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# 1. (__/13 marks) Circle the word(s) that correctly completes each of the following statements.

a) An object with a small heat capacity will feel warm to the touch after it absorbs a ( LARGE / éMALL )
amount of heat.

172 gz l.ooMiony
b) A solution containing 0.500 M NaCl will freeze at a (- LOWER ) temperature than a solution
containing 0.500 M CaCl,. =P |.<tD M om) YR R Aepredaim £ ign conc .
=3

c) When a system is at equilibrium, the free energy of the system is at a ( MAXIMUM /).

d) When an ionic compound is observed to have a van't Hoff factor (i) less than we expect, we conclude
that some ions remain ((PAIRED)/ UNPAIRED ) when the substance dissolves.

e) If the equations for two reactions are added together, the equilibrium constants for the reactions must
be ( ADDED TO EACH OTHER f@ULTIPL[ED BY EACH OTHER.).

< \LLQ ~ oo
f) Based on the relative sizes of?ﬂ%geh and ph%ﬂé%arus atoms, we would predict ammonia, NH3, to be a
(ISTRONGEEII WEAKER ) base than phosphine, PHs.

g) A solution of pH 12.0 would more likely contaln (0 ( .01 M NaOH ) 0.01 MNH; ).
LS por= 2.0 "L (BH) jorim e badl

-

%ffg

————

h) A reaction that is thermodynamically favourable in the forward direction will always have a larger rafe
constant inthe ( EORWARD)/ REVERSE ) direction. I

i) To minimize indicator error during a titration, it is best to choose an indicator that changes colour
at a pH very close to the ( EQUILIBRIUM / @QUIVALENCE;) point of the titration.

i)  When a chemical bond forms, energy is ( @ELEASE@/ REQUIRED ).

k) All Brensted bases are also ( LEWIS ACIDS /\LEWIS BASES) ).

ARy
-~
I) A hydrogen bond can exist between a hydrogen atom bonded to nitrogen, oxygen or fluorine and any

atom with a ((TONE PAIRJ OPEN VALENCE ).

m) Parts per million is a concentration unit based on the ((MASS )/ MOLES ) of solute per million
equivalent units of solvent.

/
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# 2. (_/5marks) A scientist from the 19" century, Marcellin Berthoulet
are spontaneous".

# 3.

(an ALSCASS eyu.rcw albjr
ot DG

lh ?\AU?-

ersal vs. matter d-‘:SfffS“'Q
Complts. rarkSpAGE 3

ID# mmbvw pehime

S?w&aﬂ\e,@wa R b@éo/ whane  p& = OH- TAS%E

hat "all exothermic reactions
Is his statement correct? Explain. [Evaluate the science, not th

storical reference....J

iF all T-dep well
lained bt AG

Ml spesified =¥ ']

E Xolorvmic meaws hH<0\/wth s frrunaddy tuk MO«{{QW’\*

Yhe %aﬁ«wwuiﬁ i
pelpicandly hgho thet [ TAS[

B,

1.5 —

a\e? enolaty

{:auuf witrhoo vt V\\Gv\f— r\-vy

s feall

i favpured rxas?

on  velatioe wmmm of DU & A

Ry

2 NaHCOs(s)

== Na,COs(s) + CO,(g) + H.O(g)
=) (€ dp backwiard. Hesds lpuws .

a) (3 marks) M

ulate AH%,, and AS®, for this reaction.

The wi/mfw Jaddn Qowmmhu*?fs%&
'S Mu@i._u WMMM_“

MMMW Asm,ol'w—r\ tosuld M""/l/‘e W‘»-ﬁwxw«m

4 —bony comments aout entry

{J‘., l’Li-ﬂ u.{,\_,t' I,'

i€ veowtivn alpwe st DLWJ S fftmyw/gmf' LH)L .,iib}cu {readl

(__/ 15 marks) Sodium bicarbonate can decompose via the following reaction:

.

