FBFW\ H(}‘JU"' Exio~n Detailed kc(}'

25

CHEMISTRY 102 Fall 2015
Hour Exam III _ 2. 3@ molo, 5 4o\ = 3 Page
| EGJJ e W = ©: x) X=0.0%0
,_l-m i, Consider the follov‘\_r’ing reaction at some constant t eratuge
T &.Hdeem s
9 > ~ 2K o)
2048) = 3 L®a3"

2.00 moles of O3(g) are placed Yo a 5.00 L rigid container and the Os(g) then reacts to
reach equilibrium. At equilibrium 2.70 mol of O2(g) are present. Calcu]ate the value of

the equilibrium constant, K, for this reaction. /4 =@ 5y)°
0,)e = 9" €O~ -20186) = ©.040 M 7"k
a))98 b) 490 ¢ 340 d) 3.4 x 10 e) 0.98

BrmLQUes\(wn 2 iado 2 steps "‘?T@r q, + G2 + 95

For the next two questions, consider the followmg data for an unknown substance X: R
Fer &ues{»ama ‘s+ep! 15 heat Xes) £romm =260 4o —150°C, Step 2 s

AHyap = 20. OO kJ/mol specific heat capacity of solid = 3.00 J/g .°C converd XCs) al
AHfus = 5.00 kJ/mol specific heat capacity of liquid = 2.50 J/g .°C —#§°C *e xce)
boiling point = 75.0°C molar mass = 100.0 g/mol o+ ~L56°C, and step3
melting point = —-15.0°C is +© heat X(2) frem —16%C +o F5°C -

- (0.0 (20,6 )= 600, T, = D lOOMmol XL 25263 ) =@ 500 kT
2:‘—15/ Z. In thﬁgf sub?t)ance X, energy (heat) 1sqa%l'ded ata constar&temfltSO. J/min. At =5 S0
O 23

this rate, how long will it take to heat 10.0 g of X from -35.0°C to 25.0°C?

& 9_;,5,&:—){)]0 05‘)("10 O“C) =00 F/OBI’ %pr-éeo T4 seo.T 4 ‘OQO?QQ.J
a) 789%in" b) 7.89min  c¢) 3.33 min 467 el ¢) 3.56 min =7

[ anen
211k e = AOOT (D) (4
3. When the temperature of 1.000 mol of owered from 100.0°C to form X(1) at

(1 24 50.0°C, 28.75 kJ of heat are released. Calculate the specific heat capacity of X(g).
x Stepi Xig,loo ) S G, 76 ) ¢ step2 X(g,7C) s X (@ \FE%C) ! Sep 3 X(g35%) <5
NS a) 2.00 Jg .°C T.00 Jig .°C ¢) 1.50 J/g .°C X2, 26°€)

("
LA e 29,750T= Syus{loo. JLASTC) A Imol (26006 3) + 2.50 3 sa o
“U i d) 0500 J/g.°C &) 1.75 lig.°C ) + 252341009 x 26%

w‘"‘” cm 28350 = 1500(Sgas) + 20,600+ 6350, S oo = =~5W oo :r/
-&ﬁ’_ﬂé}. Calculate the molar solubility of Baz(PO4)2(s) in 0.10 MK3P04 Ksp for Ba;(PO4)2

)
Y ll?' 6.0 x 10°%, EqBI«z@ k) =D 3 Bates) + 2P0 .«.2"” 6o xio 3= [8«’1]’[4003,
vils 35 o+
25 a) 8.9 x 10 mol/L t%) 1.1 % 10" mol/L 2.8 x 10-"* mol/L
co xip 3 —Q,s) O Ie+;15) 2 AJ (o l8)%

d) 7.7 x 102" mol/L e) 1.1 x 102 Aswmﬁ“’“ﬁ”“q'
Sofv(m}, s =selobil; 4t}\ 2.8 x/67'3 moal /L

