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CHM 3411, Dr. Chatfield, March 26, 2018
Exam 2

Name

You may use a calculator [(non-graphing), but nothing else. f you need extra room, use the back of exam
pages and direct the grader where to look. You may also use scratch paper, but put all final answers on
the exam itself and attach any scratch paper with work the grader should read. Read all problems

carefully. Set up problems methodically, show your work, and be neat. Partial credit will be given when
it is possible for me to follow your work. if you are having trouble with a problem, go on to the next and

come back.
GOOD LUCK!
Constants:
h=6626x1073)s  h=" m,=911x10"""kg c=3.00x10"ms""

=138x 10723 J K™Y Ny =6.022 x 108 mol™! amu =166 x10"% kg a,=52.9pm
R, = 1097 x10°cm™ e=1.602x10"°C ¢, = 8.854 x 10712 [~ 1C%m™!

Equations (others are given directly in exam questions):
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1. Consider this excited electron configuration of silicon: Si [Ne]3523p]3d1

(a) Determine all possible term symbols, using Russell-Saunders coupling.
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(b) There are many allowed spectroscopic transitions between these terms. To keep it simple, list just
the pairs that include at least one P term. Explain the basis of your reasoning.
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2. Consider the N3~ di-anion ) 1y

and Bl i+ with elecirons

(a) Construct an MO energy level diagram for the ground statg Label the MOs and indicate which are
antibonding. You may use either Iabeﬁ‘ng scheme we discussed, but you must be consistent.
Assume the ordering of MOs is the same as for neutral N; neutral.
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(b) Determine the electron configuration.
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(c) Suppose one electron is removed to form the N3 mono-anion. Determine whether removing the
electron will increase or decrease the bond dissociation energy. You must provide your reasoning
for credit.
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3. Answer the following multiple choice or short answer questions by circling the correct answer(s) or
giving information as indicated.

a. Which of the following AOs contribute to a o bond in a diatomic molecule (circle all that apply):

s () 2p,
(C) 2py pz

b. Below is a sketch of a pair of potential energy surfaces (PES’s) forH3 . One PES is for a bonding orbital
and one PES is for an antibonding orbital. (i) Label the PES’s as bonding or antibonding, (ii) identify
the equilibrium bond distance, and (iii) label the species present as R gets very large.
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c. Below is same the sketch of PES’s for H; asin (c). Add markings to demonstrate the process of
photodissociation.
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d. Which of the following spatial functions belongs to a triplet state?
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4. The Lewis structure for formaldehyde is shown below.

a) Give a complete Valence Bond (VB) description of the bonds. Include any hybridization and give the
atomic orbitals (regular or hybrid) that contribute to each bond.
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b) Describe how the VB description of the bonding between C and O could be made more accurate.
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5. A wave function for the hydrogen atom is given below. (To keep things simple, ris in terms of the a,,
the Bohr radius. This is called an “atomic unit of distance” or just an “atomic unit.”)
Y=N2-1)e"/?

(a) Identify any radial nodes or nodal planes.
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(b) Identify the orbital (1s, 2s, 2p, etc)?
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(c) Determine the most probable distance of the electron from the nucleus.
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6. Give brief explanations for 2 of the following 3 concepts, using examples where passible. If you give
mare than 2 answers, only the first 2 will be graded.

(a} Spin-correlation
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(b} Orbital approximation
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(c) Born-Oppenheimer approximation

oy h efec] rocs ad) wot s tanilancsasd,

7 MC v aclear C—A?pf///he/?("-‘?/ Leocattse
r

The cpssumﬂ'}/m
)Lu Gry Lhén;z

P i3 e,
J*Ac b1 L cled are ﬁfrc{.&é LT & Ve Sir

wh
J‘u@é(” Vers Fast L

= The adjusiment /s s con approt.

/ 7
MnMe [ 50140'2 Fore ek He-ﬂé,c_ FHhis



