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Abstract: Methylene blue is highly toxic and releases from various industries. It must be transformed into less toxic 
compounds. The Core-Shell microgels p (Pst core), Pstcore-NIPMamm-MAa and Ag in Pst-p NIPMamm-MAa have 

been synthesized using the Core-Shell hybrid micro gelling NIPMamm-MAa emulsion polymerization process. The 

0.086mM, MB 6.2mM NaBH4 and 0.2916 mg / mL catalysts in the cuvette were measured using UV-visible 

spectrophotometers. Spectrums were measured at a one-minute interval. The peak at 600 nm steadily decreased over time 
and was completely eliminated after 11 minutes. Without the catalyst, MB decreases with NaBH4 which showed that the 

reaction decreases were slow and MB very high within 120 minutes. The Psty core of FT-IR core microgels, pNIpmam-

MMAA, and Ag-pNIpmam-MAA core microgels are hybrids. At 2955 and 2845 cm−1 FT-IR spectra, Psty NiPMaM – 

MaA and Ag-p NiPMaM – MaA were used for core shell microgels, with C-H vibrations expanding the aromatic ring. 

In this study degradation of Methylene were carried out with Ag- Nanocomposites at different interval of time to check 

the degradation at minimum time. The degradation of MB dye were carried out with Ag- Nano composites at different 

interval of time to check the degradation at minimum time. 

Keywords: Methylene blue; Pst core NIPMamm-MAa; Ag-p NiPMaM – MaA; NaBH4; nanoparticles degradation. 

Introduction  

Nanotechnology sector is one of the most important 

areas of research and development (Paul and Robeson, 

2008). Nano composites carbon-black elastomer 

enhancements, colloidal silica adjustments and even 

natural fiber enhancement topics have also been studied 
for decades. Organic and inorganic Nano composites 

based on sol-gel chemistry, which have been studied for 

several decades, are almost lost in the current Nano 

composite discussions  (Mark, 1984; Wen, 1996). The 

research area of Plasmonics is emerging nowadays for 

the synthesis and characterization of nanostructures that 

are very important in this field. The Plasmonics nature 

of some nanostructures having some versatile 
applications like biological and chemical sensing and 

solar energy etc. (Odom and Schatz, 2011). For the 

preparation of silver nanoparticles and Plasmon 

nanostructures on photo catalytic systems, light 

irradiation and dispersion agent techniques have been 

investigated (Choi et al., 2010). Plasmonics is an 

advantageous technology that disrupts the large gap 

between electronic and photonic components. It also 
provides more circuit sizes reductions and energy 

efficiency improvements. Plasmonics is based on the 

stimulation of Surface Plasmon Polaritons (SPP) which 

are electromagnetic waves bound to free electron 

oscillations in metals and  spread at near-light speed 

along the metal-dielectric interface (Atwater, 2007; 

Barnes et al., 2003; Brongersma and Shalaev, 2010). 

For many years it has been known that metal salts were 
photo reduced to metal nanoparticles using ketyl 

radicals. Polymeric matrix as well as photo reducing 

agent are responsible for nanoparticle distribution, size 

and shape (Kazancioglu et al., 2021). The main 

objective of present study is to degrade Methylene blue, 

which an organic pollutant presents in water resources 

using Pst core NIPMamm-MAa and Ag-p NiPMaM – 

MaA. 

Materials and Methods 

Various substances of their percentage purity used to 

prepare homogeneous microgels. Microgels of core / shell 
and composite microgels of core / shell are discussed. 

There have also been studies of various analytical 

techniques used to classify prepared microgel samples. 

Apparatus used for the synthesis of p Nipmam-Maa 

microgels, pStycore and pSty-p NIipmam-Maa 

core/shell microgels and Ag embedded pSty-pNipmam-

Maa core/shell hybrid microgels are Three-necked round 

bottom flask, Condenser, Hot plat, Thermometer, and 
Teflon stirrer. 

