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QUESTION 1. (10 marlcs)

Balance the following equation with the lowest whole-number coefficients:

CsHrzO + Oz + COz + HzO

(a) What is the coefficient of Oz?

(b) How many moles of COz are produced for each mole of CsHrzO that reacts?

(c) How many moles of CsHrzO are there in 10.0 grams?

(d) What mass of HzO can be produced from combustion of 10.0 grams of CsHrzO?
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QUESTION 2. (10 marlcs)

Given the following species:

So:2- XeF5* PoCl4- Noz'
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SFz

Answer the following questions.
Each question may have more than one correct answer! If there is NO correct answer, write
NONE in the space provided. No marks will be awarded for a blank entry.

(a) Which of the above species have a central atom that is sp3 hybri dized?

(b) Which of the above species are linear?

(c) Which of the above species have at least one bond angle of approximately 120"?

(d) Which of the above species are square pyramidal molecules?

(e) Which of the above species have two lone pairs on the central atom?

(0 Which of the above species are tetrahedral molecules or ions?

(g) Which of the above species have no lone pairs on the central atom?

(h) Which of the above species has triangular planar electron pair geometry?
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QUESTION 3. (10 marlrs)

Give names (not formulae!) for the acid and the alcohol needed to make the following ester:

/i
"r-\

o-cH3

Name of acid:

Name of alcohol:

The following questions make use of the Figure shown below:

(a)

o
(c)

,ry
(e)

\,A..,zNHz

(f)

o
(e) (h) (r)

Put the letter corresponding to the correct compound in the blanks below. If none of the
compounds shown is a correct answer, state I'NONE". No marks will be awarded for a
blank entry.

(i) Gives a basic reaction to pH paper.

(ii) Reacts with Fehling's solution.

(iii) Exists as a pair of optical isomers.
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QUESTION 3. (continued ...)

This Figure is repeated from page 4.

(vi) This compound has geometric isomers.

(vii) Reacts with sodium hydroxide to give a salt

(viii) Reacts with Br2 to give l,2-dibromobutane
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(iv) structural isomer of 
To"

(v) This compound is a ketone.

o

(a)

o
(c)

 -/

(e)

\,A./NH'

(0

o
tl

(h) (D

(ix) Reacts with HCI to give a salt
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QUESTION 4. (10 marlcs)

At 35oC, Kc: 1.6 x 10-5 for the following reaction:

2 NoCl (g e z No (g) + Clz (e)

(a) Write the symbolic expression for the equilibrium constant Kc for this reaction:

(b) Calculate the concentrations of all species at equilibrium, if you start with a mixture of
2.0 mol NOCI (g) and 1.0 mol Clz (g) in a 1.0 L container.

(Hint: You may use the approximation that the amount of compound that reocts, x, is small.)

Fill in the following I.C.E. table for part marks:

2 NOCI 2 N O Clz

I

C

E
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QUESTION 4. (conrinued ....)

(c) Given the following equilibrium:

UOz (s) + 4 HF (g) = UF+ (e) + zHzO (g)

(i) Write down the symbolic expression for the equilibrium constant for this reaction.

(ii) Circle which way the equilibrium will shift under the following circumstances:

(1) Additional UOz (s) is added to the system.

Shifts towards reactants Shifts towards products Does.not change

(2) Volume of container is decreased.

Shifts towards reactants Shifts towards products Does not change

(3) Water vapour is removed.

Shifts towards reactants Shifts towards products Does not change
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QUESTION 5. fi marlcs)

Initially the He (g) and Ne (g) are stored separately in the following apparatus at 16"C:

(a)

1 2 L
0,63 atEr

What are the partial pressures of He (g) and Ne (g)
opened? (Show your work! Do notforget units!)

Ps":

(b) What is the total pressure in the apparatus?

(c) What is the mole fraction of Ne (g)?

9.4.L
2.8 atm

in this apparatus after the stopcock is

PN.:
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QUESTION 6. (10 marlcs)

The ice calorimeter was originally developed by two French scientists Lavoisier and Laplace. It
uses the density change of water as it changes from the solid (ice) to liquid state, and the heat of
fusion to compute enthalpies of reactions. The heat given off by a chemical reaction occurring in
the ice calorimeter is absorbed by a surrounding bath of crushed ice and water. The temperature
of the ice bath remains constant at 0.0 oC.

Metallic Mg reacts with hydrochloric acid according to the following equation:

Mg (s) + 2HCl (aq) -+ MgCl2 (aq) + Hz (g)

In a particular experiment,14.59 g of ice are melted when 0.2675 g of Mg reacts with excess
HCI.

(a) Calculate the heat absorbed by the ice.

(b) What is the heat given off by the reaction of 0.2675 g Mg with HCI?

(c) Calculate AHoon for the reaction of 1 mole of Mg (s) with 2 moles of HCI (aq).

