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Fig. 1. Structure of two-dimensional perovskite: (a) BA,
Pbly; (b) BAMAPbD,I;; (c) BIMPbI; (d) MA,BIMPb,lg.
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Fig. 2. Characterization of perovskite films: (a) X-ray diffraction of 2D-3D perovskite film; (b) Abs and PL of perovskite films.
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Fig. 3. Device performance with different composition: (a) Open-circuit voltage; (b) short-circuit current; (c) power conversion effi-

ciency; (d) plot of J-V curves.
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Fig. 4. Passivation model of interfaces: (a) Lattice matching of MA,BIMPb,Is (002) and MAPDI; (110); (b) lattice matching of
BIMPbI, (002) and MAPDI; (-110); (c) perspective of layered crystal and lattice parameter of two directions; (d) passivation of per-
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Fig. A2. Hysteresis curves of the best device.
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Table Al.  Crystallographic parameter of MA,BIMPb,l.
28 Hufe
Compound MA,BIMPb,lg
Formula weight 1628.6
249.99

Temperature/K
Crystal system
Space group
a/A
b/A

Volume/A?
/

p(tal(:/g'cm 3

p/mm!

F(000)
Radiation
26 range for data collection/(°)
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I = 20(J)]
Final R indexes [all data]
Largest diff. peak/hole/e-A3

orthorhombic
Pmna
12.5016(7)
6.3876(4)
18.8380(12)
90.00
90.00
90.00
1504.31(16)
4
5.581
46.218
2086.0
Mo K, (A = 0.71073)
6.38 to 52.72
I5=<h<15 T7T<ks<7,-23<1[<23
12046
1608 [Rint = 0.0780, Rsigma = 0.0442]
1608/0/64
1.039
R1 = 0.0485, wR2 = 0.1043
R1 = 0.0767, wR2 = 0.1171
3.45/-2.09
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Table A2.  Composition of perovskite precursor solutions.

el BERHEE /K L (BIMI:MALPbI,)
BIM,,MA, sPbl, , (BIMPbI,;:MAPbI; = 0.2 : 0.8) 02:08:1
BIM, ;MA, ¢Pbl,; (BIMPbI;:MAPbI; = 0.1 : 0.9) 0.1:09:1
BIM, ,MAPbL; , (MA,BIMPb,I;:MAPbI; = 0.1 : 0.8) 02:1:1
BIM, ,MAPDI; , (MA,BIMPb,Ig:MAPbBI; = 0.05 : 0.9) 01:1:1

# A3 SHHEASH

Table A3. Parameters of solar cell devices.

2, FF i HLHE Voc /V S LR Jse/ mA-cm 2 HEEHFFF/ % IR0/ %
BIM, ,MA sPbl, » 1.08 8.90 45.8 441
BIM, ;MA 4Pbl, 1.01 15.90 67.6 10.89
BIM, ,MAPbI , 1.07 14.72 66.1 10.46
BIM, ,MAPbL 1.08 17.25 75.12 14.06

* A4 BT S AL,
Table A4. Summary of parameters in the passivation model.

i 1] SRAEIRIEE /A (R, GAIa)) ik A RS /A (R, dhm)  RERER (T, ho)
MA,BIMPb,I; (002) 6.25, 6.38 IEAMAPDI, (110) 6.26, 6.32 0.16%, 0.95%
IEAMAPDI, (-110) 6.32, 6.26 2.06%, 3.04%
BIMPbI, (002) 6.45, 6.45
3L JFMAPbDI, (001) 6.31, 6.31 2.22%, 2.22%

A5 T T AEEL BT OR B AE AL Lt

Table A5. Recent advances of 2D perovskite solar cells.

2H A% 2/ JZHL Voe/V Jye /mA-cm? FF/% n/%
(PEA)y(MA)3Pb,l5 RP (4) 1.16 14.7 77 12.122
(BA);MA;PbL;3 RP (4) 0.99 18.43 75.2 13.8016)
(BEA),MA,Pb,1,; RP (4) 1.01 20.63 78.0 16.1061
(BYA),MA3Pb,I5 RP (4) 1.01 19.53 76.4 15.1016)
(PEA),MA,Pb,I, RP (4) 1.14 18.78 62 13.41029
BA,MA,Pb;lyg RP (5) 0.99 11.67 72.1 8.32021]
PA,MA,Pbsl6 RP (5) 1.13 18.89 49 10.4104
(BA)o(MA);PbL; RP (4) 1.06 16.6 70.9 12,5029
3AMP(MA);Pb,L; DJ (4) 1.06 10.17 67.6 7.3326)
3AMP(MAg 75FAg 25)3Pbyli3 DJ (4) 1.09 13.69 81.04 12.0427
(PDMA)FA,Ph,L,, DJ (3) 0.84 11.48 72.1 7.1108
BzDA(Csg.05MAq.15F Ap 8)9Pbio(Lo.95Bro.07)31 DJ (10) 1.02 21.5 71 15.6/291
BIM, sMAPbI, , 4 1.07 14.72 66.1 10.46
BIM, ,MAPbIL, , 9 1.08 17.25 75.1 14.06
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SPECIAL TOPIC—Perovskite optoelectronic devices and physics
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Abstract

Hybrid perovskites are a series of solution-processable materials for photovoltaic devices. To achieve better
performance and stability, interface passivation is an effective method. So far, the most commonly used
passivators are organic amines, which can tailor perovskite into a lower-dimensional structure (Ruddlesden-
Popper perovskite). Here, we select a biimizole (BIM) molecule as a new passivator for perovskite. The BIM
based single layer perovskite has a more rigid structure. And multi-layered structure cannot be formed due to
large lattice mismatching and structural rigidity. By inducing the excess MAI (methanaminium iodide) into the
lattice, the layered structure is maintained, and half of the BIM molecules are replaced by MA (methylamine).
The mixed layered structure is distorted, because of the difference in size between two kinds of cations. We then
investigate passivation effect of BIM on perovskite solar cells. By carefully controlling the feed ratio in precursor
solutions, we fabricate solar cells with different passivation structures. We find that the introduction of BIM
can cause V. to increase generally, indicating that MAPDI; is well passivated. The peak at 7.5° and 15° in X-
ray diffraction pattern are corresponding to a two-dimensional (2D) phase with a shorter layer distance. There
are no peaks at lower degrees, so that no multi-layered structure is formed in the film either. We suppose that a
dual-phase 2D-3D (where 3D represents three-dimensional) structure is formed in the perovskite film. To
explain the passivation effect of the two 2D structures, we investigate their lattice matching towards MAPbDI;.
The distorted 2D structure is well matched with (110) face of o-MAPDbDI;, and the mismatching rate is lower 1%
in the two directions. On the other hand, the BIM based 2D structure cannot well match with (-110) face of o-
MAPDI;, nor with (001) face of ¢-MAPbI;. We also consider that the less rigidity of distorted structure
contributes to better passivation. As a result, we achieve a BIM passivated perovskite solar cell with a power
conversion efficiency up to 14%. This work paves a new way to the interface engineering of perovskite solar
cells.

Keywords: perovskite, solar cell, two-dimensional structure
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