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Figure S1. Atomic force microscopy images of control (A), neoPAI- (B), neoPABr- (C) and
neoPACI-passivated (D) perovskite films.
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Figure S2. Calculated RMS roughness from AFM images of control and neoPAX passivated
perovskite films.
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Figure S3. Perovskite (100) azimuthal intensity profile. The distribution of X-ray scattering for
this plane exhibits the dominant orientation is <100> (100 out of plane), the secondary
orientation at 54° corresponds to <111> orientation (this is confirmed by the higher intensity
out of plane scattering in the (111) ring visible in the 2D images). Perovskite is slightly more

<100> oriented after treatment by neoPACI and neoPABT.

Figure S4. Diagram of the molecule of isoBA (A) with a chemical formula of
CH(CH3)2CH2NH3™ and neoPA (B) with a chemical formula of C(CHz)3sCH2NH3"™.

Figure S5. Diagram of (isoBA)2Pbls structure from reference. !
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Figure S6. Azimuthally integrated GIWAXS patterns of neat and neoPAX-treated
FA(MA)PDbI3 films at grazing incidence angles of (A) ai = 0.2° and (B) ai = 1°. X-ray
attenutation lengths into the film surface were calculated assuming pure cubic FAPDbIz with
density 4.101 g cm 2.2 These are 242 nm at a; = 1° and 495 nm at ai = 2° (scattering data shown
in Figure 2),B1 with 0.2° chosen to be close to the critical angle.
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Figure S7. N =1 (100) and n = 2 (020) azimuthal intensity profile. Both n = 1 and n = 2 phases
form with parallel textured layers (out of plane scattering). Additional less defined orientation
suggests that these phases also form on the perovskite (111) surface but preferentially grow on
the (100) surfaces.
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Figure S8. Comparison of grazing incidence X-ray diffraction (GIXRD) patterns of perovskite
films passivated with neoPAI (A), neoPABr (B) and neoPACI (C) and corresponding neoPAX
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Figure S9. (A) Full XRD patterns from thin films of (neoPA):Pbls, (neoPA):PbBry,
(neoPA)2PbCls and (neoPA)2(FA)Pb2I7. (see detail in Experimental Section). In each pattern,
additional reflections are observed, consistent with a second phase with larger interplanar
spacing. These are attributed to the films retaining some proportion of a high temperature phase
introduced during the thermal annealing step, as has been reported for Ruddlesden-Popper
phases.[*l (B) XRD patterns of 50 mM neoPAX/IPA solution treated perovskite films.
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Figure S10. The highlighted low-angle region of (neoPA)2(FA)n-1PbnX(n+1) Ruddlesden-

Popper phases compared

to simulated X-ray diffraction patterns from

reported

isobutylammonium lead halide phases, based on structural data given in references 3 and 6.+
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Figure S11. Williamson—Hall plots and corresponding parameter sheets for control films and
the different alkylammonium halide treated samples. The lattice strain (¢) was calculated by the
Williamson—Hall equation!®:

BcosO = (KTA) + 4¢sinf

where K is the sharp factor (K = 0.94), 4 is the X-ray wavelength of CuKp (4 = 0.13847 nm), L
is the average crystallite size in nanometers, and @ is the Bragg angle in radian. Therefore, the
lattice strain (¢) could be calculated from the slope of the liner curve when When gcosé is the
y-axis and 4siné is the x-axis.



