Equilibrium Test Review:

1. The solubility of barium fluoride into water is 1.10(4) g/L. Find the Ksp of this compound.

"o [Ba*Y = -006297 M

[.104 9 Ba”z)/L’Lﬂ’L—-> - 0806297 mile BaRi/L <3
Liter 135.323 3 [F) = 208a%] = 0.01259
M
Ba ane—— Baffy) * 2Fag
{.

CBa*[F]" =

2. At25°C, CrF; has a Ksp of 6.6 x 107,

a. Find the molar solubility of chromium (III) fluoride into water, and report the molarity of each ion in a saturated

solution of chromium fluoride.

(00629%)(.01259) =9.98% * |0™"
[

L‘f.‘?‘ixlo"

‘W;;\:LHB 0013 M

CY'FBCS) & Cr:i1)*3Fc"¢'4)
% I \ Cced] = L0013 M
-1 F = 0038 N
= X {3><)3 = 6.6x10™" .f_c__]_,?_f S ESE

: Cer?][F 7

-1

27x1= 6.6xj0

0.00I12504 M > .poi3 M

X =
b. Find the molar solubility of chromium (III) fluoride, if it is dissolving into a solution of 0.80 M chromium (III)
nitrate. Also report the concentration chromium and fluoride ions in this solution. L —
+ ) Iu ; / .00015 M
Cr F3e5) é—- G ¢ ag) 3F mﬁ) molar 5 bi -{.7
. §0
T .80 M o CCr”J =gp+x = O30 M
c xx_ 13 CF-1 = 3% = 0.000u4 M
- "] T 33X = 0.0 Y
E o.80+x Fx 00

(30 +x)(3x)% = ¢coxi0"

asSSume x ¢ ,%0

(.90)(2% x*) = 6.6 x|0™"
= & 0.p0001U51 — 000I5M

KSP =

c. How many grams chromium fluoride can dissolve into 100. mL of 0.80 M chromium nitrate?

/OOOU-IS'I mole Cng)/o 100 1_) 1089912 9 _ 0.00158] = b.OOlégfi'
Lite I raole can |

disSolve




(#2,cont’d. CrF; has a Ksp of 6.6 x 10™) total Vo | me CL'F ¥ m I.)ay‘

If 100. mL of 6.0 M Chromium (III) nitrate are mixed with 200. mL of 6.0 M NaF, = [00.mL+ Z 00.m L—

d. Verify that a precipitate will form. Show a calculation. — o)
e. Find the mass of ppt that forms 300.mL
f. Determine the concentrations of chromium (IIT) and fluoride ions after the reaction.

@ To shno that a ppt foms, we need to chow that Gop > Kepo

MV, = M2V, MV, = Mz2Vq
(6.0 M)[10p.mL) = Mz (300. mL) (6.0 M)(200.mL) = Mo (200.mL)

M2 = 2.0M Cr“'; M‘L = HOM

Gsp = Cced][F1]7 = (20)(u0)° = 128

So 3?5; a PP‘]’ DO!”'FJ/M

Qsp (128) > Kspfé.bmo‘“)

A —
(&) (0100L)( 82222 ) = 060 Mmoles Cr(NO3);

(02001 ) ( b:omdle) = 12 molea NOF
b

Cf(NO?,);; + 3N5{F — (r l:;cg-r.? Nal\/03(a1)

{agy
T o iz o =
C -0.Ho =i g + 0.40 -rl.Z
o o0.40 1.2

F o0.20.
: 99129\ =
N e e s -
— oy _
Ccr—fz_] = 9;7;9_!‘_"_0—- = .(ob—"’/

] ;- (o) |44 9 ppt]
\EC(*%]: o0.64F M '({r)

