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Figure. S1. (a), (b) Rietveld refinement of SnS, and SnSSe bulk powder respectively, (c)
XPS survey spectrum of SnS, and SnSSe, (d) High resolution XPS of deconvoluted S 2p for
SnSSe, (e) High resolution XPS of deconvoluted S 2p for SnS,, () valence band spectrum
with respect to the Fermi level of SnS, and SnSSe, (f) AFM images of SnSSe 2d sheet.
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Figure. S2. (a) HAADF mapping of SnS, nanosheet (b), HAADF mapping of SnSSe
nanosheet (c) EDX spectra of SnS; and SnSSe nanosheets.
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Figure. S3. (a) Absorbance spectra for bulk SnS, and SnSSe powder sample, (b), (¢)
Absorbance spectra for exfoliated SnS, and SnSSe in isopropanol solvent, (d) Deconvoluted
PL spectrum of exfoliated SnS,, (¢) PL quenching of SnS, in presence of SnSSe, (f)
schematic representation of the electron transfer process from SnS, to SnSSe.

(a), — (c) 300
o1l GaN/SnSSe GaN/Sns,
fr'"_);’. —1058 ——172 250 :;gis .
1E-4 —::: ;;'.’ —f16  —T
2 uuff —_—17 —47 2\ 200100 e
.14 e (1 3() s 3 8§ — 5 —) y 2
2, 0.014 —s5 ——166 N = 150 —-:: —:.:;(“‘wcm)
F1E-34 —i85 ——0.87(WW/cm") ™ —i26 349
14 —amnd-Grvisas, —_—_26 ——587 = —37 ——207
1E-5 R — ) 1004 i 123
0.1 —320 ——207 —_—289 ——0.73
10}.:'0;1 —280  m—1.23 50— —os
1E3, —_—23 —0.73 —1T2 —026
1E-54
1E-6 ‘ . ; e TS 04; . : . e :
3 2 a0 1
2 1 0 1 3 2 a1 0 1 2 3
Vvolt
(volt) V(volts) V (volt)
(d) - (e : — D - —ov
GaN/sus,Susse _ - GaN/SnSSe  ——30V 1354 GaN/SnS, 3oV
500 . 4 r 365 nm —_—Y 365 nm —12.5V
—us —7 % ol 1058 yWiem? =20V 1058 pW/em' =20V
- 4 ——s16 =28 a2 —15V
- =717 =166 el Q - 904
—i) 087 0 E S
= 3004 —53 —5-37(u‘wcmﬂ) e 3 <
i — 45— .40 : &
- —2f 207 |
200 =88 T 30 = 451
—320  —(),73
100] =280 =—0.43
—223 =026
— 32 —().]15
0| m— 0{JUUUL 0+
L= = - : - - ‘ ; \ T T T T . : T T T r
3 2 -1 0 1 2 3 0 S 150 225 300 375 0 75 15['] 225 300 375
V (volt) Time (sec) Time (sec)

Figure. S4. (a) semi-logarithmic I-V curves of the fabricated devices, (b)- (c)
Photoresponse recorded with varying intensity under 365 nm illumination, (e)-(f) Bias




dependent photo switching of the device D, and D, at fixed intensity of 1058 uW/cm?.
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Figure. S5. (a), (b) Schematics of energy band diagram for Djand D, device
configuration, (c) Simulated electron density distribution of SnS,/SnSSe heterostructure.



Table ST1. Parameters to calculate the average photoluminescence lifetime of carriers

T= A+B1*€Xp(-i/T1) + Bz*@Xp(i/Tz)

Sample Excitation Emission Average T, (ns) T, (ns) B, B,
(nm) (nm) life time
(ns)
SnS, 2.629 0.914461  6.04562 66.57 33.43
375 460
SnS, - 1.483 0.900447  5.2463 86.59 13.41
SnSSe

Table ST2. Parameters to calculate the average photoluminescence lifetime of carriers.

T= A+B1*€Xp(-i/T1) + Bz*@Xp(i/Tz)

Excitation Emission Averag T (ns) T, (ns) B, B,
Device (nm) (nm) e
configuration life time
(ns)
GaN/SnS, 6.692
0.52091 7.36049 9.76  90.23
GaN/SnSSe 375 460 6.603  0.29676 7.25718 9.39
90.60
GaN/SnS,
/SnSSe 4931 0.71218 7.37601 36.69 63.31




Table ST3. Performance comparison of our fabricated device with other reported work.