(A SnAH pubudc~ 3 nAH; reachards)

= —i36F - (-189%)

05 * [1 (130« V(379 + | (DN (2(-98)) )k
g3

4}07 WMW:\M w'l:t«tti’/ﬂm

0.5 umfs Qg.”nm <
0.5 SF =
’f‘

3/ K

1(130)+ 1 (29)+ (( 18] «i 2(100)) /K \
B

53l 204 1 5
R8) Ik o Wﬁm ag willen,
T

l? Stal

LL&

NaHy
ot 290k PUslize (ass

SUBSTANCE | AH’% %,
(at 298K) (kdimol) |  (J/mol-K)
| NaHCO4(s) 2(-048) | 2G02) 4
Na:COxs) | [ (1131) [1(136) |
CO:(g) | (-304) |((214) lfj
H20(g) ( (242) |((189)
ol 298 K

led per [ mole
Ao mi’

rly Stafe ll/

-——'—""b) (3 marks) Calculate AG°, for this reaction at 125°C (398K). [AW@Q}

0.5 C(-o.s oF man 3)

S = Bl ~Toc,,
=28 k3, @%)(o ZBS@J/K)
T 129 kT - 1333 k3
= =l e kX

Jubgt =l 5= (1sF)

eover -0, ‘S)

D DaL

1£ seahad
P AL=

\

- o u(-—l)

B"Zu[ hJ
3

4:: lma\ NeHe,
2,065 £

____1 'qk ’ﬂ"ll;"'
Rl et sl
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¢) (2 marks) Calculate the value of the thermodynamic equilibrium constant K; for this reaction at 125°C.
[Note: if you cannot do part (c), use a K, value of 15.0 (which is not correct) fo answer parts (d} and (e).]

' A 7 Gu e SRR
K Kf’ g i & u‘“if."%,f Ror$ <oa e AHN e e

7z { * IE 2cals o o NaHCD
_EZIIY (857 Tme )BT K)] | K = exp- (U5 Tewd
oI Sign /’;—g @/ p=exp e
hdete +6:65

: - ¢
3 W= Y (!51‘:) Lar=

) (1 mark) Is the ﬁeaction product-fav or reactant-favoured at 125°C? How can you tell?

W 2. e reactum p'of;'rbo'«ubc?‘ﬁtwmtaf.

et o }(P:Pcogf’mo

—

£

10\

e) (6 marks) If solid NaHCO; and solid Na,CO; are placed into a sealed container that initially contains

0.500 atm of CO,(g) and 0.100 atm of H,O(g), what will be the fotal pr in the container when the
system reaches equilibrium at 125°C?

ANaHE; 5 = NaglOyp + COvgp + HoOgy

_______ = A e M“““‘;
{_E;'\_‘.T'h;lp i .P‘W\:i— j ‘VM O.S00 dﬁ\r\ 0 JOO aﬁm .\S Yok¥ !r‘;‘h
J A G 1 o) vey.a WA X "‘ﬁf’wrl‘
Lep | (09 | @) | ostorx | giootK 1) <

K = Peo. - P yro \{ hecavae Na Oy € NallDy an pelids

Moth f o s oo vt contnbute #o W*ﬂ

| exor ;

oS 3.0= (0.500+K)(0.00+x)

s
| g

——

i)

: 3
3300 = 0.0500 + 0. PO% ¢ 0.10K + X

(0=« + oboox =26S) X
e

e Jitine? g2 E5) So, o, = C"goo“”";ﬂ-
X = —0.400 i’JOB:wo 4( S b
Y ER AL S Phnp= 0100+ 6T |
= 44 alm
g- -
= Coboo t 28F)7 A 5 Prota= feo, + Prno -
= 1625, 3T [ Pror = 3.88 atiy/WY
o= bt abm X

Pror £ 4ol




F20 I we ko= 192 (Caled B Lnote MaHe) Jl

NaHCOS (S)'%L z Ndb(’o?)(d“) -l\“é COs + (S <

E‘?’\
f‘\’P = JPeo, P

i O S Lot 2 0. 100*/Xx

[4() = feo, - T
o sz‘PHzi)

,("2 SAme l‘e&‘-“ﬂ aﬂ- At uned &%MKP ¢ m(%\n
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/Uazchg} + CO%T + H}O(J)")
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’X?' + @‘@UOPX ﬂ________.;r-w—f’
. ifnn Fospt 24
57 M
A _
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# 4. (__113 marks) Dichloromethane (CH,Cl,) and chloroform (CHCIa) are mdustnaﬂg important solvents.
They are prepared by the reaction of methane with chlorine, followed by distillation of the product mixture.

