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MULTIPLE CHOICE (3 pts. each). Write your answer on theline to the left of each question.
There is only ONE correct choice for each question.

1. Which of the following statements about the modern view of atomic structure is
FALSE?

A) The electrons occupy a very large volume compared to the nucleus.
B) Almost all of the mass of the atom is concentrated in the nucleus.
C) The protons and neutrons in the nucleus are tightly packed.

D) The number of protons and neutrons is always the same in a neutral atom.

2. Without doing a detailed calculation, indicate which of the following electron
transitions in the hydrogen atom involves a photon with the longest wavelength.
A) n=4ton =3
B) n=1ton =2
C)n=2ton=3
D) n=4ton=2

3. The set of quantum numbers,n = 2,/ = 2,my = 0

A) describes an electron in a 2d orbital.
B) describes an electron in a 2p orbital.
C) describes one of five orbitals of a similar type.

D) is not allowed.

4. Consider the element indium, In. Naturally occurring indium contains a mixture of
"’In and '°In. The approximate ratio of '*In : '"°In in naturally occurring indium is

A) 6:94
B) 25:75
C) 50:50
D) 75:25
E) 94:6

5. Which of the following molecules are linear?
CS, SF, FNO HCN
A) All of these molecules are linear.
B) CS, and HCN are linear.
C) CS, and FNO are linear.
D) SF, and HCN are linear.
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6. Which of the following molecules has a stretching vibration that is not IR-active?
A) CO,
B) NO
C)H,0
D) NH,

7. Which of the following statements is correct?

A) An apple appears red because it emits red light.
B) Snow appears white because it absorbs all visible light.
C) Green jello appears green because it transmits and reflects green light.

D) Blacktop is hot on a scorching summer day because it transmits all visible light.

8. Heat is given off when hydrogen burns in air according to the equation:

2H, + O, > 2 H,0

Which of the following is responsible for the heat?
A) Breaking hydrogen bonds gives off energy.
B) Breaking oxygen bonds gives off energy.
C) Forming hydrogen-oxygen bonds gives off energy.
D) Both (A) and (B) are responsible.
E) Statements (A), (B), and (C) are all responsible.

9. (4 pts.) Write the ground state electron configuration of arsenic, As. You may use the noble
gas shorthand notation.

10. (4 pts.) Under the entry H,SO,, the CRC Handbook of Chemistry and Physics lists several
values for the enthalpy of formation.
H,SO, AH’; = -814 kJ/mol
1.0 M H,SO, AH’; = —888 kJ/mol
0.25 M H,S0O, AH’; = -890 kJ/mol
0.20 M H,SO, AH’; = —-897 kJ/mol

When concentrated aqueous solutions of sulfuric acid are diluted, does the solution
temperature INCREASE or DECREASE?
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11. (24 pts.) CIRCLE THE BEST ANSWER:

a) Highest boiling point 0O, SO, Br,

b) Daughter product of B decay of ' 2'Sh “'Te 21 Xe
¢) Most number of unpaired electrons atomic C hybridized C atomic N
d) Longest N-O bonds NO,* N,O NO,”
e) Lowest threshold frequency for the Li Ti Cs

photoelectric effect

f) Intermolecular forces include H-bonds CH, H,NCH; CH,OCH;

g) Planar molecule NCCN <:> H,C=—=C=—=CH,

(all atoms lie in same plane)

cl
h) Most likely to exhibit cis-trans
isomerism
ci ci

Cl

12. (6 pts.) Use 0+ and d— notation to label the polarities of the following bonds.
H-Br C-N 0-Cl1

13. (6 pts.) CIRCLE THE CORRECT ANSWER:

a) Which orbital is lower in energy (more stable)?

2p orbital in N or 2p orbital in F

b) Which orbital is lower in energy (more stable)?

3s orbital in Na or 3p orbital in C1
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14. (8 pts.) Sulfur atoms in the gas phase react with oxygen gas (O,) to form sulfur trioxide
(SO;). Consider the mixture of S and O, shown in the picture below.
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a) What is the limiting reagent in this reaction?

b) In the box on the right, draw a representation of the product mixture (using pictures or
formulas) assuming the reaction goes to completion.

15. (5 pts.) Briefly explain why the isotope “He has never been observed. One to two sentences
constitutes a brief explanation.

16. (6 pts.) The formula for hypochlorous acid (the main component of bleach) is often given as
HCIO. If you did not know that hydrogen atoms in oxoacids are almost always bonded to an
oxygen atom, how might you otherwise come to this conclusion for hypochlorous acid?

17. (6 pts.) Which of the molecules, H,O or OF, would you expect to have a larger dipole
moment? Draw three-dimensional structures for these molecules and briefly explain your
choice.
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18. (6 pts.) Conjugated linoleic acids (CLAs) have been cited for their favorable biological
activities, particularly in the prevention of cancer, atherosclerosis and type II diabetes. One
of the best-known CLAs for biological activity is 18:2, A-trans-10, cis-12. Draw the line
structure for this compound, taking care that your drawing shows the correct stereoisomer.