Device Wavelengt Bias R (A/W) EQE (%) D* (Jones) Refer.
configuration h (volt)
(nm)
CTS QDs/SnS, 320 5 53.88 20,878 3.2x10" !
SnS /ITO 405 3 58 %10 179 153x10" 2
Cr: Au/SnS /Cr: Au 365 1 112 3.7x10° 1.18% 10" g
Ag/SnS /Ag 365 5 5.5 1868 1.72 x 10" 4
Si/SnS, 405 -2 0.12 9.35%10" >
SnS_/SiNW 340 2 100 3.644>< 10 1.14x10" 6
Au/In-SnS /Au 405 5 153.8 4.724>< 10 581x10" 7
SnS /PEDOT: PSS 300 -1 182.89 7.554>< 10 144 x10" 8
AV/SnS,/CuO/ 300 -1 1.87 77541  110x10" ?
PEDOT: PSS/ITO
SnS/Ag,S 405 2 4.52 3.53 x 10" 10
SnS,/GaN 265 0 3.52 1.76 X 1014 1
p-Si/SnS, 365 0 0.0125 2.85 <107 12
InSe/SnS2/GeSe 355 0 1.87 656 8.39 X 1012 1
Sn02/1n203/SIIS2 555 0 2.9 X 10'3 5.9x107 14
ITO/SnS,/Zn0Sy/Au 365 0 8.28 10 5.09 x 1010 15
Ud-GaN/SnS,/SnSSe 365 3 314.96 10.7%10 200 x10™
4 This
0 1.52 6.06 % 10" work
519 ]




Table ST4. Population analysis (Mulliken and Hirshfeld) for geometry optimized SnS,.

Atomic Populations (Mulliken)

Species Ion s p d f Total Charge (e)
S I 1.89 4.57 0.00 0.00 6.46 -0.46
S 2 1.89 457 0.00 0.00 6.46 -0.46
Sn 1 1.16 1.92 0.00 0.00 3.08 0.92

Hirshfeld Analysis

Species lIon Hirshfeld Charge (e)

-0.14
-0.14
0.28

Table STS. Population analysis (Mulliken and Hirshfeld) for geometry optimized

SnSSe.

Atomic Populations (Mulliken) Hirshfeld Analysis

Species Ion s p d f Total Charge(e) Species Ion Hirshfeld Charge (e)
S 1 190 456 0.00 0.00 6.46 -0.46 S 1 -0.15

Se 1 1.79 445 0.00 0.00 6.24 -0.24 Se 1 -0.11

Sn 1 131 1.99 0.00 0.00 3.30 0.70 Sn 1 0.26




Table ST6. Population analysis for SnS,/ SnSSe heterostructures.

Atomic Populations (Mulliken) Hirshfeld Analysis
Species Ion s p d f Total Charge(e) Species Ion Hirshfeld Charge (e
S 1 1.89 456 0.00 0.00 6.46 -0.46 S 1 -0.14
S 2 190 456 0.00 0.00 6.46 -0.46 S 2 -0.14
S 3 190 455 0.00 0.00 6.45 -0.45 S 3 -0.15
S 4 190 456 0.00 0.00 6.45 -0.45 S 4 -0.14
S 5 1.89 457 0.00 0.00 6.47 -0.47 S 5 -0.15
S 6 1.89 4.57 0.00 0.00 6.47 -047 S 6 -0.15
Se 1 1.75 445 0.00 0.00 6.21 -0.21 Se 1 -0.11
Se 2 1.81 445 0.00 0.00 6.26 -0.26 Se 2 -0.11
Sn 1 1.18 1.91 0.00 0.00 3.09 0091 Sn 1 0.29
Sn 2 1.18 1.90 0.00 0.00 3.08 0.92 Sn 2 0.29
Sn 3 131 2.01 0.00 0.00 3.32 0.68 Sn 3 0.25
Sn 4 127 2.01 0.00 0.00 3.27 0.73 Sn 4 0.25
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