a) (2 marks) Which two intermolecular forces exist between CHCI; and CH,Cl, molecules? Which is the
stronger of these two forces'i{ B {«t\ ong $um€wir\a.‘l' P«Aot( (0.2s) 235 :
‘ * { S cli gle- le inderachons &—C(STRENGERS

2\' /£ e H"El"u @ L@e\&m\ alrs‘.\?e.stw forcen 635 £

¢ 5.25) CU%(0285)  pgoT  MyprOGEN BoNDing.

b) (6 marks) At 25°C, the vapour pressure of pure CHCI; is 205 mm Hg, and the vapour pressure of pure
CH,Cl; is 415 mm Hg. What is the predicted vapour pressure (in mm Hg) at 25"C above a mlxture 0

15.0 g of CHCI; and 27.5 g of CH,CI,?

@ Pcnu + PCHICiz ]\X

J(
= PCHCi3 ’)CCH()[' CH;_L[Z XCHLC[?_ -#HCH‘((S = M______
119.31 g mei”’

= @05 mm”g)'fcwuﬁ (‘HgmmHg W cueci, b e
é -G0Sty )/ 01258501\ _ (S 0.3236%
0. U495 ol o-i94s /| *hetel,= 2359
FY. 93 3"”1O1"
= é05 yy]m) 0. l?%) + (Lﬂfmh)(ﬁ ?20‘1 = DAL3S mo-p\y
Pogr = 6? 32 m.ﬂHz] w4 619% "?mm Hﬁw #nTon = 0.4995 M({p‘)(
L P!OT 35,2 = 25 mmﬂwj !-'G oqwaj’“\\

T teeated (ystem as it u-‘lj opg wai volshile ¢ Max 4

¢) (5 marks) Using kinetics arguments:(i.e., discussion of rates...), explain how a volatile liquid comes to

equilibrium with its vapour when it is placed into an evacuated, sealed container
{ ' LR ! . . = " 1 i ci =
] La Jrl{{l\"i % !‘h.",fh“d‘ EE {&Lﬁ{d.a[ur‘mf""cy = -;\‘E\j‘.ﬂj}k ? s ..\augzé V\/
Zeve ‘-'*’f—’b M R s A devigation = R emed f\m‘}uuﬂ =0 N
Ec?\,;—v_r, L‘:‘\J‘an\.‘\.n_,\ t)/ ;
5 } ‘i ] \_,_’Li" "Ir\_,tl,-’l i ‘KL(L YAA  ALLCAANNL b—c’\‘u_ 1")»( I"f_t‘—': (e Lo Jl\i—?ﬂf')“/[{i/’f'\u&e L«J{Lv o
¢ (s eUsp L L )
5 W collide with lguds sudacew
e300} { Co X\Axi‘u‘y‘%i\ % L«,‘i‘.bu@ p K EAipr
fl{'j‘\‘\g,t,i."){l,{\j
EU-&-JW\.L% ;o owdky w2 f/LuLL Lr-f‘l s, 1[f‘fw\,{,uﬂr\ b condernzation v’
/[ Z AN u_lw_—,L‘«-LJ t?—vaLbLu LALLM L "LLWWW“‘-C )

e dxlcngtr\,ﬁ ;‘v’up&gzmu of Aeprvia widAd lldvf(" ™ }(”’Lvﬂ

l E 3P ey of “rxn' avcsnded. ot evep [ condemsation 1 max =
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# 5. (/8 marks) A certain chemical reaction A > 2B follows a one-step mechanism and has an
activation energy of 32 kJ/mol. The enthalpy change for the reaction is -15 kJ per mole of A reacted.

a) (2 marks) Draw an energy vs. reaction progress diagram that describes this reaction. Clearly label

your diagram with any of the following labels d;:Ei_l:T_m'glm 0 thls reactlon
reactants, prod‘ycts transition state, ia » activation ene[§§, AHd¢”
v 0+ 7'5:]: fransihion stake Eapas 025

015  0.l% 912‘-?/
: ﬁm: bumf 0.15 D
A i AH(){{\: -'1§ V-:J/mﬁl
Lg,(,“' reacianits
028 Myt B
M‘ Reaction progress Pndw:h

b) (6 marks) If you wanted to slow down this reaction by a factor of 1000 compared to its rate at room
i [Assume the initial

temperature (25°C), to what temperature should you cool the reaction mixture?
concentrations of reactants are the same at both temperatures and that the mechanjsm does not change.]

