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Supporting Information
Details of the spectroscopic limited maximum efficiency (SLME)

In the spectroscopic limited maximum efficiency (SLME) metric,! a photovoltaic cell is

treated as an ideal diode illuminated under the incident photon flux I,,,, and the total
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current can be calculated as follows,
eV
J = Jse — Jo(1 — €*8T), (1)

where V' is the potential over the absorber thin film, kg Boltzmann’s constant, T' the tem-
perature, respectively.

Jse 1s the the short-circuit current density given by,
Joe = e/ a(E) g, (E)E = e/ (1 —exp(—2a(F)L))sun(E)dE, (2)
0 0

where o and L are the absorption coefficient and thickness of the thin film, respectively.

Jo is reverse saturation current given by,

Jo=f1I =ef /OOO a(E)Iw(E,T)dE = ef /000(1 — exp(—2a(E)L)) Iy (E, T)dE, (3)

f = e, )

where Iy, £t

- and A are the black-body radiation flux, fraction of the radiative recombina-

tion current and difference between the lowest direct allowed transition and the fundamental
band gaps, respectively.

The maximum energy conversion efficiency, SLM FE, is given by,

SLME = % (5)

where [JV]4. and Py, are the maximum electrical output power density and the total

incident solar power density, respectively.



Table S1: Lattice parameters of (BA)y(MA), 1Sn,I3, 1 unit cells using PBE-D3

Compounds a(A) bA) A a() B() 1()
(BA),Snl," 8497 8724 28034 90.0 90.0 90.0
(BA),Snl," 8410 8911 26.074 90.0 90.0 90.0
(BA),(MA)SnoI; 20230 20.230 8479 950 95.0 25.5
(BA)y(MA)ySnslyy 8551  9.085 25.307 905 97.7  90.9

Table S2: Lattice parameters of (BA)y(MA), 1Sn,I3, .1 conventional cells using PBE-D3
and PBEsol in comparison with experiment

Compounds Functional a (A) b(A) c¢(A) a(°) B() ~(°
PBE-D3 8.497 8724 28.034 90.0 90.0 90.0
PBEsol 8.519 8.691 28.411 90.0 90.0 90.0
Ref. 2 8.591  8.814 27.644 90.0 90.0 90.0
PBE-D3 8.410 8911 26.074 90.0 90.0 90.0
(BA)QSHI4lt PBEsol 8.334 8.839 26.807 90.0 90.0 90.0
Ref. 2 8.408  8.932 26.023 90.0 90.0 90.0

PBE-D3  39.458 8.946 8.479 90.0 95.1 90.0

(BA);(MA)Sn,I;  PBEsol  40.026 8.968 8394 90.0 928 90.0
Ref. 3 39.497 8.858 8776 90.0 90.0 90.0

PBE-D3 8.551 50.184 9.085 89.4 90.9 92.0

(BA)o(MA)»Snsl,y  PBEsol 8461 51440 9.031 89.6 90.9 91.5
Ref. 4 8.795 51921 8.858 90.0 90.0 90.0

(BA)QSHI4rt

Table S3: Average in-plane and out-of-plane Born effective charges (Z*) over Sn and I atoms.
Superscripts || and L indicate properties parallel (in-plane) and perpendicular (out-of-plane)
to the 2D perovskite sheets, respectively

Compounds Atom  Zj 7
Sn 4916 2.601
rt
(BA),Snl, I 2035 -1.000
Sn 4.992 2.984
(BAR(MA)Sn2lr 1 5000 1226
(BA)2(MA)2Sn3lig o Sor T

I -2.197 -1.386




Figure S1: Crystal structures of the layered tin hybrid perovskites unit cells: (a) (BA)oSnl,™,
(b) (BA)2SHI41t7 (C) (BA)Q(MA)SHQI7, and (d) (BA)Q(MA)QSDgIlO
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Figure S2: Projected density of states (PDOS) and “inverted” crystal orbital Hamilton pop-
ulations (-COHP) of Sn-1 bonds for the layered tin hybrid perovskites: (a) (BA)ySnl,™,
(b) (BA)3Snl", (¢) (BA)2(MA)Snyl;, and (d) (BA)o(MA)ySnslyg, where the energy is with
respect to the Fermi level. Since the “inverted” COHP values are plotted, the positive re-
gions (orange line) represent the bonding interactions , while the negative regions (blue line)
denote antibonding interactions.



Figure S3: Charge density isosurfaces of the conduction band minimum (CBM) of the Snlg "
octahedra in (a) (BA),SnI,"™ and (b) (BA),Snl ™.
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