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162 _ATOMIC STRUCTURE
In the presence of a magnetic field, the energy depends also on M. The
observed phenomena in the Zeeman effect are explained by the selection

rulefor,M .
AM 0, 1 991

th1s selectron ruIe bemg derlvable in the same manner as the selectlon
rule for m in the theory of the hydrogen atom. The selection rule
AM = 0 corresponds to the non-vanishing of the z component of the
dipole moment integral; the light emitted during a tra.n81t10n for which
AM = 0is polarized a.long the z axis (the direction of the magnetic ﬁeld)
Similarly, for transitions for which AM = +£1, the emitted light is
circularly polarized in the zy plane In passmg, we might mentjon that
investigations of the Zeeman effect ‘provide one of the most powerful tools
for the determma,tlon of the characteristics of the states involved in
atomic spectra
9k. The Radial Portion of the Atomic Orb1tals. Up to the present
we have not specified the exact nature of our atomic orbitals, aside from
the specification that the angula.r portlon of the orbitals would be the
ordinary spherical harmonics, since they were assumed to arige from the
solution of a central field problem For any qua.ntltatlve calculatlon of
energy levels some form must be chosen for the radial portion of the
orbital. The best one—electron orbitals are found by the method of
Hartree, which is discussed in the next section. In approximate work
it is often desirable to use orbitals- which, although less accurate than
those obtained by Hartree’s method, are simpler in form and hence
easier to use. ' For example, Zener'® and Slater'! have used orbitals of
the form ; : s Cen
r B
N T(n*-})e —(Z—');r"“ Y(l: mlal 9’) 9.92
where n* and s are adjustable constants and N is a normalizing factor.
These eigenfunctions ‘are solutions of the central field problem where
V (r) is given by the relation: o

_Z- 8)  n¥(n* — AT o
Vi) = - R — 993
For large values of r th1s approaches _
7 — 2 I SN
Ve~ — i—r—“’)e— 904

corresponding to a screening of the nucleus equivalent to s atomie units;

10 O, Zener, Phys. Rev., 36, 51 (1930).
11 3 C, Slater, Phys. Rev., 36, 57 (1930).

THE HARTREE METHOD 163

'other words, the effective nuclear charge is equal to Z — s. From its
esemblance to the quantum number n of the hydrogen atom, n* is
nown as the * effective quantum number.” Qualitatively, the eigen-
inctions 9-92 differ from the hydrogen eigenfunctions in that there are
0 nodes in the radial portion, wherea.s the hydrogen elgenfunctlons
aven — 1 —1 nodes

zBy varymg n* and s so as to minimize the energy, Slater has been
ble to glve the following rules for the determination of these constants:
. n* is assigned according to the following table, according to the
value of the real quantum number n:

n=1 2 3 4 6 6
n*=1 2 3 3.7 4.0 4.2

'© 9 For determining s, the electrons are divided into the following
groups 1s; 2s,2p; 3s,3p; 3d; 4s,4p; 4d,4f; -

“'3. The shielding constant s is formed, for any group of electrons, from
the following contributions:

a) Nothing from any shell outside the one considered.

(b) An amount 0.35 from each other electron in the group considered
cept in the 1s group, where 0.30 is used).

{c) If the shell considered is an s or p shell, an amount 0.85 from each
lectron with prineipal quantum number less by 1, and an amount 1.00
m each electron still farther in; but if the shell is a d or f shell, an

amount 1.00 fiom each electron inside it.

For example, carbon has two 1s electrons, two 2s electrons, and two 2p
‘éléctrons. The approximate radial orbital (unnormalized) for a 1s
“electron is, according to the above rules:

| o(ls) %

l:hile for a 2s.or 2p electron the radial function is

326
¢(28) = ¢(2p) v~ re 2%

Siﬁce the constants in these functions were determined by the use of
- experimental data, the functions will be satisfactory for rough quantita-~
tive ealculations. Various other sets of screening constants have been
 proposed for use in wave functions of the above type, for example, those
of Pauling and Sherman.!?

