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INSTRUCTIONS: PLEASE READ THIS PAGE WHILE WAITING TO START YOUR EXAM.

This test includes 4 pages (both sides). Read over the whole test quickly before starting.
Write answers in the space provided; fill in MCQ answers on the scan sheet in pencil.
Calculators are permitted; cell phones and other electronic devices are not allowed.
Potentially useful information is given on back of the (removable) periodic table.

To earn full points, calculations must be annotated with explanatory comments.

You have 70 min to complete the test.
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ID# dnoured ,,éo%,

PART A: MCQs - MULTIPLE-CHOICE QUESTIONS (2 marks each)

Each question has one correct answer. Put answers in pencil on scan sheet, circle here as back-up.

Questions #1 - 4 involve the P-T graph shown.

900 ¢
#1. Which liquid is the least volatile? _8of S=C=8 __ / BES A et e
2) carboqn disufide  (» lowesf Puap E 70 sl f%w : 71
(&) heptane ot atd Ts ) E 600F N Y P
B c) ethanol W}ah&s}' ‘)() g 500 'Hé’g'::gﬂ _,/
d) all same (‘w vdestto ¢ V»ch i‘cd’ t".) g 400 2 / "/I:Prep?aﬂ:1s
#2. Which liquid has a normal boiling point of 46°C? & 222 Yl
(@) carbon disulfide La Poco> b0 mmH 1 = 1W§ <+/ L ::
A b) heptane % | o o g ‘ IR T R L
c) ethanol (e davxiwlhﬂ [ bar, 0 20 30 40 's0 60 70 80 90 100
d) none Lbut ~ same ) Temperature (°C)

A

C

#3. For the liquid with the strongest intermolecular forces, what is its dominant intermolecular force?

#4.

@) London dispersion forces

Xa) cannot tell; need solute’s identity

(c) less than 140 mm Hg
xd) about 140 mm Hg

b) ion-dipole interactions - kef + e
c) dipole-dipole forces

d) hydrogen bonding

C—7L Hlb Al C—C + C-H bonds (honqur)
nongolar welecnle
(- id Frcea only (AiSpersiom)
Imagine you dissolve a large amount of solute in a sample of liquid ethanol. At 40°C, what should the
vapour pressure of ethanol be above this solution? @ Pw,e ethanol v ag I4omm
+ Solution Wil have ‘—"____'?L'éWE

Py Hhan puce solvent

b) more than 140 mm Hg

Questions #5 - 7 are based on the scenario below.

Mercury (1) chloride oxidizes oxalate anion via the 2 HgCl, + C,0,>° - 2CI' + 2CO, + Hg,Cl,
reaction shown in the table. The method of initial rates Initial reaction rates at 298 K
was used (at 298 K) to collect the kinetics data shown. Rom (HgCL, [C.01, Rate
#5. What is the reaction’s observed rate law? (M) (M) (M-min™")
Xa) rate = k [HgCl,][C,04%] / [CI'T[CO.]A[Hg.Cl,] 1 0.105 0.15142) 1.8x10”° @
xb) rate = k [HgCL][C2042§Pns | products ace 2 | 01057 | 0307 o7.2x10% ]
%c) rate = k [HgCISPIC,0,%] gy er” in 3 @ﬁ k= 0.053 L030 [H36x10°
(d) rate = k [HgCL][C,0.2Pyes & v; rare ‘QN)‘ : \ﬁ-odg’«( Zholcarde{ G2
. ot
#6. What is the value of the rate constant at 298 K? inHglly, in Gy

a) 1.1x102 M2 min™

B

C

M’\

d) insufficient data provided =

d) 1.0x10° M-min

(B) 7.6x10° M2min” k=t < 1Gx00% Momie!
¢) 1.1x10° M%min” [Hﬂaz}[czot,ljz (0.105M) (0.V5M)

2.6 x1072 M v

#7. What is the rate of appearance of Hg,Cl, when the rate of disappearance of HgCl, is 4.0x10° M/min?

a) 8.0x10°° M-min"’ o A

b) 4.0x10°° M-min” A Mg U — | Ha2Cl.
c) 2.0x10° M-min”

@ g -1 LIL‘O)()O{ 7(

% = 2.0x10° M/mim



PART B: CALCULATION & SHORT-ANSWER QUESTIONS

Show full calculations with units and brief comments to clarify the science behind the math.
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(9 marks) Wet limestone is used to scrub (that is, chemically remove) sulfur dioxide gas from the

exhaust gases of coal-burning power plants. The reactions shown below both occur, to form (i) hydrated

calcium sulfite and (ii) hydrated calcium sulfate:

