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Figure S1. X-Ray diffraction (XRD) patterns of the pristine material containing 2.5 % and 5%
of ZnI2. The latter shows a stronger PbI2 peak at 12.55° in addition to extra diffraction peaks
which suggest less oriented crystal domains the presence of more FAPbI3 δ-phase (11.47˚,
21.13˚ and 30.17˚).

Figure S2. a) X-Ray diffraction (XRD) pattern of freshly-made and aged pristine perovskite.
Inset, photographs of fresh and aged sample are reported. b) UV-Vis absorption spectrum of
the freshly-made and aged pristine perovskite.
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These measurements are reported to monitor the stability of the film after two weeks of aging
under ambient conditions. The freshly-made sample was measured right after the deposition.
The aged one was measured after 14 days of storage in a Petri dish under ambient conditions
of our chemical laboratory where the ambient temperature is (21.0±2) °C and the relative
humidity (%RH) is 40±4. The pristine material shows ongoing degradation mechanism
confirmed by the appearance of PbI2 feature in the XRD pattern (~12°) and in the absorption
spectrum (550nm) due to the decomposition into its precursor materials.

Figure S3. SEM pictures of a) pristine material with micron-size voids and b) pristine material
containing Zn(II) with large number of nanometre-size pinholes.

Figure S4. Pictures taken at different moments of the spin coating deposition. The circle in the
middle is the rotating sample which becomes immediately dark as soon as the deposition starts
and it darkens more after the antisolvent spraying. At the end of the deposition (4), the layer
containing ZnI2 and 3-CPACl shows a dark appearance.
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Figure S5. High magnification (100000x) image of perovskite containing Zn(II) and 3CPACl.

Figure S6. UV-Vis absorption spectrum of the freshly-made and aged perovskite containing
Zn(II) and 3-CPACl. After 60 days the film shows no significant change in absorption.
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Figure S7. EDX of perovskite containing Zn(II) and 3-CPACl. The emissive shell is indicated
by the K or L extention. The EDX clearly shows the presence of Zn L(0.840 keV), Br L (1.270
keV and 1.49 keV), Pb M (2.35 keV and 2.66 keV) and I L (3.96 keV, 4.23 keV and 4.52
keV), next to signals related to ITO on glass (In, Sn, O, Si). It can be noted that no clear signal
related to Cl is present. Cl is expected at 0.18, 0.23, 2.63 and 2.82 keV.

Figure S8. a) X-Ray diffraction (XRD) patterns of freshly-made and aged pristine perovskite
treated with 3-CPACl. b) Uv-Vis absorption of freshly-made and aged pristine films treated
with 3-CPACl.
The pristine material treated with 3-CPACl starts to degrade resulting in a yellow color
appearance after 14 days. The degradation is suggested by the color change of the laye. (NOTE:
this material contains no Zn(II)).
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Figure S9. In a typical experiment the components (MABr, FAI, PbI2, ZnI2, 3-CPACl) were
weighted (in the same amount as for thin films) and placed in a vial. The mixture was shaken
for around one minute, left to sit for ten minutes, and then ground using a pestle and mortar in
ambient conditions. Figure 1, 2, 3 and 4 show the mixture before shaking, after shaking, 10
minutes after shaking and after grinding in a pestle and mortar, respectively. The addition of
FAI appears to initiate the reaction (with the PbI2). The thermodynamically perovskite α-phase
is favourable also in presence of additives such as ZnI2 and 3-CPACl in the form of powder.

Sample

FWHM (°)

Lattice parameter

Crystallite size (nm)

(Å)
Pristine

0.2799±0.003

6.371

36

Pristine + 2.5% ZnI2

0.18777±0.001

6.347

54

Pristine + 2% 3-

0.1212±0.0004

6.307

87

0.0935±0.0009

6.303

114

0.2199±0.0009

6.278

51

CPACl
Pristine + 2.5% ZnI2
+ 2% 3-CPACl
Pristine + 2% 3BPABr
Table S1. Calculated FWHM of (001) peak from thin films XRD patterns, average crystallite
size and lattice parameters for each composition.
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Sample

PL intensity

Peak position (eV)

Pristine

1.7x106

1.55

Pristine + ZnI2

1.6x107

1.55

Pristine + 2% 3-CPACl

1.0x107

1.56

Pristine + 2.5% ZnI2 + 2% 3-CPACl

2.7x107

1.55

Table S2. Photoluminescence intensity of thin films measured under identical conditions. The
excitation wavelength used is 485nm and 1mW as output power.
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Experimental details

