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Abstract: We synthesized zinc oxide nanoparticles (ZnO-NPs) by the co-precipitation method for the 

catalytic degradation of Rhodamine B. The obtained nanoparticle was characterized by a UV-visible 

spectrophotometer, FTIR (Fourier Transform Infra-Red), EDX (Energy Dispersive X-ray), and XRD 

crystallography. The ZnO-NPs have shown maximum absorbance intensity at 365 nm, and an optical band 

gap of 3.29 eV based on Tauc plot. The FTIR spectra reveal strong stretching of Zn-O at 779.11 cm-1. The 

EDX spectra depicted 81.90 % zinc (Zn), and 17.99 % oxygen (O) as an elemental composition. The XRD 

spectra show hexagonal wurtzite geometry. Solving Scherrer’s equation, we obtained the average size of 

the particle 23.9 nm, and the crystallinity 75.43%. The solar light intensity 5.74±0.14 kWh/m2/day was 

used to degrade Rhodamine B completely within 140 minutes with ≈80% catalytic efficiency, and in the 

dark medium, the degradation is found prolonged up to 220 minutes with ≈15% efficiency. The degradation 

in heat and light is achieved in 110 minutes at 110 °C. The degradation of dye obeys pseudo-first-order 

kinetics and the rate constant is obtained at 0.01274 min-1 in light. The finding reveals that photocatalytic 

degradation under controlled temperature is superior to the degradation achieved in light and dark. The 

mineralization of Rhodamine B demonstrates the potential application of ZnO-NPs as a photocatalyst.  

Keywords: photocatalysis, ZnO-NPs, Rhodamine B, dye degradation, nanocatalyst 

शोधसार: प्रस्तुत अनुसन्धानमा हामीले रोडाममन बी को उत्प्प्रेरक क्षयका लामि को-पे्रमसमिटेसन मिमधबाट म िंक अक्साइड न्यानोिामटिकल्स (ZnO-NPs) 

सिंशे्लषण िरेका छौं। प्राप्त न्यानोिामटिकललाई यूभी-मभम बल स्िेक्रोफोटोममटर, FTIR (फोररयर रान्सफर इन्रारेड), EDX (एन ी मडस्िमसिभ एक्स-रे), र XRD 

मिस्टालोग्राफीद्वारा मिशेषण िररएको छ। ZnO-NPs ले ३६५ nm मा अमधकतम अिशोषण तीव्रता देखाएको छ र टक प्लटको आधारमा ३.२९ eV को 

अमप्टकल ब्यान्ड ग्याि िाइएको छ। FTIR स्िेक्राले ७७९.११ cm⁻¹ मा Zn-O को बमलयो स्रेमिङ देखाउँछ। EDX स्िेक्राले तत्त्िीय सिंरिना अनुसार 

८१.९०% म िंक (Zn) र १७.९९% अमक्स न (O) रहकेो देखाएको छ। XRD स्िेक्राले हगे् ािोनल िटुि ाइट ज्याममती देखाउँछ। शेरेरको समीकरण प्रयोि 

िदाि, कणको औसत आकार २३.९ nm र मिस्टमलमनटी ७५.४३% िाइएको छ। सौयि प्रकाशको तीव्रता ५.७४±०.१४ kWh/m²/day प्रयोि िरेर रोडाममन 

बी लाई १४० ममनेटमभत्र िूणि रूिमा क्षय िररएको छ,  समा ≈८०% उत्प्प्रेरक दक्षता देमखएको छ; अन्धकार िातािरणमा क्षय प्रमिया २२० ममनेटसम्म मिस्तार 

भएको छ र दक्षता ≈१५% मात्र देमखएको छ। ताि र प्रकाशमा भने क्षय ११०°C मा ११० ममनेटमभत्र सम्िन्न भएको छ। रङको क्षय प्रमियाले स्यूडो-प्रथम-

अडिर काइनेमटक्स िालना िछि र प्रकाशमा क्षय दर मस्थरािंक ०.०१२७४ प्रमतममनेट िाइएको छ। अनुसन्धानले देखाउँछ मक मनयमन्त्रत ताििममा िररएको 