Kep +o ornd CE]
/)DIA} dzo }0 6.667 )ng‘)'B = 6.6%)D

—> .43 _ 3F"
CrFy o= (an 33 caq) X = 0.0001542 M
Fax 3% , |
. 667 +X LCF']’— 3x = 0.00046 M
Csp= (. 667 *x)@X)Z = 6.6 %0 !
l sp . bb («F)

assume X ¢ 0661




3. Based on the data shown below, determine the sign of AHg,,., for calcium hydroxide and barium sulfate.

Ca(OH), Ksp = 0.000042 at 20°C | BaSO, Ksp=1.1x10"at20°C
Ksp = 0.000017 at 60°C Ksp=1.5x10"at 30°C
¥sp decreases ad ‘l'eMF 1nCrea s, . Ksp increases s tnp InCims,
So A\’\Sb\ﬂ. 1S 'e)CO‘I/he/MIC @M) - \ P AHSB’A = PA&OMOMI'C
2 N~20ol7 |} DHsola isjposihvd
(Catvy, = Colon~20Nay) heat ) || ( ¢ Dtischn Bepueng) o
(5) - _ : 84§OW(S) “'Leo\i' P4 Ba _}*SO?@
4. ZHI(g) <----- > H2(g) + 12(5) AHrxn of -51.88 kJ/mole Kp=2.86at25°C.

Which could be the Kp of this reaction at 50°C: 0.562, or 5.62? 0. 562 ¥

Sine AHna, i5 /legmﬁ\/ffa(o)} Ep must décrégae as #mf/;acr%

5. Cq+COyg <> 2COy  AHrxn=+1725Kk Kc = 1.598 at 1000°C
Kec=1x10¥at 25 °C.
————1

a. fill in the missing temperature: is (Zic or2000°C? @ ndothgmil SO K inteases ao -k,mf INCreza,
and ViR \&3a »

b. If the above reaction is at equilibrium, what will happen (which way will it “shift”: left, right, or no change) if the

following changes are made to the reaction mixture?

&M i. Add carbon dioxide gas

Ra ii. Remove carbon monoxide gas
Lett i adaco
Mﬂgi—ﬂ Remove C,, (assume this has a negligible effect on the available container volume)
Lef:] v. Decrease the volume of the reaction container $s all Presswes will [ Acrease
no Chqltﬁlf- Add a catalyst — l

Rfﬁi vii. Increase the temperature ‘ Kf = ”’T'L ¥

Le P( viii. Decrease temperature

i
Kp= Ke(RTY™ = 1598 (0821 +1293) = 16%.01

c. Find Kp of the above reaction at 1000 °C.

d. Find Kc of this reaction at 1000 °C: CO(g) <> % C(s) + %2 COg)
e ——
TArs rs #he o011l mn . l
e o L =loFall = ke

exwpt reversed and ot in half | Ke = (1.598)"

6. Ini-viii, above, for which stresses/letters does Keq stay the same, and for which letters does it change?

It Stays the same for C=Vvi . It charges in vii ond _V_I‘.”‘

(Ke{ InCleases | n Vii  and decreasesin i )



7. Given H3PO, <------- > H" + H,PO,! Keq = 0.0075
HyPO,! <> 2H"+ PO, Keq=2.6x 107

-20) - =22
PMd ota:  Hypp, 2 BH « POy®  [Keg (0075 (261D ) = (9590

é‘

Find the Keq for this reaction: 3 H' + PO,” <------- > H3PO,

7 -
this is +ho reverse of the "Sum’nan’ H3 POy &33 B *!+poy3

So Kef = fod =528 - [#_,/x/oz—'!

-22
).q S Kl O k/ o 2
8. The Haber Process: Ny + 3 Hpg) <-—-- > 2 NHj(g) AH rxn=-92kJ

Temp(’C) Ke

25 69300
300 9.6

400 0.501
500 0.058

a. What does it mean for a reaction to be at equilibrium? Discuss this in the context of this reaction.

At ec{w‘hlm’um, the Hprward rate ¢F rxn s €7M19 +the revése
rate o rxn. Fer Zxample |n the above reachm, tha numbe
/\l.l-]3 molecle ProdMMA evey second 1S 8744427‘0 He numbe
ot N3 molecukey (onSumed every second in the revide rn,

b. If 2.0 moles of each gas (nitrogen, hydrogen, and ammonia) are each placed into a 5.0 liter vessel at 300°C, which

way will the reaction need to proceed in order to equilibrium? 2
g o = [l o (Ho)

= Z—_'_D_L“_"_l?_'_ = T 3
(N:] 5.0L S N2 (uod(Ho)
([He) ot (5] e akso 040 M Q= 625

Sinte alse haened 2.0 molmrﬁﬂlﬁﬁ’) K = 9.6 at 300 °C.

