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Abstract
Synthesizing nanoparticles in biotemplates has been cited as one of the most promising way to obtain monodispersed inor-
ganic nanoparticles. In this method, uniform voids in porous materials serve as hosts to confine the synthesized nanoparticles. 
DNA template can be described as a smart glue for assembling nanoscale building blocks. Here we investigate the photocata-
lytic, antibacterial, cytotoxic, and bioimaging applications of DNA capped CdS. XRD, SEM, TEM, UV–visible absorption, 
and photoluminescence spectra were used to study structural, morphological, and optical properties of CdS nanoparticles. 
Prepared CdS nanoparticles exhibit visible fluorescence. The photocatalytic activity of CdS towards Rhodamine 6G and 
Methylene blue are 64% and 91% respectively. A disc-diffusion method is used to demonstrate antibacterial screening. It was  
shown that CdS nanoparticles inhibit Gram-positive bacteria and Gram-negative bacteria effectively. DNA capped CdS shows 
higher activity than uncapped CdS nanoparticles. MTT cell viability assays were carried out in HeLa cells to investigate the 
cytotoxicity for 24 h. At a concentration 2.5 µg/ml, it shows 84% cell viability and 43% viability at 12.5 µg/ml. The calculated 
LC50 value is equal to 8 µg/ml. These DNA capped CdS nanoparticles were taken for an in-vitro experiment with HeLa cells 
to exhibit the possibility of bioimaging applications. The present study suggests that the synthesized CdS nanoparticles could 
be a potential photocatalyst, antibacterial agent, and biocompatible nanoparticle for bioimaging applications.
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Introduction

DNA, the bio-organic polymer, is an important biotemplate 
for synthesizing inorganic nanomaterials due to its well-
defined sequence of DNA bases and super helix structures. 
Experiments on the preparation of nanomaterials found that 
DNA could act as smart glue for gathering nanoparticles 
[1–5]. The development of functionalized nanomaterials 

using proteins, peptides, and nucleic acids is the current 
advance in biotechnology. Many metal nanoparticles and 
semiconductor nanoparticles were effectively prepared 
using DNA biotemplate. Metal nanoparticles of gold, silver, 
nickel, palladium, copper, and platinum, and semiconductor 
nanoparticles of cerium oxide, CdS, were synthesized using 
a DNA template [1–4, 6–8].Phosphate groups are arranged 
regularly in the two backbones of DNA double helices, cre-
ating a negative charge on the chain. Highly charged dou-
ble helical chain exhibits local stiffness in a range of about 
50 nm but long-range flexibility in the water. Therefore, 
DNA is an ideal template for fabricating highly organized 
nanostructures with cationic binding agents such as metal 
ions, cationic surfactants, and polycationic agents.

CdS nanoparticles are II-VI group semiconductor mate-
rials having direct bandgap energy of 2.42 eV in the vis-
ible region at room temperature. Usually, CdS nanocrystals 
possess three types of crystal structures: cubic zinc blende, 
hexagonal wurtzite, and rock salt phase [9]. Several syn-
thesis methods have been experimented with to control 
the size and growth of CdS nanoparticles. Sonochemical, 
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microwave-solvothermal, and surfactant–ligand co-assisting  
solvothermal methods are some. For the preparation of nano-
particles, sonochemical (ultrasonic irradiation) is a simple  
and efficient method. During ultrasonic cavitation, many 
microbubbles form, grow and collapse within a few micro-
seconds. By applying ultrasonic cavitation, a rigorous envi-
ronment can be created by heating and cooling processes 
exceeding 109 K/s, in accordance with sonochemical theory 
calculations. Ultrasound breaks down nanoparticle aggre-
gates by utilizing multiple effects [10].

Dye-containing wastewater demands highly effective 
treatment due to its acute toxicity. Several dyes are poten-
tially canned annually from textile, ink, paper, pharma-
ceutical, cosmetic, and other industries [11–15]. Based on 
reduced time and energy efficiency procedures, photocataly-
sis was a good alternative to other methods [13, 14]. Recent 
research has ascertained that CdS NPs are good alternatives 
to photocatalysts [16–18].

