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Abstract In this work, the functionalization of ZnS

quantum dots using the thiol group of L-cysteine for dif-

ferent concentrations has been reported. Chemical precip-

itation method was used for the synthesis of nascent as well

as L-cysteine functionalized ZnS quantum dots for opti-

mized values of pH and molar concentrations of the pre-

cursors. Morphological studies were done by X-ray

diffraction (XRD) and TEM. Optical measurements were

done by UV–visible, Fourier transform infrared (FTIR) and

energy resolved photoluminescence studies. Particle size

was calculated by using Brus equation. Appreciable

changes in morphological and optical properties of ZnS

quantum dots were observed in few cases. XRD results

shows that, the primary crystallite size decreases with

increasing the capping concentration, however, the crystal

structure remain same for all the used concentrations of

L-cysteine. UV–visible analysis shows that band gap and

particle size is also tunable with L-cysteine capping. FTIR

studies confirmed L-cysteine capping on the surface of

quantum dots. As L-cysteine is non toxic and stable com-

pound, the surface modification of ZnS quantum dots with

L-cysteine not only prevents the aggregation of quantum

dots but also make them available for the interaction with

the target materials and make them suitable for specific

biomedical applications.

1 Introduction

Synthesis of core–shell quantum dots is of great technologi-

cal, biological and scientific interest due to their superior

physical and optical properties. As we already know that most

of the physical or chemical properties exhibited by the

quantum dots are due to their crystallites and growth in their

size is due to agglomeration of these crystallites to form pri-

mary particles. If this growth of particles is not controlled,

then due to Ostwald ripening and Vander-Waals interactions

between particles, they agglomerate and settle down [2]. This

agglomeration can be arrested by either stabilizing them

electrostatically or by inducing steric hindrance at appropriate

stages to achieve size selective synthesis during precipitation

reaction. In order to control the growth one can use different

types of organic and inorganic capping agents to passivate the

free QD’s [3, 4]. In addition, if one is interested in any kind of

biomedical application using quantum dots, surface func-

tionalization is also very important. For biomedical applica-

tions, the preference is always for nontoxic host as well as its

surface group. As Zinc sulfide is an important wide band gap

(3.68 eV) semiconductor and used as a key material for large

range of applications [5–7], they are ideally suited for appli-

cations in biological systems [8–10] due to their less toxicity

as compared to other II–VI nanoparticles such as CdS, CdTe

etc. The differences in the nature and extent of surface func-

tionalization make them most suitable for a particular type of

applications. L-Cysteine is also a non-toxic material which

contains thiol group as well as ionisable carboxyl and amine

groups which can be used for surface binding with the

quantum dot as well as with the desired moiety. Keeping all

these things in mind, thorough review of literature has been

carried out to see the ongoing work on L-cysteine capping. In

1998, Bae et al. [11] had synthesized Cysteine-capped ZnS

nanocrystalline semiconductors by titrating sodium sulphide
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into preformed Zn-Cysteine complexes. The titration of

inorganic sulphide into Zn-Cysteine led to the appearance of

absorption shoulders in 260–275 nm range. The absorption

shoulder red shifted as the quantity of sulphide was increased

and the spectral changes became less pronounced when initial

sulphide/Zn ratio exceeded 0.5. In 2002, Chen et al. [12] had

studied the emission spectra L-Cysteine, thioglycerol, and

polyphosphate capped CdS quantum dots. Emission maxima

are observed at 460, 560, and 650 nm, respectively. The

luminescence of L-Cysteine and thioglycerol-capped CdS

QDs decreases when continuously irradiated by light with a

wavelength from 300 to 800 nm (400 W/cm2). In 2006 Cai

et al. [13] had studied the UV absorption spectra of L-Cysteine

capped CdS nanoparticles and CdS nanoparticles assembly on

the surface of aligned-Multiwalled carbon nanotubes

(MWCNT). The CdS nanoparticles have an absorption peak

at 350 nm. The attachment of CdS nanoparticles to the

aligned-MWCNTs decreases the absorption band of the CdS

at 190–270 nm, and creates a new absorption peak at 200 nm.

Significant fluorescence quenching and 25 nm blue shift of

the characteristic peak of CdS nanoparticles (from 500 to

475 nm) due to increase of the concentration of aligned-

MWCNTs were observed, indicating a strong interaction

between the aligned-MWCNTs and CdS nanoparticles. In

2007 Chatterjee et al. [14] had studied the UV–visible

absorption spectra of L-Cysteine capped ZnS nanoparticles.