WILEY

[Type here] [Type here]
A B
—— Control 2 N 1s ——— Control
[s2] 32
—— neoPAl ol — —— neoPAl
—— neoPABr 2 Cc=N —— neoPABr
- —— neoPACI —~ - —— neoPACI
S - S C-N
& g & W—_—/xw
2 o 2
2 2
9] o g ) —“"/\/L
£ g |34 E
O [a¥ A
1200 1000 800 600 400 200 0 404 402 400 398
Binding Energy (eV) Binding energy (eV)
C D .
—— Control
I3d — neoPAl —— Control
—— neoPABr —neoPAl
— —— neoPACI T 3 — neoPABr
5 g —— neoPACI
8 I 3d,, 1 3ds,, 8
2 S 2-
2 £
] I}
= 3
<
:ﬂ% )
T T T T T O T T T
640 635 630 625 620 615 610 600 700 800 900
Binding energy (eV) Wavelength (nm)

Figure S12. (A) XPS full scan spectra of the perovskite films without and with neoPAl,
neoPABr and neoPACI passivation. High-resolution N 1s (B) and 1 3d (C) core level spectra of
perovskite films without and with the passivation of neoPAI, neoPABr and neoPACI. (D) UV-
vis absorption spectra of the perovskite films (inset is an enlargement of the dashed region).
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Figure S13. (A) Transient reflection spectra of neoPACI-passivated sample under a 520-nm
pump, and (B) the corresponding inverse Hilbert transform of the TR spectra.
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Figure S14. (A) The kinetics of the high-energy feature corresponding to the quasi-2D (h = 2)
components. (B) The kinetics of the low-energy feature (inverse Hilbert transform)
corresponding to the 3D perovskites. (C) TCSPC of the neoPACI-passivated sample at 580 nm.
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Figure S15. (A) Inverse Hilbert transform of the TR spectra of control sample pumped at 520-
nm. (B) The kinetics of the low-energy feature (inverse Hilbert transform) corresponding to the
control and neoPACI-passivated perovskite films.
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Figure S16. UPS spectra (kv = 21.22 eV) of the secondary electron cutoff (A) and the valence
band maximum of neoPACI-perovskite films (B). (C) Schematic energy level of the pristinel”

and quasi-2D terminated films.
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Figure S17. Transient reflection spectra under 520-nm pump from the back for (A) a neoPACI-
passivated sample and (B) a pure 3D sample.
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Figure S18. J-V curves of the champion devices with different treatment in comparison to the
control obtained from reverse and forward scans under AM 1.5G illumination at 100 mW cm™2.
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Figure S19. Voc (A), Jsc (B), FF (C), and PCE (D) statistics of 20 devices with different
treatments in comparison to the control. Error bars indicate the minimum and maximum values,
and the middle square in each box represents the median value.
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Figure S20. Comparison XRD patterns of the perovskite films based on neoPAX passivation
with control film before and after 300 h storage in the atmosphere (20%RH).
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Figure S21. Long-term stability results without encapsulation under ambient conditions with a
relative humidity about 20% for PSCs without and with neoPAI, neoPABr and neoPACI
passivation.

Table S1. Carrier lifetime for perovskite films without and with post-treatment. The TRPL
curves are fitted according to the formula y = Aiexp(—t/t1) + Azexp(—t/z2). Carrier lifetimes are

calculated by the formula: zave = (Y Airi®) / (3 Aii).

Sample A 11 (ns) A, 12 (ns) Tave (NS)

Control 0.71+0.01 65.06+0.01 0.02+0.01 183.75+0.01 110.30+0.01

neoPAl 0.30+0.01 24.25+0.01 0.08+0.01 435.54+0.01 365.32+0.01
neoPABr 0.35+0.01 73.64+0.01 0.11+0.01 417.71+0.01 295.06+0.01
neoPACI 0.53+0.01 24.09+0.01 0.13+0.01 780.03+0.01 692.83+0.01

Table S2. Comparison of the photovoltaics parameters for the perovskite solar cells without
and with different concentration of neoPAX under the reverse scan (1.2 to —0.2 V).

