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cannula. The mixture 
was stirred at reflux 
for two hours, and 
the formation of a 
purple precipitate was 
observed. The reaction 
mixture was allowed 
to cool, and the solvent 
was removed under 
vacuum allowing for 
the isolation of the solid 
purple precipitate.

The resulting product was vacuum filtered and washed with 
pentane, dried, and annealed at 150°C in a tube furnace to 
remove unreacted starting material. The formation of the 
desired precursor was confirmed using Thermogravitmetric 
Analysis (TGA), with a single weight-loss step at 320°C that 
can be clearly identified in Figure 1 [4].

The second synthetic route made use of a two-step approach. 
A solution of potassium hydroxide (KOH) and diethylamine 
in ethanol was stirred for 15 minutes; a slight molar excess 
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Abstract:

Figure 1: Mass % of sample as a function of 
temperature.

The deposition of atomic layers of molybdenum disulfide (MoS2) 
using a single-source precursor has been investigated. The 
single-source precursor tetrakis (diethylaminodithiocarbomato) 
molybdate(IV) (Mo(Et2NCS2)4) was synthesized via two 
routes: a) Molybdenum hexacarbonyl Mo(CO)6 was reacted 
with tetraethylthiuram disulfide (Et2NC(S)SSC(S)NEt2), and 
b) Potassium diethylaminodithiocarbamate (KS2CN(C2H5)2) 
was reacted with Mo(CO)6. The precursor was purified by 
annealing at 150°C in a tube furnace, and utilized in the metal-
organic chemical vapor deposition (MOCVD) growth of MoS2 
on SiO2. The resulting atomic layers of MoS2 were analyzed 
via scanning electron microscopy (SEM) and accompanying 
energy-dispersive x-ray spectroscopy (EDS).

Introduction:

Atomically-thin MoS2 is a direct band gap semiconductor that 
exhibits interesting optical and electric properties [1, 2]. MoS2 
has been used to fabricate invertors, Negated AND (NAND) 
gates, and ring oscillators [2]. There are only a few single-
source precursors that have been investigated for use in the 
deposition of thin films of MoS2 via MOCVD. 
Factors affecting implementation of CVD 
precursors include volatility, thermal stability, 
and the ability to deposit the desired material 
in high purity. Our current study examined 
several synthetic routes towards producing 
an air and moisture stable precursor, 
tetrakis (diethylaminodithiocarbomato) 
molybdate(IV) (Mo(Et2NCS2)4) [3, 4].

Experimental Procedure:

Tetraethylthiuram disulfide (2.25g, 7.6 mmol) 
and acetone (25 mL) were added to a 100 mL  
Schlenk flask. In an inert atmosphere glove 
box, molybdenum hexacarbonyl (1.00g, 
3.8 mmol) was added to a separate 100 mL 
Schlenk flask. The Mo(CO)6 was removed 
from the glove box, and the acetone solution 
of tetraethylthiuram disulfide was added via Figure 2: Horizontal hot-wall CVD reactor for growing MoS2 thin films.
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erature of 365°C, and a nitrogen flow 
rate of 15 cm3/min. The precursor boat 
was refilled twice for a total of three 
runs, and each run lasted for 15 minutes. 
Unfortunately, no combination of 
parameter values achieved an even 
coating of the substrate, but we were 
able to obtain patches of MoS2, one of 
which can be seen in Figure 3.

MoS2 patches were accurately 
identified via EDS; Table 1 displays 
the EDS results from the patch seen 
in Figure 3. As we can see, the atomic 

percentage of the deposited MoS2 sample is 57.11:39.76 or ~ 
1.44:1, which is approximately a 28% error from the 2:1 atomic 
ratio of sulfur and molybdenum in MoS2. Therefore, MoS2 was 
successfully deposited; however, a more suitable precursor 
needs to be identified.

Moving forward, further analysis is needed on the deposited 
material to confirm the presence of MoS2. In addition, the 
second synthetic method involving the potassium salt needs to 
be refined in order to promote the production of the desired 
precursor. TGA results in Figure 1 indicate the synthesized 
precursor is thermally unstable; that is, the first synthetic 
method leaves residual impurities. This coupled with the fact 
that large-area MoS2 deposition was not obtained, means that 
there is a need for further study of this single-source precursor 
platform in the form of a structure activity relationship.
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of carbon disulfide (CS2) was added. The resulting mixture 
was allowed to stir for two hours, after which the solvent was 
removed via a rotary evaporator. Using a three-step trituration 
process, the dried precipitate (KS2CN(C2H5)2) was purified. 
The yellow powder was dried overnight, and the potassium salt 
was confirmed via 1H nuclear magnetic resonance analysis. The 
potassium diethylaminodithiocarbamate was refluxed in a 4:1 
molar ratio with Mo(CO)6 using the same synthetic procedure 
as was used with tetraethylthiuram disulfide. Unfortunately, 
this synthetic route did not yield significant amounts of the 
desired precursor.

Once the desired precursor was synthesized, the horizontal 
hot-wall CVD reactor was designed as shown in Figure 2. 
Several different substrates were tested, including silicon (Si), 
silicon dioxide (SiO2), gold-plated Si, nickel-plated Si, gold-
plated SiO2, and nickel-plated SiO2. The substrate was placed 
vertically in a boron nitride boat in the CVD reactor and held 
at temperatures of 425°C, 550°C, and 675°C for three different 
experiments. The precursor was sitting in a boron nitride boat 
approximately three inches from the substrate at a temperature 
of 320°C or 365°C. We carried out all trials with a nitrogen flow 
rate of 7 cm3/min, 10 cm3/min, 15 cm3/min, or 25 cm3/min. All 
specific treatment combinations were tested in the CVD reactor 
in order to elicit the most effective means of producing pure 
thin films of MoS2.

Results and Conclusions:

After examining all combinations of independent variable 
levels, it was determined that the prime conditions for obtaining 
MoS2 were a substrate temperature of 675°C, a precursor temp-

Table 1: Atomic percent by element.

Figure 3: Patch of MoS2 on SiO2 substrate.