) L ¥ Ss The n Noedd
to proceed inthe forwoad
dwechon 1o (each egm

N (oo the rigt" or

=K ¢S the reachsn must \‘x\&‘ “towoacd Pded’S")

= - e ——— - —————

¢. Same question as (b), except change the temp to 400 °-C"“-..\

At "*ODOC, KC = 050I \\
wmd B is SHI 625 \

—

procees nthe reverse rxn 1o g ST
Cercn  eqm [or Vo the (e H"

o “towad reaciants )



8. Continued: Ny + 3 Hy) <—---- > 2 NHjg)
d. Suppose that nitrogen, hydrogen, and ammonia are at equilibrium at 350 °C.

If some hydrogen gas is added (at 350°C) and equilibrium is reestablished, how will the new concentrations of N,, H,,
and NH, compare to the concentrations before adding the extra hydrogen?

Whea Hy is added, the rxn will Shitt f'?hf-
When 1his happens , moi< Ntz il v - \[NETEQ]'UWZ?, !-’
. thgn beTwe, |
and when d shifts r:‘yh‘l, +that m€ans - = _—_’
some N, will be ConsSumed — [[[Nz] will be fmallc(_f:f\m betore,

some of the Hz il be consumesd 1oo, but +he nn Wt CONSUML
al cfthe Hh we added, Siice the mn woit ove- go [00%
ineither Awvechon. so ﬁzj_w]ll_—b—c larger thon 1 W
\ befwe Wt added it

 rmemsEEa.
9. 25 grams of lead (II) iodide (molar mass 461.01 amu) are placed into a flask containing 200 mL of water and the
mixture is shaken until equilibrium is established at 25°C. At this temperature, Pbl, has a Ksp of 1.39 x 10-8.

a. Verify (show math) that some solid lead iodide will remain undissolved in the flask.

- T- | t it
PLIZZQ‘—Z: waq)-*ll 1 ““‘i) O_R_ you (ould Co-QC\«.«Qa‘E. GI)SP
the 259 all did disseive,

‘jou‘& C‘|€+ GSP = D,D?q-‘}'
GS{) 7 Ksp Se Solicl Cfp’-})

X Z2x

Ksp= x (2x)* = 1.39%) 08

X = .pplSl5 M - i will be preset.
S "ﬁ%ﬂz>(-zow>(ﬂ;"%f)= Ot g PbT, can disolve
(25 > oM g o notalt tho solid condisslue; Sore Sold
- ' idisselved.

b. How will the concentration of lead ion be affected (once equilibrium is reestablished) after the following changes
are made? (increase, decrease, or no change)
no CJ’W: %5.00 grams of lead iodide powder are added to the mixture. (The So In isa le tad Y Sa '}V’KM
A€ L1 £442501id sodium iodide is added to the mixture Y- Se no mort PbT, con oissolve )
N.0_CnAndean additional 200 mL of water are added 1+ v W shil be Sathurcled mnce Ebm reache
LN L €A580olid silver nitrate is added to the mixture (The Ksp of Agl is 8.4 x 10" at 25°C) ¢, some T-' 1S ConSung
Jf\ AN £4.4RThe solution is heated to 30°C. (Lead iodide has a positive heat of solution value) PCRINE o Ma ASIfS'*]td)
Inct € a5 Solid lead nitrate is added to the mixture. Ryer 1 1] S‘}M‘f‘}' }-P-f‘f‘ but not 100%,
dé Cr €444850lid sodium sulfate is added to the mixture, and some lead sulfate precipitate forms.

¥ whin NaT aissslws, [T-) will increase, so e e Shifts lef us;ngpjp
[ 2 s



10.  C(5) +COy(g) <> 2 COyq) Kc = 1.598 at 1000°C

Suppose that 2.00 moles of carbon dioxide are added to a flask containing carbon powder and heated to 1000°C.

