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Abstract
Two-dimensional (2D) molybdenum ditelluride (MoTe2) is a member of the transition-metal
dichalcogenides family, which is an especially promising platform for surface-enhanced Raman
scattering (SERS) applications, due to its excellent electronic properties. However, the synthesis
of large-area highly crystalline 2D MoTe2 with controllable polymorphism is a huge challenge
due to the small free energy difference (∼40 meV per unit cell) between semiconducting
2H-MoTe2 and semi-metallic 1 T′-MoTe2. Herein, we report an optimized route for the synthesis
of 2H- and 1 T′-MoTe2 films by atmospheric-pressure chemical vapor deposition. The SERS
study of the as-grown MoTe2 films was carried out using methylene blue (MB) as a probe
molecule. The Raman enhancement factor on 1 T′-MoTe2 was found to be three times higher
than that on 2H-MoTe2 and the 1 T′-MoTe2 film is an efficient Raman-enhancing substrate that
can be used to detect MB at nanomolar concentrations. Our study also imparts knowledge on the
significance of a suitable combination of laser excitation wavelength and molecule-material
platform for achieving ultrasensitive SERS-based chemical detection.

Supplementary material for this article is available online
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Abbreviations

2D two-dimensional

AFM atomic force microscopy

APCVD atmospheric pressure chemical vapor
deposition

CB conduction band

CM chemical mechanism

CT charge transfer

EF enhancement factor

EM electromagnetic mechanism

FWHM full width at half maximum

HOMO highest occupied molecular orbital

LOD limit of detection

LPCVD low-pressure chemical vapor deposition

LUMO lowest unoccupied molecular orbital

MB methylene blue

MBE molecular beam epitaxy

MOCVD metal-organic chemical deposition

MoO3 molybdenum trioxide

MoTe2 molybdenum ditelluride
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PICT photo-induced charge transfer

PLD pulsed laser deposition

PVD physical vapor deposition

SERS surface-enhanced Raman scattering

Te tellurium

TST transition state theory

VB valence band

1. Introduction

Two-dimensional transition metal dichalcogenides (TMDs)
have been drawing the attention of the scientific community
due to their unique structure and properties. Because of their
amazing physical and chemical properties, they are potential
candidates for chemical and biological sensors [1], electronics
[2], optoelectronics [3], catalysts [4], supercapacitors, and
energy storage [5]. Among various TMDs, MoTe2 is a fas-
cinating layered material that commonly exists in three
crystalline forms: hexagonal α (2H-MoTe2), monoclinic β

(1 T′-MoTe2), and orthorhombic β′ (1T-MoTe2) [6]. How-
ever, only 2H-MoTe2 and 1 T′-MoTe2 are thermodynamically
stable and have been prepared in laboratories and are being
explored [7]. 2H-MoTe2 is semiconducting with a layer-
dependent bandgap, the bulk of which has an indirect band-
gap of 0.88 eV while a monolayer has a direct bandgap
around 1.0 eV [8]. Because of its similar bandgap size and
higher electron mobility [9], monolayer MoTe2 stands out as
a promising candidate to replace silicon in future electronic
and optoelectronic devices. On the other hand, 1 T′-MoTe2 is
semi-metallic and exhibits high charge carrier mobility with a
high electron density of states at the Fermi level [8, 10]
making it a suitable material for several applications [11].
One of the challenges in synthesizing 2D MoTe2 is the low
reactivity of Mo and Te because of the small electronegativity
difference (0.3 eV) between Te and Mo, resulting in the small
binding energy for Mo-Te [12, 13]. Furthermore, large-scale
and perfect stoichiometric MoTe2 synthesis with a defined
phase is difficult as compared with other TMDs because of
the temperature-dependent polymorphism observed in MoTe2
[14]. Such difficulties associated with the synthesis of 2D
MoTe2 pose significant challenges in bringing these materials
into real applications. Hence, there is an urgent need to
develop a facile approach for the controlled synthesis of
semiconducting and semi-metallic polymorphs of 2D MoTe2.

