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1.INDRODUCTION 
 

Clean unadulterated water does not occur in the environment. 

Water contamination is a any undesirable alter in the state of 

water, contaminated with destructive substances. It is the 

second mainly vital environmental concern next to air 

pollution (Ramandeep Singh Gambhir et al, 2012) Dyes are 

normally used in the many industries including printing 

process, textile, plastic, cosmetics and the overload dyes are 

released into the effluent stream as waste after colouring the 

fabric. Most of the unspent dyes produces undesirable 

effluents and usually discharged without treatment (Susheela 

Bai Gajbhiye, 2012). These adversely affect the quality of 

water, inhibit sunlight penetration and reduce photosynthetic 

reactions. In addition, some dyes are either toxic or 

carcinogenic. Currently available water treatment 

technologies either concentrate the pollutants present by 

transferring them to other phases (adsorption or coagulation) 

or involve high operating costs with possible generation of 

toxic secondary pollutants into the ecosystem (Abi et al, 

2013). Using nanometer semiconductor photocatalysts, such 

as ZnO, CdS, TiO2, and SnO2, to purify environment is 

exactly emphasized. As one of the most important 
semiconductor photocatalysts, zinc oxide (ZnO) has 

 

 

stimulated great  research interest due to its unique physical 

and chemical properties, such as cheap, harmless, high 

photosensitivity and stability (Yin et al, 2000; Lee et al, 

2001). ZnO is a semiconductor with a wide band gap (3.3 

eV) and a large exciton binding energy and is abundant in 

nature and environmentally friendly; these characteristics 

make this material attractive for many applications, including 

solar cells, optical coatings, photocatalysts, and electrical 

devices (Nirmala et al, 2011). Researches have shown that 

ZnO exhibits better photocatalytic efficiency than TiO2 for 

the removal of organic compounds in water matrices (Wei 

Liu et al, 2013). It is the most important material to eliminate 

organic pollutants in waste water such as reactive brilliant red 

K-2BP (Liu et al, 2012), methylene blue (Sun et al, 2009),  

Acridine orange (Khan et al, 2011), rhodamine B (Li et al, 

2012), methyl orange (Xu et al, 2012), and polyvinyl alcohol 

in aqueous solutions (Lin et al, 2013). Sun et al. reported that 

dumbbell-shaped ZnO photocatalyst showed a 99.6% 

decolorization efficiency of MB within 75 min under UV 

light (365 nm) which is higher than the commercial ZnO 

performance. Various conventional techniques or methods 

such as co– precipitation, sol–gel method, impregnation 

method, hydrothermal method etc. are used for synthesizing 

nanoparticles as well as synthesis of metal doped 

nanoparticles (Zhang et al, 2007). Recently, these methods 

are found to be more efficient for doping of metal ions  for 

improving the photocatalytic efficiency of catalysts by 
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decreasing the band gap which in turn increases the 

absorption of photons in the visible region of the light 

(Samadi et al, 2012).  Among various dopants, currently the 

doping of Cd in ZnO has received a great attention as by 

doping ZnO with Cd, its absorption edge can be red-

shifted(Karunakaran et al, 2012) In addition to this, due to 

almost similar ionic radius of Zn
2+

 (0.60 Å) and Cd2+ (0.74 

Å), the synthesized materials can retain the stable wurtzite 

hexagonal phase of ZnO. There are very rare reports to use 

Cd-doped ZnO nanomaterials as a photocatalyst for 

photocatalytic degradation of organic dyes(Wu et al, 2011) In 

a recent report, Karunakaran et al. have demonstrated the use 

of nanocrystalline Cd-doped ZnO for the photocatalytic 

degradation of Rhodamine B. Many researchers have been 

attempting to modify the catalyst surface to increase the 

efficiency of these processes. To increase the adsorption 

capacity of organic compounds, researchers have explored 

supporting ZnO on such porous materials as silicon dioxide 

(SiO2) (Dinget al., 2000), zirconium oxide (ZrO2) (Chen et 

al., 2001;Masanori et al., 2002), quartz (Herrmann et al., 

1997), zeolites, activated carbon (AC) (Matos et al., 1998; 

