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Zn(II) Di-isobutyldithiocarbamate Complex Enabled
Efficient Synthesis of Au/ZnS Nanocomposite Core-shell in
One Pot
Rathindranath Biswas, Harjinder Singh, Biplab Banerjee, and Krishna K. Haldar*[a]

Here, we demonstrate a one pot synthesis of gold/zinc sulphide
(Au/ZnS) core-shell type composite nanostructure via thermal
decomposition of single molecular precursor Zn(II)di-isobutyldi-
thiocarbamate complex. In these Au/ZnS core-shell type hybrid
nanostructures where ZnS quantum dots are assembled onto
Au nanoparticles surface were prepared via a facile and
reproducible approach under mild conditions. The crystalline

nature and interface of these Au/ZnS core-shell type composite
nanostructures were confirmed by X-ray powder diffraction
(XRD), X-ray photoelectron spectroscopy (XPS), High-resolution
transmission electron microscopy (HRTEM) and inverted TEM
images. Here Zn(II)di-isobutyldithiocarbamate complex acts as
ZnS source as well as reducing and stabilizing agent for Au0 at
their nanoscale range by coating in the reaction medium.

Introduction

The nanocomposites consisting of noble metallic[1] and tran-
sition metal chalcogenide[2] (TMC) nanomaterials are promising
for scientific research due to plasmon-exciton interaction.[3]

Such multifunctional nanomaterials have attracted great inter-
est in last few years due to their distinctive physical as well as
chemical properties which lead to admirable performance in
electronic,[4] magnetic,[5] photocatalytic,[6] optoelectronic[7] and
biological applications[8] over their constituent materials. A
wide diversity of metal- TMC based hybrid nanostructures such
as core-shell,[9] tetrapod,[10] pentapod,[11] nanoflower,[12]

dumbbells[13] etc are reported. Among these hybrid structures,
metal/ TMC core-shell nanocrystals have paid considerable
attention for efficient photogenerated carriers for various
photoinduced applications.[14] Among them, gold (Au)/zinc
sulphide (ZnS) hybrid materials are widely used as the metal/
TMC composite nanocrystals till date due to its complementary
optoelectronic properties arising from their nanoscale constitu-
ents. Probably ZnS is the most important materials practiced as
phosphor host.[15] Hsu et. al reported a L-cysteine-assisted Au/
ZnS core/shell nanocrystals formation via hydrothermal ap-
proach for methanol oxidation.[16] Recently, Yang group
fabricated ternary Au/MnS/ZnS Core/Shell/Shell nanocomposite
and uses it for magnetic resonance imaging and enhanced
cancer radiation therapy application.[17] Yu et.al demonstrated
the designing of Au loaded ZnS nanoflowers and applied this
for hydrogen production during photocatalytic process.[18]

However, synthesis of these hybrid Au/ZnS core-shell nano-
structures is not unequivocal in the manner that Au or ZnS

nanocrystals form; whereas, it demands a more choosy
approach to carry both their counterparts together. For
illustration, in most of the cases these hybrid Au/ZnS core-shell
nanostructures were achieved by growing ZnS parts on a
preformed Au nanoparticle via the colloidal/thermal deposition
route.[16] Briefing the results from literature, we noticed that Au/
ZnS core-shell hybrid nanostructures were mostly prepared by
colloidal based technique. However, the designing of such
core-shell nanostructures remains complicated for the synchro-
nous nucleation and growth of the ZnS nanocrystals shell on
Au nanoparticles periphery which require a high-temperature
reaction system. To the best of our knowledge, there is no
report till date on the fabrication of Au/ZnS core-shell type
hybrid nanostructure synthesized in one pot using Zn(II)di-
isobutyldithiocarbamate complex molecular precursor via a
colloidal process. Here, Au/ZnS core-shell type hybrid nano-
structure i. e. ZnS quantum dots assembled onto Au nano-
particles surface were synthesized via a facile and reproducible
approach under mild conditions.

