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5 1. At some temperature, the gas arsine (Ang decomposes by the following reaction: oq
: T 30udfy - ci, ) 56 s kg
19 |2 2 AsHi(g) == 2As(s) + 3H(g) K=30x10% = a4/ AS aret
E 3.0-2x 3R CAl i

I 3.0 mol of AsHj are initially placed in a 1.0 L container, calculate the equlhbnum H, ¥ express iong,

t t H Culll’lum_—? b = ) A— _&h =
concentration ([Hz]equilib ). 3.0xto G_.;{;L G. o) 3)(

a) 14><10"2M c) 2.8x1073
Solutn ;3 L“lWA/[ZEC&SSuu?JJwK 3000%
d 1.7x109M 30x10 V.
):M,,]C—3x_5(®@l@)-(9930.M0L ) j
" 2. Co 1derthe followmgg nc reaction rate revers redut < Qr( ‘3’*4_
L & IL uc)( cr a“ gv\jremjf{-tls 13‘\‘8 egeurs (L £ reec ?&L\

2A()+B()
(AL it Ch: \ng gk—t-4~0 f‘c_ac_,k C?(u{ Lr}uw\.

At a specific set conditions, it is determined that the rate of the forward reaction is
greater (faster) than the rate of the reverse reaction. Which of the following statements is
false regarding what happens as this reaction proceeds to equilibrium?

—a) The rate of the forward rea7t1 n must decregse as the reaction p oceeds t g 4 o
So 4—?1 \ﬂd

equili brlum Pluwa; PateS v e C{‘ \
q ﬁg el e, II’ wch e { ron,
) When this reactlon reaches equilibrium, the value of K, w111 not equal }23 valug of K

for this reaction (K, # K). AN=1(-3 = “.2 f Swce 4dn #

—
Th ti t th ti ds t ilibri
[ ¢ e corvr\cer}‘tr'a ;o 4(?) m$s 1ncrease ?s rf :eac tlgg Srojee s} yoterggi i gum
(/‘ he value of the equ1 1br1 constant f r thls reactionl must be greater than
one (K>1). T+ aut veafer Hhaw |, of leshbf\w 7{4\ LA
] +
%a“l*oll‘ 7“ '\“Hf@roi (em Can‘s el 0\&9 m 6\ ¢

alve
3 7 3. Consider the'/ follo%vmg@ exo&e\é rEactl o a fre J ui

25 CHi(g) +2 Oa(g) == wﬁ* =-891kJ
3 we %‘LS L e as

How many of the Tollowing five statements (I-V) are true?

F [. IfCHsis ad‘ged at some onstant temperature the reactlor;?ufls nght and K

decreases XA Shi iS U i chaw f/
nCe ‘Ft A V i e ( ?bjn
«ﬁ II. IfCO;is added at so;nico ttem era tie ttzreactl n shifts le d i

decreases ra SKE ve 18 uvxck.ckkg €

If the temperatur 1s 1ncreased he reaction ShlftS left and d ases.
ip\CLpi_ léjuc'ﬁ tﬂil iS/\A’L E[-I\
If the pressure is decrease by mcreasfng the \7aume at some constant res ¢ [ 1’- K 9 F‘*Sk‘i

t perature fxf reaftlon sm&leﬁ e rmsre s les 0{ ag pres e«:/—

F— V. If, 1n a ngld con ner at constant emperature, the pressure 1s $hcreased by addin
argon gas, the reaction shifts right. — £ync e CC qj Lo 23 ) LCOzg}l aqg

a) 1 w c) 3 d) 4 e) 5 (All statements are true.
\L&é r¥

L\en ’A <4
[Z\I'S i@%gzé Kj‘([«aim_ Ar :.S ;fQ iéé) £
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U3 4. - Consider the following reaction at some tegperature: L4
T 7 ™ O & ony ¢ fecTSquare
o |1 s'oz(g) + NOxg) == SOs(g) + NO(g) K=40 :@*';;‘x)/z l
~ [.e0 == X X

If 2 00 mol of SO(g) and 2.00 mol of NO»(g) are reacted in a 2.00 L rigid container,

