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Instructions:

Answer all questions on the exam paper.
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Circle correct answers for multiple choice = 7 e
questions. 2 5
Show all work for non-multiple choice 3 6
problems. 4 5
The left hand pages may be used for rough ] 3
work; these pages will not be graded. 6 6.5
A formula sheet and periodic table are 7 4
provided; no other materials may be used. S s
Work independently. Cheating will not be 9 75
tolerated.

10 7
This exam should have 34 questions. 1 6
Unless otherwise specified you may - 12 7
assume the temperature is 25°C

13 6

14 8

15 6

16 5

Total 89




1) [5 marks total] The following oxidation-reduction reaction occurs in basic solution:
Py + ClOg™* —> POS + CIV

a) [4 marks] Balance the reaction.
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b) [I mark] Which species is the reducing agent?




2) 3 marks total] A 25.00-mL sample of a solution of Mo solution was reacted with
0.0600 N KMnO4:

MnO4(aq) + Mo**(aq) — Mn* + MoO2*"(aq)

a) [1 mark] If the Mo®>" in the reaction came from MoCls (molar mass 202.3 grams),
what is the equivalent mass of the MoCls?
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b) [2 marks] The 25.00 mL sample of Mo®' solution required 15.00 mL of the
KMnOs solution for complete reaction. Determine the molarity of the Mo®" in the
solution.
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3) [ mark] The activation energy for the forward direction of a reaction is 50 kI and for
the reverse direction is 30 kI. The AH for the overall reaction is:

A 20 kJ

(20w

c) -80kJ
d) 80kJ
¢) There is not enough information to answer this question.

4) |2 marks] The uncoiling of DNA is a first order process with an activation energy of
about 420 kJ/mol. At 50°C the half-life for uncoiling is estimated to be 2 minutes.
What is the half-life at a normal body temperature of 37°C?

a) 2.8 x 107 min in vfi— {;';»' & a0 [ Ao -37

b) 1.4min e ) ( =
¢) 2min - %;ﬂiﬂf/@;«/ 23,05 %3048 .
_d). 2.85 min €

e)\1411min y - f g O A
{ﬂ{%) fwf)u = f



5) [2 marks] A reaction has a rate constant k = 1.25 x 10 mol L' 57!, If the initial
concentration of the reactant is 0.0750 M, what concentration remains after 10.0 minutes?

@) 00696 M (A], =Cal, -kt

¢) 0.0738 M e me  oen0 N
d) 0.0749M 0:675 =250 M 5 bo0
e) 0.150M 5

6) [3 marks] The rate of the reaction:
3+ $20¢7 — I3 + 28047

was studied using the iodine clock technique and the following data were obtained (¢
is the time the reaction took):

Run e (M) [S:057]o (M) £ (s)
1 0.0400 0.0400 88.0
2 0.0800 0.0400 44.0
3 0.0800 0.0800 22.1

a) The order of this reaction with respect to S20g% is:

Do
i), 72
e
iv) 2
v) 3

b) The overall order of this reaction is:

¢) If arun is made with [1"]o = 0.120 M and [S205>]o = 0.0400, you would expect
the reaction to complete in approximately:

i) 33s
1) 44 s
iv) 66 s
v) 88s



7) {5 marks total] The Raschig reaction produces aqueous hydrazine, NaHa(aq), from
NH3s(aq) and OCI'(aq) in basic, aqueous solution. A proposed mechanism is:

k
Step 1 (fast):  NII(aq) + OCl'(aq) — = NI:Cl(aq) + OI'(aq)
k
Step 2 (slow):  NH:Cl(aq) + NHs(aq) et NoHs*(aq) + Cl'(aq)
k
Step 3 (fast):  NaHs'(aq) + OH' ——— NaHa(aq) + H20()

a) [3 marks] Determine the rate law based on ThlS reaction mechamsm show all
your work cleatly.
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b) [1 mark] The following substances are intermediates: N H‘z, t’{ ) C) H ., i\'{ZHf;;

