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Figure S1. Image of MAPDb(I1..Bry)3 thin films on z-cut quartz substrates. From left to right, the
nominal bromide fraction was: 0, 0.1, 0.15, 0.2, 0.25, 0.3, 0.333, 0.4, 0.425, 0.45, 0.475, 0.5,

0.525, 0.55, 0.575, 0.6, 0.667, 0.7, 0.8, 0.83, 0.9, and 1.
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Figure S2. X-ray diffraction patterns for MAPb(I:.xBry)3 thin films on z-cut quartz substrates.
Films were not encapsulated. Diffraction patterns were recorded using monochromatic Cu-Ka
radiation. The nominal bromide fraction is indicated in the upper-right of each individual plot.
Characteristic substrate diffraction peaks are evident at 16.4 ° and 33.1 ° (the (001) and (002)
reflections are highlighted in the black stick plots).l!*) Reference stick plots for MAPbI; are
presented in red, with the (002)/(110), (112)/(200), (211), (202), (004), (220), (213),
(114)/(222)/(310), and (204)/(312) reflections highlighted (with the slash noting reflections that
are overlapping).’) Reference stick plots for MAPbBr3 are presented in blue, with the (100),

(110), (111), (200), and (210) reflections highlighted.!*!
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Figure S3. Absorbance spectra of the MAPb(I1..Bryx); thin film with a nominal bromide fraction
of x = 0.55. Note the broad nature of the absorption onset,®! indicative of poor compositional

homogeneity.
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Figure S4. Second-order diffraction peak for MAPDb(I;Bry)s thin films on z-cut quartz
substrates. Films were not encapsulated. Diffraction patterns were recorded using
monochromatic Cu-Ka radiation. The nominal bromide fraction is indicated in the upper-right
of each individual plot. Data is modelled with a single Voigt profile. The dashed line indicates
the peak centre extracted from the fit, and is marked as 26o. Note, for nominal bromide fractions
of less than 0.15, (220) and (004) reflections are expected to be present (their relative amplitude

dependent on texturing), consistent with the tetragonal (B) phase.[%7]
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Figure S5. Minimised reduced y? (y,?) when either a single Voigt profile (filled circles) or the
sum of two Voigt profiles (crosses) are used to model the (200) diffraction peak. Compositions
that crystallised into the tetragonal phase (i.e., x = 0 and x = 0.1) have been omitted. The y,* for
MAPDBT3; is significantly impacted by a small secondary peak (located at approximately 28.2 °)
being included in the range of the y,? calculation (see Figure S6). To ensure generality in the
analysis, it was decided that the same calculation range should be used for all compositions. As
can be seen in Figure S4 and Figure S9, this secondary peak does not influence the fitting of
the (200) diffraction peak, and the relative improvement in y,? is found to be approximately

unity (Figure 1d).
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Figure S6. Second-order diffraction peak for a MAPbBr3 thin film. The film was not
encapsulated. The diffraction pattern was recorded using monochromatic Cu-Ka; radiation.

Note the small secondary peak at approximately 28.2 ° that influenced the y.,? calculation.
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Figure S7. Durbin-Watson statistic for the two cases of using a single Voigt profile (filled
circles) and the sum of two Voigt profiles (crosses) to model the (200) diffraction peak.
Compositions that crystallised into the tetragonal phase (i.e., x = 0 and x = 0.1) have been
omitted. The associated Durbin-Watson statistic for MAPDbBr; is significantly impacted by a
small secondary peak (located at approximately 28.2 °) being included in the range of the
calculation (see Figure S6). To ensure generality in the analysis, it was decided that the same
calculation range should be used for all compositions. As can be seen in Figure S4 and Figure
S9, this secondary peak does not influence the fitting of the (200) diffraction peak, and the

relative improvement in the Durbin-Watson statistic is found to be approximately zero (Figure

