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C ’D
\ ‘ Z 1. Initially, 1 mol of SOs is placed into a 2.0 L container at a constant temperature. Some
SO; reacts to form SO, and O; by the following equilibrium reaction:
71{ S‘ T o0.50m & o
C. -2 +-Z_}< + >
2503(g) = 2802(g) + O:g)

Which of the followinggraphs most accurately represents the SO3 concentration versus

time plot for this equilibrium reaction? [SO3] is the y-axis, time is the x-axis. _ , ( _

SCOB -§4cu’ls at ,C' 50 P’V\{. en Lec reess o ©.50--2x et €G v r'L) IV
+os s plot d.

a) b) c)

ol

Some A(g) is reacted by the folloWing the reaction at a constant pressyre of 1.0 atm: -

A(g) —» 2 B(g) ~AH=-100. kJ ;
"‘lGOLT I‘YK [*"-ta(?q ves + i’@«c‘[ﬂ(j, Lc;f's Qe\[erm‘me I? 40 See

As a result of this reaction, the volume of the reaction container increases by 50.0 I£ and oc moc A [
the internal energy changes by —30.0 kJ. How ISlaI’ly moles of A were consumed in the re«eeel.
reaction? wy = —-PAV' = - [ @atm(50.0L)= ~5Q L ‘t‘l"‘(l._,"im = -506.5&_"

= =30,06T = q +(-5.065ks) q ==tk

555“1:25 mol b) 0.8 m<[)l [Ac) 0.35'mo 9 0.20 mol
Arfadr& = :w_qé—“—f" = @ ;jpwf A~ i‘eru_"l el '+CO f‘C’t’Q_S'C
~tepD -24.94 £T of [ eod-

3 I‘-l 3 A system undergoes a process consisting of the following two steps:
- 'AEOUQWJI: AE} 'l AE . AE: L )
5 ({; 7/ Step 1. The system absorbs 40 J ofheat while 6({ J of work is done on it.

Step 2: The system absorbs 60 J of heat while performing 40 J of work.
N - 40T + 60T = looT
Calciflate AE for the overall process.
= = 20T

NE, = 603

2) <004 5))120 ¢) 07 d) ~120] ¢) ~2007
A Esveral < [60 +20 - [ZO?
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©280+s 2S e halle 5:n¢-{
+ v e
Consider the foﬁowmg mforrnatlon for the next two questions. When 50.0 mL of 1.00 M olume e

Ca(NO3)2 is mixed with 50 0 mL of 1.00 M KF, pre01p1tate of Can(s) orms. Ksp for CaF; =
40 %101, H.0 X0~ = (0,25045) Gy 0. 250(4s*
soluy 63 Wi omol/) CASJumf!‘b 0w m«ﬂ
Calculate the“\‘:.ﬁullzbnum concentration of CaZ' in solution ([Ca*'] = ?).
t |£ L3 = 0250+ b3 WO 3O LEOM)
a) 1.00 M b) 0.75 M ¢) 0.50% 25

e) 0.050 M

5 3 Calculate the equilibrium concentratjon of E=i
21 124 CFY=2s=2(63 2«(0“63

a) 4.5x 107 M @13»«10—

e |
_d) 63x10°M i)z.OXIO”“J ‘ /é =9+ 7,

6. At 1.00 atm and —78.0°C, carbon dioxide converts directly from the solid phase to the
gaseous phase without going through the liquid phase; this is called sublimation. The

25
sub]lmatlon process and energy change for C (s) at — 78 0°Cis: -
S-('ep D Coys, ~319C) D CO,lq ~ 8T = 283 /ﬁc, (gg 3\( Ly .60 =50. bk

COz(S) — C02(g) ﬁHsubhmanon 2 3kJ/m01

Shep2: 05(y, 'Y 7 gl as |, 4, -Q,Wﬂgszo)[;s (98] 35 6T

alculate th& energy required to convert 88. g of C02(§ at=78.0°C t0 COx(g) at 25°C.