SERS is a powerful and sensitive analytical tool that is
widely applicable to the molecular-level analysis of chemical
and biomolecules [15, 16]. SERS not only provides high
sensitivity and the ability to provide a specific ‘fingerprint,’
but also is non-destructive, capable of real-time operation,
and allows in situ remote sensing [17]. The Raman signal
intensity of any given molecules could be increased because
of localized surface plasmon, and/or their physicochemical
interaction with the substrate. SERS based on surface plas-
mon resonance also known as the EM, is effective but poses

several drawbacks such as high fluorescence background and
unnecessary catalytic processes facilitated by metal nanos-
tructures [18]. Many studies have shown that 2D materials
such as TMDs (e.g. MoS2, MoSe2, WSe2, and NbS2) are
excellent materials for SERS substrates due to their excep-
tional electronic structure and response to light photons
[19–21]. These materials have been proposed to enhance
Raman signal by CT interaction between the material and
probe molecules, which is known as the CM [22]. Because of
its high charge carrier mobility and higher electronic density
of states at the Fermi level [8, 10], 1 T′-MoTe2 is expected to
be a better SERS substrate than other 2D materials [23]. To
date, several studies have reported that 1 T′-MoTe2 could
enhance Raman signal by 6–8 orders of magnitude [24, 25].
However, these reports have explored the SERS properties of
either exfoliated or chemical-vapor-deposited 1 T′-MoTe2,
and none of them have explored SERS properties of
2H-MoTe2. Furthermore, the Raman EF of 2D materials is
strongly dependent on the excitation laser wavelength
[26, 27] and hence a suitable choice of laser wavelength is
required to be made to achieve optimal performance.

PVD such as PLD [28] and MBE [29], and chemical
vapor deposition (CVD) technologies such as LPCVD [8, 23],
MOCVD [30], and APCVD [31] have been employed to
synthesize various 2D materials. However, PVD techniques
require a sophisticated pump system for creating ultralow
pressure. Furthermore, the domain size of the PVD-grown
films is comparatively smaller than those of CVD-grown films,
and PVD-grown samples are frequently found to show antisite
defects, which are detrimental for optoelectronic applications
[32]. Both LPCVD and MOCVD are suitable for growing
high-quality and large-area 2D films at low cost, but LPCVD
requires a pump and pressure controller system making the
setup complicated, and MOCVD requires an additional system
to controllably convert solid or liquid precursor to gaseous
precursor. Unlike such technologies, APCVD is a simple and
cost-effective technique, and the process can be performed at
ambient pressure, making it suitable for industrial scale-up
production of materials at a lower cost.

Herein, we demonstrate a facile synthesis of 2D MoTe2
with controllable polymorphism by APCVD. Our approach
can be further improved for large-scale synthesis of high-
quality 2H- and 1 T′-MoTe2, and the methodology can also be
applied for the controllable growth of other TMD materials.
We examined both MoTe2 polymorphs for their SERS
properties by using MB as a probe molecule and compared
the SERS efficiency of 2H- and 1 T′-MoTe2 films using
532 nm and 633 nm excitation sources. The study shows an
excellent SERS activity of 2D MoTe2 film with a Raman EF
on the order of 107–108, and a LOD as low as 10 nM for MB.

