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Question 1. (6 marks)

Ty o, { 3

o AH

Consider the reaction: r@{f?_. = - -—(—A &/H:’ﬁ] = Al——:ﬁ“ = "( L <
XN X, AL S D€ 6 5'36

4 PH; (g) — P4 (g) + 6H, (g)
N
In a certain experiment, 0.096 mol PHj (g) in a 2.0 L container 1s£9nsumed,m 20 seconds.

(Include UNITS in ALL of your answers, thmk CAREF ULLY about signs. )

(2)  Whatis APHs/At? _ — 2.4 X |O Ms”
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rafe = - & AE: S —L (-QH <16 Ms™

© WhatisAPyar 6.0 X /O MS‘
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Question 2. (2 marks)

The freezing point depression of an aqueous solution of a soluble salt was determined to be
7.44 x 102 °C. Which of the following solutions could this be? (4ssume ideal behaviour.)

Circle the letter beside all correct answers:
. n

0.010 m Na;POy4 (aq) i\)a. P’Gq S ..)/Ua (aféﬁ %c, (_; 4)
(b)  0.020 m CaBr, (aq) CCU o, (s) —> ;:W /“,i [':fr (&:5)
©  0.040 mKCl (aq) Cé(=y = g (4} V1 (€ (a ,;

(d)  0.010 m NaHCO; (aq) j LO(S) = N /ae/ HCOs (= j)

f\J
0.020 m CsClO, (aq) Cs Lio = (e (‘6) +C(O¢/ /“@)

F.4ax10 L = .86 C kg x (m

mol

{m = V,OOXIO’Z— mol = 0.0"/O m  solote ton

g
/7/(0,(_3/0 m> = 0.040 m /

(&) C = [7, 1ONnS (,'W) =
(b) €= 3 ons (Im = S(0,0ZOm)t 0.060m X
(i = 2(0,090m) = 0.0B0O m X

) (= 2 10nS
(d) (= 2 10nS (hn = 2 0,0lOm) = 0.020m X

(&) (' - 'Z iOHS (= 2 (O,OZOVH): 0,040 Vh\/



CO 22 W\@V\"*'S o "}L\ 'S 7065%/0 N e
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Poor-'l% dicdd ot lkrow how o
break a4 salt up into iens.

¢ 'S nomber o€ ions Per“ onit

Lor moula

m 18 mo/@((i‘f‘g o€ salt solotion
(:m /'S nv»*xo/a,,((w‘g o€’ Scfque, [ON S
N solotion

Marking schéme :
+ 1 uxfor‘ cach correct aunSwer
vl sbtdd€or  cach additional toreng
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Question 3. (10 marks)

mixed together (see Figure 6.7 from Chang, reproduced below): (O M

2 mol HCE  react per | ol

|
A coffee cup calorimeter can be used to measure the enthalpy of reaction when two solutions are
|
2HCI (aq) + Ba(OH), (aq) — BaCl, (aq) + 2H,O (1)
Consider 100.0 mL of 0.500 M HCI mixed together with 300.0 mL of 0.500 M Ba(OH),. The
temperature of both solutions was initially 25.00°C and the final temperature was 26.76°C.
Assume that the densities of all solutions are 1.00 g / mL and that all solutions have heat
capacities equal to that of pure water.

(a) Is the above reaction endothermic or exothermic? fXO‘H/\ i l C_

(b) How much solution, in grams, absorbs the heat of reaction? é/ 00.

(100.0 mL + 300.0mL) X |.00g /m

(c)  What is the total heat change associated with this reaction? + <>2 94 X 10 J or =2,AX

61&'05 = MC_F (T_Q “'T_¢> = #Ooﬂ XL/,ISE ;L (QQ%C—’ZSCK

Kmol

-+ =0 z
FXIA S -
(d) q How many moles of HCI reacted? 5. OO X 10 VV\O'

0. 100 L x0.500 mel = 500 XI0 “mol

L -2 l mo | Ba(OH).
(e) How many moles of Ba(OH), reacted? 5 OOX|O VMO/ HCéX nal Hég )‘

HCE s 'nwn‘hhﬂ rmgev& | =250 X ozwol

(£ What is AH®,,, for 2 moles of HCI (aq) reacting with 1 mole of Ba(OH), (aq)?  syrfom cups
(Hint: use your answer in part (c); Show your work!) !

