Defaded Ke
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Ceg + 2ty 50 )gq_]o#(g\
' i 0 1 Given the following data: A ﬁ( A H# 64 (2 AH,*FAHZ +4§" _
i - = ) ™
€] 23 CH;0H(l) +3/2 O2(g) — COa(g) +2H0(g)  AH=-638kJ C A1 u{"f///
C(graphite) + Oa(g) — COx(g) AH = -394 kJ
H,O() - HxO(g) AH =44 k]
Ha(g) + ¥ Oa(g) — HaO(g) AH = 242 kJ
e AH° re«i won Lo CHLO ) 15 Co + 2H S+ 1 0,5) ~=>C Lol ()

calculate the heat of formation, %Ht , for methanol, CH30H(). ,
Dee Hc’.sas s La oo (Wl)augx {o gﬂl Ve éf A'& ér \Pe\\'s Feéé{‘?OV\,

a) —84 kJ/mol b) —125 kJ/mol ¢) —240. kJ/mol”

d) —196 kJ/mol e) —284 kJ/mol

Hint: draw the Lewis structures,

%{—L 5 Which of the following diatomic molecules is expected to have the largest bond energy?
15 P

H-H \E-F) (9 0 ‘N =i \(thﬁg
a) H b) F» ) O @ N, e) Clh
e Ve lze~ 10 e~ He™

p 3
Mo jwithrkedriple boug, hes He shroupesthodd w%%‘wjﬁf‘ bewd cvergy.
g [7, 3. Consuiew endothermic resacnorl at eguﬂ{bnum .
4 CesS
25 hed-+  SHCh(g + 3 oM = §§£{§3\(sj)+3 HCIR)  AH=450KJ

{:c.o,' +€\( Aeass é‘/( Si i+ (9(-‘) (5\ +o fwe f Cesl 4&4 (83 ac/{tow Mv&‘l S"\ {%‘jk‘h
How many of the following four Cﬁanges (I-IV) will Cau'se the mass of SIH(OH)3(s) to

increase?
I Rx v\.%k g [ i %ChF fo stde cwidly mae e Mul@sv'//ﬁ"‘s L
s R ncrease the volum the reaction container. W ovhen T,
S L_ . ) Increase the temperature SiV\‘{ Le‘_\’ ‘S <% FGQG}QM{ rﬁV\S;\l ‘[4’5 r‘ w lNi@S()

a7 LA,
iVl;IH Add H,0(D). Aé&m Mg Tt kj{:"é-f has no é‘ézez“ o “’é\é g2 oA

S p,@ Remove HCl(g) Ry shifts f;“* fo P-\Jw{ nere H‘(icj\ and e

Urn, movré ) (“S>
a) 0 (none) b) 1 ¢) 2 @

e) 4 [All of these changes (I-IV) will cause the mass of SiH(OH)s to increase. ]

2=
( 5 9‘%\»0\
L{' 3 . An equilibrium mixture for the reaction: =
LNO . o‘[
= T o e
2NO(g) + Oa2(g) = 2NOx(e) & =7 0170, aogoua/ )c,l
a L VAN ( teoL ‘-bOL-

contains 0.12 mol of NO», 0.080 mol of NO, and 0.64 mol of O2ina 4.0 L bulb ata

temperature, T. What is the value of K for this reaction at this temperature?
2T N

FW@M Qbﬂb’({

e) 2.3
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Excess solid Ca3(PO4)z is added to some water. If the equilibrium concentration of

L 3 Ca*(aq) is 4.8 x 10”7 M, what is the molar solubility of Ca3(PO4), in water?
Sot 3¢ = HIWOTM s = KD VAl
1.6 x 10~ mol/L b) 32 % 10 moilL c) 4.8 x107
S=l.bxlo¥~lf
d) 1.1 x 107" mol/L e) 2.8 x107mol/L
M @re 5{)& As<o ‘(‘Q.\le M@(Scef(m‘ . 7‘[’9{’: Q(J'CI‘LNLqS

(9 2 6. Ethanol (CoHsOH) has a freezing point of —114°C and a boiling point of 78°C. The
specific heat capacity of liquid ethanol is 2.5 J/g+°C and the specific heat capacity of

iy 19 gaseous ethanol is 1.5 J/ge°C. When a 2.00 mol sample of ethanol at 48°C is heated to
108°C, 92 kJ of heat are required for this process. Calculate the enthalpy of vaporization
for ethanol (AHyap = 7). The molar mass of ethanol is 46.07 g/mol.