The available volume inside the flask is 9.80 liters.
a. What will be the equilibrium concentrations of carbon dioxide and carbon monoxide, at 1000°C?

b. What will be the total pressure in the flask at equilibrium, at 1000°C?
L~
& rco,] - 2o00maer _ 0 20408 M ®
- 2 original .90 L
V= NRT
Cey COz,_‘P’Z? 2 COcq /?:(%)RT
T 0.20403 o p= M RT
- Y +2x
c e Pros = (.055362)(.0821)(1233)
E 010408 —X Zx
Pcoz i g??b am
2 2
l<c = CCO] & __C?"_f_}_________) = ‘gqg PCO = (O‘fquq)(‘.og‘z,)(‘z:ia)
0 - X |
[Coz]) (o.20408 P.. = 31,082 atm

Ux? = 1543 (28403 ~X)= 0.32612 - 1598 X
PromeL = Peoa * Peo

2 - frasadl
Uxr + 1593 x -p.32612 =O = g3g, + 3.082
= 34.968

R "~

¥ = -1.598 T4 1598)% -u(u)(-.32612)
204 | Prom, = 364 oy

' ; e : M

X = 0MMEHE o —o}@?z ™
X hao to be pshve sinw

[’CO] < 2x . munst ¢« p:fzhw’ M-cldi’f@

(CO2) = . 20M0%-x = . 20408 —-1487I% = ©,pc5347 —%k{_’co{] 0055M

Ccol=2y=2(u3718) > 01974 -:-1[@3 0.29F M h

k- (297¢)°
Chec [ 7'-‘3 7'5@8\/

——m

(.055%62)
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2H,S() 2 2Hyg) + Sy(8) Time: abod [I§ miautes

6\/, . When heated, hydrogen sulfide gas decomposes according to the equation above. A 3.40 g sample of H,S(g) is
introduced into an evacuated rigid 1.25 L container. The sealed container is heated to 483 K, and 3.72 x 1072 mol

of S,(g)-is present at equilibrium. EHZ] E S ZI
(d\ E TH 2S)? —_—— >

(a) Write the expression for the equilibrium constant, K, for the decomposition reaction represented above.

(b) Calculate the equilibrium concentration, in mol L™, of the following gases in the container at 483 K.
() Hy(g)
(i) H,S(g)

(c) Calculate the value of the equilibrium constant, X, for the decomposition reaction at 483 K.

(d) Calculate the partial pressure of S,(g) in the container at equilibrium at 483 K.

(e) For the reaction H,(g) + % S,(g) 2 H,S(g) at483 K, calculate the value of the equilibrium constant, X, .

(b) - S
Tntipl molto #8 HS = (3409 (3-1 =y ) = 0,099763 mole B2

Q\st = 2t * S,

T 0092163 o O
c -3_(:9}31}) +2(0%2) «.03%2

E 025363 .07YY 0372 mole Lg\\fn)

C»

(H2SJegn = 02536300185 = 5 pp02a | (1,57, = 0.0203 M
125 L b

CH2]~¢iM= 0.0744 mole - 0.05952 _-5{ CHZ]!@M - 0.0595 M
.25 L i

© [s2)ggn® 0.0372mie = (02976 M
.25 L

Ke = (W1°(S.] - (-0sasz)” (.0297%) = 0.25609
CHys T (.02029)*
{ KC = 0.15(04}

(d) oA (¢) are ap 0N next p29e



Il comhd A28y 2 Az, T S29)

(d) Calculate the partial pressure of S,(g) in the container at equilibrium at 483 K.

(e) For the reaction H,(g) + % S,(8) 2 H,S(g) at 483 K, calculate the value of the equilibrium constant, X, .

(d) 5wen‘ - 0372 molen o-PS,_ wére fresori
ot eqmi 'n He 1.2sL  Flask at 483 k

Pso = NsyRT _ (0372 mole)( 082150 )/ug3 k)
v l2s L

( ===t
'U Psx = |18 atm J/

! ——

(e) The et Ia (e) is WW Yo 9f+ i7[ Yo
cud the onpinndt -27vtﬁ‘hm in half,
and revese e reactonts ool products.

r |

((oastonys) = 198

(ke = 198 |




12. a. CHeO; ) <> CHgy + 3 CO,

5.63 grams of CsHO, gas are placed into an evacuated 2.50 Liter flask and heated to 200. °C.

i. Calculate the initial pressure of CsH¢O, in the container, before any reaction occurs. ___0_' FLb a'h;j

ii. The total pressure in the container gradually rose to an equilibrium value of 1.63 atm.
Calculate Kp and Kc for the reaction at 200.°C. 5

