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i Consider the following reactlon 2z
T 2.0M 1 oM CN,>0c] C;l/‘)
C.

4 Itl'())‘z(g) +02(g) = 2 I\f(Os(g) K=62x10"° ~ N0z} LO;:S Qe -‘(>s)LC.l 0=

L o 2 ~
2 ({)( i ASSUM %‘O ’Hx 220 and 2:0~x 2.0
If 4.0 moles of NO2 and 4.0 mol of O3 are placed 1n a 2.0 L container, what is the

equilibrium concentration of N2Os? - ,_,7:.\,‘ - Xz
b. 2 rw® " G.o)C20) g
@ 4><10 M N b) 45%/10 ¢) 8.0><OQ13‘2M
0 ping X= tet Xe3md/L (A< "
7.0 x 19 M e)25x10§'A’°"""(?“ e
LM;&SJ =Jdx=2(720Y x/@3) Lo Kip™M ) ,
Consider the following data for the next two questions: 33 '.0" =10 7; X!V J
B(‘ecd’/Pﬂ) m wa 5546 S- q;~_j,% X[@o%)(.iﬁ C I .
Specific heat capacity of ice =2.03 J/°Ceg 9 g Cb,lﬁj?f Lo 26
Specific heat capacity of water = 4,18 J/°Ceg  F2 = |6 ol ol

Specific heat capacity of steam = 2.02 J/°Ceg ?S Lt‘( QJ
AI‘{fuslon =6.02 kJ/mol 3 J
AHyaporization = 40.7 kJ/mo L/"Sé/(lb‘
213 q4 = toowzﬁ@—;‘wﬁw 703 ! 9s Mlzazx‘/m =
l‘[ 2. Consider a 1.00 mole sample of ice at —=30.0°C, Wthh 1S heat d to-steam
Calculate q for the entlre process 00T
Grera =9, 4 G277 = 56§ Q
a) 123kl b) 1070 kJ ¢) 6.75kJ d) 234 kJ 56.8 kJ —
F;\'t,d» logg ‘a_ efemcwl-l ki(l,\‘ 4"’\ b (Ce wa‘:(éf Méf‘é:'f‘@ I
3 4,(6{ W — 1€ 4.5 IC{(! 92 ng
; A5 Oﬁ g sample of an elethent at 6 ppe’cl"i’n%o an ice- water mixture. 109.5 g
25 of ice melts and an ice-water mixture remains. Calculate the specific heat capacity of the l
element. Aeat [ogc b e[cmuc/ = ¢ wriass ¥ AT Mdci uiﬂus a pesifive valec

36.5¢ )‘(033“ &= K 5000 CQ{S—@) “ﬁ“‘; AT pesifive
a) 2.67 J/°Ce ‘ 0.37517J/° g C) 0.789 J/OC.g d) 1.62 J/OCog J]

S=© 335 :r/q °C) T =0 Siace  tegfwater mixtoed Is p 70
24 : Y
[ [ [ecey, . ﬁnergr&,(ur\ lverse g cev@[qw{ (A'Eum\/:())
. Which of the following ratlematical relationships is false?
23| Xo

¥14026% [poo’c = 4532 XﬁJ

AE,nie =0 = Q;ES}S v A S‘O AESL}S AEgurf.
\ ) AEsyStem—"‘AEsurroundlngi —Af (—A(,P‘A qj’t CGFLS\“WLNLP AH-

N3
T At constant pressure, q = AE + PAV. A & Au}\}s PA\/ so 7 AE+ PA\/
p C AHsystem — AHuniverse = AHSurroundings \‘» o %‘S,{ﬁ“_l V e 0 go 4 E C/
“t~ d) Atconstant volume, AE = q. AE = 74‘4/ ;& -
‘[/;) For an overall cyclic process, Woverall = —Qoverall. For {‘ac,ll ro CGSS A E@wm{[
A Eou&,f-q(l =4 :76011.9&;1( + Weugrulf /- Lo W el = —?C’U ff‘llll

A{\[Vn‘w :A”S? *’A{‘LU"T/. Af“wcm Igjs" AQSUN’
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5. gonstider the follovgng reactiog: =
) - :
I )n, ¢ oK T v ovol'ro) _ (1.o)(o-50)
2NO2(g) = 2NO(g) + Ox(g) K& Qi o Tz
E Lh.o~2x 2% X CNO>J (30_)

4.0 moles of NOz are placed in a 1.0 L container and are allowed to react to yeach
equilibrium. At equilibrium the concentration of NO(g) is 1.0 M. Calculat¢ the value of
the equ111br1um constant, K, for this reaction.