The fluorescent behaviour of CdS nanoparticles has been 
taken advantage of in biomedical applications, and they have 
more advantages over conventional organic dyes, especially 
in bioimaging applications. CdS is a promising candidate for 
in-vivo and in-vitro imaging of normal and cancerous cells 
[19–21]. Incorporating nanoparticles into biological systems 
necessitates biocompatibility. To achieve biocompatibility, 
nanoparticles must be capped with natural or organic struc-
tures. Since DNA is a biological molecule, it may reduce 
the toxicity of CdS. Therefore, they may possess potential 
applications in bioimaging and associated applications.

In 2005, Kulkarni et al. reported a DNA-capped CdS 
nanoparticle in which they studied the interaction of Histone 
protein with CdS nanoparticles and investigated the photo-
luminescence variations [22]. In the wok by Ma et al., CdS 
nanocrystals with monomeric and oligomeric nucleic acid 
ligands are synthesized, and their properties are monitored 
as a function of the length and sequence of the passivating 
ligand. Monomeric nucleic acid such as ATP, GTP, CTP, or 
UTP and oligomeric nucleic acid of 18-mer DNA were used 
as ligands to synthesize CdS nanocrystals. Here in this work, 
we used double stranded DNA obtained from herring sperm. 
The helical structure of double stranded DNA possesses a 
wide major groove and a narrow minor groove. This makes 
small molecules to intercalate into the spaces between the 
stacked bases, or bind in the grooves between the two back-
bones. Both interaction patterns are highly selective toward 
the structure of the small molecules [23]. Yao et al. in 2008, 
CdS nanoparticles on DNA templates were synthesized by 
heating the DNA networks with Cd2+ in Thiourea [24]. In 
2012, Nithyaja et al. followed the same procedure to synthe-
size CdS nanoparticles and studied the bandgap tunability, 
photoluminescence, and excitation wavelength dependency 
on fluorescence emission. They heat the salt solution along 

with DNA up to 70 °C. Since heating causes denaturation of  
DNA, the capping action may not be 100% effective [25]. 
Previously we have reported the synthesis of DNA-capped 
CdS and investigated its effect on photoluminescence of 
Rhodamine 6G doped sol–gel derived glasses. We executed 
a co-precipitation method with ultrasonic irradiation using 
Cd2+ solution and Na2S [26]. The capping agents are crucial 
in synthesizing highly mono-dispersed CdS nanoparticles by 
growth restriction methods. Several biocompatible capping 
agents are exploited to achieve growth restriction in prepara-
tion for CdS nanoparticles [25, 27–33]. Their chemical and 
physical properties strongly depend on size [34–36]. Their 
excellent properties have been exploited in applications like 
light-emitting diodes, lasers, sensors, solar cells, photoca-
talysis, photocells, display devices, invertors, waveguides, 
and bioimaging [37–42]. Although there are a few works on 
DNA-capped CdS nanoparticles, their biological and pho-
tocatalytic applications still need to be reported. Given the 
excellent properties of DNA-capped CdS nanoparticles, we 
explored their photocatalytic and biological applications. 
Therefore, we present in this paper the photocatalytic, anti-
bacterial, cytotoxic, and bioimaging applications of CdS 
nanoparticles prepared in a DNA template.

Experimental

All chemicals cadmium nitrate (98%), sodium sulfide (99%), 
double-stranded DNA sodium salt derived from herring 
sperm, Rhodamine 6G dye (99%), Methylene blue (≥ 95%) 
dye were obtained from Sigma Aldrich.