2. Experimental detail

2.1. Synthesis of 2D MoTe2 films by APCVD

The phase-controlled synthesis of 2H-MoTe2 and the
1 T′-MoTe2 film was carried out using CVD (OTF- 1200X,
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MTI corporation) under ambient pressure conditions. To
synthesize the 2D MoTe2 films, 5 mg of MoO3 powder
(STREM chemicals Inc.) mixed with 2% NaCl was dispersed
in a quartz boat (7 cm length, 1.5 cm height) with the help of a
few drops of isopropanol. 300 mg of Te powder (Fisher
Scientific) was placed upstream in a small neck container
(1.6 cm base diameter, 2.0 cm length, and 0.5 cm neck length)
at 10 cm upstream from the edge of the furnace inside the
quartz tube (length 79 cm, internal diameter 3.2 cm, and
external diameter 3.8 cm) Such a small neck container helps
to control the vigorous evaporation of Te when it reaches the
maximum temperature. Also, the Te containing neck con-
tainer was placed in the tube with its neck facing upstream,
which helps to spread the gaseous Te coming out of it to the
entire volume of the quartz tube (see figure S2 in the sup-
porting file). SiO2/Si substrates used for the material growth
were placed upside down on the quartz boat. The carrier gas
(a mixture of 10% H2+90% Ar) flowed throughout the
process at the rate of 40 sccm. The growth temperature for
2H- and 1 T′-MoTe2 films were 650 and 730 °C, respectively,
and film deposition time was set at 15 min. The temperatures
of the region where Te powder was placed, were ∼420 °C
and ∼450 °C for the set growth temperatures of 650 and 730
°C for the growth of 2H- and 1 T′-phases, respectively. The
temperatures of the furnace were increased at the rate of 25
°Cmin−1 up to 400 °C and 10 °Cmin−1 up to 650 °C for
2H-MoTe2 and at 20 °Cmin−1 up to 730 °C for 1 T′-MoTe2.
The cooling rates from the growth temperature to 300 oC were
set at 15 °Cmin−1 and 5 °Cmin−1, respectively, for 2H- and
1 T′- polymorphs, and the furnace was opened to allow fur-
ther cooling under ambient conditions.

2.2. Characterization using Raman and AFM spectroscopy

A combined RAMAN Microscope-Smart SPM atomic force
microscope (LabRAm HR Evolution, Horiba Scientific) was
used for the characterization of as-grown 2D MoTe2 films.
The Raman measurements were carried out with a 532 nm
excitation laser (0.27 mW laser power, and 20 s exposure
time), using 1,800 g mm−1 grating and 100× objective lens.

The thickness of the MoTe2 films was measured using tap-
ping mode AFM.

2.3. SERS measurements

SERS measurements of as-grown 2D MoTe2 films were
performed using MB as a probe molecule. MB (Fisher Sci-
entific) solution of different concentrations in water was
prepared and about 10 μl of as-prepared MB solution of each
concentration starting from the lowest was dropped on the
MoTe2. SERS measurements were performed using LabRAM
HR Evolution Raman spectrophotometer of laser intensity
532 nm (0.27 mW power) and 633 nm (0.25 power) for 20 s
using a 300 grating mm−1 and 100×objective lens.

3. Results and discussion

3.1. Synthesis and characterization of 2D MoTe2 films

Figure 1 shows the schematic for growing 2D MoTe2 films on
SiO2/Si substrates. Two different strategies were used for the
synthesis of these two MoTe2 polymorphs. At a lower growth
temperature, 650 °C, 2H-MoTe2 films, and at a relatively
higher temperature, 730 °C, 1 T′-MoTe2 films were obtained.
Temperature, pressure, precursor amount, substrate, and gas
flow are some important parameters in CVD synthesis.
However, temperature plays a crucial role in CVD synthesis.
It can affect not only the chemical reactions of precursors in
the gas phase, the deposition rate of products on the substrate,
and the flow of the carrier gas but also the strain on the
growing material due to the difference in the thermal
expansivity of the material, MoTe2 and substrate, SiO2/Si in
our case. A previous report has demonstrated that the
1 T′-MoTe2 phase grown by tellurization of a Mo thin film
under a strain was converted into the 2H-MoTe2 film by
releasing the strain via the adoption of a prolonged growth
time under Te atmosphere [12].

TST [33] can be applied to understand the strain-medi-
ated phase stabilization of 2H-MoTe2 and 1 T′-MoTe2 at a
lower temperature of 650 °C and a higher temperature of 730

Figure 1. Schematic diagram of a typical APCVD synthesis system.

