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Photocatalytic degradation of dyes using metal oxides and their composites is an effective method for the removal of pollutants from 

wastewater systems. Metal oxides exhibit enhanced efficiency due to their broad light absorption, rapid charge transfer dynamics and 

inherent p-n properties. In this work, a -cyclodextrin-supported silver/copper nanocomposite (-CD Ag/Cu) was successfully synthesised 

via a eco-friendly hydrothermal method using ascorbic acid as a reducing agent. The synthesized nanocomposite was characterized by 

XRD, SEM, EDAX and DRS-UV analyses, confirming its crystalline nature, unique spongy cotton bud-like morphology and an average 

particle size of ~110 nm. Optical studies revealed a narrow band gap of 1.95 eV, indicating efficient visible-light absorption. The -CD 

Ag/Cu nanocomposite exhibited excellent photocatalytic activity towards methylene blue (MB) and methyl orange (MO) dyes, achieving 

degradation efficiencies of 86.20 and 95.71%, respectively. The effects of catalyst dosage, dye concentration and pH were systematically 

optimized. Furthermore, the nanocomposite demonstrated significant antioxidant activity against DPPH radicals and strong antibacterial 

activity against Enterobacter sp., Pseudomonas sp. and Klebsiella sp., with Enterobacter sp. showing the highest sensitivity (24 mm zone 

of inhibition). 
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INTRODUCTION 

 The photocatalytic method is regarded as a more environ-

mentally friendly method since it promotes the use of a variety 

of materials, their high performance and their ability to convert 

solar energy to chemical energy [1-3]. The demand for indus-

trialisation and its improvement has intensified in recent years 

due to the rapid growth of population. Along with being crucial 

for human growth, industry increases water pollution levels 

through its effluents by releasing inorganic and organic poll-

utants, heavy metal ions, dyes, antibiotics and other contami-

nants that have a negative impact on the environment. Dye 

pollution of surface and groundwater contributes significantly 

and it has severely detrimental consequences on living things 

[4]. Various methods such as precipitation, coagulation, 

adsorption, membrane filtration and flocculation have been 

employed for the removal of dyes from water [5]. Among 

these approaches, photocatalysis is considered one of the most 

effective techniques for the treatment of dye-contaminated 

wastewater [6-8]. 

                                                           
This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This 
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 Coupling of semiconductor oxides has been widely repo-
rted to reduce band gap energy, suppress electron-hole 
recombination and enhance photocatalytic activity. Several 
heterostructured systems including WO3-TiO2, SnO2-ZnO, 
CuO-TiO2, ZnO-TiO2 and ZnO/CuO, have demonstrated 
improved photocatalytic efficiency [9-12]. Among these, CuO 
is a p-type semiconductor with a narrow band gap of 1.7 eV, 
exhibiting excellent optical and electrical properties along 
with low toxicity. Its combination with n-type semicon-
ductors such as AgO extends light absorption into both UV 
and visible regions, making such composites highly effective 
for the degradation of organic pollutants. 

 Cyclodextrins (CDs), particularly -cyclodextrin (-

CD), have attracted considerable attention due to their unique 

structural and physico-chemical properties, -CD consists of 

seven glycosyl units linked through -(1→4) bonds and 

possesses a hydrophobic inner cavity with multiple hydroxyl 

groups on the outer surface. The abundant hydroxyl groups 

enhance adsorption capability towards pollutants and faci-

litate the immobilization of metal oxides. Moreover, incor-
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poration of -CD into metal oxide systems improves visible-

light absorption, reduces dye aggregation on catalyst surfaces 

and promotes efficient photocatalytic degradation by modi-

fying surface morphology and increasing active surface 

interactions [13-16]. 

 In the present work, a spongy cotton bud-like -CD 

Ag/Cu nanocomposite with cork ball-like morphology was 

successfully fabricated for visible light-driven photocatalytic 

degradation of organic pollutants. -CD acted as both stabili-

zing and reducing host matrix, improving charge transfer and 

minimizing electron–hole recombination through its electron-

donating and hole-capturing properties. The synthesised 

nanocomposite was characterized using DRS UV-Vis, XRD, 

SEM and EDX analyses. The photocatalytic performance of 

-CD Ag/Cu was evaluated towards the degradation of methy-

lene blue (MB) and methyl orange (MO) dyes, where enhanced 

degradation efficiency was observed due to improved catalyst–

dye interactions. In addition, the synthesised nanocomposite 

was further investigated for its antioxidant and antimicrobial 

activities, demonstrating its multi-functional application 

potential. 