S8).
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Figure S8. Improvement in the Durbin-Watson statistic (i.e., how much closer to the ideal value
of two) when moving from fits based on a single Voigt profile to those based on the sum of two
Voigt profiles to model the (200) diffraction peak. Compositions that crystallised into the

tetragonal phase (i.e., x =0 and x = 0.1) have been omitted.
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Figure S9. Second-order diffraction peak for MAPb(I:..Bry); thin films. Films were not
encapsulated. Diffraction patterns were recorded using monochromatic Cu-Ka, radiation. The
nominal bromide fraction is indicated in the upper-right of each individual plot. Data (signal
intensity, /) is modelled with the sum of two Voigt profiles (/1 and V2). The dashed lines
indicate the peak centres (26; and 26,) extracted from the fit.
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Figure S10. Second-order diffraction peak for MAPb(Ii..Bry); thin films before (black) and

after (red) 16 h of illumination with a constant intensity of 0.91 mWcm™ via a 470 nm

continuous wave laser excitation. Note, single-halide compositions (MAPbIz and MAPbB13)

were only light-soaked for two hours, as they cannot be susceptible to halide segregation. Films

were encapsulated. Diffraction patterns were recorded using monochromatic Cu-Ka; radiation.

The nominal bromide fraction is indicated in the upper-right of each individual plot.
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Figure S11. Area underneath the second-order diffraction peak for MAPb(I:.xBrx); thin films
normalised to the initial peak area. Films were encapsulated with PMMA and illuminated with
a constant intensity of 0.91 mWem via 470 nm continuous wave laser excitation. Note, single-
halide compositions (MAPbIz and MAPbBr3) were only light-soaked for two hours, as they
cannot be susceptible to halide segregation. The nominal bromide fraction is indicated in the

upper-right of each individual plot.
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Figure S12. Relative structural change in thin films of MAPDb(I;.Br,)s arising from halide
segregation. The relative structural change is calculated by taking the absolute integral of the
differential X-ray diffraction intensity (grey shading, Figure 2b), and normalising with respect
to the time-zero diffraction profile (further details in Supporting Note 3). Films were
encapsulated and illuminated with a constant intensity of 0.91 mWcm™ via 470 nm continuous
wave laser excitation. The result of the model fitting for a monoexponential and a biexponential
function are plotted in blue and orange respectively. Data for MAPbI; and MAPbBr3; were not

modelled. The nominal bromide fraction is indicated in the upper-right of each individual plot.
12



WILEY-VCH

12 P
101 ¢ Monoexp.
Biexp.
8 Monoexp
o X + linear ¢
X 61
4. *
o« v o
2 X < BX

Vo 0.2 0.4 0.6 0.8 1.0
Nominal Bromide Fraction

Figure S13. Reduced minimised y? (x,2) for the three cases of using a monoexponential function,
a biexponential function, and the sum of a monoexponential function and a linear function

(constrained to go through the origin) to model the relative structural change.
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Figure S14. Relative structural change as a function of illumination time, extracted for two
different MAPb(I1.xBry); thin-film samples (red and black) of the same nominal bromide
content x, evidencing minimal sample-to-sample variation for identical composition. Films

were measured under identical conditions. The nominal bromide fraction is indicated in the

upper-right of each individual plot.
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Figure S15. Horizontal profile of the X-ray beam (black, with Gaussian fit in red) at the sample
position, calibrated by using a beam block of known size. Laser profile (blue circles) fit with a
Gaussian function (blue dashed line). The laser excitation was incident at 45° to the normal of
the thin film, resulting in an elliptical (projected) beam shape. The laser profile shown is that
taken along the minor elliptical axis, and is thus representative of the maximal possible
excitation variation across the sample surface. Vertical dashed grey lines highlight the extent
of the sample. The dashed grey horizontal line signifies an intensity reduction of 15% compared
to that at the centre of the optical excitation. As indicated, there is minimal variation (< 15%)

