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An Introduction to an Electronic Theory of Metallic Cohesion

—In Response to a Question in a Column :
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Fig. 1. A difference in the density distribution ot
the valence electrons between a solid and an atom
is schematically shown. (a) : g4t 18 the electron
density of an isolated atom, for which electron
wavefunction is normalized in an infinite space.
Orns 18 the first approximation of electron density
in a solid by renormalizing the electron wavefun-
ction within a unit cell of a solid. (b) : The
potential seen by an electron in a solid Vg, is
lowered in the interatomic region due to the su-
perposition of the atomic potentials Vg, and
consequently the electron density in a solid gy
increases in this region.
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Fig. 2. A schematic diagram of 3PV versus x=
In(a/a,), where P is the pressure of a solid, V is
the unit cell volume and « is a lattice constant with
its equillibrium value of a,. The area of the
shaded region gives the cohesive energy.
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Fig. 3. The 3PV versus x=In(a/a,) curve for Mo.
The curve denoted as 4d (or 5s, 5p) means the
contribution from the partial pressure due to 4d
(or 5s, 5p) electrons (From Fig. 5 of ref. 5. ).
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Fig. 4. The 3PV versus x=In(a/a,) curve for Cu.
The curve denoted as 3d (or 4s, 4p) means the
contribution from the partial pressure due to 3d
(or 4s, 4p) electrons (From Fig. 6 of ref. 5).
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Fig. 5. The radial wavefunctions for the 5s, 5p
and 4d electrons of Mo with the Fermi energy.
ay is the Bohr radius and rwg is the radius of
the Wigner-Seitz sphere.
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Fig. 6. A d-band with the band-width of a few
eV (1eV=1.602x10~12 erg) is formed from the
atomic d levels when atoms of transition element
are brought together to form a solid. In the case
of Mo, the bonding part (the lower half) of the
d-band is occupied, while both of the bonding and
the anti-bonding parts are occupied for Cu.
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Table 1. Some examples of the calculated values
for the atomic volume ¥V and the bulk modulus B
for the FCC lattice.

V (in A3=10"%cm3) B (in 10" Pa)

2.97 1.34
6.91 (5.64)* 2.11 (5.67)*
7.35 1.87

wuoom

14.31 (20.01)*

0.91 (0.98)*
15.07 0. 96

* Values in the parentheses are observed ones for the
diamond structure.
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Fig. 7. The volume versus applied pressure for
V.H and V. Experimental data are shown by
O, @, X and +8). The broken curves denote
the theoretical calculations?®),

¢ VHg~os5 (bec)

© 'NbHo-19 (bec)
@ :TaHg~s (bcc)
a :NiHo; (fcc)

8 PdHg-gs (fcc)

© FeH,go (hep) Flg 8. The amount of volume ex-

e:YH, (hcp) pansion per hydrogen atom, 4Vy, is
o :LuH, (hep) shown for various metal-hydrides. 2,
e :TmH; (hcp) is the atomic volume of the host

metal. As—10-2¢cms (From Fig. 2
of ref. 10).
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