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Abstract 

CdO nanostructure was synthesized using the simple co-precipitation method at three 

concentrations of ethylene glycol (EG) (0.01, 0.1 and 1 M) as stabilization materials. The prepared 

samples were calcined at 450 °C for 3 h. The structural properties of samples were studied using X-ray 

diffraction (XRD). The XDR patterns showed good crystallinity of CdO samples and the crystallite size 

increased from 32.5 nm to 35 nm as the EG concentration increased from 0.01 M to 1 M. The optical 

properties of CdO samples were investigated using UV-visible spectroscopy. The absorbance spectra of 

the prepared samples showed UV absorption band with cut-off wavelength less than 271 nm. The optical 

band gap decreased from 4.09 eV to 3.59 eV as crystallite size increased from 32.5 nm to 35 nm due to 

the nanostructure nature of the prepared samples. Antibacterial activities of CdO samples were evaluated 

against three types of bacteria (Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa) 

and the zone range of the inhibition (9 – 14 mm). The reactive oxygen species (ROS), such as, superoxide 

anion radical, hydroxyl radical and hydrogen peroxide have been generated on the surface of the CdO 

nanoparticles. The released Cd
2+

 from the surfaces of the CdO nanostructure and ROS come into contact 

with the bacterial cell membranes and cause membrane and protein denaturation damage. 

Keywords : CdO nanostructure; Co-precipitation method; Structural properties; Optical properties; 

Antibacterial activities 

  

 والفعالية الطضادة لمبكتريا لطركب اكديد الكادميوم الظانوني الطحضر بطريقة بديطةدراسة الخواص التركيبية والبصرية 
  

  الطمخص
 0.0.يكؽل )في ىذا الدراسة، تػ تحضير مركب اكديد الكادميؽم الظانؽني بطريقة الترسيب البديطة وذلغ باستخدام ثلاثة تراكيز مؼ بؽلي ايثميؼ الجلا

درجة مئؽية لطدة  .05تغيير في حجػ الطركب الظانؽني0 لقد تػ تكدير الراسب الطتكؽن مؼ التجربة عظد درجة حرارة ( لمحصؽل عمى مؽلار 0و  00.و 
 ساعات في وجؽد اليؽاء0 تػ دراسة الخؽاص التركيبية لمطركبات الطحضرة باستخدام جياز حيؽد الاشعة الديظية وقد اظيرت نتائج الدراسة ان 3

 3.05يب متعدد التبمؽر ذو تركيب مكعبي متطركز الؽجو0 كطا اظيرت الدراسة ان الحجػ البمؽري لأكديد الكادميؽم يزيد مؼ الطركبات الطحضرة ليا ترك
مؽلار0 تػ دراسة الخؽاص البصرية لمطركبات الطحضرة باستخدام جياز  0الى  0.0.نانؽمتر بزيادة تركيز البؽلي ايثميؼ الجلايكؽل مؼ  35الى 

دجية و الطظطقة الطرئية0 لقد اظيرت اطياف الامتصاصية ان العيظات قيد الدراسة تطمغ اطؽال مؽجية قطع ضطؼ الطظطقة فؽق مطيافية الفؽق بظف
 3.05الكترون فؽلت عظد زيادة الحجػ البمؽري لتمغ الطركبات مؼ  3054الى  00.4البظفدجية0 كطا اظيرت قيػ فجؽة الطاقة لمطركبات انيا تقل مؼ 

ثة وىذا يعؽد الى الخاصية الظانؽنية التي تطيزت بيا العيظات قيد الدراسة0 تػ دراسة الفعالية الطضادة لمبكتريا لمعيظات الطحضرة عمى ثلا نانؽمتر 35الى 
(0 لقد اظيرت اختبارات Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosaانؽاع مؼ البكتيريا الطعدية )
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مميطتر0 يطكؼ تفدير تكؽن تمغ اليالات  00و  4لطضادة لمبكتريا ان عرض اليالات الطتكؽنة بدبب اضافة العيظات قيد الدراسة تتراوح بيؼ الفعالية ا
تمغ ( مثل جذور البيروكديد الييدروجيؼ و جذور الدؽبر بيروكديد0 يتػ تؽليد ROSوالتي تعبر عؼ قتل البكتريا مؼ انتاج مركبات الاكدجيؼ الفعالة )