Tsumura et al., 2002; Sobana et al., 2008). In particular, 

activated carbon (AC) has been extensively researched as a 
support for heterogeneous catalysis  (Subramani et al, 2007) 

2.EXPERIMENTAL SECTION 

Chemicals  

Cadmium acetate dihydrate, Zinc acetate dihydrate, activated 

charcoal, hydrochloric acid, ethanol and methylene blue were 

the guaranteed reagents of sigma Aldrich and are used as 

such.Deionized water was used for all the reactions and 

treatment processes. All glasswares were cleaned with 

chromic acid  followed by thoroughly washing with distilled 
water.Chemical structure of methylene blue is shown in Fig.1 

 

 

 

 

 

 

 

 

 

SYNTHESIS OF AC-SUPPORTED Cd- DOPED ZnO 

NANO COMPOSITE MATERIALS 

AC-Supported Cd doped ZnO nonocomposite material was 

synthesized by precipitation method. Initially cadmium 

acetate dihydrate (0.2 M) and Activated charcoal were 

dissolved in anhydrous ethanol (solution A). 0.8 ml of Zinc 

acetate dihydrate is dissolved in ethanol is taken as another 

solution B. The solution B is added to Solution A and stirred 

well. To this 2 NaoH pellets dissolved in water is added at 

room temperature under vigorous stirring until the precipitate 

formed. The obtained precipitate was washed with water and 

ethanol. Then the precipitate was collected and dried in oven 

at 100
o
C for 12 hrs. The resulting powder was finally 

calcinated at 300
o
C at 2 hrs. 

PHOTOCATALYTIC ACTIVITY 

The photocatalytic activity of the prepared photocatalysts 

was evaluated by the photodegradation of MB by using 

multilamp photoreactor. The light source was a UV lamp 

(365nm). The reaction was maintained at ambient 

temperature (303 K). In a typical experiment, aqueous 

suspensions of dye (50 mL, 1 ×10
-4 

mol L
-1

) and 0.08 g of the 

photocatalyst was loaded were  in the reaction tube. Prior to 

irradiation, the suspension was magnetically stirred in the 

dark to ensure the establishment of an adsorption/desorption 

equilibrium. The suspension was kept under constant air-

equilibrated condition. At the intervals of given irradiation 

time. The reaction solution was measured 

spectrophotometrically (660 nm) by diluting it five times to 
keep the absorptions within the Beer–Lambert law limit. 

ANTIBACTERIAL ACTIVITY STUDY 

Antibacterial activities of the synthesized ZnO, Cd/ZnO and 

AC-Cd/ZnO nanomaterials were determined in comparison 

with Ciprofloxacin, using the disc diffusion assay method 

[Seely, 1975; Barry,1976], is a means of measuring the effect 

of an antimicrobial agent against bacteria grown in culture. 

The bacteria in question are swabbed uniformly across a 

culture plate. A filter-paper disk, impregnated with the 

compound to be tested, is then placed on the surface of the 

agar. The compound diffuses from the filter paper into the 

agar. The concentration of the compound will be highest next 

to the disk, and will decrease as distance from the disk 

increases. If the compound is effective against bacteria at a 

certain concentration, no colonies will grow where the 

concentration in the agar is greater than or equal to the 

effective concentration. This is the zone of inhibition. Thus, 

the size of the zone of inhibition is a measure of the 

compound's effectiveness: the larger the clear area around the 

filter disk, the more effective the compound. Approximately 

(20 mL) of molten and cooled media (Nutrient agar) was 

poured in sterilized Petri dishes. The plates were left 

overnight at room temperature to check for any 

contamination to appear. The bacterial test organisms were 

grown in nutrient broth for 24 h. A (100 mL) nutrient broth 

culture of each bacterial organism (1×108 cfu/mL) was used 

to prepare bacterial lawns (cfu=number of colony forming 

unite). Antibiotic disks of 5 mm in diameter were 

impregnated with ZnO, Cd/ZnO and AC-Cd/ZnO 

nanomaterials solution (60μg/ml).The plates were incubated 

at 37ºC and were examined for evidence of zones of 

inhibition, which appeared as a clear area around the wells. 