Fvomfgt\ﬁ lewd, £N036~|0 = x , X=0,50 m.
(a)»0.056 b) 0.11 c), 0.17 d) 25 e) 590
0 ING:] = Lt,© ~2(0.50) =3.0M g ) L0, =052,

6. The Ky, value for BaF2 is 5.0 x 10~". When 10.0 mL of 0.010 M NaF is mixed with 10.0
\F 13 mL of 0.010 M Ba(NO3)a, will aprecxpltate form? Equal velomes of 2 differen

Solutrong were “&‘Q“»’ +°EEH\f" So C@ncewlmi? onl e hee {Veoe
a) No, because Q = 1.0 x 107° and sitce it is greater than Ksp, no precipitate will form.
)) Yes, because Q = 1.0 x 107 and since it is greater than Ksp, a precipitate will form.
¢)) No, because Q = 1.3 x 1077 and since it is less than Ksp, no precipitate will form. ;
d) Yes. because QZ— 1.3 x 1077 and since it is less than Ksp, a precipitate will form.

oaf, = R™ +2F Q=fRHILF Jov—@ 0050) (0.0050)% 15 K10

L oL ! Yoo s { W
7. Th&eac%on%%the féring'allon okflgie Ldmp?@‘(?gnc I\sz)'; Ov\g areres W( % P

12 T AN
%ﬁ Cu?*(aq) + 4 NHs(aq) = Cu(NH3)4**(aq) }( = );_;SJ—],H

(I CVH &J
Which of the following is the correct expression for the equilibrium constant, K, for this
reaction?
2+ 2+ 4
a) _ [C‘u(}f}% )y ] b) _ [CU(ZIIIH3 ) ]4 ¢) K= - 1
[Cu™ ][NH;] [Cu™ ][NH;] [Cu™ ][NH,]

B K=t @K - ————[C%NH 2]
[Cu™ JINH, ] [Cu )N,
Eyon il £4obemb = 6. 79 cHy (LG Q@‘“’ =3394k1

(I‘O 9'\«. vs

] 8. The heat apa01ty a { bomb calon eter was[ é’efernﬁn y combus‘(lng 6.79 g of CH4

EZ (energy of combustion of CHs = — 802 kJ/mol CHy); the temperature of the bomb
calorimeter increased by 10.8°C. In a second experiment with the same bomb

ﬁ Ls calorimeter. combustion of a 12.6 g sample of ethyne. C2H», produced a temperature
increase of 16.9°C. Calculate the energy of combustion of C;H; in kJ/mol. The molar
mass of CHj is 16 04 g/mol and the molar mass of C2H3 is 26.04 g/mol.

ook Capaci fo o7 bombe 2308 L3/ =2 Ly KV

a) —31.4kJ/mol @—1 10 x 10° kJ/mol c) 147 x 103k f/rnol -
HC& Q3964Q+°69“"L €rem Cz#p,umfw(sﬁh: lo. quj 53
d) -532 kJ/mol e) 340. kJ/mol

—~53].3 kJ [246¢ C)#L__ _.[ DO RJ/MAC\
AECW = lZéJ(dlz mol CH2

fuote ¢ temperaboraTy the ouch furezzsroq So reachion isexothermic,




Fo rm

o
CHEMISTRY 102 Spring 2024
Exam III Page 3

‘ é 9. Consider the following reaction which has an enthalpy change of AHr:

ZL( 5 A—>X AH=AHr

This reaction can be broken down into a series of steps as shown in the following
diagram:
5 Al &
AH,
AH / \
A AHp 'X_ .
FFDM”{SSS l&(«’/: qu; AQ|+A”Z+ AHS j _(O

Which of the following relationships must be true for this reaction?

