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1 Energy-volume relations
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Fig. S1 The energy versus volume of andalusite, kyanite and sillimanite phase (Mn,Al;)AISiOs with x=0.5,
0.75 and 1.0.

2 The heat capacities of (Mn,Al;)AISiO5

Because heat capacities (C,) are important in applications, we calculated and discussed the C, of
(Mn,Al;)AISiOs (x=0, 0.25, 0.5, 0.75 and 1.0) in this paragraph. The calculated C; is presented in
Fig. S2. The C, of (Mn,Al,)AISiOs with the same Mn content in different phases are similar. The
C, increases with increasing temperature, which is in line with other reports.!? The calculated C,, is
a reference for applications.
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Fig. S2 The heat capacity versus temperature of andalusite, sillimanite and kyanite phases (Mn,Al;)AISiOs
with (a) x=0, (b)x=0.25, (c)x=0.50, (d) x=0.75 and (e) x=1.0.

3 Octahedra and density states splitting

& — + —
a : g s €
(a) Andalusite phase ¢ + 44 (b) Sillimanite phase g +
(Mn,Al_,)AISiO; 2g (Mn,Al;)AISiOs t, ++ +
x0.50 S5 =075 55344 x 2245 A x-050 2090 A 075 2135A 1.0 21014
1.900 A
1.928 / 1.928 A 1956 A Logra 19%A 1.928 A 2.004 A 1.900 A 2.003A 1964 A 1913 A
1.873 A 1.875 A 2.004 A 1.900 A .
. 1873 A 1 878 A 1879 A 18754 . 2017 A L923A  gR 1932 A
A 2222 4 2245 A 2.090 A 2052 A

2.104 A



(C) Kyanite phase eg* — +
(Mn,Al)AISIO,
‘ : be + + +

050 18864 X075 1894 A =10 g3 A

2031 A 18864 21314

2.096 A 2055 A
1.969 A
= 1953 A
2.067 A 2.109 A 2.095 A 21564 20663
Mn
1855 A o 1.935 A 1.897 A

Fig. S3 The octahedra in (a) andalusite phase, (b) sillimanite phase and (c) kyanite phase (Mn,Al;)AISiOs
with x=0.5, 0.75 and 1.0.

The octahedra of (MnyAl, )AISiOs with x=0.5, 0.75 and 1.0 in andalusite, sillimanite and kyanite phases (Fig. S3
a, b and ¢).
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Fig. S4 The splitting partial density of states (PDOS) of Mn 3¢ orbital in andalusite, sillimanite and kyanite
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phase (Mn,Al;,)AISiOs with (a) x=0.5, (b) x=0.75 and (c) x=1.0.

The splitting partial density of states (PDOS) of Mn 3d orbital in andalusite, sillimanite and kyanite phase (Mn,Al;_
WAISIOs with x=0.5, 0.75 and 1.0 are shown in Fig. S4.

4 Helmholtz vibrational energy
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Fig. S5 The helmholtz vibrational energy versus temperature of andalusite, sillimanite and kyanite phases
(Mn,Al;)AISIOs with (a) x=0, (b)x=0.25, (c)x=0.50, (d) x=0.75 and (e) x=1.0.
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