T8 calculate ?ﬁfﬂ:ﬂrﬁg?ﬁ cor’ré:er‘l’tra‘fr_on of_NOf(gl [\“&3 - 3/3 = 0.006 2l
@033M b) 1.41 M o’ 100 M d) 0 e) 0.67 M
CNOT . = loo -x = .60 ~p.Lb6 T = Q@ 230
5 14 5. Consider the following reaction which takes place i a 4.0 LTigidc Alner at 800. K:
1\ Jzo Na(g) +3 Fa(g) == 2NFi(g) Kp= -P_s, (o ud)

PN ¥ Pp T ozl (o0¢3)* *
An equilibrium mixture contains the following partial pressures Py,=0.021 atm, P =
0.063 atm, Py = 0.48 atm. Calculate K for this reaction at 800. K.

a) 1.9x10° b) 280 @ 4.4 x 10* d) 170 e) 360
é l 6. How many of the following four statements (I-IV) is/are true?
I [ Z’l /ﬁ In general, when the bond strengths of the products are stronger than the bond

strengths of the reactants, an exothermic reaction results.

/(II In general, bond energies g1ve a good estimate of AH for a reaction when all
reactants anc‘lyir:ducts are in the gzz phase. ¥ “wga s Phe .S { reachions,

Gwo htee r M ¢
"’(HI In an endothe lc reactl‘o\no lﬁecp%o&uct ﬁgvcee hig er(poten nergy %han the
reactants. Ad ded_ I~ «t qoes +o ”\Cre'l&ﬁ f@ fendiel

ewe S reCec SGrct Cvouﬁer"‘-tﬂ
’ﬁ/ When d ining AH for a reaction using bond energies, the strengths of the
intermolecular forces are not taken into consideration.

a) 0 (none) b) 1 ¢) 2 d) 3 4 (All statements are true.)

| L7 Consider the following data: p O = 4 P + Lo, 4H,=29¢F
Puz ~ 6 Pess +6c0o A, =((8)
L 5 7.2 P4(s) + 6 Cla(g) — 4 PCls(g) AH° =-1226 kI 5 PCg, T5OL < loCPo M,tj =)o (- lgg
Py(s) + 5 O2(g) — P4Oio(s) °=-2967 kJP + 6> Ypely ALzt
PCls(g) + Cla(g) — PCls(g) =-84k] =

PCls(g) + 1/2 O2(g) — CLPO(g) AHP =286 kJ P._[Oie + éPCQS (6 g Po

Calculate AH® for the reaction: A - A ﬂ FA.[[ LA [-g LA{[ %
P4O10(s) + 6 PCls(g) — 10 CIsPO(g) AHP = ? Al = —6L5 kT3

a) —111kJ @ —615kJ c) —2680k]  d) -7555k] &) 111kJ
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0‘(‘ 4&4 [w\cp ens i ke ‘““Q‘U,

2 8. Suppose you l 3& %5 J of heat to a system ancl let it do l(g J of expansion work, then re
Ly the system to its initial state by cooling and compression. Which of the following
l statements must be true for the overall process?

—a aH<aE (boH{_= @3

P b) The quantity of work done in the compress10n step must exactly e(blal the quantity of
work done by the system in the expansion step. 9 +w L ¢ fens @an 432( ‘(/(f\

F¢) AH=38:T = O N
d) thccompressmnstep, =-45]. 7 &feuQS @ n Pccl-’e\ 9@«54’ K 14

€)) The change in ﬁg mternalecoirga fornfns overéll process is zero AE =0 = =4
T Gllgy) + 5050) > 300,90 t4Y(Low) A= 2222 kT
22 9. The standard enthalpy of combustion of propane, C3Hs(g), is —2222 kJ/mol. The AH{
2 s

values for COz(g) and H>O(l) are —394 kJ/mol and —286 kJ/mol, respectively Calculate