3

Nanotechnology 32 (2021) 335701 B Adhikari et al



°C, respectively. According to TST, the stress/strain-depen-
dent phase transition rate is given by ( ) /� � � �k e ,E k TB where
k is the transition rate when a stress σ is applied, �E is the
phase transition barrier energy, kB is the Boltzmann constant,
and T is the absolute temperature. Under zero or low stress/
strain condition at a lower growth temperature (e.g. 650 °C),
2H-MoTe2 phase is more stable than 1 T′-MoTe2, whereas the
higher and sufficiently large stress/strain exerted on the
growing material at a higher growth temperature (e.g. 730 °C)
lowers the barrier energy ( �E ), thereby making the
1 T′-MoTe2 phase more thermodynamically favorable [8].
Hence, the growth and stabilization of 1 T′-MoTe2 film at a
higher temperature, 730 °C in our experiment could be
attributed to the higher strain experienced by the growing
material, and the growth and stabilization of 2H-MoTe2 film
at a lower temperature, 650 °C could be attributed to the
lower strain on the growing material. The effect of strain on
the phase change behavior of MoTe2 has also been demon-
strated by Song et al [34] where the phase change from 2H- to
1 T′-MoTe2 by the application of strain and reverse phase
transition under removal of the strain, and reduction of the
2H- to 1 T′- phase transition temperature under a tensile strain
have been demonstrated.

Figures 2(a) and (b) show optical images of 2H- and
1 T′-MoTe2 films and figures 2(c) and (d) their corresponding
Raman spectra. 2H-MoTe2 exhibits Raman peaks at 117, 171,
231, and 289 cm−1, which could be assigned to Raman active
vibrational modes of E1g, A1g, E1

2g, and B1
2g, respectively

[35, 36] (figure 2(c)). A prominent peak B1
2g appearing at

289 cm−1indicates that the film contains few layers of MoTe2
and the ratio of B1

2g to E
1
2g is�0.15, which corresponds to 6–7

layers of MoTe2 [35]. The Raman peaks appearing with low

intensity at ∼160 cm−1 correspond to Ag vibrational modes of
1 T′-phase, indicating the presence of a small amount of 1 T′-
phase mixed in the 2H-MoTe2 [35–37]. The formation of the
1 T′-MoTe2 film is confirmed by the appearance of several
Raman peaks at 77, 88 108, 125, 160, 256 cm−1, among
which the peak appearing at 108 cm−1 is associated with the
Raman active Au vibrational mode, and all other peaks are
associated with the Raman active Ag vibrational modes
(figure 2(d)) [38–40].

Raman spectroscopy mappings over an area of 22 � �m
20 μm (440 points) for E1

2g peak (231 cm−1) intensity of
2H-MoTe2 film (figure 2(e)) and Ag peak (160 cm

−1) intensity
of 1 T′-MoTe2 film (figure 2(f)) were collected to ascertain the
homogeneity of the synthesized films [37]. The black to
whitish-green color in the scale bar of the Raman maps
represents an increase in the intensity of the selected peaks. A
small variation in the peak intensity from 600 to 800 cm−1 as
indicated by the green to whitish-green and the absence of
black and blue color in the mapping image for 2H-MoTe2
film indicate that the film is comprised of mainly 2H- phase.
This can further be evidenced by the presence of a negligibly
small number of the 1 T′-MoTe2 Raman spectra over the 440
points in the mapping area (see figure S1(a) (available online
at stacks.iop.org/NANO/32/335701/mmedia) in the sup-
porting file). Figure 2(f) also shows that almost 100% of the
mapping area is green to whitish-green and there is no black
or red color, indicating the presence of only 1 T′- phase and
absence of 2H- phase. This result is further supported by the
absence of the Raman spectra of the 2H-MoTe2 phase over
the 440 points in the mapping area (see figure S1(b) in the
supporting file).