फोटोउत्प्पे्ररक क्षय प्रमियाले केिल प्रकाश िा अन्धकारमा िररएको क्षयभन्दा उत्प्कृष्ट िररणाम मदन्छ। रोडाममन बी को ममनरलाइ ेसनले ZnO-NPs लाई 

फोटोउत्प्प्रेरकको रूिमा प्रयोि िनि समकने सम्भािना देखाएको छ। 

INTRODUCTION 

Zinc oxide is a naturally intrinsic n-type 

semiconductor having a wide band gap of 3.37 eV 

(1). It is considered one of the most promising 

nanocompounds in the multidisciplinary field, and 

it is used in industries, medicine, electrical 
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appliances, advanced semiconducting materials, 

research, and innovation (2). Zinc oxide-based nano 

derivatives have revolutionized the world with their 

tremendous applications in each field, including the 

polymer industry, drug design, pollutant remover, 

sensors, cosmetic products, and anti-cancerous and 

photosensitive products (3). The burgeoning use of 

ZnO-NPs has made an inalienable bond between 

technology and human welfare (4). The cost-

efficient and less toxic nature of ZnO-NPs synthesis 

has made the research community a favorite 

nanomaterial in different research fields. The high 

electron mobility and wide band gap have made the 

ZnO-NPs a unique semiconductor, so; it is kept as 

one of the most prominent and promising candidates 

in material science (5).  

Recently, different techniques are frequently used 

for the synthesis of ZnO-NPs, including 

precipitation/co-precipitation, hydrothermal 

technique, physical vapor deposition, impeded laser 

beam, sol-gel method, green synthesis, thermal 

decomposition, spray pyrolysis, and various 

mechano-chemical processing  (6). The common 

approach applied in the synthesis of ZnO-NPs is the 

precipitation method. Reports have shown that 

different precursor concentrations based on zinc 

acetate Zn(CH3COO)2.2H2O, zinc nitrate (ZnNO3), 

zinc chloride (ZnCl2), zinc sulphate (ZnSO4) with 

appropriate stabilizers like gelatin, starch, DEA 

(diethanolamine), under suitable temperature give 

fine ZnO-NPs with variable shape and size. The 

precursor solution of zinc sulphate and sodium 

hydroxide, when vigorously shaken and followed 

by calcination, gives fine ZnO-NPs (7). Another 

report has shown that a mixture of zinc salt with 

precipitant NaOH in an ethanol solution stirred at 9 
0oC for 1 hour gives ZnO nanorods (8). A similar 

process for the solvothermal process gives 33±2 nm, 

and 48±7 nm ZnO-NPs by taking Zn(NO3)2.6H2O 

precursor with ethanol solution (9). Another faster 

and cost-efficient method shows that 0.1 M 

concentration of zinc acetate dihydrate with 

propanol boiling with constant stirring at 70 oC turns 

into a milky solution, which is stabilized by 5-6 

drops of DEA (diethanolamine), giving a 

transparent solution. The spin coating on the 

substrate by heating the film at 120oC for 5 minutes 

and annealing at 350oC for 15 minutes gives ZnO 

thin film (10).  

For the synthesis of ZnO-NPs, different factors 

should be maintained under the laboratory 

parameters such as the concentration of precursor, 

pH of the solution, aging of the solution while 

stirring and settling precipitation, purification, and 

finally drying (11). These factors generally control 

the shape, size, crystallinity, and morphology of the 

particles. Reports show that the precursor 

concentration highly influences the formation of 

particle size. High precursor concentration 

increases the rate of nucleation of the particle and 

enhances the chance for the formation of smaller 

nanoparticles, which increases surface reactivity by 

affecting the surface area to volume ratio. Sensing 

and catalytic properties are determined by the 

smaller particles (12,13). Moreover, low precursor 

concentration forms larger nanoparticles and 

reduces the chances of nucleation under controlled 

circumstances; as a result, less reactive particles 

with a smaller surface area to volume ratio are 

obtained (14). Size and morphology maintenance is 

another tedious task in ZnO-NPस synthesis. Higher 

precursor concentrations increase the chances of 

aggregation to get fine and homogeneous particles; 

however, irregular and non-crystalline particles are 

synthesized by the low precursor concentration due 

to low agglomeration. Precursor concentration also 

affects the optoelectronic properties, band gap 

energy, and size of particles (15). In the present 

work, we have synthesized ZnO-NPs for the 

catalytic degradation of Rhodamine B under 

controlled pH conditions to compare the catalytic 

efficiency with existing parameters. 