With increasing time of reflux, the absorption onset of the

nanoparticles gradually shifts to longer wavelength suggest-

ing increase in particle size. Photoluminescence spectra show

longer wavelength emission around 428 nm. Size of the

nanoparticles increases from 2.4 to 3.2 nm with increasing

time of reflux. In 2008 He et al. [15] had studied the Phos-

phorescence Characteristics of the Mn-Doped ZnS quantum

dots. The fluorescence spectra of the Mn-doped ZnS quantum

dots show two well-defined emission bands, one at 435 nm

and the other at 590 nm, while the phosphorescence spectra

exhibit only a single emission peak at 590 nm. Without Mn

doping, the ZnS quantum dots show no phosphorescence

peaks. In 2009 Koneswaran et al. [16] had studied the

absorption and fluorescence spectra of L-cysteine-capped

ZnS. The absorption peak occurs at 288 nm and emission

maxima obtained at 390 nm with the excitation of 290 nm.

The optimum fluorescence intensity was obtained in the pH

range between 4.9 and 5.5. In 2009 Liang et al. [17] had

studied the effect of pH value of the precursor solution on the

fluorescence efficiency and emission wavelength L-Cysteine

capped CdSeTe quantum dots. The fluorescence intensity at a

given reflux time increased with the increase in pH value, and

no emission spectra were observed at pH values below 8.0 or

above 12.5. In 2010 Liang et al. [18] had studied the

absorption spectra and fluorescence spectra of L-Cysteine

capped CdSeTe quantum dots. The maximal fluorescence

wavelength was 685 nm. The full width at half-maximum

(FWHM) fluorescence intensity is about 60 nm and sym-

metric, showing that the CdSeTe quantum dots were mono-

disperse and homogeneous. The fluorescence Intensity of

these quantum dots was also pH-dependent.

From the literature survey, it is clear that very less work

is done on L-cysteine capped ZnS quantum dots. In this

work, L-Cysteine capped ZnS quantum dots have been

synthesized directly in aqueous solution using chemical

precipitation method. L-Cysteine is attached on the surface

of ZnS quantum dots through the thiol groups as capping

agents, As ZnS is non-toxic compound and L-Cysteine is

also nontoxic and very important capping agent due to vast

applications so in this work, L-Cysteine capped ZnS QDs

have been synthesized directly in aqueous solution by

chemical precipitation method. Effect of changing capping

concentration on the optical and morphological properties

of ZnS quantum dots has been thoroughly investigated.

2 Experimental

The ZnS nanoparticles were synthesized by chemical pre-

cipitation method. Homogeneous Solutions of 0.5 M

(Zn(CH3COO)2�H2O) and 0.5 M Na2S solutions were used

for the synthesis of ZnS nanoparticles. L-Cysteine was

added in zinc acetate solution as a capping agent to the

reaction medium for controlling the particle size. First of

all the nascent quantum dots were allowed to interact freely

in the aqueous medium without any capping agent. In the

second attempt L-Cysteine (0.01, 0.1, 1.0 and 2.0 % at. wt)

was added in 0.5 M zinc acetate and then 0.5 M sodium

sulphide was added drop wise. The white precipitate

appears soon after the addition of sodium sulphide (Na2S).

The stirring was allowed for 15 min at room temperature

using a magnetic stirrer. Then the particles were centri-

fuged at 4,000 rpm for 5 min. The precipitated particles

were filtered using Whatman 40 filter paper. The particles

were washed several times using double distilled water to

remove the last traces of adhered impurities. The washed

particles were dried at 60 �C in vacuum oven.

3 Morphological and optical characterization

X-ray diffraction (XRD) studies were done by using Rig-

aku, model D–maxIIIC diffractometer with Cu Ka radia-

tion. TEM studies were conducted using a Transmission

Electron Microscope, Hitachi (H-7500) 120 kV equipped

with CCD Camera, having a resolution of 0.36 nm (point

to point) with 40–120 kV operating voltage and magnifi-

cation capacity of 6 lakh times in high resolution mode. For

TEM studies, the powder was ultrasonicated in ethanol. A

drop of this solution was dropped on carbon coated grid.
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Ethanol was allowed to evaporate and powder remains on

grid. Optical absorbance of the ZnS particles were recorded

with a double beam UV–Visible spectrophotometer

(Model: Hitachi—330) in the range of 200–800 nm. Fou-

rier transform infrared (FTIR) spectra were recorded in

range of 4,000–400 cm-1 with Perkin Spectrum RXI (40).

Energy resolved photoluminescence studies were done

with Perkin Elmer LS (50B) fluorescence spectrometer.

