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1. Name the following compounds, including as necessary designation of stereochemistry.
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2. What is the state of hybridization at the indicated carbon atoms?
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3. What functional groups are present in the following molecules?
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4. Shown below are a number of pairs of structural formulas. In the box below each pair,
place the number (related to one of the terms listed below) that best describes the
relationship between the two structures.

NOTE: Each term may be used more than once and not all of the terms need be used.

1. constitutional isomers 2. diastereomers
3. identical 4. enantiomers
a
@ B S )
- HsC Br Ho&
HaC! CHO
H3CH,C CH2CH3 HO

3 3

G e OH I OH
el Ol pe——t—y T S Hae—1—¢
H——H e =" H——H

HI———H Hae—r—H  Ho—t—pn EiaG H

CHjs OH CHs OH




5. Clearly draw three dimensional representations of the following molecules/conformations.

a) The most stable conformation of 2-methylbutane. Use a Newman projection viewing
along the C2-C3 bond.
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b) The least stable conformation of 2-methylbutane. Use a Newman projection viewing
along the C2-C3 bond.
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¢) The most stable conformation of cis- 1-zert-butyl-4-methylcyclohexane.
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d) Complete the template below to clearly show the structure of
(2R3S)-2,3-dibromo-1-butanol. Show all the hydrogen, carbon, and oxygen atoms that
are required to complete the structure.




6a) Circle all of the stereogenic centres in the following steroid molecule.
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6b) Draw the Fisher projection(s) of all the achiral (optically inactive) stereoisomers of
2,5-dibromo-3,4-dichlorohexane. Use the template below and re-draw the template as
neccesary. Draw each isomer only once.
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7a) The optical activity of (+)-A (shown below) becomes zero in the presence of acid.
Propose a reaction mechanism that would account for this observation.
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7b) Propose a mechanism for the reaction below.
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7¢) The chloro compound on the left, below, was converted to the nitrile (ie. RCN) on
the right. The stereochemistry of the product is not shown. A student wondered
whether the mechanism of this reaction was Sy 1 or Sy2 and decided to answer this
question using a kinetic study. What experiment should the student perform and what
results would enable the student to decide which mechanism is correct?
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8. If you wished to prepare Cu,O(s) under standard conditions at 25°C, two possible
reactions could be considered:

1) Cu(s) + CuO(s) = Cuz0O(s)
(i1) 2Cu0(s) — Cu0(s) + 1/204(g)

(a) From the data given below, calculate AH®, AE°, AS® and AG® for both reactions

at 25°C.
0:(g) Cu(s) CuO(s) Cu,0(s)
AFES ( mole™) -159.2 -168.5
S° (Jmole” K™) | 204.8 33.12 42.59 93.05
Answers: Reaction (i) Reaction (ii)
AH® —aE N + 499 kT
AE® =973 kY + 148.F kT
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Show work for reaction (i):
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Show work for reaction (ii):
AT = SRS 1 we =2 (_Isq.;) = 4 ]49.9 &0

NE® = Aw° - Akv) AR - A&
L 4.4 - (£ -9 (Barixe”) @)
= FHeF g
AS® = 9205 + + (2019 —~2(4259)= loa} JK

-3
AG= ART=TAS® = +149.9 — (293)(i10.27 *10 )
= +UFo KT

(b)  Which of reactions (1) and (ii) would you attempt to use for preparing Cu,0(s)
at 25°C? Give a reason for your choice.
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9. (a) State the 1st law of thermodynamics (words and/or equations).
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(b) State the 2nd law of thermodynamics (words and/or equations).
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(c) State the 3rd law of thermodynamics (words and/or equations).
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10. (a)Complete the following equilibrium acid-base expression by drawing the
structures of all products formed when acetylsalicylic acid (aspirin) is dissolved
in pure water.
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(b) You have prepared a 1 Litre solution containing 0.10 M of acetylsalicylic acid and
0.20 M of its conjugate base, sodium acetylsalicylate, in pure water at 25°C.
Using a very accurate pH meter, you find that the DpH of this solution is 3.80.
What is the K, value for acetylsalicylic acid at 25°C?
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(c) What is the Ky, for sodium acetylsalicylate at 25°C?
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(d) You have just swallowed a small tablet of pure aspirin. Upon dissolving in your
stomach, which has a pH < 2, what is the predominant charge state of this
compound? (circle the answer)

positive negative

Upon passing into your intestine, which has a pH >7, what is the predominant
charge state of this compound? (circle the answer)

positive neutral Cl@



11. (a) Some inorganic salts do not completely dissolve when placed in water. The

degree of dissociation is given by an equilibrium constant, called Kgp.

(1) Given the following reaction, write an expression for the Kgp of
Fe(OH)x(s) in terms of activities.

Fe(OH)»(s) ——=  Fe’"(aq)+2 OH (aq) Kgp= 7.9x 10"

Pt
ng i w a Z:Fe}ﬂ [OH']Z
O B (o), ®

(i1) 10 g of Fe(OH)(s) (MW = 89.85 g/mol) is added to100 mL of water.
Calculate the [Fe*] and pH of the solution at equilibrium.
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11. (b) Electrochemistry can measure the [Fe”] at equilibrium and therefore can be used

to determine equilibrium constants or the Kgp, values for various complexes. This
method is utilized in chemical analysis of sea water.

(i) One example of an electrochemical cell that can be constructed for this purpose 1s
shown below (counter ions are not indicated):
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Noting the direction of electron flow, write the following;:
Anodic half reaction:
2 -
Z N > Z/\ * +e
Cathodic half reaction:

Qef +Fe?t —> Fe

Net cell reaction:

+ e
7 e i



(i1)

Calculate the cell potential at 25°C if the iron electrode is immersed in a 100 mL
solution to which 0.90g Fe(OH),(s) was added. This solution is also buffered to
pH =9.4. The [Zn*"] = 1.0 M and the standard cell potential is 0.324 V.

(Hint: use the K, value from 11(a), and then the Nernst equation.)
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