The diameter of such zones of inhibition was measured using 

a meter ruler and the mean value for each organism was 

recorded and expressed in millimeter. 

ANALYTICAL METHODS 

High resolution Scanning Electron Microscopy (HR-SEM) 

and Elementary Dispersive X-ray (EDX) analysis 

experiments were carried out on a FEI Quanta FEG 200 

instrument with EDX analyzer facility at 25 8C. XRD spectra 

was recorded on the X’PERT PRO model X-ray 

diffractometer from Pan Analytical instruments operated at a 

voltage of 40 kV and a current of 30 mA with Cu Ka 

Figure 1: Chemical structure of Methylene Blue  
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radiation. FT-RAMAN spectra were recorded with an 

integral microscope Raman system RFS27 spectrometer 

equipped with 1024 - 256 pixels liquefied nitrogen-cooled 

germanium detector. The 1064 nm line of the Nd:YAG laser 

(red laser) was used to excite. To avoid intensive heating of 

the sample, the laser power at the sample was not higher than 

15 mW. Each spectrum was recorded with an acquisition 

time of 18 s. UV–vis (ultraviolet and visible light) 

absorbance spectra were measured over a range of 200–800 

nm with a Shimadzu UV-1650PC recording spectrometer 

using a quartz cell with 10 mm of optical path length. 

Photoluminescence spectra at room temperature were 

recorded using a perkin-Elmer LS 55 fluorescence 

spectrometer. Nano particles were dispersed in chloroform 

and excited using light of wavelength 300nm. The 

nanoparticles size and structure confirmations were done by 

Transmission Electron Microscopy (TEM) using PHILIPS 
CM200 

3.RESULT AND DISCUSSION  

HR-SEM MICROGRAPH ANALYSIS 

Figure (2a), (2b) and (2c) shows the HR-SEM images of the 

as prepared ZnO, Cd/ZnO and AC-Cd/ZnO.The surface 

morphology of ZnO, Cd/ZnO and AC-Cd/ZnO has been 

studied using High Resolution Scanning Electron Micro  

graphs. The SEM investigations revealed that the synthesized 

particles were of nanometer size in all of the samples. ZnO 

image indicates that the highly dispersed nano materials have 

been obtained with an average diameter of ∼20 nm. The Cd 

doped ZnO exhibits hexagonal shaped nanoparticles and are 

highly aggregated such agglomeration makes it difficult to 

evaluate the grain size from SEM images and average 

diameter was calculated as ∼45 nm. In the case of AC-

Cd/ZnO, shows that the hexagonal shaped nano materials 

grown in high density. The average diameter of the grown 

nanomaterials was about∼50±10 nm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The observation particle size of the Cd/ZnO nanomaterials  

was greater than that of AC-Cd/ZnO nanomaterials and this 

size decrease can be correlated with the observed increase of 

the surface area (Mohd Athar, 2014). Decrease the nanometer 

size of the particles led to an increased surface area and a 

consequent increase in the number of photocatalytic reaction 

sites, properties that improved the photocatalytic activity 
(Kai-sheng Yu et al, 2013).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: HR-SEMimages of (a) ZnO (b) Cd/ ZnO (c) AC-Cd/ ZnO  

 

Figure :3 (a) EDX Spectrum of ZnO  (b) Cd/ZnO  (c) AC -Cd/ZnO  
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Figure 3(a), 3(b) and 3(c) shows the EDX images of the as 

prepared ZnO, Cd/ZnO and AC-Cd/ZnO.  EDX spectrum is 

used to analyze the elemental composition of the hybrid 

particles. EDX analysis confirms only Zinc, cadmium and 

oxygen present Cd/ZnO ( Figure 3b) , where as Zinc, 

cadmium, oxygen and carbon present in AC-

Cd/ZnOcomposite material(Figure 3c). EDX analysis of the 

composite sample confirms a doping of the Cd and C in the 
ZnO material. 

POWDER XRD  

The obtained XRD of the ZnO, Cd/ZnO and AC-Cd/ZnO 

nanomaterial are shown in Fig. 4A , 4B and 4C . It is seen 

from figure 1(A) that peaks appear at 31·87
o
, 34·53

o
, 36·25

o
, 

47·20
o
 56·82

o
 and 63.18

o
. The diffractogram of the sample 

reveals that all the peaks are in good agreement with the 

JCPDS data belonging to hexagonal ZnO structure (Card No. 

