HasE A8 Kot R Vol. 45 No. 8
20244 8 A CHINESE JOURNAL OF LUMINESCENCE Aug. , 2024

XEHES: 1000-7032(2024)08-1364-07

% S e 2L 15 R Bl B W 0 45 e 200 R e PR A K IH B A it
£ BV, Kk, OB, BRE, AHE, REE

(L 22 BT R RPRLRE 2 5 TR A BE , TR 8 37 R IRADRL 5 8 PR EOR QIR oL, HO 2200 7300505
2. PrE T AR /AR BB A i L, IR PR 250000)

(=

822 s A3 IR T A S K B A R (PSCs ) Xt T 8 B R P HE KOG AR 2 R LA TR X R,
AR I 1 B Bk 2 A A R 1 B B B BB, P S MR R R AR . P, SR FLIE R (O A FE R RN
3 o0 TR0 ) TR X IR A PH S A R AR R I AT R O AR . OA I PR BE R 5 A ER T Hh SR TRC A 1Y PhT R
AL M IE PR L B UL P 5 SR 067 19 1T B U, 7 A AU A5 Aok 1 T B dJe o 285 88 3 1) [) RS 8 A k0 ok RS
IH B AR N G . & OA Bk PSCs 1O HL % #3038 (PCE) I 19.89% 2 T1 5] 22.09% , 1£ %5 S H Bi
I 1000 hif 7T P15 93.85% B W AR 50R .

X 8 O B KRB FLWE IR SRR ELL ;s B TR
HESES: TMI14. 4 XERERIZED : A DOI: 10.37188/CJL. 20240114

Multifunctional Orotic Acid Passivation for Efficient and
Stable Perovskite Solar Cells

HOU Xian'", LIU Jinlong', XU He®, MA Hongzhen', ZHU Shujuan', WU Youzhi'

(1. Gansu Provincial New Energy Materials and Devices Technology Innovation Center,
College of Materials Science and Engineering , Lanzhou University of Technology, Lanzhou 730050, China;
2. Jinan New Energy SME Innovation Exchange Center, Jinan 250000, China)

* Corresponding Author, E-mail: houx@lut. edu. cn

Abstract: It is great significance for the preparation of perovskite solar cells (PSCs) in the ambient air for its com-
mercialization process. However, there are a lot of anion and cation defects appeared in perovskite film during the air
environment prepare procedure, which seriously affects the device performance. Hence, orotic acid (OA) was used
as additive to regulate the defects in mixed cation perovskite layer through additive engineering. The carboxyl group
in OA can bond with the uncoordinated Pb* in the perovskite, and the nitrogen-containing group on the pyridine ring
forms a hydrogen bond with the uncoordinated 1", which can reduce the defect density and increase the grain size of
the perovskite film, and inhibiting the non-radiative recombination of carriers. The photoelectric conversion efficien-
cy (PCE) of PSCs passivated by OA increased from 19.89% to 22. 09%, and which can keep 93. 85% the initial
PCE after 1 000 hours in the ambient air.
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Fig. 1 (a)Electrostatic potential diagram of orotic acid (OA). SEM image of control perovskite films(b) and with OA additive

(¢). Cross-section SEM image of control device(d) and with OA additive(e). The XPS spectra of the Pb 4f(f) and I 3d
(g) of the control perovskite films and with OA additive. (h) FTIR spectra of Pbl,, OA-Pbl, and OA. XRD spectra (i),
PL spectra(j) and TRPL spectra(k) of the control perovskite films and with OA additive
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Fig. 2 (a) The J-V curves of the control PSCs and the PSCs with different concentrations of OA. Control and 5 mmol/L. OA

device: (b)the PCE statistical distribution box plots, (¢) forward and reverse scanning J-V curves, (d) EQE curves,

(e) maximum power point steady-state PCE and photocurrent density, (f) Vo and light intensity dependence curves,

(g)Mott-Schottky curves, (h)Nyqusit curves, (i)dark I-V curves of only electronic device
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Tab. 1 The photovoltaic parameters of Control and different concentrations OA passivated PSCs
Devices VooV Jo/(mA-cm™) FF/% PCE/%
Control 1.11 22.83 78. 49 19. 89
1 mmol/L OA 1.12 23.67 80. 31 21.29
5 mmol/L OA 1. 14 23.87 81.18 22.09
10 mmol/LL OA 1.12 23.26 78.94 20. 56
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Tab.2 The photovoltaic parameters of Control and 5 mmol/L. OA PSCs with forward scan(FS) and reverse scan(RS)

Devices VooV J/(mA-cm™) FF/% PCE/% H/%
Control RS 1. 11 22.83 78. 49 19. 89 2 71
Control FR 1.09 22.83 77.77 19.35

5 mmol/LL OA RS 1. 14 23.87 81.18 22.09 9 45
5 mmol/LL OA FR 1.13 23.91 79.76 21.55
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Fig.3 Water contact test of the Control (a), OA added perovskite film(b). UV-Vis curve of Control(c¢), OA added perovskite
film(d) wet stability test. (e) Aging curve of control and OA added PSCs in ambient air
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