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Section 5.1: Two-Particle Systems 209
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FIGURE 5.1: Schematic picture of the covalent bond: (a) Symmetric configuration
produces attractive force. (b) Antisymmetric configuration produces repulsive force.

Identical bosons (the upper signs) tend to be somewhat closer together, and identical
fermions (the lower signs) somewhat farther apart, than distinguishable particles
in the same two states. Notice that (x)},, vanishes unless the two wave func-
tions actually everlap [if v, (x) is zero wherever ¥, (x) is nonzero, the integral
in Equation 5.20 is zero]. So if v, represents an electron in an atom in Chicago,
and W, represents an electron in an atom in Seattle, it’s not going to make any
difference whether you antisymmetrize the wave function or not. As a practical
matter, therefore, it’s okay to pretend that electrons with nonoverlapping wave
functions are distinguishable. (Indeed, this is the only thing that allows physicists
and chemists to proceed at all, for in principle every electron in the universe is
linked to every other one, via the antisymmetrization of their wave functions, and
if this really martered, you wouldn’t be able to talk about any one unless you were
prepared to deal with them all!)

The interesting case is when there is some overlap of the wave functions.
The system behaves as though there were a “force of attraction” between identical
bosons, pulling them closer together, and a “force of repulsion” between identi-
cal fermions, pushing them apart (remember that we are for the moment ignoring
spin). We call it an exchange force, although it’s not really a force at all—no
physical agency is pushing on the particles; rather, it is a purely geomeirical conse-
quence of the symmetrization requirement. It is also a strictly quantum mechanical
phenomenon, with no classical counterpart. Nevertheless, it has profound conse-
quences. Consider, for example, the hydrogen molecule (H>). Roughly speaking,
the ground state consists of one electron in the atomic ground state (Equation 4.80)
centered on nucleus 1, and one electron in the atomic ground state centered at
nucleus 2. If electrons were bosons, the symmetrization requirement (or, if you
like, the “exchange force”) would tend to concentrate the electrons toward the
middle, between the two protons (Figure 5.1(a)), and the resulting accumulation
of negative charge would attract the protons inward, accounting for the covalent
bond.® Unfortunately, electrons aren’t bosons, they’re fermions, and this means
that the concentration of negative charge should actually be shifted to the wings
{Figure 5.1(b)), tearing the molecule apart!

6 A covalent bond occurs when shared electrans congregate between the nuclei, pulling the atoms
together. It need not involve rwo clectrons—in Section 7.3 we’ll encounter a covalent bond with just
one electron.
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TABLE 5.1:
rations for the first four rows of the Periodic

Section 5.2: Atoms

Ground state electron configu-

Table.

Z  Element Configuration

I H (ls) i
2 He (1s)? I,
3L (He)(2s) 21
4 Be (He)(2s)? ISO
5 B (He)(25)*(2p) Py
6 C (He)(25)2(2p)* Py
7 N (He)(25)%(2p)? 32
8 O (He)(25)%(2p)* *P,
9 F (He)(25)%(2p)° 2Py
10 Ne (He)(25)2(2p)® 1S,
11 Na (Ne)(3s) 2Sim
12 Mg (Ne)(3s)? IS,
13 Al (Ne)(35)%(3p) *Pip
14 Si (Ne)(35)2(3p)? 3Py
15 P (Ne)(3s5)°(3p)? *S3n
16 S (Ne)(3s)2(3p)* 3p,
17 cl (Ne)(35)%(3p)° 2Py
18 Ar (Ne)(35)%(3p)° IS,
19 K (Ar)(4s) 28
20 Ca (Ar)(4s)2 Ls,
21 Sc (Ar)(45)2(3d) D3
2 T (Ar)(45)2(3d )2 3F,
23V (AD)(45)%(3d ) Fip
24 Cr (Ar)(4s)(3d y® 7S5
25  Mn (Ar)(45)2(3d)° 655/
26 Fe (Ar)(45)%(3d )® D,
27 Co (AN (45)%(3d )’ Fop
28 Ni (Ar)(45)%(3d )8 3F,
29 Cu (Ar)(45)(3d )10 281
30 Zn (Ar)(45)%(3d )10 15,
31 Ga (An)(4s)°(d)O4p) 2Py
32 Ge (An)(4s2(3d)1%4p)? 3P,
33 As (AD(4)23d)%4p)y 4S5
34 Se (Ar)(45)2(3d)04p)* 3P,
'35 Br (ADEs2Gd)0U4py  2P5p
136 Kr (AD)(45)23d)104p)® 15,
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