= = 250 x 2mel #0075 s 3¢ & 20 m0) p Al + LET x 2 o ieOF
Free = 20T 81'@;1" b)!éﬁi/mol @40 Kmol St Sl e)[ 5508 J/mogo ~
SO\U‘Wj AMV«P—H 09+ A(DL(T/_L = (4 0. /Q7 D

112 ) Cong(.if’r(thesfollowmg reactlong +3 =20 mo(g@ An=20-0= ZOmliqg
3 |20 2 C9Hs 306(3) — 12 CO(g) + 5 Ha(g) +3 Na(g) +2 C(s) AH® =-1899 kJ ”ﬁP

Calculate AE® for the above reaction at 1.00 atm and 25°C.

= =P ="RTAR="821453f X 298K ¥ 20wl = =1 956 o' T

a) -1849 kJ b) -1899 kJ -1949 kJ d) -1906 kJ e) —1892kJ
,  BE=qeu - 1899 1 +(-49. Hk3) ,Ae
§]2

gl 8 You are given 500.0 g of ice at =20.0°C and you heat it until you have water at 40.0°C.
3?‘,3;5; Calculate q for the entire process of heating the H,O from —20.0°C to 40.0°C. Pertinent
pe data: heat capacity of water = 4.184 J/g+°C, heat capacity of ice = 2.03 J/g+°C, enthalpy
o of fusion of ice = 6.02 kJ/mol, molar mass of H,O = 18.02 g/mol.
Jro+ =9+ 92 Tq3 = ,_,_3. X 509,03,()0{ + 5000 X 6020 T /iq,| + Y- qu“om wHo*c
“° d e 071873 Ky 9
wd > a) 104kI b) 325 P2tk d) 1 ) 1.04 x 10°kJ

Trer = 2.03 WOT+ L6 Fx10°T + 833 %0'T =2, 7[W0°] @-

“9remd
g, Wthh of the following statements (a-d) is/are true?
6 z?/ _/71"\91 C\JeZtu;“’lau\iE.'
The internal energy of a system 1s equal to the sum of the potential energy and the
kinetic energy of the system.

99 en&a
Fb) A path function is a quantity that is path ir«d@«gﬂdcm.L

r_‘/c) When a gas expands against the surroundings, the 51gn associated with the work for
this process is pesitive. M€ get fve ( Sqsienn Rees weorkon curreonding tn au

Cxdan
’P d) An intensive property is a property that,depends on the quantity of substance present‘wb(
&
f’ e) In an exothermic process, heat 15&&'&1&% system.
el ea,&q{

E}C"GV\S‘(V{ Proper+|ex are ‘LQ\.L Oone& ‘LRA:L 90 &‘eféuﬁ oau
He am euat @{ SUhStauce }Are.fen)é
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\O € 10.  The heat capacity of a bomb calorimeter was determined by combusting 6.31 g of
g |l ] methane in the bomb calorimeter. The temperature changed by 16.3°C. Calculate the

heat capacity of the bomb calorimeter. For methane, AEcomb = —802 kJ/mol CHg, and the
molar mass of methane (CHa) is 16.04 g/mol.

a) 311kJ/°C b) 0393 kJ/°C  ¢) 3.07kJ/°C  d) 49.2KkJ/°C ﬂ 19.4 kJ/°C
For ea:k Seld, (,u_\w{a*le e “’kf"f ?\ Esp, The 51:;‘1(:’ w.llﬁl‘cc'r"‘*“tw CJIVZ is va4 ‘k
S (21 U Kq eSL
ey Lso‘ﬁftion contains 6}1'6 MS(§43 , %%ﬁér 4>, 0. lcb M 103 ,;nch 10 MM}%IO4§ Cnﬂ wel

