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1. Name the following compounds, including as necessary, any designation of stereochemistry.

a)
b)
c)
QO /_ﬁ

d) H

H—+—Cl

H——1—OH

CHs

e)

CHj



2a) Name the functional groups that are circled.




3a) Draw ALL possible isomers of CsH; clearly showing stereochemistry where appropriate (DRAW
EACH ISOMER ONLY ONCE).

3b) Draw all the achiral (optically inactive) isomers of trichlorocyclohexane (C¢HgCl3). Start with the
template below and re-draw it as neccesary. DRAW EACH ISOMER ONLY ONCE and show
stereochemistry where appropriate using "wedges" and "dashes" for groups above or below the plane of

the ring, respectively.
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4. Shown below are six of pairs of structural formulas. In the box to the right of 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)
GHO CHO
ey H,C OH
Ha OH
OH
HaCHaC O G HO OH Hm
OH OH
(c) (d) \\C/H \\C/H
/\ H=rma @ E@———r—=H
o /&7
5\7 G H OH HO—t—H
] e ——— 1 B
Br Cl
(e) ()
S
—— H Br Br H

Ll Gl
cIvY \‘Cl



5a). Consider the conformations about the C4-C3 bond of the molecule shown below (view as indicated by
the arrow). Complete the Newman projections below using only staggered and eclipsed conformations to
indicate the order of stability of these conformations about this bond (starting with the most stable one and
ending with the least stable one).

3 \2 :
o 4
view
HsC H HsC H H;C H
CH(CH3)» CH(CH3)» CH(CHs),
most stable 2nd 3rd
H,C H H;3C H HsC H
CH(CH5), CH(CH3), CH(CH3)»
4th 5th least stable

b) Draw the most stable stereoisomer of 4-isopropylcyclohexanol shown in its most stable conformation.

c¢) Draw the least stable stereoisomer of 4-isopropylcyclohexanol shown in its most stable conformation.



6. Secondary alkyl halides, such as compound A, may undergo either an Sy1 or Sy2 reaction depending
upon the specific reaction conditions.

"Sy1 conditions"

CH3;OH, heat
‘< > product(s)
2 "Sn2 conditions”
&/\ IICH N 4 Dredtel(s)
A CH3;0H
CH30™ Na*

a) When optically active compound A was treated under carefully controlled "Sy1 conditions" it reacted
solely via an Sy1 reaction. Write the product(s) and mechanism for this reaction, being careful to show

any intermediates and transition states and state if the product(s) is/are optically pure or racemic. For all
products clearly show the appropriate stereochemistry.
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b) When optically active compound A was treated under carefully controlled "Sy2 conditions" it reacted
solely via an Sy2 reaction. Write the product(s) and mechanism for this reaction, being careful to show
any intermediates and transition states and state if the product(s) is/are optically pure or racemic. For all
products clearly show the appropriate stereochemistry.

¢) Propose a mechanism for the following reaction showing all steps and intermediates (no indication of
stereochemistry is required).

OH
CHj 3 0

OH



7.PART1 The phase diagram for carbon dioxide is shown below.

P/ atm

d)

73 EEEEEGNEEEEEEEERENENNNENEENENEENEBREN

Label the phase diagram (in the boxes provided) with the most stable phase in the
region in which each box resides.

At which temperature and pressure do all three phases co-exist in equilibrium?

Temperature = Pressure =

Can gaseous carbon dioxide can be liquefied by pressure alone at 40 “C?

YES or NO

Will solid carbon dioxide float on liquid carbon dioxide?

YES or NO

Solid carbon dioxide is placed in an evacuated (empty) container in a temperature
bath at 20 °C. When the system reaches equilibrium the pressure in the container is 10
atm. Describe carefully the phase changes that occur in the container as the system
approaches equilibrium.



7. PART II. The phase diagram for the liquid (L) and solid (S, Su, and Syr) phases of Gallium
at high pressures is shown below. The liquid vapour line is not visible on this diagram.