Although we have existing studies to explore 

photocatalytic degradation by ZnO-NPs in different 

parameters, controlled pH with tailored 

temperature-based synthesis is specifically 

remarkable. Such a method provides the variation in 

size of the particle, is easy to control, and allows the 

formation of defect-free particles. The pure ZnO-

NPs effectively show their optical property, which 

avoids possible recombination. This study aims to 

degrade Rhodamine B to establish the catalytic 

strength in controlled laboratory parameters. The 

fundamental rationale for choosing Rhodamine B is 

considering it as a model pollutant dye. The excess 
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use of Rhodamine B in textile, leather, dye industry, 

biological processing, as a tracer in underground 

water flow, biological strain, and florescent has 

made the water resources a pollutant. In the present 

work, our objective is to investigate the minimum 

quantity of ZnO-NPs requirement for the effective 

mineralization of dye for the purification of 

wastewater(16–19). 

 

MATERIALS AND METHODS  

Materials 

Zinc acetate dihydrate (Zn(CH3COO)2.2H2O, CAS 

no. 5970-45-6, 219.50 g/M, 98.5 %) and sodium 

hydroxide (NaOH, CAS no. 1310-73-2, 40 g/M, 97 

%) were purchased from Qualigen, India. 

Polyethylene glycol (PEG, HO(C2H4O)n
7H, 100 

g/L, CAS no. 25322-68-3) was purchased from 

Merc, India. Ethanol (C2H5OH, 99.99 %, 46.06 

g/M, CAS no. 64-17-5) was purchased from Fusion 

Biotech, India. Rhodamine B (C28H31CIN2O3, 

479.02 g/M, CAS no. 81-88-9) was purchased from 

Sigma, Aldrich Chemicals, Pvt., India.  

 

 
Figure 1. The schematic representation for the 

synthesis pathway of ZnO-NPs and its 

characterization. 

 

The overall research design of the present project is 

depicted in Fig. 1. The decimolar zinc acetate 

dihydrate precursor was prepared by adding 21.95 g 

in 1L deionized distilled water. Similarly, decimolar 

sodium hydroxide was prepared by dissolving 4 gm 

in 1L water. Both solutions were stirred for 20 

minutes at 25oC. The process was achieved by 

dropping sodium hydroxide from the burette until 

the pH of the solution was maintained at 11, at 

constant stirring of 250 rpm in 50 mL zinc acetate 

solution. The synthetic pathway is carried out by the 

formation of zinc hydroxide. The polyethylene 

glycol (PEG) was added continuously dropwise to 

avoid the agglomeration of the precipitate mass. 

After 1 hour of stirring in a thermoregulatory stirrer, 

the mass was kept for one hour at room temperature 

for aging. The process was followed by keeping the 

obtained mass at 80oC in a hot-air oven. The dry 

zinc hydroxide mass was scrapped and kept on a 

silica crucible for calcination at 550 °C. The dry 

crystalline white powder obtained is represented as 

ZnO-NPs in the experiment, which was stored in a 

dry borosilicate airtight container. 

 

Characterization of ZnO-NPs  

The synthesized zinc oxide nanoparticles (ZnO-

NPs) are characterized by modern spectroscopic 

techniques. The UV-visible spectrophotometer 

(UV-1900i, Shimadzu, Japan) was used to find out 

the maximum absorbance of the nanoparticle. The 

Fourier-Transform Infrared Spectroscopy (FTIR, IR 

Affinity-1s, Shimadzu, Japan) was used to find out 

the vibrational spectra of the zinc oxide bond. The 

energy-dispersive X-ray (EDX-8000, Shimadzu, 

Japan) was used to find out the elemental 

composition of the nanoparticles. The 

crystallographic indices of the nanoparticle were 

obtained by XRD (Bruker, D2 Phaser, 

Massachusetts, USA). 