The spemﬁc heat capacny of CO(g) is 0.844 J/°Ceg. = - ‘
Ttornr= 949 ARG 1S £ §825=
a) 399k]  b) 3. 99 x 10°KJ @58.3 kI d) 7.70x10°k]  e) 345K

q_ 7. Consider the following equilibrium constant vs. temperature data for some reaction:
From qu Qs T/h V. decreases. s
25 2L K Temp H‘Q
2.54 x 10° 109°c IS : noQ\ccAtue an Cagterwnc rxa.
5.04 x 10° 225°C at

% 1 o
2250101 412C Af,rw& C%regucpx s afded), Frun skills
3.03 x 1073 S39°C o ¥ f P reocdaal's. Eu.ﬂ

[-( decreeses as
Which of the following statements (a- cfes/are true? “ .
T increeses ﬂéf‘ it B THArRaT It
@ The reaction is exothermic.
) The reaction is endothermic.
c) As temperature increases, more products are produced in order to get to equilibrium.
d) Statements a and c are both true.
e) Statements b and c are both true.
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8. Which of the following statements (a-d) is true?

l [o % { a) Ifthe reaction quotient Q is greater than K, the reaction must shift to the .:(&f to

establish equilibrium.
[~b) The value of K can never equal the value of K. Ldeu\ An o, L k
.ac) At equxllbnum the rat the forward reaction ang the rate of the reverse reactlon

both equal zefa™ ? _‘t (S kot 2eyD, [Pm:{z
+d) A reaction contams mostly p ts atequilibrium when K << 1, [4 o ££& Coy
@ None of the above statements (a-d) are true.

9. Consider the following reaction at scgle constant temperature:
“f F  lom - 7( Li
E ie by L@ty | 4
(A9 28¢0x(g) = 2 SeO(g) + Oz(g) K =4.0x 10! 0332~ o)
E Jo-2x 2% W Cf 0 ~1x

1.0 mol of SeOs is placed in a 1.0 L container, which then reacts to reach equilibrium
according to the aboyve react\?n At equzhbnum what is the concentration of Se0»(g)?

X=((t.o107%) /3 73 —[ouo (Pt #\«134 ood

a) 4.0x 10720 b) 2.0x 10—1;51
(Ce0,1=2x =2L(0 wo?) ¥).o0 ot M
d) 1.0x102? M 20x104* M
(025 10.  Consider the following solubilities of cerium iodate (Ksp = 3.5 x 107'%): . 300
1gl(o 3 Cecres) ) 2 f? )
I. Solubility of Ce(I03)3(s) in water (\7
Abeese arr —2IL_Solubility of Ce(I03)s(s) in 0.10 M Ce(NOs)s(aq) K-sp= (O 055 ?,lomsﬂ
conuanrs €D Salubliy of CEOE) ip LI MKIGua)  Solving: $=5 o™l /L
4&,@3&“’“ <8) = (e j

the QW“‘;" 5W}uch of the above solubll"?tles (I- III is smallest'? )
lo

Ksp=3-5x07'9= dot3)y =
a) I b) of the solublltles (I-III) are the same.
‘{Oh"}"‘ﬁu é:s {0—7“4-‘9(/ Sciu‘n ‘ é;S Sluu”esl- ar-m:’

11. Con31der the following data:
\\ a&qu a_n.t ggf__;_;?xlg 03&5 ot + [““ol(i:w:j + ngj;lgg@ OS
|

Specific heat eapacl%r o%we =2.03 J/°Ceg L ~L o<
Specific heat capacity of water = 4.18 J/°Ceg all qva‘& {
Specific heat capacity of steam = 2.02 J/°Ceg e ecf e