Given® Raty of T€25°C) = (000X Rote ot To (ﬁmkﬂo»m)
A+ (A, = Jooo Ak, [A],

Since (K], L Aame of botthn T and WL o S 40 A C&:a (,tﬂchdwjed)

%e,n /&T; = 00D 'kTZ‘/

ke AeERT o (Lak= mit- E/RT),

rrheniva' 2guotion

Wse
= e rka (8 = A'— E—f
)?m/iz,n - e vl JZMQ-,-Z In —2_5:
&7, [~
dE T i & iy mathover =09
e RS G TT AR i 15
Lo g = I bg, = Dt~ Wafl™ Ea+ Ea R
Rli E’TL
frn \SI0. ﬂp\( "): Al L.l IRl bl wbujzf (000 k.
e o Q,(:ofs Jk'l R ( T [2,) o b 5 t 32 0co TT/}'\'\Df
A ‘r, SR

j&,\ IDDD)\'@‘Q)-.'LQ
COE e
. ; el I Co
2 Riuiooo | L =-L ﬁm:z,-— ”8) AGRL T

= T [z _3.%?}3
CSQ‘.?;L.\;}&(W c’) = 1 K
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# 6. (__/ 8 marks) Initial rates data were collected for the reaction of nitric oxide and hydrogen at 1100 K:
2NO(g) + 2Hx(g) = Na(g) + 2H.0(g) Reactant Concentration (M) Reaction rate (M/s)
Run [NOJ, [Halo RATE,
a) (2 marks) Use the initial rates data in 1 &= 5.00x10° 2.50x10° 3.0x10°
the table to determine the observed rate += 3 o] )
law for this reaction.g s e 2 :22’:‘ g = fsgx:gs — :gx:gz
: L Oxio” o0 -Ux -Ox -Ox
(nNOY, X ﬁ—&g—g) =D wle x| 5~ . s e E
S.00%G OX10 [‘-lﬂb s 10.0x1 = ade 3.L%10
l"‘*ﬁr"" [ -—_'_—Ta v X e
29%0 Tend
=2 0( 3 4.0l
L . - i
Ths @ g ocdec in (ND) “

Thust lst odder '{n}m oo

@Y‘em'u? rv‘—h’ebs = ’hobs [NO]U[{)\
oras o 25 &35 pas

b) (2 marks) Based on this experimentally observed rate law, does the balanced chemical equation for
the reaction accurately summarize the mechanism of the reaction? Explain. (N0} we¢

I the balaveed reaction o Tepreseinted Hae mechanism, _ﬂ,uz rfie
7 low woskd hawe o be wde = Yé (no)?[H* W Tid's waui;i Mﬁa;re
TR S et tnveluing a collision behureed FOUR

w\,a/(&f_,p\iﬁ«l (\f:f‘ﬁ& I‘:‘ﬂV TDEKJT’(-Q)[ se_cw 'ﬂ,\g M{M-W\M’v J

Sraemed iy Lo Jo st adler on gach rEa,c)i’MJf'j %ﬁ ke

limnding S b [1‘*’-8&7 & bimeleandan IQWCXA/-S.‘X The mechanisn nmust be
w)-ZSCalculatet

c) (2 marks he averaqé rate constant for this reaction at 1100 K. "< ¥ 2y lex Yhoon The

pr\ 1. pde= A [Nﬂa {HL}Q Ginulaviy r\_jjdia/ﬂ@d eﬁaaﬁw Sﬁrj,ea"fa.
k= ke W i o Bl (e LR T
i¥ia : (NG, CHeo : (0.0150M)(0.0250H)

“W - : = ii’_"_‘ii“il—— - 240 MS
T | kT G oono. o

? S 1 e et
, 3;-[0 : " QuUemgg b= 3o s |

&

d) (2 marks) Calculate the initial rate of this reaction at 1100 K if [NO], = [Hz], = 8.0x10°® mol/L.

Be. WI-‘L@ =k [NDL. EH;L:'

Seme T.

