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Study of Hardness and Superconductivity of Oxides by Density Functional Theory

DU Xiao-wang ZHANG Liang-qiao
College of Chemistry Chongqing Normal University Chongqing 400047 China
Abstract By studying the average effect of the hardness of oxide superconductors an empirical rule is found. It is suggested
that the equalized hardness 7, can be used as a new empirical criterion for superconductivities of oxides. These data used
in this article come from the hardness of the element by density functional theory. The average values 7),, has been ob-
tained and the 7, values of 200 oxide superconductors have been calculated. The result shows that the 7),, values of all the
oxide superconductors range from 4.790 to 5. 429 and that the oxides with values out side this region would be non-supercon-
ductive. It is clear that this article gives a new criterion for superconductivities of oxides.
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1 Neq T,

T./K Ny €V T./K o,/ €V
Pb,Sr, Y, 5Cay 5Cu;z Og 68 4.912 TIGdSrCaCuOg 30 5.025
Pb, Sr, YCu; O 54 4.902 Tl, sPb, 5Ca, ¢ Ceq , Sr, Cu, O, 108 5.021
Pb,Cu  YSr, Cu,04 +y 70 4.902 Tly. s Pby 5 Cag g Prg 5 Sr; Cu, 04 106 5.039
Bi,Sry Smy gCey, 2Cuy040., 30 5.097 Tly. 5 Pby_ 5 Cag s Ndg, , Sr, Cu, 05 49 5.017
La, 4 S, , CuO, 40 5.091 EuBa, Cu; Og_gg 92 4.987
YBa, Cu, 0, 90 5.006 DyBa, Cu; Og o, 91 5.006
Pb, Sr, Y, 5Cay 5 Cu;y Og 68 4.912 Tl, 5Er, 5Sr, CaCu; Oy 110 4.992
YBa, Cu, O 57 ~81 5.007 Tl 5Pby s CaSr, sLa, 5Cu, 0, 110 5.001
ScBa, Cu, Og 57 ~81 5.039 Tl sPb, 5Cay g Sm, ,Sr, Cu, O, 106 5.018
Y, Ba, Cuy O 40 5.008 Y, Ba, Cu, O, 90 4.986
Nd, g5 Ceg, 15 CuOy. g3 21 5.270 YBa, 55ty 5 Cu; 0, 85 5.016
TILaSrCuOs 37 4.958 LaBa, Cu, O 57 4.976
TIBa, ,La, s CuOg 52 5.070 Tl, Sr, CaCu, Og 36 4.938
Pb,Sr, Y, 5Cay 5Cu;y Og 68 4.912 PrBa, Cu, Oy 60 5.091
LaBaCuO, _, 30 ~40 5.002 CeBa, Cu, Oy 58 5.012
LaSrCuOy, _, 30 ~40 5.037 NdBa, Cu, Og 61 4.996
La, 5Sry 5Cu0; _, 40 5.359 PmBa, Cu, Og 63 4.998
Cu YBa, Cu,0q ¢ 60 5.071 YBa, Cu, Og 82.5 5.007
Cu Cu, YBa, Cu, ,0554 40 5.123 YbBa, Cu, Oy 80 5.027
YBa, ;Sr; ;Cuz Og 48 83.4 5.220 Y,Ba,Cu;0,5 4 40 5.033
Y,Ba,Cu; 0,y ; 93 5.029 SmBa, Cu, Og 65 5.000
Y, sLay sBa, Cu; 0, 82 4.988 Bi, Sr, CaCu, Og 68 5.002
Lay g5Srg, 15 CuO, 37 4.965 La, 4Sry ,Cu0, 40 5.091
Lay Cug Og 29 4.790 DyBa, Cu, Oy 69 5.014
Lag 7551y ,5Sm CuO, 36 5.024 HoBa, Cuy Og 72 5.018
CeCuO, 23 5.364 ErBa, Cu, Oy 73 5.022
CeBa, Cu; 0y _, 90.8 5.175 Y, Ba, Cu, 0, 93 4.975
PrBa, Cu, Og ~60 4.839 YbBa, Cu; Oy o37 86 5.023