@ AHt - AH) - AH,- AH3; =0 b) AHz - (AH3+ AH,,= AHt
c) AHp+AH, +AH+ AH3;=0 d) AHrt+ AH; =AH, + AH3
e) AH3; - (AH;+ AH2 =0
7/1 0. Consider thf followiri%11 reaction at some temperature: - 2
T 3ccahnm 3004 \ <~ =T
ol o TE | SF +2x <PL,.LP) _ C_U‘) - /LX =
25| b Clg) +Fa(p) = 2CIF)  Kp=16 =—F = =—=7 /37
E 3~-x 3-x 2K Peo*TF, @”X\)

If initially 3.00 atm of F2 and 3.00 atm of Cl; are reacted in a rigid container, calculate

the equilibrium partial pressure of Cla(g). o
“T'CLL Wé:r&w Square roml cr/b ot stdles: = = -{,,z(

a) 025 ath b) 0.50 atm D 10am g -2 LFYy = etoleddd
[2-9¥=2% ; 12=0% , X=2.0 atv [ o _jone™ winelisgrader
d) 1.5atm e) 2.0 atm ;\'; A

- . i - ~ ) 1 ¢ €L ibrivea,
PCVQ}, RER— Y mana =L u’ii»ffhﬁ\e‘fmamﬁi\cm;

11, A 50.0 mL sample of 0.200 M Ca(NOs); is mixed with 50.00 mL of 0.200 M NaF. When®'® helue

\ l 9 the system has come to equilibrium, what are the equilibrium concentrations of Ca®* and = ‘f ﬁ:‘gﬁt
-7 K =40 x 104 _— + - = e
LI F et Pingow b 460496‘53?# bl (AR =L e 2F pyHere
[ a2+]c SﬁUE&V\Qf ‘ﬁe :t: — 0,10 0¢r0‘0 CF- ﬁw\}h )
)  50x102M 14x10°M  ( vp.uh _0.65 ~© J
by  10x107'M 1.0 x 107 M N — o5 O
¢ 22x10%M 43 x 107 M B e w05 0O
) 1.0x107" M 2.0 % 10° M | +< 425
@ 5.0 % 102 M 28x10°m =5 PR
— oL
\4‘_59: 4.0 L0 £ :@@g{'gﬁjj E . ~—5 f A *,»}an
(9 solving 1 s fINOTmel)y (hssoprasid
H.o k(0 ’,‘:,005(,(‘/3)‘/50(\/!& . S 1 9

el Lcalf' = .05+ .Y KIE
A+ @7“"/‘ ﬁF*jJ= S v 05y =
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‘ 5 12, -Aluminum fluoride has a solubility of 6.66 x 10~2 mol/L. Calculate the Ksp value for
AlF3(s). X(6
13 (1 Frome prodless; > e SING
’ a) 4.44 x 1073 ksf _QZLCQEQNO & o
b) 1.97 x 107
c) 5.90x107°

@S.BIMO—“ ﬁﬁ. Pr&blem 6&[0«// W we Lreqé |

R honds and Loru « LQM«QS
AH D Or we Cuzvx't)reuh ¥ Cornn
@ouQS “Hrw‘f we k&ve*ﬁo iw ocdero (e‘wfl‘(

oy

&3 13, Using the bond energies below, estlmate the enthalpy change in kJ for the reactloné'g“; o dv O‘S
, chil=p, ¢
T ° ! ]
H—c—g-o——-H + H—s—o—-—c—-H — H_C——O——<|3~H + H0 H/(SCO . #
Reeat Breck +|1 F;rrw\ H
Bond Energy (kJ/mol) B Esih tL Focw
C-H 413 C ~0)
: c-0 \
C-0 358 0~ - - |+
C=0 745 4
ot Sav(
O-H 467 Stmce v o b reck WGKCZLAH
T W bouds fhat ere e, ki
H-H 432 Gt <.
*é'am b@oba CV\@TJ‘ <
a) AH=-2654kJ b) AH=-567kJ c) AH =567
@AH=OkJ e) AH=1258Kk]
L o 14, An equilibrium mixture for the reaction: 3
1518 £ 3]