11,
‘q I% AgNOs(aq) is added dropwise to this solution until a precipitate forms. Which of th t recip e ['54‘
( folloyvl rei}pltates forms first as AgNOs(aq) is added? V. A
CAgI=(i2Xisle. | ino 2 LASD = (Z230") 2 = .6 31070 m

©,(0
a) Ag2§04(s) Koy = = b) AgyCr 4(‘s) Ksp =9,0 x 10712 -
g Po-1%
ghbm S LAY = (-—arg‘)yz‘ 2.6%10 "M
@ 6 BSiua | 108 18
AglOs(s), Ksp=3.1 x 10~ d) A%EPO‘;(S) Ks,=1.8x10

Hél‘,@sg)w« (l refwrt ‘LQ\st (les o/)rea,ﬁ M{ r ,+ Prec,P,{AeS
‘\&_/‘

2 12. Which of the statements (a-c) concerning the followmg reaction is/are true?

I’g*,
CO + H = CO(g) + H.0 K=10x107%

2o |[5 2(8) 2(g) (8) 20(g)

,F» a) Since K<<I, at equilibrium the rate of the reverse reactlon w1l} lL greater than the
rate of the forward reaction, %Y @< ¢ Eeal @k Egih kR

“\" b)Y/ Since K<<1, at equilibrium the reaction system will contain mostly reactants.

P ¢) The value of K at constant temperature depends on the amoppt of reactants and _V Jow a5 T S5 conchid
products that are mixed together initially, Ao i+ &oesn K s o Coushnos Tyes ] isenstal,

Ay o3 =RAL 4+ Cop~
|

d) Two of the above statements (a-c) are true. |

+ [.5M
&) All of the above statements (a-c) are true. g’_ =" -lg —0[250
o (PR tcA TCE problum(ecls >ksp) T © R,
+o ¢9;d~e¢ A Concetvratton ot ¢ =5 ”‘ I“ﬁ i 5
\3 lutlon is prepared by adding 50.0 mL of 2.0 M/E'NO3 with 50.0 mL 0f3 oM
NazCO; A precipitate of Ag2COs(s) forms. Calculate the equilibrium concentration of
Ag" after precipitation is complete ([Ag*)e = ?). Ksp for AgoCO3 = 8.1 x 1072,
Aete: \%o[umeg 3opu.biweﬁ 4 vrgp/\n}ngk %o]fu:actm#fpous C%r d ka?vc& C M V M2 Vz) i
2.8 x10°M b)20><10‘2M ¢) 1.4x10°%M
kp =Qsy*(lLo4sy = Y™ (assome|04¢=1.0)
d) 40x10" M e) 9.1 x107M

ksp cg Ixi07'? = yg* ;S =L ool ¢ a_xmfj’ieijwq'
Y =25 =2(l.4yi0é= nal [
[H’f 14. Asohzlon is prepared by adding 50.0 mL of 2 Tt
\7!_

000 mL of 3.0 M
Na;COs. A precipitate of Ag,CO3(s) forms. Calculate the equilibrium concentration of

CO3%" after precipitation is complete( [CO3*)e = 7). Ksp for AgoCO3 = 8.1 x 1072,
Frem previovs preblew, < = lttwo'éw(/u

a) 15M b) 3.0M c) 0.50M d) 2.0M e) 1.0M
At é’?u‘:l:LHu\: Cco2) = |,O0+s =0+l Xt = [.0
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'C 15 Consider the follow nglsS)r ls n1-c ?:-o:rpnf):und: U P 2=
1T B v e M P f Phreged = 3087 +21%
619 <€ /7 AeCls) KSp 55 = 35 Zj
pone PbCly(s) Kep= zr?“‘

o AgsPOu(s) Kyy=95° 2757 . Esp ,_(3 S) ( 2s)" = |08 <t
Pb3(PO4)a(s) Kep=27s" 108 S

Next to each compound is a mathematical expression relating molar solubility to the Ksp
value. These relationships may or may not be correct. How many of the ionic compounds

has (have) the correct molar solubility to Ksp relationship listed for that compound? Note
that s = molar solubility.