8.
£
® 6f
=t
=
o 4|
L
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' 400
100 200 1,300

f)  Describe the phases and phase changes that occur when the temperature is increased
according to the isobar from A to B.

g) Describe the phases and phase changes that occur when the pressure is decreased according
to the isotherm from C to D.

h) What are the signs of AH and AS for the transition of §; to Su?



8. The following thermodynamic data have been measured at 25 G

Compound  AH’ (kJmol™)  S°(J mol K5 AG® (kJ mol™)
CO(g) -110.5 198 Sl
COy(2) -393.5 214 -394

Carbon monoxide, which is highly toxic, will be present whenever oxygen and carbon dioxide
exist at equilibrium:

COy(e)

CO(g) +1/2 O4(g)

a) For this reaction, calculate the free energy change, AG, at 25 °C when:

(i) all three compounds are at 1 atm pressure. answer:
(ii) all three compounds are at 10 atm pressure. answer:
(iii) all three compounds are in equilibrium. answer:

b) For the reaction, also calculate:

(i) AH® =

(ii) AS° =




¢) Provide a brief rationalization for the algebraic sign of AS° calculated in part (b) above.

d) Calculate the equilibrium constant for this reaction at 25 °C.

K:

e) If this exam room is at 25 °C, the equilibrium partial pressures of O, and CO; are 0.2 atm
and 0.003 atm, respectively. What is the equilibrium partial pressure of CO?

Beo—

f) If this room were warmed to 37 °C , will there be a higher or lower partial pressure of CO at
equilibrium? Explain your answer in words (no calculation is required).

g) Assuming that the exam room is well sealed, state whether the equilibrium pressure of CO
would I (increase), D (decrease), or S (stay the same) if:

(i) Nitrogen is introduced at a partial pressure of 2 atm.
(ii) Oxygen is introduced at a partial pressure of 2 atm.

(iii) The room is compressed to 1/2 of its initial volume.
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9. Consider the cell, operating under standard conditions at 25 °C, based on the following
half-reactions:

Pb** + 2¢ - Pb e =-0.13V
Int Hes0le =5 7n g = -0.76 V

a) Write the chemical reaction for the overall cell reaction:

b) Which of the half cells is the anode? Briefly explain your selection.

For the cell reaction at 25 °C, calculate:

c) 80(:ell =

d) AG® =

e)K=

f) To the cell operating under standard conditions, NaOH is added to the zinc compartment
causing precipitation of Zn(OH),(s). After precipitation is complete, the equilibrium
concentration of is OH is 0.010 M and the measured cell potential is 1.05 V. Calculate the
equilibrium constant for the reaction

Zn**(aq) + 2 OH (aq) Zn(OH)x(s) ans.

Il




10. A buffer has been made with a final concentration of 0.2 M propanoic acid (pK. = 4.89)
and 0.1 M sodium propionate. What is the pH of this buffer?

pH=

11. A 100 mL sample of the buffer described in Question 10 is treated with 10 mL ofa2 M
solution of sodium hydroxide.

a) What is the resultant pH of the solution?

pE=

b) Briefly describe (two sentences maximum) whether or not the solution, after
adding the sodium hydroxide, is still a buffer.



12. You are a summer student in a laboratory and your supervisor asks you to prepare a buffer
at pH =7.3. You find the following material in the laboratory stock room under the

heading buffer supplies:
trimethylammonium chloride [(CH3);sNHCI] pK.=9.80
triethylammonium chloride [(CH3CH,);NH'CI] pK.=10.72
triethanolammonium chloride [(HOCH,CH,);NH CI] pK.=7.76
Two litres of 0.1 M HCI and two litres of 0.1 M NaOH
Answer the following:
a) Which of the following compounds should you use to make the best buffer? Circle your

answer.

trimethylammonium chloride

triethylammonium chloride

triethanolammonium chloride

b) In order to achieve the desired pH of 7.3 what must be the ratio of the conjugate acid to
base?

¢) Using only the chemical listed described above, describe how you would prepare this
buffer. Provide balanced chemical equation(s) for any chemical reaction(s) involved in
this procedure.

The End