2 NHs(g) = Na(g) + 3 Ha(g) K="7

TR

contains 9.0 mol N, 6.0 mol Hz, and 6.0 mol NHj3, all in a 3.0 L container at a certain
temperature.  Calculate the value of K for this reactlon at this temperature,

a) 2.0 b) 4.0

d) 9.0 e) 12
) (bt w
e

L. omcluujj
2.0L
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( 2} 15.  Calculate the molar solubility of Ag2COs(s) in an aqueous solution that is 0.50 M in

q A K2COs. Ksp for AgoCO; = x 1012

P= 9-2XI@ oE QB”(@ 50%5 2 24107 /‘m“‘(o 50>
@éo x 10~ mol/ : c) 1.3x 10 mol/L (/Q
" «

50[(/’”"— AS&Uw‘f N A 3(,(:7

_d) 2.8 x 108 ol

b e Th ety grelion Gr OO 15 L Ol — 11 (0 At

of gas phase reactions:

, o\ce%'a,-
oize H, + Cl, » 2 HCI AHP® = -184 kJ H(/_Q_ Sl l, + Y0, AH=18Y/2
C12—52Cl AH® = 240 KkJ / (’Q'J_ ‘3(,«@ 44 ,7‘%0/2,

N
calculate the bond energy of the H-CI bond. H,(/ 4> H NN AH. d A [.,l;IAléH“é

Y A=z ue+g©428:d@j‘ A howd ewergy

d) 92 kJ e) 184 )
— A AF_‘ Z_Ew- AE Croun Siep T
. ¥ Al = AE Frew Sep
| ‘7‘5 17.  Determine AEEI%?I & g‘}?s{ em whl’ﬁgﬁdernge’bHE[f the following two pi processes: e L
(lat AEL -thd = 283 +IsI = “I‘5J_
| L 15 J of work is done on the system, whlle 30 J of heat is absorbed by it; then:

ﬁ 20 A5 =Yg
L1 20 Jof heat is glven off]%y the system, while 25 J of work is done by the system.

A Eoueretl = HE T -H5T =D

a) 301J b)=3q) ) 407
)

d) 451] 9 0

(, 18.  Consider th -
IIZ‘_LZ,Q e s i 0) = 2.0(2.0) =90
Iz ¥ NH:NOs(s) = NoO(g) +2 HO(g) K = 4.85

Q> E(=485Y, S0 ran ohifhs e Yo reackegoiibriom,

200. g of NH4NOs(s) are placed in a reaction vessel containing H,O(g) at a concentration
of 2.0 M and NzO(g) at a concentration of 2.0 M. After equilibrium is reached, will the

mass of NH ) 1ncrea , decrease o remam unchanged?
s, o §k\zu:¢[ er, aw&rcﬂc\[am&ﬁ\/ﬂywﬁéﬂ

a) The mass ofNH4]\g)3(s) will decrease (< 200. g). /o 1 3 j 0’ !
@ The mass of NH4NOs(s) will increase (> 200. g). T+ doesa't maler Hhat
et readat is a Solid

¢) The mass of NHsNOs(s) will remain unchanged (= 200. g). (Wi en e r)ﬂn 54 < l, ‘/\
*f-/p ﬁ€+ 40 @ 0 /Iﬁl"lum a,(
/*qu[a 4{ et 53'5 er, C(/MIJI‘
#—él,eg&re ESoliLor 4{7 vl

Solvte o Qj@,s
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2 [»c?aL S @ FCQC\‘Q'L-{
Consider the following endothermic reaction at equilibrium:

foeat ¥ W) = SiH(OH)s(s) + 3 HCl(g)
W

L( S nA g ( KA
Which of the f;howmg would cause the reaction to shift toward reactants (shift left) to
reestablish equilibrium?

a) Adding H,O(g). wPree Sl /*[S /‘7 l‘-/“ When FCLGL‘ “ @ (s CL&") <Q

b) Increasing the temperature. — i </, {43 riehf o hen LC"J‘( e r““q((”t))i;i(,
¢) Adding Ar(g) (assume a constant volume container). A ® 6‘£7€€C7[ Sihc <
&5 @ Increasing the volume of the reaction co ntajner. ho concends O(ZNMS c “g e

