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Williamson-Hall plot
Average crystallite size (D) and lattice strain (¢) were calculated using Williamson-Hall plot

(equation 1),

KA
BCos® = D +4eSin6 . 1

where B is full width at half maxima (FWHM), K is the shape factor (0.94), and A is the

wavelength, respectively
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Figure S1 Williamson-Hall plots for pristine (a) SnSe and (b) SSCA-7-2
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XPS Analysis

Figure S2 is the survey XPS spectrum of Cu/Ag codoped SnSe sample (SSCA-7-2). It reveals
the presence of Cu 2p, Sn 3d, Ag 3d and Se 3d in codoped sample. C and O may come from

ethylelediamine and small amount of tin oxide which may form during synthesis.
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Figure S2 XPS survey scan for codoped SSCA-7-2
UV-Vis Analysis
UV-Vis spectra (shown in figure S3) were taken for the samples pure SnSe, Cu doped SnSe
(SSCA-7-0) and Cu, Ag codoped SnSe (SSCA-7-2). Corresponding optical bandgaps (Eg)

were calculated using Tauc relation! (equation 2)

ahy=Aolhv-Eg]* ... 2

Where a, h, v and A, are absorption coefficient, plank constant, frequency of radiation and

constant respectively. Value of n depends on type of transition like Y5, 2, 1/3 or 3 for allowed



direct, allowed indirect, forbidden direct, forbidden indirect transitions respectively. Obtained

bandgap values are 1.05, 0.91 and 0.69 eV for pure SnSe, SSCA-7-0 and SSCA-7-2

respectively. Hence optical bandgap decreases for doped and codoped samples which is also

observed in DFT results.
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Figure S3 (a) UV-Vis spectra; (b) Tauc plot of pure SnSe, SSCA-7-0 and SSCA-7-2 respectively

Transport parameters

Carrier concentration has been calculated using Mott-Jones equation 3 (for M.=0.9).

Obtained values of carrier concentration and mobility are tabulated in Table S1 at room

temperature along with recent similar works. Temperature variation of mobility for SSCA-7-

2 has been shown in Figure S4
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Table S1 Carrier concentration and mobility calculated from Seebeck coefficient and reported values

Sample n 108 cm3 n in 10"¥cm3 Mobility ( Mobility ( cm?/VS) Electrical Referen
from Hall (Mott-Jones) cm?/VS) Calculated from conductivity ce
measurement (m*=0.9me) Hall measurement | Seebeck coefficint S/cm
SnSe 8.28 0.0376 0.05 Present
5.32 (0.67 m) work

SSC-3 219 0.0872 0.3 ,,
15.05(m*=0.7me)
9.38 (m*=0.51me)

SSC-7 32 22.15(m*=0.7me) 0.3019 1.54 -
13.77 (m*=0.51me)

SSCA-7-1 48.9 0.5545 4.34 ”
16.15 (m*=0.43me)

SSCA-7-2 41.7 0.5261 3.51 "
13.79 (m*=0.43me)

SSCA-7-3 37.9 0.5011 3.04 -
12.51 (m*=0.43me)

SnSe 0.18 6.78 160 4.3 4.7 [2

SnSe 11.8 % Cu 3.44 13.71 57.2 14.12 31.6

SnSe 0.5 27.53 139 2.52 10.12 3]

SnSe 5% Ag 9 56.23 13 2.11 12.60

SnSe 0.15 8.9 (S=420pV/K) 56 0.32 0.46 4

SnSe 1% Zn 0.2 5.4(S=585 uVv/K) 30 0.57 0.50

SnSe 3.8 41.7(5=150 pV/K) 0.22 0.007 0.05 5]

Sng.94Pbg01S€0 96 T€0.04 3.98 42.1(S=149 pVv/K) 0.175 0.029 0.2

SnSe 0.25 6.8 (5=502 pV/K) 28 52 6]

Na0.01(Sn1-0.05Pb0.05) | 43.1 41 (S=150 pV/K) 5.7 6.2 58

0.99Se

(from Hall Effect) at room temperature
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Figure S4 Temperature variation of mobility for SSCA-7-2

Computational Details
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Figure S5 (a) ELF mapping of Cu-SnSe (b) EDD mapping of Cu-SnSe (c) Geometry optimized

structure of SnSe supercell

DFT calculations were carried out using Quantum Expresso code using a Monkhorst Pack
Scheme 9 x 9 x 3 k-point grid’. Spin-polarized DFT calculations were carried out with GGA
exchange-correlationnd PBE type Ultrasoft pseudopotentials and Koelling-Harmon
relativistic treatment®®., DFT-D2 correction using Grimme Parameters for interlayer VAW
interactions was taken into consideration since SnSe is a layered material. SCF cutoff was set
at le-6 eV with a density mixing electronic minimizer scheme and a Pulay-type charge
mixing scheme®!?, Geometry optimization was carried out using an LBFGS algorithm with
energy cutoff set at le-6 eV, max force at 0.005 eV/A, max stress at 0.01 GPa, and max
displacement at 1e-5 A!:12 Phonon density of states and phonon dispersions were calculated
using the Finite Displacement method for a single supercell, with convergence tolerance of

le-6 eV and 0.005 1/A dispersion grid separation’.
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