Supplementary Document of Perovskitesfor Solar Thermoelectric

Applications: aFirst Principle Study of CH3NH3Al3 (A=Pb and Sn)

Yuping He™ and Giulia Galli**

Department of Chemistry, University of California, Davis, CA 95616, and The Institute for

Molecular Engineering, The University of Chicago, IL 60637

E-mail: gagalli@uchicago.edu

*To whom correspondence should be addressed
TDepartment of Chemistry, University of California, Daw@A 95616
*The Institute for Molecular Engineering, The University@iicago, IL 60637

1



Table SI: Ab initio optimized lattice constants a, b and ¢ (8¢e Fig. 1a) of the pseudo-cubic
MAPDI3; with MA along the <100>, <110> and <111> directions, and ¢ého$ pseudo-cubic
MASnNI3 with MA along the <100> direction. The term AVE represents Hverage value over
three lattice constants. The displacement of the metal PbfiMAPDI3 in each of the three cases
is shown in Fig. S1.

Lattice Constant MAPDI3 MASNI3
MA100 MA110 MA111| MA100

a 6.4504 6.4271 6.4113 6.3535
b 6.3810 6.4470 6.4192 6.3384
c 6.4601 6.3373 6.4132 6.3641
AVE. 6.4305 6.4038 6.4145 6.3520

Table SlI: Calculated Iongitudinahﬁ), transverse (), conductivity (nf), band (nj), and den-

sity of state effective mass (inof electrons (g) and holes (h) at two splitted conduction edges
(LUMO1 and LUMO2) and two splitted valence band edges (HOM@®d HOMO?2) at the R point
in the Brillouin Zone (see Fig. 2a and 3a). All effective masaee in units of the electron mass
(me). The term AVE represents the averaged value over the twitespbands. All results were
obtained with DFT-PBE calcuations. The effective masswas obtained by summing over two
bands and it is indicated by the bold figures.

MAPbl; (e) MAPDbI; (h') MASnl; (e) MASnl; (h7)

LUMO1 LUMO2 AVE. | HOMO1 HOMO2 AVE. | LUMO1 LUMO2 AVE. | HOMO1 HOMO2 AVE.

m [ 02527 01282 0190503435 03366 0.33980.2825 03021 0.29280.1872 01711 0.1792
m’ | 0.0853 0.0750 0.08020.1012  0.0855 0.09340.0935 0.0868  0.09020.0887  0.0857  0.0872
m; | 0.1095 0.0870 0.09830.1323  0.1138  0.12310.1203 0.1138  0.11710.1076  0.1028  0.1052
mg | 01227  0.0897  0.10620.1521  0.1350  0.14360.1352 0.1315 0.13340.1138  0.1079  0.1109
m* | 0.1227 0.0897 02124 |0.1521  0.1350 0.2871|0.1352 0.1315 0.2668 | 0.1138  0.1079 0.2217
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Figure S1: Positions of Pb atoms in MARdamples for the perfect cubic structure (black),
pseudo-cubic with MA along <100> (red), pseudo-cubic with Mong <110> (blue) and pseudo-
cubic with MA along <111> (green) direction, respectively.
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Figure S2: Calculated electron (black) and hole (red) midsli() as a function of carrier con-
centration at 400 K in pseudo-cubic @NH3Pblks (a) and at 300 K in pseudo-cubic GNH3Snk
(b), by using the Kane model withd®/o band gaps and DFT-PBE effective masses.
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Figure S3: (a) Seebeck coefficients (S), (b) electricaktidies (o), (c) total thermal conduc-
tivities (ktotal), @and (d) the predicted values of the material figure of rad#fT) as a function of

carrier concentration with =1, 2 and 3 W/mK, at 400 K for n-type (black) and p-type (red)elbp

pseudo-cubic CENH3PDbl, obtained from the Kane model withg®/¢ band gaps and DFT-PBE
effective masses. At the carrier concentration for whichig maximum,ke varies between 0.45
and 0.75 W/mK for n-type, and between 0.30 and 0.43 W/mK forgety
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Figure S4: (a) Seebeck coefficients (S), (b) electricaktidies (o), (c) total thermal conduc-
tivities (ktotal), @and (d) the predicted values of the material figure of rad#fT) as a function of

carrier concentration with =1, 2 and 3 W/mK, at 300 K for n-type (black) and p-type (red)elbp

pseudo-cubic CENH3Snk, obtained from the Kane model withg®/o band gaps and DFT-PBE
effective masses. At the carrier concentration for whichig maximum,ke varies between 0.38
and 0.62 W/mK for n-type, and between 0.24 and 0.31 W/mK forgety



