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Table S1 Summary of solution processed perovskite solar cells prepared in ambient air with 

different humidity

Perovskite Method RH, % PCE, % Ref
Two-step (MAI dripping) - 13.07 1

One-Step - 13.29 2
One-Step - 3.3 3

Preheating assisted two-step - 10.51 4
One-step 28 16.15 5
Two-step 35±5 10.65 6

One-step (MAK) 40±5 17.71 7
Two-step 40 12.73 8
One-step 45 14.08 9

Gas assisted two-step 42-48 16.32 10
NH4Cl modified one-step 45 15.60 11

Doctor blading 45 11.29 12
Preheating assisted two-step 50 15.76 13

IPA modified two-step 50 15.10 14
Two-step 50 6.80 15

One-step (excessive MAI) 50 18.26 16
Spray deposition 50 7.89 17

One-step 50±5 9.2 18

Additive modified one-step 55±5 18.20 19
One-step 60 11.10 20

Preheating assisted two-step 70 18.11 21
Two-step 75 7.19 22

MAPbI3

Ethyl acetate assisted one-step 75 15.00 23
One-step 40 16.70 24
One-step 50 5.67 25MAPbI3-xClx

Two-step 60 17.56 26
MAPb(SCN)xI3-x Two-step 70 15.12 27
CsPb0.9Sn0.1IBr2 Two-step 50-60 11.30 28

CsPbBr3 Two-step 50-60 6.70 29

Cs0.15FA0.85PbI3
Intermediate films and 

preheating assisted two-step 70 15.56 Our 
work
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Figure S1. Summary of solution processed PSCs prepared in ambient air reported to date.
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Figure S2. SEM images of the Cs0.15FA0.85PbI3 film prepared by a preheating-assisted one-

step spin coating method (x=0.85) in ambient air (RH:70±10%).
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Figure S3. The evolution of XRD patterns of Cs0.15FA0.85PbI3 derived from the PbI2-(CsI)0.15-

(FAI)x intermediate complex films: (a) x=0.3; (b) x=0.6.

To understand the origin of perovskite orientation changes, the evolution of XRD 

patterns of perovskites derived from PbI2-(CsI)0.15-(FAI)0.3 and PbI2-(CsI)0.15-(FAI)0.6 are 

compared, as illustrated in Figure S3. Obviously, the relative intensity of (001)/(100) peaks 

of PbI2-FAI in the intermediate films determines that of (110)/(202) peaks in the perovskite 

films. Since (202) peaks are observed in all the cases (x=0-0.85), which means the perovskite 

growth along (202) facet is thermodynamically feasible. Therefore, the different relative 

intensity of (110)/(202) peaks is caused by the different growth kinetics of (110) and (202) 

facets. Due to the complicated growth process, we can only conclude that the formation of 

(100) facets of PbI2-FAI might be favorable for the perovskite growth along (202) facet.
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Figure S4. Reflectance and absorption of the devices based on Cs0.15FA0.85PbI3 derived the 

PbI2-(CsI)0.15-(FAI)x intermediate complex films. 
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Figure S5. SEM images (a) and XRD patterns (b) of Cs0.15FA0.85PbI3 prepared by the 

preheating-only method; (c) J-V characteristics of the resulting PSCs; Insets in (b) are the 

peak intensity of (110) and the intensity ratio of (202)/(110), and their corresponding digital 

photographs.

When the FAI concertation is increased to 45 mg ml-1, the PbI2 peak almost disappears, 

however, several pinholes are observed at the perovskite grain boundaries, as indicated by 

white arrows in Figure S5a. With the perovskite films prepared by 45 mg ml-1 FAI, the PSCs 

achieve a PCE of 12.16%. Further increasing the FAI concentration to 60 mg ml-1, albeit no 

changes observed in XRD patterns, the perovskite film is obviously changed to a wine-

colored film, as judged by bare eye (inset in Figure S5b). The SEM image in Figure S5a 

shows that in addition to the pinhole at grain boundaries (indicated by white arrows), the film 

shows many tiny pinholes within the grain (indicated by white dash circles), which leads to an 
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extremely poor PCE of 0.68% (Figure S5c). Importantly, these observations also demonstrate 

that with higher concentration of FAI at second step, the perovskite film tends to have more 

pinholes. 
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Figure S6. SEM images of the PbI2-(CsI)0.15-(FAI)0.3 intermediate complex (a) and 

Cs0.15FA0.85PbI3 film (b) prepared by the premixing-only method; (c) XRD patterns of the 

PbI2-(CsI)0.15-(FAI)x intermediate complex and Cs0.15FA0.85PbI3 prepared by the premixing-

only method;. (d) J-V characteristics of the Cs0.15FA0.85PbI3 PSC prepared by the premixing-

only method.
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Figure S7. SEM images of PbI2 (a) and Cs0.15FA0.85PbI3 film (b) prepared by the non-

intermediate method; Comparison of XRD patterns (c) and UV-Vis absorbance (d) of 

Cs0.15FA0.85PbI3 prepared by the non-intermediate and coupled methods; (e) J-V 

characteristics of the champion device and (f) statistics of PCEs of 20 devices prepared by the 

non-intermediate method.

As shown in Figure S7a, without the addition of CsI in the precursor solution, the PbI2 

deposited at the first step shows quite different morphology as compared to that with CsI 

addition. Instead of the distinctive porous structure consisting of a network of needle-like 
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nanorods (Figure 2a), the PbI2 exhibits a uniform and smooth film morphology with the 

presence of some pinholes. After the spin-coating of FAI/CsI (85/15, mol/mol) mixture 

solution, the non-intermediate derived perovskite mainly consists of small-sized crystals with 

some pinholes, and exhibits a rough surface morphology (Figure S7b), which is similar to that 

of perovskite prepared by the preheating-only methods. Moreover, compared to perovskite 

derived from the coupled method, the non-intermediate derived perovskite shows relatively 

low crystallinity and absorbance, along with the presence of unreacted PbI2 (Figure S7 c-d). 

Due to the poor film quality, the devices based on non-intermediate derived perovskite 

achieve a champion and average PCE of 12.2% and 10.8±0.7%, respectively, which is 

comparable to that of the device prepared by the preheating-only method but obviously 

inferior to that that of the device prepared by the coupled method.
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