4 Results and discussion

The nascent ZnS QDs and L-cysteine capped (0.01, 0.1, 1.0,

and 2.0 %) ZnS quantum dots were characterized by XRD,

TEM, FTIR, UV–visible spectroscopy and energy resolved

Photoluminescence spectroscopy.

4.1 X-ray diffraction results

The X-ray diffractograms of uncapped ZnS and L-Cysteine

capped (0.01 and 2.0 At.wt%) ZnS quantum dots are shown

in Fig. 1.

All the samples show pure zinc blende crystal structure

and three broad peaks corresponding to the (111), (220)

and (311) planes. It is to be noted that the three peaks

observed in the XRD pattern match well with those of the

b-ZnS (cubic) reported in the JCPDS Powder Diffraction

(File No: 5-0566). Broadening of XRD peaks shows the

formation of nanocrystals of ZnS. These peaks are matched

with a cubic (zinc blende) phase. The shape and location of

peaks did not change with the input amount of L-cysteine

which signifies that no new phase is formed and nor the

crystalline structure changed with the addition of L-cys-

teine. The average crystallite size of all the samples is

estimated from the half width of diffraction peaks using

Debye–Scherrer equation, which is tabulated in the

Table 1. It can be concluded that with increasing capping

concentration of L-cysteine, the crystallite size of ZnS

nanoparticles decreases with the broadening of XRD peaks.

4.2 Transmission electron microscopy results

Figure 2a–c shows the TEM images of uncapped ZnS QDs

and the L-cysteine capped ZnS QDs. From the TEM

micrographs it is clearly observed that uncapped ZnS

nanoparticles are agglomerated; this is due to high surface

to volume ratio. On the other hand L-Cysteine capped ZnS

QDs are monodispersed in nature. Hence presence of L-

Cysteine capping on ZnS nanoparticles can prevent their

agglomeration. The average size of QDs observed through

TEM studies ranges from 2 to 3 nm which is in confor-

mance to the XRD results. The selected area diffraction

pattern presented, in Fig. 2d shows poly-crystallanity of the

fabricated quantum dots.

4.3 Fourier transform infra-red spectroscopy results

The FTIR scans of uncapped ZnS, L-cysteine capped ZnS

quantum dots and pure L-cysteine are shown in Fig. 3.

In uncapped ZnS, the bands at 1,406 and 1,561 cm-1

can be assigned to the symmetric and asymmetric stretch-

ing of COO- respectively. This shows that the acetate

group from the zinc acetate precursor used for zinc ions,

have been retained in the synthesized quantum dots. The

broad band at 3,393 cm-1 is due to O–H stretching and

band at 930 cm-1 due to O–H out of plane bending.

Whereas, the band having moderate intensity at

1,339 cm-1, may be due to the in-plane C–O–H bending. A

moderate intensity band at 1,020 cm-1 may be due to S–

O–C stretching. In the FTIR spectra of L-cysteine capped

ZnS quantum dots, absorption band around 1,600 cm-1

(COO-), 1,350 cm-1 (COO-), 3,500–3,000 cm-1 (OH,

COOH), indicate the –COO- group and the peak at

2,900–3,420 cm-1 indicates –NH2 group and

600–800 cm-1 indicate the C–S group. There are coexis-

ting IR absorption bands of –COO-, –NH2 observed on

both L-cysteine and L-cysteine-capped ZnS QDs. Therefore

carboxylic acid and amino group are present on the surface

of the ZnS QDs, while the S–H group vibration

(2,550–2,750 cm-1) is absent on the surface of the L-cys-

teine-capped ZnS QDs. This may be due to the formation

Fig. 1 XRD comparison of uncapped and L-cysteine capped ZnS

QDs

Table 1 Crystallite size of uncapped and L-cysteine capped ZnS QDs

Sample type Crystallite size (nm)

From (111) peak

Uncapped ZnS 2.24

0.01 % L-cysteine capped ZnS 2.10

2.0 % L-cysteine capped ZnS 1.35
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of covalent bonds between thiols and the surface of ZnS.

Thus FTIR studies strongly support the formation of

L-cysteine capped ZnS quantum dots.

4.4 UV–visible absorption spectroscopy results

Figure 4 shows the absorption spectra of L-cysteine encap-

sulated and uncapped ZnS quantum dots. The absorption

peaks are observed at 292, 300, 313, 304 and 297 nm for

uncapped, 0.01, 0.1, 1.0 and for 2.0 % L-cysteine capped

ZnS quantum dots respectively. For calculating the direct

band gap value (ahm)2 versus hm is depicted in Fig. 5, and by

extrapolating the straight portion of the graph on hm axis at

a = 0, the optical band gaps are calculated which are 3.85,

3.74, 3.77, 3.82 and 3.91 eV for uncapped, 0.01 % capped,

0.1 % capped, 1.0 % capped and 2.0 % L-cysteine capped

ZnS QDs respectively. From the absorption spectra of all

samples, we have found that 2 % L-cysteine capped ZnS

have maximum band gap i.e., 3.91 eV, which shows better

confinement effect compared to other L-cysteine capped and

uncapped samples while strong quantum confinement effect

is observed in all the samples in comparison to the bulk ZnS

which has a band gap of 3.68 eV.

