Covalent bonding (
example: Si, C(diamond)
The electron density maximum
IS located between the atom
and bonding has strong
directional dependence.
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Figure 3. The charge density of bulk silicon, os meas-
ured using x rur seatering (tep] and caleulated waing

p pntial theary (bottom). The confour

reveal the density of valence electrons that make up the
covalen! bonds batwean silicon atoms {red); white signi-
fies low electron density and dark blue high density. A
comparisen of the wo plots reveals the striking ogree-
ment with experiment that can be achieved wsing the
pseudopotential method, which deseribes the interac-
tion of o valence electron with an atomic core, (Expeari
mental plot adapted from ref. 15, thearetical plat PRt |
adapled from ref. 14.) T R e .
! N i g ) o R |

R1 o) acfbioRkic k5B FBEEIL
DE—FEEE Si-Si [ O B Al 8 23R
LA EEEST.  cal. by M. Yamamoto




Metallic bonding (
sp-metals snd transition metals
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FIGURE 13. Top section: Effective potential v, for Al(111) averaged parallel some
to the surface and plotted as a function of distance along the surface normal directional
direction. Middle section: pseudo-charge-density averaged parallel to the sur- bondin
face (relative units). Bottom section: contour maps of pseudo-charge-density g-
in (110) plane (relative units). Contour spacing is 0.15; only minima are
labeled; ionic positions indicated by black dots. (From Ref. 169.)
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lonic bonding
1) spherical e-chage distribution
2) the electron density is vely low at the intersitial site
(between the ions).

example: NaCl

FIG. 1. (a) Experimental and (b} theoretical charge density contours in a (100) plane. The same set of contour levels is used in both
cases,

The lowest contour is 0.007 e / Angstrom?3 and adjacent contour differ by
a actor of vV
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Covalency vs lonicity

Zr
People still believe
that ZrO, is ionic
compound but
from FP cal and
X-ray we can see
thjat ionicity and

covalency is mixed, @
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