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1 Electronic bands

|

(b) PbBrF

(f) PbIBr

SFig. 1: The energy levels derived from the wavefunction coefficients, calculated using Boltztrap®. The
energy levels agree well with the DFT simulation reported in Ref.2. The Fermi level is set at 0 eV,
represented by the dashed gray line. The shaded region indicates all possible band gaps between valence
and conduction bands. The minimal electronic bandgap is in the K — T direction, except for PbIF, which
is a direct bandgap exactly at . The green arrow guides the visualization of valence (conduction) band
minimum (maximum) locations along with the calculated bandgap in eV.



2 Phonon Scattering rate
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SFig. 2: The mode-resolved phonon scattering rate determined as I'y = 1/7,, where 7, is the phonon
life time.

3 Phonon group velocity
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SFig. 3: The mode-resolved phonon group velocity.



4 Phonon mean free path
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SFig. 4: The mode-resolved phonon mean free path.

5 Mobility and Relaxation time
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SFig. 5: The calculated a- and y-components of (a, ¢) mobility x and (b, d) corresponding relaxation
time 7 of holes in PbXY JLs. In mobility of holes along - and y-directions is, in general, less than that
of electrons and relaxes in a shorter period. Therefore, the electrons contribute more to enhancing the TE
characteristics than the holes.



6 Phonon band structure
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SFig. 6: The calculated phonon band structure of (a-c) F- and (d-f) L-JLs along with the phonon density
of states (DOS). The X and Y symbols in the DOS panel represent the first and second halides in the
chemical formula. The colored and gray lines represent the acoustic and optic modes. As the halide atomic
weight increases, the vibration frequency range decreases.



7 Calculated parameters from deformation potential approach

Table S1: The calculated elastic modulus Cg in Nm~!, deformation potential constant Ey (eV),
effective mass m™ in m, (electron mass), and relaxation time 7 in fs of PbXY JLs are presented.

electron

Direction Cs (Nm~1) E; (eV)

Electron Hole

PbCIF x 27.22 3.16 0.591 -1.943
Yy 9.99 3.16 0.591 -1.943

PbBrF x 26.65 3.39 0.469 -2.267
Yy 10.26 3.39 0.469 -2.267

PblF z 27.07 4.13 0.425 -1.511
Y 10.85 4.13 0.425 -1.511

PbBrCl z 17.05 2.22 0.331 -2.267
Y 451 2.22 0.331 -2.267

PbICI z 17.48 2.77 0.302 -1.511
Yy 4.94 2.77 0.302 -2.093

PbIBr x 16.60 2.61 0.272 -1.360
Y 4.48 2.61 0.272 -1.511




Thermoelectric coefficients of F' PbXY Janus layers along

armchair direction
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SFig. 7: The calculated yy-components of a) S, b) o, c) k., d) PF, and e) ZT of PbCIF (top row),
PbBrF (middle row), and PbIF (bottom row) JLs with electron relaxation time along armchair (y) direction.
The negative (positive) N represents the electron (hole) carrier concentration.
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arm-chair direction

— T=200K —— T=300K T= 400K T=500 K T=600 K T= 700K T=800K T= 900K T=1000 K
0.4 1.0 0.30 0.30F
1500 (a) PbBrCl 1 (b) (c) (d) . (e)
0.25
1000 1 _osl 0.8 < ) 0.25F
v - ¥ 0.20 h
_ ] 7 7 0. i 0.20F
N S %05 :
N
3 0 1 Coz2f £ 2015 £ 0.5}
s o 5 S ‘ N
= — =04 =1
B 500 1T N 2 0.10 0.10F
B 0.1k h R
-1000 q 0.2 & 0.05 0.05F
_ ] Jﬁ;
1500 0.0t 0.0 \ ] 0.00 0.00
-0.10 —0.05 0.00 0.05 0.10 -0.10 —0.05 0.00 0.05 0.10 -0.10 —0.05 0.00 0.05 0.10 -0.10 —0.05 0.00 0.05 0.10 -0.10 —0.05 0.00 0.05 0.10
0.25 0.5 0.5
1500F (a) poicl 1 (b) (0 (d) 025F (o)
1000 020 1 04 04 0.20}
7 = N X
g 00 N 3 fo1s 1&o3 503 015k
3 ] p s 2
3 0 S Py g n R
N S 0.10 1202 502 0.10f
“ 500 N e =) f
: : : 1
~1000 0.05 {1 o1 Lo01 0.05F
-1500¢, . . . . 0.00, . P : 0.0L. . —————— 00 . . . 0.00 =~ ?
—0.10 —0.05 0.00 0.05 0.10 —0.10 —0.05 0.00 0.05 0.10 —0.10 —0.05 0.00 0.05 0.10 -0.10 —0.05 0.00 0.05 0.10 -0.10 —0.05 0.00 0.05 0.10
0.20 0.5 0.5 2.0
1500+ (a) PbIBr (b) () (d) (e)
1000 0.4 <~ 0.4
015
T = & 13
g 00 N I F Yos3 £03
N D s >
c 0.10 2
3 0 S 13 S £ 10
3 T ] 202 502 N
& 500 = 20 <
® 0.05 < 2 0.5
—-1000 0.1 & o1 ‘\ J ;‘
~1500¢, . . . . 0.00p . . . . 0.0L. . —— 00 —r"’{/ . . 0.0 : . . .
—0.10 —0.05 0.00 0.05 0.10 -0.10 —0.05 0.00 0.05 0.10 —0.10 —0.05 0.00 0.05 0.10 -0.10 —0.05 0.00 0.05 0.10 -0.10 —0.05 0.00 0.05 0.10
n (102 cm?) n (1022 cm=2) n (1022 cm=2) n (1022 cm=2) n (1022 cm=2)

SFig. 8: The calculated yy-components of a) S, b) o, c) k., d) PF, and e) ZT of PbCIF (top row),
PbBrF (middle row), and PbIF (bottom row) JLs with electron relaxation time along armchair (y) direction.
The negative (positive) N represents the electron (hole) carrier concentration.



10 Heat-energy conversion efficiency
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SFig. 9: The calculated za-component of 7 of PbCIF (left), PbBrF (middle), and PbIF (right) JLs as
a function of hot-side temperature and carrier concentration n. In comparison, the PbCIF layer presents

better Carnot efficiency at the carrier levels close to the Fermi level.
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SFig. 10: The calculated zz-component of 1 for PbBrCl (left), PbICl (middle), and PbIBr (right) JLs as
a function of hot-side temperature and carrier concentration n. In comparison, the PbCIF layer presents
better Carnot efficiency at the carrier levels close to the Fermi level.
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