¢) [1 mark] This reaction mechanism involves a catalyst (circle one): YES @



8) [2 marks] Find K, for the following reaction at 25°C:

Nag) + 3Ha(g) 2NHax(g) Ke=2.4x 103 at25°C

N

10 . -3 v\
DT L2 0 so8s .~ 298.05)

s ? |
(c))3.9x 10 o e
%{5.6){10'4 = 39510

e) 1.5
f) 100

9) [2.5 marks total] For the equilibrium mixture at 200°C:

NH,HS(s) NHi(g) + HS(g) AH>0

Indicate if the partial pressure of NH3 will increase, decrease or remain the same
when the following changes are made:

(Circle your choice: I—increase D —decrease NC —no change)
7
Add some Ne I D @
S,

§ Add some H)S I DB NC
Add some NHHS I D @c )
Y /

Increase the temperature B! D NC
Double the volume of the container (at constant T) I D ( N(y

10) [2 marks] Given the following equilibria:

ViNo(g) + Y402(g) NO(g) Kce=4.8x 1010
2NOa(g) 2NO(g) + Oa(g) Ke=1.1x107

K. for the equilibrium:

2NO2Ag) Na(g) + 202(g)
will be: . -
a) 25x10% (,{ /O - i//g;\xji)«i%s
b) 53 X ].0-15 T, Ty 'a N I

% (5 7
c) 2.1x 10 (% iy }
d) 2.3x10* ] -

@4.8 x 1083



11) |2 marks] At a given temperature, K¢ = 3.24 for the reaction:
Ha(g) + COx(g) === H:x0(g) + CO(g)

If 0.800 mol of both Hz and CO> are placed in a 1.00 L container at this temperature, when
the system comes to equilibrium the concentration of CO{g) will be:

gron  HrCO =2 H0CO 42 gy
b) 0.800 M c 0§ 09 0 N e

), 0.611M oo X ey [0,8-%)

d)0.514 M - T | « g

e) 0247 M € f}ﬂ'g ">< E?v’g J>< o g ﬁ/m - [f L

w = LYY~ {8 ¥
23 x=t (’7‘{”?
2MBr(g) Ky =280 x = 0514

12) [1 mark] For the reaction:

Iz(g) + Bra(g)

If a container is filled with these gases, such that P(Iz2) = 10.0 bar, P(Brz) = 5.0 bar, and
P(IBr) = 20.0 bar, in which direction will the reaction proceed?
> " {-} = Y

a) The reaction proceeds to the left. : & ) VVQ - ?5
/b)) The reaction proceeds to the right. 16 % &

¢) The reaction is at equilibrium.

d) The reaction volume is required in order to answer this question.

¢) The temperature is required in order to answer this question.

13} [1 mark] Choose the correct statement when the reaction
Na2(g) + 3Ha(g) =—= 2NH;3(g)
is at equilibrium:

a) The rate constant for the forward reaction is equal to the rate constant for the reverse
—=rpeaction.

b)The rate for the forward reaction is equal to the rate for the reverse reaction.

¢) The concentrations of all reactants and products are equal.

d) Increasing the volume of the reaction container will increase the yield of ammonia.

3
e) The equilibrium expression for the reaction is K. = —[I\[I;}}[IHIZ Z}
3




14) [2 marks] An indicator (pK. = 5.0) changes colour from yellow to blue. It last
appears yellow when [Ind!)/[HInd] = 0.04 and appears completely blue when
[Ind1)/[HInd] = 4.

a) Calculate the pH range over which this indicator changes colour and place those
pH values in the appropriate blanks below.

pH range: %;{z (yellow) to L;;(ﬂ (blue)
107= Celt)(o.04) 07 i) .
= (ut] = 25007 @CW};”?;M/O

pH= 2.0

b) Would this be a suitable indicator to use for the titration of NHs with HCI?
(Circle your choice.)

AN

15) [1 mark] In the equilibrium system

NH2! + H30'(aq)

NHaz(aq) + HzO(1)
Bronsted-Lowry theory would designate:

), NH3 and H2O as the bases.
b)/H,0 and OH'" as a conjugate pair.
¢) NI and H30" as the acids.

d) NH:!" and H>O as a conjugate pair.
e) NHj as amphiprotic.