 

Photocatalytic activity of ZnO-NPs 

Photocatalytic degradation was achieved in the solar 

light having an intensity of 5.64±0.14 kWh/m2/day. 

The solar intensity is measured by CMP3 

pyranometer. Zinc oxide is a semiconductor that 

absorbs light having an intensity equal to the band 

gap or greater than the band gap. The ZnO-NPs are 

an intrinsic n-type semiconductor that absorbs 

photons that excites the electron from the valence 

band to the conducting band as a result free 

electron-hole pairs are formed. These pairs form 

free radicals and superoxide, which causes the 

mineralization of dye. Generally, photocatalytic 

degradation obeys zero-order kinetics, which can be 

determined by the following relations. 

−Kt  = ln
Ct
Co
                                        . . ………(1) 

where, ‘kt’ = Rate constant for Pseudo-First-Order 

Kinetics, ‘Ct’ = Concentration of dye at the time‘t’, 

and ‘Co' = Initial concentration of dye. 
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The following relation calculates the catalytic 

efficiency (20). 

Degradation (%) =
Co  −  Ct
Co

           . . ………(2) 

The photocatalytic degradation mechanism can be 

explained in the following chemical equations. 

ZnO-NPs   
ℎ𝜈
→   ZnO (e-)CB  + ZnO (H+)VB             …(3) 

ZnO(Hole+)VB   +   H2O →  H+  + OH- (ions)      …(4) 

ZnO (Hole+)VB   +   OH- → OH. (Radicals)         …(5) 

4OH-(Solution)   →   2H2O   +   O2                          …(6) 

ZnO(e-)CB    +   O2   → .O2
- (Superoxide)                …(7) 

Rhodamine B + OH-(Radical) →   CO2   +   H2O..(8) 

Rhodamine B    +   O2
-   →   CO2   +   H2O              …(9) 

 

RESULTS AND DISCUSSION 

UV-visible Spectra of ZnO-NPs 

The results obtained from the UV-vis 

spectrophotometry are presented in Fig. 2 

 

Figure 2: UV-visible spectra of ZnO-NPs showing 

maximum absorbance at 365 nm (a) and Tauc plot 

for the determination of band gap of ZnO-NPs 

showing Eg = 3.29 eV (b). 

 

The maximum wavelength absorbed by ZnO-NPs 

was found at 365 nm (Fig. 2a). The Tauc plot was 

obtained based on the absorbance (Fig. 2b). The 

band gap of ZnO-NPs is found to be 3.29 eV, which 

is almost equal to the reported band gap (21). The 

calculation shows that the synthesized ZnO-NPs 

have a wide band gap but are very efficient in 

absorbing light. This band gap signifies that the 

nanomaterial is thermally stable and has a low 

intrinsic carrier to conduct electricity in the 

conductance band (22,23). By solving Brus’s 

equation, we obtained the size of particle 1.31 nm at 

wavelength 365 nm. The optical band gap 3.29 eV 

is obtained using Tauc plot. The Brus’s equation can 

be defined as: 

     𝐸𝑄𝐷 = 𝐸𝑔 +
ℎ2𝜋2 

2𝑅2
(
1

𝑚𝑒
+

1

𝑚ℎ
) −

1.8𝑒2

4𝜋𝜖𝑜𝜀𝑅
  …...(10) 

where, ‘EQD’ is the band energy of quantum dot, ‘Eg’ 

is the bulk band gap, ‘me’ and ‘mh’ are the mass of 

electron and hole, 𝜖𝑜 is the permittivity of vacuum, 

and 𝜀 is the dielectric constant (24). Tauc’s equation 

is used to calculate optical band gap (25). 

