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# 1. (5marks) TRUE OR FALSE? Circle T or F to describe each of the following statements,
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If a solution of a gas-phase solute is suddenly exposed to a higher partial pressure of the gas,
mammmenddimmgmnﬂlbaginmm C_J"s = k%u

AmmadnHmmmmnmmmamrﬂthamaﬂmulynbmwadmtemie
the same as the rate law predicted for the first step in the mechanism.

ne, the SWOW ((ake- In'ml'hing] Edrtr
The rate-limiting step of a reaction is the elementary step with the largest activation energy.
Su.{ul.+l-'l:
The freezing point of 5alt water is lower than the

i : - degresed Fp. (lower)
freezing Dmntofﬁg_ﬂ'l‘_ﬁh :v:_g“ AT = Kmmge, P s, P Y (':.gjhu cone.)

Reactantconcentration vs. time for
From the graph, curve & mfesgnndsmaﬂg%%:qg :
reaction whereas DERLy
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# 2. (6 marks) In the table, circle the substance with the desired property and provide a brief e liciaion.
Desired property Ehuﬁuugmmul Brief explanation {mmrm-kwmw
Kl wdsy | Higher bp = steonger infermolecdd? furces,
I
4 ::\?l:m point " vs. PIEI'L NHs3 - H\fdﬂ.-c]eﬂ 'pwdr'nﬂ = sironger foeces
s ~.iu-“ﬂ|u;'|:.l.f~.' FH; : d'f‘-"lf -[-l|fufr iaterachions
.1‘7-\:::—1_/?
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Mﬂ-mmT ) v £
\hen polanidy s fecall’ el ::" H;B‘ d Hi ' d-ol € wealeeifocces o v
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# 3. (8 marks) Zinc metal reacts with hydrochloric acid according to the following balanced equation:

Znis) + 2 HChag) — ZnCloag) + Haig) 2 My, ':?n o3
a) [?rrulrh] Whanﬂﬂ:!guf!n[s}ismnth&dﬂﬂmmuthElI:nmalcaﬁﬂumLufmluﬂuninn mih" J
; insulated coffee-cup calormeter, all of the zinc reacts. The temperature of the solution

msﬁmﬂﬁ“ﬂh?ﬁ?“ﬂ Determine the enthalpy change for this reaction (per mole of zinc).
[Note: assume the solution is dilute enough to be treated as "pure water” in your calculations.]

Fnam Ist law of the rmodyn amics

T, X o a2 4 i
V' By~ ~ KRRET Simeel S v Sy,

A Yeen = ~ Y ﬁ-..-” all heat {ost by réacthion

l
= i5 gained by the Solution
(m@C@BQ ,de-.l whith s trealelhere as hyyeder”

i
= - (500m x I 03 ](IHE* I )(iﬂ;.; ;zn;rgfoc)vr
ar h¢H-M',
- % gﬁT"‘"l"h?-"C- = 4+ 2 K snce CHﬂNQE
= -'(15] oYy J_} & —_—

251 0% T & Hie reaction is eng-Lgfmnc and
Auis much heat released for 0- lﬂ'Sg Zh.

L]

- qru

.._ How many meles 3
ﬂ-hhz 0039 W= [§F5x0
Enthalpy of reaction’ 6537 gmel Y i
—ELTPLCP @ censtant preSsure calodmeter (since cup s "open”)
-——-—-— So  heat, flow wvields u-\. '_'J infornation
n W fh\! dEImH.aﬂ ?’P = AH)

-25l.0% 3
[. 5756 x10™2 mel s

1]

| Thus AHme-léﬂnr/m\

- 4H W 2 SF from OTdala
b) (1 mark) Is work done on/by the system during this reaction?. Explain with a few key words,
Ha ﬂ4g'$‘:: rele,a-;ed Hhwus volume f,!F.ﬂq_.dJ‘ =P work Is done
p (of spsteo) ¥ BY SYSTEM.

-19%370 J/mol X

To E)(fﬂnd +he 5151-&-\ must rus-ia n.jm'nﬂ e atmosphere
flus it expends energy (f.ei’rﬁumi work) .

b e W<o
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# 4. (8 marks) Imagine you are studying a complex in pound with f : Co(NHy)Cls.

You wish to leam if this compound is covalent (i.e., nonelectrolyte) or if it contains ions (i.e., electrolyte),

s0 you perform the following experiment:

= You prepare an agueous solution of well-defined concentration:  0.00207 M = @l fr efor j?' i':
« You carefully measure the solution's osmotic pressure at 288 K:  0.201 atm L C 5 |

Use this data and relevant reference data from the information page to:
(1) determine the csmotic pressure expected if the compound is a nonelectrolyte

(2} determine the observed van't Hoff factor, ¢, of this compound using the data above
(3) conclude whether the compound is covalent or if it contains ions.

Show all calculations and include brief explanatory comments. - - ‘
Co(NH3), (25 g —> r;nol[‘Eu.J.u (agy « (L —_f)
f_-b'ml]ﬂ'-vnd lems Eq,ﬁ} ? (,l.?!)