AHjfusion = 6.02 kJ/mol / -?95‘

AHV rization = 40 7 kJ/mol
& 418 T/ o K 16 A(‘ioo-Tﬂ

. ( I’\CQ osg L Wdt FL
One mole of 1«%’ 18.0 g) at -5.0°C is added tf) one mole of water at 90.0°C. Calculate the

final temperature 0 ﬂ;f ture ssuTlng no heat loss to the surroundings.
an hg reef
3 8°C b) 5.9°C c) 12.6°C d) 31.4°C e) 68.5°C

|82 37 + 6ozod + +5.2y T, = éi-}g{éq - 3F5.2¢ T, |
150487 = 568-9, e T o
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L?;\Z%) 12.  Hydrogen cyanide can also be produced by the reaction: _B_Efﬁl__%:. %
3¢~ :
(5 i | -V Aralit
' = o K=t 2 W=
H=—=C===N » H—O=/HN *2 H—H AH*=158k]
|
p H
AH Mxa = 2]) —

Given the following %{,}%‘é‘ gﬁérgies, caléuﬁigﬁgbond energy of the H-H bond.
[CQET =1 3C413) + [(365) + 239N ]

bond

energy (kJ/mol) —f1(4(3) + §(891)+ 2%
H-C 413 . _ ;
H-N 391 Soluivg for ¥ = Dy-1i
C-N 305

C=N 891

a) 316kJ b) 207kJ 432 kJ d) 158kJ e) 734KkJ

3 é 13. The solubility of lead phosphate in 1.00 L 0f 0.010 Af Pb(NO3)3 is 5.0 x 142 mol/L.
Calculate the Ksp value for Pb3(PO4)a(s). Pﬁ_gCPGyLCS) 2307 +2 ng’!
14 [ - 0.00

o.0043S 28 Y
a) 1.3 x10™8 2 2 b 1.3><10-25E 3 ), 1.0 % e ble 5
kse =£ P ] [f@y 1% =(o.elo+t 3S> (Z.S& / ravv\_P“o
d) 1.1 x10:%%® Lo &gt 2
Q ~6) 13 [ alsone %)
Kep =( 0 00+ 3(50K10 [2
\ J— 14, Hydrogen cyanide can be produced by the following balanced reaction:
2 NHs(g) + 3 O2(g) + 2 CHa(g) — 2 HCN(g) + 6 H20(g) AH® =7
(s 122 it p

GivenAthe %miéﬂgrﬁ gﬁfgalpi:; o%oﬁnaﬁ%l{ eeect
AHP (kimol) X H = {20135, )+ éf'l‘/l)j - fal4d 3>+ A ~¥5ﬂ

CHgy 78 A= ~1(82kT = (2% L) @

HCN(g) 135
H,0(g) -242

calculate AH® for this reaction.

a) 505KkJ b) —505kJ @ d) -1424k]  €) 940.kJ
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BB GG T ot st 70?3 Lonen, LA
C (’a((,t/ii{‘ﬁ EAJJ wheee A= k_g_p

15.  Consider the following five solutions:
19 ([ Qoo @2 flg]) (o “’) A3 30N T mel/L
(i [2- I. A solution which is 1.0 x 1073 M? gNQO; and 1.0 10- ‘1%2(31'04 oy

II. A solution whichis 1.0 x 10‘7MAgN03 and 1.0 x 10‘4MKzCrO4 When iAJJ >

I1I. A solution which is 1.0 x 107 M AgNOs and 1.0 x 10~ M K,CrO4. 2. © HU""’MZ‘/L N

IV. A solution which is 1.0 x IO‘QMAgNO3 and 1.0 x 10~* M K,CrOs.

A solution which is 1.0 x 102 M AgNO3z and 1.0 x 10~* M K2CrOs. « >&S _C“‘E’ et

b “c’c‘n;}ﬁz(e {orus,

In how many of these five solutions will a precipitate of Ag2CrQOq(s) form? K, for
AgrCrO4=9.0 x