_ N aim
(l) P': nRT - (5.633)(%&){091' LM“K)(H?BK_) = 0. 76646
% 250 L

() oo, = Gl + 3Co
. 6b4tb =X X 3 x Kp= Peame: Pee
PCgHe03
Pml?": .63 atm = (0.76646")()4' % +3x K, = MS)B

eam X = 0.28195 atm (0.4%8b)

PcsHeos = +Fob4b-X = 0.4 784 atm KI’ = 0.337%31\ —aLKP 038?[
PeaHe = X = .28185 aim e

> = - Kp . .3¢13) ._.é_ xop
Peo = 3x = 0.96355atm e " SRy b1 x)0 |

b. The compound “arsine” (AsH,) decomposes as follows 2 AsH,, <------ > 2 Asg +3 Hy,
Some AsH, is added to an empty container so that it is present at 0.516 atm. After sitting for a couple of days, the
reaction mixture reached a final equilibrium pressure of 0.642 atm. Calculate Kp for the reaction.

2 As Ha( )Z_—* Ahsesy 3 'H219) P AsHz = Slb-2x = 0.264 atm
.l;u.,g o o Pz = 3% 7 0,378 atm

-2x +§ +3x (_F/HL)__—— (378)3
S1b-2x 5 x PasH3)* (.zeq)

PromaL= Pasty * PHz (enlyinclude: L—W> Kp = 037493
O0.b42 = .5lb-2x +3x * = 0.126 M, 07453

¢. Some solid ferric oxide is placed into an evacuated flask at high temperature, and the following reaction is allowed
to come to equilibrium. At equilibrium, the total gas pressure is 0.084 atm. Calculate Kp.
2 Fe203@.)< —————— > 4Feg + 30y,

PrommL= Po2 (Gmm O, is the M\j g aa Pft’-f'(’f“"}

M O H

, 08Y atm

Poa
Kp = LPOZ)B = (o)? = 1\0.0005;—1
ke |



13. AgCrO,hasaKspof 1.2 x10™
Ag,CO; has a Ksp of 8.1 x 107
AgCl has a Ksp of 1.8 x 10™°

A dilute solution of silver nitrate is slowly added to a solution containing CrO,” ion dissolved at 0.20 M,
CO,? dissolved at 0.10 M, and CI" dissolved at 0.010 M.

a. For each silver compound, calculate the maximum concentration of Ag*'ion that can be present in solution
without a precipitate forming. (neglect volume changes; assume that adding the silver nitrate solution won’t significantly
affect the 3 given molarities.)

Ag2CrOy Aga £03° 2
Kep> CPg™]*[Croy?] ksp= CAg™] TCO5™)
2% b = Eﬁy*‘]z(o.')_o) BAR|pt = [AH*'_T‘(O.ID)

CAG*] max = .0%10°°M
+o pvevnt P(eu'p\hchn
of Ag, (D3 ¢sslid )

“[ag*],,. = ©-0000024M
“ 24 x16°M
'h P(e%f' P/(a}olﬁdlm
i Agy Cr Oy (so1id) AR
f . Ksp= [hgr] (1]
(\f Chgt] is |arge Than

his, Qg > Kap 13 xp71° = CAg*J(0.010)

. 8 vent
S0 tahm wonld CAgt] g A LE®ICT M to pe
Pfeafccu:}m § dmax —\.&Maﬁﬂ R Agllicsohid)

b. Which silver compound will precipitate first, as the AgNO, solution is added?

AgCR. it ko the Jowedt (lue of [Af']mm.

-2
one [49’”_7 ex(eeda [.§x 1D M,
AgCL csolid) ol preptal 6



14. Consider a beaker containing a saturated solution of CaF, in equilibrium with undissolved CaF, (s).

If solid CaCl, is added to this solution,
a. will the amount of solid CaF, at the bottom of the beaker increase, decrease, or remain the same?

b. will the concentration of Ca*? ions in solution increase or decrease?
¢. will the concentration of F! ions in solution increase or decrease?
(For a, b, and ¢, assume that the mixture immediately reestablishes equilibrium.)