36-1451). The corresponding reflecting planes are (100), 

(002), (101), (102), (103) and (110), respectively. The (101) 

peak appears with a maximum intensity at 36·25
o
. The 

average crystallite size of the samples, evaluated by the 

Scherrer formula (Cullity B D. 1978), is about 13 nm. 

Interestingly, figure 4B shown no diffraction peak 

corresponds to Cd ion was detected in the pattern which 

suggest that Cd
2+

 ions would uniformly substitute the Zn
2+

 

ions into the lattices of ZnO which was may be due to almost 

similar ionic radius of Cd
2+

 (0.74 Å) and Zn
2+

 (0.60 Å) ions 

(Ahmad Umar et al, 2012). With the increasing of the Cd-

doped concentration, the intensity of the peaks slightly 

decreases. There are no other phases to be found in the 

pattern of XRD. In addition, the broad peak at the 2θ value of 

22.80° corresponds to an presence of graphite-like carbon (d 
(002), JCPDS; 41-1487).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RAMAN SPECTRUM 

Figure 6a, 6b and 6c shows the Raman spectrum of ZnO, 

Cd/ZnO and AC-Cd/ZnO nanomaterial. ZnO has a wurtzite 

crystal structure and belongs to C6v group. According to 

group theory analysis, the A1+E1+2E2 modes are Raman 

active. A1 and E1 modes are polar and split into transverse 

optical (TO) and longitudinal optical (LO) components. The 

E2 (high) mode is characteristic of the wurtzite phase [Lupan 

et al, 2010]. No differences in the Raman spectra were 

observed for concentration as low as Cd as compared to pure 

ZnO. No Raman peaks of cd appeared in the spectrum of the 

AC-Cd-doped ZnO nanostructures, indicating no secondary 

phase in copper-doped samples, which is consistent with the 

XRD results. The intense peak near 439 cm
−1

 due to the E2 

(high) mode displays a clear asymmetry towards low 

frequencies. ZnO spectrum the peak at 381.6 cm
−1

 

corresponds to A1(TO), 412 cm
−1

 corresponds to E1(TO). 

The peak at 580 cm
−1

 is positioned between A1 (LO) and E1 

(LO) The high intensity of the 1362 cm
-1

 and 1695 cm
-1

, 

attributed to the D- and G-bands of Carbon, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PL SPECTRA  

Photoluminescence spectra of ZnO, Cd/ZnO and AC-Cd/ZnO 

are shown in figure 5a,5b and 5c respectively. Photocatalysts 

generate electrons and holes after being activated by light, 

and the recombination of some electrons and holes can 

release energy in the form of fluorescence emission. All of 

the spectra showed two emission bands located at 392 and 

491 nm.While the sharper 392-nm emission band has 

typically been assigned to the near-band-edge emission in 
Figure 4: XRD patterns of  (A)ZnO Nano material, (B) Cd/ZnO 

nanocomposite materials  and (C) AC-Cd/ZnO  Nanocomposite material 

 

Figure 5: FT-RAMAN Spectra of (a) Cd/ZnO  nanocomposites (b) 

Cd/ZnO nanomaterials and (c) AC-Cd/ZnO nano composite  material  
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ZnO , the band in the visible spectral range (showing a peak 

at 491 nm) has been attributed to the recombination of 

photogenerated holes with singly ionized charge states of the 

intrinsic defects such as oxygen vacancies, Zn interstitials, or 

impurities. The PL Spectrum of Cd/ZnO and AC-Cd/ZnO  

nanoComposites  show as in the case of undoped ZnO and 

there is no significant shift in the position of the undoped 

ZnO. AC-Cd/TiO2 gave four emissions at 360, 410, 493 and 

510 nm. It is also observed that the samples exhibits low 

resistivity after doping, confirms by the blue-green emission 

intensity decreased when the doping ratio increases (Arun et 

al, 2013). The intensity of AC-Cd/ ZnO  PL emission is less 

when compared to ZnO and Cd/ ZnO nano composite 

materials. A weaker PL emission signal is commonly 
indicative of higher photocatalytic activity (Chen et al, 2008).  

