
Covalent bonding (共有結合）
example: Si, C(diamond)

The electron density maximum
is located between the atom 

and bonding has strong  
directional dependence.
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Electrons in sp-metals 
such as 
Al:uniform

Zr(0001) cal. By M. Yamamoto

Metallic bonding (金属結合）
：sp-metals snd transition metals

Transition 
metals such 
as Zr has 
some 
directional 
bonding.



Ionic bonding （イオン結合）：
1) spherical e-chage distribution

2) the electron density is vely low at the intersitial site 
(between the ions).

example: NaCl

The lowest contour is 0.007 e / Angstrom3 and adjacent contour differ by 
a ｆactor of √２．
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Covalency vs Ionicity
共有結合性 ｖｓ イオン結合性

Cubic ZrO2
∫Δρ(Zr→O) 
= 0.7 and
Directional 
bonding 
character.
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People still believe 
that ZrO2 is ionic 
compound but
from FP cal and
X-ray we can see 
thjat ionicity and 
covalency is mixed.

c-ZrO2 cal by
M. Yamamoto