Figure 2.Optical images of (a) 2H-MoTe2 phase, (b) 1 T′-MoTe2 phase, Raman spectra collected with 532 nm laser excitation (c) 2H-MoTe2
phase, (d) 1 T′-MoTe2 phase and 22 μm×20 μm Raman maps for E1

2g peak intensity of (e) 2H-MoTe2 phase, and Raman maps for Ag (f)
1 T′-MoTe2 phase.
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The thickness and roughness of 2D MoTe2 films were
measured by AFM. Tapping mode AFM measurements
indicate that the thickness of the 2H-MoTe2 film (figure 3(a))
is ∼3.4 nm, which is equivalent to ∼6 layers of 2D MoTe2.
The AFM height profile of 1 T′-MoTe2 film (figure 3(b))
shows a thickness of 1.5 nm corresponding to 2 layers of 2D
MoTe2. The root mean square (rms) roughness of 2H- and
1 T′-MoTe2 films were measured as �7 Å and �3 Å for 2H-
and 1 T′-MoTe2, respectively.

3.2. SERS study

Two different sets of SERS experiments were performed
using 2H- and 1 T′-MoTe2 films. Figures 4(a) and (b) show
SERS spectra of a solution of MB at different concentrations
(from bottom to top: 3.1×10−5, 3.1×10−6, 3.1×10−7,
and 3.1×10−8 M) on 2H-MoTe2 films using 532 nm and
633 nm laser excitations, respectively. Figures 4(c) and (d)
show SERS spectra of various MB solution concentrations on
1 T′-MoTe2 films by using laser excitation at 532 nm and
633 nm, respectively. SERS data show that Raman enhance-
ment varies for two different polymorphs of MoTe2 films. The
Raman EF as calculated using the formula shown below,
based on the intensity of an intense Raman peak occurring at
1620 cm−1, which arises due to in-plane C–C stretching of
the aromatic ring of MB [27, 41, 42].

( )/

/
�EF

I C
I C

, 1SERS SERS

dense dense

where ISERS is the Raman intensity at 1620 cm−1 with a
concentration of CSERS and Idense is the intensity of MB on the
SERS inactive substrate, i.e. SiO2/Si, Cdense=1M. We
obtained EF values for MB as 5.4×106 and 3.5×107 using
2H-MoTe2 film, and 1.4×107 and 1.1×108 using
1 T′-MoTe2 films with laser excitation at 532 nm and 633 nm,
respectively.

The obtained Raman EF values have been compared with
those of the CVD-grown TMDs reported previously in
table 1. Our Raman EF obtained using 1 T′-MoTe2 film is
comparable to that reported by Tao et al [25] for CVD-syn-
thesized 1 T′-MoTe2 film and much higher than those

reported by others [24, 25, 43–46] for CVD-synthesized
TMDs. Furthermore, the LOD as low as 10 nM for MB was
achieved on both 2H- and 1 T′-MoTe2 films, which is com-
parable to the most sensitive CVD-synthesized TMDs-based
SERS substrates as presented in table 1. To the best of our
knowledge, this is the first time that SERS activity of
2H-MoTe2 film has been reported, and the result shows that
semiconducting 2H-MoTe2 film could serve as an efficient
SERS substrate.

3.3. Raman enhancement mechanism

SERS substrates can enhance the Raman scattering of probe
molecules in two ways: CM [48] and EM [18]. Both
2H-MoTe2 and 1 T′-MoTe2 have unique electronic properties
which play key roles on the CM-based SERS mechanism, a
first layer effect [41], where electronic coupling between
probe molecules and the metal complex is responsible for
SERS enhancement [25]. Raman enhancement phenomena
can be explained by the unified theory of SERS as proposed
by Lombardi and Birke [48]. According to the literature
reported before [25, 27, 35], the Raman signal enhancement
on 2D materials could mainly be due to CM via a CT process.

The Raman enhancement mechanism and the effect of
molecular resonance transition on the MB-2D MoTe2 system
can be explained by an energy level diagram (figure 5).