é/ﬂ[b <ol \Jlﬂr' oV has g:] }3@ x(O'7MP1/L ,
b) 2

d) 4 i
. 0RO plcCipi Je . »
e) S_EV];FC?IP{{B?#& 1ldlfs m In z;'lff eot%le solut s}(I-V)fL f Up 1{55 ¢ -ér o

( b 20 16.  Consider the following reaction for which K = 4.0 at some temperature

lof 13 RS
2NFi(g) = Ni(g)+3Fa(g) K=40 7 S:NF 2
\;}7 n(tu"‘fﬂf-)['OﬂS (vilo i CApressSOn . f k- QJ M‘*’L\
of the fo lowmg sets of concéntrations does not represent an equilibriym mixture / %\
for thls reaction at this temperature? , H© O ;
bt f?uf b v Cﬁwf“*‘[’“h""d' (b 'fif i

C—OFLCC’W“ ¢ cd 1OwS aflé A0+

a) [NFB =1.0M [N2]=40M [F2]=10M A
1= ad ("?U?{obﬁuw\r

b) [NF3]=2.0 M, [N2]=2.0 M, [F2]=2.0
¢) [NF3]=1.0M, [N2]=0.50M, [F2]=2.0 Mp=e?

]
d) [NF3]=3.0 M, [N2] =4.5 M, [F2] =2.0 M =4, .
@[NF?] ZOM[Nj 82M[F§]~10Mﬁue5ll_ L& /xda}e?m[lgr.vm

[ Nzl 17.  Consider the gexénc I‘GACUOI’I A(g) — B(g). If this reaction is run in a constant volume
container, then the heat released or gained when 1 mol of A(g) is reacted is equal to:

[ g
\L FE =9y
a) AH 4@ ¢) AV d) AT

[‘Fg 2718 Which of the following processes (a-c) is/are endothermic?
(7. IS : atural gas is burned in a furnace. @Ao%rm.af l«ec} I8 o prec ve }B
When NH4NOj3 dissolves in water, the solution gets colder. e wdofberunas C
) Two oxygen atoms react to form the Oz molecule. e,w“ﬂ@ T C[w«{ ‘< chmOuaL)

) Both processes b and ¢ are endothermic.
ey All of the processes (a-c) are endothermic

e) w

D—@ﬂ‘% O')fj) ‘Flf\( 7{ e hen &Z AO%X\//)FMSI

6“9553- is r E[EMC’J
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2 19.  Which of the Tollowing diatomic molecules has the larges’:(ljnd energy(‘?” ﬁe c\
Sl g e drplebadd i Ha ot e
| MULLS‘HOVQW houll dldecu e S(V\af

Nz ¢ oe”
C].Z:ILIE-_ \ .
e) hyve G@‘MQJ A M'L L\’O‘\@j ens
2D q 20. Using the following reactions and AH values, calcg]aet,epﬂl;lr?wfjo::q b, (6,0 + % £D AlS 5‘: U%?)
oIt CIF(g) + Fo(g) — CIFs(@ AHmn=? Fot Y20, = BO Alb =4 (39
Y @,0 +3F D__9 ef+t o2 - i&?’ig
2 CIF(g) + Oa(g) - CLO(g) + F20(g) NGRS Ay
Tet tfa'”‘:)
2 CIF3(g) + 2 O2(g) — CL0O(g) +3 F20(g) AH = 341.4 kJ/mol Mﬁ»

2 Fa(g) + Oa(g) - 2 F20(g) AH.= -43.4 kJ/m ——
oL -
= y)+ ~¥.4) = Cg(ﬂ ngq ‘t:]'
a) -217.5 kéﬂrr et ﬁ%‘%ﬁ}/mo?“ ( ﬁc) )217.? kJ.mol @
@103.? kJ/mol e) 108.7 kJ/mol

2, |0 21, C?gicllierlﬂe t"é)ilig)éwin I ctiiovri cal mer:{pira 2:’ )<.7A‘Q° S,
3 Y CaCOs(s) = CaO(s) + COa(g) k - 3023;- ‘9_553_:"__( .00, 25