αh𝜗 =   A(h𝜗 − 𝐸𝑔 )
n   ……………(11) 

The energy h𝜗(eV), is calculated as; 

h𝜗(eV) =
1240

λ
………… . . …………(12) 

 

FTIR Spectra Analysis for ZnO-NPs 

FTIR analysis of ZnO-NPs shows its characteristic 

peak in different wavenumbers (Fig. 3). The 

particles show the trapped water molecule showing 

its strong O-H stretching in 3448.96 cm-1. Spectra 

also reveals O-H bending at 1597.83 cm-1.  

 
Figure 3: FTIR analysis for zinc oxide 

nanoparticles (ZnO-NPs) 

 

The small extent of bending found in 2930.02 cm-1 

shows the stretching of the C-H bond found in the 

sample, which is due to the precursor of zinc acetate 
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prepared in organic solvent. The distinct stretching 

in 578.74 cm-1 shows the presence of Zn-O in the 

sample. The additional bending of Zn-O found in 

1013.93, 827.25, 779.11 cm-1 confirms the presence 

of zinc oxide nanoparticles in the sample (26–29). 

 

EDX Analysis for Elemental Composition 

 
Figure 4: A) EDX spectra of ZnO-NPs showing the 

elemental composition in C-Sc, and B) EDX spectra 

of ZnO-NPs showing high resolution of Al-U mode, 

showing the elemental composition of zinc and 

oxygen. 

 

The EDX spectra of the samples presented in Fig. 4 

reveal that the elemental composition of 81.90% 

zinc (Zn) and 19.99% oxygen (O). The sharp and 

significant peak obtained in different energy ranges 

shows the presence of zinc oxide nanoparticles. The 

dispersive peak spectra obtained at Al-U mode 

show the oxygen peak of energy 3.56 keV and 

Intensity (0.23 cps/uA). Furthermore, the peak of 

zinc shows an energy of 8.59 keV and an Intensity 

of 84.63 cps/uA). The peak obtained for zinc with 

an energy of 9.52 keV, and an intensity of 10.78 also 

confirms the presence of zinc oxide nanoparticles in 

the sample (30–32). 

 

XRD Crystallographic Analysis for the ZnO-NPs 

Crystallography of ZnO-NPs depicts its sharp peak 

at the plane 101 (2θ = 35.5o), 111 (2θ = 34.28o), 102 

(2θ = 47.30o), 110 (2θ = 56.47o), 103 (2θ = 62.67o), 

112 (2θ = 67.79o), 200 (2θ = 68.86o, Intensity 

388.37), 201 (2θ = 76.74o, Intensity 106.96), 202 

(2θ = 81.23o), 002 (2θ = 29.59o). For ZnO-NPs, the 

obtained 2θ = 36.5o for 111 plane which gives 

0.3185 radians. The FWHM (β) obtained ≈0.35o, 

and β radians = 0.00611. Solving Scherrer’s 

equation the diameter of the ZnO-NPs gives a 

crystallite size of 23.9 nm and crystallinity of 75.43 

%. The obtained crystalline size and crystallinity 

confirms the presence of ZnO NPs (33,34) 

D =
Kλ

βCosθ
=  

0.9 x 1.5406 x 10−10

0.00611 x Cos (0.3185)
= 2.39 x 10−8 meter = 23.9 nm 

The crystallinity is obtained by the following 

relation. 

Crystallinity(%)

=  
Crystalline Area

Total Area (Crystalline + Amorphous)
x100 

= 
12759.66

16914.58
 x 100 = 75.43% 

 
Figure 5:  X-ray diffraction pattern of ZnO-NPs. 

 

The X-ray diffractogram of the NPs is presented in 

Fig. 5. The analysis of the X-RD crystallographic 

peaks confirms the presence of zinc oxide 

nanoparticles with wurtzite geometry. The 3D 

geometric pattern of the particle shows the distinct 

lattice parameters having bond length (a = 3.22, b = 

3.22, c = 5.20), and bond angle (α = 90o, β = 90o, γ 

= 120o). The unit cell volume for the wurtzite 

structure is found to be 46.962348 Å3. The three-
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dimensional crystal structure of the ZnO-NPs is 

presented in Fig. 6. 