) Adding SlH(OH) (8). —puo 6’7(7(@ / /kow Mo~ SO{,‘éZ i 8

a

€9 Uy
Z‘I’ OW m w}:coi :};e‘/ Lch)IIKWIng five qt(lirg;tles ls/fr: rséat? f‘unc 1ons ?@(MQem _/ A ‘3 AN BT
_ work W emﬂl hlghway dlste&ce fro eorfa to C ampaugi \M"g_
V pressure = temperature: ( Ww& /K vnctieumg,
a Un +\0h5 & e © 5%;6\10\/\£‘€p€"\9 SN ‘("QUQ

e) 5 (All are state tunctlon )
~f—c\(<€S \Lo @ ‘[/‘oM

V' e f\ﬁq(‘e TN S‘[a €.
2_\‘ 10 21. Co%%rﬂ#ere%‘xm' :L{'_C’:\pﬁq ‘(uac{»(awS\Z’(/L‘{‘{»erMO@

#1153 CasPa(s) + 6 H,O() — 3 Ca(OH)z(s) + ﬂPH;(g) AH=-721.70 k] =q (‘“‘4\(’%
- = gy C g utat P = - = =l
If this r?actlco‘ﬁ/ Aver \‘eameéd%ut at 298K in a beake? P \/ Q A\

oﬁen to a constant -pressure
atmosphere which of the following would be false?

~LTAn = - 3435; 7 20)=~*60J = —4.9¢ ]
hO(@ AE=-716.74K) ﬁ”f_x o ©) p=-72170k]

=qg4w ="F) (30 - “f%—— =il LF
d) The rea¢tion is exothermic. e) Heatisre ed 7
e e
“\W el =Bt o Cuoriaetor: (1 Ae‘zre«Jer "
N VU afr o ©0 ¢ ¢
7 2 22, The tollowmg regctlon was s{udled n a coffee cu calorlmete; 5

Mo( H(L = @/L(——S-—W')'@ 0500 pp( H(L & Hew ie | H«M\f%
g) (,{ 2 HCl(aq) + Ba(OH), aq) - aClz(aq) t2H0()  AH=-118kJ v¢e ﬁ(@ ;L'
Mv'&q(@ﬁél = 0.3 (=29 = O[5 js| Ragoy b, +° < cul

In the coffee cup calorimeter. 100.00 mL 0f 0.500 M HCI was mixed with 300.0 mf f;
0.500 M Ba(OH),. Assuming a solution density of 1.00 g/mL, a solution heat capacit

y of
4.18 J/°C.g, an initial solution temperature of 25.00°C, and no heat loss to the cogf

CUPS calculate the final temperaturg fthe reaction mixture, To+e{ tess Sorresu ‘55 YO o
a) 23 24°C b) 2s. 92°C ) pa 89°C d) 27.89°C ( D 26.76°C
(/“Ut‘ 5 i AJC&(Q“‘“%Fl H\é“}("g ‘g rxal = 2950

29507 = S ¢Mass x AT | 2950= HJ-TXL/ODQKA! AT=[F6C

LF 2500+ [|.74 =~



>F’Orw\ Cl H»H_[33+ 30.1(5) - ZCOZC’\ + 2 MZ,O(Q> A“” =411 KT
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=llh] by = (23935)+ 262591~ TX+3(0)N]  where x= AHS
35 l 23.  When ethene gas, CoHa, is combusted at 298 K, COy(g) and H,O(l) are produced. The
A enthalpy of combustion of ethene at 298 K is —1411.1 kJ/mol ethene. Given the

\ g following standard enthalpies of formation, calculate the standard enthalpy of formati
S YA G Ty )
_ AT Lolv } 4 ¢, GHy [

(caHp

+ AHZ =0
CO2(g) ~393.5 kJ/mol Nete ”‘:} {4{/ %[Q \}:s 1S o
HoO(1) ~285.9 kJ/mol CCLS'Q =i ﬁ‘ Eleren In ‘H\ﬁl "~
<Nawler & (o {
4) )52.3 k/mol b) 731.7 kJ/mol ) 27699 imol
La(T0,) <) La 3T Feo=?
d) ~126.2 kJ/mol e) —296.0 kiimol / & AR % m
= -3 +5

‘ E s e (01—35
2 20 24. The solubility of La(I03)3 in a 0.10 M KIOs solution ig 1.0 x 10~7 mol/L. Calculate the

