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(1) Structure analysis with the SXRD data collected at 300 K confirm that BiCu3Cr4O1, synthesized
in the present study crystalizes in a quadruple perovskite structure with the space group Im3.
Temperature-dependent SXRD data also confirm the phase transition due to charge
disproportionation transition. All the structure analysis results are essentially the same as those

reported previously'.
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Figure S1 (a) The SXRD patterns and the results of Rietveld structure refinements for BiCuzCrsO12
at 300 K. The wavelength for the measurements is 0.49950 A. Vertical bars indicate the Bragg
reflection peak positions of BiCuszCrsO12. The bottom curves (blue) show the difference between
observed and calculated intensities. (b)Temperature dependence of lattice parameters (upper part) and

volume (lower part).

Table S1 Refined structure parameters of BiCuzCrsO1, at 300 K.

atom site x Y z B (A?)
Bi 2 0 0 0 1.11(1)
o 6b 0 12 12 0.19(1)
Cr 8¢ 1/4 1/4 1/4 0.10(1)
0 24g 0 0.30103) | 0.1787(3) 0.1

Lattice parameter: @ = 7.30813(2) A;Volume : ¥ =390.318(1) A3; R,,, = 5.676%



(2) Thermal properties for BiCu3CrsOi2. The thermal hysteresis in DSC confirms the charge

disproportionation transition is a first-order transition.

Table S2. Peak temperature, latent heat and the corresponding entropy change obtained by DSC

measurements on heating and cooling.

Heating Cooling
Peak temperature (K) 189.9 185.9
Latent heat (kJ kg™") 5.08 5.23
Transition entro
Py 26.8 28.2

change (J K 'kg!)




(3) Temperature-dependent magnetization data show that the transition is a first-order transition, and
the intrinsic magnetic correlation temperature extrapolated from the data is suggested to be much
higher than the observed transition temperature of 190 K.

Here a simple ferrimagnetic model is considered. In the mean-field theory, temperature

dependence of magnetization is described by the following equations:

AM+H
M(T) = MB, (]gjlin(BT ))

and

B,(y) = 2];]_ ! coth (2]2-; ! y) - 2—1]c0th (2—1] y).

where Mg, Bj, J, g;, A, and H respectively are saturation magnetization, Brillouin function,
total angular moment, g-factor, mean field coefficient, and external magnetic field. In the present
ferrimagnet BiCu3Cr4O12, the antiferromagnetic interaction between the spin moments at the 4
and B sites is considered: BiCu?(}; S = 1/2);Cr**(1; S = 3/2)Crt**(1; S = 1);012. As reported
previously,! the charge disproporationated state of BiCusCrsO12 was described as
BiCu?"3Cr**,Cr*,01,, but the magnetic structure was considered as that described above. The
randomly distributed Cr** and Cr*" spins at the Cr>-" site are ferromagnetically coupled. Therefore,
the total ferrimagnetic moments should be —3x1Cu*"(1) + 1xCr¥*(3) + 3xCr*'(2) = 6 up. Each

magnetization of the spin sublattices of 4-site Cu*, B-site Cr**, and B-site Cr*" is given as follows:

1gupA(Mcpa+ + M3Cr4+)>

M3Cu2+(T) = MS,3Cu2+B1/2 (

2 kT
3 gupAMscy2+
Mc3+(T) = Mg cp3+Bg ), <§T7"u)
AM
Macpos (T) = Mg 5ca By (%)
B

where Mg 3cy2+, Mgcp3+, and Mgsce+ are the saturation magnetizations of each spin sublattice.
The weight of each spin sublattice is considered. The observed magnetization data below the
magnetic transition temperature is fitted to the total magnetization

Miotai(T) = Mycpa+ (T) + Mepa+(T) — M3gyz+(T)

by numerical calculations.



(4) The field dependence of peak temperature shifts 0.102 K kOe ! is consistent with the value

obtained from the magnetization curves (0.101 K kOe ™).
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Figure S2 Field dependence of peak temperature for heat capacity curves. Red line shows the linear
fit of the data.



(5) Although magnetic hysteresis in a cycle of magnetic field change is not significant in the present
BiCusCrs012, it causes hysteresis loss near the phase transition temperature. The isothermal
magnetization curves between 180 and 204 K are shown in Figure S3a in the Supporting
information, and the loss is estimated from the area of field magnetization loop. The maximum

value of the hysteresis loss in MCE is about 7 Jkg ! at 191 K and 50 kOe.
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Figure S3. (a) Isothermal magnetization curves between 180 and 204 K measured during both

magnetizing and demagnetizing processes. (b) Hysteresis loss in MCE of BiCu3Cr4O15.
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