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1. (Total 8 pts, 1 pt each) The following figures are wave functions for the first eight energy levels
of a H2+ molecular ion. Write down the correct labels for each orbital. (Note: (a) is the ground
state, and the energies increase in the alphabetical order: (a)<(b)<(c)<…)

(a) 1𝛔𝛔𝐠𝐠

or 𝛔𝛔𝐠𝐠𝐠𝐠𝐠𝐠

∗
(b) 1𝛔𝛔𝐮𝐮

or 𝛔𝛔∗𝐮𝐮𝐮𝐮𝐮𝐮

(c) 2𝛔𝛔𝐠𝐠

or 𝛔𝛔𝐠𝐠𝐠𝐠𝐠𝐠

∗
(d) 2𝛔𝛔𝐮𝐮

or 𝛔𝛔∗𝐮𝐮𝐮𝐮𝐮𝐮

(e) 1𝛑𝛑𝐮𝐮

or 𝛑𝛑𝐮𝐮𝐮𝐮𝐮𝐮 or (𝛑𝛑𝐮𝐮𝐮𝐮𝐩𝐩𝐱𝐱 𝐨𝐨𝐨𝐨 𝛑𝛑𝐮𝐮𝐮𝐮𝐩𝐩𝐲𝐲 )

(f) 3𝛔𝛔𝐠𝐠

(g) 1𝛑𝛑∗𝐠𝐠

or 𝛑𝛑∗𝐠𝐠𝐠𝐠𝐠𝐠 or (𝛑𝛑∗𝐠𝐠𝐠𝐠𝐩𝐩𝐱𝐱 𝐨𝐨𝐨𝐨 𝛑𝛑∗𝐠𝐠𝐠𝐠𝐩𝐩𝐲𝐲 )

∗
(h) 3𝛔𝛔𝐮𝐮

or 𝛔𝛔𝐠𝐠𝐠𝐠𝐠𝐠 or 𝛔𝛔𝐠𝐠𝐠𝐠𝐩𝐩𝐳𝐳

or 𝛔𝛔𝐮𝐮𝐮𝐮𝐮𝐮 or 𝛔𝛔∗𝐮𝐮𝐮𝐮𝐩𝐩𝐳𝐳

2. (Total 12 pts) Consider an O2 molecule.
(a) (6 pts) Construct the corrleation diagram for ground state O2.

Correct MO diagram +5 pts (labels not required); +2.5 pts for correct MOs from 2s, +2.5 pts for
correct MOs from 2p
Correct number of electrons in MO +1 pt
-1 pt for the incorrect energy order of MOs
-1 pt for not obeying the Aufbau principle
-1 pt for not obeying the Pauli exclusion principle
-1 pt for not obeying the Hund’s rule
-1 pt for any other minor mistakes

(b) (1 pt, no partial pts) Write down the valence electron configuration of ground state O2.

𝟐𝟐

𝟐𝟐

𝟏𝟏

𝟏𝟏

*Writing down 2 pi orbitals separately is also fine [e.g. �𝛑𝛑𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 � �𝛑𝛑𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 � �𝛑𝛑∗𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠 � �𝛑𝛑∗𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠 � ]

No explanation required; no partial points

−
𝟐𝟐−
(c) (1 pt, no partial pts) Which molecules are diamagnetic: 𝐎𝐎+
𝟐𝟐 , 𝐎𝐎𝟐𝟐 , 𝐎𝐎𝟐𝟐 , 𝐎𝐎𝟐𝟐 ?

No explanation required; no partial points

(d) (2 pts, no partial pts) Give the bond order of each species in (c).

No explanation required; no partial points

(e) (2 pts) The energy level order of MOs in O2 is different from that in N2. Explain why.

2s and 2p orbitals can mix -> +1 pt
For N2, 2s and 2p are sufficiently close (in energy) to mix, and it increases the MO energy -> +0.5
pt
For O2, 2s and 2p are not close enough, so the MO energy does not increase as much -> +0.5 pt
If you mention any kind of interaction (mixing or repulsion) between two sigma MOs, full points
are given.