R e (lqo"}:(?‘)(o_ 00ge)(0.0080 M)
;(,o(ﬁ = 0. 0\53 Ms”
i ' @j(ﬂ, = 15X 1!0_1M5Ml!)( )
/ e = Otzg U“\‘\j

8
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# 7. (__/11 marks) Imagine you are preparing a solution of ammonium fluoride, NH4F, in water.
The following data may be helpful: K, of NH; = 1.8x10° K, of HF =7.2x10" K, = 1x10™

a) (3 marks) Write balanced equations to illustrate all chemical processes that occur when NH4F(s)
dissolves in water.

NHy Frg =2 NHy @g * F ug = wRally goluble
g NHtf g +H20 ;) = NHzeg ¢ Hz0f Cﬁ‘fﬂ/ acti ag avd!
F~ g + H20W = HFwy toH e v’ acky oo base !

Cor NA ap t Frap 2 HFgp + N @) Yo mef a gooel claoice acually i
b) (4 marks) Will a solution of NH4F be @cidic) basic or neutral? EXPLAIN your conclusion (include any A
calculations that support your claims).

Bofh, NHyt anmd FT owill affect e pH of M Sedudion. Ni?tq.@ s a wealc 5@46{
whu le F s a weall fm,f-\{\x Je wwat deferming WShich will doninate

p : -4 - —~10
LI’ ' Kﬁ NHq+ i f_"‘_‘f_————: M_ =58 XIDM } {a’ r U X mdie | Aﬂd'
1‘ KL v LB %107 : (72 54 Pffavmw’éd,
| o Kb pE < Lol - x,’Du::Y Cowilt affect }DH MOe

to HF 3. 207" :
. Tn fad, Oy OH™ procuced Vi f«’:ﬂckw‘f\ °{ FrUWH’\ walen Ei:;‘fﬂ be C;iftz:fol
| bv e HaO' pmc'w(nd via r&alchi;‘fh %F NHaﬁ WA uuwfmw %C&wL;Hf

{ nUg? ?\v)/icfb v’f 1':*/ Mo E{n? wld b:z rmma‘\)/ oA % ﬁ;\vs e
o e cverald pelation wid be ACIDLC X max 2Py ezl -

| for Conclasion ml3

ba HF v5 vl
c) (4 marks) Imagine you are preparing a gaturated solutiory of NHsF using water that already f:'gn?éins' *
some calcium fluoride, CaF,. Will the solubility of NH;F be higher or lower than it is in pure water?

Provide a written explanation of this phenomenon (note: naming the pﬁenomenon is not enough).

iﬂC!udeg%e@yWMms, but do not perform caleulations. ?

| L\— HyFiy, = NHLF-* et F‘fﬁﬁ') Bodfs rﬁalrctwm InVDI'v:fr) F™im-
(aFzcn = G wy +3Friaq)¥ (@%&L o
:EF (aF, 5 &Q/uwm{,j ]nww)ff}m o MOWXM} Sone F- uﬂ,ﬂﬂaﬁfﬁfw{g
be. PN’AJ?MJ}P Thia s one of dhe proc by mf oirse vy NHC{,CN\)?
onefoce tn avdor fov Heo ion preduck [F1CNBT gual Hy
fﬁwNHF' MwﬁmJ\NH-Fw‘ .mmﬁaaﬁfOW{M\){
o wddon s Thae T geludsdid, of NHey F il e Joure X
A ?“A’Q o i Cmee U M \_H %
M\AM{M Leas N&{Fuw,ﬂue @(};_(L){/L g "C \&mw‘(?w’w

S ata - Tl ohapnple of Hho commen. U offect .

| I A o v Ltdxﬁc(['a’ ex’r]am{-fw W, ne st m@;:"l‘pnecf.ﬁ mwrb‘f‘mf?‘
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# 8. (__/10 marks) Imagine you have isolated an interesting new compound from a marine organism. You
have determined that its formula is C.;H2;:NO4. You are now investigating its acid-base properties.

a) (1 mark) You notice that an aqueous solution of this compound turns litmus paper blue, and is therefore

weakly basic. Write the chemical equation that illustrates this ~ompound acting as a we in
aqueous solution. Kh 025 0 V!
| ft base - ("1'1‘ Ha Ny (e i H’_O(M = G Hy N0 H (a3} + OH (aq)
e 9.25 Mgyt oy 025

b) (3 marks) A certain aqueous solution of this compound was found to have an osmotic pressure of 52.7
torr at 15°C. What was the total concentration of dissolved particles in this solution?