(d) The density of ice at OoC is 0.915 g cm-'; the density of liquid water at OoC is
0.9999 g cm-3. Does the volume of the ice-bath increase or decrease when the ice melts?

Volume increases Volume decreases
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QUESTION 7. (10 marks)

The decomposition of dinitrogen pentoxide is described by the following stoichiometric
equation:

2NzOs (g) + aNO2(g) + Oz(g)

Given a starting concentration of N2O5 of 0.0165 M, the following graphs were produced to show
how the concentration of NzOs changed with time.

(a) Circle the correct answer:
The graphs below show that the decomposition of NzOs (g) is

(a) zero order with respect to N2O5
(b) first order with respect to N2O5
(c) second order with respect to NzOs
(d) eomplex order with respect to NzOs

[NrQ] versus time

0.0200

g 0.0150

61 0.0100

d o.ooso
0.0000

(

o
a

a
t + a

0 2 0 4 0 6 0 8 0

t ime (min)

In[N2O5] versus time

0.00
-1.00

.a -2.00
o* _3.00
e 4.oo
5 .s.oo

-6.00

a o c c
O O

40

time (min)

80

14N2O5l vesus time

400,0

L 300.0
z

! ,oo.o
€ roo.o

0.0
0 2 0 4 0 6 0 8 0

time (min)

o
9

a

a . .
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QUESTION 7. (continued ...)

The decomposition of dinitrogen pentoxide (MW: 108.010) is described by the following
stoichiometric equation:

2NzOs (e) -+ +NOz(e) + oj(g)

(b) Calculate the total volume of gas collected at760 torr and 25 oC from the complete
decomposition of 35.2 g dinitrogen pentoxide.

(c) Compute AHoon for the decomposition of exactly 2 moles of dinitrogen pentoxide,

(d) Compute ASo'o, for the decomposition of exactly 2 moles of dinitrogen pentoxide.

(e) Compute AGor* for the decomposition of exactly 2 moles of dinitrogen pentoxide at
25"C.
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QUESTION 7. (continued ...)

2Nzos (g) -+ 4NOz(g) + Odg)

Circle the correct answer in parts (0 - (i) below:
(0 Is the decomposition of dinitrogen pentoxide endothermic or exothermic?

Endothermic Exothermic

(g) Does the decomposition of dinifiogen pentoxide represent an increase or decrease
in entropy?

Entropy increases Entropy decreases

&) Is the decomposition of dinitrogen pentoxide spontaneous at 25o?

Spontaneous Not spontaneous

(i) Would increasing the pressure favour the products or the reactants?

Products favoured Reactants favoured

CI) Compute the range of temperatures, if any, over which this decomposition is
spontaneous.
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QUESTION 8. f/0 marlrs)

(a) The rate law for the decomposition of phosphine, PH3, is:

rate=-4I!n=klpHl
dt

It takes 120 s for 1.000 M PHr to decrease to 0.250 M.

(i) What is the rate constant for this reaction? Include units!

(ii) How much time, in seconds, is required for 2.00 M PH3 to decrease to a
concentration of 0.350 M?
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QUESTION 8. (continued ...)

(b) Most reactions occtu by a series of steps. The reaction progress diagram for a certain
reaction is given below:

Reaction progress

(i) Clearly and neatly label the following on the graph:

(1) positions ofreactants and products

(2) position of activated complex

(3) position of stable intermediate (if any)

(4) AHon

(5) Eo for rate-determining step

Is this reaction endothermic or exothermic?(ii)
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QUESTION 9. (10 marlcs)
No calculations are requiredfor these questions. Think CAREFULLY.

The following plot shows the pH curves for several
acid-base titrations. In each case, 50.00 mL

monoprotic acid is titrated with 0.1000 M NaOH.

Taken from Zumdahl and Zumdahl, "Chemistry", Houghton
Mifflin.2003.

f,f'!

Pase 15 of24

lO:':',20 . 3$.,, {$ 50 60

0. 10'M NaOH added (mL)

(i)

(ii)

(iii)

(iv)

Which curve corresponds to the weakest acid?

Which curve corresponds to the strongest acid?

Which curve corresponds to the acid with Ku: 1x10-6?

Which of the following acid-base colour indicator(s) would be most appropriate to use for
titration curve e?

12.0r'

10.0-'

8.0;'

6.0-

2,0-
j

Colour Indicator: Thymol blue Thvmolohthalein Phenolphthalein Methvl Red
pH range of colour change: r.2-2.8 9.5-10 .5 8.3-10.0 4.2-6.3

(v) What is the pH (correct to +0.5 units) at the equivalence point of titration curve d?

(vi) All of the acids depicted above are atthe same initial concentration. What is the initial
acid concentration?
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QUESTION 9. (continued ...) NONE of these questions require extensive calculations!!!

