinetics for adsorption of 

CV dye by CN hydrogel with different adsorbent dosage 

(a) (b) 
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and fast diffusion of organic molecules within the hydrogel matrix and the high surface 

area provides more active sites for the absorption of visible light thereby increasing the 

photocatalytic activity. Moreover, the hydrogel also shows good adsorption properties. 

Thus, the synergistic effect of adsorption and degradation by the hydrogel results in the 

rapid removal of organic dyes from the solution. The hydrogel allows easy handling and 

can be readily recovered from the solution without causing secondary pollution. The 

synthesized hydrogel can be reusable for up to 5 cycles with adequate removal 

efficiencies. The hydrogel also shows good adsorption behavior towards cationic dyes. 

Moreover, the excellent swelling capacity, as well as the high adsorption behavior shown 

by the hydrogel, highlights its applications as a superabsorbent for the removal of metal 

ions, pharmaceutical products, and other trace organic compounds from water bodies. In 

addition, the presence of photoluminescence property in the synthesized hydrogel offers 

new prospects in the field of sensors as a metal ion detector in water systems. Alongside 

this, the appreciable photocatalytic properties of the synthesized hydrogel also give new 

insight into its probable application in photocatalytic metal ion reduction. Thus, the work 

in this chapter provides a sustainable method for both photopolymerization and removal 

of toxic dyes thereby promoting their practical applications in waste-water treatment and 

other photocatalytic remediation.  
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