الكادميؽم  الجذور عمى سطح مركبات اكديد الكادميؽم الظانؽية0 بالإضافة لتمغ الجذور الطتؽلدة، فان ايؽنات الكادميؽم تعير عظد سطح مركبات اكديد
ذا يؤدي بدوره الى دخؽل الظانؽية والتي تعطل كميا )الجذور وايؽنات الكادميؽم( عمى الاتصال بجدار الخمية البكتيرية ومؼ ثػ تدبب اضرار بميغو لو0 ى

 الجذور الفعالة الطتؽلدة وتدمير البروتيظات وبقية الطكؽنات الحيؽية لمخمية البكتيرية مطا يدبب مؽتيا في الظياية0  
1. Introduction  

Nanoparticles ranging in size from 1 to 

100 nm have been widely used in biotechnology, 

pharmacology and medicine due to their novel 

physicochemical properties (Morones et al., 2005; 

Niemeyer, 2001; Whitesides, 2005). Extremely 

amazing activities of nanoparticles have enormous 

potential for emphasizing their use in human 

(Heiligtag & Niederberger, 2013; Mullai et al., 

2013). The bacterial contamination of food can 

occur before, during, and after the preparation of 

food. The toxins released by bacteria in 

contaminated food can be highly harmful to 

human health. Moreover, foodborne pathogens 

have recently become the most common global 

public health problem (Pinilla & Brandelli, 2016; 

Wang et al., 2014). Therefore, in order to 

overcome this problem, it is necessary to develop 

novel inorganic antibacterial compounds to 

combat E. coli, P. aeruginosa and S. aureus. 

Semiconductor cadmium oxide (CdO) 

nanostructures have a direct wide band gap (4.05 

eV), have a polycrystalline structure, and are an n-

type of semiconductor. For the bulk CdO, it has a 

direct band gap of 2.5 eV and the indirect band 

gap of 1.98 eV (Kuo & Huang, 2006; Lu et al., 

2008). CdO nanostructures offer many 

applications assuch  photovoltaic cells, gas 

sensors, transparent electrodes, solar cells, laser, 

infrared reflectors, liquid crystal displays, anti-

coatingreflection biomedicalhaveand

applications (Shukla et al., 2012; Sivakumar et 

al., 2015; Thema et al., 2015; Thovhogi et al., 

2016). CdO nanostructures are of a  great interest 

research area in the medical and pharmaceutical 

field, with several applications, including attack 

and elimination of cancer cells, drug delivery, 

identification and location of tumors, inhibition of 

bacterial cells, and magnetic resonance imaging 

(Heidari & Brown, 2015; Lim et al., 2015). 

Recently, glucose encapsulated cadmium 

oxide nanoparticles were synthesized and used to 

improve the over conventional approaches to 

cancer and drug resistance. and in therapeutic 

intervention against advanced glycation end 

products (AGEs). Metal oxide NPs can inhibit 

cancerous cells, bacteria, and fungi. Moreover, the 

use of CdO nanoparticles could be therapeutically 

beneficial in the treatment of cancer, bacterial 

infections, and in treating glycation (Zahera et al., 

2020). Demir et. al., have synthesized 10 nm CdO 

core-polyethylene glycol stabilized nanoparticles 

and used for evaluation of CdO nanoparticles’ 

cytotoxicity and genotoxicity using in vitro assays 

(Demir et al., 2020). The effect of CdO 

nanoparticles on the immune response, renal and 

intestine oxidative stress, blood antioxidant 

defense, renal fibrotic response, bone density and 

mineral content has been investigated via six-

week-old female ICR mice (Tulinska et al., 2020). 

In this work, CdO nanostructures were 

prepared by simple coprecipitation method using 

different concentration of EG (0.01, 0.1 and 1 M) 

as stabilization materials. The final CdO 

nanostructures were obtained as the calcination 

process at 450 °C for 3 h. The structural and 

optical band gap energies of prepared samples 

were explained. Antibacterial activities of CdO 

samples were  evaluated against three types of 

bacteria (Staphylococcus aureus, Escherichia coli 

and Pseudomonas aeruginosa).  

2. Experimental 

2.1 Materials 

The starting chemicals of cadmium chloride 

(CdCl2) (System, 99%), ethylene glycol (System, 

99%) and sodium hydroxide (NaOH) (System, 

98%) were used without further purification.  