16) [2 marks] A 10.0 mL sample of a 0.125 M solution-cf an unknown monoprotic acid has a
pH =2.95. What is its ionization constant, K7

1.0x 107 HA S 47 A7 z
a) x 10 o & e ‘KZL

1.3x10° vop s o O —— T
c)/1.0x 107 , 7 - fl"ﬂ_/}f\ .
D Lix103 L = wx e 7125 i 195
9 98x10Y 5w e X=CA N7 [0
So -



17) 3 marks] Methylamine, CH:NH;, has a Ky = 3.2 x 107, What is its percent ionization in
1.0 and 0.1 M sohitions, respectively?

a) 0.018% and 0.056% B+H,O = BA T Of X o B/ >
0.032%and 0.0032% . ; ¢ v U e

¢) /0.56% and 1.8% . / X _ --
0.56% in both C—=> 5 ANV e B S W

¢) 0.32% in both PRV A X x= (i e 757
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18} {2.5 marks] Match the descriptions given below with one of the mixtures described in i ly
questions (a) — (e): :

[ — A solution with a pH less than 7 that is not a buffer

II — A bufter solution with a pH between 4 and 7

[T — A solution with a pH of 7

IV — A buffer solution with a pH between 7 and 10

V — A solution with a pH greater than 7 that is not a buffer

a) A mixture of 1 mole NaOH and 1 mole NaCl in enough water to make 1.0 L. Y
b) A mixture of 1 mole NaCl and 1 mole CaCl; in enough water to make 1.0 L. [t
¢) A mixture of 1 mole NaF and 0.5 mole HF in enough water to make 1.0 L. /1

d) A mixture of 50.0 mL 0.10 M HC! with 25.0 mL 0.10 M NH3 {
e) A mixture of 25.0 mL 0.10 M HCI with 50.0 mL 0.10 M NHa

<

19) [2 marks] What mass of sodium acetate (molar mass 82 g) should be dissolved in 200.0
mL of 0.20 M acetic acid to form a buffer of pH = 5.0? K, for acetic acid is 1.8 x 107,

HA = %% e s gaua [ |
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20) |3 marks] What is the pH at the equivalence point for the titration of 0.10 M benzoic acid
by 0.10 M sodium hydroxide? (Ka for benzoic acid is 6.3 x 107%)

Vil of B wil reg wiew V b ot N4

[BAT= 0N = 0.05M [NebK]2 06 Y = .05
2V 4
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D x =0l T 28x/07M
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AT+ PO = ﬁzﬁff{)f’{

Lo oy ] v
L= X #x FX
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21) |2 marks] How many moles of Srl¥; will dissolve in 1 L of 0.10 M Sr(NO3), if Ky for Stk
is 7.9 x 10719

JUTIRT RS A =G 2ZFT (o)) 79107

b)44x10°  V ool L -
79x10% ¢ . A

fl)) 50x10° X ex =) X7 g0

) 79x100 € O.+X 2

22) [2 marks] A solution is 0.120 M in Pb?*. If the K, for PbCrO4 = 1.8 x 10, In order to
precipitate 99.9% of all the Pb?* present, the [CrO4*] must be:

2) 18x 1077 0420~ 0.1 = !,52.)&/0"%y
b) 1.8x 10 o0

)“"“‘-‘1'5“013 y
@i (122007 (00,7, < h8x0
* = (G0, = 155107
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23) [6 marks total] Given the reaction:
2H202(aq) — 2H2O(D) + Oa(g) AH®%9g = -189.32 kJ

a) [2 marks] Estimate the bond dissociation energy for the O-O single bond. The
bond energy for the Q2 molecule is 498.3 k/mol, and the enthalpies of