Cafary @2 Calagy + 2F,,,,
+2

(6) if Call, s added, 4 1)) Lissplve, so (Ca caq)
will increase. S the “rxn? absve will shift left
Jo confume some of The C(a™l,y #had was added.
So More (aFzeoolid) will frm;

] e amt rf CaFzis) 1n the beaker will I‘AWMQJ

(5) ] [ca+2] will increase ][wiu b Mr7€r 1han 17 was beﬁft)

whon Qumn wae odded, 4he rxn shyfted Jett o

consume some sf the Catiagy, but not al £ it

te) [[F1 will decrease ) (will be Jess thom it Wiz befae,)
whon the e Shifts Jetd, Some ## the L'F"m‘p]

7s ConSumed.

/\/‘\/\—/\-/\/

\€ numbes help,  Kop f CGaFe = 34xi07"
S the of»‘?a'm(’ solubon, [Ca¥]= .o0021M ad [F-]- .ooo42M
Ctrad F'owee peesent ina 112 reho.
hd Since wie added Ca*?im ond pol F-'ipn  when
e added Cabez, we how have more Thgn a 1'2Z rakes:

E-Cmf:; will AW bt mpre than 00021 M
i (] will now be fes$thm 00042 M,




15. Consider a beaker containing a saturated solution of Pbl, in equilibrium with undissolved Pbl, (s).

If solid K1 is added to this solution,
a. will the amount of solid Pbl, at the bottom of the beaker increase, decrease, or remain the same?

b. will the concentration of Pb*? ions in solution increase or decrease?
¢. will the concentration of I'! ions in solution increase or decrease?
(For a, b, and c, assume that the mixture immediately reestablishes equilibrium.)

(@) iF KT is added, it will dissolve, 5o [Tagy] increases
So ‘sz XN W;/’ 5}‘4\7[7( I'PH, So SWVL&?bIz Sahd M);//'ﬁ’m
7 Pe anl +f PbT; suld) inthe beakor increpses |

+ 21'",

(&) )?pb+22,£)j will decrease.)

bhen the rxn sWft1s left, Some Phiiay will be

conSumed as 1 twns info s 1id Pbl,

A
(becomes patrt)

= } [T-] il in crm;ej
we arded _T"(p.q) Jo Fhe Joluhon,
e ~nn will Shift lett S consume Some ~
e T caq)y, bud not all r;éu‘

(At eqw‘h‘b”'“m Nljlnx%l
thore W€ fW/Ze ) Mﬁry I"/Aq) “Pt;)
now thare  oce more than Mice 4o many
5 [T7] i mare than 1t was,
~d [pp*2] Vs less Than ot Wiy )



) (41001 (50 "!'—3'-) - 000 moe Gty  Wlbe
(.\50 L) ['ZO M°)/L) = ,030 mol-&s NﬂgPO;_,.

3Caly, +2NIsPOu g > Cas(PODz v ENOL )

T cOF0 »uwy 030 Mmooy o o
c -.o43 i +.061S
F 025 o 015 moley
/ ([.o1s molas)( 10,1835, ) = 4.2&{
- i
(o] = 025mle - oMM Cat* |
(.100 L+.1SOL)
EPO 33.—- 77 /\ewl‘had,o Kfr
(s, [POV)z[_s) 4;_._3(&-—:1;;' 2 POy, za,q)
T .M k; . gxad*ﬂ
e +37" +_2',:’.L.. &« (or e
p 43 Z*
= 20=0

,3] ~ (144—5%)’6(2“3

7
aguﬂ3w\%

(4) ? (1)
x = U.16 1657 <10

o= Lea™) 70

-6

z- 2.0* 10

Y

Py

canaaill K
con?ls T 87 DI



'L) ( joo L)(.%o m) = . 030 moles Call &
*)6 L

((zooL ) (1o W) = 020 nmolo Naz POy

C
3 060%‘”-4-2}\/&3?09,‘4;-4 (43 (PDy) 6 Nal cag)

T .03%30 D20
¢ —030 il
E © 0

7

Bothe Jent o 2e,
q need To soler for
A J—/sp

Se We
bo th ol moliHes using
Do ¥Kep
( Y 4+ -3
W aa(PoLD;‘gk_ 3 ZPZD: )

3 X




m\() 085 moler(slls #lbe

C) (.260L)(.Ho .
miley = pFo molesNazlTY

(.350L) (.20

3 Colla + NazPoy (83(POR 2T 6 MNallyg)

"1 . 080 .0 FO
& —bid - (080 %)
O 0165 moles
(Po3]= .olEmls = 0.0303 M CPD %)= .030
(Zoo-k”:S'O)‘—

