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4.1: Introduction 

The use of metals as catalysts in a variety of organic reactions and applications is a well-

established approach that has been carried out efficiently for many decades [1-3]. Among many 

approaches to consideration of metallic compounds, metal nanoparticles (MNPs) have gained 

specific attention because of their physico-chemical behavior, which is very different [4, 5]. 

Particularly transition metals or metal oxide nanoparticles have attracted notable attention for 

various catalytic applications as the better alternative to costly and rare metals [6, 7]. Copper 

(Cu) and its oxides in this transition metal group have received significant attention due to their 

low cost and intriguing physico-chemical properties [8-11]. Owing to Cu metal’s oxidation states 

(e.g., Cu0, Cu+1, and Cu+2), environmental friendliness, and the achievable morphology in the 

fabrication method, Cu-based nanomaterials are widely exploited in the field of catalysis [12, 

13]. Therefore, various synthetic paths have been reported for the copper nanoparticles (CuNPs) 

fabrication, which include the aqueous chemical reduction, thermal/vapour decomposition, laser 

ablation, precipitation, micro-emulsion, sol-gel, electrochemical, electrospinning, and 

microwave-based techniques [14-23]. Even though many synthetic approaches have been 

developed, the fabrication of pure and stable CuNPs is a challenging task even present time too 

due to the higher susceptibility of Cu to oxidation compared with precious gold (Au) and silver 

(Ag) nanoparticles [24-26]. 

The microwave technique for fabrication of CuNPs has promoted a special interest as it’s simple, 

quick, economical, and favorable for large-scale nanoparticle production. Microwave irradiation 

gives rapid and uniform heating throughout the sample, creating hotspots and enhancing reaction 

kinetics. Microwave heating leads to faster and more controlled reactions, allowing nanoparticle 

formation in a shorter time. Nasser et al. [27] synthesized the CuNPs with 45 to 48 nm particle 

sizes using the different-different Cu salts via microwave method and found better photocatalytic 

activity for the reduction of safranin dye. Philip et al. [28] also successfully utilized the 

microwave-irradiation for fabrication of fcc structured CuNPs using the leaf extract ‘Psidium 

guajava’ as stabilizing agent and applied for in-vitro antioxidant and antimicrobial potency. 

Similarly, Baldi et al. [29] also synthesized CuNPs using polyol as a reducing agent and the 

microwave-irradiation method, which showed the better optical properties of colloidal CuNPs. 

As per the literature survey, it was found that the research work on the preparation of CuNPs 
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through the microwave technique is still not much exploited, so we also applied this non-

hazardous method for CuNPs fabrication in the present research. 

For the fabrication of MNPs, various types of template-supported approaches have also been 

used in the classes of hard and soft. Monodispersed silica [30], iron oxide nanocrystals [31], and 

even AuNPs [32] are examples of hard templates, whereas soft templates generally consist of 

microemulsion droplets [33] and polymeric micelles [34, 35]. Normally optical, electronic, and 

catalytic properties of MNPs are highly relying on their size, shape, and composition. 

Amphiphilic polymers serve as the supporting materials that form the polymeric micelles, which 

are used to cap or incorporate MNPs in order to fabricate the desired structure and be more stable 

when physico-chemical changes happen [36]. Amphiphilic polymer can interact with the metal 

precursor and the solvent in which the synthesis is taking place since it contains both 

hydrophobic and hydrophilic components. The hydrophobic part of the polymer can interact with 

the metal precursor, while the hydrophilic part can interact with the solvent. This interaction can 

prevent the metal particles from aggregation, which can lead to nanoparticles with desired 

properties [37, 38]. Previously, Sakai and Alexandridis synthesized AuNPs in a single step using   

Pluronics as stabilizing, morphogenic, and reducing agents [39, 40]. Pluronic forms core-shell 

micelles with a POP core and a POE shell above the CMT (critical micellar temperature) and the 

CMC (critical micelle concentration) [41]. The PPO part of the Pluronic can interact with the 

metal precursor, while the PEO part with the solvent which can prevent the nanoparticles from 

aggregation and leading to synthesize nanoparticles with required properties. Pluronic can be 

used as reducing agents, which can help turn the metal precursor into nanoparticles. The 

polymer's ability to reduce can be boosted by the PPO part, which can help increase the quantity 

of the metal precursor near the polymer. This makes it easier for the polymer to reduce [40, 42, 

43]. The CuNPs obtained using Pluronic polymers as reducing and/or stabilizing agents have 

been reported by chemical reduction and photo-assisted paths and found the particle size range 

between 10-50 nm [44, 45].  Therefore, we also considered these Pluronic polymers for our 

purpose of fabricating CuNPs for its better applications in the removal of hazardous materials. 

Most of the organic dyes employed in the textile, paint, pharmaceutical, and plastics industries 

are not biodegradable and are very bad for the environment. The dyes that come out of the textile 

and dying industries are bad for the environment because they leave behind long-lasting colors 
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and put too much COD in the water. Up to 20% of all manufactured dyes are estimated to 

disappear during the dyeing treatment and end up in the water bodies through effluents [46]. To 

address critically this problem, researchers have employed a number of physico-chemical 

methods, including adsorption, coagulation, flocculation, and membrane-filtration [47-49]. 