in the local optical illumination intensity across the extent of the sample.
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. Macrostrained | Segregation | Segregation halide )
fraction . device
) phases extent rate ordering on aoolicabilit
* segregation pp Y
0 Does not segregate N/A
0.1 Be aware that
015 segregation
: can still occur
02 N/A forx<0.2
0.25 No evidence
N/A
0.3
' More seg than | Particularly | Avoid using
1/3 Gaussian photo- in Si-MHP
baseline The rate of unstable tandems
----------------------- halide
0.4 segregation N/A
is broadly
0.425 Limited constant Strain
evidence Follows a across the : ;
0.45 Gaussian'like entlre range er::%)l::lederbl;lg
distribution that |  of halide s
0.475 Strong is symmetric ratios utilised to
. N/A enhance the
05 evidence of and centred investigated tability of
: macrostrained close to a ts abl llly 0
. ) op cells in
phases with bromide .
0.525 . )
the difference fraction of 0.5 all gﬁrgr\;(sjklte
in macrostrain ..
0.575 maximising silicon-MHP-
0.6 near x = 0.5 MHP 3]
Less seg. than Particularly Use for top
2/3 o Gaussian cell in all-
Limited ) photostable .
evidence baseline perovskite 3J
o7 | | ] N/A
N/A
1 No evidence Does not segregate

Table S1. Table summarising the results of the study and proposed design strategies to enhance

the stability of different multi-junction perovskite-based solar cell architectures.
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Supporting Note 1: Further discussion of diffraction peak asymmetry

The (200) diffraction peak was selected for analysis in order to maximise angular resolution,
whilst retaining sufficient signal intensity.[®) As the asymmetry is present as a high-angle tail
(rather than a low-angle tail), axial divergence can be ruled out as the cause of this
asymmetry.[*!% Further, as a monochromatic probe is being utilised (Cu-Ka,), beam non-
monochromaticity can additionally be excluded. Diffraction experiments on unencapsulated
films began 18 days after initial deposition, with experiments occurring over four consecutive
days. Films were removed from the glovebox in small groups for measurement (between one
and three samples), with each XRD scan lasting approximately 30 minutes. Films were
measured in the order of increasing bromide fraction, ruling out any time-dependent bias on the
formation of an asymmetric peak. Our observations were consistent across samples batches
(Figure S16), across different X-ray diffractometers (Figure S17 and Figure S18), and were
independent of whether films were or were not encapsulated with PMMA immediately after

MHP deposition (Figure S19 and Figure S20) — reinforcing the consistency of our results.

MHP structures in the tetragonal phase with no strong preferential orientation should exhibit
prominent (112)/(200), (211), and (202) diffraction peaks.l'!! We note that the two resolved
peaks, Figure lc, are of comparable intensity. However, no prominent (112)/(200), (211), or
(202) diffraction peaks are consistently identified for the compositions showing peak
asymmetry (Fig. S2). Therefore, via proof by contradiction, the two lattice parameters required
to describe the material structure for compositions with a nominal bromide fraction, x, close to
0.5 are not the result of a tetragonal crystalline arrangement of a single phase, but are rather due

to the co-existence of two distinct material phases with different lattice parameter.

If a true miscibility gap were being observed, causing two-phases to form for immiscible
compositions, one would expect clear compositional termination points for miscibility; these
defined compositional turning points would be described by a fixed lattice parameter, which
would lead to diffraction at a characteristic 26 angle. This would result in an apparent peak ‘gap’
where, for a given 26 range, no XRD peak positions are identified when considering diffraction
spectra across the compositional series. Figure S21 shows that no distinct compositional
termination points are identified.

g [12-14

Halide inhomogeneity has been observed previously in metal-halide perovskite I However,