(i) CaCOs(s) + SO2(g) + ¥2 H20() — CaSO0;*¥2H,0(s) + CO2(g)
(i) CaCOq(s) + SO2(g) + % H200) + % Oxq) » CaSO4%2H;0(s) + CO2A0) \—ZE Ao - 1 AS‘)
a) (5' marks) For each reaction, use the data to calculate the Thermodynamic data (at 298 K)
| Gibb's free energy of reaction at 298 K. Whic ction is Reacti AH° AS°
more product favoured at this temperature? o © A \X eaction d mg;},) @nm """C ]
(D) AGon = 65"3‘% ‘VT\> qu}z)(-—o 0392 kI m 57.8 -39.8
0 o -
xm el (i) -320.9 128.9
A I A 7/

W\

45 Akx por bt prodsck

w’
) DG rn = (2209 & > (24% b?)(' 0.12%4 T
\A/ mo| o\ P(

=220 4 x 354! I3 /ool

\l

- »2/%32,5 M/mbl Y)Y\BM(L'}

Mok

Ca So
. (h) "f'
W ANMOLL ?r’\v—b&or

\xcwmwd b TAET

SF eonr ADD ITION /SUBTRACTION RULES APALY 4o SHE™
e 2’5 i (Eec" IOuv-c./S‘\’# decimal plates) +

b) (4 mark) In Wthh reaction is the change in bond strength from reactants to products the M

“‘Cmowwld o W \AHO v/@r DN (AM\/
Pw&tch‘hts veang loacest MM/\L&}M Lvd LWA-@W

\'Jy{loobvg af Net 2 e s ey ‘/W A has move bonds

c)

3

lor\
erﬁ -5 ? hyoleem -hm ) BUT endn V‘r
3 N I? is reasonable to say that exhaust gases from a powe

M I0-AA in PWJ

plant would be warmer than 298 K.

Would you expect a higher yield of products or a lower yield of products from these reactions at higher
temperatures? Briefly justlfy your choice. (If the two reactions behave differently, please explain why )

Bt o ctona®are ordnopically Mm{(ﬂ«mvuMivV(/;SM<o>

TWo means Aofth ~ractivrma A pelys

€55 Qrodu SN

o3 h,;E[\ - T MW Jh MM Ar MMMY\/J

oo L e aunphe r/uaﬁ 6.0 7//\/

AGT = DU - TAS 3

(A" ) bemw /A/ I laarer/ 0.V

) Yo unﬂﬁmw MW@G

[argen + QW‘f



coldest expected winter temperatures (e.g., -30°C). Consider some radiator fluid that was prepared by

mixing 1.00 L of ethylene glycol (HOCH20H20H Wﬂgﬁ%\!lm 1. O'O L of water at 25°C.
re Wi d
a) (5 marks) Calculate the freezmg pomt o%tﬂls radiator ﬂuu and commernt on whether or not you think it

would be an appropriate chqice for winter use in Montreal. Refer to data sheet forrelevant properties of water. .
AT{* = i lie g&i Q’M L= A lfﬁcewﬁff ULL\ Z%w( /Mo’(zwﬂaﬂ go‘m?mwpa(
? ﬁ/vw\/\ e mtyu )
| @M Neth slyeo (oo(, xdl('l% _3_>
( L%QOCVV%‘P)%B \ Kﬂ V\/o«)‘e( 2 o 3’ ) loo L Xl.g }\DOD_____‘(A}) |
Stha \ |
Z‘/ ow S y LDD Lj H'L'D u' /
< N C ;7 Mo 8- °
ATpy = ( 3( L Tcgi«\%))({'% CM@) =17 348 rolal
ho‘eﬂ - cha.{:%FQg;l-er)

- 33.32°c deprassion 4 e

. - v e
% jdﬁm {/LCC?M o Hc (;555
A P MFQQ/ I'? T f/l/vMoo rovnoun odve€ T BOQC Ve caii )l

UI\LQ M M UWOL o} 87 C - U/\,U &QO’L@ j«b ugumﬂ

adioor eﬂ—&v@ﬁ
b) (2 marks) Why does this solution ot have the same freezing point as pure water? Briefly explain the
molecular-level cause of this behaviour.

= slude Pmciu Jomdan WV@M@J%\%?W /Lw/@\wtwb@])

2— +  Aaclddate /W\.Q/L%V((lmpw Wfaﬂ‘blé/‘d/égmmﬂ\)
“HAe psa polde pesent Wgtu Hho X ) Tt Lo
e T oob wlued, ﬂvtl/w ooz, = Ao, L%Z” 70:0) o

¥ NoT Same a§$ J‘qg 'Hn.N" ﬁ"ee%n\j SiOWSvaw.n, Since BoTH pmccsw ofected. .
c) (3 marks) To the structure of ethylene glycol, add (i) lone pairs where appropriate and (ii) §* 6" labels (E&M )
to show bond polarities. What intermolecular forces exist between molecules of water and ethylene
57 glycolin our radlator fluid? For each force, clearly indicate which parts of both molecules are involved.

