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Fig. 1. The ESP contour map in the z-y plane: (a) Optimized CH3NH;; (b) optimized CH3NH;. Here,

the solid dotted lines represent positive and negative electric potential, respectively.

SR, IR BV 5 v R R A SR 7 7 S SR
1 FH 2 B 1y 420 AR AR F) — SR Ak ) Y 1 ) 2 ()
A2 (c) Fias. 5t F CH3NHZ :CH3NH3 — F A%,
PR RS ) T R 45 SRR R T CH3NH; 1) NH; 3
N CH3NHS 1) NH 3 2 6] 4 452 5 (19 W% 51 46 B A
HI. TP A CHaNH g 18] ) FEUAH LA 055, M
A AR R BCXT LT R B e S 7 3, AR AN
SEIERNOEL. 53— U7 CH3NH; 5 HESE 2
6] (A ELAE AR 99, 4N AE R, CH3NH; i

25 5y R PRI DR A ) TR S A K 2.

i Multiwtn 8 £ F 55 010 B = R
& CH3NHy :CH3NH; 5 4 1 /1 CH3NH3:CH3NH3
B X215 B # L 5 S H L W B3R, KRB
CH3NH3:CH3NHs — 5 14 1 i [ B2 3% 5 59, 1M
CH3NH3 :CH3NHs 5 JiT — 5 4 J& il 1) W 37 58 B,
K3 (b) 7R 7E CH3NH3:CH3NHs — RAR S £k /2
14 CH3NHg [ NHy i 22 0 S 7R SRAZ R, XA F
TYREAR A CHaNH, TR KT

106701-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % R  Acta Phys. Sin. Vol. 67, No. 10 (2018) 106701

mode 1 mode 2
! 6.5 A J ' 6.5 A 1
R e ¢ mmmmmm = mm -
1 1
; ' & } . ‘; - ? y
1
9 9 ] 9
(a)
mode 1 mode 2
L} ] 1
5.19 A 1
----------- 1
]
23 B &

Eiy = —1.0886eV

Ejy = —0.6612eV (c) Eipy = —0.0589¢V

B2 (a) CH3NH3:CH3NH; A1 CH3NHF :CH3NH; —EIRIIPI MBI MR, (b) BRI CHsNHT :CH3NH;
MR Y (c) PRI CH3NHs:CH3NHs fRALKIRL, 43 5% RS B e 0 fl 1; B o2 AP AN Lk 2
V¥ (1 A LA FH g

Fig. 2. (a) Two initial geometrical configurations CH3NH3:CH3NH3 and CH3NH§':CH3NH3; (b) two modes
for optimized CH3NH;:CH3NH3; (c) two modes for optimized CH3NH;:CH3NH3, total spin is 0 and 1,

respectively. Here Ejn is the interaction energy between two monomers in the dimer.
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Fig. 3. ESP contour maps: (a) Mode 2 for CH3NH§":CH3NH3; (b) mode 1 for CH3NH3:CH3NH3.
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Fig. 4. (a) CH3NH§' combined with interfacial electron to form CH3NHg; (b) electrostatic attraction and
electron hopping between CH3NHg and CH3NH;; (c) electron injection into CH3NH3PbIs.
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Abstract

The halide perovskite solar cells employing CHsNH3sPbX3 (X = Cl7, Br~, I7) and CH3NH3Pbl3_,Cl, as light
absorbers each have shown a rapid rise in power conversion efficiency (PCE) from 3.8% to 22.1% in recent years. The
excellent photovoltaic performance is attributed to good optical and electrical properties such as appropriate bandgap,
large absorption coefficient, high carrier mobility, long carrier lifetime and long carrier diffusion length. However, the
physical mechanism of high PCE for halide perovskite solar cells is still unclear. The Gaussian 09 software is utilized
to optimize the geometries of isolated CH3NHF and CH3NH; at a B3 LYP/6-311++G(d, p) level, and the Multiwfn
software is used to visualize the electrostatic potentials (ESPs) of CHsNHZ and CH3NH;. Based on the ESPs of CH3NH
and CH3NHs, it is found that the CH;NHZ has a strong electrophilic character, however, the NH; side and CHy
side of CH3NH3 have weak nucleophilic and electrophilic character, respectively. So the electrostatic characteristics of
CH3NHZ and CH3NH; are significantly different. The strong electrostatic repulsive interaction between two neighboring
CH3NH;— radicals plays an important role in structural phase transition of CHsNH3Pbls material. At room temperature,
the CH3NH{ in the inorganic cage is activated and disordered, and has a strong electrophilic character. Due to these
characteristics of CHsNHj , the interfacial electrons at TiO2/CH3sNH3Pbls heterojunction are combined with CH;NH to
form CH3NHj3 in the inorganic [Pbls]™ framework. The CH3NHj3 at the heterojunction under the built-in electric field is
more easily oriented than CHgNH;r. Two initial geometrical configurations for CH3NH§F:CH3NH3 and CH3NH3:CH3NH3
dimers are optimized by using Gaussian 09 at an MP2/Aug-cc-PVTZ level. On the basis of the electrostatic characteristic
of CH3NH;:CH3NH3 dimer, the interfacial electrons at TiO2/CH3NH3PbIs heterojunction are easily injected into the
CH3NH3Pbls material, which leads to the strong polarization of CH3NH3Pbls material at the heterojunction. From the
ESP of optimized CH3NH3:CH3NHg3 dimer, it is found that the weak electrostatic field of the inorganic framework, parallel
to C-N axis, is induced by the CH3NHj3 orientational order, which is made for improving the photogenerated electron-hole
pair separation and carrier transport. The TiO2/CH3NH3Pbls heterojunction has more advantage than traditional p-n
junction because of no consumption of carrier for CHsNH3Pbls material in the process of forming built-in electric field.
The physical mechanism is the origin of high PCE for CH3NH3Pbls solar cells. According to the experimental results
and first-principle calculations, we can draw an important conclusion that the electrostatic characteristics of organic

CH3NH;— cations in the inorganic [Pbl3]™ framework result in the high performances of halide perovskite solar cells.

Keywords: CH3NH;3PDblj, electrostatic potential, first principle
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