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Section I
The following 18 questions are multiple choice, worth 2 marks each. There is ONE correct choice for each

question, with no penalty for incorrect answers. Rough work will not be marked. Enter vour answers in
PENCIL on the computer-gradable sheet provided. Do not forget to fill in the circles for your name and ID.

For questions 1-6: Consider the chemical/physical process shown to the right of each question.

#1.  Which choice correctly describes the reaction shown? CeHia(g) + *°/2 O2(g) — 8 COL(g) + 9 H,0(g)

a. Wss > 0, because work done by surroundings X 13,5 mif 3a3 S |7 mel a3
b.  wys <0, because work done by surroundings x 3
D C. Wss >0, because work done by system 575 ten. exp «nds (does w odl )
@’ wsys <0, because work done by system Sy <te i LXpe s Lnevgy (- )
e. Wss =0, because no work involved X
#2.  Which choice correctly describes the process shown? H:O(g) —» H,0()
a. xAH® > 0, so disorder of surroundings decreases Condensatio Y
b. X AH® > 0, so disorder of surroundings increases T
e S 8 ) M forces frm
E c.x AH® = 0, so disorder of surroundings unaffected ;
exothermic (BHY 0)

d. AH® <0, so disorder of surroundings decreases x

(&) AH® <0, so disorder of surroundings increases +~ heat released +v Suvr,

#3.  Which choice correctly describes the equilibrium shown? 7 0O2(9) == 0s(aq)
a. X forward process favoured when vapour pressure of H,Q'is high gas ArssolVing in water
B @ forward process favoured when _partial pressure of O, is higha\ haher Solubil; 'h, when
c.x forward process involves formation of dipole-dipole forces x e .
d.x forward process involves formation of covalent bonds x 0, is fa{gzr
e.X forward process favoured when temperature is high X ¢, T 15 Smallec
#4.  Which choice correctly describes the process shown? HO(l) - H,O(s) at 25°C .o
a.X AG® < 0 AND AS®,q, < 0 water freezing of 25°CT
D b.X AG*<0 AND AS®yy, > 0 non- spontanedus (BE° >0)
C. RAG’=0AND AS°,v=0 y . o v
AG® >0 AND AS°,, <0 Fe ASiunw ¢ O (AC; = ’TASU.:\)
e. AG®>0AND AS°,, > 0 ¥ |
#5.  Which choice correctly describes the equilibrium shown? O@D + CO@: 2 CO@
a.X heterogeneous reaction, K, = [COF /{C)[CO,] heteroaenes us
b. X homogeneous reaction, K. = [COJ?/ [C][CO;] 3 N
. heterogeneous reaction, K; = [COJ?/ [CO,] kK. = (co] dov } l{\OlMcLQ
-X homogeneous reaction, K = [COJ?/[CO,] —_— Solid
e. heterogeneous reaction, K. = [CO,] / [CO] z—qfsgde ~Aown [KO—J_‘J

#6.  Which choice correctly describes the reaction shown? HOI(aq) + NHi(aq) ——= OI(aq) + NH,*(aq)
@) alot of both reactants and products at equilibrium

b. X.quantitative product formation (7.e., 100% yield) <t CR | Species | K,

,é\ c. ) strongly reactant-favoured at equilibrium Sw o1~ | HOI 2.3x10™"
d. X strongly product-favoured at equilibrium ' + 10
e.X no reaction at all wedees| NHy [ NHq 5.6x10

Q'A\ Ej o +s BuT BOTH
lots of eactan 5_\3:} PVCPQ(@WCQ ety WEAK
\bﬁ_tc prod weks T ‘F&r 017 Wolding H = + NOT VERY
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For questions 7-9: Consider molecules A & B in the box. . Yo S
0. ST
#7.  Which choice best summarizes the intermolecular c? d H ,"'C CoH
forces acting in a pure sample of substance B? H\“_C/ \ﬁ-.,/,,,H . >C/ \C._/ \H
a. X hydrogen bonding, dipole-dipole & London H“\'_" o HE H ,f; ,_f ”H
dispersion forces A B

b. X hydrogen bonding & London dispersion forces
c. ¥hydrogen bonding & dipole-dipole forces

(@ London dispersion forces only
e. dipole-dipole forces only

D

» {)o\a( oncnreola(

o H-bind dowers (3

LY
) M;’%Cé,efy(/rﬁ;)l e Mm= 5812 9/mol

Which choice best describes the expected relative boiling points (bp) of pufe A versus pure B?

bp(A) > bp(B), because intermolecular forces in pure A are stronger than in pure B .
0. bp(A) < bp(B), because intermolecular forces in pure A are stronger than in pure B .~

c.x bp(A) > bp(B), because intermolecular forces in pure A are weaker than in pure B

d.x bp(A) < bp(B), because intermolecular forces in pure A are weaker than in pure B x il

€. X bp(A) = bp(B), because A & B have nearly identical molar masses not releuant unless have Similar
TYPES of IM forces

Which choice(s) best describes the expected solubility of substances A and B in water?

a. VA has high solubility in water, because strengths of A < H,0 forces = H,0 & H,0 forces
b. v B has low solubility in water, because strengths of H,O <> H,O forces >> B < H,0 forces
c.X B has low solubility in water, because strengths of B «> B forces >> B « H,0 forces

both a and b IAd WS
e.x bothaandc

#8.