Compounds used for synsthesis of p Nipmam-Maa 

microgels, pStycore and pSty-p NIipmam-Maa 

core/shell microgels and Ag embedded pSty-pNipmam-

Maa core/shell hybrid microgels are, N, N-

methylenebisacrylamide (99%), Styrene (98%), 
Methylene Blue (98%), Methacrylic acid (98%), N-

isopropyl methacrylamide (98%), Sodium dodecyl 

sulfate (98%), Ammonium per sulfate (99%), Sodium 

hydroxide, Hydrochloric acid, Sodium borohydride 

(98%), Dialyzing membrane(12,000 to 14,000 cutoff) 

and Silver nitrate (97%) 

Sigma Aldrich, Germany and Gemistone Chemicals 

have acquired both chemicals. Stand Maa have been 

washed using alumina (Al2O3) as an adsorber through 
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vacuum filtration to remove the inhibitor (Table 1). 

Before further purification, all other chemicals were 

used  (Table 2). The dialytic membrane with a pore size 

of 12000 to 14000 cut off obtained from Fischer 

research, UK was purged from pure and hybrid microgel 
suspensions. As previously mentioned, p(NiPMam-

Maa) microgels have been manufactured using 

emulsion polymerization methods such as Nipmam 

(monomer), SDS (surfactant), M-BIS (cross linker) and 

APS (initiator). In the 3 neck flasks with condenser and 

nitrogen gas for up to 12 minutes, 0.69 g (5.7 ml) 

Nipmam, 0.00281 g (0.179 mmol) MBIS, 0.029 g (0.41 
mmol) SDS MAa and 0.013 g SDS were mixed in 43 ml 

of deionized water. Heating was then initiated and the 

temperature of the reaction mixture raised by 72° C. 

After 28 minutes of temperature monitoring at 72 ° C, 

a 0.076 M solution of 4.5 mL was introduced to the 

reaction mixture. After a few minutes of addition of 

APs, the clear mixture was switched on, signaling the 

start of polymerization. The reaction was continued for 
4.5 hours in order to finish the polymerization process 

under heating, and continuous nitrogen supply. 

Treatment of 12,000 to 14,000 molecular porous 

membrane cut-off for 6 days with regular exchange of 

deionized water filtered the formed microgel particles. 

Two step methods including simple emulsion poly 
merization and seed mediated emulsion poly 

merization pSty-pNipmam-Maa core / shell microgel 

have also been created. Initially, 80 mL of water was 

applied to the three necked bottom flasks with 0.19 g 

NIPMam, 0.047 g SDS and 1.69 g (1.81 mL). The 
mixture supplied with nitrogen was stirring for 10 

minutes. Heating has started and a temperature of about 

70° C has been sustained for 40 minutes. Drop wise was 

added to the reaction mixture with 9.5 mL (0.068 M) 

APs. For 6.5 hours, the reaction was continued 

prepared core PSt latex was dialyzed using porous 

molecular membrane to eliminate unreacted 

membranes. In the second level, core latex PST was 
used for the preparation of pNipmam-Maashell 

microgels around it.   To this end, Maa was blended in 

the round bottom flask with 55mL deionized water 1,25 

g Nipmam, 0,046 g MBIS, 0,046 g SDS, 0,0289 g 

(28,6μL) Maa and 29mL of pSty core Latex, which 

were stirring for 8 minutes with nitrogen. The action 

mixture temperature was held at approximately 75° C. 

After 35 minutes of temperature maintenance and 
constant stirring, the mixture added 2 mL of 

