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Abstract: CuBi2O4 nanoparticles (NPs) were prepared by 

Co-precipitation strategy and portrayed by UV–noticeable 

spectroscopy, X-beam diffraction (XRD), Fourier Transform 

Infrared (FT-IR), Scanning Electron Microscope (SEM) and 

Energy Dispersive Spectroscopy (EDS) examination. The blended 

NPs were exceptionally steady, circular and crystallite size was 

determined as 68.29 nm. In addition, hydroxyl radicals have been 

recognized in the photocatalytic response blend by utilizing 

Terephthalic acid in photoluminescence testing method. The 

proficiency of antibacterial movement of CuBi2O4 NPs was 

assessed against Escherichia Coli (MTCC-443).The cytotoxicity 

action of CuBi2O4 NPs was assessed by Sulforhodamine B (SRB) 

measure against A549 lung malignant growth cell lines and 

affirmed that CuBi2O4 NPs have cytotoxicity action. 

 

Keywords: CuBi2O4 nanoparticles, photoluminescence, 

antibacterial activity, cytotoxicity activity, SRB Assay. 

  

I. INTRODUCTION 

In recent years, metallic nano particles are cautiously being 

investigated and broadly considered as potential 

antimicrobials. These have incredible thought to analysts 

because of their potential innovative applications, for 

example, business merchandise: water treatment, sensors, 

biomedical, vitality, beautifying agents, medication and 

quality conveyance, and bio imaging gadgets [1–4]. All the 

more as of late, metal nanoparticles have gotten incredible 

significance for some innovative applications because of their 

little size and one of kind physical and synthetic properties. 

The use of nanomaterials in the medication conveyance 

frameworks has been explored for over twenty years 

achieving advance of measurements structures with improved 

remedial impacts and physicochemical attributes [5-6]. It is 

realized that the little nanoparticles have the most grounded 

bactericidal impact [7-9]. Metal nanoparticles with 

antimicrobial action when implanted and covered on to 

surfaces can discover tremendous applications in water 

treatment, manufactured materials, biomedical and medical 
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gadgets [10-11]. The positive surface charge of the metal 

nano particles facilitates their binding to the negatively 

charged surface of the bacteria which may result in an 

enhancement of the bactericidal effect [12]. Several types of 

nano particles and their derivatives have received great 

attention for their potential antimicrobial effects. Metal nano 

particles such as Ag, silver oxide [13] Cerium oxide NPs 

increased oxidative stress and apoptosis in irradiated cancer 

cells, while protecting normal tissues [14-15].Titanium 

dioxide [16-18], silicon [19], copper oxide [20-22], zinc 

oxide [23-25], Au, calcium oxide [26] and magnesium oxide 

(MgO) [27] were identified to exhibit antimicrobial activity. 

In vitro studies revealed that metal nano particles inhibited 

several microbial species. Among all metal nano particles, 

CuO NPs have emerged as potential material due to their 

applications in catalysis, antimicrobial, antifungal, 

anticancer, and water treatment [28–30]. Copper oxide (CuO) 

nano particles have been of great interest due to its potential 

applications in many important fields of science and 

technology such as gas sensors, magnetic phase transitions, 

catalysts and superconductors [31-32]. The kind of the 

materials used for preparing the nano particles as well as the 

particle size were two important parameters that affected the 

resultant antimicrobial effectiveness [33-34]. 

In addition to antimicrobial activity, metal nanoparticles 

may target cancer cells [35]. Among different metal 

nanoparticles, copper oxide nanoparticles (CuO NPs) are 

widely used to attack cancer cells [36]. Hanagata et al. [37] 

showed the copper ions released from CuO NPs arrest the cell 

cycle, induced DNA damage and down regulated the 

proliferating cell nuclear antigen in lung epithelial A549 cells. 

Recently reported that Ficus religiosa leaf extract mediated 

CuO NPs potent anticancer activity in A549 lung cancer cells 

using cell proliferation, intracellular reactive oxygen species 

and mitochondrial membrane potential assay [38]. In the 

present study, we hypothesize that the CuBi2O4 NPs-induced 

antibacterial activities against Gram negative bacteria (E. 

coli) and anticancer activity in A549 lung cancer Cell lines 

also demonstrated. 