Ky, value for La(I03)3 3
719 ’KSP'“TJ- 313@0 j- 5(0. ((9+353 "Lrom fm“em, = OO0 "“//\

a) 1.0x107* by 2.7 x 1077 @10x10—“>

[«sp=_|ow1677 (o, |0+ 3. oxo I <10 xip :kfﬁ
d) 2.7x107%7 e) 6.2x10°¢
25.  Consider the following five reactions: g 96‘0\6 16 3iue e g(gey"(

L},{;‘ es Fined? G APra NYuwhen
2|10 '

only gases are presentin

111 PCl3(g) + ¥ Oa(g) ~(Cl3PO(D c owtains 6aul \1 @«ses, Sor
57 - Qusw el .
@Cb(g) + Cly(g) - PCE@“’ 1‘(— [ ‘f"&-& Correc

— Heet feac/?orvs wnatain
V. #0uD + 6 PCli(e) > T CEPOD &5 (,js or Ngudls which kav<

I N ermw [ cu(@r\ﬁarcgg wkcc\r\
For which reaction should bond energies give the best estl_lpatlon E)r A?E;i‘,“if Yel Por cwheen

)
) I b) 1l o @ USM'\

Leds = Molar solul, [iF ?v\W‘/L' [earFSo (o e hes smallest ¢ value
% 2 26.  Which of the following c&mpounds ha the smallest molar solubility (mol/L) in water?
2 xs0” el L
“7“}% a) AOH)s — Kyp=2x102 =279 $= > LE

T =00 puol/D
(_b) cds Ksp=1x107% *—_&1.»— .0 o~ mal/L

¢) PbSOq Ksp=1x 107 =SLJ p H\/Gﬂ"m(/é_
d) Sn(OH), Kep=3 %1072~ Hs', 5= W 3 MoI/L
e) M = 5 wg> ST 2.b HO

gCO;3 Kep=7x 10" =57

st r&‘a;k‘wn,s‘upg (,Qme‘ﬁ'e'\’\

e up o FCE dable
-(’ar M sal+
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27.  The standard enthalpy of formation for liquid water is —286 kJ/mol. For which of the
2+ ; :
iff following reactions does AHreaction = —286 kJ?

H2O(l) - 2 H(g) + O(g) AV\SVE" k¢ n €0 V‘y’*co‘{

wd O not S"{Ctn()awq < 4@‘]\65 G{Hg +0s:
et e, Eor HZO(ﬁ)

a)

b) 2@k +(Qle) » HoM > H «

©
¢) H20(l) » Ha(g) + %2 O0x(g) = reverse o*\C AH

e

g F v
@ Ha®) + ¥ Oag) - HO0)
e) HxO(g) - H20(D)

X \2& 28 Consider when 1.0 mole of A(g) and 1.0 mole of B(g) are added to a 2.0 L container and ¢(_€

% 79 j:thgf Eool'l({)wnégé)g anced Ieéca)ctlon ocg)curs W e k oWt W a‘(-& &A ea\}

+2x  43x K/ U&(ucxé/‘ \l/éhﬁ Y“eac‘/fé%

A(g) +2B(g) = 2C(g) +3 D(g) A 19
E 050 o.50- 2;\2% 3IX l coc | & € adigeor Vepé\

Which of the following statements must be true regardlng thﬁ reaction (ﬁlce equlllbrlum
has been reached? Nond

Wwﬁ/\aa& The value of the equilibrium constant for this reaction must be greater than 1 (K > 1).

WA The value of the equilibrium constant for this reaction must be greater than 1 (K < 1).
) At equilibrium, the rate of the reverse reaction must be greater t?an the rate of the
forward reaction. P.u&e; are @ iUm Q‘{' C? U [eoeq,
v d) Atequilibrium, the concentration of B(g) must be equal to the concentration of ’C( 4
Vs (BL=[Cl). ©.50-2F tag eqguel 2X, bed it doecnt Reveta

T e)) At equ1]1br1um the conc&n:iatlon of B(g) must be smaller than the concentration of
Ag) ([B] ©.50-x , [RYT050-2K

;@‘S bwﬁ‘“\e {er Since l/ue ar ¢ § :
29. My chemistry 102 exam snoudbe aded with the a sweléshee%égsg)c:{a'te w ith: AL
lorg €r valve(2x) Lrom D0 to colcobke contedtation,
a) Fom’FI/ b) Form B ¢) Form C d) Form D e) FormE



