
Chemistry 455

Problem Set 1 Solutions

1.1 (a) Looking down on the molecule from above, we have a
C3 along the z axis, as well as a C3

2. We also have 3 mirror planes, each one containing the C3 axis and a
N-H bond. And, of course, we have E!

(b) The highest order rotation axis is a C4 along the z axis.
We also have a secon, unique C4, C4

3, coincident with the C4 axis. There is also a C2 axis (the same as
doing the operation C4

2 conincident with the z axis. There are also two ! d planes, one in the plane described
by z(x=y), the other in the plane z(-x=y). There are also two ! v planes, one in the xy plane, the other in
the yz plane. And, of course, we have E.

(c) This is a tricky one, where we need to know how the OH
groups behave! The B-O-H bond angle is not 180o, but closer to 120o. We have a C3 and a C3

2 along z. We
also have a ! h plane in the xy plane, and an S3 along z. We also have an S3

5 along z. You should prove to
yourself that S3

5 is a unique operation, while S3
2, S3

3, and S3
4 are not.

(d) We have a C3 and C3
2 along z. We also have 3 C2, all containing

the BCl3 bonds. We have a ! h, and 3 ! v that contain the 3 C2 axes. Finally, we have an S3 along z.

(e) This example is easiest to see with a Newman pro-
jection. We can see a C3 along the z axis, as well as a C3

2. There are 3 C2 axes which are perpendicular to
C3, and which bisect the C-C bond. We also have an inversion center, three ! d, and 2 S6 operations.
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1.2 We will find, after performing all the relevant operations to ensure the closure of the group, that E, C4,
and ! h belong to the C4h point group.

1.4 (a) The point group is C3. The group multiplication table is:

E C3 C3
2

E E C3 C3
2

C3 C3 C3
2 E

C3
2 C3

2 E C3

(b) The point group is C6. The group multiplication table is:

E C2 C3 C3
2 C6 C6

5

E E C2 C3 C3
2 C6 C6

5

C2 C2 E C6
5 C6 C3

2 C3

C3 C3 C6
5 C3

2 E C2 C6

C3
2 C3

2 C6 E C3 C6
5 C2

C6 C6 C3
2 C2 C6

5 C3 E
C6

5 C6
5 C3 C6 C2 E C3
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(c) The point group is S4. The group multiplication table is:

E S4 C2 S4
3

E E S4 C2 S4
3

S4 S4 C2 S4
3 E

C2 C2 S4
3 E S4

S4
3 S4

3 E S4 C2

1.5 The point group is C2h, with the following multiplication table:

E C2 i ! h

E E C2 i ! h

C2 C2 E ! h

i i ! h E C2

! h ! h i C2 E

The group is Abelian.

1.6 (a) C4v (b ) C2v (c) C2v (d) D! h (e) D4h (f ) D3h (g) Oh (h) C! v (i) Td (j) C4v (k) C2h (l) C2v

(m) C2 or C2h, depending on your Lewis structure. (n) C3v (o) C4h

1.12 (a) C2v (b) C2v (c) C2v (d) D2h (e) D3h (f ) D2d (g) Cs (h) D6h (i) D2h (j) D3h (k) Cs (l) C2v (m)
C2v (n ) Cs (o) Cs (p) C2v (q) Cs (r) C2v (s) D3h (t) C1
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1.15 Housecroft and Sharpe
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r Plot of radial function and radial distribution function

Both functions experience an exponential decay based on increasing distance from the nucleus. The greater
exponential decay of both functions shows the likelihood of finding an electron farther from the nucleus
increases as we increase Zeff , or go down a group in the periodic table. If we examine r(R) and r(R)2 for
a 1s and 4s orbital we would find, respectively, that the 4s orbital has n-l-1=3 radial nodes, while the 1s
orbital has none. The radial distribution functions, if plotted, would show the electrons having the ability to
exist farther from the nucleus in the 4s case. The 3p orbitalls would have n-l-1=1 radial nodes (see below,
left). The 3p orbitals are more diffuse than the 1s or 2s, and would be found farther from the nucleus.
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1.20 The plots of r(R) would not be the same. He+ has a higher Zeff , since it has two protons as opposed
to hydrogen’s one proton. Therefore, we would expect the He+ r(R) to be closer to the nucleus.
1.25 The 2s and 2p orbitals are shielded by the 1s orbital. The 2p orbital, however, penetrates the 1s orbital
less, and thus is more shielded. We would therefore expect a 1s22s1electron configuration.
Question 4 The graph should show a typical R(r) with n-l-1=0 radial nodes. If Zeff is increased, we would
expect the electron to exist closer to the nucleus; the opposite would hold true if Zeff were decreased. For
the isoelectronic series, we would expect a decrease in size with increasing Zeff .
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