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Fig. S1 P-XRD patterns of (a) LaCu3MnTi3O12, (b) NdCu3MnTi3O12, (c) LaCu3Mn1.3Ti2.7O12, and (d) 
NdCu3Mn1.3Ti2.7O12.

Table S1 Refined positional (x, y, z), thermal (B), occupancy parameters and reliability factors for 

LnCu3Mn1+xTi3-xO12 (Ln = La, Nd; x = 0, 0.3)

  Atom   Site   Position    LaCu3MnTi3O12    NdCu3MnTi3O12    LaCu3Mn1.3Ti2.7O12   NdCu3Mn1.3Ti2.7O12  
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 a (Å)                                     7.4663(6)            7.4526(8)                7.4515(6)                 7.4363(5)         

 O          24g         x                0.3042(1)            0.3014(5)                0.3176(1)                 0.3020(9)         

                             y                0.1819(1)            0.1799(4)                0.1910(4)                 0.1801(2)    

Occ (Mn/Ti)8c                                    0.25/0.75            0.25/0.75               0.325/0.675            0.325/0.675

B(Å2) (A)2a                                             0.32(4)                 0.42(5)                   0.65(1)                      0.78(1)

B(Å2) (Cu)6b                                         0.18(2)                 0.32(4)                   0.48(4)                      0.67(6)

B(Å2) (Mn/Ti)8c                                0.25(3)                 0.51(3)                   0.36(4)                      0.75(5)

B(Å2) (O)24g                                          0.81(6)                 0.78(8)                   0.98(8)                      0.87(9)

Rp (%)                                     3.62                    4.21                          6.14                           4.15

Rwp (%)                                   5.12                    5.73                          7.20                           6.18

RBragg (%)                                2.76                    4.08                          5.64                           4.57

RF (%)                                     2.11                    2.29                          4.61                           2.71

χ2                                                                    2.79                    2.27                          4.57                           3.10

Atomic positions: La/Nd 2a (0, 0, 0), Cu 6b (0, 0.5, 0.5), Mn/Ti 8c (0.25, 0.25, 0.25), O 24g (x, y, 0). The 
occupancy of rest La/Nd, Cu and O are 1.  A = La or Nd.

Lengths (Å);                LaCu3MnTi3O12    NdCu3MnTi3O12    LaCu3Mn1.3Ti2.7O12    NdCu3Mn1.3Ti2.7O12 

Angles ();   
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Table S2 Bond lengths, bond angles and bond valence sums of LnCu3Mn1+xTi3-xO12 (Ln = La, Nd; x 

= 0, 0.3)

Fig. S2 FE-SEM images of (a) LaCu3MnTi3O12, (b) NdCu3MnTi3O12, (c) LaCu3Mn1.3Ti2.7O12, and (d) 

NdCu3Mn1.3Ti2.7O12.

BVS 

*A – O (× 12)                     2.633(7)             2.603(7)                    2.631(4)                        2.602(9)

Cu – O (× 4)                       1.985(7)            1.987(8)                     1.983(4)                        1.980(8)

Mn/Ti – O (× 6)                 1.966(3)            1.963(3)                     1.965(3)                        1.958(5)

∠Mn/Ti – O – Mn/Ti        141.6(3)            141.7(8)                     140.5(8)                        141.5(8)

∠Mn/Ti – O – Cu              108.9(4)             108.8(4)                     109.7(4)                       108.7(4)

*∠A – O – Cu                     106.2(6)             107.0(7)                     102.2(6)                       106.6(6)

*∠A – O – Mn/Ti                87.5(4)               88.2(4)                        84.1(4)                         88.6(5)

BVS (A)*                              3.28                     3.12                             3.26                             3.31

BVS (Cu)                             1.75                     1.82                             1.80                             1.72

BVS (Mn/Ti)                       3.84                     3.86                             3.70                             3.96

*A = La or Nd
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Fig. S3 EDS data of (a) LaCu3MnTi3O12, (b) NdCu3MnTi3O12, (c) LaCu3Mn1.3Ti2.7O12, and (d) 

NdCu3Mn1.3Ti2.7O12.
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Fig. S4 Survey XPS spectra of (a) LaCu3MnTi3O12, (b) NdCu3MnTi3O12, (c) LaCu3Mn1.3Ti2.7O12, and 

(d) NdCu3Mn1.3Ti2.7O12.