 

 
Figure 6: 3D geometric structure of zinc oxide 

nanoparticles showing the representation in Ball 

and stick, space-filling, polyhedral, and wireframe 

structure drawn from VESTA (Visualizing Crystal 

structures) based on crystallographic open 

databases (35). 

 

Influence of Light Intensity on ZnO-NPs 

Photocatalytic degradation was carried out in the 

average intensity of light 5.76±0.14 kWh/m2/day 

obtained by pyranometer in the days of August 

2024. The results are plotted in Fig. 7. 

 
Figure 7:  Photo intensity of light in August 2024, 

obtained by using CMP3 pyranometer in Gurashe, 

Surkhet, Nepal 

 

The photocatalytic degradation of Rhodamine B 

was achieved by the action of ZnO-NPs in the 

presence of light. When ZnO-NPs are added to 

Rhodamine B dye, the degradation process starts on 

exposure to light with an intensity of 5.76±0.14 

kWh/m2/day. The degradation process was carried 

out by adding 10 mg of the NPs in 100 mL of 

Rhodamine B solution.  The degradation 

mechanism is achieved by the absorption of light by 

ZnO-NPs that excites the electron from the valence 

band to the conduction band (see Fig. 8). The 

process of absorption and excitation of electrons 

ultimately creates the electron-hole pairs, which 

convert OH−ions into OH. free radical and 

superoxide O2
.−. The free radicals and superoxides 

are very reactive intermediates that degrade 

Rhodamine B into simple molecules like CO2 and 

H2O. Hence, mineralization takes place. The 

degradation process ultimately discharges the pink 

color Rhodamine B into the colorless solution, that 

is measured by the intensity of absorbance on the 

spectrophotometer. The maximum absorption 

intensity and degradation intensity of Rhodamine B 

is recorded at a wavelength of 555 nm. 

 
Figure 8: Photocatalytic degradation mechanism of 

Rhodamine B.  

 

The illustrative mechanism presented in Fig. 8 

shows the absorption of photo light, excitation of an 

electron from the particle surface and formation of 

holes, formation of hydroxide and superoxide 

radicals, and recombination and mineralization of 

dye. 

 

Photocatalytic Degradation of Rhodamine B by 

ZnO-NPs 

The photocatalytic process was carried out by the 

absorption of photo-light intensity from the 

exposure of solution over the light having an 

intensity of 5.76±0.14 kWh/m2/day. The results are 

presented in Fig. 9A. Photocatalytic reactions on 

semiconductor materials like ZnO are very 

sensitive. Though the calculated band gap is 

considerably high for the synthesized material, the 

intensity of solar radiation is huge to generate free 

radicals and superoxide in the solution. The process 

is distinctly explained by absorption, excitation, 

radical and superoxide radical formation, 

recombination, and mineralization. When 10 mg 

ZnO-NPs are added to 100 mL of 20 mg/L 
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Rhodamine B solution in a borosilicate conical flask 

in exposure to light, the degradation process starts. 

The initial time at dark was assumed to be zero, and 

the successive reading was taken in 10 minutes. The 

light source was not interrupted while the 

degradation process continued.  

 

 
Figure 9:  A) Photocatalytic degradation of 

Rhodamine B in light by ZnO-NPs; B) 

Photocatalytic degradation of Rhodamine B on 

increasing temperature by ZnO-NPs, and C) 

Catalytic degradation of Rhodamine B by ZnO-NPs 

in dark medium. 
 

The photocatalytic degradation persisted up to 120 

minutes for Rhodamine B, which was confirmed by 

the complete discharge of color and having no 

absorbance in the spectrophotometer. After the 

decolorization of pink-colored Rhodamine B, the 

entire solution was centrifuged at 5400 rpm, where 

the intact ZnO-NPs settled down at the bottom of 

the falcon tube that was further used in successive 

cycles of degradation. Furthermore, the dark 

medium degradation was achieved by repeating the 

same process in the absence of light in the dark 

room (see Fig. 9C). The dark medium degradation 

was very slow and incomplete up to 220 minutes in 

consistence with the literature (38,39). 

