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Abstract Undoped and Zn (1–5, 10 %) -doped CdS

nanoparticles were successfully synthesized by chemical

method and polyvinylpyrrolidone was used as capping

agent. The morphology and crystalline structure of the

samples were studied by transmission electron microscopy

and X-ray diffraction. The average particle size of the

spherical nanoparticles determined by these techniques was

of the order of 2.5–6 nm. The functional groups of the

capping agent on CdS:Zn2? surface were identified by FT-

IR study. The band gap of the nanoparticles was calculated

using UV–visible absorption spectra and the result showed

that the band gap values were dramatically blue shifted

from the bulk CdS. The optimum concentration of the

doping ions was selected through absorption study. Pho-

toluminescence of the CdS:Zn2? nanoparticle showed

strong blue and green emission. The thermal properties of

the nanoparticles were analyzed by thermogravimetric-

differential thermal analysis.
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Introduction

In recent years, semiconductor nanoparticles have received

broad attentions because of their interesting and novel

electronic, thermoelectronic and optical properties intrin-

sically associated with their low dimensionality and the

quantum confinement effect (Pan et al. 2001; Duan et al.

2003; Murugadoss 2014). The properties of nanostructured

materials are highly affected by the physical parameters

that include size, shape, composition, crystallinity and

microstructure (Seoudi et al. 2010; Chawla Puja et al.

2010). CdS is an important semiconductor compound of

the II–VI group with excellent physical properties and band

gap energy of 2.42 eV. It has been extensively studied due

to its potential application in field effect transistor, light-

emitting diodes, photocatalysis, biological sensors, solar

cells and photodegradation of water pollutants (Alivisatos

1996; Colvin et al. 1994; Klein et al. 1997; Ruxandra and

Antohe 1998; Romeo et al. 2010; Beecroft and Ober 1997).

The electronic properties of CdS nanoparticles doped with

transition metals are strongly influenced by the doped

transition metals (Liu Kewei et al. 2007). Wageh and Badr

(2008) have reported that the Cd1-xZnxS nanoparticle is

stabilized by the bifunctional organic molecule. Unni

(2009) has reported on the size-tunable aqueous synthesis

and PL properties of the Zn2?- and Cu2?-doped CdS

nanophosphors. There have been only a few reports on

Zn2?-doped CdS nanoparticles (Wang et al. 2010; Zhang

et al. 2007; Xing et al. 2006; Wang et al. 2012). Transition

metals doped with CdS nanoparticles with good structural,

magnetic and optical qualities have been reported from a

variety of techniques such as surfactant-assisted synthesis,

chemical precipitation method, spray pyrolysis, ion

implantation and high-energy electron irradiation. In this

work, we used the chemical precipitation method. It is the

most popular technique that is used in industrial applica-

tions because of the cheap raw materials, easy handling and

large-scale production (Souici et al. 2006). To improve the

uniformity and capability of CdS:Zn nanoparticle, it is
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capped with water-soluble polyvinyl pyrrolidone (PVP).

Through the surface modification with PVP, highly mon-

odispersed CdS nanoparticles were prepared, which

exhibited significantly enhanced luminescence and high

chemical stability.

Experimental

Materials

To synthesize Zn-doped CdS, the following materials were

used. The chemical reagents used were of analytical

reagent grade without further purification. Cadmium ace-

tate (Cd(CH3COO)2.2H2O), zinc acetate (Zn(CH3

COO)2.4H2O) and sodium sulfide (Na2S.xH2O) obtained

from Nice Chemical Company were used as precursors.

Polyvinyl pyrrolidone (PVP 40,000) was obtained from

Aldrich. All the chemicals were above 99 % purity. All the

glassware used in this experimental work were acid

washed. Ultrapure water was used for all dilution and

sample preparations.

In a typical experiment, 2.66 g of cadmium acetate in

100 ml deionised water was mixed with 25 ml of zinc

acetate (1–5 and 10 %) solution. The mixture was stirred

magnetically at 80 �C until a homogeneous solution was

obtained. Then, 1.1 g (0.1 M) of 100 ml Na2S was added

drop by drop to the above mixture. After the Na2S injec-

tion, a yellow voluminous precipitate appeared. It slowly

dissolves under formation of CdS:Zn2? nanoparticles under

stirring for 30 min at 120 �C. The obtained yellow color

colloidal solution was purified by dialysis against de-ion-

ized water and acetone several times to remove impurities.

The products were dried in a hot air oven at 80 �C for 2 h.

In addition, for synthesis of surfactant (PVP) capped par-

ticles, different amounts (0.5–2.5 g) of PVP were added to

cadmium acetate solution before the addition of zinc

acetate.