/) 0o Ao ‘%pw [Cﬂf_f_)

+2 -3
(ag(?’bw)us)?j 3 (Kiagy* Z P04 lag)

I O 03D
c +X « 5 e~ o 3;_0:'2%
E x D30+ %x

19
\(—5\0’; xg(.oao+%x)’ = 2.0710

assume 7”;‘" 1L 030

3 2 = ZD"IO 29
X (0307

=128 x10* M ECﬂ*ﬂ ‘




Equilibrium  M(C Pmd’ice.’

e

Hy(g) + Bryg) & 2HBi(g)

42. At a certain temperature, the value of the
e_quilibrium constant, K, for the reaction
represented above is 2.0 X 10°. What is the
value of K for the reverse reaction at the same

- S
2 505(g) 22 Soz(g).+ 0,(g) temperature?
41. After the equilibrium represented above is estab-f (A) £2.0x 107
lished, some pure O,(g) is injected into the whll Sttt (B) 5.0x10~
reaction vesspl at constant temperature. After ' i © 20x107
fgx;lligrllll;rsn;sl;aestablllshed, whicr:i ofthefol. S0 SOz Wi 1 (D) 5.0x107°
1as er value compared to its val ' : < 1074
at the original equilibrium? P N twn l/lfD SOJ & 0xlD I
(A) K., for the reaction (IS()M-Q SOz U)‘l d | 2 oxl 0 5 }
(B) The total pressure in the reaction vessel be (MmS U-/"-Eb".)
(C) The amount of SO5(g) in the reaction vessel L. __L- - OS5 [ 0’;
(D) The amount of O,(g) in the reaction vessel 2 10 g
@The amount of SO, (g) in the reaction = b x| 0 -6

vessel

.

Con = 1A+ O

at is the molar solubility in water of Ag,CrO,?
(The K, for Ag,CrO, is 8 X 1071%)

(2% (%) = §x[0
L{X% = 8){/0"2

X ’(leo.;\l)”3

67.

(A) 81072 M
®B) 2x107? M
(C) Ja4x107* M
®) Y4x10"2 M
® =102 M

-~ 2

75.

In a saturated solution of Zn(OH), at25°C,

the value of {OH] is 2.0x 1078 M. Whatis the
value of the solubility-product constant, K, for
Zn(OH), at 25°C?

[ou-]. %
(@ raxio™ ("] ==~ LOxI0

®) 8.0x 1071 i
© 16x107 ([0 D“’) (2-0"/0 by
(D) 4.0x 10712 ~18

@ 20x108 = 1 *[0

21. Which of the systems in equilibrium represented
below will exhibit a shift to the left (toward
Feactants) when the pressure on the system is
increased by reducing the volume of the system?
(Assume that temperature is constant.)

(&) 2 Mg(s) + Ox(g) 2 2MgO() A=~

(B) SE,(g) +Fy(e) 2 SFe®)  AN7 !

(©) Hy(g) + Bry(e) 2 2HBrp) An =0

(D) Ny(g) +3Hy(g) & 2NHy(e) An=-2
(EDSOLhe) 2 0@ +ChE®) AN +]

fwr moles gao on eft

36. Which of the following changes to a reaction

system in equilibrium would affect the value of

the equilibrium constant,
(Assume in each case that all other conditions
are held constant.)

(A) Adding more of the reactants to the system
(B) Adding a catalyst for the reaction to the

Increasing the temperature of the system

K., for the reaction?

eq’?

system

(E) Removing some of the reaction products |

‘( ;D) Increasing the pressure on the system

you can !

from the system

cange Ke by |
changing fempoa €



Questions 29-33 refer to the following. 32. Which of the following statements about K, the

cquilibrium constant for the reaction, is correct?

PCls(g) 2 PCli(g) + Cly(g) (A) K =1
ByK, <1
PCls(g) decomposes into PCly(g) and Cla(g) € K,=1
according to the equation above. A pure sample of (D) It cannot be determined whether K,7 >
PCl4(g) is placed in a rigid, evacuated 1.00 L K, <l or K,=1 without additional
container. The initial pressure of the PClq(g) is information.