EXPERIMENTAL 

 The chemicals viz. ascorbic acid, copper sulphate penta-

hydrate, silver nitrate and -cyclodextrin (-CD) were pro-

cured from Sigma-Aldrich, USA and used as received without 

further purification. All aqueous solutions required for the 

experimental studies were prepared using double-distilled 

water. 

 Green synthesis of -CD-Ag/Cu: Initially, separate 

aqueous solutions of ascorbic acid (4.58 g in 20 mL distilled 

water), CuSO4·5H2O, silver nitrate and -CD (1.021 g in 20 

mL distilled water) were prepared. The prepared solutions were 

mixed under continuous magnetic stirring and maintained at 

80 ºC for 5 h. The resulting reaction mixture was then trans-

ferred into a 100 mL Teflon-lined autoclave and heated at 120 

ºC for 4 h under hydrothermal conditions. The obtained preci-

pitate was washed repeatedly with distilled water (four times) 

and absolute ethanol (once) to remove unreacted impurities. 

The purified product was dried at 110 ºC and subsequently 

calcined at 550 ºC for 5 h to obtain the -CD Ag/Cu nano-

composite. 

 Characterisation: The crystalline structure of the syn-

thesized -CD Ag/Cu nanocomposite was analysed using a 

Bruker D2 X-ray diffractometer operated at 40 kV and 25 mA 

with CuK radiation ( = 1.5406 Å). The diffraction patterns 

were recorded over a 2θ range of 5º-80º at a scanning rate of 

0.02º. The optical properties and formation of the -CD 

Ag/Cu nanocomposite were examined using a Shimadzu UV-

2400 UV-visible spectrophotometer in the wavelength range 

of 200-800 nm. Surface morphology and structural features 

of the synthesized nanocomposite were investigated using a 

Carl Zeiss EVO 18 scanning electron microscope (SEM).  

 Photocatalytic activity: The photocatalytic activity of 

the -CD Ag/Cu nanocomposite was evaluated through the 

degradation of methylene blue (MB) and methyl orange (MO) 

dyes under visible light irradiation using a 250 W xenon 

lamp. For the experiment, 100 mL dye solutions of desired 

concentration were mixed with the optimized amount of -CD 

Ag/Cu catalyst. Prior to light irradiation, the suspension was 

magnetically stirred in dark conditions for 30 min to establish 

adsorption–desorption equilibrium between the dye molecules 

and catalyst surface. Subsequently, the reaction mixture was 

exposed to visible light irradiation. At regular intervals of 10 

min, 6 mL aliquots were withdrawn and centrifuged to remove 

suspended catalyst particles. The residual dye concentration in 

the supernatant was analysed using a UV-visible spectro-

photometer. 

Antimicrobial activity 

 Microbial culture: Three distinct bacterial strains, 

including Enterobacter sp., Pseudomonas sp. and Klebsiella 

sp., were employed in this investigation. All microbial isolates 

were identified and characterized through morphological, 

physiological and conventional biochemical tests in accor-

dance with CLSI guidelines [17]. 

 Antimicrobial assay: Using Muller-Hinton Agar plates 

and agar well diffusion on β-CD Ag/Cu nanocomposite, an 

antibacterial experiment was conducted. The test organisms 

were inoculated into nutrient broth and incubated overnight 

at 37 ºC to obtain a final inoculum concentration of 1.5 × 108 

CFU/mL, corresponding to 0.5 McFarland turbidity standard. 

