
Table 1 Structural indices of ferrites Fe0.67Co0.33/CoCexFe2-xO4 (х=0.0, 0.1, 0.2, 0.3)
	[bookmark: OLE_LINK1]№
	x
	a CoFe2O4, Å
	L311, Å
	L400, Å
	Lср, Å
	D311
*1010, cm-2
	D400
*1010,
cm-2
	M*
10-4, %
	Ip Fe
	Ip CoFe2O4
	a CoFe-, Å

	1
	0
	8.3942
	937
	1041
	1046
	9.21
	10.45
	1.01
	1209
	2026
	2.8300

	2
	0.1
	8.3973
	634
	786
	792
	16.3
	18.2
	1.31
	805.77
	2733
	2.8394

	3
	0.2
	8.39788
	414
	579
	516
	30.1
	42.6
	5.63
	372.51
	1330
	-

	4
	0.3
	8.3920
	358
	484
	446
	43.1
	57.01
	5.36
	236.54
	834
	-



Table 2 Main characteristics of ferrite atoms Fe0.67Co0.33CexFe2-xO4 [47] 
	Cation
	The electron formula of an atom
	Electon formula of cation
	Magnetic moment,
B

	Ce3+
	4f15d16s2
	4f1
	2.54

	Fe2+
	3d64s2
	3d6
	4.90

	Fe3+
	3d64s2
	3d5
	5.92

	Co2+
	3d74s2
	3d7
	3.87


Table 3 Calculated magnetic moment values per formula unit of Fe0.67Co0.33CexFe2-xO4 (x=0, 0.1, 0.2, 0.3) 
	№
	Samples
	М∑, B/ formula

	1
	CoFe2O4
	3.87

	2
	CoCe0.1Fe1.9O4
	3.532

	3
	CoCe0.2Fe1.8O4
	3.194

	4
	CoCe0.3Fe1.7O4
	2.856


 

Fig. 4 Dependence of saturation magnetization and coercivity of samples Fe0.67Co0.33CexFe2-xO4 (x=0.0, 0.1, 0.2, 0.3)

Table 6. Effect of cerium cations on the ATR FTIR spectra of ferrites
Fe0.67Co0.33/CoCexFe2-xO4 (х=0.0, 0.1, 0.2, 0.3)
	N
	1(Co-O), cm-1
	2(Co-O), cm-1
	(O-H), cm-1
	(-OH), cm-1

	1
	404
	525
	1130
	1761
	1675
	2921
	2927
	3418

	2
	422
	526
	1122
	1754
	1663
	2890
	2927
	3427

	3
	425
	534
	1118
	1750
	1654
	2855
	2927
	3435

	4
	455
	536
	1064
	1749
	1651
	2856
	2930
	3442



Table 7. Raman modes for ferrites Fe0.67Co0.33/CoCexFe2-xO4 (х=0.0, 0.1, 0.2, 0.3)

	x
	Wave namber, cm-1

	0
	-
	-
	-
	-

	0.1
	301
	440
	570
	670

	0.2
	301
	450
	572
	670

	0.3
	302
	465
	572
	682

	Symmetry
	Eg
	T2g
	T2g
	A1g





Table 7. Mössbauer parameters for the synthesized samples
	Sample
	Component
Fe3+ in CoFe2O4
	IS, mm/s
	QS, mm/s
	H, T
	S, %
	Γ, mm/s
	SA, %
	SB, %
	Corrected
N(A)/N(B)
 
	Inversion 
degree, x

	1
	A
	0.182
	-0.033
	49.05
	47.45
	0.40
	47.45
	46.79
	0.953
	0.976

	
	B
	0.415
	−0.034
	47.44
	46.79
	1.04
	
	
	
	

	
	α-Fe/Со
	-0.102
	0.004
	33.91
	6.04
	0.45
	
	
	
	

	2
	А
	0.167
	-0.011
	49.11
	51.00
	0.40
	51.00
	48.98
	0.979
	0.989

	
	B
	0.261
	-0.132
	51.73
	48.98
	0.36
	
	
	
	

	3
	A
	0.165
	-0.006
	49.17
	50.33
	0.40
	50.33
	49.67
	0.952
	0.976

	
	B
	0.259
	-0.095
	51.79
	49.67
	0.43
	
	
	
	

	4
	A
	0.164
	-0.008
	49.24
	55.10
	0.40
	55.10
	44.90
	1.154
	1.071 

	
	B
	0.262
	-0.082
	51.82
	44.90
	0.42
	
	
	
	



[bookmark: _GoBack]
Table 8 Hydrogen evolution overpotential values for samples Fe0.67Co0.33/CoCexFe2-xO4 (х=0.0, 0.1, 0.2, 0.3)
	№
	General formula
	x
	ЕН2, V

	1
	CoFe2O4
	0
	-0,676

	2
	CoCe0.1Fe1.9O4
	0.1
	-0,177

	3
	CoCe0.2Fe1.8O4
	0.2
	-0,157

	4
	CoCe0.3Fe1.7O4
	0.3
	0,201
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  Table 1 Structural indices of ferrites  Fe 0.67 Co 0.33 /CoCe x Fe 2 - x O 4  (х=0.0, 0.1, 0.2,  0.3)  

№  x  a   CoFe2O4 ,  Å  L 311 ,  Å  L 400 ,  Å  Lср,  Å  D 311   * 10 10 ,  cm - 2  D 400   * 10 10 ,   cm - 2  M*   10 - 4 , %  I p Fe  I p  CoFe2O4  a   CoFe - ,  Å  

1  0  8.39 42  937  1041  1046  9.21  10.45  1 . 0 1  1209  2026  2.8300  

2  0.1  8.3 973  634  786  792  16.3  18.2  1.31  805.77  2733  2.8394  

3  0.2  8. 39788  414  579  516  30.1  42.6  5.63  372.51  1330  -  

4  0.3  8.3 920  358  484  446  43.1  57.01  5.36  236.54  834  -  

  Table 2 Main characteristics of ferrite atom s  Fe 0.67 Co 0.33 Ce x Fe 2 - x O 4  [ 4 7 ]    

Cation  The electron  formula of an atom  Electon formula  of cation  Magnetic moment,    B  

Ce 3+  4f 1 5d 1 6s 2  4f 1  2. 5 4  

Fe 2+  3d 6 4s 2  3d 6  4.90  

Fe 3+  3d 6 4s 2  3d 5  5.92  

Co 2+  3d 7 4s 2  3d 7  3.87  

Table 3 Calculated magnetic moment values per formula unit of  Fe 0.67 Co 0.33 Ce x Fe 2 - x O 4   (x=0, 0.1, 0.2, 0.3)    

№  Samples  М ? ,   B /   formula  

1  CoFe 2 O 4  3.87  

2  CoCe 0.1 Fe 1.9 O 4  3.532  

3  CoCe 0.2 Fe 1.8 O 4  3.194  

4  CoCe 0.3 Fe 1.7 O 4  2 .856  

      Fig. 4 Dependence of saturation magnetization   and coercivity of samples  Fe 0.67 Co 0.33 Ce x Fe 2 - x O 4   (x=0.0, 0.1, 0.2, 0.3)     Table  6 . Effect of cerium cations on  the  ATR   FT IR   spectra of ferrites   Fe 0.67 Co 0.33 /CoCe x Fe 2 - x O 4  (х=0.0, 0.1, 0.2, 0.3)  

N   1 ( Co - O ) ,  cm - 1   2 ( Co - O ) , cm - 1   (O - H),  cm - 1   ( - OH),  cm - 1  

