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Figure S1. Fourier transform infrared (FTIR) spectra of (BA)2(FA).Pbslio films

fabricated with or without thiourea in precursors.

As shown in Figure S1, a weak absorption peak assigned to thiourea appears at

around 500 cm! for the as-casted film with 0.5M thiourea.® The N-H deformation of



FA group at 1625 cm™ shifts to 1620 cm™ when thiourea is added, indicating an

interaction between thiourea and FA cation probably due to the H-bond formed

between —NH. groups in FA and thiourea.? After annealing, the peak at 500 cm™

disappears and the peak at 1620 cm* shifts back to 1625 cm™. Thus, we can speculate

that thiourea is evaporated after thermal annealing.
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Figure S2. XRD patterns of the as-cast and annealed (BA)2(FA)2Pbzlio

fabricated with THA=0 (a) and THA=0.5 (b).

50

films



150 Intercept = 31.39506, Slope = 34.23661 . Intercept = 0.1468, Slope = 1.36355

a) )
TE —.E sl
<l | 4
2 s} ﬁ = a ///
E / E it
3 S
0 " 0 A .
0 1 2 0 1 2
Voltage (V) Voltage (V)
o0 Intercept = -36.66602, Slope = 36.25188 10 Intercept = 4.82293, Slope = 5.74251
) d)
~ 50 -
F £
< 7 <
%3“ 30 gb 5 /
2 2 a
= 10 =
3 a Z/
0 0 . L

1 2

=]
=

1 2
Voltage (V) Voltage (V)

Figure S3. Jo-V curves (each contains five devices) for hole only (a, b) and electron
only (c, d) devices of 2D perovskite films with THA=0.5 (a, ¢) and THA=0 (b, d). The

devices were measured under dark state according to space charge limited current

(SCLC) method.

The charge mobility was calculated by Mott-Gurney law:
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Where Jp is current density, ¢ is the static permittivity (here e~ 6 for perovskite), «o is
the permittivity of free space, u is the mobility, V is the applied voltage, and L is the
film thickness (here L=300 nm). By fitting linear area of the Jp%°-V curve, the

mobility can be obtained. The final mobility was calculated from five devices on

average.
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Figure S4. AFM images of the annealed (BA)2(FA)2Pbslio films fabricated with

different precursors containing various amounts of thiourea.

1.0

o |

= !

= 06

D

.E I

= 04}

=

Fs —&—1In air (55 + 5% humidity)

7, 0.2
0.0-‘-.-.-.-‘-.-.-.-‘-

0o 1 2 3 4 5 6 7 8 9 10
Time (Days)

Figure S5. Evolution of PCE under relative humidity (55 £5%) for unencapsulated

device based on (BA)2(FA)2Pbsl1o.
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