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Abstract: Ethyl acetate (EA) is commonly used as a green anti-solvent for the preparation of perovskite films.
However, its high polarity leads to an excessively fast extraction rate, which complicates the control of the nucleation
and crystallization processes. In this study, we adjusted the anti-solvent extraction rate by adding n-hexane (Hex) to
EA, which allowed to control the solution’s supersaturation and achieve a dynamic equilibrium in the nucleation and
growth processes of the crystals. Additionally, molecular dynamics simulation of the solvent and anti-solvent system
was carried out using Materials Studio software, and the interaction energy of the solvent and anti-solvent system was
quantitatively calculated. The experimental results show that the average grain size of the perovskite film prepared by
60% N-Hex(i. e. , 60% molar percentage of Hex in the anti-solvent) is 249 nm, which is 17% and 71% larger than
films prepared with pure EA and pure Hex, respectively. The carrier lifetime was 225 ns, which is 27% and 45%
longer than that of films made with pure EA and pure Hex, respectively. Furthermore, the crystal plane of this thin
film (110) is the dominant crystal plane. The molecular dynamics calculations of this experiment suggest that the

best perovskite film was obtained when the solvent and anti-solvent interaction energy is 1 385 kJ/mol.
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Fig.1 Flow diagram of the anti-solvent method
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Tab. 1 Anti-solvent model molecular components
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40 180 120
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100 0 300
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Fig.2 Solvent and anti-solvent system model construction
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9T T EOUL M S 7S EA I Hex X & AR 1A% 1
TR, BUEA I Hex #% 50 L 4351 5 A 9K (& 7%
WOR A, F 21 5 i B 15 min, 25 R A1 8(a) it
TN o ESERHT T IR AV W R B A E S R AR I A EA

Jei , PRI WL B Az R A UTTE s A Hex
E,ﬂﬁﬁiﬁﬁiﬁﬂ%’o TS EAX#E‘ﬁBlZMS{@r 7R A

TR L W I R, Gk ) R A& A s i
Hex 5 A B8 AR 15 55 15 & A AH 7, 26 BO#E R AR 18 B



%1

KIRTE, G5 FE T a0 SR TR A B 4% o R O 4 B O AL B 75

A5 S A A 2 fl T DR IR 4 9 AR 3k B A% i
it (R AR R EE B DU 7™ A o TR RO R T
it 35 ) 5 BRI, E A ¥ 3R] DMSO 119 12 437
P BE W fie 2 v 18] AR A4 1 B, 107 Hh 1 A A9 777 1)
TECE B B H e B 8(a) R EA Y AEHL
RE I T Hex, AEAS A2 BRI (A TLTE , BT 22 Y
FEDUTE BRI g rp ) A o 280 3B K5, v ] A P g
DMSO 8 2 B , Hh 8] AR e A6 o 85 807 AH o 85 K0T
A AR B R 1 8(b) B 7R o

Hex EA
(a) B 'S
# — = — :
h‘ - & - / |
i il %ﬂL
SV Hex | SV EA
AR AT T
(B e 2 % 4 e ototo
& . s o e
o eV ° = 100 °C
A { )- f ‘
HTSRAEW LA Sk

€ PbL o MA® <" <& DMF+ DMSO

K8  (a) EA/Hex 5 i B MA ¥ 1 TR A 18T 5 (b) 475 B A 45 i It
B
Fig.8 (a)Mixing diagram of EA/Hex and precursor solution.

(b)Schematic diagram of perovskite crystallization
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Tab.3 Average grain size of perovskite films prepared by
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Fig.11  (a) Preparation of perovskite films with different anti-solvents, XRD. (b) Intensity ratios of (310)/(110) diffraction

peaks of perovskite films prepared by different anti-solvents
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Tab.4 The peak height and ratio of the crystal planes of

each perovskite film (310) and (110)

N-Hex/% 310 110 310/110
0 1406 2765 0.508
20 1331 3856 0. 345
40 1320 5113 0.258
60 437 2768 0.158
80 1155 1831 0.631
100 312 342 0.912
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Fig.12 (a)Preparation of perovskite films with different anti-solvents UV-Vis. (b) Tauc curves of perovskite thin films prepared

by different anti-solvents. (¢) PL diagram of perovskite films prepared by different anti-solvents. (d) TRPL diagram of

perovskite films prepared by different anti-solvents
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Tab.5 The band gap width of each perovskite film

N-Hex/% ARl TERE JeV
0 1.597
20 1.599
40 1.598
60 1.598
80 1.589
100 1.578
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Tab. 6 Fitting results of TRPL curves of perovskite films

(3)

T

prepared with different anti-solvents

N-Hex/% t,/ns A, 7,/ns A, z,./ns
0 5.651  400.184 214.135 49.359 177.392
20 5.938  380.215 251.194 42.966 208.762
40 9.718  479.589 211.588 63.748 159.749
60 5.044  342.341 256.601  46.944 225.060
80 8.401 1100.752 196.659 104.491 138.234
100 17.926  830.312 220.524 141.755 155.175
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