II.  MATERIALS AND METHODS 

A. Synthesis of photocatalyst 

In our previous work CuBi2O4 NPs were prepared by 

co-precipitation synthesis at 300
o
C [39]. Stoichiometric 

amounts of Cu(NO3)2.3H2O (LOBA CHEMIE PVT. Ltd) and 

Bi(NO3)3.5H2O (98% 

HIMEDIA) were dissolved in 

Synthesis and Characterization of Cubi2o4 

Nanoparticles and Evaluation of Its Antibacterial 

and Anticancer Activity 

Ch.Jagadeesh, M.L.V.Prasanna.Ch, D.Anand Kumar, Ch.Sudhakar, B.B.V.Sailaja
 



 

Synthesis and Characterization of Cubi2o4 Nanoparticles and Evaluation of Its Antibacterial and 

Anticancer Activity 
 

2388 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: F92221088619/2019©BEIESP 

DOI: 10.35940/ijeat.F9222.109119 

Ethylene Glycol separately by using magnetic stirrer. After 

completion of solubility two solutions were mixed with each 

other and heated at 50
º
C. By maintaining this temperature, 5N 

NaOH was added to maintain the P
H
 at 8.5. At this P

H
 the 

mixed precursors start react with each other and produced a 

blue color precipitate. This precipitate was washed a few 

times with refined water to totally evacuate the 

overabundance NaOH and the hasten was sifted and dried at 

80 ºC in an air broiler. The dried powder was calcined at 300 

ºC. The resultant impetus was grounded to a few hours to get 

fine powder and exposed to phase, micro structural, photo 

catalytic, antibacterial and anticancer investigations. 

B. Characterization techniques 

Diffractometer (PANalytical- X‟  Pert PRO, Japan ) was 

used to identify phase purity of the resultant NPs at room 

temperature, using Nickel filtered Cu-Kα radiation (λ= 

1.54059 Å), with a scan rate of 2° min
-1

. SEM 

(JEOL-JSM-6610LV, Tokyo, Japan ) was used for the micro 

structural investigation of the NPs. Shimadzu UV-visible 

spectrophotometer (UV-3600) between 200 to 800 nm range, 

was used to obtain UV–visible diffuse reflectance spectrum 

(UV-DRS) of the sample with dry pressed disk samples. 

Spectral grade BaSO4 was used as reference in the UV-DRS.  

C. Photo catalytic activity measurements 

In our previous work photo catalytic activity of CuBi2O4 

was studied with reference to degradation of Rose Bengal 

(RB) dye in presence of visible light. 50 mg of the catalyst 

was dispersed in 100ml of 10 ppm RB solution and the 

suspension was stirred for half an hour in the dark chamber to 

make sure adsorption/desorption equilibrium between dye 

solution and photo catalyst powder. The suspension was then 

treated with 400 wt metal halide lamp. At periodic time 

intervals, 5ml aliquots were pipetted and sifted through 0.45 

micron Millipore filters to eliminate the suspended powder. 

The spectra as a function of irradiation and time were 

recorded using UV-Visible spectrophotometer (Schimadzu). 

The magnitude of photo degradation was calculated by using 

the following equation[39].  

%  of Photo degradation = [(A0-At)/A0] × 100 

where A0 and At correspond to the initial absorbance and 

absorbance at time ‘t’ respectively. 

D. Photoluminescence studies  

100 ml of Pterpthalic acid (TPA) solution (0.25 mmol L
-1

 

in 1 mmol L
-1

 NaOH solution) and 50 mg CuBi2O4 NPs were 

taken in a beaker. After stirring for 15 min in a dark chamber 

the above solution was irradiated by 400 w metal halide lamp 

for 45 min. The irradiated solution was centrifuged and the 

supernatant clear solution was used for photoluminescence 

measurements by using fluorescence spectrofluorometer 

(Flouromax 4) with the excitation wavelength of 315 nm. 

E. Antibacterial studies 

Agar-well diffusion technique was utilized to learn about 

antibacterial action of synthesized CuBi2O4 NPs [40-41] 

against bacterial strains Gram - ve organisms Escherichia coli 

(MTCC-443). Supplement Agar (High media-India) was set 

up by dissolving it in water and transferred into 100 mL 

conical flask and sterilized in an autoclave for 15 min at 121 

°C 15 lbp. The disinfected media was transferred into 

pre-sterilized petri dishes and swabbed utilizing L-molded 

glass pole with 100 μL of 24 h developed stock culture of 

bacterial strain. The wells were made by sterile borer in the 

petri plates and various concentrations (200 μg/mL, 300 

μg/mL and 400 μg/mL) of CuBi2O4 NPs were infused. The 

standard antibiotic Chloramphenicol (100 μg/mL) as positive 

control was tried against the bacterial pathogen, at that point 

the plates were incubated for 24 h at 37 °C. The distance 

across the zone of inhibition of each well was estimated in 

millimeter [42-43]. 