In this work, we have fabricated ZnS quantum dots
assembled on Au nanoparticles surface leading to a Au/ZnS
core-shell type composite nanostructure in one pot employing
thermal decomposition of single molecular precursor Zn(II)di-
isobutyldithiocarbamate complex. Here Zn(II)di-isobutyldithio-
carbamate complex functioned as ZnS source as well as
reducing and stabilizing agent for Au0 at nanoscale by coating
in the reaction medium.

Results and Discussion

ZnS QDs stabilized Au nanoparticles composite structures i. e.
Au/ZnS core-shell structures were synthesized in non-aqueous
solution using a thermal decomposition reaction of Zn (II) di-
isobutyldithiocarbamate complex in presence of HAuCl4. Both
ZnS QDs and Au NPs have inherent optical property. Figure 1
presents the absorbance spectra of ZnS in absence and
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presence of Au nanoparticles. The peak appeared at 276 nm is
due to pure ZnS QDs (fig 1a). Again, this band position in Au/
ZnS core-shell nanostructure is blue shifting from 276 nm to
249 nm which is obviously due to the shell of ZnS on Au
nanoparticles. In addition, the existence of red shifted and
broad surface plasmon is due to coupling with the exciton of
ZnS, band centered at 524 nm which indicates the presence of
Au in the Au/ZnS composite nanostructure (fig 1b).[19] This
observation clearly demonstrates the formation of ZnS QDs
stabilized Au nanoparticles composite Au/ZnS core-shell type
nanostructure. And it also implies that the absorption in the
visible region is slightly higher in ZnS/Au core-shell nano-
particle when compared to that of ZnS nanoparticles which is
due to surface plosmon effect of Au. Therefore, presence of Au
in the Au/ZnS core-shell nanostructure can lead to faster
separation of the photogenerated charge carriers and thus
improve the light-absorption efficiency of ZnS.[18]

Again, to know the crystalline nature of the as formed Au/
ZnS composite core-shell type nanostructure, we have inves-
tigated the powder X-ray diffraction (XRD) patterns of Au/ZnS
composite nanocrystals and ZnS QDs. Figure 2 depicts the
powder X-ray diffraction (XRD) patterns of Au/ZnS composite
nanocrystals. XRD pattern (fig.2a) reveals three broad peaks at
two theta (2θ) values of 26.9°, 45.1° and 52.3° corresponding to
the plane (100), (110) and (103) of hexagonal ZnS, respectively.
The broad peaks indicate that the as prepared ZnS are very
small and well crystalline in nature. However, in Au/ZnS
composite core-shell nanostructure all the major peaks of ZnS
at 26.9°, 28.4°, 45.1° and 52.3° were indexed for (100), (002),
(110) and (103) planes along with two additional peaks for Au
at 38.1° and 64.2° for (111) and (003) planes (fig.2b). It is
believed that the relatively small quantity of Au in compared to
ZnS and surrounded by ZnS are responsible for its lower
intensity in the XRD spectra. So the appearance of two strong
peaks at 38.1° and 64.2° clearly confirms the presence of face
centred cubic Au in the Au/ZnS hybrid nanostructure and

results the formation of Au/ZnS composite core-shell nano-
structure. In addition, no other crystalline impurities or no
remarkable diffraction peak shifting were observed.

Finally, after the formation of Au/ZnS composite core-shell
nanostructure and the interface between Au and ZnS, we have
studied the transmission electron microscope (TEM) and high
resolution TEM images of the as prepared Au/ZnS core-shell
nanostructure and pure ZnS QDs. Figure 3a demonstrated TEM

images of the pure ZnS QDs which was produced in absence of
Au-TOAB precursor in the similar reaction. The TEM images
clearly demonstrated that pure ZnS QDs are well crystalline
with good monodispersity. The inset picture of figure 3a shows
the corresponding particles distribution of ZnS QDs which
indicates that ZnS have almost equal sizes with average sizes of
3.2�0.1 nm and well lattice fringe (Fig. 3b). Figure 4 shows the
typical TEM images of the as prepared Au/ZnS composite core-
shell nanostructure. Without size sorting, the Au/ZnS multifunc-
tional nanocrystals captured here displays almost homodisper-
sity. The Au/ZnS core-shell composite structures possess a

Figure 1. Absorbance spectra of (a) Pure ZnS QDs (Black), and (b) Au/ZnS
(Red) composite core shell nanocrystals.