AHZ f .
f Ozpﬁg::i = iA HF(PNJ §/A H; reed Q—ﬁ'\" == _pl (suq%\

a) 2326 kJ/mol B b) 76 kJ/mol ) —104 kJ/mol
—22z2 |3 =1L 3(-394 4—‘:‘6‘15’6]] T 5lo)
d) -76 kJ/lmol =3 e)) —2326 kJ LX > O J

2\ = 3P + L

Va3 <o\uin ;l é {.)lﬁ@ MM.
lﬂf,m. Calculate thenolar solub111ty g l1d§ ?P 4)2ina 0.10 M Pb
3

(NO3)2 ssolutwn Ksp for
b Pb3(POs), = 1.0 x 10754, PO7™ 1 assume@ 043¢
Led

€= Solob bobginmla e ,9 18 +3x Ax PN
a) 6. 2 x 107 mol/L b) 6.2 x 10 12 mol/L ) 92
= L0 (O *t= (040 ) (2x)° | Selvin, *
6 x 102" mol/L, 16 x102molL
A Ssu “l‘l AN V\Ca:l
\ 24 11.  Consider the following i ormat10n 8;_‘1%_‘6:
L-( I+ N bond energy = 941 kJ/mol 3 F “F
F, bond energy = 154 kJ/mol L et & =

Na(g) + 3 Fo(g) > 2NF3(g) AH=-206kJ
A ="—20 6 = [q¢ +3Cl5‘1ﬂ—'

Use this information to calculate the N—F bon

SO\UT 'Y = N-F he e
a) 233 kmol 268 kJ/mo

d) 66 kJ/mol e) 434 kJ/mol

[’l_bj 12.  Calcium chloride (CaCly) is a common de-icing agent used in the winters to prevent ice
X formation on roads. The solubility of CaClyis 74.5 g of CaCl per 200.0 mL of solution.

.5 l‘% 3. Calculate the Ksp Vﬁlélﬁ for solld cal%‘u{n cilloréc.lac The molar mass E)f ca1c1um chloride is
110.98 g/mol. allyes) = RO Ko =(Ca™](co”
f = . — S 2.5 Ld»s Soloby (gt mel/i_

b) 2.06 x 108 @3.36 () 451 e) 45.1

2 3 FUS gl f 1oL Caldy)
Fop=s(@'54s* | o= UCUirmad) _asemin
ksp=4C336) T5 1) O Locol
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\ 3 3. A 1.00 L flask was initially filled with 3.00 mol N> and 3.00 mol Brz, which then reacts
2z \to by the followm:% reaggon at sorge constant temperature: Ao ke
(2)+3B5{g) == 2NBn@) K=? 3{9@3
300—¥

2
At equlhbnurn 2.75 mol of N2 'rgemalns &Zlculate the Value of K gor the above reaction.
=2.wmol ftoop_ =300 =X

N X =
a) 0.43 Zcb)26><10"2 @ 8.0 x 1073 d)18><10' 2.€) 6.5 x1( R
£Br) = 300- -3(0:25) = N AV =(9030) _—— —hoyiO
= A8
\ Z 14. Con51defr9 the followmg re%%’goncat some cgrklstant temperature}5 Q. 15‘5

‘/\, Te O 5 o
235 | ' 2 TeOa(g) + Oz(g) 2TeO3(g) K=4.0

’12k A )( ETQO}B‘A
~ Some TeOs is added to an otherwise empty 4 0 L container. After equilibrium is reached,
16.0 mol of TeO3 and 8.0 mol of Te are present How many moles of O are present at

equilibrium? —2)‘:—):1607,\5 = L‘ SL\ ) X =] O e L
a) 8.0 mol b)20mol ¢) 1.0 mol @4.0 m?lo e) 16.0 mol
F_@—ﬂ“- = [omel/ e Lf,op;;‘?f';——}; D
15516 i Gt e et e
Ce (AN 6" 2
249 [\ g”i“soomLofleo- M Cd(NO3)2 35 added 5o 56.05F o B lurss F €51 Key for ¢ 70 ¥

CAOHR(s) =1 x 10 @ =5, o T = e S s)"= (M (015 £ gp
A0 I1. 50.0 mL of 2 x 10™ 5MMn(if03)21s add‘esd)to OOmL of 2 x 10” MKOH: K, for