Table S3 XPS binding energies of LaCu3MnTi3O12, NdCu3MnTi3O12, LaCu3Mn1.3Ti2.7O12, and 

NdCu3Mn1.3Ti2.7O12

Compounds     LaCu3MnTi3O12   NdCu3MnTi3O12   LaCu3Mn1.3Ti2.7O12    NdCu3Mn1.2Ti2.7O12        Ref.

Mn 2p3/2 (eV)            641.7                     641.4                  641.6 (Mn3+)              641.5 (Mn3+)         

                                                                                              643.5(Mn4+)               643.7(Mn4+)               1                                                                          

Mn 2p1/2 (eV)            653.2                     653.3                 652.7(Mn3+)               652.5(Mn3+)           

                                                                                              654.2 (Mn4+)              654.8 (Mn4+)              1

Cu 2p3/2  (eV)            933.5                     933.2                  933.8                          933.6                           2

Cu 2p1/2  (eV)             953.7                     953.4                  953.7                          953.6                          2  
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Fig. S5 Inverse magnetic susceptibility vs. temperature plots of (a) LaCu3MnTi3O12, (b) 

NdCu3MnTi3O12, (c) LaCu3Mn1.3Ti2.7O12, and (d) NdCu3Mn1.3Ti2.7O12.
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Fig. S6 χ´´ vs. T plots of (a) LaCu3MnTi3O12, (b) NdCu3MnTi3O12, (c) LaCu3Mn1.3Ti2.7O12, and (d) 

NdCu3Mn1.3Ti2.7O12

Fig. S7 Magnetization vs. magnetic field plots of (a) NdCu3MnTi3O12 at 60 K, and (b) 

NdCu3Mn1.3Ti2.7O12 at 60 and 125 K.
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Fig. S8 Heat capacity data (a) Cp vs. T, (b) Cp/T vs. T, (c) Cp/T vs. T2 and (d) lattice contribution 

(red) and magnetic contribution (blue) to total heat capacity (black) of LaCu3Mn1.3Ti2.7O12. 

0 50 100 150 200 250
0

1x105

2x105

3x105

4x105

 

 

C
p (m

J 
m

ol
-1

 K
-1

)

Temperature (K)
0 50 100 150 200 250

0

400

800

1200

1600

 

 

C
p/T

(m
J 

m
ol

-1
 K

-2
)

Temperature (K)

0 20 40

0

1x104

2x104

3x104

4x104

 

 

C
p (m

J 
m

ol
-1

 K
-1

)
Temperature (K)

(a) (b)

0 500 1000 1500 2000

400

600

800

1000

1200

1400

1600

 

 

C
p/T

(m
J 

m
ol

-1
 K

-2
)

T2 (K2)

(c) (d)

0 5 10 15 20 25 30

0

200

400

600

800

1000

Cl

Cm

 

 

C
p/T

(m
J 

m
ol

-1
 K

-2
)

Temperature (K)

Cp

Fig. S9 Heat capacity data (a) Cp vs. T, (b) Cp/T vs. T, (c) Cp/T vs. T2 and (d) lattice contribution 

(red) and magnetic contribution (blue) to total heat capacity (black) of NdCu3Mn1.3Ti2.7O12. 

Fig. S10  vs.  of (a) LaCu3MnTi3O12, (b) NdCu3MnTi3O12, (c) LaCu3Mn1.3Ti2.7O12, and (d) 𝑙𝑛𝜌 𝑇 ‒ 1

NdCu3Mn1.3Ti2.7O12.
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