Synthesis of D‑CdS Nanoparticles

A co-precipitation method is implemented to synthesize 
CdS nanoparticles. 50 mM Cadmium nitrate hexahydrate 
(Cd(NO3)2.6H2O) was dissolved in 0.5 wt% DNA aque-
ous solution. While stirring continuously, 50 mM Sodium  
sulfide solution was added to this solution. After 30 min, a 
yellow-colored precipitate was obtained, indicating the for-
mation of CdS nanoparticles. The precipitate was filtered, 
thoroughly washed with de-ionized water, and dried at 45 °C  
for further investigation [26].

The possible capping mechanism of the double stranded 
DNA is explained as follows: Sulfide ions in sodium sulfide 
will bind to Cd2+ ions bound on the phosphate groups of 
DNA, and the CdS nucleus is formed in the DNA network. 
DNA prevents the agglomeration and aggregation of CdS 
nanoparticles. As CdS nanoparticles form at room tempera-
ture, DNA retains its double-stranded structure, acting as a 
strong capping agent.
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Measurements and Characterization of D‑CdS

A Shimadzu UV-1800 UV–Vis Spectrophotometer, Japan, 
was used to obtain UV–Visible absorption spectra. Horiba 
Fluorolog 3 Fluorescence Spectrometer, Japan, was used 
to obtain fluorescence spectra. Powder XRD patterns of 
the samples were recorded at room temperature by Rigaku 
Ultima IV, Japan, X-ray diffractometer utilizing CuKα radia-
tion (λ = 1.54182 Å) operating at 35 kV and 25 mA. A Floid 
Evos imaging system from Thermo Fisher Scientific, Nepal, 
was employed to record the cellular imaging of the sample 
at 20X magnification.

Photocatalytic Activity

The photodegradation of organic dye solutions by D-CdS 
was studied. We chose two organic dyes; Rhodamine 6G and 
Methylene blue. In this procedure, 10 mg of D-CdS is added 
to 100 ml of 10–5 M aqueous dye solutions and stirred under 
a dark environment for 30 min in an ultrasonicator, which 
ensure the adsorption–desorption equilibrium among the 
nanoparticles. UV light of wavelength 254 nm irradiation 
with continuous stirring was applied to the reaction mixture. 
The photocatalytic activity using UV irradiation and visible/
solar light was done and compared the results. It was seen 
that the photocatalytic activity was lesser in the samples 
under solar irradiation than in the samples under UV irradia-
tion. In a study [43], it was shown that the rate of degrada-
tion of pollutants was faster using UV than solar light. It is 
shown that shorter wavelengths have a greater chance of 
trapping electron–hole pairs than long wavelengths of visible 
light. Furthermore, only 5% of the solar spectrum contains 
UV light, limiting the potential for very good results.

The degradation of the dye solutions was monitored at 
regular intervals (0, 25, 50, 75, 100, and 120 min) using 
a UV–Vis spectrophotometer. The procedure is repeated 
without D-CdS to investigate the photocatalytic efficiency 
of D-CdS. The formula can find the percentage of photo-
degradation [44],

where A0 is the initial absorbance of dye and AT is the absorb-
ance of the dye after irradiation in a particular time interval.

Antibacterial Activity

The antibacterials present in the samples can diffuse into 
the medium and interact in a plate freshly seeded with 
the test organisms. The resulting inhibition zones will  
be uniformly circular as there will be a confluent lawn  

% ofdegradation =
A
0
− AT

A
0

× 100

of growth. Three microbes were taken in this procedure: 
two Gram-positive, Staphylococcus aureus and Strepto-
coccus mutans, and one Gram-negative, Pseudomonas 
aeruginosa. These organisms were cultured on 20 ml 
Muller Hinton agar plates. Wells of approximately  
10 mm was bored using a cutter. 250–1000 µg/ml of sample  
was taken. After 24 h of incubation at 37 °C, the plates 
were removed. The antibacterial activity was examined 
by measuring the diameter in millimeters of the inhi-
bition zone formed around the well [45]. In this study, 
streptomycin was used as a standard antibacterial agent.