Figure 2. The XRD pattern of as-prepared (a) ZnS QDs (Black) and (b) Au/ZnS
(Red) composite core-shell nanocrystals.

Figure 3. (a) TEM images of ZnS QDs (the inset picture represents the
corresponding distribution graph of ZnS QDs) and (b) inverse FFT of a single
ZnS QDs.
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highly crystalline structure, which is continual with the X-ray
diffraction data. Wide view TEM images of the nanocrystals
clearly show that almost all the Au nanoparticles are coated
with a thick layer of ZnS (fig.4a). This is because of the presence
of ZnS QDs at that periphery of Au nanoparticles where ZnS
QDs act as a protective stabilizing agent towards the
aggregation of Au nanoparticles. Overall, the ZnS QDs in all the
nanocomposite structures of Au/ZnS are uniform in morphol-
ogy. In addition, the TEM images of higher magnification affirm
that the diameter of the as formed ZnS QDs shell about ∼23�
2 nm (figure 4b & c). Again, to confirm the deposition of ZnS
QDs on the Au surface to form a thick shell of ZnS, we have
taken the inverted HRTEM images. The inverted HRTEM images
(fig. 4d) have clearly demonstrated that the as synthesized ZnS
QDs assembled on the preformed Au giving rise to a three
dimensional Au/ZnS core-shell nanocomposite structure. Addi-
tionally, the chemical composition of Au/ZnS core-shell nano-
structure was investigated by energy dispersive spectroscopy
(EDS). The EDS patern (figure 4e) clearly verifies the presence of

the elements Au, Zn, and S (as shown in the table insert in the
figure 4e) in the Au/ZnS core-shell nanocomposite. The results
of EDS analysis reveal that the Au/ZnS core–shell nanocrystals
have a high purity and the ratios (atomic) were found to be
43.79% S, 48.09% Zn and 8.12% Au.

To further investigate the chemical composition of Au/ZnS
composite core-shell nanostructures, we have carried out X-ray
photoelectron spectroscopy (XPS) measurements. Figure 5

Figure 4. (a) Wide view TEM images of Au/ZnS composite nanostructures (b)
and (c) Typical HRTEM images of a single Au/ZnS composite nanostructures
showing Au in the core, and ZnS QDs are decorated on the surface. Figure
(d) represents the inverted TEM images a single Au/ZnS composite nano-
structure. (e) Shows the corresponding EDS data of Au/ZnS core-shell
nanostructures.

Figure 5. XPS spectra of (a) Au 4 f and (b) Zn 2p and (c) S 2p in Au/ZnS
composite core-shell nanostructures.
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shows the XPS spectra of Au, Zn, and S. The photoemission
spectra of Au appear at the binding energy values of 83.2 eV
and 87.7 eV (fig. 5 panel a) due to 4 f 7/2 and 4d 5/2 peaks,
respectively, and no peak was observed at 84.9 eV for Au+. This
result suggested that Au atoms exist in metallic state in this
Au/ZnS composite nanostructure.[20] Again, compared to the
bulk gold materials, the slight shifting of Au 4f7/2 peak in Au/
ZnS core-shell is attributed to the changes in the electronic
structure due to the appearance of charge transfer among Au
and ZnS.[14,21] Notably, all samples show two strong peaks at the
binding energy values of 1021 and 1044.1 eV attributed to Zn
2p3/2 and Zn 2p1/2, respectively, which indicate that Zn is in
Zn2+ (fig. 5 panel b) form.[22] In the fig. 5 panel c, the
photoemission peak of S spectrum was deconvoluted into two
components by Gaussian fitting, which can be assigned to the
spin-orbit splitting to S(2p). The peaks centred at the binding
energy of 161.2 and 163.5 eV are assigned to S 2p3/2 and S
2p1/2 core levels of S2� anions, respectively present in ZnS of
Au/ZnS composite nanostructure.[23]