However, such methods are used to separate organic dyes from effluents but do not degrade them 

[50]. Not only that, they are inefficient and high-cost approaches, producing many byproducts 

that also require processing from an environmental point of view [51]. In the last few years, 

MNPs of multiple compositions, size, structure, and morphology have been synthesized to work 

as photocatalysts for the organic dye degradation of owing to their facile synthetic processes and 

notable optical properties [52, 53]. Not only that, the use of MNPs for photocatalytic reduction of 

organic dyes is widely preferred as low cost and efficient and also form the biodegradable end 

products like amines, which microbes can easily degrade [54]. In the present study, we were 

performed the degradation of most widely used four common organic dyes like anionic congo 

red (CR) and methyl orange (MO), cationic methylene blue (MB) and rhodamine B (RhB) dyes.  

CR is a water-soluble anionic azo dye and is known for its toxicity [55]. CR has carcinogenic 

effects and has been used mainly in the textile, plastic, and paper industries [56, 57]. It dyes 

cotton directly and doesn't break down well because it was made synthetically to resist fading, 

making it non-biodegradable. Second MO is a typically anionic dye compound that has been 

hugely applied in the textile, food, printing, and pharmaceutical industries [58]. The third 

polluting cationic dye, MB, is also extremely toxic and causes breathing problems, excessive 

sweating, eye injury, mental depression, and methemoglobinemia [59, 60]. The fourth common 

dye, RhB, is a synthetically manufactured cationic xanthene-based dye and is mainly exploited 

by the paper industry for printing and textiles as colorant products [61]. This heterocyclic dye is 

very harmful to humans and animals because it causes irritation to the eyes, skin, and respiratory 

tract [62]. Finally, research into the degradation of such hazardous organic dyes using MNPs is 

an important task at present time from textile effluents. 

In this concern, our aim of this present research was to fabricate CuNPs that have a small size 

range, uniformity, better stability, and potent photocatalytic activity to degrade hazardous 

organic dyes with high efficiency. To achieve our goal, a novel microwave-assisted, Pluronic 

mediated synthesis of copper nanopowder and nanodispersions is developed. We created 
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Pluronic mediated CuNPs with sodium borohydride (NaBH4) as a reducing agent and different 

hydrophilic Pluronics (L121, P123, and F127) as micellar reaction media using microwave-

irradiation techniques. The effects of microwave-irradiation on the synthesis of Pluronic 

mediated CuNPs have been examined. The dispersion and powder form of fabricated Pluronic 

mediated CuNPs are characterized using UV-Vis fluorescence, DLS, Zeta potential, rheology, 

XRD, TEM, FE-SEM, and EDX measurements. The role of hydrophilicity of used Pluronics in 

the particles size, shape, and stability has been evaluated. The photocatalytic activity of 

dispersions of blank CuNPs and Pluronic F127 mediated CuNPs for the degradation of common 

CR, MO, MB, and RhB organic dyes under sunlight irradiation have been investigated, and their 

reaction mechanism has been proposed. 
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4.2: Experimental section  

4.2.1: Fabrication of the blank CuNPs and Pluronic mediated CuNPs 

The CuNPs were fabricated using a facile, single-pot, microwave-assisted method. The synthesis 

was done through the modified typical method of the wet-chemical reduction using microwave 

heating, NaBH4 as reducing agent, and Pluronic micellar solutions as the solvent. The fabrication 

process is presented in Figure 4.1(a). 

 

 

Figure 4.1: (a) Fabrication of the Pluronic mediated CuNPs using microwave technique. (b) 

Colour alteration during the CuNPs fabrication. 

 

Here, a typical 0.1 M CuSO4
.5H2O solution was prepared with and without 2 wt% Pluronic 
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solution was made and added to the copper solution. Here, the color of the solution turns black 

because of the surface plasmon resonance (SPR), which results from the absorption of specific 

wavelengths of light in the visible spectrum due to the size and shape of particles during the 

initial reduction process. The resulting mixture was immediately exposed to microwave-

irradiation (StartSYNTH microwave oven, MilstoneSrl, Italy) at 350 W power and 50 Hz energy 

level for different time intervals (1, 3.5, 5, 7.5, 10, and 12.5 min) at 70 °C temperature. The color 

of the colloidal solution turned red-ochre when nanoparticles formed. The dispersions of red-

emitted CuNPs were then analyzed for optimization of the microwave-irradiation time and other 

required experiments. For solid state characterization, the CuNPs solution was cooled, 

centrifuged (2000 rpm) for 20 min, filtered, and washed with ultrapure water and ethanol. This 

turned the solution into a CuNPs powder. Finally, the solid CuNPs were dried in a lab oven at 90 

°C for 2 h. The dark reddish brown color powder of CuNPs was stored at RT for further study. 

The composition, condition, and code names of fabricated Pluronic mediated CuNPs have been 

shown in Table 4.1. The blank CuNPs were fabricated in the same manner without using 

Pluronic micellar medium. 

Table 4.1: Composition and code-names of fabricated CuNPs. 