F. Cytotoxicity study of CuBi2O4 NPs against A549 cell      

line 

Anticancer activity of prepared CuBi2O4 NPs was 

evaluated against A-549 cell line (lung) using 

Sulforhodamine B (SRB) assay. A-549 cell lines were grown 

in Roswell Park Memorial Institute (RPMI 1640) standard, 

consisting of 10% fetal bovine serum and 2 mM L-glutamine. 

For present screening test, cells were injected into 96 well 

microtiter plates in 100 µL at plating densities as appeared in 

the investigation subtleties above, contingent upon the 

multiplying time of individual cell lines. After cell injection, 

the microtiter plates were incubated for 24 h at 37° C, 5 % 

CO2, 95 % air and 100 % relative moistness before the 

addition of test NPs. 

   CuBi2O4 NPs were at first solubilized in dimethyl 

sulfoxide at 100mg/ml and diluted to 1mg/ml with water and 

stored frozen before utilizing. During the NPs addition, an 

aliquot of frozen concentrate (1mg/ml) was defrosted and 

diluted to 100 μg/ml, 200 μg/ml, 400 μg/ml and 800 μg/ml 

with complete medium containing test NPs. Aliquots of 10 µl 

of these different NPs dilutions were added to the suitable 

microtiter wells which were already containing 90 µl of RPMI 

medium, resulting in the required final NPs concentrations 

that is 10 μg/ml, 20 μg/ml, 40 μg/ml and 80 μg/ml.  

   After the addition of CuBi2O4 NPs, plates were incubated 

at fixed conditions for 48 hours and assay was ended by the 

addition of cold TCA. Cells were fixed in situ by the calm 

addition of 50 µl of cold 30 % (w/v) TCA (final 

concentration, 10 % TCA) and incubated at 4°C for 1 h. The 

supernatant was discarded; the plates were washed 5 times 

with water and air dried. Sulforhodamine B (SRB) solution 

(50 µl) at 0.4 % (w/v) in 1 % acetic acid was added to each of 

the wells, and plates were incubated at room temperature for 

20 minutes. After staining, unbound dye was back in place 

and the residual dye was eliminated by washing 5 times with 1 

% acetic acid. The plates were air dried. Bound stain was 

consequently eluted with 10 mM trizma base, and the 

absorbance was read on plate reader at a wavelength of 540 

nm with 690 nm respective wavelength. Percent of inhibition 

growth was calculated using below equation, and the 

concentration of CuBi2O4 NPs was needed to inhibit cell 

growth by 50% (IC50) value was calculated from the 

dose-response curve of cell line [43-44].  

% Inhibition = 100 − (OD of the sample/OD of control) × 100. 
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III. RESULTS AND DISCUSSION 

A. X-ray diffraction studies 

The crystal structure and particle size of the obtained 

CuBi2O4 was analyzed by X-ray diffraction.  Fig. 1 shows the 

XRD pattern of the NPs. The XRD pattern of the CuBi2O4   

can be indexed with 6 diffraction peaks at 27.8º (211), 29.6º 

(220), 33.1º (310), 44.9º(302), 46.5º(411), 52.71º(213)  

(JCPDS 72-0493),which suggests the presence of pure 

monoclinic phase of crystalline CuBi2O4 in the sample. The 

main diffraction peaks were selected to calculate the average 

crystallite size of CuBi2O4 NPs by using the Scherrer’s   

formula.  The calculated average size of CuBi2O4 nano 

particles by using Scherrer’s formula (Crystallite size Dp = 

K λ / (β cos Ɵ)) is 68.29 nm. 

 

 

 

 

 

 

 

 

 

Fig.1. X-ray diffraction patterns of CuBi2O4. 

B. UV–Vis diffuse reflectance studies 

The UV–visible diffuse reflectance spectrum of monoclinic 

CuBi2O4 prepared at 300 ºC was measured as shown in Fig.2. 