There are mainly three resonance transitions involved in
the MB-2D MoTe2 system. The first transition responsible for
SERS enhancement is a molecular transition (μmol.) from the
HOMO (−6.26 eV) to the LUMO (−4.55 eV) of MB mole-
cule [49]. The excitation of MB molecules with laser energy
matching the HOMO-LUMO energy difference, 1.71 eV
(∼725 nm) causes a molecular resonance, contributing to a
strong enhancement of the Raman signal. The second is CT
transition (μi-CT) from the molecular HOMO to the Fermi
level (−4.59 eV)[25] and CB (−4.11 eV) [50] of 1 T′- and
2H- phases respectively, which is also known as ‘B’ term in
the Herzberg-Teller picture [51]. The third is the CT transition
(μk-CT or hik) from the Fermi level to the CB of 2D MoTe2 to
the molecular LUMO. In the case of 2H-MoTe2, there are

Figure 3. AFM images, height profile, and thickness of 2D MoTe2 films using tapping mode (a) 2H- phase (b) 1 T′- phase.
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additional two transitions that could occur i.e. a surface state
that may be present in the bandgap (not shown here) to
molecule LUMO and the VB of 2D MoTe2 to molecule
LUMO [22]. However, the energy of these two transitions is
much smaller (less than 0.93 eV in the case of 2H-MoTe2)
than 532 and 633 nm laser photons, and hence the effect of
these two transitions for excitation laser-dependent Raman
enhancement can be neglected. The relatively larger Raman
enhancement on 1 T′-MoTe2 than 2H-MoTe2 films and the
laser wavelength-dependent Raman EF can be explained
qualitatively by using the unified theory for SERS proposed
by Lombardi and Birke [48], according to which a dominant
‘B’ term contributing to the Raman signal in SERS can be
written as:

where ∣ ∣� �i Q kk is the vibration selection; �0 the permittivity of
the surrounding medium(real part), �1 and �2 (real and
imaginary) the permittivity of the SERS substrate (2H- and
1 T′-MoTe2); � is the laser frequency; � �i CT is the charge-
transfer frequency; and ��i CT and �mol are the damping factors
associated with the respective processes.

As stated before, CM is the dominant effect for the
Raman enhancement in 2D MoTe2, so plasmon excitation
with both lasers has a negligible effect, and the first term in
the denominator of equation (2) is not considered in our
explanation. As a result, the second and third factors in the
denominator of equation (2) associated with the charger
transfer transition and molecular transition, respectively, are
responsible for the Raman EF on 2D MoTe2. When the

Figure 4. Top: SERS spectra of MB at different concentrations on 2H-MoTe2 films measured under laser excitation at (a) 532 nm, and (b)
633 nm. Bottom: SERS spectra of MB at different concentrations on 1 T′-MoTe2 films measured under laser excitation at (c) 532 nm, and (d)
633 nm.

∣ ∣
(( ( ) ) )( )( )

( )� �
� � � � � � � �

�
� �

	 	 � 	 � 	
�
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R

h i Q k

2
, 2iFk

i CT mol ik k

i CT i CT mol mol1 0
2

2
2 2 2 2 2 2 2
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MB-1T′-MoTe2 system is excited with 532 (2.33 eV) and
633 nm (1.96 eV) laser separately, the laser energy is enough
to excite the electrons from HOMO to the Fermi level (6.26
−4.59=1.67 eV) as well as from molecular HOMO to
LUMO (6.26 ˗ 4.55=1.71 eV). However, the 633 nm laser
energy is closer to both energy values associated with CT
( ��Ei CT 1.67 eV) and molecular transitions ( �Emol

1.71 eV) as compared to 532 nm (2.33 eV) laser excitation
(figure 5(a)), i.e. � ��� ,i CT and � ��mol for 633 nm.
Hence, the Raman EF on MB-1T′-MoTe2 system with
633 nm (1.1×108) is significantly (∼8-fold) higher than that
of 532 nm (1.4×107).