ﬁ 0 (None are correct.) b) 1 c) 2 d) 3 e) 4 (All are correct.)

Bl NMoc-PAV= ] 00atn(2910~]],20= -1 F9 L e CEET) = 18137
e

A piston expands against 1.000 atm of pressure from 11.20 L to 29.10 L In this process,
1038 J of heat are absorbed. Calculate the internal energ ange for this process.

NE =g4w =+pRBT - [¥I3J :
a) -1056J @ —775J _ ¢) 2851)  d) —2851  e) 1020.]

CoH © = lﬂz-

0 R= TR Il s Rt
{ 20 17. C:c[)_n51dgr. ‘tslée hfollowm%{eactlon %t 250°C: CN, 3 CUL T -{C 233
C NX éx (Jé Seo rcac(;«aw,((ua}
g @)+ 3 Thlg) = 2NIh(e) K =0278 £ reack eqci i bruym.

E 0.50+x% 0.5043x ©50 A%
Initially 1.00 mol of N2, 1.00 mol of Ha, and 1.00 mol of NH3 are placed ina 2.00 L
container. Which way will the reaction shift to reach equilibrium and which reagent will
have the smallest concentratlo at equilibrium? :

ﬁrow\ “+c E o lf. E—N"j;] q( ©, 50 M)wk\‘e. ﬁ“z}e OLV\& CM?C >' 0 gol‘agl
a) Reaction will shift rlght, [NH3] will be smallest. So &"‘B evoi ll be Swa N
b) Reaction will shift left; [Ha] will be smallest. reacion shifls et Yo

@ Reaction will shift left, [NH3] will be smallest. r €ceCL\ Cqut (IL)F 1V ke
d) Reaction will shift right; [N;] will be smallest.
e) Reaction will shift right; [Hz] will be smallest.

Lg Lol of toa +c9 halcn cz‘(—&_z e (/a‘lioh
18. N;zOs(g) decomp%ses into O2(g) and NO2(g). Which of the following is a corrict
Z equili brlum constant expression for this decomposition react10n7 an -
7 [z 2 5@ = ANO, ) 4 Voo,c5) - cwg 1tLO, yz(/anw i siﬂsji d
2 [021NO, by —[MN20s] IRV Gy bl €7 vat- J/
[N20s] [0,][NO, 2 [NZOS] "
o] S [Nzos] 517 tnswer e,

NJ'\C %% 0%«ﬂn$werg Cowmé frem o

CaN’«-“CH} balancel €7u¢h@%,
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Stwce e Cgvkun‘lt/c TAC reces el +o reecl €4 l 4 L,q v
| [ 19 Consiger the g%lk)yving h}t/pgtgetical reaction at 298 K; e 1% S Wifts ’ 2<
13[5  C S SEC o From Problen [CQ3o=ld6= 0t
A(aq) +2B(aq) = 3C(aq) K=7? X = @32
E loo-n |eo-2y Looyzy .
where the initial concentrations dare [A] = [B] = [C] = 1.00 M. The reaction is then
allowed to proceed until equilibrium is reached, at which time the concentration of C is
observed to be 1.96 M. What is the value of K for the above reaction (at 298 K)?
£A3€2LQQ ‘Q,ogL:@,éghA‘;’E e = [e© -—_1(0,32):0(36#1«

2 80 )16 ) 2) (A e) 116

— ‘;E ‘146) -— 2 —
F~ = [0IIRY® (e3> 85.4
Z 2 20.  Calculate the molar solubility of solid CaFz (Ksp =4.0 x 107"") 1na 0.25 M KF sqlution.
=

Cabrcy = Ca® + 27 Pse =oxw!l = [Ce®YLF ]+

j_‘{ é E < 025425
2) 1610~ mol/L b) ,2.2 x 10~ mol/L )2, ¢) 22 10=tmelL P m,o@w»,
Howo™ =<$(0,2542¢)" = sCod5 g = LY K107 i/ T2
@ 6.4 x 107" mol/L e))_0.25 mol/l / 96“@‘
- Htcﬂ‘ less h} Luat er = hecwt icqv\ L‘a’ 54@4’\3{,‘ y_