Elmelund et al. demonstrated that halide ions can readily diffuse through the perovskite
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structure to achieve full entropic mixing (even overcoming terminated surfaces), with
temperature greatly hastening this process.[!® Increased thermal annealing showed no
meaningful change to the observed peak asymmetry, Figure S16 and Figure S22. Furthermore,
diffraction spectra were further recorded after storage for approximately 8-months under
ambient temperature — the observed peak asymmetry was still present (Figure S17 and Figure
S18). Finally, films were light-soaked (0.91 mWecem?, as described in main text) for
approximately 16 h to promote halide segregation, and allowed to re-mix in the dark for
approximately 45 days; the peak asymmetry was still present after re-mixing (Figure S23 and
Figure S24). Together, these results strongly evidence that the co-existence of two material
phases with distinct lattice parameter for the compositional range centred around x = 0.5 is not
caused by compositional inhomogeneity. Consequently, we suggest that the differing lattice

parameters are instead due to each phase being differently strained.

Whilst microstrain results in the broadening of a diffraction peak, macrostrain manifests itself

IL16] Two material phases of identical stoichiometry,

as a shift in the diffraction peak centre.!
but with differing macrostrain, would have slightly displaced diffraction peaks. If two such
phases co-existed, the summation of these two peaks could result in an asymmetric diffraction

peak profile — exactly as we have observed.

It is unlikely that the observed strain is directly induced by the substrate. The substrate utilised
in this study (z-cut quartz) does not exhibit the required lattice parameters to directly lattice
match MAPb(I1.xBrx)s3, and is thus not expected to support epitaxial growth.['”) Instead, we
propose that the macrostrain identified is an intrinsic property of mixed-halide films that
stabilises heavily alloyed systems against immiscibility (as similarly shown for III-V
semiconductors).['8) When included in a device stack, the growth of the perovskite film will be
influenced by the properties of the underlying charge transport layer.!!2% Previous work has
shown how templating layers can modulate the formation of the perovskite film,!?°! and we
believe that the application of such templating layers could also facilitate control of the

formation of macrostrained phases of MAPb(I1xBrx)3 in device-relevant structures.

Nanostructure analysis would provide further confirmation of our observations. However,
previous studies have evidenced how electron irradiation (even in an ultra-low dosage regime)
can lead to ion migration and structural change.[?!! Specifically, it has been found that halide

segregation can be induced by an electron beam.!??! Therefore, the use of SEM/TEM would be

18



WILEY-VCH

unfeasible to categorise such nano-scale structures, as the probe itself can alter such structures.
Consequently, we utilised XRD to investigate the structure, as this technique (at the laboratory
scale) has been shown not to influence the material structure, even under prolonged
exposure.!’ As elemental mapping via energy-dispersive X-ray spectroscopy will induce
halide segregation in mixed-halide perovskites, only the nominal halide ratio (determined from
precursor stoichiometry) has been utilised to designate the composition of each film. The
change in diffraction peak with increasing bromide fraction (Figure S21) appears monotonic
and linear (following Vegard’s law), suggesting that there is no significant deviation of the

actual halide ratio from the nominal halide ratio.

1.0 20,  ¥=03] 10 | 20, 04| 10 20, =05
!
| ]
208 208 208 i
5 8 o 3
£06 10)=V,(6) | = 0.6/ 10)=v,(0) | =06 4 10=740)
Q Q (5]
£ 04 £ 041 204
=} o o
z z z
0.2 0.2 0.2
S
0.0 286 288 200 200 OO 288 290 292 204 98 200 292 294 296
20 (°) 20 (°) 20(°)

Figure S16. Second-order diffraction peak for three MAPb(Ii..Brx); thin films of different
nominal bromide fraction x, prepared as part of a separate batch (the first batch, fabricated
alongside the sample set presented in Figure S22) — the same trend is observed as in Figure S4.
Films were encapsulated with PMMA. Diffraction patterns were recorded using
monochromatic Cu-Ka radiation. The nominal bromide fraction is indicated in the upper-right
of each individual plot. Data is modelled with a single Voigt profile. The dashed line indicates