Cytotoxicity Assay: MTT Assay

In MTT assays, the reductase enzyme found in the mito-
chondria of living cells reduces the MTT reagent into purple 
formazan crystals, further soluble in DMSO. The absorb-
ance of this colored solution is determined by measuring it at 
570 nm with a reference wavelength of 630 nm. Because the 
reduction occurs only when mitochondrial reductase enzymes 
are active, the conversion rate can be directly related to the 
number of viable (living) cells. Cells treated with a drug can be 
tested for cytotoxicity by comparing their purple formazan pro-
duction with untreated control cells. Hence, less purple would 
result if the drug affected cancer cells. In the same way, if the 
drug does not cause cytotoxicity, the mitochondrial reductase 
enzymes in live cells will convert MTT to purple formazan, 
producing a deeper purple color.

HeLa cells were used as a human cell line for the cytotox-
icity test. HeLa cells were cultured with complete minimum 
essential medium (DMEM) (supplemented with 1% antibiotic 
solution (1X) and 10% FBS) in a T-25 flask for 2–3 passages- 
to maintain exponential growth. The cells were maintained in 
a CO2 incubator with 5% CO2, 37 °C, and a humidified atmos-
phere. The medium was carefully discarded upon reaching 
confluence, the flask was washed with 1X phosphate-buffered 
saline (1XPBS), and 1.5 ml trypsin was added. A complete 
DMEM solution of 1.5 ml was added to the flask to neutralize 
the trypsin after 2 min of incubation at 37 °C. The cells were 
centrifuged at 2000 rpm for 5 min and resuspended in 1 ml of 
complete DMEM. 10,000 cells per well were seeded in 96-well 
plates and incubated for 24 h in a CO2 incubator.

The next day the depleted media was aspirated, and 
2.5–12.5 µg/ml of D-CdS and uncapped CdS were added in 
triplicates for the treatment. Cells without drugs were kept as 
control, and without cells were put as blank. The plate was 
then incubated in a CO2 incubator for 24 h. 10 µl of MTT 
reagent was added to each well and covered with aluminium 
foil (as MTT is light sensitive), followed by 3 h incuba-
tion at 37 °C. Removed the media carefully, and 100 µl of 
DMSO was added to each well. The plates were then placed 
on a platform shaker for 10–15 min to dissolve the formazan 
crystals. The absorbance was taken at 595 nm and 655 nm 
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as reference wavelengths using iMark Microplate Reader 
S/N 21988 [46]. The equation calculates the survivability 
percentage [19],

where sample average and control average mean that the 
blank corrected average value of difference of absorption 
value at 655 nm and 595 nm.

In Vitro Bioimaging of Cancer Cells

For bioimaging studies, HeLa cells, 1 × 104 cells per well, 
were cultured in a 96-well plate with coverslips and incu-
bated overnight at 37 °C so that the cells were affixed to the 
surface of the cell-cultured plate. To this, 2.5 and 5 μg/mL 
D-CdS and uncapped CdS were added to the HeLa cells and 
incubated for 24 h. Cells without drugs were kept as control, 
and media without cells were kept blank. The plate was then 
incubated in a CO2 incubator for 24 h. After 24 h of treat-
ment, cells were viewed under a fluorescence microscope.

Results and Discussions

Characterizations of D‑CdS

The formation of D-CdS was confirmed from their characteriza-
tion data, including, UV–visible absorption, PL, XRD, and SEM.