UV-VIS DIFFUS E REFLECTANCE SPECTROSCOPY  

Figure 7 shows the diffuse-reflectance spectra, as a function 

of wavelength for samples. The inset of Figure 7 shows the 

band-gap as a function of the doping concentrations obtained 

from diffuse reflectance spectra. The band-gap energy of the 

Cd-doped ZnO samples was calculated from the diffuse-

reflectance spectra by plotting the square of the Kubelka-

Munk function F(R)2 vs. the energy in electron volts. The 

linear part of the curve was extrapolated to F(R)2 = 0 to 

calculate the direct band-gap energy. It is seen that the 

absorption edge shifts to lower energies/longer wavelength. 

The band gap energy calculated from derivative of the 

spectra is 3.35 eV for ZnO and 3.28 eV for Cd/ZnO and 3.26 

for AC-Cd/ZnO nanomaterials. The lower value of energy of 

AC-Cd/ZnO helped in increasing number of electron hole 

pair thus enhancing the dye degradation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PHOTOCATALYTIC ACTIVITY 

Present measurements report the photocatalytic activity  ZnO, 

Cd/ZnO and AC-Cd/ZnO nanomaterials by degradation of 

MB dye under UV light exposure. When a photon of UV 

light strikes the ZnO surface, an electron (e-) from its valence 

band jumps to the conduction band leaving behind a 

positively charged hole (h+) in valance band. The 

photocatalytic active centres are formed on the surface of 

ZnO due to increase negative charge in the conduction band. 

The valence band hole (h+) reacts with the chemisorbed H2O 

molecules to form reactive species such as .OH radicals, 

which subsequently react with dye molecules to cause their 

complete degradation. e- can react with O2 to produce 

superoxide radical anion of oxygen(O
2
 ) ( Mahmoodi et al., 

2006). The •OH and O
2−

 produced in the above manner can 

then react with the dye to form other species and is thus 

responsible for the discoloration of the dye. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These ions reduce the recombination of h+ and e- and favour 

the formation of .OH radicals. It is proposed that increase in 

photocatalytic activity with Cd doping can be explained by 

their ability to trap electrons and generate holes so they act as 

electron scavengers. The retardation of the electron-hole 

recombination will increase the photocatalytic efficiency of 

the ZnO nanocrystals photocatalysts and, consequently, 

Figure 6: PL Spectra of   (a) ZnO (b) Cd/ZnO (c) AC-Cd/ZnO 

nanomaterials 

Fig. 7. UV-VIS diffuse reflectance spectroscopy of (a) 

nanocomposites (b) Cd/ZnO  nanoparticles and (c)AC -Cd/ZnO  
nanocomposite  material  

 

Fig: 8 (a) Photodegradability of Methylene Blue by ZnO (curve c) , 
Cd/ZnO(curve b) and AC-Cd/ZnO (curve c) (b) Decolourization of 

methylene blue by ZnO (curve c), Cd/ZnO (curve b) and AC -
Cd/ZnO  (curve c) 
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accelerate hydroxyl radical formation which will enhance the 
rate of MB degradation.  

The UV–vis absorbance spectrum of MB solution shows 

absorption peaks at 243, 286 and 664 nm. The characteristic 

absorption peak at 664 nm was used to track the 

photocatalytic degradation process. The comparative study of 

photocatalytic activity of ZnO, Cd/ZnO and AC-Cd/ZnO  

photocatalysts for photodegradation of MB was shown in 

figure 8a and 8b. AC-Cd/ZnO  exhibited excellent 

photocatalytic activity for MB under UV light irradiation 

when compared to that of ZnO and Cd/ZnO. 

The effect of time on the degradation of MB was examined 

under UV light irradiation in the reaction time ranging from 0 

to 60 minutes. Samples were withdrawn at different time 

intervals after photodegradation and centrifuged immediately 

and percentage mineralisation was studied.  