Pr, Cu0), _, 36 5.429 Pry ¢St ¢ Tly s CuO, ¢ 40 5.057
NdBa, Cu; 0, _ 90.8 5.159 TISr, Cay 5sEr, 5CuOq 5 110 5.091
Ndy_ g6 Srg. 205 Ceg. 135 2 CuOy 26 5.063 NdBa, Cu; Og g5 88 4.979
Nd, s Ba; ; CaCu, Og 30 5.213 Pry g5 Ceg, 15 CuOy 3 26 5.408
Nd, CuO,4 23 5.037 YBa, Cu; Oy o 90 4.997
Smy Cug Oy ~20 5.004 YBa, Cu, Oy 78 5.007
SmBa, Cu, 0, 88.3 4.998 La, ,Sr, ,Cu0, 40 5.091
EuBa, Cu; 0y _, 77.8 5.161 EuBa, Cu, Og 66 4.999
Gd, Cu0, _, 36 5.147 YbBa, Cu; 05 86 5.077
ThBa, Cuy O _, 94 5.173 HoBa, Cu; Og o 9.2 5.017
ErBa, Cuy O _ 93.7 5.184 Nd, g5 Ceq.15CuOy 3 21 5.047
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1
To/K ey €V To/K ey €V
TmBa, Cu; 0, _, 98.3 5.187 Nd; g5 Thg 15 CuOy gg 23 4.988
Yb, Ba, Cu, 0,5 36 5.028 La, g Ca, 1;Cu, O, 40 4.977
Tl, s Pby 5 Ca, ¢ Tmy ,Sr, Cu, 0, 107 4.846 LaBa, Cu; 0, 75 4.970
Tly. s Pby 5 Cay s Eug 5 Sr, Cu, 04 108 5.018 SmBa, Cu; 0, 88.3 4.998
Tly 5Pby 5Cay g Y 5 Sr; Cu, O, 125 5.019 Lay 75 Srg 55 SmCu0y 36 5.024
GdBa, Cus Og o) 92 5.014 Y, s Lag s Ba, Cus; O, 82 4.988
ErBa, Cu; Og o3 91 5.017 Pb,Sr, Y, 5 Cay 5 Cus Og 68 4.912
Pr, Cu0; 9 36 5.428 Bi, Sr, CuOy 67 5.117
2 MNeq T,
Te/K T/ €V N
Y, Ba, Cu, 0, 40 5.007
Yb, Ba, Cu, 0, 86 5.028
Nd, g5 Ceg, 15 Cu0y o3 21 5.273
TILaSrCuOs 37 4.958
- 1 BURTON E F GRAYSON H. Phenomena at the Tempera-
TBa, ,Lay 5 CuOs 52 4.939
TIBaCay Cu, 0, 63 5 070 ture of Liguidhelium J .Ch VNY 1940 1 16.
Tl, Ba, CaCu; 0, 73 5.021 2
DyBa, Cu, O 69 5 014 J . 2001 17 1 15-22.
CeBay Cus O o 90.8 5 174 3 PEARON R G. Hard and Soft Acids and Bases J .J Am
NdBa, Cu; O oo 90.8 5 158 Chem Soc 1963 85 3533.
EuBa, Cus; O oo 77.8 5161 4 POLITZER P A. Higher Excited States of Polyatomic Mole-
ErBa, Cu; Oy 93.7 5.183 cules J .J Chem Phy 1987 86 1072.
ThBa, Cu; Og o 94 5.172 5 PARR R G PEARSON R G. Electronegativity the Density
Function View Point J . J Am Chem Soc 1983 105
7512.
2 6 PEARSON R G. Standard Reference Data Hard and Soft
1 1 J . Inorg Chem 1988 27 734-736.
4.790 ~5. 429 7 MOORE C E. National Standard Reference Date Series 34
. 4. 790 ~ ]£4.3Z:s:;2gton D. C U. S. Goverment Printing Office
5.429 ’ ’
8 J .
YBa, €05, 1987 3 357-362.
4.901 9 7.
2 1 N, 4790 5.429 1997 14 3 2528.
T, 10  OKAMANI R MANJULA R. Correlation Between Electro-
T, negativity and Superconductity J . Physical Review
1989 B39 4217-4221.
3 2 11 . J .
1997 19 3 227-233.
Meq
3 12 .
J . 1991 19 3 39-48.
Meq 4.790 ~5. 429 13 JAYAPRAKASH R SHANKER J. Correlation Between
Electronegativity and High Temperature Superconductity
4

J .J Phy Chem 1993 4 365-369.