8 s The enthalpy change for a strong acid-strong base reaction is —56 kJ/mol. Consider a
BLW

coffee-cup calorimeter in which 0.10 mol of HCl is added to 0.10 mol of NaOH to make
200.0 g of solution. If the initial temperature of the solution is 24.6°C and the specific

heat capacity of the solution is 4.18 J/g .°C, calculate the final temperature of the reaction

mixture. h-ga"- @5S hl} Fe«.(_,'{ifau = OO el HC{ ( rih{cg} 56 5@9693_
" q( t
HCl(ag) + NaOH(aq) — H>0(l) + NaCl(aq) AH = 56 kamolU‘“P Ses: o

,-\.E:a“ ar 59 Calorimeter = 56OOT =< H. 13379 4 j)%
a) 23 2 C b) 26.8°C c) 28.9°C d) 29 6°C 31.3°C

QT“@,'?°C‘ Since (Lis is an exe Hhetniic reaction,

. enpetatore of 'fa‘suffodn&' swill incl€a3€q
Jhe Jenper | ‘T’ ;yﬂg o i
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o 25 [:©+S Let reaction ge !oé:omf Hla-q‘:i“\

6. When 50.0 mL of 2.0 M AgNOs(aq) is mixed with 50.0 mL of 3.0 M NESUHB.ag Tyt 9t e protiem

23 |18 precipitate of AgaCrO4(s) forms (Ksp for AgaCrO4 = 9.0 x 107'?). Once equilibrium has

been established, calculate the Ag" concentratmn (&Ag = '?)
qo e =Qs)” 1*9+5 -
a) 1.3x10 M 3.0 x 107 M c)2.6><104M

CAgI= £~ 2015 % 6©)
d) 1.0M e) 1.5x10°M

3;_"2“'— ! When Ha(g) and Cla(g) are reacted in a 4.0 L container, HCI(g) is produced in an
flra

l 5 p 8 (6 é'}VL CASSUM,;*‘-?MDQJ

exothermic reaction. Which of the following changes (a-d) would not cause the reaction
to shift right to reestablish equilibrium? =y & 0 0 et
An =5 0110 = O H- -33 H’L;j] s ] i— HcC C?) “Q
; I 4 as HG Cy 9&‘-’6 75 f€woV
a) Some HCI(g) is removed. [y shifds f“ o chpm&uci S8 pNEAED aﬁ

b) The temperature is decreased. £ ¥ n s hif¥s Fif
More Ha(g) is added. £xeshifts rif‘n as n-wr-e Hem) reccfont vs add

The volume of the container is decreased to 2.0 L. Siﬂce mele chQ oo gas = el rmft': .
e) All of the changes (a-d) would cause the reaction to shift right) @3) Chowges 14 Vo
ve ko effcct,

% 3 8. Calculate the average carbon-fluorine bond energy using the following information:

25/z0

F

H H
\%/ xd
7 C F F —» H C
H/ \H+ ‘§' |T
H
i L

H Aern = ""‘549 kJ

Bond Bond Energy (kJ/mol)

C-H 413

C=C 614

™ 347 AH = Zbl-,rokeh-'- S—Dﬁorme‘q
H-1 32 _gyqpr = (Li4 +154) = (3= +34)

F-F 154
Let w= C—F heall emersy, Scluivgs @,q c-F Bmﬁ@

The average C-F bond energy is equal to:

a) 64KkJ ﬂ‘)) 85 kJ c) 970 kJ d) 128 kJ e) —970 kJ - 2
Pb(Lae) > A+ 20R7 ksp=lexio 5 =g L]
[
+2 =sol okl POy 1 neelfe
ﬂ.\j‘v Excess PbCly(s) is added 10E[ 00.0 mL of water Calculate tfle conceﬁrat‘ion gfag z
20l 2l solution ([Pb2]e="?). Kip for PbCl = 1.6 x 1075,

0016M b)0032M c) 0064 M  d) 0.10M e 20x10°3M

Y A
[Mionexfo' 2 g feom probiem, TP 'S“
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10 )4 10. AH° and AE® are approximately equal to each other in all of the following constant
5’ 4 pressure processes except for:

(B COCly(g) —» CO(g) +Ch(g) An=2~) =] , 4H FAE
b) H'(aq) + Cl(aq) + Na*(aq) + OH-(aq) — H20(l) + Na'(aq) + Cl-(aq) &n=0,
¢) Hag)+h(g) » 2HKg) An=2-2=0©, 44 =4 E
d) CO(g) + H:0(g) — Ha(g)+ COxg) Aw = 2-2 =0, 4h=AE
e) Hgs) > He) Anz0-@z20, AH =4E

AﬁCOH)(.g) > 45*6@) + OH ‘Ccup
(| {30_ 1. Consider the salt AgOH(s), which has Ksp = 2.0 x 10-%. How many of the following three
¢ U5

AH =AE

statements (I-11I) concerning the solubility of AgOH(s) is/are true?

