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Computational Details : 

First principles calculations on different structures are performed by using the 

Quantumwise ATK 15.1 package[1,2], where norm-conserved FHI pseudopotentials and double-

zeta polarized plane-wave basis set are used for the expansion of electronic density after 

incorporating the dipolar correction as per Grimme DFT-D3 method[3]. The exchange 

correlation energies are calculated within generalized gradient approximation (GGA) after 

including spin-orbital coupling and with a hybrid BLYP functional. The plane-wave cut-off 

energy is kept at 100 Hartree and k-point samplings are done over a Monkhorst-Pack mesh of 

5×5×3. All the structural optimizations are done by using a LBFGS optimizer with a force and 

stress tolerance of 0.01 eV/A and 0.001 eV/A3 respectively.  

The time-dependent optical properties were calculated after including all transitions by 

using the all-electron full-potential linearized augmented plane wave approach, including the 

local orbitals (FP-LAPW + lo) within the framework of TDDFT as implemented in the ELK 

4.3.6 code[4]. We treated the exchange–correlation potentials with local spin-density 

approximation (LSDA) with the Perdew–Wang/Ceperley Alder functional. 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

Figure S1: Static DFT absorbance of different ReS2 system with all three polarization dependent 
components for a) monolayer, b) bilayer, c) trilayer and d) bulk. Strong anisotropy present in the system 
is evident from the figure.  

 

 

 

 

 

 

 



 

 

 

Chemical Vapor deposition process: 

 

Fig S2: The schematic for the CVD growth to produce the ReS2 thin films on Si/SiO2 substrates. 

In the Chemical Vapor Deposition (CVD) process to grow the ReS2 thin films,  the Re- precursor 

(NH4ReO4) is placed in a ceramic boat and sulfur powders (S) are placed in a glass boat. The 

Si/SiO2 or quartz substrates were placed on top of the ceramic boat as shown. The ceramic and 

glass boats are then carefully placed within the CVD glass chamber, towards the center and near 

the edge respectively. The deposition were carried out under a continuous flow of N2 gas within 

the sealed CVD chamber at three different temperatures of 450°C, 650°C and 750°C.  

 



Device fabrication and measurement: 

For modern age integrated electronics, the ion-gel dielectrics are advantageous over the 

conventional solid-state dielectrics in terms of their simple fabrication protocol at room-

temperature, cost-effectiveness, low operational voltage, low power consumption and the 

flexible choice of substrates. The SiO2 (300 nm) on the Si surface serves as the insulating 

substrate for device fabrications. Polyethylene oxide (PEO) and lithium perchlorate (LiClO4) 

were used to prepare the gel-electrolyte as a dielectric layer for the transistors. At first, the 

precursors were taken in 8:1 (PEO:LiClO4) weight ratio and mixed thoroughly using a magnetic 

stirrer at 1000 rpm. The 80 nm thick metal (Au) electrodes were deposited by thermal 

evaporation technique at the base pressure of ~2 x 10-6 mbar. A separate coplanar metal finger 

positioned remotely from the channel, was served for gate electrode, which control the electric 

field of the channel through ion gel. The prepared dielectric gel was carefully drop-cast in the 

fashion that caps the transistor channel and a portion of the gate electrode. All the electrical and 

photo-response measurements were performed at ambient conditions. The current-voltage (I-V) 

characteristics were recorded after using a Keithley 4200-SCS semiconductor parameter analyzer 

unit. The photocurrent was recorded using a broadband light source, a monochromator and an 

optical microscope equipped with an optical fibre. The low threshold voltage and the small 

operating voltage window (-8 V to 3 V) for on/off switching are attributed to the high specific 

capacitance of the dielectric ion-gel, allowing an easy modulation of the work function of the 

ReS2 channel. 

The generic fabrication process of the ion-gel dielectrics provides significant flexibility to 

choose any architectures or flexible substrates. After application of a positive gate bias (Vg) to 

the channel material (ReS2), the resultant electric field drives ClO4− ions towards the gate 

electrode and Li+ ions near the channel surface, forming a nanoscale thickness gate capacitor, 

knows as an electric double layer (EDL). The large capacitance of the EDL leads to a large 

surface carrier density and induced electrons in the n-type channel, effectively enhancing the 

electric current through the channel between the source and the drain electrodes. The field-effect 

mobility has been extracted by using the following expression: 

µ = 	
𝛻𝐼&
𝛻𝑉(

×
𝐿

𝑊𝐶-.𝑉&
 



where L is the channel length (2 mm), W is the channel width (2 mm), and Csp is the specific 

capacitance of the dielectric gel, about ~3 µF/cm2. The field-effect mobility was estimated as 

~0.11 cm2V−1s−1 for the present system. 

 

Details of PL and TA 

PL was measured with a laser of wavelength 532 nm, a spot size of 20 µm diameter and the 

maximum laser power being 1.6 mW. The evolution of the excited state dynamics for the films 

F1-F3 is probed with the picosecond resolved TA spectroscopy, where the samples are excited 

with a beyond band-gap pump beam of energy 3.1 eV and the resulting excitations are explored 

with a probe beam with energy ranging from 1.76 to 2.6 eV. 
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