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Supplementary Note 1: Typical A-site cations used in halide perovskites

Table S1 - lonic radius (1), dipole moment (u,4) and the number of N-H bonds (nyy) of some A-
site cations used in halide perovskites. Dipole moment values were calculated using MolCalc [1].
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Supplementary Note 2: Data used to construct tolerance factor plots

To calculate the Goldschmidt (t) and Bartel (7) tolerance factors of AxMA1.xPbls

compounds, we used the relations respectively given by
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where 7.5 ¢, 75 and 7y are the ionic radii of the cations at the A, B, and X sites and ny is
the oxidation number of the A-site cation. For solid solutions, effective ionic radii at the
A-site were calculated using the relation 7, = x7, + (1 — x)7y4, Where 1, and 74 are
the ionic radius of substituent cation A* and of MA", respectively, and x is the molar
fraction of substitution. lonic radii of A-site cations are given in Table S1. The radii used
for B = Pb?* and X = I were 119 and 220 pm [3], respectively. Calculated t and t values

for compositions with experimental phase purity data are given in Table S2.

Table S2 - Calculated and experimental information on AxMA1.«Pbls solid solutions. Methods are
XRD: X-ray diffraction, UVS: UV-Vis spectroscopy and NMR: nuclear magnetic resonance.

A* x t T A-site segregate? Method Reference
- 0 0.912 3.884 - - -

0.05 0.908 3.898 Yes (CsPbls) XRD [7]
0.1 0.905 3.912 Yes (CsPbls) XRD [7]
Cs* 0.2 0.899 3.942 Yes (CsPbls) XRD [7]
0.3 0.893 3.975 Yes (CsPbls) XRD [7]
0.4 0.887 4.011 Yes (CsPbls) XRD [7]
0.1 0.912 3.884 No (UAVAS) [8]
0.2 0.912 3.884 No uvs [8]
HY* 0.3 0.912 3.884 No uvs [8]
0.4 0.912 3.884 Yes (HYPbls) UvVvs [8]
0.5 0.912 3.884 Yes (HYPbls) UVvsS [8]
0.025 0.913 3.878 Yes (TMSPbls) XRD [6]
TMS*  0.033 0.913 3.876 Yes (TMSPbls) XRD [6]
0.046 0.914 3.873 Yes (TMSPbls) XRD [6]
0.01 0.912 3.881 No UVS/XRD [9]
. 0.02 0.913 3.878 No UVS/XRD [9]
AZE 0.05 0.915 3.869 Yes (AZEPbls) UVS/XRD [9]
0.10 0.918 3.855 Yes (AZEPbls) UVS/XRD [9]
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Table S2 - Continued.
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Table S2 - Continued.

0.125 0.927 3.820 No
0.15 0.931 3.809 No
0.175 0.934 3.798 No
0.20 0.937 3.787 No
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Supplementary Note 3: Graphical visualization of descriptors
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Figure S1 - 3D and 2D plots of physical descriptors proposed in this work. Note that the dipole
moment descriptor (Au) doesn't provide any benefit for separating single phase from mixed
phases data; data for both cases are encountered regardless if Au is close or not to the origin or if
it is positive or negative.
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Supplementary Note 4: Confidence ellipses

Statistically calculated confidence ellipses for Anyy versus Ar, ¢, data are shown in
Figure S2. In summary, these ellipses are ineffective in separating single and mixed-phase data
because they are calculated to maximize the inclusion of a desired data set inside the region
delimited by the ellipse under a given confidence level. By doing so, undesired data is included
inside the ellipse (higher confidence levels) or desired data is not inside the ellipse (lower
confidence levels). On the other hand, even if an optimal confidence level could be found,
calculated ellipses are always rotated, which is unsuitable since we were aiming for the simplest
equation possible. Clustering methods don't seem adequate as well because the data of mixed

phases are too dispersed.

Ar (pm) A (pm)
Figure S2 - Confidence ellipses of 95% (left) and 90% (right) levels. Blue and red dots are of
single and mixed phases data, respectively.
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Supplementary Note 5: Additional X-ray diffraction data

To complement the solubility diagram, we synthesized twelve GAxFA/MA1x.
yPblz compositions. Amounts of the precursors lead iodide (Pbl2, Sigma-Aldrich, 99%),
methylammonium iodide (CHsNHzl or MAI, Sigma-Aldrich, 98%), formamidinium
iodide (CH(NH®)2l or FAI, Sigma-Aldrich, 99%), and guanidinium iodide (C(NH2)sl or
GAl, Sigma-Aldrich, 99%) were weighted in desired proportions. The precursors were
manually mixed and ground to react in a natural agate mortar for about one hour under
ambient conditions. The resulting black powders of perovskites were sieved in a 250 pm
aperture sieve, dried, and annealed for 6 h at 333 K in a laboratory oven with periodic
(once an hour) stirring. Pelletized powders were produced with approximately 180 mg of
the as-synthesized powders uniformly spread into a 10 mm diameter circular cavity of a
metallic mold and compacted with a pressure of about 250 MPa. X-ray diffraction
measurements (XRD) were performed in these pellets using a Rigaku Ultima IV
diffractometer with CuK, radiation (A = 1.5406 A), under 40 kV and 20 mA, with a
continuous scan (2° min1), in the range of 26 from 10 to 16° under controlled conditions

(dark, at ~ 300 K and relative humidity below 30%). Results are shown in Figure S3.
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Figure S3 - XRD data of the synthesized GAFA/MA1.«,Pbl; compositions.
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Supplementary Note 6: Entropy of mixing

To picture the changes in the entropy of mixing in GAXFAyMA1xyPbls
compositions, we used the classical approach of considering an entirely random of solutes
under constant temperature, volume and pressure. The entropy of mixing in this ideal case
can be given by

ASpix = —R[xInx + ylny + zlnz]
where R is the universal gas constant and x, y and z = 1 — x — y are the mole fractions

of GA™, FA" and MA". The ternary diagram of AS,,;, is given in Figure S4.
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Figure S4 - Composition-dependent entropy of mixing in an ideal ternary GAFAyMA1.«,Pbl3
system.
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