Instruments
X-ray diffraction of thin films
XRD spectra of perovskite thin film coated on ITO substrates were acquired using a Brucker
D8 Discover with VǺNTEC-1 detector and Cu source. A 40 kV voltage was used in a range
of 5.0-55.0 degrees with a 0.1 increment and a speed of 30 sec/step.
UV-Vis Spectroscopy
Absorbance spectra of thin films were acquired with an Agilent/HP 8453 UV-Visible
Spectrophotometer using single-beam in transmission. The acquisitions wavelength ranges
from 300 nm to 900 nm.
Time-correlated single photon counting (TCSPC)
Time-correlated single photon counting (TCSPC) measurements were performed with a homebuilt setup equipped with PicoQuant PDL 828 “Sepia II” and a PicoQuant HydraHarp 400
multichannel picosecond event timer and TCSPC module. A 485 nm pulsed laser (PicoQuant
LDH-D-C-640) with a repetition rate of 0.1 MHz was used as source of excitation and a singlephoton avalanche diode (SPAD) detector (Micro Photon Devices, MPD-5CTD) was used for
the detection of photoemission. A Thorlabs FEL-488 long-pass filter was used to remove the
excitation laser. The TCSPC data was collected over the course of 10 minutes.
Photoluminescence
Steady-state photoluminescence (PL) was measured with a home-built setup equipped with a
485 nm continuous-wave laser as source of excitation (PicoQuant LDH-D-C-640) at a power
output of 1 mW. The PL spectra were collected at an angle of 45°. Two Thorlabs FEL-700
highpass filters were used to remove the excitation laser from the signal. The PL was coupled
into a fiber connected to a OceanOptics USB4000 spectrometer, set to an integration time of
1000 ms for each measurement. The PL spectra were fitted with r gaussian profiles.
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FE-SEM with EDAX
A FEI Verios 460 equipped with an Oxford EDX detector for elementary analysis was used.
Electron beam acceleration in the range of 6 kV to 10 kV in high vacuum and a variable
magnification until 100000´ were used.
Spin Coater
To form thin films by spin coating a B.L.E spin coater Delta 10 was used. It was used varying
rpm and time of spinning depending on the viscosity, concentration and composition of the
precursor solution used. No acceleration factor was applied.
UV-Ozone Photoreactor
For cleaning substrates from organic contaminants, glass/ITO plates are treated with oxygen
plasma at 100W for 30 minutes in a UVP UV-Ozone Phoreactor PR-100.

MATERIALS
CHEMICALS
For the synthesis of perovskites precursor solutions we used methylamine hydrobromide
(MABr, TCI, CAS 6879-37-5, purity >98%, MW. 111.97g/mol), lead iodide (PbI2, Sigma
Aldrich, CAS 10101-63-0, purity of 99%, MW. 461.01 g/mol), and formamidine hydroiodide
(FAI, TCI, CAS 879643-71-7, purity >98%, MW. 171.97 g/mol). As the additive we used
zinc(II) iodide (ZnI2, Sigma Aldrich, CAS 10139-47-6, purity of 98%, MW. 319.18 g/mol). As
solvents we used N,N-dimethylformamide (DMF, Biosolve Chimie SARL, CAS 68-12-2,
purity 99.8%, MW. 73.10 g/mol). As antisolvent we used diethyl ether (DEE, Biosolve Chimie
SARL, CAS 60-29-7, MW. 74.12g/mol). As additives we used 3-chloropropylamine
hydrochloride (3-CPACl, Sigma Aldrich, CAS 6276-54-6, purity of 98% trace metals basis,
MW. 130.02 g/mol) and 3-bromopropylamine hydrobromide (3-BPABr, Sigma Aldrich, CAS
5003-71-4, purity of 98%, MW. 218.92 g/mol).
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SUBSTRATES
Four different types of transparent substrates were used: large ITO, small ITO, patterned ITO
and glass substrates: 1.5x2 cm2 un-patterned ITO substrates with a thickness of 1.1 mm, used
for one-step spin coating deposition, were purchased from Ossila.
PROCEDURES
Encapsulation
Some layers were stacked and clamped with a clamping screw (perovskite layers facing each
other) and sealed on the edges with epoxy or glass glue. These layers are optically stable for
(at least) one year under windowsill conditions.
PELLETS

Table S3. Detailed composition of pellet formation.
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Perovskite precursor solutions with high CPACL content
(this composition was used in earlier work in our lab)

FA0.85MA0.15PbBr0.15I2.85 stabilized with 2.5% ZnI2 + 0.4M of 3-CPACl (additive)

Concentration: 1 M PbI2 and 1.2 M ammonium cations
Solvent: 1 mL of DMF
Method: One-step deposition

461.01 mg of PbI2
175.36 mg of FAI
20.15 mg of MABr
7.97 mg of ZnI2
52 mg of 3-CPACl

FOR THICKER LAYERS (rougly twice as thick, ~ 500 nm):
Concentration: 2 M PbI2 and 2.4 M ammonium cations
Solvent: 0.5 mL of DMF
Method: One-step deposition
461.01 mg of PbI2
175.36 mg of FAI
20.15 mg of MABr
7.97 mg of ZnI2
26 mg of 3-CPACl
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Table S4. Spincoating procedure for thicker layers.

Diethyl-ether can also be used as antisolvent, and is better than ethyl-acetate.
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Specification of materials:
Formamidine Hydroiodide (FAI)
Company: Aldrich
CAS Number: 879643-71-7
MW: 171.97 g/mol

Lead (II) iodide
Company: Aldrich
CAS Number: 10101-63-0
Mw: 461.01 g/mol
Assay: 99%

Methylamine hydrobromide (MABr)
Company: TCI
CAS Number: 6876-37-5
Assay: >98.0%
MW: 111.97 g/mol
Zinc (II) Iodide
Company: Aldrich
CAS Number: 10139-47-6
Assay: >98%
MW: 319.18 g/mol
3-chloropropylamine hydrochloride (3-CPACl)
Company: Sigma Aldrich
CAS Number: 6276-54-6
Assay: 98% trace metals basis
MW. 130.02 g/mol
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