UV–Visible Absorption Spectra

The UV–Visible absorption spectra of uncapped CdS and D-CdS 
are shown in Fig. 1. The absorption band of the CdS nanoparticles 
is observed in the wavelength range 425–515 nm with a well-
defined maximum at 480 nm is attributed to the optical transition 
of the first excitonic state. The band gap energy (Eg) of CdS can 
be obtained using the formula: Eg = 1240/λ, where λ is the wave-
length of the absorption edge. The calculated bandgap energy 
of CdS from the absorption edge is 2.58 eV. The maximum 
absorption peak of bulk CdS is at 499 nm with bandgap energy 
of 2.48 eV. Comparing this maximum excitonic wavelength with 
the absorption peak of bulk CdS, a blue shift in maximum absorp-
tion is observed due to the particle size reduction due to the quan-
tum confinement of the photo-generated electron–hole pairs [47, 
48]. It is also noted that CdS has non-zero absorption from 350 
to 700 nm in the wavelength range. The particle size R can be 
obtained from Bru’s formula [49],

Survivability % =
sampleaverage

controlaverage
× 100

Eg(R) = Eg(Bulk) +
ℏ
2π2

2R2

[

1

me

+
1

mh

]

−
1.786e2

εR

where Eg(R) is the bandgap energy of the quantum dot, 
Eg(Bulk) is the bandgap energy of bulk material R is the 
size of the quantum dot, and h is Plank’s constant. me and 
mh are the effective masses of the electron and hole respec-
tively. e is the electron charge, ɛ is the relative dielectric con-
stant of CdS (ɛ = 8.9). The calculated particle size is around 
4 nm, which is a little smaller than that of the particle size 
observed by the SEM image; it may be due to the aggrega-
tion of particles while drying the samples.

XRD

The structural and morphological properties of CdS nanopar-
ticles have been investigated by X-ray diffraction technique 
as shown in Fig. 2. XRD pattern gives information about the 
crystalline phase and crystalline size. The XRD pattern of CdS 
offers three prominent peaks at 2θ values of 26.70°, 44.20°, 
and 52.2°; the corresponding indexations could be at (111), 
(220), and, (311) which are evident in the cubic crystal struc-
ture (JCPDS file (10–454)). The broadened peaks show that 
the sizes of the particles are in the nano-range [50–54].

The crystallite size of CdS nanoparticles can be obtained 
from Scherrer’s formula [55, 56]. The formula is given by

where d is the crystallite size in nm, λ is the wavelength 
of the X-rays used, 1.5406 Å, β is the full width at half 
maximum, and θ is the diffraction peak angle. The average 
crystalline size is obtained to be 1.5 nm, 2.3 nm, and2.7 nm 
corresponding to the peaks of 26.70, 44.20, and 52.2 degrees 
respectively.

d =
0.9λ

βcosθ
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Fig. 1   UV–visible absorption spectra of uncapped and D-CdS
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SEM

SEM image is recorded for D-CdS and is presented in 
Fig. 3.The micrograph of D-CdS shows spherical mor-
phology. The average diameter of the D-CdS is found to 
be 10 nm and that of uncapped CdS is above 50 nm.

Photoluminescence of D‑CdS

The photoluminescence (PL) spectra of uncapped CdS and 
D-CdS are demonstrated in Fig. 4. Emission spectra of 
D-CdS show two peaks in the range of 450 nm to 600 nm 
for an excitation wavelength of 400 nm. The first higher 
peak was centered at 486 nm and the second lower peak was 
centered at 541 nm. The peak at 486 nm is attributed to the 
emission from the absorption edge. The corresponding band-
gap energy 2.5 eV, which is an increased value compared to 

the bandgap energy of bulk CdS (2.42 eV). This is due to the 
particle size reduction as a result of quantum confinement 
of the photo-generated electron–hole pairs [45]. The peak at 
541 nm may be corresponds to emission due to surface states 
or traps associated crystalline defects. Here, in the CdS nan-
oparticles, this emission is linked to cadmium and sulfur 
atom vacancies [57–59]. The uncapped CdS has also two 
peaks, one is at 491 nm and the second one is at 549 nm. The 
peaks of D-CdS are blue-shifted as compared to uncapped 
CdS. This blue shifting is due to the quantum confinement 
effect of D-CdS. A considerable amount of enhancement in 
the fluorescence intensity of D-CdS was noted. This may be 
due to the presence of Schiff base ligand which is highly flu-
orescent around the wavelength of 500 nm, which matches 
the emission wavelength of CdS nanoparticles.