An equilibrium mixture contains 2.0 mol CaCOj(s), 4.0 mol CaO(s), and 0.50 mol
COx(g) in a 2.0 L container. If at this same temperature another equilibrium mixture
contains 6.0 mol CaCOs(s) and 4.0 mol CaO(s) in a 2.0 L container, determine the

quilibriym concentration of CO2(g) present in this mixture
Cu ‘m,\} (e?u‘. {(Lr\lu»\ s re ﬂ L{JLE'V\ m}:Oistr
025 M b) 033 M G{ c) . 0.50 M 75 M ), 1.50 M

d)
Yo relchve ansuds ¥, Co e Ve ot na B

22| . ne reaction:
% [cj 22.  The gas arsine, A%-Ia, de?&p&sis’ by the following r%%ctlon.

-.L —_—
c 2As13§(g) = 2 As(s) + 3+ngf<g)

E fhsi;) 2x 3x
In an experiment, pure AsH3(g) of unknown initial conc tion is placed intoa 1.0 L
container. After equilibrium is reached, 3.0 moles of Hz(g) is\produced and 6.0 moles of

AsHj(g) is also present. Determine the initial concentration of AsH3(g) before the

reaction took place ([AsHs]initial = 7). - __
[ rormprohle f{%}iﬁ“—”/:_&@ M =3x , x=lom

a) 9.0M i 10 30m d
CAsH, = eexed= fhsthy, =201 [ LAsd ], = 8D
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2.3 J§ 23.  Consider the fo]lgwing %action at some constant temperature:rea‘d\ S Gy KR TR
<+ 2.0M = m . 310 B '
'l C  fg+dle & 28w K=075

E Qeix e0+x 20-2X
Initially, 2.0 méRof Iz, 2.0 mol o and 2.0 mol of HI are mixed together ina 1.0 L
rigid container an¥ are allowed 0 react to reach equilibrium. Which of the following
statements is true qnce this redction reaches equilibrium?

2o+x pO-2x
a)) At equilibrium, [I2] > [HI].
At equilibrium, [I] = 204~ 20+ X

F © Atequilibrium, [I2] > [H]. BoHeoert €4 ve 4o Qo+
g d) Atequilibrium, [Ha] <2.0 M. €)= 2O+ ¥ 7o O
(©) Atequilibrium, [HI] =2.5 M. 4T 3 wusthe lesg Hhaw 2.

Z‘i \ lﬂ: 24.  How many of the following four statements (I-IV) about enthalpy is/are true?
. 2 =" 5 Enthalpy is a state function.
- 11. Enthalpy is an extensive property.
-~ 111. Hess’s law can be applied to determine the enthalpy change for a reaction.
'rIV. The standard enthalpy of formation for an element in its standard state is zero.

a) 0 (None are true.) b) 1 c) 2 d 3

@4 [All of the statements (I-TV) are true.]

Aok = PZ*'H;”  kgp=s®
')5 [# 25.  Consider the following salts: = u\, = Cott 20H -—f
3 EC‘,UCQ . Su 2 FSP - qu

3 AgOH(s), Ksp = 1.0 x 10" s
CU(OH)Z(S), Ksp =4.0x 10_18 I r(o#) —_— Cr3+ -+ 3 0” - L’
Cr(OH)s(s), Kep =27 X 107 £ 3= 0 30 Ksp=3FS

Place these salts in order of increasing molar solubility (from least soluble to most
soluble). Aéb#- <= m‘éﬂ = [®© Klo“{ ""“/L.

