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Note 2: Raman spectroscopy.
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Figure S1: Schematic of PL and Polarization resolved measurement setup
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Figure S2: Optical and AFM micrograph of heterostructure along with line profile.

Table T1: Parameters used to calculate trion binding energy

Co -0.42 [1]
C1 158 [1]
C, -1330 [1]
Cs 3113 [1]
Cs -2640 [1]
M 0.59

e 6.8,7.2[2]




N1- Theoretical model and DFT input for calculation of exciton binding energy and
wavefunction

In this section we outline the theoretical method and DFT data to calculate the excitonic binding
energy and wavefunctions.

We use DFT data to extract the effective mass, dielectric constant and crystal structure. DFT
calculations were performed using the QUANTUM ESPRESSO [3] software, with scalar relativistic LDA
pseudopotentials from the PSLibrary [4]. These pseudopotentials used the Perdew-Zunger parametrisation of
the exchange-correlation energy [5] and were used with the projector augmented wave (PAW) method [6, 7].
The valence of Re was taken as 15, and no van der Waals’ corrections were included. Initial atomic
coordinates were taken from the Chemical Database Service [8] for monolayer ReS2. The kinetic energy
cutoff was 60 Ry (816 eV) and Monkhorst-Pack [9] k-point meshes of 20x20x1 were used.

The lattice constant of monolayer ReS; is approximately 0.63 nm which comes from previous experimental
works and ab initio calculations [10]. We use the calculated DFT electronic dispersion to find the effective
mass of the anisotropic band structure. We extract the effective mass in the directions parallel to (x) and
perpendicular to (y) the Re-chains in the monolayer.

For the conduction band we obtain

m¢* = 0.59m,
md = 1.66m,

For the valence band we obtain
mvx = '242mo
mvy = '149mo

These values reflect the 1D-nature of the electronic motion along the Re-chains (b-axis) in the monolayer.

We were also provided with DFT data for the dielectric constant in ReS, which we expect to be anisotropic
in the plane. Eliminating the vacuum contribution, we obtain the tensor

&n 0 D 14.06 0 0
e=|0 ¢, 0]=| 0 1329 o0
0 0 e 0 0  4.61

where x lies along the Re chains in the monolayer, and z is out of plane. We use the Wannier equation to
obtain the binding energies, modified to consider the band anisotropy and anisotropic dielectric screening in
the TMD.



We rely on the assumption that around the band gap, the valence band maximum and conduction band
minimum are approximately parabolic. From this we can employ the Wannier equation to calculate the
excitonic binding energy.
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Here, E; denotes the exciton binding energy with energy level n, Ve is the screened Keldysh Coulomb

interaction, (p}(lx kythe excitonic wavefunction, and mfy the reduced mass which varies due to the anisotropy.

The calculation presented here is for freestanding ReS;, the presence of substrates (especially hBN

encapsulation) should reduce the magnitude of the binding energy.
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Figure S3: Binding energies, EZ for ReS,. The 1s-exciton has a binding energy of 859 meV.



N2- Raman Spectroscopy

In ReS: the spectral position of the Raman peak depends on the number of monolayers [11]. To
determine the number of monolayers, present in our sample we performed a Raman spectroscopic
analysis in back scattered geometry. It is carried out under ambient conditions using an Argon lon
laser (514 nm) which is focused onto the heterostructure with a 100x objective. The spectral
resolution of the Raman setup is 0.04 cm™. Figure S4, shows characteristic vibrational spectra
obtained for the monolayer as well as for the corresponding heterostructure. The spectra reveal the

characteristic Aly mode of WSe; along with the 2" order longitudinal phonon mode.
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Figure S4: Raman spectra of the WSe, monolayer and the corresponding heterostructure with FL- ReS;

These phonon modes are also visible in the heterostructure alongside with the ReS; berating mode
at 260 cm™. The distinct Ay mode of ReS; corresponds to out-of-plane vibrations of Re atoms. The
phonon distribution in few layer ReS, seems to be nearly identical to that of bulk [12, 13]. This indicates
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electronic and vibrational isolation of this material with respect to the number of layers. The in-plane

vibrational mode of Re and S atoms can be seen at 160 cm™, 212 cm™ and 308 cm™, respectively. It is

also noticeable that the breathing mode is stronger than the shear mode in ReS;, whereas the shear mode

is dominating in conventional 2D materials [14, 15]. We could also quantify the number of ReS; layers

by analyzing the peak positions [16]. The peak at 136 cm™ indicates that there are 4-layers of ReS; in our

heterostructure. When the Raman frequency increases the vibrational atomic weights of Re and S atoms

changes due to intrinsic difference of their atomic weights, this leads to variable Re-Re dimers and thus

changes the bond charge polarization and generates different intensities [17].
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