Concentration Voe (V) Jsc (MA cm™2) FF PCE (%)
Control 1.076+0.023 24.23+0.43 0.78+0.02 20.27+0.51
10 mM 1.096+0.016 24.31+0.48 0.79+0.02 21.06+0.31
neoPAl 15 mM 1.109+0.007 24.39+0.36 0.80+0.01 21.58+0.57
20 mM 1.123+0.017 24.33+0.58 0.79+0.02 21.50£0.55

11
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25 mM 1.122+0.011 24.52+0.21 0.79+0.02 21.76%0.44
30 mM 1.131+0.008 24.47+0.32 0.78+0.01 21.47+0.62
40 mM 1.130+0.007 23.46+0.71 0.75+0.02 20.07+0.33
10 mM 1.090+0.016 24.62+0.30 0.79+0.02 21.03+0.33
15 mM 1.112+0.012 24.65+0.27 0.78+0.02 21.46+0.76
20 mM 1.129+0.009 24.67+0.31 0.78+0.02 21.67+0.85
neoPABr
25 mM 1.135+0.005 24.63+0.48 0.79+0.01 22.02+0.37
30 mM 1.133+0.006 24.14+0.40 0.77+0.02 21.18+0.45
40 mM 1.143+0.013 23.02+0.87 0.76%0.02 20.14+0.88
10 mM 1.094+0.017 24.68+0.21 0.79+0.01 21.47+0.32
15 mM 1.114+0.009 24.73+0.29 0.80+0.01 22.08+0.28
20 mM 1.125+0.009 24.75+0.27 0.80+0.01 22.27+0.51
neoPACI
25 mM 1.146+0.008 24.76+0.31 0.81+0.01 22.68+0.59
30 mM 1.147+0.010 24.28+0.49 0.79+0.01 21.88+0.60
40 mM 1.146+0.007 23.71+0.73 0.76%0.02 20.69+0.87

Table S3. Comparison of some representative reported literature on 2D/3D perovskite solar
cells based on n-i-p structure.

. ’ . PCE Ref.
2D phase Device configuration (%)
MA;Bilg FTO/compact-TiOz/MAPbI3/Spiro-OMeTAD/Au 18.97 (8]
FTO/compact-TiO,/ (]
IBAFAPD:l7 meso-TiO,/FAPbI/2D/Spiro-OMe TAD/Au 22.7
FTO/compact-TiO,/meso- (01
(DlAC)sz|4 TlOZ/PMMAPCBM/D'AC/CSoo7Rb003FA0765MA0135Pb|255Br045/D|AC/Sp|rO- 23.27
OMeTAD/Au
BAleAPb2|7 FTO/meSO-TiOZICSQ_QsFAngMAO_16Pb|2_4gBr0_51/2D/SpirO-OMeTAD/AU 21.1 (11
(PEA),FAPD,l; FTO/c-TiO,/FAPDI3/2D/Spiro-OMeTAD/Au 21.15 112
(2-TMABI),FA,. FTO/compact-TiO/meso- 20.82 (231
1 Pb|3n+1 TiOZ/[(FAPbl3)0_87(MAPbBr3)0_13]0_92(C3Pb|3)0_08/2D/SpirO-OMeTAD/AU ’
(OANFA, I i0,/ns-TiOA/(FAPb bBs)o.0s/2D/Spi / "
Pblans FTO/compact-TiO,/ns-TiOo/(FAPbI3)o os(MAPbDBI3)0.0s/2D/Spiro-OMeTAD/Au 23.31
(FEA)2Pb|4 FTO/C-TiOZ/meSO-Ti02/C50_04MA0_04FA0_92Pb|3/2D/Spir0-OMeTAD/Au 22.16 115]
EDBEPb|4 FTO/SnOz/CSQ_05(FAO_83MAQ_17)0_95Pb(lo_g3Bfo_17)3/2D/SpirOOMeTAD/AU 21.06 116]
- 17
(HTl‘F\,EszA” FTO/C-TIO/Meso-TiOJFAPbIs)o os(MAPbBIs)o o5/2D/P3HT/AU 23.3
3n+l
(”eog’tﬂ?(':A)m' ITO/SNO/FA;MAPbI4/2D/Spiro-OMeTAD/Au 2335  TNiswork
1) nl(3n+1)
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