3. (Total 11 pts) Consider a NO molecule.
(a) (6 pts) Construct the correlation diagram for ground state NO and give its bond order. Is NO
paramagnetic or diamagnetic?

Bond order = 2.5, and NO is paramagnetic. (No explanation required)
Correct correlation diagram +3 pts (labels not required); +1.5 pts for MOs from 2s, +1.5 pts for
MOs from 2p
Correct number of electrons in MO +1 pt
Bond order +1 pt
Paramagnetic +1 pt
The orbital potential energy of 2s, 2p orbitals of oxygen must be lower than those of nitrogen. If
this is not correctly depicted, -1 pt
-1 pt for the incorrect energy order of MOs
-1 pt for not obeying the Aufbau principle
-1 pt for not obeying the Pauli exclusion principle
-1 pt for not obeying the Hund’s rule
-1 pt for any other minor mistakes

(b) (2 pts) Which molecule has a higher ionization energy: NO or CO? Explain why.

You do not have to write the full electron configurations for both molecules; it’s enough to
explain that the highest occupied molecular orbitals (HOMOs) for two molecules are different.
(+2 pts)
Simply showing bond order difference will not get any credit. Bond order is not necessarily
proportional to the energy required to remove the HOMO electron. Any mentioning of “no
electron in the antibonding orbital of CO” will get the full credit, however.
Even if the answer is right (CO), points will NOT be given if explanation is incorrect.

(c) (3 pts) 2s orbitals of N and O combine into bonding and antibonding orbitals, but the 1s orbital
of H and the 2s orbital of F do not form any MOs in a HF molecule. Explain why.
Potential energy difference between H 1s orbital and F 2s orbital is much larger than that
between 2s orbitals of N and O.
There must be a mention of great energy difference to get ANY credit.
Correct explanation +3 pts

4. (5 pts) The molecular orbital of the ground state of a heteronuclear diatomic molecule AB is
𝛙𝛙𝐦𝐦𝐦𝐦𝐦𝐦 = 𝐂𝐂𝐀𝐀 𝛗𝛗𝐀𝐀 + 𝐂𝐂𝐁𝐁 𝛗𝛗𝐁𝐁

If a bonding electron spends 90% of its time in an orbital 𝛗𝛗𝐀𝐀 on atom A and 10% of its time in
𝛗𝛗𝐁𝐁 on atom B, what are the values of CA and CB? (Note: Assume 𝛗𝛗𝐀𝐀 𝛗𝛗𝐁𝐁 = 𝟎𝟎).

For the ratio of two coefficients, please refer to p. 248 of your textbook for more explanation.
+5 pts for the correct CA and CB values
Showing derivation is not necessary, but it is included here to help your understanding.
If the values are wrong, +1 pt for each equation in the red rectangle

5. (Total 4 pts) Answer the following questions.
(a) (4 pts) Give the steric number of each ion. What hybridization is expected for the central
nitrogen atom in each ion?
+
−
𝟑𝟑−
𝐍𝐍𝐎𝐎−
𝟐𝟐 , 𝐍𝐍𝐎𝐎𝟐𝟐 , 𝐍𝐍𝐎𝐎𝟑𝟑 , 𝐍𝐍𝐎𝐎𝟒𝟒

Steric number

𝐍𝐍𝐎𝐎−
𝟐𝟐
3

𝐍𝐍𝐎𝐎+
𝟐𝟐
2

𝐍𝐍𝐎𝐎−
𝟑𝟑
3

𝐍𝐍𝐎𝐎𝟑𝟑−
𝟒𝟒

Hybridization

sp2

sp

sp2

sp3

4

If BOTH steric number and hybridization of each molecule is correct, +1 pt each

We found out that one of the classes did NOT go over this concept before taking the quiz.
As a result, ALL STUDENTS who took the quiz get the credit (+4 pts)