. r
(1O If_nonelectmlyte = dissolved Compound femamms as miaet molecules (i=1)

'ITU' of .iﬂ. RT v{’ ¥4 W N
5% T - i(%)RT + T=0 @.ﬂuauﬁ %l)(ﬂlaxzm%%)(ﬁﬁm)

T = 0.05062 atm V*
¥ oxpecled osmedic preadure

for non- mn'fr-bl.?ﬁ :

(2 {}hgﬂé g hr'ﬂht.f oSwotic predsure Hacn -';141'1:_
Tbs = 0.20laln¥ = 343 2 4xhigher than efpected (=)
'3} -[Tﬂt.-n-ti lID"’r'."\l;'-'c;'&?'"Th"“- 'H‘LU.'SI i’ "I'{
Atternate towte (direct...) 1
T=7(B)RT e M is compound contemlr ation
iU 5 M= Ofoleim =293 =9/
(n) RT (0-002% 216,08 20} ﬁ%ﬁ_@mﬁj

(%) Pecause the sSmoHe  Preasuie wal hu‘ﬂ’u.r thant'a nnn—e.kdml._]ie :.::?u.ErJ
n.*ie.td o s contentvation, i cempo 'iMJ st AM% disse cate
wdo ToNsWwhen b disselves Four Vems$ are produced pe unad-:

“ Co(NH2)e by gy — C“(NHﬂ;irqw b3 g

g™ :
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# 5. (5 marks) Geologists can estimate the age of ancient rocks by their uranium-238 content The
radioactive U-238 is incorporated in the rock as it hardens and then decays with first-grder kinstics and
half-life of 4.5 (i.e., 4.5x10" years). The amount of U-238 present when the rock formed
can ced by the quantities of U-

238 is then compared to the amoun

Suppose a rock is found to contain
Your ans er must include calculati

@ =
ol only anneos

83.2% of the U-238 it contained when it was formed

= N— a{Eu\l; Pﬂd..u.rj'-ﬁ via  FIRST ¢1'IU.5 alﬁan:f-

products present in the rock; this original amount of U-
contained in the rock to estimate the rock's age.

""ﬁﬂ»ﬂ A locf-¥

\fm fist erder process

o %03, = 200, kC

So* 4iad R using ty,

—_

Now *_use integraded oy law

=

':'_ V’; Jﬁ‘l[ﬂ}tu-jt =
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= —(1S$x6" yHt

L P50, -(I.me"by*')t
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~0.g3qx W ™
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l.2x10? y V4 QJ'iLﬂﬁCfUDIC = ?('Jr""’mb”!




ﬂoaaem PAGE 6

CHEM 206 Winter 2009 Section 01 Midiarm Exam ID#_ angi £ fﬂ";:‘f
y"': 1 q.l’: 0.5 0129 ponis...

# 6. (9 marks) Nitrogen dioxide, a pollutant in the atmosphere, can combine with water to form nitric acid.
One of the possible reactions oceurring in clouds is shown below.

5
INO:(g) + HO —+ 2HNOslaq) + NOf) Thermodynamic data at 298 K %ﬂ'ﬁ}
a) (7 marks) Calculate the Gibbs free energy change for this reaction |Substance |  aH," )
at 298 K. Show full calculations. Ismhmacﬂmsm{gmm (kdimo) - tdimot ‘;,J
this temperature? Exptahwmyhnaﬂv NOa) EEUI. zqumm d 3?“»
J .04 x
Te be spontaneous * f.ﬁH -TE.E ] < 0 H.00) 28583 | 6995 |x 1
free ety released HNOsaq) | -207.36 | 1484 [¥2
NOig) 9020 | 21076 |x1

Se, calcwlate OH' 4§ OS5 from

ﬂH [N ihbH.F ﬂlﬂ‘q:.'}‘f é nﬂHF reacknts
[Ame\ (2R H L)+l (0029 55 =M [aml{a;,l EL) 4 lwei (-295.83 ._I')]
253 343" K = (=i 53 HF) #SF'hqi.Jtuwﬂ place f-i-lf*lfi“

i

- |33, l:::"'. L' rx ﬂuiﬁam i-.udfa sufreuwdi
I *"TE-T pec mel .’C Hﬂ.{mlc. 2 (enthalpically fevouvalle -553}

[:.rml{m 4z ) + el (210,76 T ﬂ [;ma (2v0.04 55 ) + b (6295 .,._H.:).]

+503.56 T/ ~ (F0.08 V) & sfﬂiwﬁ%i‘ﬂ?t

= /K + I blew dis uh:t ob SyS*m i
Z'E’ln S}hwli;uwm 1cally wtfavoua et 0

Thus: AG%xa® MM = TOS s ,A‘W'ﬂf_lli'»'f_:msn MELEE: ﬂs =

= 133,90k - (239K~ 028652 Ka/K) e 3

75 =39 kx5 + 35,333 K3 T SE: addifien mlp.ﬂha
—3\ =253 5 kg g oo A

“’":-ff»'-_r .D:LSJ_/' -Hv&i mualj nae| .:,4115 favour nue -S‘Hr'.‘iﬂ nepwns Tuel )
~—— Evrlfnﬁ of uNIVERSE mcrmrﬂ if fiaiE rxa pfmd

b) (2 marks) If the guantity of NO; that reaches the clouds Ismlmtmmghmtﬂw
couummmm statement be true? Explain briefly. o

Bk DR oy s e e summer monie " papms
s I%a acid rain
Hmﬂmmﬂﬂu.&gamhd m@mmmw

i 1._{ He same amount ok NO, reacke; fhe GL,_-,“,_,[;‘ il he Sl awvolnd
of waker (o, MEan eade) i availaldl, Hhen Ho @acticn's preduct
?‘E[‘t dhould be Aetermined by 2 "rcmpcmiure. ATy, =OHon=TAS 0
This reaclion 1c eateopi ailj uﬂ#nvaurabl'e (ﬂﬂ;mia} so i will be

LF%Ev‘rPﬁdu.tj —favouced at higher tomperatures, le) Wiess acid rain via NOy .

s . AGhe = B~ TBS: asT 1, -TAS becomes T
o why = A6y ~ u——(a‘i'h » m;,';.m_ becomes I35 @ .
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