Cu salt 

concentration 

(M) 

NaBH4 

concentration 

(M) 

Pluronic 

used 

Concentration 

of Pluronic 

fixed (wt%) 

Microwave-

irradiation 

optimized 

(min) 

Code-name 

of CuNPs 

0.1 0.2 --- --- 10 
blank 

CuNPs 

0.1 0.2 L121 2.0 7.5 CuNPsL1 

0.1 0.2 P123 2.0 7.5 CuNPsP3 

0.1 0.2 F127 2.0 7.5 CuNPsF7 

4.2.2: Photocatalytic organic dye degradation studies 

The reductive degradation of common organic dyes likes CR, MO, MB, and RhB was examined 

using the fabricated blank CuNPs and Pluronic F127 micelles-mediated CuNPs (CuNPsF7) 

dispersions as photocatalysts. In a beaker, 50 mL of each dye solution (15 ppm) was mixed with 

4 mL of CuNPs dispersion and stirred in dark for an hour to manage absorption-desorption 

equilibrium. After that, the1 mL of 0.1 M NaBH4 solution was added to the dispersion mixture 

and stirred. The dispersion mixture was then exposed to sunlight (Intensity in the range of 875–
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900 W/m2) from 12.00 noon to 3.30 p.m. The temperature during the experiments was in the 

range of 32° to 34 °C in Vadodara (the central zone of Gujarat) in India. At a specific time 

interval, aliquots were withdrawn out of the beaker and directly analyzed through a UV-Vis 

spectrophotometer (UV-1900, Shimadzu, Japan). The kinetics of the dye’s photocatalytic 

degradation was also investigated. The following Eq. (1) is used to determine the percentage 

degradation of the organic dye using the blank CuNPs and CuNPsF7 as photocatalysts.  

% Degradation = [(C0-Ct)/C0] x 100   ------------ (1) 

Here, the dye initial concentration before sunlight exposure is considered as C0, and the dye 

concentration after sunlight irradiation at time t is Ct. 
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4.3: Results and discussion 

4.3.1: Characterization of the blank CuNPs and Pluronic mediated CuNPs 

4.3.1.1: Optical characterization of the CuNPs dispersions 

First, we fabricated CuNPs without Pluronic micelles mediation in water using the microwave-

assisted technique by chemical reduction of an aqueous Cu2+ salt solution with reducing agent 

NaBH4. The CuNPs formation was clearly evidenced by the color changes occur in solution from 

sky-blue to red-ochre (Figure 4.1(b)). In general, the microwave-irradiation time has strongly 

influenced on the fabrication and particle size of the CuNPs. Microwave irradiation uniformly 

heats the reaction mixture, overcoming mass transfer restrictions and promoting nanoparticle 

nucleation. This can produce smaller, monodisperse nanoparticles with enhanced characteristics 

for various applications [63-67]. The fluorescence spectrums of fabricated blank CuNPs 

solutions applying varied microwave-irradiation times (1, 3.5, 5, 7.5, 10, and 12.5 min) were 

recorded for the purpose of optimization of irradiation time and are shown in Figure 4.2. 

 

Figure 4.2: (a) Fluorescence spectrums of the blank CuNPs fabricated at various microwave- 

 irradiation time. (b) Color alteration during the fabrication of CuNPs. 

Results shown in the spectra of blank CuNPs in Figure 4.2(a) clearly indicated that the intensity 
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for fabrication. The steady-state fluorescence emission spectra of fabricated CuNPs in the 

aqueous micellar solutions of different Pluronics (L121, P123, and F127) after applying varied 

microwave-irradiation times (1, 3.5, 5, 7.5, 10, and 12.5 min) were also recorded (shown Figure 

4.3 to 4.6). The fixed 2 wt% concentration of all the Pluronics has been taken into consideration 

as per their CMC when set as a micellar medium. Here, Figure 4.7(a) shows the plot of emission 

intensity versus microwave-irradiation time for the fabricated Pluronic mediated CuNPs 

dispersions. The optimized microwave-irradiation time for CuNPs in Pluronic micellar solutions 

was 7.5 min, which was less than the time for CuNPs in the absence of Pluronic micellar 

solutions. Microwave irradiation can provide rapid and efficient heating to the reaction mixture, 

which can lead to fast reaction rates and short reaction times, which can improve the yield and 

size of the nanoparticles [64]. 

 

Figure 4.3: Emission-excitation spectra of blank CuNPs and Pluronic mediated CuNPs. 
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Figure 4.4:Steady state fluorescence spectrums of the CuNPsL1 fabricated at various microwave 

irradiation time. 

 

 

Figure 4.5: Steady state fluorescence spectrums of the CuNPsP3 fabricated at various 

microwave irradiation time. 
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Figure 4.6: Steady state fluorescence spectrums of the CuNPsF7 fabricated at various 

microwave irradiation time. 
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Figure 4.7: (a) Optimized period of microwave-irradiation for the Pluronic mediated CuNPs. (b) 

Fluorescence spectrums of Pluronic mediated CuNPs at 7.5 min microwave-irradiation. 
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whichclearly show the absorption peak shifted from 589 nm to 562 nm (blueshift) when the PEO 

part increased [71]. 

 

Figure 4.8: UV-Visible absorbance spectrums of the Blank CuNPs and Pluronic mediated 

CuNPs 

4.3.1.2: Structural characterization of the CuNPs dispersions  

The DLS techniques were employed to investigate the structural parameters of blank CuNPs and 

Pluronic mediated CuNPs dispersions. As we analyzed the nanoparticle dispersions, the particle 

size was measured as the hydrodynamic diameter (Dh). Size distribution curves of fabricated 

blank CuNPs and Pluronic mediated CuNPs dispersions at RT are shown in Figure 4.9. The Dh 

values of blank CuNPs, CuNPsL1, CuNPsP3, and CuNPsF7 were 48.90 nm, 113.0 nm, 26.28 

nm, and 12.70 nm, respectively. The Pluronic mediated CuNPs were given much smaller particle 

sizes than blank CuNPs. Pluronic micelles have a high surface area per volume, which facilitates 

amore number of active sites for the reduction to occur. In this study, the Dh value of CuNPsF7 

was found to be the smallest when compared to that of CuNPsL1 and CuNPsP3, indicating that 

an increase in Pluronic hydrophilicity provides a greater number of oxyethylene units for the 

binding of Cu2+ ions reduced to Cu0 via ion-dipole interactions in between the Cu ion and the 

lone pair electrons of the PEO linkages [68]. The narrow size distribution and highly intense 

peak of CuNPsF7 confirmed the better yield of particles and the smallest size of the fabricated 