Results show that as time increases the percentage 

decolourization and degradation increases. The 

photocatalytic activity of the sample AC-Cd/ZnO is the 

highest, and the degradation of MB can be nearly up to 

91.6% after 1 h of irradiation. It is because that the oxygen 

vacancies and defects could become capture centers of photo-

induced electrons to effectively inhibite the  recombination of 

electrons and holes. However, when the concentration of 

Cd
2+

 is excess, the oxygen vacancies and defects would 

become recombination centers (Song et al, 2010; Ji et al, 

2010) So the ZnO nanomaterial doped with a small amount 
of Cd

2+
 could enhance the photocatalytic activity. 

ANTIBACTERIAL ACTIVITY 

The bactericidal activity of the crude and annealed samples 

of ZnO, Cd/ZnO  and AC-Cd/ZnO nanomaterials were 

investigated against Gram (+ve) and Gram (−ve) bacteria, as 

presented in Figure 9 and Table 1. These three samples 

showed antibacterial activity against all the tested pathogenic 

organisms. AC Supported Cd doped ZnO sample showed 

more activity against bacteria  than undoped ZnO and Cd  

doped ZnO sample. Among the various gram positive 

bacteria used, The AC Supported Cd doped ZnO sample 

showed maximum activity (zone of inhibition 14mm) against 

Bacillus subtilis  whereas, it showed moderate activity 

against Pseudomonas aeruginosa (zone of inhibition 13mm). 

Pure ZnO sample showed maximum activity against 

Sreptococcus pyogenes (zone of inhibition 13mm). 

Table 1. Antibacterial activity (Disc diffusion method)  

Sl. 

No 

Bateria Standard 

antibioti

c disc 

Zone of inhibition (mm) 

ZnO Cd/ZnO AC-

Cd/Zn

O 

Control 

(DMSO) 

1 Bacillus subtilis 20 09 11 14 - 

2 Escherichia coli 26 11 12 12 - 

3 Pseudomonas 
aeruginosa 

22 11 12 13 - 

4 Streptococcus 

pyogenes 

24 13 15 16 - 

*ciprofloxacin 

Our results explain ZnO and its doped nano materials which 

act against the water contamination, allergic reactions, food 

poisoning and also act as drug resistant pneumonia and  

advantage of using these oxides as antimicrobial agents is 

that they contain mineral elements essential to human and 

exhibit strong activity even when administrated in small 

amounts. AC-Cd/ZnO showed a high bactericidal efficacy so 

this material is suggested to incorporate with the lab fabrics, 

gloves etc. Antimicrobial garments may be useful for 

individuals coming into contact with patients such as visitors, 
nurses, doctors and other healthcare workers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. The antibacterial  effect of synthesized ZnO, Cd/ZnO and  
AC-Cd.ZnO nanoparticles; (a) Bacillus subtilis, (b) Escherichia coli, 
 (c) Pseudomonas aeruginosa  (d) Staphylococcus pyogene 
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4.CONCLUSION  

AC Supported cadmium doped ZnO nanocomposite material 

was prepared by a precipitation method .This material was 

characterized by powder X-ray diffraction (XRD) , high 

resolution scanning electron micrographs(HRSEM) with 

energy dispersive X-ray analysis, photoluminescence (PL) 

and Fourier transform Raman analysis(FT-RAMAN).These 

results confirmed the formation of AC-Cd/ZnO 

nanocomposite material.HR SEM and XRD  analysis of ZnO 

and Cd/ZnO showed the average size of as 12.3nm, AC-

Cd/ZnO showed the average particle size of as 5nm.moreover 

the decrease in particle size can be correlated with increase of 

the surface area .The EDX shows the presence of C and Cd in 

the ZnO material.XRD reveal the all strong peaks can be 

indexed as Hexagonal wurzite form of ZnO. PL Spectra 

explain the suppression of recombination of the 

photogenerated electron hole pairs by AC-Cd/ZnO nano 

material. AC-Cd/ZnO reveals enhanced photocatalytic 

activities as compared to ZnO and Cd/ZnO for the 

photodegradation and decolourization of MB under UV light 

irradiation for 0 to 60 minutes. The mechanism of photo 

catalytic effect of AC-Cd/ZnO nano composite material has 

been discussed. 
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