As the synthesized D-CdS possess emission wavelength 
in visible region and considering the biocompatibility, 

Fig. 2   XRD pattern of 
uncapped CdS and D-CdS
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fluorescence cell imaging may be a key application. Also, 
due to the multiple emission wavelengths, D-CdS can be 
employed for the production of multicoloured light emitting 
diodes [47].

Photocatalytic Studies of D‑CdS

The photocatalytic degradation of Rhodamine 6G and Meth-
ylene blue was studied in the presence and absence of D-CdS 
under UV irradiation, for a period of 120 min. The absorp-
tion peak of Rhodamine 6G at 520 nm and absorption peak 
of Methylene blue at 665 nm were considered to demonstrate 
the photocatalytic activity. Figure 5a shows the absorption 
spectra of Rhodamine 6G in the absence of D-CdS. The peak 
corresponding to 520 nm is due to the transition between S0 
to S1 [50]. Figure 5b shows the absorption spectra of Rho-
damine 6G in the presence of photocatalyst. It was observed 
that decrement in the intensity of maximum absorption was 
very less in the absence of D-CdS after 120 min UV irra-
diation. It is observed that the percentage of degradation 
(Fig. 5c) of Rhodamine 6G increased in the presence of the 
photocatalyst; 64% degradation occurred within 120 min. At 
the same time, only 7% of degradation happened without a 
photocatalyst.

Figure 6a, b demonstrate the absorption spectra of Methyl-
ene blue in the absence and presence of D-CdS respectively. 
The maximum absorbance takes place in the range of 550 nm 
to 700 nm with a pair of characteristic peaks at 612 nm and 
665 nm. The peak at 665 nm is due to π-π* transition asso-
ciated with the resonance of the π electrons from sulphur 
resonating with those from carbons in thiazinic center. The 
peak at 612 nm corresponds to π-π* transition of benzene 
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rings [60]. According to Fig. 6c, in the absence of catalyst, 
12% degradation occurred for both peaks within 120 min. 
In the presence of a photocatalyst, within 120 min, 91% of 
degradation occurred for the peak at 612 nm whereas, 98.9% 
degradation occurred for the peak at 665 nm.

D-CdS is found to be a potential photocatalyst for Methyl-
ene blue. The photodegradation of Methylene blue is greater 
than that of Rhodamine 6G, possibly due to Rhodamine 6G's 
higher photostability. Photocatalytic mechanism of D-CdS 
is instigated by irradiation by UV light. Excitation of elec-
trons from the valence band to the conduction band of CdS, 
results in the production of electron–hole pairs [61]. In addi-
tion to longer charge carrier lifetimes, CdS nanoparticles 
show better redox properties because the photo-generated 
electrons and holes are inhibited under UV irradiation. OH 
radicals are formed when the holes in CdS react with water 
molecules or hydroxide ions. The OH radicals are effective 
oxidizing agent, and it attacks organic pollutants present at 
the surface of CdS. The possible mechanism of photocata-
lytic reactions of R6G and Methylene blue as follows:

Table 1 represents the percentage of degradation of vari-
ous dyes in the presence of differently prepared CdS nano-
particles. Comparison may not be effective because the dis-
similarity in dyes, irradiation time and irradiation source.