AgOH(s) is more soluble in 1.0  HNOs than in pure water. #*+ o’ > H#0
. AgOH(s) is more soluble in 1.0 M NHj than in pure water. Aﬁ* + 2N &-‘3 5 Ajﬁ”“a\z
. AgQH(s) is more soluble in 1.0 M NaOH than in pure water. .
noxﬂj&é&) Ht recweves ® =~ Lrow Wp kse Eegui [tbrivwr Cuevsi s
L'

€ .
DY e e 0 ST by s Ast Fre

d) 3 mc‘;ho Shosds e § (I-111) are true] (o predect)
per-e solidl o &t‘SSé‘Uf- A&Qe& eﬂﬁvw}[[ Slu-"f'l‘

Ceuvsia
Fso €90iliftivmdotle left fo foru mrore AqoHcs).

1282l 12.  Which of the following statements is false?

12
:" ~Ta) Inabomb calorimeter, AE can be determined.
@ When an endothermic reaction is performed in a calorimeter, the temperature of the

calorimeter increases. Jewp &ecrea{séj Lor G fuic feaction-
’r’ ¢) An element in its standard é’l‘gf?&fa"s" astandard enthalpy of formation equal to zero

(AH¢ = 0).
~T d) Hess’s law is based on the fact that enthalpy is a state function.
-’r' e) In a coffee cup calorimeter, the heat released or gained at constant pressure (qp) can

be determined.
LUhen Hee reacteunt bowd 5"“1‘&&.7'“*5 are overall 54"‘@‘76*" et

Hes e reaction s endo theruc.

roloct bend Stre
(S AL 13. PC(Tnsider the following er‘;gothe'rmic reactiont & . [ ;
% i+ ¥feaction kaS'AOSI"‘WQ At veloe. ‘B\JS

Since endothersug
Na(g) + O2(g) — 2 NO(g) :
emml(} occues whem He l‘c'ar:lcm+ l)asz @re §4r0nflﬁr Hhan “d‘-‘?
(]

hich of the following statements is false concerning this reaction? ,b réfloct bels,

N, has ccfh"P'ﬂ bemﬁtwhdnuﬁll have CL/arf)e bb”“ﬁ(‘ih@“jj,,

a) Nashould have a relatively large bond energy.
b) The enthalpy change for this reaction is positive.
@ The reactant bonds are overall weaker than the product bonds. Jhys weold lecd]l 4o aln
,rd) Bond energies should give a good estimate for the enthalpy change since all exothermic rEn.
substances are gases.

N;_, tws /O velence efecd rens : .[A/_"__:M)
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_ﬁlﬁ- 14.  Consider the following reaction at some constant temperature:
*
410 1 uem  2em © ceon® Losl
2C0x(g) = 2CO(g) + OaAg) K=00=10" = LCo,)
[1_:. He-dx le+dx p. 4 i o
n an experiment, 4.0 mol of CO2 and 2.0 mol of CO are each placed into a 1.0 L rigid
container. Calculate the concentration of ?92 ([O2])e = ?) once the reaction h
equilibrium. o oy (¢ = @@ )TX o (202 Xy Lo oy 10°6m —[t?,]
(4.0-24) ™ Loy~ ! ‘
a) 5.0x 107" M b) 1.0 x 10°¢ M c) 20x10°M Q
ASSUMP4}enS 5‘99 ¢
d) 4.0 x 10°° M 8.0 x 106 M
€9 15.  Consider the following reaction at T = 25°C:
90Ul LHI)

Ha(g) + () = 2 HI(g) K=1000 = F{ (T,

Which of the following statements is false?

The value of the equilibrium constant depends on the amounts of reacants and
K “5 a Cceoastentlat Constect 4%9)‘

products that are mixed together initially.

