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Saturation magnetization of ZnxCo1-xFe2O4 in the literature 
 

 

Figure S1: A) Room-temperature mass-specific saturation magnetizations, σs, of ZnxCo1-xFe2O4 nanocrystallites as function of Zn-

content. Literature values are shown in grey and values from this study in black (as-synthesized) and red (annealed) dots. B) 

Literature values for room-temperature mass specific saturation magnetizations as function of crystallite size for selected 

compositions, i.e. x=0.0 (black), x=0.5 (red) and x=1.0 (blue).1-10  
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Powder diffraction data 

Magnetic structure model 
The magnetic structure was implemented as an additional phase of the type "Magnetic Phase" with lowest symmetry 

space group of the corresponding centering, i.e. F-1. The special positions of the magnetic species (Fe3+ and Co2+ on the 

tetrahedral and octahedral sites) were specified, from which all magnetic spins were generated by providing the first 24 

symmetry operations (see ESI†) of the Fd-3m space group and considering the centrosymmetry. 

F -1                     <--Space group symbol for hkl generation 

!Nsym Cen Laue MagMat 

  24   2   1   1 

! 

SYMM x,y,z 

MSYM u,v,w, 0.000 

SYMM -x+3/4,-y+1/4,z+1/2 

MSYM u,v,w, 0.000 

SYMM -x+1/4,y+1/2,-z+3/4 

MSYM u,v,w, 0.000 

SYMM x+1/2,-y+3/4,-z+1/4 

MSYM u,v,w, 0.000 
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SYMM x+3/4,z+1/4,-y+1/2 

MSYM u,v,w, 0.000 
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SYMM x+1/4,-z+1/2,y+3/4 

MSYM u,v,w, 0.000 

SYMM z+3/4,y+1/4,-x+1/2 

MSYM u,v,w, 0.000 

SYMM z+1/4,-y+1/2,x+3/4 

MSYM u,v,w, 0.000 

SYMM -z+1/2,y+3/4,x+1/4 

MSYM u,v,w, 0.000 

SYMM -z,-y,-x 

MSYM u,v,w, 0.000 

 

Refinement R-values 
 

Table S1: Summary of R-values from the combined structural refinement of the PXRD and NPD data. 

  PXRD   NPD  

Zn-content, x Rwp (%) RBragg (%) RF (%) Rwp (%) RBragg (%) RF (%) Rmagn (%) 

As-synthesized        

0.0 11.7 9.11 9.57 6.04 1.42 1.27 0.722 

0.1 9.75 3.38 3.21 5.17 0.861 0.688 0.627 

0.2 10.9 5.49 6.36 6.22 1.90 1.29 0.675 

0.3 10.5 3.60 3.41 7.62 1.07 0.896 1.35 

0.4 11.0 5.99 5.85 7.14 1.77 1.14 1.93 

0.5 10.3 5.27 4.95 7.70 1.80 1.39 2.53 

0.6 10.3 4.87 4.46 7.93 1.91 1.38 3.86 

0.7 10.3 2.16 2.06 10.7 2.04 1.60 3.19 

0.8 10.7 3.00 2.75 8.59 2.60 1.56 5.40 

0.9 10.3 2.41 2.05 9.90 1.44 1.40 3.92 

1.0 11.8 4.23 3.49 7.82 2.40 1.74 5.17 

Annealed        

0.0 4.12 3.53 3.56 5.25 1.96 1.34 1.77 

0.1 5.58 4.80 4.14 5.99 1.95 0.874 1.33 

0.2 4.87 4.59 4.11 10.8 4.26 2.98 4.05 

0.3 5.75 4.45 3.87 6.47 1.66 1.02 2.16 

0.4 5.60 3.78 3.38 9.22 3.95 2.42 6.01 

0.6 4.95 4.50 4.38 11.7 4.74 2.93 12.1 

0.8 5.24 3.89 3.99 12.9 3.51 2.47 9.76 

1.0 4.69 1.83 2.62 6.45 1.49 1.35 4.67 
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Rietveld refinements (x=0.0-0.3, As-synthesized) 
 

 

Figure S2: PXRD and NPD patterns of the indicated nanocrystalline samples and corresponding Rietveld fits obtained by combined 

refinement of a constrained structural model. 
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Rietveld refinements (x=0.4-0.7, As-synthesized) 
 

 

Figure S3: PXRD and NPD patterns of the indicated nanocrystalline samples and corresponding Rietveld fits obtained by combined 

refinement of a constrained structural model. 
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Rietveld refinements (x=0.8-1.0, As-synthesized) 
 

 

Figure S4: PXRD and NPD patterns of the indicated nanocrystalline samples and corresponding Rietveld fits obtained by combined 

refinement of a constrained structural model. 
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Rietveld refinements (x=0.0-0.3, Annealed) 
 

 

Figure S5: PXRD and NPD patterns of the indicated nanocrystalline samples and corresponding Rietveld fits obtained by combined 

refinement of a constrained structural model. 
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Rietveld refinements (x=0.4-1.0, Annealed) 
 

 

Figure S6: PXRD and NPD patterns of the indicated nanocrystalline samples and corresponding Rietveld fits obtained by combined 

refinement of a constrained structural model. 
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Peak sharpening and hematite impurity 
 

 

Figure S7: Enhancement of selected q-region of the PXRD data for the x=0.0, x=0.4 and x=1.0 samples before and after annealing 

illustrating the slight peak sharpening after annealing. The additional peaks arising from the presence of a small amount (<5%) of 

hematite (α-Fe2O3) in the x=1.0 sample are indicated in the figure. 
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Transmission electron microscopy images 