CuNPs. Also, the blank CuNPs, CuNPsL1, CuNPsP3, and CuNPsF7 have PDI values of 0.226, 

400 450 500 550 600 650 700
0.00

0.05

0.10

0.15

0.20

0.25

0.30

A
b

s
o

rb
a

n
c
e

 (
a

.u
.)

Wavelength (nm)

 Blank CuNPs

 CuNPsL1

 CuNPsP3

 CuNPsF7



Chapter-4: Pluronic mediated copper nanoparticles as photocatalyst for dye 

degradation 

 

 77 | P a g e  
 

0.234, 0.171, and 0.110, respectively. Here, the results of PDI show that as the PEO part of the 

Pluronic increases, the PDI value decreases. A low PDI value indicates that the particle size 

distribution is narrow and that particle size variation is minimal. It indicated that the particle 

formation was uniform in size and had a homogeneous particle size distribution [29]. 

 

Figure 4.9: Size distribution curves of blank CuNPs and Pluronic mediated CuNPs dispersions. 
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Figure 4.10: Zeta potential profile of blank CuNPs and Pluronic mediated CuNPs dispersions. 

 

The viscosity of the Pluronic mediated CuNPs dispersions was also monitored at RT and shown 

in Figure 4.11. Results showed an increasing trend in the viscosity of Pluronic mediated CuNPs 
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Pluronics and nanoparticles. Such rheological results proved that the CuNPsF7 nanoparticles are 

best used in liquid media. Hence, CuNPsF7 would be highly useful as an applicable material in 

the aqueous dispersion medium for its photocatalytic properties in the treatment of water or other 

hazardous effluents. 

Zeta potential (mV)

To
ta

l 
C

o
u

n
ts

-100 0 100 200
0

50000

100000

150000

200000

250000

300000

350000

-100 0 100 200
0

50000

100000

150000

200000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Blank CuNPs CuNPsL1

-100 0 100 200
0

100000

200000

300000

400000

500000

600000

700000
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CuNPsF7

-100 0 100 200
0

100000

200000

300000

400000

500000

600000

700000
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CuNPsP3



Chapter-4: Pluronic mediated copper nanoparticles as photocatalyst for dye 

degradation 

 

 79 | P a g e  
 

 

Figure 4.11: Rheological behavior of Pluronic mediated CuNPs dispersions at RT. 

4.3.1.3: Solid state characterization  

To figure out the particle sizes, shapes, crystallinity, and composition of the powdered form of 

the Pluronic mediated CuNPs, the particles were separated from colloidal dispersion through 

centrifugation, filtration, washing with ultrapure water, and then drying in an oven. Two electron 

microscopic techniques, TEM and FE-SEM, are used to figure out the morphology as well as the 

size of the fabricated nanoparticles. Figure 4.12 displays the TEM images of the fabricated solid 

blank and Pluronic mediated CuNPs. The image of blank CuNPs illustrates that when CuNPs are 

synthesized without adding a stabilizing agent, i.e., Pluronic, aggregated forms of particles are 

found rather than a uniform size, which reflects the lack of stability against the agglomeration of 

the particles. We have chosen Pluronic L121, P123, and F127 as stabilizing agents in the CuNPs 

fabrication to investigate the effect of hydrophilicity on the fabricated CuNPs. In these polymers, 

there is a substantial change in the PEO chain length, while the PPO chain length remains the 

same. The sizes of the nanoparticles have been calculated using the subscribed form of J 

software system. The particle size values of blank CuNPs, CuNPsL1, CuNPsP3, and CuNPsF7 

were 42.35 nm, 64.83 nm, 32.43 nm, and 7.40 nm, respectively. 
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Figure 4.12: TEM images of blank CuNPs and Pluronic mediated CuNPs. 

The particle size of the TEM images of CuNPsL1 clearly showed non-uniform and bulky-sized 

particles with more than 60 nm, while the other two, CuNPsP3 and CuNPsF7, showed better 

morphology and nano sizes. As it was clear, L121 has low HLB and, due to the short PEO chain 

length, is unable to show better formation of micelles at applied condition, which is proven by 

the maximum Dh (113.0 nm) in DLS analysis and high size of 64.83 nm through TEM. Hence, a 

significant amount of particle agglomeration is observed in CuNPsL1 [75]. On the other hand, 

P123 and F127 have significantly higher HLB values and cloud points, and so they readily form 

core-shell micelles at ambient temperatures to control the formation of CuNPs. Both the 

CuNPsP3 and the CuNPsF7 were shown to be quite uniform in their sizes and cubic shapes. 