2.2 Synthesis of CdO nanostructures 

Firstly, 0.1 M of cadmium chloride 

(solution A) and 0.1 M of sodium hydroxide 
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(solution B) were prepared separately using 

continues stirrer for 15 min at room temperature. 

0.01, 0.1 and 1 M of ethylene glycol (EG) were 

also prepared separately. 10 ml of 0.01 M EG was 

added to 100 ml of solution B under continues 

stirrer for 1 h at room temperature to obtain 

homogenous solution (solution C). Then, 20 ml of 

solution A was added to solution C under 

continues stirrer for 3 h at room temperature to 

obtain brownish colored solution and denoted as 

solution 0.01. The last two steps were repeated for 

0.1 and 1 M EG and denoted as solution 0.1 and 

solution 1, respectively. The final 3 brown 

solutions were left on Lab bench at room 

temperature for 48 h to get white precipitate. 

Three white precipitates were centrifuged and 

washed one time by acetone and another two 

times by methanol and dried in an oven at 80 °C 

for one day to obtain the final white precipitates. 

Finally, the 3 precipitates were calcined at 450 °C 

for 3 h to obtain brown fine powder and the 

calcined samples were labelled as CdO-0.01, 

CdO-0.1 and CdO-1, respectively. Heating was 

done in an electric tubular furnace at atmospheric 

pressure in a ceramic boat holder. As the heat 

treatment was completed, the sample was left to 

cool to room temperature and kept in a sample 

bottle for further characterizations. 

2.3 Antibacterial Activity 

The antibacterial activity of CdO 

nanostructures was examined against three 

bacteria (Staphylococcus aureus, Escherichia coli 

and Pseudomonas aeruginosa) using disc 

diffusion method. The bacterial strains were 

grown in nutrient broth at 37 °C in an orbital 

shaker. Bacterial culture was swabbed over the 

surface of Muller Hinton Agar (MHA) with 

concentration of (1×10
8
 CFU/mL) and allowed to 

dry for a few minutes. For positive control,  

Gentamicin antibiotic was used while,  for 

negative control,  distilled water was used. Discs 

loaded with CdO nanostructures (0.5, 1 and 2 

mg/disc) were placed on the surface using sterile 

forceps followed by incubating the plates at 37 °C 

for 18 h. The zone of inhibition (ZOI) was 

measured in each plate in (mm) unit (Carroll et 

al., 2015). 

2.4 Characterizations 

The structural properties of prepared 

samples were investigated using x-ray diffraction 

(XRD) technique (XD-2 x-ray diffractometer 

using CuKα (λ = 1.54 Å) at 36 kV and 20 mA, 

China) in Yemeni Geological Survey and 

Minerals Resources Board (YGSMRB). The 

optical properties included the absorbance spectra 

were measured using a UV-VISIBLE 

spectrophotometer (50conc) at room temperature 

in the range of (200 – 900 nm). Antibacterial 

activity of prepared samples was examined in the 

microbiological lab at Faculty of Applied Science.  

3. Results and Discussion   

3.1 Structural Properties 

Fig. 1 exhibits XRD patterns of three CdO 

prepared samples. The observed diffraction 

patterns showed strong reflections from the (111), 

(200), (220), (311) and (222)  planes could be 

indexed to the face-centered-cubic (FCC) 

Monteponite structure of CdO. The prepared cubic 

phase of the polycrystalline Monteponite CdO 

(JCPDS card number 05-0640) is in agreement 

with previous literatures (Bazargan et al., 2009; 

Ramazani & Morsali, 2011; Sone & Maaza, 

2017). The crystallite size (D)  at the highest 

reflection plane (111) of the prepared CdO 

nanostructures is calculated using Debye–

Scherrer’s equation:  

  
  

     
                                           (1) 

where λ is the x-ray wavelength, K corresponds to 

the shape constant (0.9), θ is the Bragg angle and 

β is the full width height maximum (FWHM) of 

the diffracted peak. 

The calculated crystallite size of CdO 

nanostructures using Eq. 1 was listed in Table 1. 

The crystallite size of CdO samples decreased as a 

concentration of EG decreased. These results are 

in agreement with previous study (Manickathai et 

al., 2008) which maybe attributed to the nature of 

the stating solution/ethylene glycol mixture. The 

lattice parameter was also listed in Table 1. 

