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2 DIMENSIUNM MATERIALS

Two-dimensional (2D) materials are one of the very active science fields at
the crossroads between materials science, physics and chemistry.
Representing a unique class of nanomaterials with a broad palette of
properties, they have generated a significant interest over the past decade.
The production of the advanced materials and sustainable technological
development are relevant for the humankind, therefore any progress in
controlling the synthesis of 2D materials on the large scale and
understanding their fundamental properties gains attention. 2D materials
are crystalline substances with a thickness of one or a few atoms. Their
remarkable properties are the exceptional strength, light weight, flexibility

\ N 7 — /N | 7 AN N Vv /4 N\ N\ AN \‘ A | \ ,[“ »/"' —\ U\ rv ,’7\1 LI W
&N MoS, sample was synthesized at the Institute of Physics in Zagreb, in the C 1 N The sample absorption was measured in the Laboratory for Laser spectrograph (Shamrock Andor SR-500) through an optical fiber which ! r
a Material Synthesis Laboratory using an aerosol assisted type of method called Q Microscopy. We used a tungsten lamp (Thorlabs, Quartz Tungsten- acted as a confocal detection pinhole. We were interested in the signal — !
(T . M
@ chemical vapor deposition (CVD). The MoO; precursor was aerosolized in ] 19 Halogen Lamp) that emits white light spectrum similar to the Solar that is reflected from the sample on the substrate (l;) and that S o I
i - ultrapure argon using laser diode for local heating. Sulfur vapor was produced ek E spectrum. Optical setup based on the confocal microscope in reflected from the bare substrate (l,). Both signals were analyzed and =
O
Jé by heating 50-100 mg of S to 140°C by the separate heater. Growth substrate, N O backscattered configuration served for absorption (contrast reflectivity) recorded with commercial spectrometer. From these two signals we _(.‘g . — Vet 0-/ MM MOS7
=5 Si0,0n highly doped Si, was placed in the center of the furnace and heated to 1 @) measurements. The collected backscattered light was guided to a o S: :
. o i ical fiber =
) microscope 750°C. After growth, the N\ optica energy
P : O Figure 7. Experimental results and their interpretation
substrate was cooled in -
i o -~ \
Io‘:f'_c,s\,%r d!@&‘,?., the furnace to 200°C in Ar 8 can reconstruct the absorption spectrum of our sample using the
ﬂ stream before removal. E subtraction formula for contrast reflectivity. We changed position on
quartz tube % 8 3 §U§ MoS> | . = the sample 10 times and made several measurements to insure "
—~ Mo03 = —8as E” O CCD accuracies of the result. We have measured the thickness of our MoS,
L g g g g g % g outlet N\ monolayer using atomic force microscope (AFM). \
T heater \ . o . . o -
S | Figure 4. Side view and top view of the experimental setup configuration with
Figure 2. Homemade CVD system ] the main relevantparts ... L - 0 J| [ notch filter
heater —~—
m(S)=50-100mg 10+ 1 Figure 5. Comparison of the | |
- == Tungsten-halogen lamp comme rcia I Ia m 2 d | v
Solar spectrum p Spectrum [ ] an I rem0vab|e
V] B Solar spectrum [3] shows their | beamsplitter
| g | similarities. This is important for |
100 SCCM £ os- . . . tungsten lamp f
g testing the absorption properties of _ .
§ L MoS,. The graph was made in the Figure 6 Experimental setup for | _
) z Origin program. absorptlon measurements
02 <@l obhjective )
_____——Mo52
: . 500 1000 Wavel‘:r(]};th o 2000 2500 XY Stage
Figure 3. Optical image of the MoS, sample after synthesis >
AN 7 N \ o - V4 | | B N [ [ ] 7 T —R— &

[ ~ ™~ [ ™\ < \Vaa

and excellent conduction of heat and electricity. The most famous 2D
material is graphene, probably the strongest material in the world. It is the
fastest conductor we know, but this is also its greatest flaw for use in
electronics. Perhaps the most promising and best-explored class of ultrathin
nanosheets are those derived from the transition metal dichalcogenide
(TMD) families of materials. Unlike graphene, a TMD monolayer is three
atoms thick. Each sheet consists of a layer of transition metal atoms between
two planes of chalcogen atoms. The mostly investigated family member is
molybdenum disulfide (MoS,) which in its monolayer form is direct bandgap
semiconductor, meaning it strongly emits light when excited electrically or
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optically. Besides their desirable electronic properties, TMDs have great
optical properties. TMDs are reconsidered as the alternative for
photovoltaics because of their bandgap in the visible part of the
electromagnetic spectrum and strong optical absorption. The unique
advantages of optical transparency, direct band gap, and interesting
electronic properties could make these thin 2D semiconductors the materials
of choice for the next generation of inexpensive and low-power electronic
circuits, flexible and transparent solar cells and displays or wearable
computing devices [1]. Bearing this in mind as one of our key motives, we

approached this project.
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Figure 1. Molecular model of a single layer MoS,

The growth procedure results in crystals in the shape of well-defined
equilateral triangles that merge into a continuous monolayer film [4]. As a
result of the synthesis, MoS, nanosheets are created on substrate, with
almost full coverage of the substrate. Using AFM, we calculated their
thickness which is approximately 0.7 nm.
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Normalized absorption

The absorbance spectra have two prominent narrow peaks occurring at
energies 1.83 eV and 1.98 eV that correspond to the absorption due to the
direct transitions, associated to the generation of the so-called A and B
excitons, respectively. In semiconductors, electron-hole pairs, called excitons
are created upon optical excitation. From the literature, it is known that single

layer MoS, can absorb approximately 5-10 % of incident light per one layer
[5]. Having in mind that it is only three atoms thick sheet of material with the
thickness of only 0.7 nanometers, it is an impressive absorbance capacity. We
can conclude that, considering its semiconductor properties and high
absorbance, MoS, monolayer holds the potential as a solar cell material.
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Flgure 9. Normalized absorption of MoS, monolayer.

The problem we came across is a questionable size we can synthesize MoS, in
CVD process. Our sample is synthesized on the surface of only a few square
millimeters which clearly is not enough for utile normal-sized solar cells. The

stability of MoS, solar cells measured under ambient conditions and light

illumination also must be discussed. Thereby, their long-term environmental
stability is also of equal importance for commercial applications and this

is something that must be investigated in the future. Converting unlimited
solar to electric energy is one of the most promising ways of clean and
sustainable energy production. New solar cell technology is developing, and
actual successful examples are cheaper and easy-to-manufacture solar cells
made from perovskite materials. We hope that ongoing research with two-
dimensional materials such as MoS, will also result in similar advances.
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