Mn(OH)(9 = 110 =L LoH “\‘Oziwu

W O TIL 50.0 mL of 2 x 107 MMgai%g)z is aac%d t0 50.0 mfofz x 1075 M KOH; Ksp

- -9 _r,«\ LeH™ )™+ % (
for Mg(OH)z(s) = 1 x 10 6 Se o P“l“‘{‘ Jade LormsS.
50.0 mL of 2 x 107> M Zn(NOs3 zlsadde toBSOOmLonX ”5MKOH Ksp

for Zn(OH)z(s)—l x 10716 @ f12 3, Lol = | w(o™'5
e‘\e & ? /S O FXw g ‘uﬂs Ié + ACL,P('QC(P(“MQ “ﬁ’(‘MS'
In how many of the a e four solutions (I-IV) wﬂl a precipitate form?
Zn(oH), cs) i 22" +Q0H” Ekgp fﬁ"%h”][oh‘_:}

a) 0 (none) c) 2 d) 3
_____e) 4 (A precipitate will form in all four of the solutions )

= § x Mass ¥ AT AT = /‘?',:5—5/
\ é W 16.  Two metals of equal mass with different heat capacmes are subjected to the same amount

- of heat. Which metal under oest e sm smallest changg in tempera
25 13 - both. m e o.\s P aeay; Rﬂﬁzz Saaf(ﬂimeu w;“«‘w-(
"a) ) The metal with the larger heat capacity. S lest+ AT L\ag MQ [Q‘j es{‘
b) The metal with the smaller heat capacity. ead Cey acl L&’ S) ¢

c) Because they have the same mass, both undergo the same change in temperature.
d) We need to know the initial temperature of the metals.
¢) The identity of the metals must be known.
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[ 8 17.  Consider a theoretlcal ionic compound formed from M*" and Y*- ions. Which of the

415 following mathematical statements correctly relates Ksp to the molar solubility for the
( q ionic compound formed from M¥ar 16Ag2<Nete: s = molar solubility.
Fsp= (3sYL s\ |
a) Kep=7s b) X5 @Qp — 69125

d = Q77552 e) K= 1257

Beatns /‘C‘ea&eQ wlead « Fas Lak9€MSCS gc\”\ s alin

l g‘ 1 18.  Which of the following statements correctly describes the signs of q and w for the
15

foll tP=1atmand T =298 K?
QT BT 405 e

J
H0(g) — H:0(0) +heat
For dhis process, Aw=0-1 = = The roles
a) qand w are negative. e L g s o\,ccre;w, S wo L—uug o Compression,
qispositive,wisnegative FGH‘ LQMFPcSS tons H\( Sucrow .:,F)s ,Qaeg

q is negative, wis positive. (, , bl ou g Sb; em (WIS osifive,
d) q and w are both positive.

e) qand w are both zero.

€ Xo

19. An 1dea1 gas absorbé 10017 of heat and is 51multaneously compressed by a constant
L 7, external pressure of 2.00 atm from an initial volume of 10.0 L to 6.00 L What is the

change in internal energy? € @ chLLML.T_-——s-;\ e d
a) 9107 b) -710] 710J

A= = = loQT + DO T ‘“
d) 8107 éSmoJ

Y| 20.  Solid calcium carbonate, CaCOs, decomposes to form solid calcium oxide, CaO, and
g gaseous carbon dioxide, CO,. What is the correct equlhbrlum expressmn for this

reaction? (", O O:¢D > CaOLs) + O 167' 6(92]
[COZ?[&B?&S e rwr[* ilr\.L\\/i&ch ine #81&17(6 ‘“Cfgcoa]

b) K=
[CaCO,] [CO,] [CO,][Ca0]

l

a) K =

d) K =[C0,][Ca0] e) JK = [CO,] T
Precy Pi\t,‘it Fores ke (Q>K$ For eachsald, caledbte fe7] where @ = F—g/:
2112 21. " Aninitial solution contains 0.10 M Pb%*, 0. 10 M Cu*,0.10 M Ag", and 0.10 M La*". Into
I% 7 the initial solution, KCl(aq) is added dropwise until a precipitate forms. Which of the L +L£ e
followm recipitates forms first as KCl(aq) js added dropwise '
g precipitates fc (q)gxw_,gzpés.fpgw For ol