—1 b) For thi:s_rea@tion, Kp=K. Srace dn = o | J‘ =~ Kp-

T ¢ At equilibrium, the ratg of the forward reaction equals the rate of the reverse
reaction. & fweq® 6

“T d) Atequilibrium, [HI]? > [H] % [l2]). Stwce k>, His ts drve.

’r e) At equilibrium, the concentration of reactants and products are constant. A (¢,

ve
ot eqa:)g ﬁ priume

e t 16. How many of the following (I-V) is/are intensive properties? +

2T Tatensive P""Per“h s Gre twes thel Ao hoT

. M . .
A Uepend v quanhify of solpstace preect
1. Volume T‘gMpera{ure G £ unt_&cﬁra}‘rmd‘ft T iv fr- [,w(es
(1V. Concentration> proﬁer-‘ﬁcj, Considec o Gir Somplesiy “lrfl_ o q{::a‘.::\
V. Enthalpy bucwt& have +he S‘ame‘{-ewlp o@%ore o Concecy :
a.seiﬁl‘eseu‘a‘ as 600k ¢ ¥ the Same air.  This 15
a) 1 . o i T d) 4 e) 5 (All are intensive properties.)
@D 93, D n S PR e

?mw{f. hres Bepeud 6 e pnnseit of Svbsteuce presewt:

Lﬁﬁ L Consider the following reaction at some constant temperature: 5
L1 T [ec Le© o o Cg X)

Ha(g) + L(g) = 2 HI(g) K,=16= 5 = ____..-51
Pxtr, (loo-x

[o0-x 1-90-6' LX o
In an experiment, Ha(g) at 1.00 atm and Ix(g) at 1.00 atm are mmale reacted. At
equilibrium, what is the partial pressure of HI(g)?

Tokéns Hie chuw-a reot el both sides "f*a‘e?mhmk 3]veS‘r

a) 1.5atm ) 0.67 atm atm d) 0.75 atm e) 1.00 atm 4_
HD:,_&.?‘_ /Qx:qro-qvléx:%oJyz,‘t,::-"/sa“’\
¢ [,QO“K :

WEEPPYEERER 7
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€ [23 18.  Consider the following reaction: y
| 16 . CH,J
. e e
4 H:0(g) + 3 Fe(s) = 4 Ha(g) + FesOus) Ko = T iaod
What is the correct equilibrium constant expression for this reactign? ‘
So (e awf i qout &s ave no+ inclode i K‘f)tﬂf"ss"’“S,
2) K- [HE?I“[FeJS b) K= [H2llFesO4 g K- Ll
[H,]"[Fe;0,] [H,O](Fe] [H,0]
g) K. Hal'lFes0,] @ [H, "
[H,O]'[Fe]’ [H,0]°
l 24 19. Earlier in the semester, we labeled weak acids as weak electrolytes. Weak
electrolytes are substances where only a small quantity of the compound breaks up into
2 ions. Weak acids are typically less than 5% dissociated in water. The equilibrium
reaction describinlg the dissociation of acetic acid is: Q9 { '
%C(J&u&ﬁ’_ ou 5% (o west ) o€ Grelie actel [ ecects e
KICszOz(aq) = Hf(aq) + C;H3027(aq) K =7
s re:ndf—\o:.‘, we us (( kave “"’C‘?S‘H P i*eagur_':fs a+
Given that acetic acid (HC2H302) is a weak electrolyte (feak acid), which of the
following is most likely the K value \t;?é.the above equilibrium reactign?
vilibrivelobleHhis TS CQSC/ L‘ . ol
a) 7.2x 107  b) 6.1x10"  ¢) 5.4x 10" ? 15 (D18 x 107 l
oue auscw e heeg 4’, Seo i wtos Eﬁ colrect
2025 2. " Given: ;
% 20. Given: Cu(s) + Cuocs) -aCUlOCs\ fa) H.« = -lkT
7+ 4 - - kY
5 2 CuO(s) + Onfg) — 4 CuO(s)  AHo =288 KO 5O T 3659) Dacvesl L, =2
Cu20(s) — CuO(s) + Cu(s) AHO =11k aue)+ §60.¢) = vocs) NTE dﬂzjcuo
[
Calculate the standard enthalpy of formation (AH°) for CuO(s). / Lt~ 44+ 8%,
e i -iL-L A Hp:‘ -155#3-
a) 155 kJ/mol @—155 kJ/mol ¢) 299 kJ/mol Hais 5,32 -g,c“va{f :
S e ren Fouck
9{ ﬁr en. Je, iew;
d) -299 kJ/mol e) —166 klJ/mol fLor cUOcy (M“"‘f“% ll:jﬁ
o f£ros gl€iie
Z’ JL . fc: cézr ¢Hoallard] c*‘d‘ﬁBv
21. How many of the following five silver salts are more soluble in acidic (H") solution than
(S cl in pure water? ga[-{vj wWhese nNioens COune Cron A ek &L ij ltlf'-t