TEM (x=0.2, As-synthesized) 
 

 

Figure S8: Additional TEM images of the as-synthesized Zn0.2Co0.8Fe2O4 (x=0.2) sample. 
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TEM (x=0.4, As-synthesized) 
 

 

Figure S9: Additional TEM images of the as-synthesized Zn0.4Co0.6Fe2O4 (x=0.4) sample. 
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TEM (x=0.8, As-synthesized) 
 

 

Figure S10: Additional TEM images of the as-synthesized Zn0.8Co0.2Fe2O4 (x=0.8) sample. 
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TEM (x=0.2, Annealed) 
 

 

Figure S11: Additional TEM images of the annealed Zn0.2Co0.8Fe2O4 (x=0.2) sample. 
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TEM (x=0.4, Annealed) 
 

 

Figure S12: Additional TEM images of the annealed Zn0.4Co0.6Fe2O4 (x=0.4) sample. 
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TEM (x=0.8, Annealed) 
 

 

Figure S13: Additional TEM images of the annealed Zn0.8Co0.2Fe2O4 (x=0.8) sample. 
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Scanning transmission electron microscopy and energy dispersive X-ray 

spectroscopy data 
 

STEM-EDS quantitative analysis summary 
 

Table S2: Elemental atomic percentages (at%) and stoichiometry (x EDS) obtained from the quantitative analysis of the energy 

dispersive X-ray spectra. 

x 
Zn at% 

(%) 
Co at% 

(%) 
Fe at% 

(%) 
O at% 

(%) 
x EDS 

Zn2+/M2+ 

As-synthesized      

0.2 2.6(3) 10(1) 24(2) 64(6) 0.21(3) 

0.4 4.0(4) 5.9(6) 19(2) 71(7) 0.40(5) 

0.8 8.1(8) 1.9(3) 18(2) 72(7) 0.56(7) 

Annealed      

0.2 2.6(3) 10(1) 24(2) 63(6) 0.20(3) 

0.4 5.0(5) 6.8(7) 22(2) 66(6) 0.42(5) 

0.8 8.1(8) 2.0(2) 18(2) 72(7) 0.80(10) 
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STEM-EDS maps + spectrum (x=0.2, As-synthesized) 
 

 

Figure S14: STEM-HAADF image, STEM-DF images and elemental maps illustrating the distribution of the constituent elements in 

the as-synthesized Zn0.2Co0.8Fe2O4 (x=0.2) sample. In the bottom right corner, the corresponding energy-dispersive X-ray spectrum 

from the region (gray area) and fit to the spectrum (dashed black line) is shown. 
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STEM-EDS maps + spectrum (x=0.4, As-synthesized) 
 

 

Figure S15: STEM-HAADF image, STEM-DF images and elemental maps illustrating the distribution of the constituent elements in 

the as-synthesized Zn0.4Co0.6Fe2O4 (x=0.4) sample. In the bottom right corner, the corresponding energy-dispersive X-ray spectrum 

from the region (gray area) and fit to the spectrum (dashed black line) is shown. 
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STEM-EDS maps + spectrum (x=0.8, As-synthesized) 
 

 

Figure S16: STEM-HAADF image, STEM-DF images and elemental maps illustrating the distribution of the constituent elements in 

the as-synthesized Zn0.8Co0.2Fe2O4 (x=0.8) sample. In the bottom right corner, the corresponding energy-dispersive X-ray spectrum 

from the region (gray area) and fit to the spectrum (dashed black line) is shown. 
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STEM-EDS maps + spectrum (x=0.2, Annealed) 
 

 

Figure S17: STEM-HAADF image, STEM-DF images and elemental maps illustrating the distribution of the constituent elements in 

the annealed Zn0.2Co0.8Fe2O4 (x=0.2) sample. In the bottom right corner, the corresponding energy-dispersive X-ray spectrum from 

the region (gray area) and fit to the spectrum (dashed black line) is shown. 
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STEM-EDS maps + spectrum (x=0.4, Annealed) 
 

 

Figure S18: STEM-HAADF image, STEM-DF images and elemental maps illustrating the distribution of the constituent elements in 

the annealed Zn0.4Co0.6Fe2O4 (x=0.4) sample. In the bottom right corner, the corresponding energy-dispersive X-ray spectrum from 

the region (gray area) and fit to the spectrum (dashed black line) is shown. 
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STEM-EDS maps + spectrum (x=0.8, Annealed) 
 

 

Figure S19: STEM-HAADF image, STEM-DF images and elemental maps illustrating the distribution of the constituent elements in 

the annealed Zn0.8Co0.2Fe2O4 (x=0.8) sample. In the bottom right corner, the corresponding energy-dispersive X-ray spectrum from 

the region (gray area) and fit to the spectrum (dashed black line) is shown. 
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Vibrating sample magnetometry data 
 

Hysteresis curves (x=0.0-1.0, As-synthesized) 
 

 

Figure S20: Room temperature field-dependent magnetization curves of the indicated as-synthesized ZnxCo1-xFe2O4 samples and a 

magnification of the low H region. 
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Hysteresis curves (x=0.0-1.0, Annealed) 
 

 

Figure S21: Room temperature field-dependent magnetization curves of the indicated annealed ZnxCo1-xFe2O4 samples and a 

magnification of the low H region. 
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Coercive field and magnetic remanence 
 

 

Figure S22: A) Coercive field (Hc) as function of Zn-content for as-synthesized and annealed ZnxCo1-xFe2O4 samples. B) Remanent 

magnetization (σr) as function of Zn content for as synthesized and annealed ZnxCo1-xFe2O4 samples. 
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