It can be seen that the absorption wavelength boundary of 

CuBi2O4 is extensive very much toward visible light and its 

absorption intensity is also to a great extent improved. 

CuBi2O4 has high absorption in the wavelength range of 

300–800 nm. This shows that the prepared sample absorbs 

both UV and visible light quite well, which is improved than 

that of TiO2. So the development rate of electron–hole pairs 

on the photo catalyst surface also goes up highly by visible 

light irradiation. Fig.2. shows that the synthesized CuBi2O4 

shows an absorption at 489.502333 nm, which relates to band 

gap energy of 2.61 eV. This value is very less than that of 

TiO2 (3.2 eV) and thus the as prepared CuBi2O4 sample can 

be foretold to be a fulfilling visible light active photo catalyst. 

 

 

 

 

 

 

Fig.2. UV–Vis diffuse reflectance spectra of CuBi2O4 

C. Micro structural investigation studies 

 

 
Fig.3. a) SEM image and b) EDS spectra of CuBi2O4 

The micro structures of the prepared samples were studied 

by SEM analysis which can be observed from Fig.3.a). The 

SEM image shows that the photo catalyst contains a huge 

number of hierarchical nanostructures like sub micro-flowers 

with the size less than 100 nanometers and 2-dimensional 

crystalline nano particles. These NPs show agglomerated 

morphology due to the extremely fine nature of the NPs. EDS 

analysis of peak areas can observe in Fig.3.b). EDS spectrum 

shows that the sample was composed with copper (Cu), 

bismuth (Bi) and oxygen (O) elements. According to the EDS 

data, the elemental percentages of Cu, Bi and O in CuBi2O4 

are listed in Table.1. The quantifications ratio of Cu:Bi:O is 

1:1.97:4.19. This atomic ratio of Cu:Bi:O is closer  to 1:2:4, 

which nearly agrees with the stoichiometric composition of 

CuBi2O4.  This result is reliable with the XRD pattern shown 

above. 

Table.1.The atomic percentage (mol %) of Cu, Bi and 

O in 

              CuBi2O4. 

Compound 
Atomic percentage (mol %) 

Cu Bi O 

CuBi2O4 1 1.97 4.19 

D. FT-IR  studies 

The IR spectra of the 

calcined powder of CuBi2O4 
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shown in Fig.4. The spectrum is complex due to the presence 

of excessive organic compounds. The broad one around 700 ~ 

400 cm
-1

 emerges from the bismuth-oxygen (Bi-O) bond 

vibration. The absorption band at 866 cm
-1

 shows the 

symmetric stretching of Bi-O bond. Bending vibrations of 

Cu-O at 574.79  supports monoclinic structure of the catalyst. 

Stretching frequencies at 478.36 belongs to Cu-O bond. 
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Fig. 4. FT-IR spectrum of CuBi2O4. 

 

E. Photoluminescence studies 

In order to confirm the generation 
·
OH free radicals during 

irradiation of CuBi2O4, photo luminescence spectroscopy was 

used with pterpthalic acid (TPA) as a probe molecule. TPA 

combines preferentially with 
·
OH to form hydroxy terpthalic 

acid (HTPA) which shows a characteristic luminescence peak 

at 422 nm. Fig.5. depicts photoluminescence spectra for 

CuBi2O4+TPA prior to and after irradiation. Intense 

luminescence peak after irradiation confirms formation of
 

·
OH free radicals due to irradiation. 
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Fig.5. Photoluminescence spectra for CuBi2O4+TPA prior 

to and after irradiation for 45 minutes. 

F. Antibacterial studies 

The antibacterial activity of CuBi2O4 NPs was 

implemented by Agar-well diffusion technique against 

Escherichia coli (MTCC-443) at different concentration of 

CuBi2O4 NPs starting from 100 μg/mL, 200 μg/mL, 300 

μg/mL and control chloramphenicol-300 μg/mL. The anti 

bacterial petri plates are showed in Fig.6. The bacterial 

growth of zone diameter was determined and the results are 

placed in Table 2. The activity results showed that (300 

μg/ml) is the suitable concentration for the zone of inhibition 

of bacterial growth which is measured as 30 mm. This value is 

nearly closer to the control value 30 mm. Hence, CuBi2O4 

NPs are having highest anti bacterial activity. This zone of 

inhibition of bacterial growth with the catalyst may be due to 

the formation of e−/h+ pairs on the surface of the catalyst 

when treated with visible light. The e−/h+ pairs can act as a 

strong oxidizing agent and the excited electron can react with 

adsorbed oxygen and convert it into super oxide radicals 

which in turn produce ˙OH radicals. Then these e−/h+ pairs 

and ˙OH radicals both can act as oxidizing agents which can 

deteriorate the protein coat of bacteria and leads to the 

inhibition of the organism’s growth. During the photo 

catalysis, the formation of h+ and ˙OH can be detected by 

utilizing scavenging reagents [42]. 