Lattice parameter ( ) was calculated using 

relation,       √         (     is the 
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interplanar spacing and h, k and l are the miller 

indices). 

 

 
Figure 1. XRD patterns of CdO-0.01, CdO-0.1 and CdO-1 

nanostructures. 

Table 1: The indexing of XRD for CdO nanostructures. 

Samples Plane d111 (Å) a (Å) 
D 

(nm) 

CdO-1 (111) 2.7265 4.7224 35 

CdO-0.1 (111) 2.7089 4.6920 34.1 

CdO-
0.01 

(111) 2.7105 4.6947 32.5 

 

3.2 Optical Properties  

In this study, the optical properties were 

investigated for CdO samples which have a direct 

transition of an electronic excitation from the 

valance band (VB) to the conduction band (CB). 

Fig. 2 shows the absorbance spectra of the 

prepared samples which presented absorbance 

band at ultraviolet region. These results suggested 

that the prepared CdO could be used as UV 

filter/or detector. The cut-off wavelengths were 

271, 275 and 277 nm for CdO-1, CdO-0.1 and 

CdO-0.01, respectively.  Kumar et al., (Kumar et 

al., 2017) and Gowri et al., (Gowri et al., 2018) 

have presented cut-off wavelength at 298 and 297 

nm, respectively, compared with the results of the 

current work, suggested blue shift due to reduce 

the crystallite size of the prepared CdO 

nanostructures. 

 
Figure 2. Absorbance spectra of CdO samples. 

 

 

The optical absorption coefficient (α) is 

calculated from the absorption (A) and thickness 

of the sample cell (t = 1 cm) from following 

relation: 

  
       

 
  (2) 

The direct optical band gap energy of CdO 

nanostructures can be calculated using Tauc’s 

equation: 

(    )   (     )    (3) 

where C is the characteristics parameter (free of 

photon energy) for this transition, h is the 

Planck’s constant, ʋ is the frequency of light and 

Eg is the optical band gap energy. The variation of 
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(α.hν)
2
 versus (hν) is plotted and the straight line 

range of these plots are extended on (hν) axis to 

obtain the values of optical band gap of the 

samples. 

Fig. 3 and Table 2 revealed that the 

prepared CdO samples have values of the optical 

band gap energy (Eg) higher than the bulk CdO 

(2.4 eV) due to the nanostructure nature of 

prepared materials. The current results are in good 

agreement with these studies (Barve et al., 2014; 

Manickathai et al., 2008) which found at values of 

3.4 and 3.7 eV. The optical band gap (Eg) of 

prepared CdO nanostructure increased from 3.59 

to 4.09 eV as the crystallite size decreased from 

35 to 32.5 nm as shown in Fig. 4 which assigned 

to the weak quantum confinement of the prepared 

materials. 

 
Figure 3. Optical energy band gaps of CdO 

samples. 

 

Table 2: Optical band gap energy (Eg) for CdO 

nanostructures. 

Samples Eg (eV) 

CdO-1 3.59 

CdO-0.1 3.94 

CdO-0.01 4.09 

 

 
Figure 4. Variation of energy band gap values 

versus the crystallite size of CdO nanostructures. 

 

3.3 Antibacterial activity 

 The antibacterial activity of CdO 

nanostructures was evaluated with three different 

concentrations (0.5, 1 and 2 mg/disc) against three 

bacteria (Staphylococcus aureus, Escherichia coli 

and Pseudomonas aeruginosa). It is well known 

that a superior antibacterial activity is obtained if 

the diameter of the antibacterial zone of inhibition 

is greater than 6 mm, but weak if the diameter is 

smaller than 6 mm. Fig. 5, Fig. 6 and Table 3 

shows that the antibacterial activity of the CdO-1 

sample was better because the antibacterial zone 

of inhibition was (9 – 14 mm) with all of the 

bacterial strains tested in this work. The other two 

samples (CdO-0.1 and CdO-0.01) didn't show 

significant antibacterial zone of inhibition which 

was found less than 1 mm as shown in Fig. 5 and 

Fig. 6. This explains that the larger particle size of 

CdO-1 (35 nm) has higher effective antibacterial 

activity more than others.   
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Figure 5. Zones of inhibition obtained for: (a) CdO-1, (b) CdO-0.1, and (c) CdO-0.01 for (i) Pseudomonas aeruginosa, 

(ii) Staphylococcus aureus and (iii) Escherichia coli. 