0= tatal mambe of moles of disrclued portiches (el Soliddes

Gt ,
e :@317*@”)( e 1= 0.0b%5 diw
v AT L abw x
4 = &
< [N
’Olgc‘fj:\;\ﬂ&\ - 00021 3‘1’ mel/ L ’.25? \ (3 W‘bc}h
| -0 kS AL = 1\ 3\‘“ ¢ \(L
' St 6202;;»’? &/\ e

c) (6 marks) The solution analyzed in (b) was found to have a pH of 8.53. What is the compound's K,?
[If you did not answer part (b), just explain what you would doj.

To ’[:W\O{ Kha maed %llbnum concendrodneng 8{ Uﬂ [I%H’l [OH]

where [OH']' 5P :
~ (4~ -8:52)

(daj-e,cl vl ﬁ;&ul'llﬂbﬂ:urn'. \_O E 1
| = (o L
- 2.3%xw0 M

\

1 q{ . + X +X
: \ B VA o
| Te] - = Bl || x| (3388000 M

s, @@%? So cwb{ﬂ omdenoum ae CB»&D ¢
{EB} Cpanticlos) - (BT l.abm Com ]%W}x '

0. 002134 (5 35 ) - (3, 3$><\0) i
2.9271 x\O e

=D K= (3380 33" 2 3.93x10 | Agpicall weak mat
(2497 x16573) W

L)

81
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#9. (/10 marks) This question involves demonstrating and then explaining the nature of buffers.
> Pull macks if presonted o 0:0M Naoh (p;_gﬁ) jndead of H2O.
a) (2 marks) Calculate the change in pH that occurs when 10.0 mL of 0.10 M NaOH is added t0 90.0 mL
of pure water. [Ky = 1.0x10™. S

( ; = 11( e e s .
® pH ‘_’fﬂfff__m’tm ij_lo_ci__o_____ ML (oiom)(0.0100L)
g 2) Ll NaOH = W~ pOH QK\) "_i._.oxm_'ir\_ng_lfj-}_g__” ;
OPH e = \H-(.’WM'D—Z}  conc. when added ts_10.0mLHeD
s bl : 2 % juror O3
= 4 - ;L C:}Q“F\\ hC:‘lw‘.;Mﬂl/C‘ “‘_‘)O‘}L.

(LA

(&
WO L T &
;9@‘—‘%{%—‘5& N e 5y unib l2g ) T O T M 0028
b) (6 marks) What is the change in pH that occurs if 10.0 mL of 0.10 M NaOH is added to 90.0 mL of a
solution containing 1.0 M CH;COOH,and {.0 M CH;COONa? [The K, of CH;COOH is 1.8x107%].

& . bubFev g = SR (e
: it eppishe o ~ gttt 5 T
A Cratoor - ok ROl sans B Gl io0 -t HeO
tnibedl  ¥pn=Cx Mgy = (0-10MY(0. 0100L) ¥ 1= (1.omYe.0900L) et =
= (Lom)(0-0%00L) = 0.0010 mol’ = 0.0%60 mol e
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# 10. {__/ 8 marks) People develop kidney stones when insoluble compounds like calcium phosphate,
Cas(PO,),, precipitate out of their urine. [The K, of calcium phosphate is 1x10 29,

a) (1 mark) Write a balanced chemical equation for the equilibrium that occurs in a saturate? s%on ofg-j-
calcium phosphate. 4. b
\ ("“13@ OLDZ ($) = 49 (og) phases 0-> _
no egm 2 =0 )

. : Wi sova Lo €[5 K3 015
b) (1 mark) Write an expression for the K, of Cas(PO4).. ! no seltd 0.5

= a_;{. 27 3- & cha 8.5
l h's? = ] s ) @Ex‘lc:ére\;sﬂ?f)

c) (6 marks) Urine normally contains about ©.33 g/L of Ca“’ ions) What concentration of phosphate ions
(in molarity) would cause calcium phosphate ( begin precipitating from urine? Show calculations AND

very briefly explain your answer. e%urhbnum COWE. [(a%] = 532471
e gccur Go
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plidd HAVE A GOOD SUMMER ! "’W