Using the standard microbial culture broth, MHA plates were 

grown. Dimethyl formamide (DMF) was used as solvent to 

prepare a -CD Ag/Cu nanocomposite suspension at a concen-

tration of 50 mg/mL. The antibacterial activity was evaluated 

using the agar well diffusion method. Wells of 6 mm dia-

meter were aseptically prepared in Mueller-Hinton agar plates 

using a sterile cork borer. Different concentrations of the 

-CD Ag/Cu nanocomposite (50, 75 and 100 L) were intro-

duced into the respective wells, while DMF served as the 

control. The plates were allowed to stand at room temperature 

for 30 min to facilitate diffusion and were subsequently 

incubated at 37 ºC for 18-24 h. After incubation, antibacterial 

activity was assessed by measuring the diameter of the clear 

zone of inhibition (ZOI) formed around each well, expressed 

in millimetres (mm).  

 Antioxidant activity: The antioxidant activity of the 

synthesised -CD Ag/Cu nanocomposite was evaluated using 

the DPPH free radical scavenging assay, a rapid and reliable 

method for assessing antioxidant potential. DPPH exhibits a 

characteristic maximum absorbance at 517 nm, which decre-

ases in the presence of antioxidant compounds due to free 

radical scavenging activity. In this study, 1 mL of ethanolic 

DPPH solution (25 mg/mL) was mixed with different concen-

trations of the -CD Ag/Cu nanocomposite (12.5, 25, 37.5 

and 50 M). The reaction mixtures were shaken for 30 sec 

and incubated in dark conditions for 15 min at room tempera-

ture. The absorbance was then measured using a UV-Vis 

spectrophotometer at 517 nm. A significant decrease in absor-

bance indicated effective antioxidant activity of the -CD 

Ag/Cu nanocomposite. The percentage inhibition of DPPH 

radicals was calculated using the following equation: 

  DPPH inhibition (%)
A(b) A(s)

100
A(b)

−
=    (1) 
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where A(b) = absorption of DPPH with ethanol alone (blank 

solution); A(s) = absorption of DPPH with nanocomposite 

with different concentrations. 

RESULTS AND DISCUSSION 

 XRD spectra: Fig. 1 illustrates the XRD pattern of the 

-CD Ag/Cu nanocomposite synthesized through the hydro-

thermal method. The presence of sharp and well-defined 

diffraction peaks confirms the crystalline nature of the synth-

esised nanocomposite. The average crystallite size was esti-

mated using the Scherrer equation, which correlates particle 

diameter (D) with the full width at half maximum (FWHM) 

of the diffraction peaks ( = 0.154 nm). The calculated average 

crystallite size of the -CD Ag/Cu nanocomposite was found 

to be approximately 110 nm. 

 

 
Fig. 1. XRD pattern of -CD Ag/Cu nanocomposite 

 

 Morphological studies: Fig. 2a-d presents the SEM 

images of the synthesised -CD Ag/Cu nanocomposite, 

illustrating its surface morphology and structural features. 

The SEM micrographs reveal the formation of unique spongy 

cotton bud-like Cu structures dispersed over Ag cork ball-

like particles. The three-dimensional morphology of the nano-

composite (Fig. 2d) exhibited particle sizes ranging from 

105.6 to 363.5 nm with nearly spherical architecture. The 

-CD matrix supported the distribution of these spongy Cu 

nanostructures on the Ag surfaces, resulting in aggregated 

particle assemblies [18]. A slight degree of nanoparticle agg-

lomeration and uneven surface morphology was also observed, 

possibly due to the presence of the capping agent. Further-

more, the particles were found to be non-uniformly distributed 

throughout the -cyclodextrin matrix [19]. 

 EDAX microanalysis: Fig. 3 illustrates the area-specific 

EDAX analysis of the synthesized -CD Ag/Cu nanocom-

posite. The EDAX spectrum confirmed the presence of the 

constituent elements, comprising 39.4 wt.% silver, 30.7 wt.% 

carbon, 27.6 wt.% oxygen and 2.3 wt.% copper. Furthermore, 

elemental mapping analysis demonstrated the distribution of 

Ag, Cu, C and O elements throughout the -CD Ag/Cu nano-

composite matrix (Fig. 4). 