 

Figure 6. Growth inhibition activity of different concentrations 0.5, 1 and 2 mg/ml of CdO nanostructures against 

various Gram negative bacterial pathogens.  

Table 3: Antibacterial activity of CdO-1 sample against bacterial pathogenic organisms. 

Examined 

bacteria 

Gram 

reaction 

Zone of Inhibition (mm) 

0.5 mg 1 mg 2 mg ZOI, Ref 

S. aureus -ve 9 ± 0.2 12 ± 0.6 14 ± 0.4 11, (Xavier et al., 2016) 

E. coli -ve 10 ± 0.4 11 ± 0.2 13 ± 0.6 12, (Xavier et al., 2016) 

P. aeruginosa -ve 10 ± 0.3 12 ± 0.5 14 ± 0.8 22, (Karthik et al., 2018) 
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The photogeneration of reactive oxygen species 

(ROS), such as , superoxide anion radical ( ̇ 
 ), 

hydroxyl radical (  ̇) and hydrogen peroxide 

(H2O2), on the surface of the metal oxide 

nanoparticles have been studied (Ezhilarasi et al., 

2016). Using reductive process, an electron 

excited by UV-Visible wavelengths and reacts 

with oxygen to generate ( ̇ 
 ). Oxidative process 

was followed through the attraction of hole in the 

valence band with electrons of water or hydroxyl 

anions to produce the most reactive radical (  ̇). 

Hydrogen peroxide (H2O2) was generated from 

the reaction between electron hole pairs and 

superoxide anions. The hydroxyl radical (  ̇) and 

superoxide anion radical ( ̇ 
 ) caused high 

damage to DNA, nucleic acids, carbohydrates and 

lipids. Among the ROS, H2O2 and   ̇ are the 

most powerful oxidizing agents, which can 

directly penetrate the bacterial cell membrane to 

cause injuries and prevent the growth of cells, 

thereby leading to the bacteria death. The 

following equations present the generation of 

ROS:  

             

         ̇   
  

       ̇ 
  

 ̇       ̇  

  ̇   
          

 

Once the heavy metal ions Cd
2+

 released 

from the surfaces of the CdO nanostructure come 

into contact with the bacterial cell membranes, the 

negative charge on the cell membranes of bacteria 

and the positive charges of Cd
2+

 is mutually 

attracted, and Cd
2+

 penetrates the cell membrane 

to react with the thiol groups (-SH) of the proteins 

present on the bacterial cell surface. Cell 

membrane and protein denaturation damage can 

occur due to thiol binding and the protective 

function of the cell membrane is lost (Karthik et 

al., 2018). Remarkably, in the present work, the 

CdO-1 sample at two concentrations of 1 and 2 

mg/ml oneffectinhibitorygreaterahad

Staphylococcus aureus and Escherichia coli (12 

and 14 mm, respectively) but the inhibitory effects 

(bacteriaanothertheon Pseudomonas 

aeruginosa) was less to those of other works as 

presented in the last column of Table 3.  

4. Conclusions 

The structure of synthesized CdO 

nanostructure at three concentrations of EG (0.01, 

0.1 and 1 M) via the simple co-precipitation was 

cubic phase of the polycrystalline Monteponite 

CdO with crystallite sizes of 35, 34.1 and 32.5 

nm, respectively. The blue shift in cut-off 

wavelength of prepared samples was due to the 

smaller crystallites size of CdO. The optical band 

gap of samples (3.59 – 4.09 eV) was higher than 

the bulk CdO (2.5 eV) due to the nano-size nature 

of prepared CdO nanostructures. Antibacterial 

activities of CdO samples exhibited significance 

zone range of the inhibition (9 – 14 nm) against 

three types of bacteria (Staphylococcus aureus, 

Escherichia coli and Pseudomonas aeruginosa) 

due to the photogeneration of reactive oxygen 

species (ROS), such as, superoxide anion radical 

( ̇ 
 ), hydroxyl radical (  ̇) and hydrogen 

peroxide (H2O2), on the surface of the CdO 

nanoparticles. Moreover, Cd
2+

 released from the 

surfaces of the CdO nanostructure came into 

contact with the bacterial cell membranes. Cell 

membrane and protein denaturation damage can 

occur due to thiol binding and the protective 

function of the cell membrane is lost. 
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