APS solution (0.077 M) and the reaction continued for 

4.2 hours. Prepared core / shell microgels of pSty-p 

(Nip Mam-Maa) have been added slowly to eliminate 

reactive molecules such as M-BIS, Nipmam Maa, SDS 

and APS. The core / shell of Ag hybrid microgels at 

pSty-pNipmam-Maa in situ was prepared using AgNO3 

salt as a forerunner to silver nanoparticles and NaBH4 
as a reduced ambient temperature (20° C)  ingredient 

following the above technique. 5.7 mL PST-pNipmam-

Maa microgel dispersion was applied to 26 ml deionized 

water (84 percent diluted) taken in three necked round 

bottom flasks and stirred under nitrogen supply for 12 

minutes. The stirrer was added to the AgNO3 salt (0.098 

M) water solution in the diluted microgel dispersion for 

28 minutes. The reaction mixture was then added to 4.7 

mL with freshly made NaBH4 solution (0.047 M) and 

mixed for another 60 min under the nitrogen supply. Ag 

was changed to a light brown appearance on the 
suspension of the core / shell hybrid microgels at pSty-

pNipmam-Maa when NaBH4 was applied, which 

indicates the formation of Ag NP in the polymer 

network. The core / shell microgel composite 

suspension was dialyzed at room temperature for half an 

hour with a 2-time deionized water interchange. 

Results and Discussion 

Degradation of Methylene blue  

 

Methylene blue was degradd using optimum condition 

by adding Metal Nanoparticles catalyst and character-

ized using UV visible spectrophotometer  (Fig. 4.1). 

 

Fig 4.1 Degradation of Methylene blue using optimum conditions; 

Methylene blue = 0.086mM, NaBH4 = 6.2 mM, Ag-pSty-pNipmam-

Maa= 0.2916 mg/mL, Temperature = 34oC. 

 

Fig. 4.2 Mechanism of degradation of Methylene blue dye using Ag-

PSty-PNiPMaM-MaA-CS catalyst. 

In Figure 4.2 Methylene blue acts as substrate reduced 

by using NaBH4. NaBH4 oxidized itself and give 2e- to 
break the double bond between nitrogen and carbon 

which produced leucomethylene blue which is 

colorless. The nanoparticles absorb at the surface of 

methylene blue. Nano-Ag-pSty-pNipmam-Maa was 

degraded at a suitable temperature with NaBH4 as a 

reducing agent. Driven experiments were also 
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performed one-by-one in the presence of micro-core 

shells, composite micro particles and NaBH4. Since the 

ionization of the COOH groups of polymer chains at pH 

> pka of Maa, the positive charge of MB molecules are 

adsorbed on the surface of the nanoparticles and 
decrease property is enhanced by the fact that the metal 

nanoparticles and the micro shell are normally 

negatively charged in the Nano-Ag-pSty-pNipmam-

Maa catalyst (Singh et al., 2013).  Characterization of 

the degradation of methylene blue is performed using 

UV visible spectrophotometry at ideal conditions as 

shown in graph-4 above using Beer-Lambert Law. A 
popular and functional expression of the Beer-Lambert 

Law concerns the optical attenuation by samples and 

absorption of the species of physical material that 

contains a single, uniformly attenuating species. This is 

the mathematical form: 

A = ε ℓ c 

Where, 

(ε) is the attenuating species molar attenuation or 
absorption coefficient 

(ℓ) is the path length 

(c) is the attenuating species concentration 

In Figure 4.1 wavelength (nm) is taken at x-axis and 
absorbance at y-axis at different interval of time. The 

range of wavelength selected is 400-700 nm. At 

different time laps as shown in graph 1, the absorbance 

at optimum conditions between 1 to 11th minute the 

reaction goes on. While at 12th and 13th minutes the 

reaction becomes linear indicating there is no further 

reactant left. 

Fig. 4.3 IR spectra of Core, Core-shell and Core-shell hybrid 

compounds. 

Table 3 IR- Interpretation of Core Shell Hybrid compound. 

Sr. No. Dips Functional Group 

1 3300 cm-1 (Strongly Broad Dip) Amide – Stretch  

2 2850 cm-1 Alkane – Stretch 

3 1630 cm-1 ( C=O )- Stretch 

4 1465 cm-1 (Fingerprint region) -CH2- (Bend) 

Table 4 IR- Interpretation of Core-Shell compound. 