C,COZ {rc &S f Maregg[ [e ?,
" Z«AgB;I/a,rCaLu 5 of}oy\'z\&gs

AgCOy) Agll  Agl AgClos G i dlic solo

hece anions Cont€

@1 b) 2 ¢) 3 o4 W J s ke
-{f&m < re&gcxa 2, It

e) 5 (All are more soluble in acidic solution than in pure water.) ¢* l-[ '_]’7 R {“: and (| 99-1

are a(_glc e € S(_‘J(uglg [ A @_dCQ?Q 50[(.}‘)"70‘1,

Fit: kt‘}ﬁ-rvﬂtgc Salts are qlse aere solvble i acdic
solotion since Qe qlBel) ¥ il react with Ol fo Form #2.0(‘2),
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[ F
eLuel “FL.( é@‘&f%‘[ “{ euer;g&ﬁ potential energy and

2 22 Which of the following statements ¢a-c) correctly relates ch
bond strength?

a) Compounds with strong bonds have high potential energy.
b) Compounds with weak bonds have low potential energy.
(® Compounds with weak bonds have high potential energy.

d) Statements a and b are both correct.

25 J© 23.  Consider the following reaction and equilibrium constant value at some temperature:
5\2 N204(g) = 2 NOa2(g) K 80"%1
204(g) = 2(g =80 =
Eugﬂq]
An equilibrium mixture contains 6.0 mol of N2O4(g) in a 3.0 L container. How many
moles of NOxz(g) are present in this equilibrium mixture? 2 _
TN, )= b0 meff30L =2.0M Q.0 < /—31[:;90 / [ve,3=Hom

a) 2.0mo b) 4.0 mol ¢) 6.0 mol - [
Mol IO = 3.0 L i (9) =([zwel MO
d) 8.0 mol ﬂ 12 mol ( >

2-‘1 o4 The solubility of AgsPOa(s) in 0.20 M AgNOs is 2.2 x 107" mol/L. Calculate the Ksp .

3 value for AgsPOs. Aa, Poycs) = 3Pt + Po

tb = 2‘2_ ‘nybh'é W[/L (ﬁ‘vm Pl‘aucw\\ -+ 35’_‘ @,ng Oq
@ 1.8 x 107" b) 6.3 x10°% ) 48x10% _ o 43S
g - ®.zo+3s S

d) 44 x107" e) 9.7 1073 .. = |
Ksp = E%‘“f[PO;“J; fo.20+ 220" D Qave ey £ ¢ o L B

25 l {225, Which of the following statements is false”"
I+ ‘1 { a) The energy of the universe is constant.
—1 b) Heat is a path function.
“¢) The internal energy of a system is the sum of its potential and kinetic energies.
When a gas expands against a constant external pressure, the surroundings are doing
work on the system. F . ecw expausion, q,QQ S‘}S“cw\_ is &951«?\
work eatbe S Uo—reuu.an S,

AUolf3 26.  Which of the following statements is false?
AF =gl
815

Ta) The internal energy of a system decreases when more work is dong by the systemy
than heat is flowing into the system. AF /s mega\““f bd‘ca\.e)a ujs MErs Geyeutie
_-Q/b) At constant volume, the internal energy change“'ij'(')'?‘ﬁ' sistefn lspesqhﬁt‘tj)ﬁie amount of
heat flow (AE = QV)- AE:? + LU; oz a_"LCOb\SSG.u.‘“ V‘I s 4E :CI
/r ¢) The internal energy of a system increases when work is done on the system and heat
is flowing into the system. AE = g4,/ /AL IS pesitioe wzf:eﬁa*'i\j‘“ﬁ ul-ﬁcs'
@ For the process of boiling water, the sign of q is n;gm pesFive v
i