Characteristic techniques

The synthesized nanoparticles were characterized using the

following techniques: X-ray diffraction (XRD) pattern was

collected on an X’Pert PRO diffractometer with Cu Ka
radiation (k = 1.54066 Å). Transmission electron micros-

copy (TEM) was performed using HITACHI (Japan)

H–7650, 100 kV. The formations of nanoparticles were

studied using Fourier transfer infrared spectroscopy

(FT-IR) NICOLET AVATAR 3330. The UV–visible

absorption spectrum was recorded using a Varian incor-

porates (U.S) Cary 500 UV–visible spectrometer. Room

temperature photoluminescence phenomenon of the sam-

ples was studied on Cary-Eclipse spectrometer. Thermal

analysis including TGA and DTA was carried out using a

simultaneous thermal analyzer SDT Q600 V8.3 Build 101,

heating rate 20 �C/min in air atmosphere.

Results and discussion

Structural and morphological study

Figure 1 shows the XRD pattern of undoped, Zn2?- (1–5

and 10 %) doped and PVP-capped CdS nanoparticles. The

XRD peaks are found to be very broad indicating very fine

Fig. 1 XRD patterns of the undoped CdS, doped CdS:Zn2? (1–5 and

10 %) and PVP-capped CdS:Zn2? (4 %) nanoparticles
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size of the grains. The XRD pattern exhibits prominent

broad peaks at 2h = 26.5�, 43.9� and 52.1� which could be

indexed to diffraction from the (1 1 1), (2 2 0) and (3 1 1)

planes of cubic CdS, according to JCPDS file (JCPDS no.

10–454). It can be seen that the peak position of the doped

samples is not changed with respect to doping (Zn2?)

concentrations.

However, the relative intensity is varied. The peak

broadness of the surfactant-capped nanoparticles shows

decrease in size than that of the free-surfactant particles. It

depicts the role of the surfactant in this research work. The

average grain size was calculated using Scherrer’s formula

(Murugadoss et al. 2010).

D ¼ kk=b cos h ð1Þ

where k is particle shape factor (taken as 0.94), k is the

X-ray wavelength (0.1542 nm), b is full width at half

maximum (FWHM) and h is the diffraction angle in

degrees (half of the peak position angle). According to the

calculation, the average grain size of undoped CdS

nanoparticles is 4.5 nm. The size of the Zn2?-doped

(4 %) and PVP-capped CdS:Zn2?(4 %) nanoparticles is

3.4 and 2.8 nm, respectively. Figure 2a, b shows TEM

images of the pure CdS and doped CdS:Zn2?(4 %)

nanoparticles aggregated with a size of 4.5 and 3.5 nm,

respectively. As shown in Fig. 2a, the particles are

spherical in shape.

However, the Zn (4 %) -doped CdS (Fig. 2b) nanopar-

ticles showed as core–shell structure. The PVP-capped

CdS:Zn2? (Fig. 2c) shows that the particles are well dis-

persed with an estimated particle size of about 3.0 nm.

These values are consistent with the results obtained from

X-ray diffraction. From the TEM photographs, one can find

that PVP played an important role in controlling the size of

CdS:Zn2?.

FT-IR study

FT-IR spectra of pure CdS, CdS:Zn2? (1–5 and 10 %) -

doped and PVP-capped CdS:Zn2? (4 %) nanoparticle are

shown in Fig. 3a–h. The presence of strong absorption

band in the region between 600 and 700 cm-1 is due to

Cd–S stretching vibration (Martin and Schaber 1982). The

absorption peak occurs at 927 cm-1 due to S–O stretching

vibration. The weak absorption band appeared at

1,110 cm-1 due to Zn–S stretching mode, and may be due

to some amount of Cd2? replaced by Zn2? ions (Muruga-

doss 2010). The weak peaks at 2,360, 2,343 and

1,645 cm-1, attributed to microstructure formation, may be

present in the samples. The strong peaks appearing at 3,433

Fig. 2 TEM images show

a undoped CdS, b doped

CdS:Zn2? (4 %) and

c CdS:Zn2? (4 %)/PVP-capped

nanoparticles
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and 1,560 cm-1 are due to O–H stretching vibration and

CO2 adsorbed on the surface of the particles, respectively.

In fact, adsorbed water and CO2 are common to all samples

exposed to the atmosphere. As shown in Fig. 3h, the peak

appeared at 1,290 cm-1 due to C–O stretching vibration. It

shows the presence of PVP on the CdS:Zn2? surface.

Optical study

Figure 4 shows UV–visible absorption spectra of undoped

CdS:Zn2?(1–5 and 10 %) and PVP-capped CdS:Zn2?

nanoparticle in the range of 400–700 cm-1. The absorption

values of all samples were blue shifted from bulk CdS.

Similar result was observed by Unni et al., for Zn2? (5 %) -

doped CdS nanoparticle. This result is a direct consequence

of the quantum conferment effect, due to the decrease in

particle size (Brus 1984). The band gap of the samples was

determined by the following equation (Chowdhury et al.

2005) and presented in Table 1:

Egn ¼ hc=ke ð2Þ

Using the calculated band gap value, the average

particle size was measured by Brus formula (Brus 1984).