Sr. No. Dips Functional Group 

1 2850 cm-1 Alkane – Stretch 

2 1640 cm-1 ( C=O ) – Stretch 

3 1510 cm-1 C=C (Aromatic) 

4 1300 cm-1 (Fingerprint region) C-O  

Table 5 IR- Interpretation of Core compound. 

Sr. No. Dips Functional Group 

1 2850 cm-1 Alkane – Stretch 

2 3150 cm-1 Aromatic - Stretch (o.o.p) 

3 1465 cm-1 (Fingerprint 

region) 

C=C (Aromatic) 

Figure 4.3 shows FT-IR core microgels of pSty core, 
pNipmam-Maa and Ag-pSty-pNipmam-Maa heart shell 

hybrid microgels. From figure it is concluded that 
hybrid core shell have excellent impact as compared to 

core shell and core. It means that there are such changes 

occur in the shape of the core and core shell mircrogels 

which leads towards the important application for 

Methylene blue degradation. Such spectrums endorse 

the encapsulation of the shell region around the 

PSTY core and core shell hybrid microgels, C‐H 

spectrum of aromatic ring motion, were allocated to 
2955 and 2845 cm−1 in FT-IR spectra, pSty-pNipmam-

Maa and Ag-pSty-pNipmam-Maa bands (Table 3). 

Popularity occurs at 3300 cm−1 in the core shell of the 

pSty-pNipmam-Maa hybrid due to amide-component 

bonding N to the Nipmam. The peaks at 1630 and 

1640cm−1 were observed for both pure and composite 

microgels as presented in Table 4. The peak was never 

seen for C = C at 1600 cm−1 from both pure and 
composite FT-IR microgel spectra indicating 

polymerization points and the change in C = C to C-C 

due to vibrations of the Nipmam and Maa monomer 

groups. The peaks of 1507 and 1456 cm−1 observed in 

pSty-pNipmam-Maa and Ag-pSty-pNipmam-Maa, the 

core composite shell microgels were due to C = C 

bonding in the aromatic ring as presented in Table 5 

(Zhu et al., 2008). 

 

Fig. 4.4 Degradation of blue Methylene in the absence of a catalyst. 

In the Absence of Catalyst 

Degradation of the MB does not occur in the absence of 

a catalyst. There is no chance of a reaction. A small 

decrease of the absorbance at 665 nm after 13 minutes. 

In the absence of the catalyst, even the colour of the dye 

does not stay invariant at the end of a day, which 

indicates that the reduction is very sluggish and 
negligible in the absence of the catalyst. The reaction is 

only conducted in the presence of the nano-catalyst 
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under certain conditions, and then the spectra appear. 

The reduction rate is maximum and the absorbance is 

become low and then end in the time of 8 minutes. The 

color of the mixture also become fads and finally 

disappear. The reaction stop in 8 minutes shows that the 
reaction is of high quality in the availability of silver 

nanoparticles as a catalyst. Time-dependent UV spectra 

minimize the degradation of MB by the presence of 

nanoparticle catalysts and composites. The above 

findings suggest that the absorbance value is reduced by 

the degradation of MB Control over the surface of Ag 

NPs due to the loading of composite nanoparticles. 

Confirmation of Ag-NPs 

This line increase in absorbance is due to presence of 

light in the visible region. Figure 4.5 shows the 

confirmation of Ag-NPs while showing the peak at 400 

nm. which is a fix wavelength for Ag-NPs. Peak in grey 

color in Figure 4.5 confirms the presence of Ag-NPs as 

a catalyst using in the reaction. While peak in blue 

shows the presence of microgel (P-styrene). 

 

Fig. 4.5. Graph showing the presence of Ag-NPs in the reaction. 

 

Fig. 4.6: Showing the Stability of Hybrid (Ag-NPs). 

 

Hybrid (Ag-NPs) Stability 

In above graph taken wavelength (200 to 800nm) on x-
axis and absorbance on y-axis (0.5 to 3.5). Figure 4.6 

above shows that the hybrid Nano catalyst-containing 

microgels are very stable from the beginning and no 

instability was recorded on the last day during the entire 

working period. The device shows the same absorbance, 
maximum 400 nm per week from day 1 to 8. Stability 

refers to the validation of sample analyses at various 

time intervals. Here is a graph in Figure 4.6 showing 

days and weeks. The length of the procedure is 8 weeks. 