In order to rationalize the formation of composite Au/ZnS
core-shell nanoparticles from the molecular Zn (II) di-isobutyldi-
thiocarbamate complex in presence of HAuCl4, we have
investigated the fabrication process via FT-IR and ATR-FTIR
studies of the Zn (II) di-isobutyldithiocarbamate complex and
Au/ZnS composite nanocrystals. Figure 6 (panel a) shows the
FTIR spectra of as synthesized Zn (II) di-isobutyldithiocarbamate
complex. The peaks at 2978 cm� 1 and 2869 cm� 1 are due to the
asymmetric and symmetric stretching vibration of –CH3,
respectively.[24] The C� N vibration bands were observed at
1383 cm� 1, 1178 cm� 1 and 1093 cm� 1.[25] Peaks at 993 cm� 1,
968 cm� 1 and 881 cm� 1 may be attributed to the C=S in the –
CSS� group.[26] However, the band corresponding to the C� S
vibration was observed around 748 cm� 1, 695 cm� 1, 658 cm� 1.
The formation of the Zn(II) di-isobutyldithiocarbamate complex
was further confirmed by the characteristic peaks appeared at
580 cm� 1, 486 cm� 1, 466 cm� 1 and 445 cm� 1 which are attrib-
uted to the stretching vibration of Zn� S bond.[26] Both the
formation of Zn (II) di-isobutyldithiocarbamate complex and
the mechanism of the fabrication of core- shell Au/ZnS nano-
structure was further confirmed by the ATR-IR Spectroscopy
study (fig. 6 panel b). Two strong peaks at 584 cm� 1 and
556 cm� 1 along with two weak peaks at 456 cm� 1 and 437 cm� 1

were observed which corresponded to the stretching vibration
of Zn� S. The peaks at 316 cm� 1, 287 cm� 1, 270 cm� 1 and
221 cm� 1 resemble the Au� S stretching vibrational modes.[27]

These peaks are endorsed to the formation of Au/ZnS core-
shell nanocomposites. From these FT-IR and ATR-FTIR inves-
tigation studies, it is believed that atfirst Au nanoparticles were
formed. Then ZnS QDs which was produced by heating of the
Zn(II) di-isobutyldithiocarbamate complex, was decorated on
the surface of the Au to form Au/ZnS composite nano-
structures. Since sulfur (S) is a soft donating atom and Au is
also soft, the stronger affinity of Au towards softer sulfur donor
make strong interaction[28] (soft-soft interaction between Au
and S) of ZnS QDs and Au nanoparticles, facilitating the
formation of Au/ZnS composite nanostructures.

Conclusion

Here we have efficiently synthesized Au/ZnS core-shell type
composite nanostructure in one pot via the thermal decom-
position of single molecular precursor Zn(II) di-isobutyldithio-
carbamate complex. Thus we have developed a method to
synthesize large scale monodisperse Au/ZnS core-shell type
bybrid nanostructure. The interface between gold and zinc
sulphide were investigated and found to be epitaxial. In the
Au/ZnS core-shell type hybrid nanostructure, Zn (II) di-
isobutyldithiocarbamate complex functioned as source of ZnS
QDs and also stabilizer of Au. It is believed that due to the
strong soft-soft interaction between Au nanoparticles and S of
ZnS QDs facilitated the formation of Au/ZnS composite nano-
structures. Such new synthetic strategy for obtaining hetero-
epitaxy for metal/ TMC of hybrid nanostructures may open up
new opportunities for the development of high-performance
photocatalysts.

Figure 6. (a) FTIR spectra of synthesized Zn (II) di-isobutyldithiocarbamate
complex, (b) ATR-FTIR Au/ZnS composite core-shell nanostructures.
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Supporting information summary

Details experimental procedure and instruments used for the
characterization of Au/ZnS core-shell type composite nano-
structure are available in supporting information.
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