Antibacterial Activities

The experimental details for the antimicrobial studies were 
presented in the experimental section. The antimicrobial 
activities of the prepared samples, D-CdS and uncapped 
CdS were investigated by disc diffusion method using 
Pseudomonas aeruginosa, Staphylococcus aureus, (Gram-
positive) and Streptococcus mutans (Gram-negative). The 
D-CdS and uncapped CdS are exhibiting inhibition to both 
Gram—positive and Gram-negative pathogenic bacteria. 
The diameter of inhibition zone was measured for1mg/ml 
concentration. Table 2 shows the inhibition zone diameter 
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for the samples at 1 mg/ml concentration. D-CdS shows bet-
ter activity towards Gram-negative bacteria, Pseudomonas 
aeruginosa. Gram—positive bacteria consists of a thick pep-
tidoglycan cell wall (monoderms). Gram negative bacteria 
have much thinner peptidoglycan cell wall and in addition 
they have an outer membrane containing lipopolysaccharides 
surrounding the cell wall (diderms). Lipopolysaccharides 
consist of lipids and polysaccharides. Polysaccharides are 
polymeric carbohydrates composed of long chains of mono-
saccharide units joined by glycosidic linkages. Lucas et al. 
explained the interaction between carbohydrates and DNA 
[67]. Here in our work, the antibacterial sample consists 
of DNA capped CdS nanoparticles. Once the D-CdS intro-
duced into the bacteria, it can interact with the outer layer, 
lipopolysaccharides, of Gram-negative bacteria much faster 
than in Gram-positive bacteria. The particle size reduction 
and DNA biotemplate effect make the D-CdS more active 
than uncapped CdS. Figure 7 represents the antibacterial 
activity images of CdS in different concentrations.

Cytotoxicity analysis: MTT Assay

Cytotoxic effect of D-CdS, and uncapped CdS against HeLa 
cell lines was examined within 24 h. Figure 8 shows the 
MTT assay results with concentration versus cell survival 
rate. D-CdS shows considerable toxicity towards HeLa cells.

In Fig. 9a, b, the cell viabilities of the uncapped CdS and 
D-CdS respectively for different concentrations are shown. 
Figure 9 implies that inhibition of HeLa cells are steadily 
enhanced with uncapped CdS and D-CdS concentration i.e., 
both of them exhibit a dose-dependent toxicity. The LC50 value 
of uncapped CdS is found to be 2.4 µg/ml. At a concentra-
tion 2.5 µg/ml, it shows 84% cell viability and 43% viability 
12.5 µg/ml. The calculated LC50 value is equal to 8 µg/ml.

The LC50 value of uncapped CdS on HeLa cells reported by 
Susha Naranthatta et al., is 7 µg/ml. In another report, SkTo-
fajjen Hossain et al., LC50 value of uncapped CdS is observed 
to be 4 µg/ml. Reyes-Esparza et al. reported an improved 
biocompatibility in dextrin-capped CdS nanoparticles than 
uncapped CdS. According to them, a concentration less than 
1 μg/mL is not at all toxic to HeLa cells. The concentrations 
taken in this work is much higher than this. Therefore, DNA, 
the capping agent to CdS can improve biocompatibility by 
reducing the toxicity of unmodified CdS. Here the LC50 value 
of D-CdS is much greater than that of uncapped CdS, which 
indicates that toxicity reduced considerably for D-CdS. Toxic-
ity and LC50 value are inversely proportional.

As CdS nanoparticles possess photoluminescence in the 
visible range of wavelength, the biocompatible D-CdS can 
effectively be used as potential candidate for in vitro cellular 
imaging (bioimaging).

Table 1   Data of photocatalytic activity of various CdS nanoparticles

Photocatalyst Synthesis method (Morphology) Dye Wavelength of 
irradiation (nm)

% of degradation 
(Irradiation time)

Reference

CdS Biogenic synthesis (Spherical) Methylene blue 365 37.15% (60 min) [62]
CdS@CP Recycled Cadmium from waste 

water (Mixed phase of hexagonal 
and cubic)

Rhodamine B Visible light 99% (90 min) [63]

L-CdS Schiff base capped CdS (spherical) Rhodamine 6G and Methylene 
blue

245 70% and 98%
(120 min)

[42]

CdS Template free synthesis (nano 
spheres and nano hollow spheres

Methylene blue visible 100% (300–400 min) [64]

CdS Hydrothermal route (spherical) Eosin red, Congo red, and Methyl-
ene blue

visible 91% (100 min)
85% (120 min)
73% (180 min)

