The

University

yo, Of
Sheffield.

This is a repository copy of Perovskite crystallization dynamics during spin-casting : an In
situ wide-angle x-ray scattering study.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/163831/

Version: Supplemental Material

Article:

Alhazmi, N., Pineda, E., Rawle, J. et al. (2 more authors) (2020) Perovskite crystallization
dynamics during spin-casting : an In situ wide-angle x-ray scattering study. ACS Applied
Energy Materials, 3 (7). pp. 6155-6164. ISSN 2574-0962

https://doi.org/10.1021/acsaem.9b02470

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

\ White Rose o
| university consortium eprints@whiterose.ac.uk
WA Universiies of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Supporting Information

Perovskite crystallization dynamics during spin casting: an in situ wide angle
X-ray scattering study.

Noura Alhazmi !, Edwin Pineda !, Jonathan Rawle 2, Jonathan R. Howse !, Alan D. F. Dunbar*?

1Chemical and Biological Engineering, University of Sheffield, Sheffield, S1 3JD, UK
2Diamond Light Source, Didcot, 0X11 ODE, UK

|*a.dunbar@sheffield.ac.uk!

Keywords : Perovskite, wide angle x-ray scattering, crystallization, spin coating, dynamics

S1


mailto:*a.dunbar@sheffield.ac.uk

Intensity (a.u.)

Figure S1: 1D integrated radial profile of the WAXS of generated during the spin casting of MAPbI3.,Cl
solution using slow and fast speed with the WAXS of mica substrate without any solution. The mica has
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strong scattering peaks at 1.4 A-land 2.16 A1. The sample spun at high speed shows less
scattering which is attributed to the film formed being thinner.
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Figure S2 Details of the Avrami fitting for the casting solution for MAPbI;.Cly

Fig S3(a) is the 2D WAXS image from the MAPbIzxClx film that was taken once the spinning
had stopped. Inthisimageit isclear that the scattering rings observed when the sample wasrotating
are made up of some discrete X-ray scattering spots arranged around a ring. The spots are caused
by X-ray scatting from discrete crystallites. If enough individual crystallites were present a
continuous ring would be observed as occurs in a powder diffraction experiment. These speckled
rings are observed in the area between q = 0.8 Atand q = 1.33 A In the as cast samples the

strongest feature is noted at 1.1A™* and is attributed to scattering from (100) planes of a cubic

crystal structure after solvent evaporation
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Fig S3(b) is the 2D WAXS image from the MAPbI3«Cl film that was taken after annealing. A
fuller scattering ring at g=1 A is observed. The fuller ring of the X-ray scattering indicates that
the X-ray beam is probing crystals with more random orientations resulting a more uniform
distribution in orientation. Similar scattering patterns have been reported in the literature [20]. The
annealed MAPDI3.xClx film can therefore be described as consisting of a randomly orientated
collection of crystals with d spacing resulting in scattering at g=1 A™. In contrast, the speckled
ringintheascast samples Fig S3(a) is much less continuousimplying asmaller number of crystals
at a small number of fixed random orientations around a ring corresponding to g= 1.1 A The
observation of random orientations of the MAPbIz«Clx annealed film is similar to what was

highlighted previously [4, 18, 21].
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Figure S3. The WAXS image of the film after the spin coating (a), and the surface morphology of a
precursors preceding intermediate perovskite of MAPDIzCly film observed by SEM directly after spin

coating (b), the WA X Simage of an annealed MAPbI3.4Clxfilm, (c) and SEM images after thermal annealing

(d).
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Figure $4 Details of the Avrami fitting for the casting solution for FAPbI3.xClx
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Figure S5 The 2D data WAXS images demonstrate the orientation of the crystalline structuresin (b)
FAPbI3Cly films before (Ieft) and after annealing (right).

Fig $4 illustrates the difference in the 2D WAXS images collected before and after the thermal
annealing of FAPbIsz.xCly film. Before annealing, several X-ray scattering rings with different

intensities can be seen, that indicate the presence of -FAPIz at q = 0.7 Atand 1.3 A, FAPbIs.
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«Clxat q=1.0A"and FACI at g = 1.1 A™1. Before annealing a weak scattering ring with irregular
distribution of intensity around the ring of the perovskite phase that is observed at g=1.0A ™. This
confirms that some individual crystals of the perovskite have already formed during the spin
coating stage. The bright spots within the ring are caused by larger single crystals of fixed
orientation. The high intensity continuous X-ray scattering ring of 5-FAPI3 at g=0.7 A indicates
the 3-FAPI3 crystals are more randomly oriented. In contrast, after annealing thereis no scattering
at 0.7 At indicating the thermal instability of the 5-FAPI3. Thisintensity is replaced by a uniform
distribution of intensity around the FAPbI3.«Clx ring at q=1.0 A after annealing which indicates

that after annealing the crystal orientations are more random.

The uniform distribution of intensity around the scattering ring associated with the FACI
crystallites observed at g=1.1A before annealing also indicates that they are randomly orientated
and there are many crystallites present due to the high intensity of the WAXS. The FACI features
disappear upon annealing as shown in the 2D-WAXS image on the right in Fig 8 (b) at g=1.4 At
is remarkably reduced, showing only a few bright spotsin the WAXS image after annealing that

most likely refer to an un-reacted large crystal of PbCl, as was report previously [23].
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