Vaporization of H>02(aq) and HoO(1) are approximately equal.
210, —= 2040+ O;
‘”}#Uz,()w-xﬁzi()( ) AMe T -4 .
o Y G a 2% - Y413 8930
74 z}//"} w) — 24 770 (jj - 7
Dt > 2O v OO
o O - O~ “"[?}{J
200 2x

by [1 mark] Give two reasons why your answer above is an estimate and not an
accurate calculation of the bond dissociation energy. :

~R ol @A,@;r,/ 185 Al w:»m/ﬁ,e v laas zméjf
«mj“mv '-;”i}f-" —={ 0 4 {‘”/-g,{:/? ey n,é{ (,%/ m@({Ztuvg

¢) [3 marks] One litre of a solution initially 0.0100 M in H20; and at 25.000°C is
reacted. If all the heat produced in the reaction is retained in the solution, what
would be the final temperature? Assume the specific heat capacity of the solution
to be 4.184 J g'K!, and that the density of the solution is 1.00 g/mL.

00l mees O % 1L Loxn o~ 15432 b3
L meq,(/?‘?/ M A

- LZF,W\ - “q{f (dx(i T
9 n - ANE /maaﬂwgﬁgﬂl\,a?
Tt 746,65 VG '
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&T D.22L°¢
Tf 95,220 (j
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24) 2 marks] Given the reaction:
CaHs(D) + 60a2(g) —> 4CO(g) + 4H0(1) AH® =-2696.9 kJ

and that the molar enthalpies of formation of COa(g) and H>O(]) are -393.5 kJ
and -285.8 kI respectively, the molar enthalpy of formation of butane (C4Hs(1)) is:

auokmel _o0q, 9 = (345, 5) Y2859 X
} -107.6 kl/mol B

&) 2017 klmol Sl =

e} +20.3 kJ/mol

25) [8 marks total] For the following system:

(NH4)2SOu(s) 2NHa(g) +  H20(g) +  SOs(g)

AH®998 = +449.6 kJ
AS%98 = +609.62 Jmol K

a) AG%08=267.9KkJ

i) |2 marks] Kp20s for this reaction is:

GUOXIC 9096007 = - § 300421 <295 % In
5 . : » N ._,.(1{' '

(3’13386{10 “@{’CFU 1’/,/}(/0 /

(5) 9.1 x 10%

ii) [2 marks] Determine the value of AGaog when P(NHz) = 0.0010 bar,
P(Hz0) = 0.0020 bar and P(SO3) = 0.0020 bar.

Q [ 0,000 ) i ( 0.001) [&v@‘lj}

M‘

pul f—f}(/ﬁvff?/
AG= 267900 83021~ 29 Y xIn (461077
702,91

iit) [1 mark] Under the conditions in patt (c) the forward reaction is: (circle one)

e
,.,-««_:"___—‘“"'M LR e,

spontaneous non-spontaneous .
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b) [1 mark] At what temperature will this reaction be at equilibrium under standard
conditions?

ALY 0 = LM TS 20 = éw‘“ T

{’9
A g

¢) [2 marks] K; 1000 for this reaction will be:

D 4d4x107 AG" = 449000 - 1ovo (66962
if) 1.0x 10

)23 x 108 e

iif) 9.9§ 1013 2=/ LO020 S

v) 8.8x 105

= =9 304621~ 1000 ~ (N5
= 7 2.250°%

26) |3 marks total] A concentration cell uses a standard hydrogen electrode (SHE) for
one half cell. The other half-cell also uses Ha(g) at 1 bar pressure, but the hydrogen
ions in solution come from a weak acid. The cell so constructed produces 0.245 V.