the peak centre extracted from the fit, and is marked as 26o.
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Figure S17. Second-order diffraction peak for MAPb(IiBry)s thin films (different set of
samples to those shown in Figure S4 and Figure S19, evidencing reproducibility) recorded on
a different diffractometer (here, Rigaku SmartLab) — the same trend is observed as in Figure
S4. Films were encapsulated with PMMA. Diffraction patterns were recorded using
monochromatic Cu-Ka radiation. The nominal bromide fraction is indicated in the upper-right
of each individual plot. Data is modelled with a single Voigt profile. The dashed line indicates

the peak centre extracted from the fit, and is marked as 26o.
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Figure S18. Ratio of the minimised reduced ¥*> (,°) when moving from the use of a single
Voigt profile to the use of the sum of two Voigt profiles to model the (200) diffraction peak for
MAPD(I:.xBry)3 thin-film samples on z-cut quartz presented in Figure S17. Compositions that

crystallised into the tetragonal phase (i.e., x = 0 and x = 0.1) have been omitted.
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Figure S19. Second-order diffraction peak for MAPb(IiBry); thin films with PMMA
encapsulant (different set of samples to those shown in Figure S4 and Figure S17, evidencing
reproducibility) — the same trend is observed as in Figure S4. Diffraction patterns were recorded
using monochromatic Cu-Ka, radiation. The nominal bromide fraction is indicated in the upper-
right of each individual plot. Data is modelled with a single Voigt profile. The dashed line

indicates the extracted peak centre from the fit, and is marked as 26y.
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Figure S20. Ratio of the minimised reduced %*> (,°) when moving from the use of a single
Voigt profile to the use of the sum of two Voigt profiles to model the (200) diffraction peak for
MAPD(I1.xBry)3 thin-film samples on z-cut quartz presented in Figure S19. Compositions that

crystallised into the tetragonal phase (i.e., x = 0 and x = 0.1) have been omitted.
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Figure S21. Centres of second-order X-ray diffraction peaks for MAPb(I;..Brx); thin films,
extracted from modelling with a single Voigt profile (black) and the sum of two Voigt profiles
(green and purple), and displayed over the appropriate range (Figure 1d and Figure le). Data
extracted from Figure S4 and Figure S9. Compositions that crystallised into the tetragonal phase

(i.e., x =0 and x = 0.1) have been omitted.
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Figure S22. Second-order diffraction peak for MAPb(I1..Bry)3 thin films prepared as part of a
separate batch — the same trend is observed as in Figure S4. This was the first batch fabricated,
and used a shorter annealing time of 60 min. Compared to when a 90 min annealing time was
used (Figure S16), no meaningful change in peak shape is observed: the asymmetry is still
present for the composition with x equal to 0.5, even after an additional annealing of 30 min,
indicating that different annealing times do not alter our findings. For the second batch of
samples (where we targeted 22 different compositions, and forms the basis of this paper), we
continued to use a 90 min annealing time. Films were encapsulated. Diffraction patterns were
recorded using monochromatic Cu-Ka; radiation. The nominal bromide fraction is indicated in
the upper-right of each individual plot. Data is modelled with a single Voigt profile. The dashed

line indicates the peak centre extracted from the fit, and is marked as 26y.
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Figure S23. Second-order diffraction peak for MAPb(Ii.,Br)3 thin films that had previously
been exposed to continuous light-soaking (16 h for mixed-halide compositions, 2 h for pure
halide compositions) and then had been allowed to remix in the dark over approximately 45
days — the same trend is observed as in Figure S4. Films were encapsulated with PMMA.
Diffraction patterns were recorded using monochromatic Cu-Koi radiation. The nominal
bromide fraction is indicated in the upper-right of each individual plot. Data is modelled with
a single Voigt profile. The dashed line indicates the peak centre extracted from the fit, and is

marked as 20,.
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Figure S24. Ratio of the minimised reduced y* (y.,?) when moving from the use of a single
Voigt profile to the use of the sum of two Voigt profiles to model the (200) diffraction peak for
MAPD(I:.xBry)3 thin-film samples on z-cut quartz presented in Figure S23. Compositions that

crystallised into the tetragonal phase (i.e., x = 0 and x = 0.1) have been omitted.
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Supporting Note 2: Experimental design