Nevertheless, a good amount of aggregation in comparison to CuNPsF7 is also observed with 

CuNPsP3. But the TEM image of CuNPsF7 showed quite small and uniform particles with cubic 

morphology. Results highlighted that the CuNPsF7 with significantly higher PEO chain 

segments are suitable to overcome the problem of CuNPs aggregating or growing further by 
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stabilizing them through steric hindrance or electrostatic repulsion and have a low 7.40 nm 

particle size and cubic morphology  

The observations of the TEM analysis were given support by the FE-SEM analysis of the 

fabricated blank CuNPs and Pluronic mediated CuNPs (shown in Figure 4.13). Like TEM, the 

blank CuNPs had morphology with larger sizes due to agglomerated forms and a little bit of a 

convincing cubic shape. The CuNPsL1 showed non-uniformity in sizes. Both CuNPsP3 and 

CuNPsF7 displayed convincing cubic morphology with well-uniform particle sizes. The TEM 

and FE-SEM images show a homogeneous particle size distribution, confirming the low PDI 

value (shown in DLS results) of uniformly sized particles. These results could be attributed to the 

significance of the longer PEO chain lengths of F127, which play the role of defeating the 

susceptibility of CuNPs towards agglomeration and display the smallest sizes with uniform 

dispersion. Due to the better solubility of Pluronic F127 micelles, they can provide more efficient 

steric stabilization, resulting in the creation of more stable and monodisperse CuNPs [76]. Of 

course, the CuNPs will continue to grow outward from the micelles as time passes. 

 

Figure 4.13: FE-SEM images of the CuNPs and Pluronic mediated CuNPs. 
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Figure 4.14 shows the XRD spectra of blank CuNPs and Pluronic mediated CuNPs. The blank 

CuNPs showed sharp peaks at 43.59°, 50.81°, and 74.49° (2θ values), which are analogous to the 

(111), (200), and (220) lattice planes, and all these three peaks are matched with the fcc (face-

centered cubic) metallic Cu as per the JCPDS Card No. 04-0836 for the fcc metallic Cu. Here, 

the peaks at 43.19°, 50.68°, and 74.36° for CuNPsL1, 43.32°, 50.55°, and 74.23° for CuNPsP3, 

and 43.46°, 50.41°, and 74.09° for CuNPsF7 are also identical to the (111), (200), and (220) 

lattice planes of fcc metallic Cu [77]. All the calculating parameters of the analysis are shown in 

the Table 4.2. It was observed that all the fabricated Pluronic mediated CuNPs met the fcc 

structure with a highly crystalline nature in their solid form. It was also observed that no 

additional peaks were observed, demonstrating the absence of any CuO or Cu2O in the fabricated 

nano copper. 

 

Figure 4.14: XRD patterns of the blank CuNPs and Pluronic mediated CuNPs. 

 

From XRD study, considering the peak at degrees, average particle size has been estimated by 

using Debye-Scherrer formula. 
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Where ‘λ’ is wave length of X-Ray (0.1541 nm), ‘β’ is FWHM (full width at half maximum), ‘θ’ 

is the diffraction angle and ‘D’ is particle diameter size. 

Calculation of d-Spacing: 

 The value of d (the interplanar spacing between the atoms) is calculated using Bragg’s Law:  

                                                             2dsinθ = n λ ………………….. (2) 

 

Table 4.2: The calculated parameters of Pluroinic-mediated CuNPs 

Nanoparticles 2θ value 
d spacing 

nm 

Standard 

d spacing 

nm 

h k l 

Blank CuNPs 

43.65279 0.2017 0.2078 111 

50.76582 0.1749 0.1800 200 

74.8396 0.1234 0.1274 220 

CuNPs in L121 

43.50514 0.2023 0.2078 111 

50.63096 0.1753 0.1800 200 

74.24634 0.1242 0.1274 220 

CuNPs in P123 

43.40872 0.2028 0.2078 111 

50.5473 0.1756 0.1800 200 

74.20219 0.1243 0.1274 220 

CuNPs in F127 

43.40325 0.2028 0.2078 111 

50.54062 0.1756 0.1800 200 

74.18931 0.1243 0.1274 220 

 

The value of lattice constant “a” is calculated using below formula: 

a = dhkl√ℎ2 + 𝑘2 + 𝑙2…………(3) 

The values for the lattice constant were found 3.60 a Å for all the fabricated CuNPs. 

 

Similar observations have also been found in the EDX analysis of the fabricated CuNPs and 

Pluronic mediated CuNPs (displayed in Figure 4.15). EDX analyses showed a very homogenous 

high copper composition for all the CuNPs, with a purity of 85-95 % copper. No oxygen was 

seen, confirming the absence of copper oxides. With a composition of 93.39 % Cu in the 

fabricated CuNPsF7, Pluronic F127 micelles proved its effectiveness as a stabilizing agent in the 

microwave-assisted CuNPs fabrication. 

Overall characterization and properties studies of the fabricated Pluronic mediated CuNPs have 

led to the conclusion that the CuNPsF7 may be potent nanomaterials for applications as they 
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have the smallest size, better homogeneity, high stability, excellent copper particle composition, 

and good compatibility in the medium. 

 

 

Figure 4.15: EDX spectra of blank CuNPs and Pluronic mediated CuNPs 

4.3.2: Photocatalytic activity of the blank CuNPs and Pluronic mediated CuNPs 

Based on the complete characterization of the Pluronic mediated CuNPs, our results showed that 

the Pluronic F127 micelles mediated CuNPs (CuNPsF7) with the smallest size, highest stability, 

and most copper-rich phase should be used as photocatalysts for their better applications.  

