
CHEM 2010 — Symmetry, Electronic Structure and Bonding

Winter 2011

Answers to Assigned Problems
Numbering of Problems as in the 2nd Edition

12.13 for H at 250 K: kT = 0.00079191 a.u.; v =
√

3kT/m
√

3 × 0.00079191/(1 · 1837) =
0.0011372a.u., λ = h/p = h/mv = 2π/1837 · 0.0011372 = 3.008 a.u.= 1.596 Å. H at 750 K: v
increased by a factor

√
3, so λ = 0.921Å.

Ne is 20 times heavier than H, so v will be smaller by a factor
√

20 mv will be bigger by a factor√
20, and λ will be smaller by a factor

√
20: at 250 K, λ = 0.357 AA , at 750 K, λ = 0.206 AA .

12.11 For He T = 13.0 K, for H T = 52.1 K. With Xe we would have to go to extremely
low (unfeasible) temperatures.

12.12 4.16 × 106 m/s

12.20 3.82 × 1026 J/s (1 J/s = 1 Watt)

12.3 109677 (Lyman), 27419 (Balmer), and 12186 cm−1 (Paschen)

12.16 29.7 eV

12.6 1.073 × 1016 ; 2.11 eV

13.26 281 K, 3140 K

15.15 ∆E = 0.0138188 au, λ = 3297 nm

15.24 In units of h2/8ma2 the 5 lowest energies and associated quantum numbers are: 3 (111);
6 (211); 9 (221); 11 (311); 12 (222). The degeneracies, in the same order: 1, 3, 3, 3, 1.

15.1 6.9 × 1010 ; 1.8 × 10−31 J; 4.4 × 10−11, much much smaller than 1, so a classical de-
scription is perfectly adequate. Note: if CM did not work for Ar atoms, pV = nRT would not
work either!

15.22 E = 4.96 × 10−21 J, kT = 4.10 × 10−21 J, they are comparable so we must use QM
for this kind of system.

20.21 a) n = 2 so we have these (nℓmℓ) combinations: (200), (211), (210), (21-1)
b) n = 3, (nℓm) = (300), (311), (310), (31-1), (322), (321), (320), (32-1), (32-2)
c) n = 4, (nℓm) = (400), (411), (410), (41-1), (422), (421), (420), (42-1), (42-2), (433), (432),
(431), (430), (43-1), (43-2), (43-3)

20.30 a) 0 radial and 1 angular; b) 1 and 0; c) 0 and 2; d) 0 and 2



20.2 Substitute R(r) by re−r/2a0 everywhere in the equation (the 1/a0 factor cancels out between
the lhs and rhs of the equation) and evaluate the derivative: 1 or 2 pages of equations later you
find E = (−1/8)a.u., so n = 2 (1/2n2 = 1/8).

20.19 H: 13.606 eV. He+: 22 × 13.606 = 54.4 eV Li2+: 32 × 13.606 = 122.4 eV Be3+:
42 × 13.606 = 217.7 eV

21.Q20 Because the electrons in a many-electron atom feel a spherically symmetric poten-
tial, like H (the ”angular” part of the potential is like in the H atom). The radial part of the
potential differs from the H atom, a lot!

21.Q1 The 1s electron sees an unshielded nuclear charge going up from 8 (oxygen) to 9 (fluorine),
increase of 1.00 (apparently, 0.99 is more exact, it takes into account the very slight shielding of
a 1s electron by the other electrons, 7 of them in oxygen, but 8 of them in F). A 2p electron in O
is shielded by two 1s electrons, two 2s electrons, and 3 2p electrons; a 2p electron in F is shielded
in the same way except for one additional 2p electrons (4 instead of 3), so more shielding, but
not a lot more because 2p electrons shield each other only a little (0.35 per electron). Drawing
a Bohr atom model of O and F can help.

21.10 a) A; b) S; c) S; d) A; e) neither