Whilst mixed A-site cation MHPs have exhibited enhanced performance/stability, previous
research suggests that halide segregation can be triggered by A-site cation segregation./?!
Consequently, to isolate the effects of halide segregation, we have utilised a single A-cation
stoichiometry. The influence of the atmospheric environment has been demonstrated to strongly
impact halide segregation dynamics.®! To negate any atmospheric effects, all samples involved
in segregation studies were coated in PMMA encapsulant. The films presented in Figure 1 (a
study of the material structure prior to any illumination/segregation) were not coated in PMMA
encapsulant to avoid the PMMA interacting with the perovskite structure below, and thus
ensuring that any asymmetry present was not due to the encapsulating layer. As Figure S19 and
S20 show, films encapsulated with PMMA were later found to exhibit the same trend as
unencapsulated films (Figure S4 and Figure 1d) showing that the presence of a PMMA top layer
does not affect our findings. Previous work has highlighted how X-ray exposure can induce
material degradation and influence segregation dynamics.!**! Cumulative X-ray dosage was
limited by utilising a lab-based diffractometer (i.e., not synchrotron based) equipped with a
crystal monochromator. Finally, segregation dynamics have also been demonstrated to be
strongly dependent on the fraction of charge carriers undergoing trap-mediated
recombination.’! As the bimolecular recombination rate has been shown not to be constant with
varying halide fraction,!®] we excite in the low-intensity regime to minimise any differences in
recombination pathway preferences between compositions. Illumination is provided by a
continuous wave laser of 470 nm wavelength, with an intensity of 0.91 mWem2. Using a
relatively low illumination intensity sufficiently slows segregation, such that longer X-ray
diffraction signal acquisition periods can be utilised without suffering from temporal smearing,

improving the relative measurement signal-to-noise.
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Supporting Note 3: Calculating the relative structural change

As a quasi-continuous spectrum of compositionally dissimilar regions of material are formed
during segregation (each with possibly independent strain and particle size distributions), direct
modelling of the diffraction profile was not deemed suitable. Instead, we quantify the impact
of segregation via evaluation of the relative structural change. The relative structural change is
calculated by taking the absolute integral of the differential intensity (for the relevant diffraction
peak(s)), and normalising this value with respect to the time-zero peak integral (i.e., before
illumination). This metric provides a measure of the relative proportion of material that has
exhibited a change in lattice parameter, and hence is indicative of the volume of
bromide/iodide-rich regions forming due to halide segregation. Crystallite fracturing, and the
structure form factor could both artificially alter the calculated value of the relative structural
change; however, previous research has evidenced that such effects are expected to be
negligible compared to the structural change associated with the ionic redistribution of halides
during phase segregation.[>>227] Possible material degradation or beam intensity changes
during the experiment are accounted for by subtracting any change in the total peak area with
time (generally observed to be negligible, see Figure S11). Variation in the diffraction signal-
to-noise ratio between different compositions will further induce a base-line shift as an absolute
integral is being calculated; this shift was corrected for by modelling the signal with Poisson

statistics.

Mathematically, the relative structural change (RSC) at time # can be described as:

rsc(e) = (111(260) — 1@t = 026)|d26 |[I(t,26) — I(t = 0,26)d26)]
©= ( J1(t = 0,26)d26 - J1(t =0,26)d26 )
J11(t,20) — I'(¢,26)|d26 [ 1(t,26) — I'(t,26)d26)
B ( [It=020)d26 [t =0,20)d26 )

=(@A-B)-(C-D),

(D)
where / is the measured XRD intensity at an angle 26 and time ¢, and 4, B, C, and D are defined
to allow for later referral to each of the terms in Eq. 1. I’ is a synthetic XRD pattern that is
generated by utilising a Poisson sample as such:

Yniih+X0s 1n>
10

I, = Poisson(

(2)
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where n is the n'" recorded XRD pattern (evenly spaced, with a total of N recorded XRD

patterns). All integrals are evaluated between 27.5 © and 31 ° (see Section 5).