The photocatalytic activity of the blank CuNPs and CuNPsF7 using microwave techniques was 

evaluated through the photocatalytic degradation of four common usable organic dyes (i.e., 

anionic CR & MO and cationic MB &RhB) under sunlight irradiation. The photolysis of dyes 

under sunlight irradiation in the absence of any kind of nanoparticles was found insignificant for 

an almost 200 min time period shown Figure 4.16. It clearly indicates that there are no 

possibilities for any kind of degradation or reduction. But the intensity of these organic dyes was 

gradually reduced in the presence of the added NaBH4. Here, the degradation rate for each dye 

was determined using Eq. 1. Figure 4.17 shows the maximum % dye degradation in the presence 
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of NaBH4, which was determined as 13.30 % for CR, 11.03 % for MO, 15.18 % for MB, and 

14.69 % for RhB, respectively. 

 

Figure 4.16: Photolysis of dyes under sunlight irradiation (a) CR (b) MO (c)MB and, (d) RhB 

 

 

Figure 4.17: Degradation of various organic dyes using the NaBH4 as the reducing agent. 

300 400 500 600 700
0.0

0.1

0.2

0.3

0.4

0.5

0.6

A
b

s
o

rb
a

n
c

e
 (

a
.u

.)

Wavelength (nm)

 0 min

 10 min

 20 min

 50 min

 100 min

 130 min

 150 min

 200 min

350 400 450 500 550 600
0.0

0.2

0.4

0.6

0.8

1.0

A
b

s
o

rb
a

n
c

e
 (

a
.u

.)

Wavelength (nm)

 0 min

 10 min

 20 min

 50 min

 100 min

 130 min

 150 min 

 200 min

450 500 550 600 650 700 750
0.0

0.5

1.0

1.5

2.0

A
b

s
o

rb
a
n

c
e
 (

a
.u

.)

Wavelength (nm)

 0 min

 10 min

 20 min

 50 min

 100 min

 130 min

 150 min

 200 min

510 520 530 540 550 560 570 580 590
0.0

0.5

1.0

1.5

2.0

2.5

3.0

A
b

s
o

rb
a

n
c

e
 (

a
.u

.)

Wavelength (nm)

 0 min

 10 min

 20 min

 50 min

 100 min

 130 min

 150 min

 200 min

a b

c d

0

2

4

6

8

10

12

14

16

18

D
e
g

ra
d

a
ti

o
n

 (
%

)

Dyes

CR MO MB RhB



Chapter-4: Pluronic mediated copper nanoparticles as photocatalyst for dye 

degradation 

 

 86 | P a g e  
 

The results also indicated that the dye concentration declined with increasing the sunlight 

irradiation time (t) in presence of NaBH4. However, these organic dyes showed better 

degradation through photocatalytic reduction with the introduction of CuNPs dispersion in the 

systems. The influence of CuNPs dosages (1, 2, 3, 4, 5, and 6 mL) on the dyes degradation was 

investigated in the form of degradation percentage. Figure 4.18 shows the plot of CuNPs dosages 

versus the percentage degradation of dyes. The % degradation of CR, MO, MB, and RhB varies 

in the range of 42.2-88.1 %, 40.1-88.2 %, 38.5-87.0 %, and 34.2-87.0 %, respectively, as dosage 

increases from 1 mL to 6 mL. Results clearly showed that the degradation of dyes was almost 

similar after the 4 mL dosage. Therefore, a dosage of 4 mL of CuNPs dispersion has been taken 

as an optimized dose in further studies of the degradation of these dyes using fabricated 

CuNPsF7 dispersion. 

 

Figure 4.18:Variation in percent degradation of organic dyes at different dosages of 50 mL 

blank CuNPs solutions. 

 

After the investigation of the potency of blank CuNPs for the degradation of common textile 
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1 2 3 4 5 6
0

20

40

60

80

100

D
e

g
ra

d
a

ti
o

n
 (

%
)

Dosages (mL)

 CR

 MO

 MB

 RhD



Chapter-4: Pluronic mediated copper nanoparticles as photocatalyst for dye 

degradation 

 

 87 | P a g e  
 

Here, general observations found that the color changes with increasing sunlight irradiation time 

up to 200 min for blank CuNPs were drastically reduced up to 90 minin case of CuNPsF7 

dispersion for all the dyes investigations. The irradiation time dependent photocatalytic reduction 

for all the dyes using copper nanoparticles clearly proves the photocatalytic hazardous dyes 

degradation. Also, the degradation kinetics of these dyes was quantitatively measured using the 

following pseudo-first-order kinetic equation (2). 

ln(Ct/C0) =-Kappt------------ (2) 

where Ct is the remaining dye concentration after sunlight irradiation for time t, C0 is the initial 

dye concentration at zero time (i.e., before sun light irradiation), and Kapp are the pseudo-first-

order rate constant (min− 1). 

Figure 4.19(a & b) shows the UV-visible spectra of an anionic CR dye measured at regular 

intervals after photocatalytic sunlight irradiation for a continuous 200 min in the presence of 

blank CuNPs and CuNPsF7 dispersion. The CR showed the presence of the azo linkage with a 

major absorption peak at 497 nm and the naphthalene rings with a minor absorption peak at 

330.78 nm [78]. No other absorbance peak was found during the sunlight irradiation, which 

confirms the absence of any derivatives formed between CR dye and CuNPsF7 during the 

reaction. The decrease in the intensity of the absorption band for CR dye confirms their 

photocatalytic reduction, which ultimately leads to degradation. 
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Figure 4.19: (a) UV-Vis spectra of CR dye degradation using blank CuNPs, (b) UV-Vis spectra 

of CR dye degradation using CuNPsF7, (c) % Degradation comparison of CR dye, (d) Kinetic 

study of photodegradation of CR (Insert image indicates the CR dye degradation) 