The heating degradation was also achieved in the 

presence of light. When 10 mg ZnO-NPs were 

added on 100 mL of 20 mg/L Rhodamine B solution 

at 25oC, the degradation process was started. The 

process was continued till the complete degradation 

occurred for 10-minute intervals in 10 °C difference 

temperatures (Fig. 9B). The heating degradation 

was considerably faster than the light and dark 

medium discharge of Rhodamine B (36,37). 
 

Kinetics of Photocatalytic Degradation for 

Rhodamine B by ZnO-NPs 

The catalytic degradation of Rhodamine B by the 

ZnO-NPs strictly obeys pseudo-first-order kinetics, 

as it can be evident from Fig. 10. In the light, the 

degradation was achieved very fast; the statistical 

analysis reveals that the linear fitting of ln(C/Co) vs. 

time gives a straight line with a slope -0.01274 and 

intercept 0.6723±0.0279. The Pearson’s ‘r’ 

obtained for the degradation is -0.994, with the 

correlation coefficient (R2) is 0.989. Similarly, in 

the dark medium, the degradation was found to fit 

linearly with a slope of -0.0637 and an intercept of 

0.07315±0.02793. The Pearson’s coefficient ‘r’ 

obtained for dark medium is -0.994 with an adjusted 

correlation coefficient (R2) is 0.989, which is equal 

to the degradation in light. Furthermore, the 

photocatalytic degradation with the increase in 

temperature shows the linear fitting with a slope -

0.026±0.00058 and intercept of 0.76283±0.11058. 

The Pearson coefficient ‘r’ was found -0.9777 with 

an adjusted correlation coefficient (R2) is 0.9555. 
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Figure 10: The C/Co vs time (A), C/Co vs 

Temperature (B), and ln(C/Co) vs time and 

temperature plots (C, and D) for the systems 

studied. 

 

Catalytic Efficiency of ZnO-NPs 

The catalytic efficiency of the NPs was calculated 

by plotting the percentage efficiency versus time 

(Fig. 11A). For photocatalytic degradation, the 

efficiency was obtained ≈80% in 120 minutes. 

Similarly, in the dark, the catalytic efficiency was 

obtained ≈15% up to 250 minutes, but the 

efficiency increased ≈90% for the degradation of 

Rhodamine B in light by heating continuously up to 

120 °C (see Fig. 11B). 

 
Figure 11: (A) Catalytic efficiency of ZnO-NPs in 

light and dark, (B). Increased efficiency with 

temperature in light 

 

Conclusion 

The toxicity of dyes on the human body is severe; 

their degradation into toxic compounds shows 

several magnitudes of pernicious effects. For the 

degradation purpose, we synthesized zinc oxide 

nanoparticles (ZnO-NPs) by the co-precipitation 

method under controlled pH. The synthesized 

materials are characterized by a UV-visible 

spectrophotometer, which gave the maximum 

absorbance at 365 nm. The band gap was calculated 

from Tauc’s plot, which gave 3.29 eV by the 
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extrapolation of the obtained plot. The FTIR spectra 

revealed that Zn-O stretching at 779.11 cm-1. The 

EDX spectra depicted the elemental composition in 

the nanoparticles and showed 81.90% zinc (Zn), 

17.99% oxygen (O), and trace 0.004 % copper (Cu). 

The XRD spectra revealed that the ZnO-NPs have 

wurtzite geometry. On solving Scherer’s equation, 

we obtained the size of particle 23.9 nm and the 

crystallinity obtained was 75.43 %. The 

photocatalytic degradation was carried out in 

5.74±0.14 kWh/m2/day light intensity. It was found 

that the photocatalytic degradation of Rhodamine B 

obtained in 140 minutes with approximately 80 % 

catalytic efficiency and in the dark medium, the 

degradation was very slow and incomplete up to 220 

minutes with efficiency ≈15%. The photocatalytic 

degradation process was completed in 110 minutes 

at 110oC. The degradation in dark and light both 

obey pseudo-first-order kinetics and the rate 

constant was found to be 0.01274 min-1 in light and 

0.00637 min-1 in dark. 
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