K . 5, d - HJ* : O*‘ V\@A
}/\/\Q{% é“qro’ T/;O'z'{l 'chO{;\ \/OMW bomo{/d\ﬂ e ‘X% ;;L\ 0
\ ' o- it . R - .
TS| v dpr gt s
Goi | 1OL, e
|H'°é H [, H< q ‘/(@ LUV\O(O"‘ ﬁ)/cj/ bee LQ&"\)( MW(
"':{‘J+ e f\f\oLu(‘/( OL D/(w "‘IW
NP D s
]o\ i P e oo
5 any wong onyed o)

N 1r{“i(/ff“’,>
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PART B: CALCULATION & SHORT ANSWER QUESTIONS

/Show full calculations with units and brief comments to clarify the science behind the math.
TFIT & 7rmk

S— - 12¥. Frmet .
- (9 marks) A 1.620 g of naphthalene MHB) isgburned"lr?ﬁ the presence of excess oxygen in a(bomb )

| almeter with heat capacity of 7.721 kJ/°C. The temperature of the calorimeter increases by 8.44°C.
& e "'—"‘-———_m
a) (4 marks) Using the calorimetry data, calculate the energy released per mole of naphthalene burned.

lskn # mo) noephthadna. burned , m= librog = |\ 2629 %107 % o
CVP)% 12’&’\,s'7%4(ﬂfma‘ X (ysE)

{;.AOV»{!; (ﬁl:m Opetec = ?}M“LO\,W"L(%‘)L{W\_Q.B ond  al hoet releaped b N
{\qf;«(bwm‘m s algsibed by calafinder

= - (372 % )%’r %HLWCB o mass qiven o€ needed; Hhls s fox

LE Me calibrated calorimeter a$ an doject.
= “(95”95 (3] '?‘Y@:V\F)lowfm\r\cj (Lo 9 WWM .
AL buacning - _wv( 29 pRleoec d pe wnele ma/f@f/\f‘k
) 12639 115 o]

= —=5155.9 kI /el Mp"\ﬂ\wm

SAE =507 kT (2F) (o= AN+ ke A
ro\ W‘o‘fr%/)ioﬁd

b) (2 marks) Using the standard enthalpies shown in the table, calculate the standard molar enthalpy ng (P ’T}
combustion of naphthalene. Remember, the combustion of naphthalene occurs via the following
balanced reaction equation:  qas builds wp: Angases= +2 =D "'g’—m—j"—ng“.—i’—c‘—')—'

Thermodynamic data

CicHa(s) + 120xg) > 10COxg) + 4 H,O(g) ek valie) hed “0°, (at 208 K)
2\ AHZon\b = DO ot (2055 P\i_g\/} L\('?'ﬁ\-?)‘&‘ (1(4)~12( O)} Mwer | Substance | AHC (kJ/mol) »
’ g , C1oHg(s) +77.9 x|y
= ~4A0%2 w1 B (e ) 5T @
» - = “ COx(g) -393.5 X 10
2 AHDCW_\L 49 ?O,l €3 pes woke N\Ap‘z\%kw 0@ 2418 P @: )

= = M 6/(1)\/\/ i 10 w0 Covst o f (M{ W’) 5?:% '\'/-I'q!-e_s

¢) (3 marks) Explain why your answers from parts (a) and (b) are different. - 4 . ke least “;‘.:,::
T callormedel 13 & Cowstmby appanstus, oot moans 4 camnet ©
Wﬂowwk Al mmqr_f'F %M 19 (VWMCQC( O Conaliared am ’)d«o, (\Léicfl‘ag\m.

2 H)‘/\A/ L& ol ?Ao - Y /V"\/‘{ S }/( clamced Mﬁ /L?j.llf\j"(:r\‘)
S LR u\‘f‘-.-” binkd w%’f-‘\’(‘;“ the UM‘«LW on G

P YBi T A
\ f\\/\,\-,-,(,,u&/(/’u‘***“\, w(/x(f\:_}s:\/ The el %2 Ao Fo

' ~ i v o YA +- bCN\d/(\f\f hangzn. ayp
A res Ao e S%C'ui@” V\. : = e 7Dy
OK\ efAeded n AWX&T tALJ‘ AHi )W_ LT/‘I/UML‘;} P oo W‘)