P NN

a) [0.5 marks] The SHE is the (circle one):  ANODE < CATHODE
hwwmm/ﬂf
b) [0.5 marks] The process occurring at the SHE is (circle one):

‘‘‘‘‘‘

OXIDATION @DUCTION /

et
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¢} [2 marks] Determine the pH of the buffered solution.

o w SH=dY
*H@ (% -:_“:b U f(k M‘) ¥ e | ? { L{ j

S - 0,05T57 [9;} X
-

=D % = [Ht)e 122D
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27) [2 marks] Determine the equilibrium constant (K.) for the following reaction at 25°C.
Pb*'(aq) + Cu(s) — Pb(s) + Cu*'(aq)
Given the standard reduction potentials: Pb*/Pb = -0.125 V and Cu**/Cu =+0.337 V

@haaiws Py, = Py £50.105

plony o Gt € eomy

e) 4.15x 10" P> (L = Pha 027 €52 0, LV

. . €% £0. 0T oy K D= 245107

28) [2 marks] Given the reaction: =

2Al(s) + 3N2"(aq) —= 2AP(AQ) + 3Ni(s) £ =+1.4100 V

What would be the voltage if [Ni*"] = 0.020 M and [AP*] = 3.60 M?

a) 13880V =367 = L L2x/pt "

i

o

d)) 13488 V € = LYl - o055 /u/%} !ié)Z X/UV = /sg‘“f 3 %) v

9 13182V

29) |2 marks] A copper electrode weighs 35.42 g before electrolysis (of a CuSO4
solution) and 36.69 g after. The electrolysis was performed using a current of 3.50
amperes. How long did the electrolysis take? '

o ozs  (3660-3542) (ool 2e”  T485133650t

b) 275 R |

)5515 éf”'&'ﬂ/%f [ e ) st L
41102 s | s = {fors
) 135x10%s *

2.5 Coid

30) [2 marks] Given the reaction:

CsHs(g) + 5Ox(g) — 3COxg) + 4H20(g) £ =1.092V
10(s) RIS NN Y7
What is AG? |
@f’ziii}i‘;‘[ AGT= =20 (764953365 ) (1.072)
¢} -105kJ - 7167 k7
d) 211 kJ )
e) 2108 kJ

14 .



31) |1 mark] The normal boiling point of a liguid:

a) Is the temperature at which the liquid and vapour are in equilibrium

aries with the atmospheric pressure

).V ‘
é)s the temperature at which the vapour pressure of the liquid is 1 atm
Is the temperature at which the vapour pressure of the liquid equals the external

pressure
¢} Is directly proportional to the molar mass of the liquid.

32) [2 marks} At 35°C, the vapour pressure of CSz is 512 mmHg, and of acetone,
CH3COCHs, is 344 mmHg. It is known that the acetone-CS; intermolecular forces
are weaker than the acetone-acetone or CS2-CS; intermolecular forces. Given this

information, you would expect that:

a) A mixture of 100.0 mL of acetone and 100.0 mL of CSz has a volume of

200.0 mL.
b) A mixture of 100.0 mL of acetone and 100.0 mL of CSz has a volume less than

= 200.0 mL.
Q) /When acetone and CS; are mixed at 35°C heat is absorbed.

")/ When acetone and CS; are mixed at 35°C heat is evolved.
¢) The vapour pressure above the solution would be lower than predicted.

33) {3 marks|] The primary constituent of lemon oil is the hydrocarbon, limonene, that is
88.16% C and 11.84% H. A solution of 8.362 g of limonene in 50.00 g of benzene
freezes at 2.37°C. Pure benzene freezes at 5.5°C. The freezing point depression
constant for benzene is 5.12°C kg/mol. Determine the molecular formula of limonene.

AT= 55237 3,137

203715027

DM 0617
imatos [imonent = (6113 i%; L 0.0
i mass | oY éﬁéf/ |

2736w 0184 Jmed”
/s D@e?ag?}




NS marks totai] A certain compound has a norma{l melting point of 41°C and a
normal boiling point.of 123°C. The triple point is at 39°C and 85 mmHg.

a) [3 marks) Sketch the phase diagram for this substance. Label all regions, lines
’ and points appropriately. '

it

4GS forr |

b) [1 mark] Does the solid phase of this substance have a density greater or less than
that of the liquid phase? How do you know? (No marks for guessing. ©)

% req ke - €x s fs ot h 7] her t;b

¢) [1 mark] Describe what happens when a sample of this substance at 2 atm and a
temperature of 20°C is heated at constant pressure to a temperature of 50°C.

%u ié( o AU 4z L&gwﬁf L{/Z (,
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