+ O(Q> —2 H—ZOC‘;) l |
TL;eZci [ u.tﬁ(%w heat mosthbe aﬁﬁeﬁ[‘l—ais s an ehﬂg‘{—aerum. c
f"“—&-‘SJeGI s pest"hve Ler e ofberiac process
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ot When 32 2 k5 ad ded to He clopineter, {»em)«em*‘ur(
é_*’ 27 The combustion of benzoic acid (CsHsCOOH, molar mass = 122 g/mol) is comrnon
99 & 7 used to calibrate bomb calorimeters. In a bomb calorimeter, 1.22 g of benzoic acid is

combusted, resulting in a temperature increase from 23.25°C to 26.47°C. Given that the
energy of combustion of benzoic acid is ~3220 kJ/mol, calculate the heat capacity of the

calorimeter. 0 b‘} 2 35% € 3l HF+Q3.25 = 3. 19) A chang

jn o ecest

a) 1000 kJ/K ) 10.0 kI/K ¢) 1220 kJ/K
o 222 33.: 4 . = 32,2k = [e.0 FJ—//:
d) 0379KI/K ___e) 820KIK heat capace 5 3.22 K

PbTl,c = PJ) = x[p‘ ° PLS@,CJ) = P ** ¢ Se,”
i ,913 28. C0n51der the follgwmg solutlon Eznared m two s:ggrat&beakers . Lw‘(v W™

o 7 Eer Cb(.(Lut(& e
Beaer T(?Odlnp;‘L f3 Q.

-¥
ksp=2.6 X0

)
%b )z(aq) mlxed w1th 100.0 mL o
2.0x 104 M KI(aq) Ksp for Pb, =1 x 10°®

@ =£pp?I LT3 = 1.6 Mot Loxe™) =[5 ylo" =/ & LEsp, i
Beaker 2: 100.0 mL of 3.0 x 104 M Pb(NOs)2(aq) mixed with 100.0 mL of o preciptere,
2.0 x 104 M K2S04(aq); Ksp for PbSO4 = 2.0 x 107 g e
& =£Pb3.£s07), = LENe (te xio )= 15 %0 Y6 L I<se
ne p rcci‘bf‘-ﬁ4f;

In which of the beakers will a precipitate form?

L

a) Pbly(s) will form in beaker 1 and PbSOu(s) will form in beaker 2.

b) Pblx(s) will form in beaker 1 and no precipitate will form in beaker 2.

¢) No precipitate will form in beaker 1 and PbSO4(s) will form in beaker 2.
o precipitate will form in either beaker.

2‘[ 29, Which of the followmg salts has the largest molar so[ublllty in pure water? 3 0 Y (/L
ﬁ For Fe s, k-s‘p i A 5 Y.eklo MI/L Fer flCr&“ Ksp = l‘.{s = ( X/ A

a) FeCOs, Ko =21 x 1o b) AgaCrQs, Kgp=9.0 x 107!2 L
=¥s3 s= aaxto“fml/zb'ror Ag L, ksp-‘ﬁ ,S = 1.3WoT

% 10~ d) AgCl, Ksp=1.6x 10"

6 [36_30.  Consider the reaction: AH® = XAH:,pndL =3 AH;, reect flet x= AH;_ Lor Cti; 0

2 CH30H(1) + 3 O2(g) — 2 CO(g) +4 H20()) Aern —1452kJ
= 1952 kT = [ 2i(-393) + 42860~ ax +
for which AH¢® for H,O(1) = —286 kJ/mol and AH¢° for COz(g) = -393 kJ/mol.

Calculate the standard ent f formation for methanol.
Solvh«.g’; X=~2139 kd/k-w AH,C
a) 239kJ/mol b) - mo 8 kJ/mol 239 kl/mol e) 0kJ/mol

AL, 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) FormE



