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Figure S1. LXRPD on ground powders of DMAPbBr3, MAPbBr; and mixed (1.25:1 and 5:1)

DMA/MAPbBrs3 crystals that are grown using the SAC process compared to the cubic MAPbBr;

(ICSD 268785; green lines) and the non-perovskite DMAPbBrs3 phase (ICSD 402591; gray lines).
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Figure S2. Liquid-state 'H NMR of the black crystals, collected after 4 days, by dissolving the

crystals in deuterated DMSO.
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Figure S3. XPS spectra of Pb 4f of both yellow and black crystals — red boxes highlight Pb(0) peak.

Figure S4. Photographs of (a) cleaved surface and (b) ground powder of a black DMA/MAPbBr;

crystal.
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Figure S5. XPS showing the valence band region of both yellow and black crystals. Data collected

on three different samples are shown for both crystals.
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Figure S6. (a) LXRPD patterns of as-grown black crystals and their powders and (b) zoomed-in
view of the SXRPD patterns collected on powders derived from grinding black and yellow crystals.

The SXRPD profiles are plotted in the Cu-Ka 26 scale to ease the comparison with lab-grade

diffraction patterns.
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Table S1. Crystal systems, space groups and cell axes at selected temperatures of ground yellow

and black crystals.

Yellow ((CH3)2NH2)(CH3NH3)PbBr3 Black ((CH3)2NH2)(CH3NH3)PbBr3
(Mixed DMA/MAPbBr3) (Mixed DMA/MAPbBs3)
Crystal system Cell axes Crystal system Cell axes
Temperature (K) Space group (i\) Space group (A)
Cubic Cubic
300 Pm-3m a=b=c=5.98323(18) Pm-3m a=b=c=5.98416(5)
Cubic a=b=c=5.966158(11) Cubic a=b=c= 5.97113(5)
240
Pm-3m Pm-3m
Cubic a=b=c=5.96089(12) Cubic a=b=c= 5.96573(5)
220
Pm-3m Pm-3m
Cubic a=b=c=5.95844(9) Cubic a=b=c=5.96112(5)
205
Pm-3m Pm-3m
200 Tetragonal a=b=28.4191(9) Tetragonal a=b=28.4282(3)
P4/mbm ¢ =5.9535(19) PA/mbm ¢ =5.9595(7)
180 Tetragonal a=b=28.4092(11) Tetragonal a=b=28.42080(17)
P4/mbm € =5.9488(17) P4/mbm c = 5.9555(4)
160 Tetragonal a=b=28.4008(7) Tetragonal a=b=28.40991(12)
P4/mbm € =5.9450(11) PA/mbm ¢ =5.9507(2)
140 Tetragonal a=b=28.3893(9) Tetragonal a =b =8.40066(9)
P4/mbm c=5.9411(13) PA/mbm ¢ =5.95035(15)
120 Tetragonal a=b=8.3811(10) Tetragonal a=b=28.38846(13)
P4/mbm ¢ =5.9398(14) P4/mbm ¢ =5.9453(2)
80 Tetragonal a=b=28.3657(9) Tetragonal a=b=28.37597(10)
P4/mbm c=5.9312(13) PA/mbm ¢ =5.93930(16)
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Figure S7. Representative Raman spectra collected in the 100-3200 cm™ range showing the
evolution of the MA and DMA vibrational modes, collected using 633 nm laser excitation at room
temperature: MAPbBr3 crystal, yellow crystal and powder, and black crystal and powder. The
asterisks in the middle panel mark the Raman modes corresponding to DMA at 890 cm™* (C-N-C

stretching); 1350 cm™ (CHs rocking); and 1461 cm™ (CH3 bending).t
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Figure S8. Peak positions corresponding to the N-H asymmetric bending mode in MA for the

different crystals. Data averages from 5 different points for each sample is reported.
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Rocking mode (MA*)
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Figure S9. Temperature evolution of the Raman peak position (top panels) and full width at half
maximum (bottom panels) of the rocking mode of MA*® for pure MAPbBr; crystal (left), yellow
crystal (middle), and black crystal (right). The dotted lines mark the phase transition
temperatures. Sketches of the vibration modes drawn with Avogadro software’ are shown as

insets. The results shown are from 5 different points in each sample.
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C-N-C sym. stretch. (DMA*)
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Figure S10. Temperature evolution of the Raman peak position (top panels) and full width at half
maximum (bottom panels) of the symmetric stretching mode of DMA 2 for yellow crystal (left),
and black crystal (right). The dotted lines mark the phase transition temperatures. Sketches of
the vibration modes drawn with Avogadro software’ are shown as insets. The results shown are

from 5 different points for each sample.
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Figure S11. Temperature evolution of the Raman peak position (top panels) and full width at half

maximum (bottom panels) for black crystal for the N-H stretching in MA®, asymmetric stretching

C-N-C in DMA and rocking of DMA* modes.!™® The dotted lines mark the phase transition

temperatures. Sketches of the vibration modes drawn with Avogadro software are shown as

insets. The results shown are from 8 different points in each sample.

Table S2. Position and FWHM of the rocking and stretching modes of MA at T = 93 K in the

different crystals under study.

Raman mode

MAPbBr; crystals®

Yellow crystals®

Black crystals

3.1+0.1cm?)

(FWHM 7.7 £ 0.5 cm™?)

MA Rocking mode 914 +0.1cm™® (FWHMS5 | 916 £ 0.1 cm™ (FWHM 916+0.1cm™
+1cm?) 18+1cml) (FWHM 19 + 1 cm™)
-1
C-N stretching 970 £0.1 cm™ (FWHM | 972 £ 0.2 cm™ (FWHM (F%Ci'iﬂofch"o .
29+0.1cm™) 7.5+0.1cm™) o
cm™)
C-H stretching mode (CHs) | 2820 £ 0.1 cm™ (FWHM 2823 +0.2cm™ 2824 +2 cm™

(FWHM 8 £5cm™)

N-H stretching

2965 + 0.1 cm™ (FWHM
2.2+0.1cm?)

2965+ 0.1 cm™
(FWHM 7.5 0.1 cm™)

2965+ 0.1 cm™
(FWHM 7.4 +£0.1
cm?)
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Figure S12. 13C (100.64 MHz) CPMAS (left) and 'H (400.23 MHz) MAS (right) SSNMR spectra of

black and yellow crystals and their corresponding powders, acquired at 12 kHz at room

temperature.
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