In the case of the MB-2H-MoTe2 system (see
figure 5(b)), the energies associated with CT transition and
the molecular transition are �Ei CT = 6.26−4.11=2.15 eV
(∼577 nm) and Emol = 1.71 eV (∼725 nm), respectively. We
observed that 633 nm laser excitation is closer to both of
Emol = 1.71 eV, but both 532 and 633 nm laser energies are
equally close to �Ei CT = 2.15 eV (∼577 nm). Hence, the
overall observed Raman EF with 633 nm laser excitation is
about 6-fold higher than that observed with 532 nm can be
explained with the presented energy diagram. Our results
clearly illustrate that the 1 T′-MoTe2 film is more efficient
than the 2H-MoTe2 film for SERS enhancement. The higher
Raman EF observed on 1 T′-MoTe2 films as compared to that

observed on 2H-MoTe2 films could be attributed to the higher
electronic density of states near the Fermi level in
1 T′-MoTe2, which facilitates CT transition thereby enhan-
cing the molecular polarizability of MB molecule. None-
theless, the surface defects of the films could magnify the
SERS enhancement via a combined effect of increased charge
density and PICT pathways [52]. It is well understood that the
FWHM of the Raman peaks increases with the increase in
defect density in a material, and a material having a sig-
nificant number of defects shows a broad Raman peak
[53, 54]. In our case, both 2H- and 1 T′-MoTe2 films show
high crystallinity as indicated by the sharp Raman peaks with
FWHM ∼5.1 cm−1 of E1

2g peak for 2H- film and ∼4.9 cm−1

of Ag peak for 1 T′-MoTe2 film, which are comparable to
those of highly crystalline mechanically exfoliated single-
crystal 2D MoTe2 in the reports [50, 55, 56]. As a result, the
defects in the films should not significantly modulate the
SERS performance, and the higher SERS performance (sig-
nificantly large EF ∼3 times) of the 1 T′-MoTe2 film is due to
the intrinsic property of the material. Our results also showed
that Raman enhancement by CM is strongly dependent on the
energy of laser excitation, analytes, and SERS substrate,
which is in an excellent agreement with previous reports
[27, 47, 50].

Table 1. Raman EF comparison of different CVD-grown TMDs.

Materials Probe molecule LOD EF values Laser (nm) References

1 T′-MoTe
2

MB 10 nM 5.4×108 633 This work
2H-MoTe

2
MB 10 nM 1.8×107 633 This work

1 T′-WTe
2

Rhodamine 6 G 40 fM 1.8×10
9

532 [25]
1 T′-MoTe

2
Rhodamine 6 G 0.4 nM 1.6×10

8

532 [25]
1 T′-MoTe

2
β-Sitosterol 1 nM 1.0×10

4

785 [24]
1 T′-MoS

2
MB 1 μM 6.0×10

2

633 [43]
2H-MoS

2
MB 10 mM 2.0×10

2

633 [43]
MoSSe Glucose 10 mM 1×105 532 [44]
2H-MoSe

2
4-Mercaptopyridine 1 nM 3.5×10

5

488 [47]
WSe

2
Cu-Phthalocyanine N/A 3 632 [46]

Figure 5. Energy level diagram showing CT process between 2D MoTe2 films and MB molecule. (a) 1 T′- phase, and (b) 2H- phase.
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4. Conclusion

We presented a facile approach for the phase-controlled
synthesis of 2H- and 1 T′-MoTe2 films directly on SiO2/Si
substrates via APCVD. The SERS properties of as-grown 2D
MoTe2 were evaluated with MB, using Raman spectroscopy.
The results showed that the Raman EF (∼107–108) on
1 T′-MoTe2 was 3 times higher than that on 2H- MoTe2,
which could be explained by the fact that higher electronic
density of states near the Fermi level is semi-metallic
1 T′-MoTe2 facilitates photon-induced charge-transfer inter-
action. The higher Raman EF obtained with 633 nm laser
excitation versus 532 nm could be attributed to charger
transfer transitions and molecular transitions between MB and
the substrate. The realization of a LOD of ∼10 nM MB
molecules suggests that CVD-grown 1 T′-MoTe2 film could
serve as a promising flat platform for SERS-based chemical
sensing.
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