Az Gren qren= = 2993107
2 — 5.00)( MO, HC€
AH o = —Q‘lebrg lHCéXZW HE = 18 kT

O x
(2) Circle the mimber beél e the best name for the type of reaction above:

(1) precipitation
) combustion

€ oxidation-reduction e o orstant.
. i pressure calorimeter made of two
neu trahzatlon Styrofoam coffee cups. The oiter
- cup helps to insulate the reacting
hydratlon mixture from the surrouncings
Two solutions of known )

containing the reactants at the

i \ & + same temperature are carefully
a/C\ + a{S e ———— w ) 6 \-— mixed in the calorimeter The

heat produced or absorbed by

the reaction can be determined

H Cé &4 (O H " . by measuring the temperature
. From: Chang, Chemistry 7" Edition, McGraw-Hill, 2002. ange
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trying to 8()!6‘@ You +omrcls |

+he co rred a_hso.)er

@) wl«a did 'Hq@ +€mpezra:‘”ur‘€. |
mcreaCQ? Recavse the reaction
HCé (azé Ba(OH), = BaCf (ag ‘Q/-f o)
3av& o€ heat ! |

It s e/xo+%etmsc

b)Y The solution (s an ackueous (warter)
mixtore, The masg of a liguid
solotion s 8&\/6&4 b%
volume  x demsﬁa, | B

Total velome = 100,00 m L /*/C(f’(q%)
+ 300.0 mL Ba(OH)?_ = {ﬁ/oo,omp

maas S /u-hon = LOQ0, OmL X / 3
: lmt.__



¢) This asked <or heat change
not +@mPew&ur€, c:%amge!
heat = 9

Heot alosorbed bg solution
Gabs = M Cp (T¢ -T¢ )

L\
46&3 heat CaPacth of
from Fa”r+5 coate -

Jrxn * Gabs ~©

Jabs = +2.94%0°F we
Czcofp?‘c?c/
Goan = —2.94%10°T ) erther
CL\‘HAOUCY[/\ !
asted “or

Grxin.



d> moles HCE  in 100.0m.  O0.50OM H(CE

= 0.1000 L X 0.500 mol

-2
= 5.00X10 "ol

e)  wmoles BafoH), in 300,0mL 0.500 M

= 0. 3000 /,]_jx 0.500 mel
| L
= 18.0X107 ol '

2 woles HC€ r-eaf:F wm% | wole BaloH
[

BCL(©H>Z IS Ih excess .

| 'Now,

| M@le$ Ba(OH)a -chcl’ r@ac+€0/ wn“%
Het | |
= 5,00 X160 O R Y &(@H)z_
| o Z.ma HC€

= 2.5« /O”lmo"



q)

X Zma( HC(

5.00 X106 ol HOE
N from, part (d) !

= - 118 kY

/

Fart (o) was SOPFoScﬁ?f/ o 3@1

8@1,{ W\'m (i!’h@z Q(L‘JOJ?L” ‘f/ﬂ!"i S;/i;fé*’i .(
N ‘

2HCE(ag) + BalOH), bgy) = Bal, (ag) +2H0(¢)

No solids seern on pr@dua‘i‘ side
L. caonnot be Pr’e’,c{Ff'faJL"Oh

Not com bus-l'iomo) {4914 ich 1s bomni g
i Oy @) '
a CO VV}FC)OV\O(@’O Z}S rodoce CGZ (3 )

cnd  H,000). Rather hard to
aLCcp h-wp!%‘:ﬁé& [ a?ué’,OUS sslution «(
I revtraltagtion |
HCE — acid acid+ base —> water
Ra(CH), = base
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Question 4. (10 marks)
(1 part mark total awarded for (a) plus (b) ONLY if zero marks obtained for (c) — (g)!)

