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Selection Rules In the case of LS coupling, the selection rules that ﬁ“ﬁﬁﬁ? gii 2 B
govern allowed transition for dipole radiation are the following: ol 2 30,000 ]
AL = 0, =1 §
AS = ’r 5 40,000
AJ =0, =1, (J = 0 J = 0 forbidden) st i
, 50,0001
In all cases, the symbol A means the difference between the correspond- 7k
ing quantum numbers of the initial and final states of the transition. 60,000
6} s '
Parity In addition to the above selection rules, there is another im- Seozes
portant rule involving a concept known as parity. The parity of an sl gESSS: 70,0001
atomic state can be even or odd. This is determined by the sum of the g
fvalues of the individual electrons. If the sum is even (odd), the parity i 80,000
is even (odd). For example, consider the states of a two-electron atom.
If one electron is an s electron (i = 0) and the other is a p electron sk
(lz = 1), thenl; + Iy = 1, hence all Sp states are of odd parity. Similarly, 50,000
all sd states are of even parity, and so forth. The following selection 2r
rule holds for electric dipole radiation from transitions between two 100,000
states: iF
odd —» odd ) ob 1 110,000 -]
even = odd (allowed) (forbidden)
even — even [Grotrian (8)]
. . - i . rzy Level Diagram of the H Atom [Grotrian v
In other words the parity of the final state must be different from the Fig. 12. Energy

parity of the initial state.



TapLe 10

TERMS OF NON-EQUIVALENT ELECTRONS

Electron Terms
Configuration
§8 1§, 38
sp 1p,3p
ad 1D, 3D
PP 1§, 1P, 1D, 38, *P, 3D
pd 1P D, 1F, 3P, 2D, 3F
dd 18, 'P, 1D, OF, 4G, 38, PP, 2D, 3F,
§88 18, 15, 48
s8p P, P, P
ssd 1D, *D, 4D
spp 28, P, 1D, 3§, tP, 2D, 4§, ‘P, ‘D
spd p, 2D, 1R, 2P, 2D, 3F, P, ‘D, \F
pry 18(2), *P{6), 2D(4), tF(2), “S(1), *P(3), 1D(2), *F(1)
ppd 18(2), 2P(4), 1D(6), F(4), 2G(2), 4S(1), ‘P(2), *D(3), *F(2),
1(1)
pdf 38(2), 2P(4), *D(6), 2F(6), *G(8), *H(4), *[(2)
1S(1), *P(2), *D(3), *F(3), *G(3), *H(2), (1)
TasLe 11
TERMS OF EQUIVALENT ELECTRONS
Electron "Ferms
Configuration
52 lS .
frid 18, 1D, 3P
P 1P, 48
pt 18, 1D, P
- 1p
ot 18 . N
d? 18, 1D, 1, 1P, 3F T
a3 P 2D(2), :p,‘:(;":y, PR Db .
di 15(2), 'D(2), 'F, 1G(2), M, $P(2), 2D, 3F(2), 3G, ¥, *D
& 18, 2P, *D(3), 2F(2), *G(2), ™1, L, *P, D, *F, G, *S

Table 7.4. DESIGNATION OF STATES
ACCORDING TO ORBITAL ANGULAR MOMENTUM

Fig. 28. Energy Leve! Diagram for Potassium [ Grotrian (8)]. Heremis
the empirical order number of the terms {see p. 55). ) >
principal quantum number of the emission electron (p. 62) is 3 greater than m;

BOX 3.4
Atomic Spectroscopy and LS Coupling

(a)

(c)

Electrons in the inner filled subshells have, in net,
a spherically symmetric distribution. The valence
electrons do not; consequently, their vector angular
momenta, I and s, are not individually conserved.
In LS coupling, the vector sums, Land 8, of the
orbital and spin angular momenta of all the valence
electrons are assumed to be separately conserved.
Quantum states with aligned spin angular momenta
{large values of S) tend to have electrons which
avold each other (like Pauli’s exclusion principle).
This reduces the positive potential energy associated
with the mutual repulsion of electrons. Thus, states
with large values of S tend to have lower energies
than states with small values of S.

Quantum states with aligned orbital angular mo-
menta (large values of L} correspond classically to
electrons which revolve in the same sense about the
nucleus, This again reduces the interaction between
the electrons. Thus, states with large values of L
tend to have lower energies than states with small
values of L.

The orientation of the spins of the electrons relative
to their orbital angular momenta {characterized by
the magnitude J of the total angular momentum
J =L +8) leads to “fine siructure.” A spinning
electron acts like a bar magnet, and can interact
with the magnetic field associated with the motion
of the orbiting electrons. The result is that spin-orbit
states which are aligned (large values of J) tend to
have higher energies than misaligned spin-orbit
states (small values of J). A similar phenomenon
involving the interaction of the spin of the electron
with the spin of the nucleus is responsible for the
“hyperfine structure” that gives rise to the 21-cm
line of atomic hydrogen {Chapter 11).

for P terms, it is 2 greater; for D and F terms, it is equal to m.

L: 0 | 2 3 4 5 6 7 8 -
Designation = S P D F G H I K M -
Table 7.3. MULTIPLICITIES OF STATES
S MULTIPLICITY (25 + 1) NAME —
0 1 Singlet
1/2 2 Doublet
1 3 Triplet
3/2 4 Quartet
2 5 Quintet
5/2 6 Sextet
SINGLETS TRIPLETS
1P1 3Py 3P1 3P2
1D, 2Dy 3D 2Dy

2
Volts F';Z%

*D % Y

15,000 1

20,000 4

25,000~

30,000 1

For 8 terms, the true




