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[Physical Chemistry: Basic]

Answer the following problems (1) and (2). In these problems, e, ¢, h, m,, and &, denote elementary

charge, speed of light, Planck constant, mass of the electron, and permittivity in vacuum, respectively.
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)

(a)
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(c)

(d)

(e)

Answer following problems (a) through (d) for Bohr model of the atom.

The de Broglie wavelength A of the electron is given by 4 = h/p using momentum p. On the
other hand, according to the Bohr’s quantization condition, the steady state exists when the orbital
length of the electrons revolving around the hydrogen nucleus is an integral multiple of A. Explain

briefly the possible values of the angular momentum in the circular motion of the electron.

The orbital energy E, of hydrogen atom with principal quantum number n is given by

4
- mie —. Find the optical transition wavelength A;_,; from n =3 level to n =1 level
8gh? n?

E, =
using e, ¢, h, mg, and &,. Show also interim progresses.
Consider a hydrogen-like atom with atomic number Z. Answer how many times the orbital radius

1, of the electron with principal quantum number #, is the orbital radius 145 of the 1s orbital of

the hydrogen atom. Show also interim processes.

The 1s orbital energy Ez;s of a hydrogen-like atom with atomic number Z is given by the sum of
the kinetic energy T and the potential energy V. The relation 2T + V = 0 holds between T and
V.Show Ez;s = Z? E; using E; in problem (b).

Answer following problems (e) through (h) about helium atom in ground state. In this problem, two

. . . . . 2\ .
electrons in helium are denoted as electron 1 and 2, Z is atomic number of helium, a, (= Zo ) is

Tmee?

Bohr radius, r; and 1, denote the distance between the helium nucleus and electron 1 and 2,

respectively, and 17, denotes the distance between electron 1 and 2.

When the Coulomb repulsion between electrons 1 and 2 is ignored, the Hamiltonian of helium atom

Hy and the real normalized eigenfunction ¢y(1,2) can be described by Egs. (1) and (2),

respectively.
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Here, p; and p, are the momentum operator for electron 1 and 2, respectively. Show that the first-
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order correction to the energy for Coulomb repulsion between electron 1 and 2, Hy, = 46? s
0 712

given by Eq. (3) using E; in problem (b).
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Here, dv; and dv, denote the volume element of the coordinates for electron 1 and 2,

respectively, and the integration is performed over the entire space. If necessary, use Eq. (4),
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where «a is an arbitrary real number.

The expectation value of energy E of helium atom can be calculated by operating the Hamiltonian
H = Hy + H;, on the trial wave function ¢,(1,2) given in Eq. (5) using variational method in

terms of effective nuclear charge Z' as a parameter.
102\3 z'
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Show that E is described by Eq. (6) using E; in problem (b).
E=(-227%+422'-32')E, (6)

If necessary, use Eq. (7).
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Minimum value of E can be calculated by considering the condition of a_j' = 0. Find Z' that
minimizes E to two significant digits. Show also interim progresses.

Z' obtained in problem (g) is different from Z = 2. Briefly explain the reason for this difference.



