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Tantalum disulfide (TaS2) nanoplatelets were produced by laser ablation of a TaS2

target under an argon atmosphere. The nanoplatelet dimensions and morphology were
characterized by transmission electron microscopy and x-ray diffraction. The effect of
the ablation laser power density on the size distribution of the nanoplatelets was
studied. The TaS2 nanoplatelets were prone to oxidation upon exposure to air but
could be stabilized by using 3-mercaptopropionic acid as the capping agent.

I. INTRODUCTION

Layered transition metal dichalcogenides (TMD) have
a structure similar to graphite, however, each graphene
sheet is replaced by an MX2 layer containing the transi-
tion metals (such as Ta, W, and Mo) in a trigonal pris-
matic or octahedral coordination sandwiched by layers of
chalcogen atoms.1 Nanosized TMD materials tend to fold
into closed structures to reduce the energy of the dan-
gling bonds, thus a range of closed-cage structures such
as multishell onion-like clusters, generically called inor-
ganic fullerenes, have been prepared.2 Nanotubes,3,4

nanowires, and nanoribbons can also be obtained.5 TMD
nanomaterials have a wide range of chemical and physi-
cal properties that make them attractive for many appli-
cations.6–9 TMD materials can be semiconducting, me-
tallic, or even superconducting.1

There are a variety of synthetic methods for producing
TMD nanomaterials. Nanotubes have been synthesized
by gas-phase methods,2,3 template methods,10 and sono-
chemical methods.11 Inorganic fullerene materials can be
prepared by a gas-phase method,12 electron irradiation,13

or by laser ablation.12,14–17 Nanoplatelets of MoS2 and
InSe can be prepared via solution chemistry.18,19 Laser
ablation, commonly applied in mass spectrometry20 and
for thin film deposition,21 is a nonequilibrium growth
process useful for synthesizing nanomaterials and was
used in the discovery of C60.22 Laser ablation for nano-
particle production can take place under an inert gas
environment14,15 or in a liquid medium.16 In the case of
laser ablation under an inert gas, the laser beam removes
material from the surface of the target by vaporization.
Subsequently, during the adiabatic cooling process of the
vaporized target material, nanoparticles can be formed.

In this article, we report the production of TaS2 nano-
platelets via laser ablation of a TaS2 target in an argon
gas environment and we investigate the size distribution
of the TaS2 nanoplatelets as a function of the laser power.
We also report the stabilization of solution suspensions
of TaS2 nanoplatelets by 3-mercaptopropionic acid (3-
MPA).

II. EXPERIMENTAL METHOD

TaS2 powder (99.9% Ta) was purchased from Strem
Chemicals, Inc. (Newburyport, MA) and was used with-
out further purification. 3-MPA was purchased from Al-
drich (Milwaukee, WI) and was also used without further
purification. Copper transmission electron microscopy
(TEM) grids, with lacey Formvar/carbon polymer as the
support film, were purchased from Ted Pella, Inc. (Red-
ding, CA). TEM was carried out on a 2000 TEM (JEOL,
Tokyo, Japan), operating at an accelerating voltage of
100 to 200 kV. Powder x-ray diffraction (XRD) of the
samples was carried out on a D-8 Discover x-ray diffrac-
tometer (Cu x-ray source, line focus; Brüker, Billerica,
MA) with a Göbel mirror on the primary beam side and
a scintillation detector on the diffracted beam side. The
angle of incidence was 0.5° and the measurements were
performed with soller slits. Topas P, version 1.0.1, was
used as the profile fitting software for the size analysis of
the nanoplatelets.