 
Fig. 2. SEM images of -CD Ag/Cu 

 

 

Fig. 3. EDX spectrum of -CD Ag/Cu 

 

 Optical studies: DRS-UV spectroscopy was employed 

to investigate the optical properties and visible-light absorp-

tion behaviour of the -CD Ag/Cu nanocomposite, as shown 

in Fig. 5, while the corresponding band gap values are pres-

ented in Fig. 5b. A noticeable colour change in the β-CD 

Ag/Cu suspension further indicated the formation of the nano-

composite. The diffuse reflectance UV-visible spectra were 

recorded in the wavelength range of 300-700 nm to analyse 

the optical response and energy band structure of the synth-

esised material [20]. The optical band gap energy of the -CD 

Ag/Cu nanocomposite was determined using Tauc’s plot 

equation [21]:  

  hν = A (Eg – h)2 (2) 

where  is the absorption coefficient; h is light energy; A is 

proportionality constant and Eg is band gap. The -CD Ag/Cu 

nanocomposite exhibited a band gap energy of 1.95 eV with 

an absorption edge at 450 nm in the visible region. 

 Photocatalytic activity of -CD Ag/Cu towards MB 

and MO dyes: The photocatalytic activity of the synthesized 

-CD Ag/Cu nanocomposite was evaluated through the visible 

light-induced degradation of methylene blue (MB) and methyl 

orange (MO) dyes (Fig. 6a-b). The degradation process was 

monitored using UV-visible spectroscopy at 653 nm for MB 

and 464 nm for MO. The nanocomposite achieved degrada-

tion efficiencies of 86.20% for MB within 110 min and 95.71% 

for MO within 60 min. The enhanced photocatalytic perfor-

mance may be attributed to the reduced recombination of photo-

generated electron–hole pairs [22-24]. 

 Different dosage and concentration: Optimization of 

experimental parameters such as catalyst loading and dye  
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Fig. 4. Colour mapping image of -CD Ag/Cu nanocomposite 

 

 

Fig. 5. (a) DRS-UV spectrum and (b) Tauc’s plot equation of -CD Ag/Cu 
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concentration plays a crucial role in achieving efficient photo-

degradation. As shown in Fig. 7a-b, the photocatalytic degra-

dation of methylene blue (MB) and methyl orange (MO) was 

investigated using catalyst loadings ranging from 20 to 50 mg. 

The degradation efficiency increased with catalyst amount up 

to 40 mg and decreased thereafter due to reduced light pene-

tration and saturation effects caused by excess catalyst. Thus, 

40 mg was identified as the optimum catalyst dosage for both 

MB and MO degradation. 

 The effect of initial dye concentration on photocatalytic 

activity was studied by varying MB and MO concentrations 

from 2 × 10–5 to 4 × 10–5 M under identical conditions (Fig. 

8a-b). The -CD Ag/Cu nanocomposite achieved maximum 

degradation efficiencies of 93.13% for MB and 98.65% for 

MO at 2 × 10–5 M. Further increase in dye concentration 

resulted in reduced degradation efficiency, likely due to the 

excessive adsorption of dye molecules on the catalyst surface, 

which limits the availability of active sites. 

 Effect of pH: pH also plays a significant role in the 

photocatalytic degradation of MB and MO dyes, as waste-

water may exhibit acidic or alkaline conditions. The effect of 

pH was investigated in the range of 5-9 (Fig. 9a-b) using HCl 

and NaOH to adjust acidic and basic media, respectively. The 

-CD Ag/Cu nanocomposite exhibited maximum degradation 

efficiency for MB at pH 9, whereas MO showed optimum 

degradation at pH 5. Therefore, pH 9 and pH 5 were identi-

fied as the optimal conditions for MB and MO degradation, 

respectively. 

 Kinetics studies: The kinetics studies of as prepared -CD 

Ag/Cu nanocatalyst were studied to identify the rate constant 

of the degradation reaction. Rate constant values of MB and 

MO photodegradation reaction were examined by the follow-

ing equation:  

  
o

C
ln kt

C

 
= − 

 
  (3) 

where C is the concentration of solution at a light irradiation 

time; Co is the concentration solution before the light irradia-

tion; k is the apparent first-order rate constant; and t is the 

 

Fig. 6. Absorption spectrum of photodegradation of (a) methylene blue and (b) methyl orange dyes under visible light irradiation 

 

 

Fig. 7. Different loading dosage of β-CD Ag/Cu in (a) methylene blue and (b) methyl orange dyes 
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light irradiation time. -CD Ag/Cu nanocatalyst shows the rate 

constant values 0.258 and 0.732 min–1, respectively. Fig. 10a-b 

the -CD Ag/Cu nanocatalyst exhibits a higher rate constant 

value compared to without catalyst because of the suitable 

bandgap value. As a result, the -CD Ag/Cu nanocomposite 

exhibits better photocatalytic efficiency to the degradation of 

MB and MO dyes.  