Enp ¼ Eg þ �hp2=2R2 1=m�
e þ 1=m�

h

� �
�1:8e2=4pe0erR ð3Þ

where Enp is the band gap of the nanoparticles, Eg is the

band gap of bulk CdS (2.42 eV), me* is the effective

mass of the electron (0.19 mo), mh* is the effective mass

of the hole (0.8 mo), mo is the rest mass of electron, R is

the radius of the particle, er is dielectric constant (5.7), eo

Fig. 3 FT-IR spectra show

a undoped CdS, b–g doped

CdS:Zn2?(1–5 and 10 %) and

h CdS:Zn2?(4 %)/PVP-capped

nanoparticles
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is the permittivity of free face and ‘e’ is the charge of

electron.

As shows in Table 1, the particle sizes are decreased by

increasing the band gap values. This absorption shift is due

to the quantum size effect, representing a change in band

gap along with exciton features, which can be used as a

measure of particle size and size distribution (Beecroft and

Ober 1997). The calculated particle sizes are in good

agreement with the XRD and TEM results (Table 1).

The PL spectra of synthesized nanoparticles recorded at

room temperature for different absorption values are pre-

sented in Fig. 5. Figure 5a, b shows the PL spectrum of

undoped CdS and Zn2? (1–5 and 10 %) -doped CdS and

PVP-capped CdS:Zn2? nanoparticle, respectively. The PL

spectrum is observed to be broad in the visible region.

In addition, the peak positions of the doped samples are

slightly shifted with respect to the doping concentrations as

shown in Fig. 5b. The broad PL spectrum is due to trap

state emissions arising from surface defect states (Saunders

et al. 2006). When CdS nanoparticles absorb photons, the

electrons are excited from valence band to the conduction

band and are trapped by defects. The recombination of the

defects and excitation states induced by Zn2? provides

modified surface trap states, which enhance and shift the

luminescence band (Yang et al. 2002). Both samples

(undoped and doped CdS) are found to exhibit strong

emission bands at 527 and 542 nm in the visible region.

The peak position of PL spectra is nearly same for all the

samples. However, the relative intensities were changed.

The emission peak of the PVP-capped CdS:Zn2? nano-

particle is more enhanced than the uncapped particles. It

shows that PVP is not only used to control the particle size,

but also to reduce the surface defects. Enhanced PL

emission is observed for the PVP-capped CdS:Zn2?

nanoparticles as shown in Fig. 5b.

Thermal study

Thermogravimetric (TG) and differential thermal analysis

(DTA) were used to study the thermal decomposition of

undoped and Zn2?-doped CdS nanoparticles. The synthe-

sized specimens were heated from room temperature to

1,000 �C with an increment of 20 �C/min in air. The

combined plots of TG and DTA curves show the undoped

(Fig. 6a) and Zn2? (4 %) -doped CdS (Fig. 6b) nanopar-

ticles. From TG data plots, it is noticed that the weight loss

of the nanoparticles is found to take place up to 800 �C.

The weight loss of TG curves of both the samples up to

100 �C mainly corresponds to evaporation of water,

residual solvent and organic molecules.

The DTA curve of Fig. 6a shows a strong exothermic

peak at 328 �C, probably corresponding to the lattice

Fig. 5 a Photoluminescence spectra of the CdS nanoparticles,

b CdS:Zn2?(1–5 and 10 %) and CdS:Zn2?(4 %)/PVP-capped

nanoparticles

Table 1 Energy gap, absorption and particle size of undoped, doped

and PVP-capped CdS: Zn2?(4 %) nanoparticles

Doping

concentration

Band

gap

(Egn)

eV

Absorption

wavelength

(nm)

UV–Vis

particle

size

(nm)

XRD

particle

size

(nm)

TEM

particle

size

(nm)

CdS 2.60 478 4.4 4.5 4.5

CdS: Zn2?(4 %) 2.73 454 3.3 3.4 3.5

CdS:Zn2?(4 %)/

PVP

2.78 447 3.0 2.8 3.0

Fig. 4 UV–Vis absorption spectra of undoped CdS, doped CdS:Zn2?

(1–5 and 10 %) and CdS:Zn2? (4 %)/PVP-capped nanoparticles
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deformation of CdS or release of sulfur ion from CdS. In

addition, two exothermic peaks were observed at 348 and

394 �C for Zn-doped CdS nanoparticles (Fig. 6b). It may

be due to sequential events of the lattice deformation and

release of the dopant ion, respectively. The corresponding

weight loss is observed as shown in Fig. 6a, b in TG

curves. On further increasing the temperature ([400 �C), a

significant weight gain is observed at 850 �C for CdS and

800 �C for CdS:Zn as shown in the TGA curves (Fig. 6a,

b). These may be due to oxidation of the cadmium ions in

the air atmosphere.

Conclusions

CdS and CdS:Zn nanoparticles are potential candidate for

various applications like optoelectronic devices and solar

cells; hence, they were studied in the present work. TEM

results showed that the synthesized particles were spherical

in shape with 2.5–6 nm range size. The presence of the

capping agent (PVP) on CdS:Zn was identified through FT-

IR. The position of the absorption peaks was shifted toward

higher energy with a decrease in the nanoparticles size. The

optimum concentration of the doping ion was selected as

4 % by optical study. Thermal stability and decomposition

of the CdS and Zn-doped CdS nanoparticles were discussed

by TG-DTA analysis.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.
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