A pulsed Nd:YAG laser (DCR11; Spectra-Physics,
Mountain View, CA), with a fundamental wavelength at
1064 nm, was used as the laser source. It was operated in
the Q-switch mode at 10 Hz with a 9-ns pulse width. The
laser average output power was set between 0.1 and
2.6 W, resulting in a peak power between 1.1 and
29 megawatts (MW). A 40-cm focal length lens was used
to converge the laser beam to the spot close to 3 mm in
diameter. Therefore, the laser pulse energy density was
calculated to be between 16 and 410 MW cm−2.
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TaS2 powder (5–6 g) was pressed into a 33-mm diam-
eter pellet. The as-prepared pellet was clipped to a
sample holder located in the reaction chamber equipped
with an optical window. The reaction chamber was first
pumped down to a pressure below 50 mTorr before fill-
ing it with 200 Torr of argon. This argon pressure was
found to be optimum for the preparation of the nano-
platelets. To increase the efficiency of ablation, the
sample holder was attached to a motor to rotate the TaS2

pellet during the experiment, thus allowing more areas
on the pellet to be ablated. A TEM grid was placed in
the reaction chamber to collect samples generated from
the laser ablation. The laser ablation was started after
10 minutes of purging or when the Ar pressure inside the
reaction chamber stabilized. The duration of a typical
laser ablation run was 20 minutes.

III. RESULTS AND DISCUSSION

Laser ablation of the TaS2 target produced black soot-
like material. Figures 1(a)–1(c) show the TEM images of
the soot collected in the reaction chamber at various laser

FIG. 2. High-magnification TEM images of different hexagonal TaS2

nanoplatelets in various orientations: (a) top view, (b) side view, and
(c) oblique angle (all nanoplatelets shown here were produced with a
laser power density of 409 MW cm−2).

FIG. 1. TEM images of TaS2 nanoplatelets produced at different laser
power densities: (a) 409 MW cm−2, (b) 79 MW cm−2, and (c) 28 MW
cm−2. The scale bar in each image is to 20 nm.
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power densities. The TEM images revealed that hexago-
nal nanoplatelets were the dominant product, however,
some nanospheres were also seen. Figures 2(a)–2(c) show
the TEM images of TaS2 nanoplatelets oriented at dif-
ferent angles that clearly are projections of the hexagonal
form of the platelets. Tilting experiments in the TEM
also verified the hexagonal structure. The interlayer dis-
tances in the nanoplatelets, obtained from the TEM lat-
tice fringes, were between 6.50 and 5.50 Å, whereas the
bulk TaS2 materials has an interlayer distance of 5.94 Å.1

The edge lengths of the nanoplatelets were also meas-
ured from the TEM images. Figures 3(a)–3(d) show the
histograms of size distributions of nanoplatelets pro-
duced at various laser power densities. It can be seen that
the laser pulse energy density has an effect on the size
distribution of the nanoplatelets. Comparing the histo-
grams of Fig. 3(a) to 3(d) shows that smaller nanoplate-
lets with a narrower size distribution were produced at a
higher laser power density. One could speculate that the
higher laser power densities produce a higher pressure
plasma, resulting in a faster adiabatic expansion of the
vaporized plume, and thus a higher cooling rate, resulting
in a shorter growth time for the nucleated nanoparticles
and thus a narrower size distribution.

One can also speculate about the mechanism of growth
of the TMD nanoparticles. The high-power densities in
the initial stage of ablation results in complete vaporiza-
tion of a portion of the target material. The subsequent
adiabatic expansion cools the plume, resulting in an ini-
tial nucleation and growth of the least volatile component

of the plume, in this case, Ta metal. The Ta metal nano-
particles are still engulfed in an environment of hot chal-
cogenide vapor, resulting in a reaction to form TaS2

nanoparticles. If the Ta nanoparticles in the plume are
hexagonal, a reasonable morphology for a metal crystal,
a hexagonal nanoplatelet, is then templated. Octahedral
nanoparticles of MoS2, previously prepared by laser ab-
lation of an MoS2 target,23 could be formed from a re-
action of an octahedral nanocrystal of Mo templating the
MoS2 layers from subsequent reaction with sulfur vapor.

The powder XRD pattern of material generated by the
laser ablation power density of 158 MW cm−2, and con-
taining a large fraction of nanoplatelets, revealed diffrac-
tion peaks associated with TaS2 [Fig. 4(a)].24 Analyzing
the peak broadening observed for a particular TaS2 pow-
der XRD peak using the Scherrer method (profile-fitting
program, Topas P, version 1.0.1) gives an average par-
ticle size of 18.8 nm. The same sample of nanoplatelets
analyzed with TEM images showed sizes between 6 and
20 nm [Fig. 3(b)].

