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Abstract By using the plane-wave ultrasoft pseudopotential method within the generalized gradient approximation,
the structure parameters. band structure, electronic density of states, magnetic moment, and optical properties of
Na® doped tetrahedral Co( - ., Na,Cr, 0, system are fully investigated. The results indicate that Na® is easier to enter
tetrahedral sites (Co) in comparison with octahedral sites (Cr) with ion doping fraction of 0.125 for Na™ . With the
increase of ion doping fraction of Na* in Co-., Na.Cr,0, system, the lattice parameters become larger as in the
usual case, on the contrary, the magnetic moment and band gap become smaller. Meanwhile, the Fermi level moves
deeper into the valence band region. In addition, the absorption spectra of Co(, ., Na,Cr, O, shift to red in the low
energy region, and a strong absorption in the low energy region is obtained. This indicates that the doping Na™ can
substantially improve the absorption of visible light and enhance catalytic efficiency of CoCr.O, .
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Table 1 Change of lattice constant and energy between pure CoCr, O, and doping systems

AR (EIR R RE AR  RITIBIR B 5 BEA7

x Na Lattice /nm Volume difference /% Energy /(10" eV)
0 0 0. 81465 0 —6.18279
Co, 0. 84702 0. 843 —6.20911
o195 Coy /34 0. 84699 0.8317 —6.20911
Cos/s/7/s 0. 84692 0.6361 —6.06635
Cr 0. 84493 0.0995 —6. 06629
Cor-/s/4 0. 84814 1. 2444 —6.20394
0.2 Cozs/4 0. 84853 1. 3864 —6.10954
i Cons 0. 85092 2. 2447 —6.26172
0375 Corss 0. 85100 2.2716 —6.26172
o5 Corrs 0. 85266 2. 8709 —6. 28803
Cos7 0. 85609 1.0968 —6. 28640
0.625 Corsprs 0. 85722 4.5328 —6.31430

LERFIEB AL 5] A RS AR AR U BK RN A
AN BERE R RIS B AW E TR E B 451 0
WA Na™ B F &t Col; Na™ & F &t Col Al

Cod; Na™ B F ¥ Co2.Co3 1 Cod; Na'™ &+
# Col.Co2.Co03.Co4 Fil Na® B F## Col.Co5.
Co6.Co7.Co8, &KWk BAEEME 2 P,

B 2 Cou—»Na,Cr,O, BRI EH ., () 2=0.125; (b) 2=0.25; (¢) 2=0.375; (d) x=0.5; (e) 2=0.625
Fig. 2 Structure of Co—.,,Na,Cr;O,. (a) x=0.125; (b) x=0.25; (¢) x=0.375; (d) x=0.5; (e) x=0.625
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Table 2 Change of bond and space group between pure CoCr, O, and doping systems

x O—Na /nm O—Co /nm O—Cr /nm Space group (No. )

0 0.1994 0.20176 Fd-3m (227)

0.125 0.21799 0. 1990 0.20198 P-43m (215)

0.25 0.21599 0.19841 0.20220 P-4m2 (115)

0.375 0.21458 0.19826 0.20191 P-43m (215)

0.5 0.214221 0.19589 0.20322 F-43m (216)

0.625 0.21751 0.19396 0.20208 P-4m2 (215)
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Table 3 Band structure of Co,—,y Na,Cr, O, doping systems

Conduction band /eV

x Spin VBT /eV E,/eV
P Width Bottom f
0 up 6.13 2.50 0 2.50 .
down 7.72 1.59 —0.31 1.90
o 1ot up 0.78 1.20 0 1. 20 -
. ) .
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Table 4 Electron number, charge distribution and magnetic moment of all ions in a Co -, Na, Cr, O, cell

x Atom s p d Total Charge /e~ Spin /(hbar)
0 1.85 4.87 0 6.72 —0.72 —0.04
0 Cr 2.37 6. 37 4.31 13.05 0.95 1.62
Co 0. 41 0.47 7.15 8.03 0.97 1.42
0 1.84 4.8163 0 6.6563 —0. 6563 0.0038
o125 Cr 2. 3675 6. 3775 4.38 13.1325 0. 8675 1.58
Co 0.41 0.45 7.2757 8.1357 0. 8643 1. 3757
Na 2.09 5.81 0 7.9 1.1 —0.02
0 1. 8425 4.815 0 6. 6575 —0. 6575 0.01
i Cr 2.375 6.39 4. 385 13.155 0. 845 1.575
029 Co 0. 4267 0.4767 7.22 8.12 0.88 1. 4067
Na 2.09 5.81 0 7.91 1. 09 —0.03
¢ 1.845 4.8088 0 6.6538 —0.6538 0.0025
Cr 2. 3825 6.415 4.38 13.17 0.83 1.558
0375 Co 0.428 0. 488 7. 204 8.118 0. 882 1.418
Na 2.09 5.82 0 7.91 1. 09 —0.04
0 1.85 4.8 0 6. 65 —0.65 0.03
Cr 2.38 6.42 4.39 13.2 0.8 1.59
0-5 Co 0.45 0.53 7.09 8.07 0.93 1.47
Na 2.1 5.83 0 7.93 1.07 —0.03
0 1.85 4.7938 0 6.6463 —0.6463 0. 005
_ Cr 2. 3875 6. 4375 4.375 13. 205 0.795 1.54
0- 629 Co 0. 44 0.54 7.1 8. 09 0.91 1.46
Na 2.094 5. 858 0 7.952 1. 048 —0.04
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