The study was analyzed week by week for up to 8 

weeks. The graph demonstrates the stability of the peaks 

from day one to 8 of the week. The graph shows how 

stable sample is prepared. 

 

Fig. 4.7 Showing the effect of reducing agent on Ag-pSty-pNipmam-

Maa in different time intervals. 

 

Fig. 4.8 Showing the effect of reducing agent on Ag-pSty-pNipmam-

Maa. 

Effect of Reducing Agent 

At a one-minute interval, UV-visible spectra were 

scanned. Following the completion of the reaction 
mixture solution, the Methylene blue was made 

colorless. In the absence of the catalyst, a reduction in 

MB with NaBH4 was also carried out as shown in (Fig. 

4.8). The decreasing reaction was slow and the MB in 

120 minutes was very high. Although the 

thermodynamically positive reduction of NaBH4 and 

MB, it is kinetically disadvantageous because of a larger 

energy  boundary between electron donor and accepter 
in the exclusion of a catalyst (Ajmal et al., 2013). Ag 

Nps really eliminate the energy barrier and act as an 

electron relay, for reducing MB acts simultaneously as 

an electron donor and acceptor. Ag Nps play a major 

role in electron transfer from BH4
-1 to MB (Pradhan et 

al., 2002). In Figure 4.8 a collective graph was taken 

containing different peaks showing the effect of 

reducing agent (NaBH4) at different concentration i.e. 
50, 75, 100, 125, 150, 175, and 200 mg/mL. 

Concentration above and below 125 mg/ml has taken 

more time to reduce the sample. While the concentration 

of 125mg/ml showing the best result for reducing of 

reaction by NaBH4. The reason is that when 

concentration was below 125mg/ml, the reducing agent 

will not cover the maximum sites of the reactant. While 

taking concentration higher than the 125mg/ml the 
reducing agent will accommodate no free space for the 
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reaction taking much time to complete the reaction and 

vice versa. 

 

Fig. 4.9 Graph of NaBH4 Reducing agent, kaap vs time at various 

concentrations having Ag-pSty-pNipmam-Maa (CS) =0.2916 mg/mL 

and 0.086mM NaBH4 at 34oC. 

Figure 4.9 presents the deviation of the peaks which 

shows that the degradation changes by changing the 

concentration of the NaBH4 and shows the maximum 

value at 125mg/ml for the required constant amount of 

MB. However, the degradation rate decreases after 

125mg/ml because the dye is in constant quantity which 

shows the maximum degradation at 125mg/ml and does 

not give rise to any chance of further degradation. 

 

Fig. 4.10 Showing the effect of substrate (MB) on the reaction. 

Effect of Substrate (MB) 

Fig 4.10 shows a collective graph having different 
concentrations of substrate i.e. 0.056mM, 0.066mM, 

0.076mM, 0.086mM, 0.096, and 0.106mM. At 

concentration (0.086mM) shows the best result. 

Substrate is material on which surface is to react. Here 

a substrate is Methylene blue on which surface reducing 

process has taken place using a reducing agent named 

Sodium Borohydride (NaBH4). This suggests that at the 
start that is the initiation time there is no adjustment for 

the degradation of time due because at this time the dyes 

actually display the introduction of the dye. At the 

last of the graph there is still the same trend because at 

this time the degradation is completed. There is no 

longer any orientation towards the interaction of dyes 

with a reducing agent. 

 

Fig. 4.11 Slope graph of MB-dye substrate. 

In the decreasing peaks shown in the graph above, the 

reaction of the dye degradation in the presence of the 

reducing agent indicates that the degradation occurs at a 

fast rate while the reaction is continuing but after certain 

duration of time degradation has been completed. The 

lines listed above are different due to  different 
concentration of MB, which indicates the maximum 

degradation at 0.086mM. 