8=y =(od wre}
st%bCIz(s) 125911 10-5 b)_CuCl(9). Kep= | x 107 calds, b:?“z ey
ce = [0 xio™™ mefL L2 =1Xp® melf. mej o o
AgCl(s), Ksp=1 x 10710 d) LaCls(s), Ksp=1x 1072 re- Ly Lorm ns
& =i = mtaCCil @-[xtb““—ozogcz// o £ A &f’ )
07 =X tml/L 071 = L xlorml ¥, re, s
£eed / £es] torll Lor s

@ (o7 te a}ﬁeﬁ:[odj,
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27 [F-22.  Which expression correctly gives the value for the standard enthalpy of formation
- for liquid carbon disulfide (CS>) using the following data:

Q l Use Hess’s lawe o LolVv €.
C(graphite) + O2(g) - CO2(g) AH =394 1]
S(s) + O2(g) — SO2(g) AH. =-296kJ

CSy(1) +3 O2(g) > COx(g) +2 SO(g) AH =-1072K]
Cegrl + 02972 co,e) A= =34
AHf cs, =7 2S5l #2029 7259, ¢5) Ay, =g (-29¢)
2 Co &) + 2503¢) > (5, (Q) 430, AH3 = =(~10%2\
a) [-1072 +394 +296] kJ b)/[1072 -394 - 2(296)] k] —=—— .
. ] <S> CCg)Q‘),[)SCS} ~v CS;CQ @;[ell ~3q¥¢3[375)
c) [2(1072) - 394 - 296] kJ d) [-1072+394+2(296)] k]  auswer b

) = R — —RACT3

,ﬁ,z_uﬂlz;wi_—ﬂﬂ-u—f O Bt = B SR el 1)
=3 b) 3S

2.3 I‘Z 23.  The concentration of I- in a solution saturated with Bils(s) is 3.9 x 107> mol/L. Calculate

=
a) 62x1077  b) 5.1x 170 ¢) 23x1078 (d)7.7x 10710 6fyhfsg x 1~
K- p = ¢(3s)* :*é%ﬁ?s“ JKsp =27 (130 W
74 24.  Consider the reaction 2 N2Os(g) —> 4 NOz(g) + O2(g) and the followi)ng data:
Q l 3 Substance AHY AH = AEAHZ,PWD - {,AH‘,(( reacg\ |
N20s(g) 113 kmol A = L4(33.2) +o] —faU11.3) - o2 ¥J
..a.,,_ H— = 2
NOx(g) 32kmol AF Gasted PooH =9
O2(g) ? AE:‘]“‘W=HO.L+(«/

g i
W= ~PAY 2~ PTAR = ~Z 2145 Tewu( (QAFE)E-2) = =R 4R %O T = 43 kT
Calculate AE®, the internal energy change, t£ hisreactign at 1 atm and 25°C.

S l@. 1 kT (=734) = ([© 2.% kS
_ (2 1028KkJ b) —7.4kJ ¢) 117.6 k] d) 7.4k] e) 110.2kJ
S ne € +€m,'=. ot Calom u_‘e’i“e,r\ ,chre@ei as 5‘1('{“)}550&»@([ Has 1S
D 25. A coffee-cup calorimeter contains 60.00 g of water at 22.0°C. A 4.25 g sample of-*“ e rric
NH:NO;s is added to the water in the calorimeter. After the NHsNOs has dissolved, the ( 4 F2e).