<91, ‘The Hartree Method. According to our discussion of the helium
a.tom in Cha.pter VII, the best wave functions for an atomic system

f1ap, Pa.ulmg and J. Sherman, Z. Krist., 81 1 (1932)
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those obtained by Hartree’s method, are simpler in form and hence easier to use in

approximate work. Slater have used orbitals of the form

Ru(r) = Nr(""‘)e—(zq)H 1)
" where n* and s are adjustable constants and N is a normalizing factor. Figure 6-7

summarized s-orbital radii of p-block cations calculated using eq. (1)

6.4. Magnitude of the overlap of s-orbitals

Figure 6-8 shows the relationship between distance ( d ) of the
neighboring cation of the crystalline oxides and s-orbital radii ( R ) of the s-orbital
of p-block cations, where R=r«+rs and r4rsare s-orbital radii of p-block cations
( Ma, Mg ). Dotted line in the figure indicates R=d. This figure shows that large
overlap between the s-orbitals of the neighboring cations is attained in oxides
reported as amorphous conductors except In;O;. On the other hand the magnitude
of the overlap between the orbitals of three oxides examined in chapter 3 is
smaller than that of the oxides previously reported. Since radii of the s-orbital in
Ag" ion or Cd** ion are relatively large in comparison with those of Sn* or Sb*, it
is possible to overlap of s-orbitals largely. There is no information about a reason
why the magnitude of the overlap in In,O; 1s small. However distance between the
neighboring In atoms may be short, since concentration of oxygen in a-In,Os is

small in comparison with the stoichiometric composition.
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The crystal structure of Zn,SnOy is inverse spinel [Zn(Zn,Sn) O, ] which
contained rutile chains along [110] direction and chains of edge sharing octahedra
in which Zn?* and Sn*" ions are centered. ( Figure 6-5 ) Because the occupancy in
the cation sftes of the rutile chains is ~0.5 for both cations. Distance between Zn’*
and Sn** in rutile chain is 305.8 pm.

- ZnSh;0¢ (P4y/mnm)®
The crystal structure of ZnSb,Og is trirutile which contains rutile chains

running along c-axis. In ZnSb,Os system, rutile chains consist of Zn** and Sb".

L
|

Figure 6-6 shows the crystal structure of ZnSb,Os trirutile. Distance between Zn**
and Sb** in the rutile chain is 307.7 pm, and that between Sb** and Sb** is 308.6
pm.
- InShO.10

The crystal of InSbO, is not random rutile structure precisely. Crystal
| structure of InSbO4 had been reported by Bayed as rutile-type with lattice
£ constants of a=474 pm and ¢=321.5 pm. Then, it was found the crystal system of
InSbO, to be monoclinic by Varfolomeev et al.. Therefore it is supposed that the
structure of InSbO, is distorted, random-rutile structure. In this study, it is

assumed the crystal structure of InSbO, to be rutile-type for the simplified
discussions and the distance between neighboring cations had been calculated.
Rutile structure contains rutile chains which consist of In** and Sb>*
running along c-axis, where the occupancy of the cation sites in rutile structure is
~0.5 for both cations because of random-rutile structure. Distance between both

cations is 322 pm.

6.3. Orbital radii estimated from Slater type orbitals'"
The best one-electron orbitals are found by the method of Hartree.

However it is often desirable to use orbitals which, although less accurate than
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I B IB A VA V A
Cu Zn Ga Ge As
195.7 166.5 144.8 128.2 115.0
(2+) 154.1 (3+) 127.1 (4+) 108.1 (3+) 103.5
(5+) 94.1
Ag Cd In Sn Sb
2402 194.6 169.3 149.8 134.4
(2+) 180.1 (3+) 1485 (2+) 141.1 (3+) 120.9
(4+) 1263 (5+) 109.9
Au Hg T1 Pb Bi
2522 2145 186.6 165.2 148.1
(2+) 198.5 (3+) 163.7 (2+) 155.5 (3+) 133.3
(4+) 139.3 (5+) 121.2

Fig. 6-7 STO radius of ns orbitals. The top indicates the radius of atom and the other indicate those

of ions. (unit; pm )