 Antioxidant activity: Free radicals are known to induce 

the oxidative stress and contribute to various health disorders. 

The antioxidant activity of the -CD Ag/Cu nanocomposite 

was evaluated using the DPPH radical scavenging assay. The 

reduction in DPPH absorbance at 517 nm and disappearance 

of its characteristic violet colour indicate the free radical 

scavenging ability of the nanocomposite. The -CD Ag/Cu 

nanocomposite exhibited concentration-dependent antioxidant 

activity, with DPPH scavenging efficiencies increasing from 

17.53 to 53.16% as the concentration increased from 12.5 to 

50 M (Fig. 11a-b). The observed antioxidant potential may 

be attributed to electron donation from oxygen-containing 

functional groups present in the -CD Ag/Cu nanocomposite 

[25]. 

 Antimicrobial activity: The antibacterial activity of the 

-CD Ag/Cu nanocomposite against selected pathogenic bac-

terial strains is shown in Table-1. The synthesized nanocom-

posite exhibited effective antibacterial activity against 

Enterobacter sp., Pseudomonas sp. and Klebsiella sp. Among 

the tested strains, Enterobacter sp. showed the highest sensi-

tivity towards the -CD Ag/Cu nanocomposite, exhibiting a 

maximum zone of inhibition (ZOI) of 24 mm. Furthermore, 

the antibacterial activity was found to increase with increa-

sing concentration of the -CD Ag/Cu nanocomposite. 

Conclusion 

 In conclusion, a novel -CD Ag/Cu nanocomposite was 

successfully synthesized via a facile hydrothermal method and 

comprehensively characterized using XRD, SEM, EDAX  

 

Fig. 8. Different concentration of β-CD Ag/Cu in (a) methylene blue and (b) methyl orange dyes in aqueous solution 

 

 

Fig. 9. Different pH of (a) methylene blue and (b) methyl orange dyes in aqueous solution 
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TABLE-1 

DIAMETER OF ZONES OF INHIBITION (mm) OF  

SAMPLE -CD Ag/Cu NANOCOMPOSITE  

AGAINST MICROORGANISMS 

Microorganism 
Nanocomposite concentration (g/mL) 

Control Test 

Enterobacter sp. 15 24 

Pseudomonas sp. – 23 

Klebsiella sp. 16 20 

 
and DRS-UV techniques. The synthesized nanocomposite 

exhibited crystalline nature with unique spongy cotton bud-

like morphology and an optical band gap of 1.95 eV, enabling 

efficient visible-light absorption. The -CD Ag/Cu nanocom-

posite demonstrated excellent photocatalytic activity towards 

the degradation of methylene blue (MB) and methyl orange 

(MO) dyes, achieving degradation efficiencies of 86.20 and 

95.71%, respectively, under optimized conditions. The 

enhanced photocatalytic performance may be attributed to 

efficient charge separation and suppression of electron-hole 

recombination. Furthermore, the nanocomposite displayed 

appreciable antioxidant activity against DPPH radicals and 

significant antibacterial activity against pathogenic bacterial 

strains, particularly Enterobacter sp. The study highlights the 

multifunctional potential of β-CD Ag/Cu nanocomposites as 

efficient photocatalytic, antioxidant and antimicrobial materials. 

CONFLICT OF INTEREST 

 The authors declare that there is no conflict of interests 

regarding the publication of this article. 

 

Fig. 10. Kinetics studies of (a) methylene blue and (b) methyl orange dyes degradation with different condition 

 

 

Fig. 11. Antioxidant efficiency of (a) -CD Ag/Cu nanocomposite and (b) vitamin C against DPPH 
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