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S1 Band structure with and without Cs replacement

In the composite approach as discussed in the main manuscript, the 2D HOP is regarded
as a composite material whereby one can define three model structures as shown in the
manuscript. To model the perovskite structure (W) from the composite (BA2(MA),Pbslys),
the inter-layer molecules butyl-ammonium (BA) were replaced by Cs (Csa(MA),Pbslig).
These molecular states do not contribute or less in the band egde. Indeed, as some of
us have previously demonstrated,' the organic molecules have states either too high in
the conduction band (CB) or too deep in the valence band (VB). As such, they may be
replaced by an inorganic cation such as Cs' so as to mimic the Coulomb interactions with
the inorganic layer without altering much the band structure close to the electronic gap.
This is verified in the band structure of n=5 with and without Cs replacement as shown in

Figure S1.
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Figure S1: Comparison of the band structures of n=5 (BA)y(MA)4Pbsli¢ member of 2D
HOP RP phases* with and without Cs replacement. Spin-orbit coupling is not included in
the calculations.



S2 Composite nature of dielectric profiles in 2D HOP

6 n=‘1 — Composite A/B 6 n‘=2 — Composite A/B
— - Inorganic A — Inorganic A
— Organic B 5 = — Organic B
5 -+ A+B ; .

G F T 0 1t 5 4
Position (nm)
=3 —eeme O =
5 — Organic B 5 | — ;)vfaBmc B
4t
~
33
w
2,
1
22 0 2 4 %2 =2 0 2 4 b
Position (nm) Position (nm)

Figure S2: Composite nature of high-frequency dielectric constant applied to n=1-4 member
of 2D RP HOP. We notice a larger mismacth of the profiles at the inorganic layer when n=1.

S3 Definition of octahedral tilt angles (3, ¢)

The octahedral tilt angles are defined as shown in Figure S3.° These angles allow to ra-
tionalize the interplay between structural distortions and optoelectonic properties of hybrid

organic-inorganic perovskites.
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Figure S3: Definition of the octahedral tilt angles.® a) In-plane tilt angle 8 and (b) out-of-
plane tilt angle ¢.

S4 Chemical tuning of the inorganic well

Table S1: Octahedral distorsion angles (3, ) and space groups of (PMA),PbX, series of
2D perovskites.
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(PMA),Pbl, 10.1 8.3 Phca
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Figure S4: a) Band alignment of (EA),Pb3X, series of 2D HOP showing the different band
offsets. X refers to the halogens Br and Cl. DF'T band gaps are used to align the CB.
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Figure S5: Band alignment of (BA)sMIy series of 2D HOP showing the different band
offsets. M refers to the metals Pb and Sn. DFT band gaps are used to align CBM.

S5 Effect of the barrier length

Table S2: Octahedral distorsion angles (5, ) and in-plane lattice parameters of
(CinHaomy1NH3)oPbly series of 2D perovskites. Cm refers to a system with m carbon atoms
in the alkyl chain.

a (A) b (A) B () 9 (%) Space group
C4 8.8764 8.6925 12.3 5.8 Pbca
6 8.9413 8.6874 12.0 5.8 Pbca
8 8.9817 8.6886 11.7 6.1 Pbca
C10 8.9708 8.6733 12.0 6.1 Pbca
C12 8.8645 8.5149 11.5 11.2 Pbca
C16 8.8167 8.5222 11.9 11.1 Phbca
C18 8.7825 8.5401 12.0 11.0 Pbca




S6 Effect of lattice distortion related to structural

phase transitions
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Figure S6: Band alignment of C10 [(C1oH2NH;3)2Pbl,| showing the effect of phase transi-
tion on the confinement potentials. DFT band gaps are used.

Table S3: Octahedral distorsion angles (5, ¢) and in-plane lattice parameters of C10
[(C10Ho1NH3)oPbly| showing the effect of phase transition.

a (A) b (A) s () 5 (%)
C10 (268 K) 8.8314 8.4871 11.9 1.1
C10 (293 K) 8.9708 8.6733 12.0 6.1




S7 Effect of well’s thickness

Table S4: Data summarizing the space group, inorganic layer thickness of the n=1-5 mem-
bers of 2D RP HOP ((BA)y(MA),,—1Pb,Is,:1) and exciton reduced masses used to calibrate
the 0.200m, adopted for the effective mass approximation.

n Space group well thickness (A) exp. exciton reduced mass in mg unit®
1 Pbca 6.41 0.184
2 Cmcm 12.55 0.217
3 Cmca 18.92 0.201
4 Cmcm 25.11 0.196
5 Aba2 31.39 0.20
n=1 n=2 n=3 n=4 n=5
B A B A B A B A B A
12.7 eV L3.1 eV Iz.e eV Iz.e eV 34ev
736V [19ev . T1sev  73ev 14V 72eV 11'5 VsV T Tdev
12.7 eV I;; 3.3 eV ]3.1 eV 13.0 eV
16.3 eV 16.4 eV 16.6 eV 16.6 eV 16.5 eV
Pb5d Pb 5d Pb5d | Pb5d | Pb5d|

Figure S7: Band alignment of n=1 to 5 members of 2D RP HOP ((BA)2(MA),,—1Pb,I3,41)
showing the different band offsets. DFT band gaps are used.

S8 Note on band alignment with monolayered (n=1)
structures

As mentioned in the main manuscript, the difference between the Hartree potentials (AVy)
and Pb 5d (AFEs,) states amounts to 0.14 eV for 2D RP n=1. For other monolayered

structures (n=1) , this difference varies between 0.1 eV and 0.15 eV. As such, the error in



hole confinement potentials also falls in the same range. We noticed, however, that the shift
between the Pb 5d states from W/B and B is about the same shift as between VBMy,,5 and
VBM,yy. Given that Pb 5d states are low-lying orbitals unaffected by chemical substitution
that can be used as electronic markers,! we applied the AFs, shift value to VBM for VB

alignment (keeping in mind the 0.1 eV to 0.15 eV error).

S9 Parameters used in the effective mass approximation

Table S5: Effective masses used to fit the experimental continuum band gaps of n=1-5
members of 2D HOP ((BA)y(MA),,_1Pb,I3,.1) within the effective mass approximation.

Well Barrier
n m, my, m, my,
1 0.105 0.220 0.650  0.650
2 0.105 0.220 0.650  0.650
3 0.100 0.150 0.500  0.500
4 0.080 0.100 0.300  0.300
5 0.080 0.100 0.200  0.300




S10 Used experimental band gaps

Table S6: Experimental band gaps used for the conduction band (CB) alignment.

section Structures Band gap (eV) Reference
(PMA),PbCly 3.65 7
T fth (EA)4PbsBrig 2.75 8
uning of the

inorganic well (EA)4Pb3Clig 3.45 8
(BA),Pbl, 2.80 9

(BA)2Snly 1.83 10
n=1 2.80 9
Effect of the -9 5 44 9

perovskite layer B
thickness n=3 2.26 9
(BA)2(MA),—1Pb, 15,14 n=4 2.15 9
n=>5 2.08 9
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