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Abstract: The structure parameters, electronic density of states, and optical properties of Re (Re = Li, Na, K and Rb)
doped tetrahedral Co(;.yRe,Cr,04(x=0.125) system were investigated by using plane-wave ultrasoft pseudopotential
method with generalized gradient approximation. The obtained data indicate that monovalent ions doping results in a
slight tetrahedral lattice distortion, leading to the stability of the system being reduced and the Rb doped system the
most stable. The calculated electronic density of states demonstrates that the conduction bands of doping system are
mainly dominated by Co-3d and Cr-3d electrons and the peak of Co-3d in conduction band shifts down when com-
pared to the pure CoCr,0,. Moreover, the Fermi levels of the doping system get into the deeper valence band along
with the doping concentration increases. Finally, the doped systems present a red shift phenomenon and a strong ab-
sorption in the low energy region according to the absorption spectral calculations, suggesting that doping system can

greatly improve the absorption and photo catalytic efficiency of visible light for CoCr,0,.
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Fig. 1 Crystal structure (a) and polyhedral view of CoCr,O4(b)
The grey is octahedron, blue is the tetrahedron, and blue spheres rep-
resent Co, red spheres represent O, and purple spheres represent Cr As
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Table 2 Change of bond of pure CoCr,0, and doping systems

A f A Spcies  Bond  Population Spin Length/nm
IS, RefeE o BAR— M B 14 DU i A4 0 1 Co & , 0-Cr 0.28 ~0.01 0.20176
=2 ure
TAER R RER N AT T, (AR R Re AR RS 0-Co 0.36 -0.01 0.19940
i, RHBIEEG T O-Li 0.0225 0.0075 0.20390
Li O-Cr 0.2922 —0.0117 0.20129
F1 CoCrO,BLaEREEHAEENTK 0-Co 0.3429 _0.0185 0.20000
Table1 Change of lattice consFants and energies of pure O-Na 0.0775 001 021740
CoCr,0, and doping systems
- - Na O-Cr 0.2952 —-0.0031 0.20150
Speies Latice/nm  Difference  Energy Space
p a=b=c AV % 104 eV group 0-Co 0.3461 -0.0076 0.20034
) 0 84463 o0 1ag  FDIM 0-K  -0.2075 0.005 0.22993
ure ' ' - (227) K 0-Cr 02974  —0.0117 0.20186
Li 0.84306 -0.5638 -5.9550 CS-3(8) 0-Co 0.3503 ~0.0165 0.20082
Na 0.84644 0.6365 -6.0664 CS-3(8) O-Rb —~0.0975 0.0025 0.23739
K 0.84983 1.8510 —6.0138  CS-3(8) Rb O-Cr 0.2991 -0.0109 0.20215
Rb 0.85318 3.0643 —6.1441 CS-3(8) 0-Co 0.35 ~0.0171 0.20118
03p | —0.% (b ! —— 02 L . 1 — 02
e R S 1 B A R v d M D I
240 - I\ ; d— 2:4; “é 40 ad 11 ! M. s “é aor 1\ 3 ity
Baob | o\u peosdTSY| B30 4 tod - - | ZO T Be U8
Sof | b R L ox saf ‘f-ﬁ ) :Fm gl S oW "-;‘ e
. I P 5 e I cr- 3p, 1. ] — | @ \ e
8 10 Cr- =.I |[ 1' l": F \ (_\r__'-';l'._ P E 10‘— I I L} 8 10+ /(|ji'i U'\i‘ {E TR :il-gp
A n_ //\' .J- J(..Lle.IAJ_._ ™ 0 AJ/_.A-J 1 JJ’J_r_\ Lol A [ s 0 DTN 1
210-86-4-20 2 4 6 8 10 “10-8-6-4-20 2 4 6 8 10 “10-8-6-4-20 2 4 6 8 10
Energy / eV Energy / eV Energy / eV
Y 2 T 0.2 T - =
501 (d) < ! o g5l : —o2 £ (D Rpdp 1 KIp——Li-xs
| rrad N 0-2p el =] [ ! f\ I Na-2 2pfj— e
:‘340-— Al - B =40 |- / 4 (‘I'—LH = | s 1 I A-2p
2.0 1 o cu| B F JMAE p—ewl 8 Lo, 4 1 &P
g 30._ ! \ 11Co-3d’ - - Co-ds -:-E 30 B A I‘(‘J-")d -- Ein-i‘i %0,1 i '\_!.i:-\\il-[! i ; iﬁl-l_ ke R‘r»&
%j 20+ | 'Ir"[ H: , L‘n-ip ‘-’20 L | b %I i Co-3p — I 1 I 'I. \JI & ", ]','_I — Rb-4p
i l | —-=Co-dd| L Rb )l Ll —-Co3d| L] . 5 2t I:'.I."l 1
T . ,I bt ks s Qg / i —Ross| 2 i y j Wy : P{r Py
2 I | '.u ] —K-3p = T Vi —— Rb-4 : 1
I B <5 A SR BN | WR Vs L wad BP BT B A v ) 1.k B
~10-8 6-4-20 2 4 6 8 10 -10-8 6 -4-20 2 4 6 8 10 T -8 -6-4-20 2 4 6 8 10

Energy / eV

l%l 2 CO(l V)Re Cr204 n/]%_[‘u_,\ el x(PDOS)

Energy / eV

Energy / eV

Fig. 2 Partial density of states (PDOS) of different doping Co(;_,Re,Cr,04 system
(a) Pure; (b) Li doped; (c) Na doped; (d) K doped; (¢) Rb doped; (f) Doping of various Re at low PDOS
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Fig. 3 Dielectric function curves of pure CoCr,O4 and doped
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(a) The real parts ¢(w); (b) The imaginary parts &(®)
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Fig. 6 Optical absorption curves of pure and doped CoCr,04
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