&\% _ Loxis®
a) AgOH <Cu(OH); <Cr(OH); Cv (a#)z ¢ <= i?__l‘_l_l_b__)i— | MV'/L

b) Cu(OH)2 < AgOH < Cr(QH);, H.0
Cu'&) ) <d%og) < AgDH , ' _:o,>¥ ~ 5
) Cr(OH)az < Cu(OH)Z < AgOH C“Cé“‘)s . S= %ﬂ—n = O NO v/l
e) Cr(OH)3 < AgOH < Cu(OH)

&_‘ﬁ 26.  Consider a theoretical salt which is composed of M** and X~ ions. If the solubility of the

MXs salt is 1,00 x 10-2 mol/L, calculate the Ksp value for MXa(s), ¥
Kep QEM*ffﬂ“xfj‘r =53 Lt’s) :25455
2) 108 x 100 () 2.56 x 10 ¢) 270x 10”7 d) 4.00x 10 €) 1.00 x 102

Q) = p T4 H X _ -
% It A_%S +% Ksp= 256 (loxo 2)5‘: 2.56 XD
C =5

E s s

F—
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D 27. A 10.0 g-sample of a salt is dissolved in 100.0 g of water at an initial temperature of

) H2F 25.0°C. After the salt dissolves, the final temperature of the solution increases to 37. 2°C,
27 Assume the heat capacity of the solution is 4.184 J/°Ceg and assume no heat is lost to the
+ calorimeter. Given the following enthalpies of dissolution and molar masses, which salt
‘? T
(a e&r’js dlSOSgslVEg &. Sjal‘-’\‘ k'é Sq H ‘: I_ Lea“‘ 3““« b;' 50[0‘[‘0 Gh.,l bus< F{SO[OJ'\G’“:”Q'OJ'_
Salt AH (kJ/mol) Molar Mass (g/mol) (24
a) NaCl 3.00 5345 et gain = —""‘r"ﬂ" 09(37.1 250)
b) Nal -7.53 149.9
¢) KBr 19.9 9.0 hestgen = 5;615{ o QHanorT
(D LiBr A48 86.84 TLnal gy = :ijf“ ===

e) KCl 17.2 7455 fsgdt looy ‘I(Hq a5) Salt s et

TCcclt - =SS T i - R rvaly
Ly Re - AW B :Br(cl_:\gj_c.,}_f‘_ 24 ea N0 = Lfgg’tf_q‘/‘k{

28.  Consider the follgWing rea it eq§h rium: Sutts L1 B

_2_@___’2_!@_ Na(g) + 3 Ha(g) = 2 NH “’LAJIr{ 92 kJ
2% |€8 w \._/\-—-?.S.g/ -
Which of the ! I%wmg changeMl ‘thrt;the equilibrium to the right (to products)?
1. increasing the temperature ; ¢ bods
(3 decreasing the temperature femove kqA (c)f‘ r "G"Udi) [&n shd¥s r A
3. increasing the volume of the reaction container e
decreasmg the volume of the reactlon container , ecr&«;z VO(UM{ b rrn sho€ts
removing some NH; - ICMoUC }’ rﬁ’ v stde ""cg'ck
6. adding some NH3 1. fe wer ”’Ld“—‘—s ’{ e
i jk v
a) 1,4,6 b)2‘%€ c) 1.3.6 d)245 e) 1,35
.

H, ) + 9265) = H,p@) AH—'JSSQH Aﬁfy,,ocz)

2429 29.  The standard enthalpy of formation for H>O(l) is -285.8 kJ/mol. Calculate the change in
;3’2?7 W R v i e L L e R L
H0 Ha(g) + 120 AE® =7 ] =372
H 1) = Ha(g) 2(g) ,ca_qngLS = =3FHIT

= - v S W= —_g_%i;.ﬂj
282.1 kJ b) 289.5kJ ) 285.8kJ _Sl) -282,| kJ e) —289.5k]

AE = gt = 585 PkT =3 F2L k3

My answers for this Chemistry 102 exam should be graded with the answer sheet

30.
;@ 30 associated with:
’E a) Form A b) FormB ¢) FormC d) Form D e) FormE