19. (12 pts.) Imagine you are hired to be Wendy’s lab assistant. (a) She asks you to make
5.00 L of 0.980 M NaOH in preparation for the Leaf Decay lab. Calculate how many grams
of NaOH you will weigh out to prepare this solution.

b) Now Wendy needs you to make up 5.0 L of 0.100 M HCI using concentrated hydrochloric
acid, which is 12 M. Calculate how many mL of concentrated HCI you will use to
prepare this solution.

¢) Round your answer from part b to the nearest 5 mL. Assuming you used this new volume
to prepare the solution, calculate the exact concentration of the HCI solution.
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20. (10 pts.) Air bags in an automobile are activated when a severe impact causes a steel ball to
compress a spring and electrically ignite a detonator cap. This causes sodium azide, NaNj, to
decompose explosively to form sodium metal, Na, and nitrogen gas, N,. Some other
reactions then occur to take care of the sodium metal and minimize the hazards of opening
the air bag.

At 25°C and 1 atm of pressure, 1 mole of N, gas occupies 24.4 L. If 70.0 L of N, gas is
required to fully inflate an air bag, how much NaN; (in g) must be present in the air bag
initially?

21. (12 pts.) (a) Using information on the back page, calculate the ionization energy in kJ/mol
for the hydrogen atom.

b) The ionization energy can also be measured for molecules. The ionization energy of
molecular hydrogen, H,, is 1491 kJ/mol. Briefly explain the difference between this
value and the answer you obtained in part a).
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22. (14 pts.) There is an episode of Star Trek (Kirk-era) in which aliens breath Cl, instead of O,.
a) Provide a calculation that shows why the bond energy of molecular chlorine (242 kJ/mol)

makes it unlikely for such an alien to survive in our solar system. Hint: What wavelength
of light breaks bonds in Cl,?

b) Is this a minimum or a maximum wavelength that the photon must have?

¢) In what region of the electromagnetic spectrum does this photon belong?

23. (16 pts.) Carbon monoxide reacts with ozone to form carbon dioxide and molecular oxygen:
COp + 05y —> COp + 0,
a) Using the heats of formation given below, calculate the enthalpy change for this reaction.

AH®, CO,, = —111 kJ/mol
AH*, O, ,, = 143 kJ/mol
AH’, CO, , = -394 kJ/mol

b) Now, using your answer from part a) and the following bond energies, calculate the
oxygen-oxygen bond energy in O,.
C=0 1070 kJ/mol
0=0 497 kJ/mol
C=0 (in CO,) 799 kJ/mol
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24. (10 pts.) Hydrogen azide, HNj, is a nasty, nasty little molecule. To quote my favorite
book, The Chemistry of the Elements, “It has a repulsive, intensely irritating odour and is a
deadly (though noncumulative) poison; even at concentrations less than 1 ppm in air it can
be dangerous.” Moreover, it is extremely explosive. Fun stuff, eh?

a) The atoms in HN; are bonded in a chain-like fashion with N-N bond lengths of 124 pm
and 113 pm. Draw a Lewis structure that is consistent with this information and
indicate on your structure which N-N bond would be 124 pm and which would be 113
pm. PLEASE INDICATE ALL NONZERO FORMAL CHARGES ON ATOMS!

H N N N

b) The azide ion, (N,)!-, is linear with two equal N-N bond lengths of 116 pm. Draw a
Lewis structure for (N;)!- that would predict two equal bond lengths. PLEASE
INDICATE ALL NONZERO FORMAL CHARGESON ATOMS!

25. (12 pts.) The two common oxides of carbon are CO and CO,. A third oxide of carbon,
which is rare, is carbon suboxide, OCCCO. Chemistry of the Elements reports that C;0, is a
foul-smelling gas.

a) Draw a Lewis structure for OCCCO.

b) Determine the hybridization scheme at each of the atoms.

¢) There is a C—O m-bond at each end of this molecule. According to valence bond (VB)
theory, are these two C—O m-bonds in the same plane with each other? Draw a VB
picture that CLEARLY shows a justification for your answer.
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26. (15 pts.) We talked about several examples of polymers formed via condensation reactions.

The structures of some possible starting materials for condensation polymers are shown
below.

CH,OH
H O OH
| H H,N
H N—C—C—OH H—(OH H <H NN,
R O HO
H OH
o)
I o) o)

a) Choose the appropriate starting materials to form either a polypeptide, a polysaccharide or
a polyamide and show how two molecules would react in the first step of the
condensation polymerization to form a dimer.

b) If this condensation reaction continued at both ends of your dimer, what would you end up
with? A polypeptide, a polysaccharide or a polyamide?