(vii) Phosphoric acid has three acid-dissociation equilibria:

H:PO+(aq) c ff (uq)+H2POa-(aq) Ka:7.5 x 10-3

HzPO+- (aq) =* ff tuql + HPO+2- (aq) Ka:6.2 ' 10-8

HPO+2- (ad a ff (uq) + PO43- (aq) Ka:4.8 *,10-13

Which of the following systems can be used as a buffer for pH values between 7 .0 - 7 .4?

(a) H3POa / KH2PO4
(b) KHzPO+ / K2HPO4
(c) KzHPO+ / NagPO+
(d) H3PO+ / Na:PO+
(e) KHzPO+ / NarPO+

(viii) The pH of a 0,10 M solution of ammonium chloride Q.{HaCl), pKu: 9.26,is:
(Hint: Although you can do a calculation here, it actually isn't necessary; write down
the species existing in solution when you dissolve NH4CI in water and the cowect
hydrolysis reaction. Only one of thefollowingpHvalues makes sense.)
(a) s.r2
(b) 0.512
(c) 9.26
(d) 0.e26
(e) sr.2

(ix) A student prepared a 0.100 M CH3COOFV 0.091 M CHTCOONa solution and measured
its pH tobe 4.70. The Ku for CH:COOH is 6.5 x 10{. Can this solution be used as a
bufFer?
(a) No: buffers should have a pH close to 7.
(b) Yes: buffers should have a pH close to their pKa.
(c) No: buffer solutions have to have higher concentrations of conjugate acid and

base than this.
(d) Yes: but it will only resist addition of base, because its pH is below 7.
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QUESTION 10 fi marlcs)

Balance the following redox equation (show your work!):

MnOa- + CzOa,2'-+ Mn2* + COz (acidic solution)
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EXTRA PAGE FOR CALCULATIONS .....
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PHYSICAL CONSTANTS and CONVERSION FACTORS:

Avogadroos Number

Planck's Constant h

Speed of light c

Rydberg constant Rs

Ideal Gas Constant R

Pressure

Energy

Molar heat capacity H2O(4
Specific heat capacity H2O(/)

Molar heat capacity H2OG)
Specific heat capacity H2O(g')

Molar heat capacity H2O(s)
Specific heat capacity HzO(s)

Heat of vaporization HzO(r)

Heat of condensation HzOG)

Heat of fusion (melting) HzO(|

For HzO (4
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6.022 x 1023 mol-r

6.6256 x 10-34 J s

2 . g g 8 x 1 0 8 m s - r

2.18 x 10-18 J

0 . 0 8 2 0 5 L a t m / K m o l
8 . 3 1 4 J l K m o l

l atm =760 mmHg
l m m H g = l t o r r

1 L atm = 101.3 J

75.4 J K-r mol-r between OoC and 100"C
4.183 J K-t g-t between OoC and 100"C

33.76 J K-l mol-l at constant pressure
1.874J K-t g-t at constant pressure

38.07 J ICI mol-1 at constant pressure
2.113 J K-t g-t at constant pressure

2257 J g'l at 100'C
40.79 kJ mol-r at 100'C

= - Heat of vaporization HzO0)

333.4 J g-t at OoC

Kr= -1.86 oC kg/mol
Ku = 0.52'C kg/mol
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Thermodynamic data at 25oC.

Pase 2I of 24

Species (state) /H7 ,
M mof') u Kl lnor')

Ae (s)
Ag* (uq)
AgCl (s)
C (s, graphite)
C (s, diamond)
Ca (s)
CaCO: (s, calcite)
clz (g)
Cl- (aq)
co (g)
Coz (e)
HCO3-(aq)
CO32-(aq)
Fe (s)
Fe2O3 (s)
Hz (e)
Hzo (e)
HrO (t)
H* (aq)
oH-(aq)
H2O2 (aq)
Hzs (e)
Nz (e)
NHi (e)
NH3 (aq)
No (e)
Noz (e)
Nzos (g)
NO3- (aq)
Na" (aq)
NaCl (s)
NaCl (aq)
NaOH (s)
oz (e)
or (e)
S (rhombic)
Soz (e)
Sor (g)

0
t05.579
-127.068
0
1.895
0
-1206.92
0
-167.159
-110 .525
-393.509
-69r.99
-677.14
0
-824.2
0
-24t.8t8
-285.830
0
-229.994
-tgr.t7
-20.63
0
-46.11
-80.29
90.25
33 .1  8
I  1 .30
-205.0
-240.r2
-41  1 .153
-407.27
-425.609
0
t42.7
0
-296.830
-39s.72

42.55
72.68
96.2
5.740
2.377
4r.42
92.9
223.066
s6.5
r97.674
2r3.74
9t.2
-56.9
27.28
87.40
130.684
188.82s
69.91
0
-r0.75
143.9
205.79
191 .61
r92.4s
1 1 1 . 3
2r0.76r
240.06
346.55
146.4
s9.0
72.r3
1 1 5 . 5
64.45s
205.r38
238.93
31 .80
248.22
256.76
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