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Supporting Information

Figure S1: Solution combustion technique flow chart for Co(1-x)BixCr2O4 (where, x= 0.00, 

0.05, 0.10) nanoparticles.
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Figure S2: FTIR spectra of Co(1- x)BixCr2O4 (where, x= 0.00, 0.05, 0.10) nanoparticles



300 400 500 600 700

1.0

1.1

1.2

1.3

1.4

1.5

1.6

Ab
so

rb
an

ce
 (a

.u
.)

Wavelength (nm)
22
9

x= 0.00

33
3

40
1

51
4

63
4

200 300 400 500 600 700 800
1.20

1.35

1.50

1.65

1.80

A
bs

or
ba

nc
e 

(a
.u

)

Wavelength (nm)

22
9

33
3

51
9

63
3

66
0

40
1

x= 0.05

300 400 500 600 700 800
1.4

1.5

1.6

1.7

1.8

A
bs

or
ba

nc
e 

(a
.u

)

Wavelength (nm)

22
9

33
3

52
5

63
1

66
0

x= 0.10

40
0

Figure S3: UV-Visible absorbance spectra of Co(1-x)BixCr2O4 (where, x= 0, 0.05, 0.10) 

nanoparticles



Figure S4. Schematic representation of chemical environment for CoCr2O4 (100), (110), 

(111), and (311) surfaces. 



Table S1: Vibration bands, KT and KO values of Co(1- x)BixCr2O4 (where, x= 0.00, 0.05, 0.10) 

nanoparticles.

Bi3+ 

concentration

Vibration band 

(cm-1) at the 

tetrahedral site

Vibration band 

(cm-1) at 

octahedral site

 KT KO

x= 0 606.71 480.71 2.652 x 105 1.665 x 105

x= 0.05 604.93 478.78 2.636 x 105 1.651 x 105

x= 0.10 608.50 482.79 2.667 x 105 1.679 x 105



Table S2: EDS analysis of Co(1-x)BixCr2O4 (where, x= 0, 0.05, 0.10) nanoparticles

Identified elements Theoretical 

stoichiometry

Experimental 

stoichiometry

from EDS analysis

Cr 1 1

Co 1 1

Bi 0 0

Cr 1 1

Co 0.95 0.946

Bi 0.05 0.054

Cr 1 1

Co 0.90 0.8831

Bi 0.10 0.1168



Table S3. Calculated M-O bond distances in Å (M = Co, Sc, and Cr), bond length distortion 

indexes (Δd) in Å, and bond angle variances (BAV) in degree, for the pure and Bi-doped 

CoCr2O4 materials.

Models M-O Δd BAV
[CoO4] 1.995 (4x) 0.00 0.0CoCr2O4 [CrO6] 1.994 (6x) 0.00 41.69

Co(1) 1.994 (3x)
2.086 (1x) 0.01 10.30

Co(2)
1.970 (1x)
2.010 (1x)
2.026 (2x)

0.01 5.28

Co(3) 1.973 (2x)
2.008 (2x) 0.01 1.93

[CoO4]

Co(4) 1.992 (4x) 0.00 0.37
[BiO4] 2.180 (4x) 0.00 0.02

Cr(1)

1.974 (1x)
1.986 (1x)
2.004 (2x)
2.019 (2x)

0.01 59.64

Cr(2)

1.969 (1x)
1.989 (1x)
1.992 (1x)
1.997 (1x)
2.020 (2x)

0.01 57.70

Cr(3)

1.950 (1x)
1.993 (2x)
2.012 (1x)
2.030 (2x)

0.01 49.06

Cr(4)

1.929 (1x)
1.988 (1x)
1.992 (1x)
2.021 (1x)
2.039 (1x)
2.049 (1x)

0.02 75.81

Cr(5)

1.901 (1x)
2.007 (2x)
2.012 (2x)
2.053 (1x)

0.02 48.36

Co(1-x)BixCr2O4

[CrO6]

Cr(6)

1.965 (1x)
1.985 (2x)
2.009 (2x)
2.022 (1x)

0.01 33.42



Table S4. Calculated Surface Energy (J/m²) for (100), (110), (111) and (311) surfaces of 

CoCr2O4 as function of the Cr and Co chemical potential (eV).

ΔμCo (eV)(100) -6 -5.5 -5 -4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0
-3 2.06 1.95 1.83 1.72 1.60 1.49 1.38 1.26 1.15 1.03 0.92 0.80 0.69

-2.5 2.06 1.95 1.83 1.72 1.60 1.49 1.38 1.26 1.15 1.03 0.92 0.80 0.69
-2 2.06 1.95 1.83 1.72 1.60 1.49 1.38 1.26 1.15 1.03 0.92 0.80 0.69

-1.5 2.06 1.95 1.83 1.72 1.60 1.49 1.38 1.26 1.15 1.03 0.92 0.80 0.69
-1 2.06 1.95 1.83 1.72 1.60 1.49 1.38 1.26 1.15 1.03 0.92 0.80 0.69

-0.5 2.06 1.95 1.83 1.72 1.60 1.49 1.38 1.26 1.15 1.03 0.92 0.80 0.69

Δμ
C

r (
eV

)

0 2.06 1.95 1.83 1.72 1.60 1.49 1.38 1.26 1.15 1.03 0.92 0.80 0.69
ΔμCo (eV)(110) -6 -5.5 -5 -4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

-3 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
-2.5 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
-2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

-1.5 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16
-1 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32

-0.5 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48

Δμ
C

r (
eV

)

0 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64
ΔμCo (eV)(111) -6 -5.5 -5 -4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

-3 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
-2.5 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
-2 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03

-1.5 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16
-1 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30

-0.5 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43

Δμ
C

r (
eV

)

0 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56
ΔμCo (eV)(311) -6 -5.5 -5 -4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

-3 1.23 1.13 1.02 0.92 0.82 0.71 0.61 0.51 0.40 0.30 0.20 0.09 -0.01
-2.5 1.37 1.26 1.16 1.06 0.95 0.85 0.75 0.64 0.54 0.44 0.33 0.23 0.13
-2 1.51 1.40 1.30 1.20 1.09 0.99 0.89 0.78 0.68 0.58 0.47 0.37 0.27

-1.5 1.64 1.54 1.44 1.33 1.23 1.13 1.02 0.92 0.82 0.71 0.61 0.51 0.40
-1 1.78 1.68 1.57 1.47 1.37 1.26 1.16 1.06 0.95 0.85 0.75 0.64 0.54

-0.5 1.92 1.82 1.71 1.61 1.51 1.40 1.30 1.20 1.09 0.99 0.89 0.78 0.68

Δμ
C

r (
eV

)

0 2.06 1.95 1.85 1.75 1.64 1.54 1.44 1.33 1.23 1.13 1.02 0.92 0.82


