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Fig. S1 XRD patterns of the aluminum phosphate precipitates obtained at [AICI;] = 0.10-0.50 M by
hydrothermal treatment at 170 °C.
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Fig. S2 XRD patterns of the iron phosphate precipitates obtained at [FeCl;-6H,0] = 0.10-0.50 M
by hydrothermal treatment at 170 °C.
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Fig. S3 XRD patterns of the Mn?*-doped aluminum phosphate precipitates obtained at [AICl;] =
0.10 M and [MnCl,-4H,0] = 0-0.025 M by hydrothermal treatment at 170 °C.
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Fig. S4 XRD patterns of the Co**-doped aluminum phosphate precipitates obtained at [AICl3] =
0.10 M and [CoCl, 6H,0] = 0-0.025 M by hydrothermal treatment at 170 °C.
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Fig. S5 XRD patterns of the Ni?>*-doped aluminum phosphate precipitates obtained at [AICI;] = 0.10
M and [NiCl,-6H,0] = 0-0.025 M by hydrothermal treatment at 170 °C.
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Fig. S6 XRD patterns of the Mn?**-doped iron phosphate precipitates obtained at [FeCl;-6H,0] =
0.10 M and [MnCl,-4H,0] = 0-0.025 M by hydrothermal treatment at 170 °C.
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Fig. S7 XRD patterns of the Co?>"-doped iron phosphate precipitates obtained at [FeCl3-6H,0] =
0.10 M and [CoCl,-6H,0] = 0-0.025 M by hydrothermal treatment at 170 °C.
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Fig. S8 XRD patterns of the Ni>*-doped iron phosphate precipitates obtained at [FeCl;-6H,0] =
0.10 M and [NiCl,-6H,0] = 0-0.025 M by hydrothermal treatment at 170 °C.

S-9



' (NH4)Fes(PO,):(OH)-2H,0 (ICDD #01-082-1164)

I '.l P m_._n- ™ Ao

Hydrothermal treatment at 170 °C

[Cu*] =0.025 M
I I IYY N

W' [Cu*] =0.010M
WWITW WYY IYYY OOY

Intensity (a. u. )

\

T fywy qydert o
WWTYW YTV ONTYY 7Y

[Cu2*] = 0.0050 M

[Cuz*] =0 M
YOI W YTV ONYYY vy

T Wy yy vyt

5 15 25 35 45 a5
20 / deg.

Fig. S9 XRD patterns of the Cu?>"-doped iron phosphate precipitates obtained at [FeCl;-6H,0] =
0.10 M and [CuCl,] = 0-0.025 M by hydrothermal treatment at 170 °C.
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Fig. S10 XRD patterns of the ammoniotinsleyite samples obtained at [AICl;]

hydrothermal treatment at 120—180 °C.
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Fig. S11 SEM images of the ammoniotinsleyite samples obtained at [AICl;] = 0.10 M by
hydrothermal treatment at 120 (a) and 170 (b) °C.
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Fig. S12 XPS spectra of the Cu?>*-doped ammoniotinsleyite samples obtained at [AICI;] = 0.10 M
and [CuCl] = 0.010 M by hydrothermal treatment at 170 °C; Al,, (a) and Cuy, (b).
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Fig. S13 XPS spectra of the transition metal-doped spheniscidite samples obtained at
[MnCl,-4H,0] = 0.010 M, [CoCl,-6H,0] = 0.025 M, [NiCl,-6H,0] = 0.010 M or [CuCl,] = 0.025
M by hydrothermal treatment at 120 °C; Mn?*-doped: Fe,, (a) and Mny, (b), Co?*-doped: Fe,, ()
and Co,, (d), Ni**-doped: Fe,, (¢) and Niy, (f), Cu?*-doped: Fe;,, (g) and Cu,, (h).
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