7 ‘7( temperature of the water is 16.9°C. Calculate the enthalpy change for the dissolution of
ammonium nitrate in units of kJ/mol. Assume no heat loss to the calorimeter and assume
the solution has a heat capacity of 4.18 J/°C.g. The molar mass of HfO is 18.%2 /mol = L‘ v,
and the molar mass of NHyNO3 is 80.05 g/mol. T w (( keep el guaniifies i o= ’
feat lossHo socmoadlings = 4 (Q T7 oc (L4.25)(22044.3) = 346 ]
P

26 kJ/mol b) 1.4 x 10°kJ/mol ¢) 150 kJ/mol
ot gedn L;&\sjolwke« ol 425 ¢ Ul ©; = (370 T
d) —1.4x 10 kJ/mol e) —24 kJ/mc;‘ y ‘
1290 =" — % -/ . Jr— '
o T == Z 2568 NO O
At L. 25gM Mo Mﬁ% 5 /w( 26 £ =

go,OQS
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Consider the following H>O data for the next two questions:

Specific heat capacity of ice = 2.03 J/°C.g; AHjusion = 6.02 kJ/mol;
Specific heat capacity of water = 4.18 J/°C.g; AHyaporization = 40.7 kJ/mol;
Specific heat capacity of steam = 2.02 J/°C.g

Consider the process of heating 18.0 g of ice from —100.0°C to steam at 200.0°C. Which
part of this heating process requires the largest amount of energy?

a) Heating 18.0 g of ice at —100.0°C to ice at 0.0°C. ¢ = 2.83T/5- ‘C(tg 03>O°° )= 3 6 £
b) Converting 18.0 g of ice at 0.0°C to water at 0.0°C. ¢ = lw((,:_,, = 6© 20J
Heating 18.0 g of water at 0.0°C to water at 100.0°C.¢ = H.%7/q (180900 CB 7’5 7“
@Convertmg 18.0 g of water at 100.0°C to steam at 100. 0°C. g = ( ml 4::0(
¢) Heating 18.0 g of steam at 100.0°C to steam at 200.0°C. . ‘? 22,020 7q % (1%.© Cloa€c) ﬂoﬁf

{-}ec&) tin g Lce= Jead loss a{ Lo+ ceaf e = L{l%:r/ﬁ ‘C(gLOjX‘?Fb ~T

A coffee cup calorimeter is filled with 36.0 g of water initially at 95.0°C. A 36.0°g- Towa 1
_ sample of ice at —5.0°C is then added to the calorimeter contents. Calculate the final poep a%,( At
Z 27‘ emperature Of the mixtur qqnmInO no heat loss to the Surroundlngs or to the f"c"é res
rimeter. g o
edlgon, I o) GO+ 2l (G25) = 448 e (5 Lo (D)

0°C ~ b) 2.3°C 92 7°C
S€4>a)4’2< ~ : Yoay <7‘u(c:z)[ 4o eac v’g[&w a«vx& Lo U‘(

28. When 1.00 40 gNOs3 is added to 1.00 L of 2.00 M K3POs, a precipitate of
28
22 Ag3PO4 forms (Ksp for AgsPOs= 1.8 x 1071%). Calculate the equilibrium Ag® . ?@ v
bos ok ‘“\; concentration in the resulting solution ([Ag*]e = ?). Aﬁs@oYB@) = 3 z,é " (.o oM
MY ,,;h“" s -~f.20 —O.9°
onet T WYy 48107 M b) 1.0x10°%5M A <) 6.0x10V7s7 f‘éfw\
RPN we Y. T o !
C et $oue 1.4 x10°6 M 1.20 ~ +2s +2
g in ] e) 1.20M C_ —S s
= 25 Q.

22129 29.  When 1.00 L of 2.40 M AgNOs is added to 1.00 L of 2.00 M K3POy, a precipitate of
21 Ag3POq forms (Ksp for AgsPOs= 1.8 x 107!8). Calculate the equilibrium PO~

y ~
concentration in the resultlng solution ([PO+* e = ‘7) = g QYO Mo / L
éS) @ 6@*1‘5 "—2—13 Q 6@)) L‘As_guw\l}‘p\bv\jwc‘ﬁ

ENO™
3)) 0.60 M b) 0.80 M
R, < St o) (TS

d) 0.40

FPOZ o= 0.60- ww* 60 n
30. My answers for this Chemistry 102 exam should be graded with the answer sheet

associated with:

a) Form A b) Form B ¢) Form C d) Form D e) Form E