The TaS2 nanoplatelets generated by laser ablation
were not very stable under ambient conditions. The pow-
der XRD pattern in Fig. 4(a) was obtained immediately
after the synthesis. Exposure of the same sample to air
for 1 day produced a different powder XRD pattern,
showing that the TaS2 converted to TaO2 and Ta2O5

[Fig. 4(b)]. The powder XRD results were reproducible
for all experiments, with variations in the tantalum sul-
fide and tantalum oxide ratio. TEM images, after samples
were exposed to air, lose their clarity as the sample

FIG. 3. Histograms of the size distribution of nanoplatelets produced at different laser power densities: (a) 409 MW cm−2, (b) 158 MW cm−2,
(c) 79 MW cm−2, and (d) 28 MW cm−2 [x axis, platelet length (nm); y axis: frequency (%)].
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degrades with time because of conversion to the oxide,
and no longer showed the lattices fringes associated with
the nanoplatelet’s 5.50 to 6.50 Å interlayer distances.

Stabilizing the nanostructures with a capping agent
could possibly reduce the oxidation rate of the TaS2

nanoplatelets. Many other nanomaterials have been sta-
bilized by capping agents.25,26 The oxidation of the
nanoplatelets most likely starts with the dangling bonds
at the edge of the nanoplatelets because the hexagonal
faces are rather inert van der Waals surfaces. Therefore,
we attempted to react the dangling bonds associated with
the tantalum edge states with a thiol-containing ligand.

3-MPA was chosen as the capping agent because we are
also interested in producing a charge on the platelets to
disperse the nanoplatelets and to stabilize the solution as
a colloid. TaS2 nanoplatelets generated from the laser
ablation were collected from the reaction chamber and
soaked in a 1.4 M aqueous solution of the sodium salt of
3-MPA. TEM images of the nanoplatelets, which were
kept for 8 days in the aqueous 3-MPA solution exposed
to air, showed fringes of the usual spacing, indicating
that the TaS2 nanoplatelets were successfully stabilized
for at least 1 week by the 3-MPA solution.

As discussed above, the laser power density affected
the particle size. Lower laser power densities also pro-
duced a higher percentage of spherical nanoparticles
among the nanoplatelets. The spherical nanoparticles
showed a wide range of diameters from 10 to 500 nm.
Energy dispersive x-ray spectroscopy analysis of the
nanospheres revealed that they were composed of tanta-
lum and sulfur, but were tantalum rich. Lattice fringes
were observed in TEM images in different domains on
the surface of the sphere, however, the fringe interlayer
distances were not uniform, even on the same nano-
sphere. Those nanospheres could be the produced when
the droplets of melted Ta produced by the laser only
partially reacted with sulfur during cooling. The lower
laser power density results in some tantalum liquid drop-
lets rather than complete vaporization as discussed in the
mechanism above. The tantalum droplets are then only
partially reacted with sulfur, resulting in Ta-rich spher-
ules. An SEM image, shown in Fig. 5, shows that the
surface of a nanosphere is not smooth. This suggests that
some nanoclusters can aggregate on the surface of the
nanospheres.

IV. CONCLUSIONS

We have demonstrated the synthesis of nanoplatelets
of TaS2 via laser ablation in an Ar atmosphere. The size
distribution of nanoplatelets was dependent on the laser
power density. Spherical tantalum-rich nanoparticles are
also produced under some ablation conditions. The TaS2

nanoplatelets were not very stable and converted to
Ta2O5 when exposed to air and moisture for even short
periods. However, by using 3-MPA as a capping agent,
the TaS2 nanoplatelets were stabilized in aqueous solu-
tions for over 1 week.
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FIG. 5. SEM image of nanospheres produced by laser ablation at
330 MW/cm−2 of laser power density. The scale bar is 100 nm.

FIG. 4. XRD patterns of the nanomaterials (a) collected immediately
after opening the chamber and (b) after the product was kept in air for
1 day. Unlabeled peaks could not be identified. (The nanoplatelets
were produced with a laser power density of 409 MW cm−2.)
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