[65]

CdS Wet chemical method under reflux 
condition assisted by thioglycollic 
acid (nanorod)

Methyl orange Mercury lamp 93% (40 min) [66]

CdS Schiff base capped (different 
shaped)

Methyl red Visible 100% (4 h) [61]

D-CdS DNA capped (spherical) Rhodamine 6G and Methylene 
blue

245 64% and 91%
(120 min)

-

Table 2   Antibacterial activity of uncapped CdS and D-CdS

Species Zone diameter (mm)
Concentration (1 mg/ml)

D-CdS Uncapped 
CdS

Standard 
(Streptomycin)
(100 µg/ml)

Pseudomonas aeruginosa 24 12 29
Staphylococcus aureus 20 12 27
Streptococcus mutans 17 11 25
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Bioimaging

Cellular imaging of D-CdS is one of the vital features of 
this study. For this, HeLa cells were treated with 2.5 µg/ml 
D-CdS and uncapped CdS, which is a less value than LC50 
of D-CdS. After 24 h of treatment, cells were viewed under 
a fluorescence microscope. The cell membrane, a double-
layered lipid, detaches the cytoplasm from the surround-
ings. Figure 10a, b shows the bright field images of the HeLa 
cells treated with 2.5 µg/ml of uncapped CdS and D-CdS 
respectively. For a concentration study of D-CdS, 5 µg/ml 
was also taken in to consideration. Figure 10c shows the 
bright field image of HeLa cells treated with 5 µg/ml D-CdS.

The cells are clearly seen from the bright-field images. 
Cells with round shape represent cell death. It is obvious 
from the Fig. 10a that more cells were destroyed in the pres-
ence of uncapped CdS which due to its high toxicity. Image 
is very unclear due to the presence of bigger sized CdS 

(a) (b) (c)

Fig. 7   Antibacterial test results of Pseudomonas aeruginosa, Staphylococcus aureus and Streptococcus mutans after 24 h incubation by D-CdS 
(a–c). Streptomycin used as control

Fig. 8   Histogram of cell viability in the presence of uncapped CdS 
and D-CdS

Fig. 9   Cell viability a exponen-
tial fit uncapped CdS b D-CdS

(a) (b)
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nanoparticles. This uncapped CdS were not much soluble 
in any solvents. Therefore, it is not a desirable candidate 
for bioimaging. In Fig. 10b, cells are destroyed in the pres-
ence of D-CdS (2.5 µg/ml) Even though the cell death rate 
is lesser than that of uncapped CdS, cells are very clearly 
seen and not blurred in the presence of D-CdS. D-CdS were 
easily soluble in DMSO. It proves that D-CdS is a promising 
candidate for bioimaging. It is obvious from the Fig. 10b, c 
that D-CdS shows a dose-dependent toxicity as seen from 
MTT assay. Higher number of cell death happened for a 
higher concentration.

Conclusion

In this work we report photocatalytic, antibacterial, cytotoxic, 
and bioimaging applications of D-CdS nanoparticles. It was 
found that D-CdS is a potential photodegrading agent for 
Rhodamine 6G and Methylene blue dye with photodegra-
dation of 64% and 91% respectively. Antibacterial activity 
of D-CdS nanoparticles was found to be better enough than 
uncapped CdS nanoparticles ad found that both of them show 
higher activity towards G-negative bacteria, Pseudomonas 
aeruginosa. The cytotoxicity of the CdS nanoparticles were 
assessed via the MTT assay, proved that the D-CdS is less 
toxic than uncapped CdS. D-CdS shows 84% cell viability 
in 2.5 µg/ml whereas uncapped CdS shows only 48% cell 
viability. In vitro cellular imaging applications of prepared 
D-CdS are also investigated and found that D-CdS shows 
dose dependent toxicity. The results confirm that D-CdS is 
a potential photocatalyst, antibacterial agent and excellent 
biocompatible nanoparticles for bioimaging applications.
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