It is clearly observed from Figure 4.19 that the reduction in the absorbance band of CR dye is 

found more in CuNPsF7 compared to blank CuNPs. It is because of the small particle size (12.70 

nm), high surface area, and micellar stabilization through Pluronic F127. Figure 4.19(c) presents 

the plot of irradiation time versus CR dye degradation percentage. The reduction of the 

absorption peak at 497 nm was considered here for the evaluation of the degradation percentage 

in the presence of CuNPs. As shown in Figure 4.19(c), the degradation percentage of the CR dye 

increased with irradiation time due to the breaking of azo linkages. The blank CuNPs showed 

89.28 % photocatalytic degradation at 180 min irradiation time, while almost 98.0 % dye 

degradation at only 90 min irradiation time was found with the CuNPsF7 dispersion. Results 

indicate the high amount of CR dye degradation at very quick time by CuNPsF7 dispersion 

because of the homogeneously dispersed copper nanoparticles as photocatalysts in the reaction. 

Kinetics parameters were presented in Figure 4.19(d) as the plot of ln(Ct/C0) versus sunlight 

irradiation time (t) for the degradation of CR dye in the presence of blank CuNPs and CuNPsF7 

dispersion. Both the blank CuNPs and CuNPsF7 confirmed the pseudo-first-order kinetics. All 
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the values related to the degradation and kinetics of organic dyes is listed in Table 4.3. The rate 

constants (k) for CuNPs and CuNPsF7 were 0.0131 and 0.0384 min-1, respectively.  

Results demonstrate that the CuNPsF7 dispersion as the photocatalysts delivered a high rate 

constant and the lowest half-life in comparison to blank CuNPs, and such a conclusion is due to 

the smallest particle size of 12.70 nm, better surface area, and stable photocatalytic efficiency as 

micellar solutions dispersed in the system with better homogeneity to face maximum dye 

molecules to reduce or degrade in the reaction.  

Table 4.3: Percentage degradation and degradation kinetics parameters of the studied organic 

dyes using blank CuNPs and CuNPsF7 dispersions. 

Dyes Nanoparticles 
Degradation 

(%) 

Pseudo-

first order 

(R2) 

Rate 

constant 

(min-1) 

Half life 

CR 
Blank CuNPs 89.28 0.9817 0.0131 52.9771 

CuNPsF7 98.01 0.9937 0.0384 18.0594 

MO 
Blank CuNPs 86.46 0.9887 0.0131 53.0554 

CuNPsF7 96.77 0.9813 0.0320 21.7167 

MB 
Blank CuNPs 86.33 0.9933 0.0116 56.8496 

CuNPsF7 97.90 0.9917 0.0320 21.6895 

RhB 
Blank CuNPs 88.39 0.9708 0.0135 51.2372 

CuNPsF7 98.52 0.9891 0.0407 17.0561 

 

In line with CR dye, other anionic azo dyes, such as MO, are also examined for degradation with 

the fabricated blank and CuNPsF7 dispersions. As shown in Figure 4.20(a & b), the MO showed 

absorbance maxima peak of azo linkage only at 465 nm with both the CuNPs dispersions [79]. 

As the potent photocatalyst, the reduction in absorbance peak of MO dye is found more in 

CuNPsF7 compared to blank CuNPs. As shown in Figure 4.20(c), the degradation percentage of 

the MO dye increased with time due to the reduction of the azo (-N=N-) bond into a 

corresponding amine (-NH-NH-) bond. 
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Figure 4.20: (a) UV-Vis spectra of MO dye degradation using blank CuNPs, (b) UV-Vis spectra 

of MO dye degradation using CuNPsF7, (c) % Degradation comparison of MO dye, (d) Kinetic 

study of photodegradation of MO (Insert image indicates the MO dye degradation) 

 

The blank CuNPs showed 86.46 % degradation at 180 min, while 96.77 % dye degradation at 

only 100 min was given by CuNPsF7 dispersion for MO dye. It indicates the higher amount of 

MO dye degradation in a short time by CuNPsF7. The plot of ln(Ct/C0) versus sunlight 

irradiation time (t) for the degradation of anionic MO dye in the presence of blank CuNPs and 

CuNPsF7 (shown in Figure 4.20(d)) showed the pseudo-first-order kinetics. The rate constants 

(k) of 0.0131 and 0.0320 min-1 were found for CuNPs and CuNPsF7 dispersions, respectively. 

All other parameters prove the better photocatalytic activity of CuNPsF7 dispersion for MO dye 

degradation. 

After we looked into two anionic dyes, we further investigated how two cationic dyes (MB and 

RhB dyes) degraded so that CuNPsF7 dispersion could be used as a potent photocatalyst. Figure 

4.21 shows the UV-visible spectra, degradation percentage, and reaction kinetics of cationic MB 

dye in the presence of blank CuNPs and CuNPsF7 dispersions.  
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Figure 4.21: (a) UV-Vis spectra of MB dye degradation using blank CuNPs, (b) UV-Vis spectra 

of MB dye degradation using CuNPsF7, (c) % Degradation comparison of MB dye, (d) Kinetic 

study of photodegradation of MB (Insert image indicates the MB dye) 

 

