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This exam has 10 pages; make sure that you have Do Not Write in this Box.
them all. We will only grade answers that are in the 1 (9)
designated spaces. Please do your scratch work on 5 g
the backs of the exam pages. Write only one answer to —©)
each problem; multiple answers will receive no credit, 3___ (9
even if one of them is correct. 4. (11

. o : 5. (9
Note: This examination runs for a total of 80 minutes. 5
No questions will be answered by proctors after the exam —(10)
begins. Please write legibly; ambiguous or messy 7. (8)
answers will receive no credit. 8. (10)
A partial periodic tabie and data needed for calculations
can be found on page 10 of the exam.
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1. (9 points)

1. Name or draw, as appropriate, the following molecules according to IUPAC rules.
Do not forget stereochemistry (cis, trans) where appropriate.

Cl, Cl

c. cis-1,2-dibromocyclopentane

d. 7,7-dimethylbicyclo[2.2 1]heptane
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2. (9 points)

2a. Calculate the formal charge on each of the atoms indicated by an arrow in the structure
below. Write the answer in the appropriate box (do not forget the sign!)

‘\\ CH3 ",-"'
S %
:.O_T_CH?,
CHs;

2b. What is the hybridization of each carbon atom indicated by an arrow in the structure below.
Write the answer in the appropriate box.

X F/
H,C=CH-CN

”
[ Gy

2c. The dipole moment of methanol CH30H is 1.70D.

What does the letter "D" stand for (spell out the name of the un,it of dipole moment)
r//
,/

Answer: /

/

2d. Consider the following molecules: HCI, CH3OH, NH; CH; HC=CHand HC=CH;,

i) Which molecule is the strongest acid? Answer:

ii) Which has a pKj closest to that of water Answer:

iti) Which is the most acidic hydrocarbon Answer:
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3. ( 9 points)

3a. Using the model given for ‘Be below, show the ground state electronic configuration
for phosphorus '°p

2t
o 4

E

‘Be

15P

3b. Just as Carbon bonds to hydrogen to form methane, phosphorus bonds to hydrogen to form
phosphine. Show the Lewis-dot structure of phosphine.

3c. What is the shape of the molecule of phosphine? Explain your answer.

Shape:

Explanation;
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4. ( 11 points)

4a. Show one Lewis-dot representation for the molecule of SO3 in which S is surrounded
by three O atoms and all atoms have an octet. Your answer must clearly show the location
of formal charge, if any.

4b. Draw two additional resonance forms for the structure shown below. Your answers
should include arrows to show the movement of electrons.

4¢c. The H--N—Hbond angle inammonia is: (circle one answer only)

o a o o between 109 between 105  between 60
60° 90 109.5° 120 and 115° and 110° and 90°

4d. What is the C-C-C bond angle in the molecule of 1,2-propadiene? Explain briefly using VSEPR

H,C=C=CH, Answer: bond angle =

Expanation:

4e. What is the hybridization of the central carbon atomin H,C=—C==CH,

Answer: hybridization of central C atom:
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5. (9 points) H

H
5a. Draw clear representations of the two possible chair O
conformations for cis-4-t-butyl-1 -methyleyclohexane HyC—C CH;

and circle the most stable conformation. /\
Hac CH3

and

5b. Calculate the difference in free energy between these two conformations. Show your detailed
calculations and explain clearly the origin of the differences.

Answer:

Explanation and details of calculation:
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6. ( 10 points)

6a. Draw a sawhorse projection of the least stable conformation of pentane (draw along
the C, to Csz bond of the molecule).

6b. Draw a Newman projection of the most stable conformation of butane (draw along
the C, to C3 bond of the molecule)

6c¢. Draw an energy diagram showing potential energy versus dihedral angle (0 to 180°)
for propane CH3CH,;CHjz. Label all axes and use the data on page 10 to scale your drawing
indicating the largest energy difference between conformers.
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H
7. (8 Points) (a) Consider the equilibrium between the two chair
conformations of cyanocylohexane CN

Chair with CN equatorial Chair with CN axial
For the process {chair with CN equatorial —— chair with CN axial) AG? = +0.2 keal mol™

Calculate the percentage of axial cyanocyclohexane at 25°C.
Show equations and a detailed calculation.

Answer: % axial =

{b). Which of the three acids below is strongest? Circle you answer and explain briefly
(o) o] @]
7~ v v
HyC-C Fsc-c” BraC-C”
OH OH OH
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8. (10 Points)

8a. Write a balanced equation for the combustion of cyclohexane in oxygen

8b. What is the relationship between K, and Kgq?

Answer:

8c. Write an equation showing Kgq for the following reaction and then calculate the value of Keq-
Show your calculations. (See data on page 10)

Keq

HC=CH + NH, MC=C~ + NHj

Equation for Keq =

Calculation of K

Value of Koy :
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Note: There are no questions to be answered on this page, it only contains data that may
be of use in solving the questions contained in this exam. Not all of the data given is needed.

Value of gas constant: R = 2.0 cal deg'1 mol™

K, values
Value of e (base for natural iogarithms) e =2.718 BB Yalues
HC=CH 25
Value of absolute zero (kelvin) = -273°C HCN 9.3
Values of strain energies: _ NH3 35
Each CH3- H eclipsing interaction: 1.5 kcal mol™
Each H - H eclipsing interaction: 1.0 kcal mol™
Each CH3 - CH3 eclipsing interaction: 2.5 kcal mol™
Each CH3 - CH3 butane-gauche interaction: 0.9 kcal mol™’
Each t-Butyl - CH3 gauche interaction: 2.0 kcal mol™!
Each CHs- H 1,3-diaxial interaction: 0.9 kcal moi™
Each Cl - H 1,3-diaxial interaction: 0.25 kcal mol ™!
Each CHg - CH3 1,3-diaxial interaction: 1.6 keal mor™!
Each H - CN 1,3-diaxial interaction : 0.1 kcal mol™
Each H - C(CHs); 1,3-diaxial interaction: 2.5 kcal moi™
Partial periodic table of the elements
GrRour 1A 1A MB|IVB| VB | VIB|{VIIB 0
o -4 -3 -2 -1
VALENCES + 1 +2 +3 +4 +5 +6 +7 0
PERIOD | 2
i H ' He |
1.008 4.003
3 4 5 6 | 7 8 9 10
2 Li Be B C N O F Ne

6.941 | 2.012 10.8B1 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18

11 12 13 - 14 15 16 17 18
3NaM§ Al ]l Si | P | S | Cl | Ar
24 .31

20

22.99 26.98 | 28.09 | 30.97 | 32.06 | 35.45 | 39.95

19 31 32 33 34 35 36

4 K | Ca Ga | Ge | As | Se | Br | Kr

35.10 { 40.08 69.7217259] 714.92 | 718.96 ] 19.90 | 83.80
37 | 38 49-1 50 | 51 | 52 | 53 | s4

5 Rb | Sr In | Sn | Sb | Te 1 Xe
85.47 187.62 1148 | 118.7 | 121.8F 127.6 | 126.9 ] 131.3

10