4.5 Particle size studies

The particle size of L-cysteine capped QDs was computed

using the Brus equation [1]. The average particle size comes

out to be 2.72 nm, 3.92 nm, and 3.41 nm, 2.93 nm and

2.43 nm for uncapped, 0.01 % capped, 0.1 % capped, 1.0 %

capped and for 2.0 % L-cysteine capped ZnS QDs. As the

Bohr exciton radius in case of ZnS is 5 nm and we are getting

Fig. 2 TEM of a uncapped ZnS b 0.01 % L-cysteine capped ZnS c 2.0 % L-cysteine capped ZnS and d SAED of L-cysteine capped ZnS QDs
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average particle size less than 5 nm. Thus, from our theo-

retical calculations, we suggest the observation of quantum

confinement effect in case of ZnS. It means with the slight

change in size of quantum dot, band gap will change.

4.6 Photoluminescence studies

Energy resolved photoluminescence studies were con-

ducted to study the tunability in emission wavelength and

emission intensity. The room temperature photolumines-

cence emission spectra are recorded at fixed excitation

wavelengths, taken from the absorption peaks of UV–vis-

ible spectra as shown in Fig. 6. The emission peak at

422.6 nm for uncapped quantum dots is blue shifted with

L-cysteine capping. The emission spectra shows that for

0.01, 0.1 and 2 % L-cysteine capped ZnS, the fluorescence

intensity decreases as compared to the uncapped ZnS while

for 1.0 % L-cysteine capped ZnS fluorescence intensity

increases about two times of that of uncapped ZnS.

Increase in emission intensity indicates that the defects are

better passivated for 1.0 % L-cysteine capping. Hence it is

Fig. 3 FTIR of a uncapped ZnS b 0.01 % L-cysteine capped ZnS

c 2.0 % L-cysteine capped ZnS QDs and d Pure L-cysteine

Fig. 4 UV–Visible Absorption spectra of a uncapped ZnS b 0.01 %

L-cysteine capped ZnS c 0.1 % L-cysteine capped ZnS d 1.0 %

L-cysteine capped ZnS e 2.0 % L-cysteine capped ZnS

3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4
0.00E+000
2.00E-014
4.00E-014
6.00E-014
8.00E-014
1.00E-013
1.20E-013
1.40E-013
1.60E-013
1.80E-013
2.00E-013
2.20E-013
2.40E-013
2.60E-013
2.80E-013
3.00E-013
3.20E-013

(α
hν

)2

hν

 uncapped ZnS
 0.01% L-Cysteine capped ZnS
 0.1% L-Cysteine capped ZnS
 1.0% L-Cysteine capped ZnS
 2.0% L-Cysteine capped ZnS

Fig. 5 Band gap comparison of uncapped and L-cysteine capped ZnS
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Fig. 6 Photoluminescence emission spectra of uncapped and

L-cysteine capped ZnS QDs
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clear that emission intensity is tunable with L-cysteine

capping which is very good for biomedical applications.

Table 2 shows the emission data for the uncapped and

L-cysteine capped ZnS quantum dots.

Further extension of this work which is also being done

is regarding the synthesis and characterization of Mn2?

doped & organically capped highly fluorescent ZnS QDs

for directly using them for specific biomedical applications

like targeted drug delivery and monitoring of controlled

drug release rate.

5 Conclusion

Nascent and L-Cysteine capped ZnS quantum dots were

synthesized with varying capping concentrations through a

wet chemical method. The XRD patterns exhibited a zinc

blende structure for all the samples. There was no crys-

talline phase change with the increasing L-Cysteine con-

centration but the grain size varies appreciably in case of

2 % capping concentration of L-Cystiene. Variation of

grain size leads to the changes in band gap also as seen

from UV–visible studies. FTIR studies confirm the capping

of ZnS quantum dots with the thiol group of L-Cysteine.

Photoluminescence studies reveal that in L-Cysteine capped

quantum dots, both emission wavelength and emission

intensity is tunable which is very novel for biomedical

applications which further opens a road to synthesize

highly fluorescent ZnS QDs for desired biomedical

applications.
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