The MB showed a peak at 665 nm [79]. No other absorbance peak was examined, which 

indicates the absence of any other derivatives formed between MB dye and CuNPsF7 dispersion 

during the reaction. It is clearly observed that the reduction in absorbance band of MB dye is 

high in CuNPsF7 compared to blank CuNPs. As shown in Figure 4.21(c), the degradation 

percentage of the MB dye increased with irradiation time due to breakage of the conjugated 

system of the N-S heterocycle group, then the resultant hydrocarbons were oxidized and 

mineralized into small-molecule products, which finally degraded as CO2 and H2O through a 

series of reactions. The blank CuNPs showed 86.33% photocatalytic degradation at 190 min 

irradiation time for MB dye, while almost 97.90% dye degradation at only 110 min irradiation 

time was found with the CuNPsF7 dispersion. It indicates the high amount of MB dye 

degradation at very quick time by CuNPs in the presence of Pluronic F127, which confirms the 
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better photocatalytic reactivity of Pluronic mediated CuNPs. It shows that the degradation 

patterns of MB dye using both CuNPs and CuNPsF7 fit well with the pseudo-first-order kinetics 

(Figure 4.21(d)). The rate constants (k) of 0.0116 and 0.0320 min-1 were evaluated for CuNPs 

and CuNPsF7, respectively. This indicates similar observations found with anionic dyes. 

Similarly, the degradation of RhB dye using blank CuNPs and CuNPsF7 dispersion was also 

investigated. The cationic RhB showed a peak at 555 nm, and its intensity decreased with time 

(shown in Figure 4.22(a & b)) confirms their photocatalytic reduction and degradation [80]. 

 

Figure 4.22: (a) UV-Vis spectra of RhB dye degradation using blank CuNPs, (b) UV-Vis spectra 

of RhB dye degradation using CuNPsF7, (c) % Degradation comparison of RhB dye, (d) Kinetic 

study of photodegradation of RhB (Insert image indicates of RhB dye degradation) 

 

Likewise, for cationic MB dyes, the reduction in absorbance band of RhB dye is found more in 

CuNPsF7 dispersion. The % degradation percentage of the dye enhanced with irradiation time 

because of the destruction of the conjugated hetero O in the anthracene ring in the RhB 

molecule, which is shown in Figure 4.22(c). The blank CuNPs showed 88.39 % degradation at 

160 min, while 98.52 % degradation at only 90 min was observed with the CuNPsF7. The plot 

shown in Figure 4.22(d) shows that the degradation of cationic RhB dye in the presence of blank 

CuNPs and CuNPsF7 dispersions followed pseudo-first-order kinetics. Overall, the results of the 
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reduction and degradation of the studied two anionic (CR and MO) and two cationic (MB and 

RhB) dyes confirm the potency of CuNPsF7 dispersion as a photocatalyst application in textile 

industry effluents.  

As per our results and CuNPsF7 performance as the photocatalyst, we proposed reaction 

mechanism (shown in Figure 4.23) behind the photocatalytic degradation of studied dyes and it 

is found that the reaction occurs at the surface of the CuNPs by a Langmuir-Hinshel wood 

kinetics model [81]. 

The first step consists of the adsorption of ions as well as dye molecules on the CuNPs surface. 

Also, the stabilizing or capping agent, here Pluronic F127 has a potent impact and could change 

the reactive surface site availability frequently, thereby improving the photocatalytic activity of 

nanoparticles [82]. Ng et al. [83] Electron affinity is an important parameter for photocatalytic 

degradation of reactive textile dyes because the ionic nature or presence of lone pair electrons in 

the polymeric chain backbone acts as a chelating agent to stabilize the synthesized nanoparticles. 

Such changes were clearly found in the results of the photocatalytic activity of Pluronic mediated 

CuNPs compared with blank CuNPs. Here, dye reduction through Pluronic mediated CuNPs was 

notably enhanced compared to non-protected CuNPs. The degradation of dyes was done because 

sunlight irradiation changes the valence band to the conducting band of CuNPs owing to the SPR 

effect, gets photoexcited, and undergoes plasmonic decay, producing electron-hole pairs [84]. 

The interactions between the negative electrons and the electron-hole pairs were responsible for 

creating superoxide anion radicals and hydroxyl radical (HO•) using aerial oxygen and water 

molecules. Such active superoxide anion radicals and hydroxyl radicals (HO•) species created 

through CuNPsF7 are strongly attacked to the adsorbed dye molecules on the nanoparticle 

surface, which finally breakdown the dye molecule into the small molecules CO2 and H2O 

(shown in Figure 4.23) [85,86]. Not only, but the powerful adsorption capacity of CuNPsF7 

facilitated the faster degradation of these dyes. 
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Figure 4.23: Proposed mechanism of the degradation of organic dyes in the presence of Pluronic 

mediated CuNPs. 

 

Therefore, the present study clearly showed that CuNPsF7 will be the potent photocatalyst for 

their application in waste water treatment and the removal of toxic dyes.  

It was clearly understood that the development of CuNPs using Pluronic micellar solutions 

through microwave-assisted techniques would be the most fruitful approach. This work opens 

the door to the photocatalytic activity of CuNPs in any aqueous or nonaqueous medium because 

of the Pluronic micellar dispersion, which can apply to any form of the system. As the purity of 

copper nanoparticles is enhanced by the stabilizing agent of Pluronic micelles, such 

nanoparticles can be used for a variety of purposes, including drug delivery, sensing, and 

catalysis. The use of polymermediated metal nanoparticles can provide a sustainable and 

effective method for the removal of dyes from wastewater, reducing their harmful impact on the 

environment and human health. 
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