(a) Calculate the molar mass of pentane: 12, ) f} [ mo (

(b) Calculate the molar mass of hexane: %‘é . <Z 3 / O |

A solution is prepared by mixing 25.0 mL liquid pentane (CsH,; density = 0.626 g/em®) with
45.0 mL liquid hexane (C¢H 4; density = 0.660 g/cm’). Assume that the volume of the final
solution is the sum of the volumes of pentane and hexane.

Compute the following for the above solution of pentane in hexane:

(©) Mass % pentane 3’ l/. 5 370

(d)  Mole fraction pentane 0.3%0b

(e) Molality of pentane 7. 5 O MO",'{’;%
® Molarity of pentane 3 .10 MO'/ L.

IQ én;)a ’\‘{fmg + /_"'7 Oa 7 e
(2) Density of the pentane/hexane solution —

0)5 Qm. }\ Vong *‘7’5 OmthAwml
= O0.64% 3/mL-

(OL) ;505’3'»[. XO,élé%_ - IS{DE‘: Pcﬁw*%g,«n_a (O Z'éq mu’)
mi

45.0nL%0.660g . 59,704 hexant (0.3%446 wo!)
h1

mase Ty pertone = 5.6 °9 F‘g"‘{c‘/““"* x (OO 7o
15.659 pertame 29.10q hoxcune
; ~ : & f(.fw\tz
b) wele Hracten = M(l.?(é’r wole  peniame -
-PE/V\'&M O Z L/Ci VMG ‘{(..L/\uﬂ =+ O;, C’f*f"w I/n@’ & gl Chang
C) oolal o of Pgm-i:m-xe = O, Z!Qﬁw ole w’v* v

9} 02570 | Kﬁ hew

d; ma'lmh‘ 0 O{\ F@ L»T‘«jihé" - C, 21 éq mele Féh")él”"ﬁ
d OOQSOL‘*‘OO‘*SOL—
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Question 5. (10 marks)
Nitroglycerin, C3Hs(NO;)s, is an explosive compound that decomposes according to:
4 C3Hs(NO3); (s) = 12 CO, (g) + 10 H2O (g) + 6 N2 (2) + O2 ()
The molecular weight of nitroglycerin is 227.083 g/mol.

(a) What is the mole fraction of N, (g) in the mixture of product gases?

0.20F APNVINS _ L
or 6/zﬁ [ 2imed CO, + 10 md HO + el Nyt [melO, 27
(b) What is the partial pressure of N, (g) in the mixture of product gases if the total pressure
is 1.20 atm? O. ng atim
G -
sz = XUZPT = o X I 20 cv(tm = O.249%atn

(c) Calculate the total volume of gas collected at 1.20 atm and 25°C from the complete
decomposition of 2.60 x 10% g of nitroglycerin. (Show your work!)

moles CiHs(NO); () = 26051079 L 145 byl

Z7/C3H5(U0353 (S) —> |2 COZ(jJ —HOHZO[j) -fé/&)z/ﬁ/v»OZ{ij

moles product gas = 29 moles gas prodocts | g
4 oles C5H5(/Uos)3 Cy Hs (N,

= %.,30! woles Frodoc:f 3@3@5

Sm—

PV = nK |

V= 8.30] mel X 0.08201 Ladm x 293K
l<mol

e A A SR

i A SR T

1,20 cchfh

e T

Vo= 169L
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Question 5. (continued ...)

4 C3Hs(NO3)3 (s) > 12 CO2 (g) + 10 HO (@) + 6 N2 () + 02 (8)
(d) The heat of formation of nitroglycerin is 136.5 kJ/mol.

Compute AHC,,, for the decomposition of exactly 4 moles of nitroglycerin:
(Show your work! Thermodynamic values are at end of the exam paper ....)

AH?'KV\ = 2 AH\C; (Frod,odg) - ZW‘A 'LE:(\'E&HGMJ
v L

‘,o—)(h = |2 mo}e/s (" 393, 509 g) +10 mo§& “2‘%/ %;%/«J
,/ }’H/O’}/ V&O‘/

k <

+ Gmolés (O .-\‘_ + rw(ol‘j.