 

Fig. 4.12 Graph of substarte, kaap vs time at various concentrations 

having Ag-pSty-pNipmam-Maa (CS)=0.2916 mg/mL and 125mg/ml 

NaBH4 at 34oC. 

Figure 4.12 shows the divergence of the peaks showing 

that the degradation varies by varying the concentration 

of the dye, which increases by increasing the 

concentration of the dye. Then the maximum 

degradation at 0.086 mM at this catalyst and the 

reducing agent indicate the maximum degradation. But 
the rate of degradation falls since the particular 

concentration of the catalyte allows the interaction with 

the catalyst by increasing the concentration of MB. 

There is no room for the catalyst to connect with the dye 

and then continue to decrease rather than increase. 

 

Fig. 4.13 Effect of Ag-pSty-pNipmam-Maa (CS) Catalyst. 
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Effect of Adsorbent 

This demonstrates that at the start that is the induction 

time, there is no adjustment for the degradation of time, 

because at this time span, the dyes clearly display the 

introduction of the adsorbent. After this the beginning 

of the slope, which indicates that there is a rapid rate of 

degradation of the Eosin (y) with the passage of time. 
The same phenomenon is also seen in the final graph 

since the degradation is finished at this point. There is 

no more orientation to overlap the dyes with the catalyst 

that indicates the completion of the reaction. Catalyst 

dose effects were evaluated by maintaining a steady 

concentration of MB-dye and NaBH4 at ambient 

temperature at the value of the apparent rate constants 

for the reduction of MB. In Figure ln(At /Ao) vs time. 
ln(At /Ao) linear plot region vs time to minimize MB 

from various hybrid dose microgels. Apparently, the 

constant rate increases linearly as the catalytic dose 

increases (Figure 4.13). The usable surface for the 

adsorption of reactive molecules increases as the dose 

of the catalyst is raised, resulting in an increase in the 

rate of reduction of MB. The reduction of MB does not 

start immediately. 

The value of ln (At / Ao) is defined as the time of 

induction for a constant time. 

 

Fig. 4.14 Collective slope graph. 

The reaction of degradation of the dye in the presence 

of the catalyst, which catalysis the reaction, shown in 

the diagram above, that degradation occurs at the speed 

of reaction and after a certain amount of time 

degradation is complete. Above graph represents the 

slope of ln(At/Ao) vs time. 

 

Fig. 4.16 Graph of Ag-pSty-pNipmam-Maa(CS) kaap vs time at 

various concentrations having 0.086 mM MB and 125mg/ml NaBH4 

at 34oC. 

In the chart mentioned above, the reduction agent 

NaBH4 demonstrates linearity between two variables, 

which is between kapp chart vs pSty-pNipmam-Maa 

(CS). The reduction agent's concentration increases 

with kapp. This effect is due to increase in active sites 
for the MB-dye substrate entering. Some time passed 

peak is matching parallel to x-axis because active sites 

of MB-dye is totally linked. If concentration of catalyst 

is increased then NaBH4 and MB are absorbed on the 

surface of catalyst. Because active sites of catalyst 

increases with increase in concentration. 

Conclusion 

The discussion shows that pSty-pNipmam-Maa core 

shell microgels serve as active carrier of the Ag 

Nanoparticles. UV visible and FTIR analytical data 

confirmed the loading of spherical Ag nanoparticles 

with an average diameter of 10-12 nm in thin layer of 

core-shell microgels. At optimum condition the 

degradation of methylene blue using Ag-pSty-
pNipmam-Maa with NaBH4 was checked. The graph 

shows the reaction up to 13 minutes. The reaction was 

going on until 11th minute and becomes linear at 12th 

minute means reaction is completed. While in the 

absence of catalyst pSty-pNipmam-Maa the reaction 

was completed in 120 minutes indicating the efficiency 

of our catalyst against Methylene blue dye. This 

expresses the long lasting stability as well as superior 
catalytic-activity of our system. 
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