We will now consider each of the four terms described in Eq. 1. The first term (4) calculates
the absolute change in the second-order peak with respect to the time-zero peak (grey shading,
Figure S25). The second term (B) corrects for any material degradation (possible peak area loss)
that is not associated with halide segregation, or any change in X-ray flux during the experiment.
The third (C) and fourth (D) term (copying the structure of the first two terms) correct for the
noise that is integrated in 4 and B (we are taking an absolute integral, so normally distributed
noise will no longer sum to zero — see signal far from the peak in Figure S25). D will effectively
always go to zero, but is included to ensure mathematical consistency. As I’ is calculated via a
ten-point effective rolling average (used to obtain a low-noise estimate from which to take the
Poisson sample), there are ten time steps that do not have a correction directly calculated. C and
D are set to zero for the initial (z = 0) time step, are taken as an average of time steps six through
ten to fill in the second through fifth time step, and are taken as an average of the (N — 9)®
through to the (N — 5) time step for the final five points. Example relative structural change
traces, showing the correction procedure, are presented for a non-segregating material (x = 0)

in Figure S26, and a segregating material (x = 0.3) in Figure S27.
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Figure S25. Intensity difference for the (200) diffraction peak after 16 h of continuous
illumination (with respect to the peak obtained before illumination) for a composition with a
nominal bromide fraction of 0.25. Note that for this method implementing integration over
absolute signal values, the noise will be absolutely integrated far away from the peak signal and

therefore requires the corrections described above and illustrated in Figures S26 & S27 below.
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Figure S26. Example correction procedure for the relative structural change as a function of

illumination time for a composition with a nominal bromide fraction of 0. For this single-halide

composition, there will be no segregation, and thus, the relative structural change should be

effectively zero. This is exactly what application of the correction method achieves.
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Figure S27. Example correction procedure for the relative structural change as a function of
illumination time for a MAPb(I;..Brx); composition with a nominal bromide fraction of 0.3. For

this mixed-halide composition, we see that the correction procedure is able to suitably correct

for the noise-induced offset.
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Supporting Note 4: Extracting average rate of structural change

As we show in the main text (Figure 2g), while some compositions show halide segregation
dynamics compatible with monoexponential rise functions, others exhibited a biexponential
dynamic. In order to obtain representative average rise rates across the whole compositional
space, we therefore implemented a simple metric associated with the time taken for the relative
structural change signal to reach 63% of the final ‘saturated’ value, using a phenomenological
fitting function for the purpose of accuracy (Figure S28 illustrates this process). For this purpose,
the lower- and upper-bound relative structural change traces (i.e., computed values minus
standard errors, and computed values plus standard errors) were fitted with a sixth-order
polynomial (no constant term), and the intercepts of these polynomials with the numerical rise
time (time taken to reach 63% of the final ‘saturated’ value) were taken as the bounds for the
estimated characteristic rise time. The estimated characteristic rise time was taken as the
midpoint of these bounds, with the bounds defining the uncertainty in the estimated rise time
value. An estimated rate (Figure 2f) was then calculated by taking the inverse of the estimated
rise time. Due to a low measurement signal-to-noise (Figure S12), estimated rates could not be
computed for the x =0.15 or x = 0.25 compositions (Figure 2f) which show very little amplitude

of halide segregation.
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Time (h)
Figure S28. Example relative structural change trace (black) for a MAPb(I;..Brx); thin film
with a nominal bromide fraction of 0.5. Lower- and upper-bound traces (blue) were fitted with
a sixth-order polynomial (no constant term). The intercepts of these polynomials with the
numerical rise time (red) were taken as the bounds (green, solid) for the estimated characteristic
rise time. The estimated characteristic rise time was taken as the midpoint (green, dashed) of
these bounds, with the bounds (green, solid) defining the uncertainty in the estimated rise time

value.
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