- éfmec(wzé 5 £,

AF

AHS = —7¢86.3kT

XA



Comments on  This guestion:

6 =

X“z. = Zﬁ o 'H’\.QA_Q, are Q)(&Cj’ Mumberﬁ)

Jrl/\ere,?or'e as Wlamg S{C{
(v

'C\jli as &PL& V\é@d.

/ aﬁcepfcd X o more 98 (‘SS bu‘f

one s was  not e.mooﬁ .

2

P, = 0248 atm 3 s€ dictated by
[.20 atm Hotal Pr—e&:a@

;PCU"!'\'CJ PF’@SSOPQ < TO+&.( Pr-egeore,l

The V\kJrr’oshdcc;r(V\ d.e;c‘ampgg@f}; into
12 CO, () 10 HZO@\} -+ é/\)Z@)—f Oz.(fj)o
Yoo most take noles of these
gases nte consideraton when

CQ\CU \C?C(‘“i Mﬁ —H/\@ volume !

- , o x .
%{3 -@733 in AHpg,, determined tué(
addition  and sobtraction roles, There €ore.

ovly L dp (-#6%6.3kJT). | did
E;iep‘;g (- 768(9P1’<I() howevers ) |
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Question 6. (12 marks)

The following is a table containing vapour pressures for various liquids at 20°C:

Compound Benzene | Acetic acid | Acetone Diethyl ether Water
Molecular Formula CeHe CH;COOH | CH3;COCH; | CH;CH,OCH,CH; | H,O
Vapour Pressure at 20°C | 80 torr | 11.7 torr 184.8 torr | 442.2 torr 17.5 torr

(a) Which compound is likely to have the lowest boiling point? d ¥ ~H,\ u ( ¢ ‘f ‘/\6 ("
has the highest vb 0wl kol ot [oec

(b)
) Which compound has the strongest intermolecular interactions? M+ IC&C tO[ or
H, O
(i) ~ What is the name of this intermolecular interaction? A V\g

or d“bole dtPO'e,

(c) Propane has the following vapour pressures:

Temperature (°C) | Vapour Pressure (torr)
180, 35K |-924 40
225,39 K [ -47.3 600

Compute AH,,, for propane. (Report your answer to 3 sig. figs, show your work!!!)

P
on g ey g

T, Tz
450 AHup |80 75 K ~ 225 85K _
bo0 8314 T (190.75 K)(225.35K)

Kmo'

~2.308> AMygp X = 1329 X'dq'&"m

Hoa,f) = .04 Xloq\T/mc)

or

20,4 kT Jool
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Question 6. (continued ...)

(d)  Using the diagram below, what is the vapour pressure of ethanol at 20°C? 40 +O rr

Vapour Pressure of Ethanol

900 7
/7
800 - ey Z = >0 I
"""" G ) sol'ption
"vap lext Vi ’ thain eth
1 — R A ¢ § LY o
600 e ot /C v ‘Pﬂ »
. SO ToTOn
5§ JEGHTV’S 'P9TJV\+ [ess han
ﬂ.§- 400 . . S ,,,\,/' P 'J\Jufe
SO )U cint |
300 ' S (ethana!
7/ = ad
| at 78
~
~
100 = g
/ - ul
— / -
_'_04:_?_ %\1,,.,‘~/l,/ , — , N
0 10 20 30 40 50 80 70 80 90

Temperature (°C)

O
(e) Using the diagram above, what is the value of the normal boiling point of ethanol? 7 8 C

(f) A small amount of glucose is dissolved in a sample of ethanol. Cirele the correct symbol below
(Typ is the boiling point):

boilmg Poer

clevadion

Top (glucose-ethanol solution) = Top (ethanol)

2 MARK BONUS:

(2) On the diagram above, sketch what you think the vapour-pressure-temperature curve looks like
for the glucose-ethanol solution.

see.  above .,
Vapour  preseore of solo+\'0m__< Vp pure <oluent
oot ﬁiven |