#9.

(A=

—
Stronaqer w

o
For questions 10-12: The reaction of %one and&itric oxide is involved in the formation of smog:
Os(g) + NO(@) — NO.g) + Oyg)

The reaction is first order in NO and in O,, with rate constant of 82 M's™" at 25°C,and, 3100 M~ s~ at 75°C. )
rake = j CTNGIL O3] Ti= 29805 K Ty = 34815k
Is the reaction order consistent with this reaction following a single-step reaction mechanism?
a.X Cannot tell, because the reaction involves four molecules but only two orders were given. reactants bnl:j!
®) Yes, because bimolecular elementary steps are first order in each molecule involved.
No, because bimolecular elementary steps are first order in each molecule involved.

c.
d. Yes, because unimolecular elementary steps are first order.
e. No, because unimolecular elementary steps are first order.

#10.

B

#11. What is the rate of the reaction at 25°C when [NOJ = 3.0x107° M and [Os) = 5.0x10°° M?
1.2x10? M s™!
(é? PEsrativad rake = R [noCo,] P
a\ c. 4.1x107 Ms™ = (%Z M"s")(l\ox\oyb/M)(‘S\Dx\O M)
d. 25x10™* Ms™ . -2 -
e. not enough information = 12320 M-S
= =1 —1
Aofete = 12x\0' Mg
#12. What is the activation energy of the reaction? ﬁl )
a. 11 - Ea/RT E, = R (%
b. 6204 R=Ae —(—r—I_.__
c. 1100 J . - -
D @ 63000 J = fak= La A-Ea/T T o5 .
. 650000 J o
° ’f'Or 2 Ts@ ﬂl\l\» '.&u\hz" L!‘\‘AM ‘@A/RT')‘P (éﬁ/ﬂn’) =__X~3W tn 3100 )
Qe « —Eaf1 _ L =
(f“z 73— T. s e _ 29845 34§ as
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For questions 13-18: The reaction below is a possible synthetic route to methanol, which is used as a fuel:
C(s) + 202(g) + 2 Hyg) = CHOH(l) where AH°,, =-238.4 kJ per mol-rxn éxothecrc
& AS°q =-242.3 J/K per mol-rxn at 298 K.
decceas m ASordler
#13. Which choice correctly describes this reaction?

a. X similar bond strengths in products & reactants AND similar disorder in products & reactants
b. x stronger bonding in reactants AND products more disordered than reactants
E C. X stronger bonding in reactants AND reactants more disordered than products
d. stronger bonding in products AND products more disordered than reactants x
@ stronger bonding in products AND reactants more disordered than products

#14. What s the standard Gibbs' free energy for this reaction at 298 K?
a. +71981.9 kJ/mok-xn AG°= AH°- TAS®

& = 2384 k3 - (199K) (-0-2423 KTK)
d. -238.4 kJ/mol-rxn , 60— - = )
e.  -480.7 kJimol-rxn S ACTF T166.2 K3 Ve spontanesus fovwouvd

#15. What is the value of the equilibrium constant for this reaction at 298 K? - AG 6/ RY
K= e

-13 »
b 1088 = AGT= = RTAnK
X 8.947x102 QUGB i = +Q‘9"1°°3)/(%.3m 3/mo) K
D =Sabaatly NI o' in K= -’AG e X(24%K)

1.359x102:’ RS . _
e. 6.155x10 : RT I K =1359%10% (huet!)

#16. If this reaction is initially at equilibrium, how will the system change if a contaminant is added to the
reaction mixture that selectively(€onsumea some of the@g)-l’;) reactant

a. Q <K, thus system shifts right until re-establishes equilibrium x .

b. Q>K, thus system shifts right until re-establishes equilibrium X Q= Ccng OH]

¢. Q<K thus system shifts left until re-establishes equilibrium Vs 2
(@ Q>K, thus system shifts left until re-establishes equilibrium COA [ HZ.&

e. no change, because reaction started at equilibrium yx

D

#17. I this reaction is initially at equilibrium, how will the system change if the container's volume suddenly
increases? conc and pantice P of al 42 W Ld dicection Slows more ..
a. rate of forward reaction initially slower, thus system shifts right until re-establishes equilibrium X
C . X rate of forward reaction initially faster, thus system shifts right until re-establishes equilibrium
rate of forward reaction initially slower, thus system shifts left until re-establishes equilibrium
d. X rate of forward reaction initially faster, thus system shifts left until re-establishes equilibrium
e. X no change, because reaction started at equilibrium

#18. If this reaction is initially at equilibrium, how will the system change if the temperature sudd_e_rlly

. " ;
lncrea.ses. . . . A S < O (Mmcp\,v )
a.X yields more products, because reaction is entropically unfavourable

B (b) y!'elds less products, because reactiqn is_ entropiqally unfavourable 2 nlaker 3 3 O(a& oﬁP mo( .
c.X yields more products, because reaction is entropically favourable —3— _
d. yields less products, because reaction is entropically favourable ok [ower T

e.xX no change, because reaction started at equilibrium
" Vowrer yreld

ot w%wu\ T
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