~heak bgc he toeder =T (000.0,M(/33 Hoeec) = 3+ 2R KD
2] 3 21. A small statue, gnade of a pure unfndwn metal, hés a mass of 622.5 g. The statue, initially
at 26.00°C, is placed in 1,000 kg of water at 100.00°C. The final temperature of the
25 + statue and water is 91.33°C. Given that the specific heat capacity of water is 4.184
J/g+°C, what metal is the statue made of?
kaatqum":é_glduf = 3.bagyoU = SX l:l.’l.g:-) x (9132 —léoo)
a) Au,s=0.127 J/ge°C b) Ag,s=0.231 J/ge°C c) Zn, 0.382 J/ge°C
SO'W"‘- ﬂew € = hee C,a,f)a_d {*_3 S\fcyiue = \
d) Fe,s=0.448J/g°C (&))A 2

Ko=KT\t whendn=0 Kip = K. (an=

mol SG\SQGVS ’bl“uxuc:l} )

22, Consider the following f i — ol s eo0s [t
. .onsiaer.ine roliowin our reactions:

Z_Z_:L{ melgas - —Emdgs (= |, K 4 K

2 L "Cts) + H:0(g) = CO(e) + Hafg) An=2-1= 1, FP + K

__3 K .
. = 7—“5— 3/ - '
1 25Bofe) 33 Clilg) = 2fChig) + 3 Bl) A= 277 :@,@

An=Y

1. 3Fefs)+4HzO( = Fe304(s) + 4 Ha(g)
Omolcus

IV. 2H0(1) = 2 Ha(g) + O2(g)

For how many of these reactions does K = K;?

a) 0 (none) @1 c) 2 d) 3

e) 4 (All of these reactions have K = K,,.)

/\C&&\P/me\ log dn=0,89 kg/ipfmf

Onl
flg&/m[‘u OV\IT.
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22\ 14 23, Consider the followjng jeaction at 33°C: 2.) ng ~ L_!LS
ol ! £ 2N0(:1(g)=2N0g)+c12(g) K=1.6x10"° =( .02 @47)

If 2.0 mol of NO%I are p?( cedina 1(‘(0 L ﬂasl?at 35°C, calculate the equilibrium
concentratlon of Cl ([Cl =7). )
<ol w"‘é\- e x=(l6 o Sj =005 (Assvuphon2-2x7x2 goodl
a) S5.0xM02M b 4.0x10° M ¢) 1.6x 103 M
ron fuble, (€0%de = X =(&. 0351
d) 80x10~° M ) 2.5x102 M

oous e

+
o “w R o
T [mPY=2eus, (o) = o < <£‘f§}&ﬁff; "tﬂ eluice iam( iou
24 IS5 24, The Ksp value for Mg(OH)z is9.0 x 1012, When 100.0 mf- of 4.0 x 10~ M Mg(NOs), is Aeubled, )
2 added to 100.0 mL of 2.0 x 10~* M NaOH, will a precipitate form? Ma(o\‘/)ﬁs\ = MCOML‘} Q0H”

I O = TN, LoH I = 2010 W0 ) = ap™12

é) Yes, becaus€Q =2.0 x 102 and since it is less than Ksp, a precipitate will form.

)

No, because Q = 2.0 x 10~'2 and since it is less than Ksp, no precipitate will form.
Yes, because Q = 1.6 x 107" and since it is greater than Ksp, a precipitate will form.
d) No, because Q =1.6 x 10~'" and since it is gre r than Ksp, no frempltate will for m 6 ¢7f
Sitnce Q L KSP *-('L,L;a%amce 99,5&,\& aot lar @ ¢ oLy eO .i“ww"
bYs [Q 25.  The molar solubility for a compound is 1.0 x 10“5 mol/L. Which of the followmg could N; ff'fﬂP