 
    Fig.6. Zone of inhibition of CuBi2O4 NPs against 

Escherichia coli (MTCC-443) 

Table 2 The zone of inhibition of CuBi2O4 nano particles 

against Escherichia coli (MTCC-443) 

Microorganism 

Zone of inhibition /mm 

100 

μg/ml 

200 

μg/ml 

300 

μg/ml 

Standard 

(Chloramp

heni 

col) 100 

μg/ml 

Escherichia coli 

(MTCC-443) 
15 27 30 30 

G. Cytotoxicity study of  CuBi2O4 NPs against A549 cell    

line 

The effect of CuBi2O4 NPs on the viability of A549 cells 

was analyzed by utilizing SRB assay [45-46]. The 

microscopic images of A549 cells treated with CuBi2O4 NPs 

before and after treating the cell culture after 48h and are 

shown in Fig.7. Cell viability of A549 deteriorates with rising 

dose of CuBi2O4 NPs. The amount of CuBi2O4 NPs necessary 

to lower the viability of A549 cells to 50% of the early 

population was 71.8 μg/ml and was marked as IC50 which 

can observe in graph Fig.8. So CuBi2O4 NPs can be used in 

biomedical research application depending on the calculated 

IC50 value. The cytotoxicity of CuBi2O4 NPs is due to the 

active copper ions with the functional groups of intracellular 

proteins, as well as with the phosphate groups in DNA and 

nitrogen bases [47-48]. Extended physical contact of CuBi2O4 

NPs and A549 cells may bring 

an increase cytotoxicity, 

apoptosis, production of reactive 
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oxygen species (ROS) and mitochondrial damage, which may 

be easily included in cellular oxidative stress [43]. Drugs used 

in cancer therapy increases penetrability and withholding 

effect, passively attacking the leaky vasculature of the tumor 

cells, since the cancer cells do not have a sturdy vasculature 

system compared to that of ordinary cells[49]. Accordingly, 

the penetration of  the drugs is easier and at last destructs the 

cancer cells, however sometimes it penetrates into the 

ordinary cells and cause toxic effects [50]. The detailed 

mechanism of cytotoxicity of CuBi2O4 NPs will be analyzed 

in our further work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7. Microscopic pictures of A549 cells (a) before 

exposure, (b) after exposure to CuBi2O4 NPs after 48 h in 

cell culture. 

 
Fig.8. Dose-dependent effect of CuBi2O4 NPs over the cell 

viability using SRB assay. 

IV. CONCLUSIONS 

We have synthesized CuBi2O4 NPs by using simple 

co-precipitation method. The synthesized catalysts 

characterized by various analytical techniques. FT IR spectra 

established the presence of Cu–O, Bi-O bonding and XRD 

patterns exposed the monoclinic phase of CuBi2O4. UV–vis 

spectra of the CuBi2O4 nano particles open characteristic 

absorption peak at 489.502333 nm. SEM and XRD studies 

definite spherical shape and crystallite size of the prepared 

nano particles. EDX analysis established the elemental 

composition of CuBi2O4. The catalyst showed strong 

antibacterial activity against Escherichia coli (MTCC-443). 

The synthesized nano particles showed significant 

cytotoxicity against the lung cancer cell lines (A549) without 

significant effect against the ordinary cells with regard to 

standard drug cisplatin. The anticancer activity of CuBi2O4 

usually has been endorsed to the decay of cancer cell outer 

membranes by reactive oxygen species (ROS), first and 

foremost hydroxyl radicals (OH), which takes to phospholipid 

peroxidation and eventually cell death. In our previous and 

present study, CuBi2O4 NPs can be used as a winning catalyst 

for degradation of Rosebengal dye and as antibiotic against 

gram -ve (E. coli) and against proliferation of A549 (Human 

lung cancer) cell line. Additional analysis is needed to verify 

its effect on various cancer cells. 
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