be the comg?und having this m solub111ty’7 ;45 e = ~ q§
1213 28 Sies) Z= prioGw?) uSP =5%639, h0 _y( e8] =1 o
2) @u =85 10745 ) Al Ksp 1.5% 10716 c) 228, Kop= 16 x 109
ksp = l@‘é’s
=(0% '/le-S) _14 5‘] ’a
sp » , KspT 1, 5 4
@PBHSLhép 1101_:;1 €) Agﬂ)oﬁ K;E;_;; '_)_7-(!%(0 ) = 23X A
26 } 26. Cokﬂmdser’ e fo ?owmg reacctlon an '3 bond ehergies:
L H H
3 lf H—-C=C-H +2H-H =™ R= C“‘C H AH = -296 kJ
H H
J K i
Bond Bond energy 80“& Brek Bonss ; ‘éU—U?sB
2 (CH) ALH3) 6~ ‘
C-H 413 kJ/mol [C=C X [ c-C 3%
H-H 432 kJ/mol - —
g€ 347 K/mol b4 RUR) ~ 2826 &7
[690 +x

Calculate the bond energy of a C=C triple bond given the information above.

Py A Vi P ¥ Y A e

a) 619 kJ/mol 839 kJ/mol ~  c¢) 1040 kJ/mol -
=296 = [690FX 2835 y= =C hondlenen, = 239 K /udl
d) 562 kJ/mol e) 112 kJ/mol 7/ s
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A ference b etween e b ral anl el st ats, SO+‘1\¢C“‘“5@_
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_ ‘f'ég% %FUC S*a#fw(&‘"
7— 27. Which of the following statements is true?

Z- L?’ ’(/@ For a cyclic process, the change in a state function must be zero.
A

b) At constant pressure, & = qp. (
F A= AE+ PAV = pE#-‘ZTZ\v\ISlmcg Av\_‘.‘rf'()/ AH%AEr
ch) For HoO(l) — H>O(g), AH = AE at constant P and T.

. = =44 (& .
F: d) The 1nte§n?a'1 enez;’ of a system &%&?ﬁen the system does more work on the

rroundings than heat is absorbed from the surroundings. T wfis #rer A& 45"(
\ftuc’ dE wiil

LR L4 @ S
IC e) The ehe%y%% tl@ un$1ver31ty 1§ inereastng &%
Constant— -

Zg 28 28 Jgonswgr the follgl)‘\N&ng reeicfgo&e&s\ome constant ter;pe)r(az)ure: 3

-8 |28 T AR TR e _ Py v, ([ © =)

2% 2HF(g) = Hag) + Faolg)  Kp=40 = e
(2%

E 3x  |le-¥_ lo-x Pz
A container 1s initially filled with 1.0 atm of Ha(g) and 1.0 atm of F2(g). Once
equilibrium is reached, calculate the equilibrium partial pressure of F2(g).
the CxpiesSijean S @ pevt e <quare. ek Vﬁw Squarc l‘j@o“ of
a) 0.20 atm b) 0.40 atm c) 0.60 at 0.80 atm e) 1.0atm kcjlf_\s:l’eﬁ

_ leox ~ g overt

20 = 5= selulng £ X = 0206k (P = 1.0 -0.20 o g i)

Part of the process of the gasification of coal to produce carbon dioxide and methane is
shown below:

DodY o 2935 —F 48 kafud

2CO(g) +2 Ha(g) — COx(g) + Cgh(g) AH® =7

AH = i‘—é e re - é} e<]s
Given the fol owtfcﬁfg ‘sﬁﬁdard ;t algx’gé of fofr%ation:

" /-7 4yg]— (a¢-ilo.5)
AHP (kJ/mol) A =[=3435 +(7 ({] EJC ]

CO(g) -110.5 _ (LT
CO2(g) -393.5 Ai—l Heg. 3 2y 4’22“

CHa(g) -74.8

calculate AH® for the above reaction.

—247.3 kJ/mol b) —689.3 kJ/mol ¢) 689.3 kJ/mol

d) 247.3 kJ/mol e) 0kJ/mol

30. My answers for this Chemistry 102 exam should be graded with the answer sheet
associated with:

a) Form A b) FormB <¢) FoomC d) FormD ¢) FormE