1.00 atm. The temperature is held constant until

the PCls(g) reaches equilibrium with its PCIT Z_? PC' 3 + az.

decomposition products. The figures below

show the initial and equilibrium conditions of the l 00 —X X X
system.
KV - —y
PClg. PCly. and Ci, 1.00 %X

P q = 1.40 2tm

PromaL = 1.Yoat = [.00—% * X X
Iifgucealslnitial - Gipucer2s Equiliprm EeéM X = O0.40 otm.

29. Which of the following is the most likely cause
i for the increase in pressure observed in the \4 . ( q 0) * L
p> L0 4]

container as the reaction reaches equifibrium?

(A) A decrease in the strength of intermolecular G b O)
attractions among molecules in the flask L )
(B) Ani increase in the strength of mtermolecular : 33. Additional Cl,(g) is injected into the system at -

ask equilibrium. Which of the following graphs best

! shows the rate of the reverse reaction as a function
of time? (Assume that the time for injection and
mixing of the additional Cl,(g) is negligible.)

(a)

/ (C) An increase in thenumbcr of molccules
which increases the frequency of collisions
with the walls of thc cont:uner

then collide with the walls of the container

with greater force ‘9 AeoUs
/m"& FCI — 2 mole )prvdud'-f

/lumber jaj ol celes [acrepses | [ Time
Sv preSs e i Creases, ot

30. As the reaction progresses toward equilibrium, the

rate of the forward reaction m u,\d.lr "Ln (d
(A) increases until it becomes the same ag the K ’{r-,v 18
reverse reaction e at equilibrium
(B) stays constant before and after equilibrium is b MJ m i
reached
decreases to become a constant nonzero rate FW d' ra *‘C w'/ I )
at equilibrium d ecrease 44 /

(D) decreases to become zero at equilibrium

Reverse Rate

————

&—the Newr
rate wiil be
o e B

2 ( buth Hre

H PCls 7S (orsumed A ~d revese

31. If the decomposition reaction were 19 go (o \ i, (a-\-co 78] l'
completion, the total pressure in the container | b
el TEe ° s> k_ InCf ¢ende, SnCL

A) 1:4::::: ’Mdll S 1M0u¢ gw ! MN{ NO\(UA[M
(;?_';%Batrn MDLM rf jM WW | Time 0f€ /eSeﬂ’]—

cl,

d buble, so pressure - Added | N ke Same
wwadauble 2 volumg .

Reverse Rate

Reverse Rate

(D) 3.0 atm

S:g_/—
2 (1.00am) = 2, 0patni g
i Time
cl,

Added



a/Z Aj NO_BW)* /Mf szq)——» L A?CQ(S) i Mj(N037L

(6g)

Beaker X Beaker Y Beaker Z
ASNO(ap) MeCl,(aq) AgCI(s) and Mg(NO,),(aq)
® \ o ) 2 -
575 [Eorc] [00, 9579 o wy nge o
GO G Q:_? + | 302 |— ° 3 g G | n) o ch‘"‘S"h‘h")
® P
Fogs) |so] |9 _°Fs| Sozaltfg”

o Dt went

A to ?FL
Since thoz is

AgClI(s)

56. BeakerX and beaker Y each cotmin-1.0 L of solution, as shown above. A student combines the solutions by
fp”:urmg them into a larger, previously empty Beaker Z and observes the formation of a white precipitate.

Assuming that volumes are additive, which of the failown&g scts of solutions could be represented by the

diagram above?

Beaker X Beaker Y Beaker Z -] ex% Ag 4 p 60’
3 (A) 2.0 M AgNO, 2.0 M MgCl, 4.0 M Mg(NOs), and AgCI(s) o P _ J
/ s 3
/ (B) 2.0 M AgNO, 2.0M MgCl, 2.0 M Mg(NO3), and AgCl(s) '_L, 2 us e
LOM MgCl, 1.0M Mg(NO,), and AgCl(s) | 3 Must M
1.0 M MgCl, (’EU ADAg{NO;)Z and AgCIGT )/ been M “‘fd n

(€) 2.0 M AgNO,
L/? / (D) 2.0 M AgNO,

do Kalfs

1
‘ te [MNO2)
Mcﬁdﬁ\_ﬁ

hod +he 2:| lS‘\b?cM;thﬁic) rath'o
o+ PjNDy o MgC\l

COCL(g) 2 CO() + CL(®)

60. COCl,(g) decomposes according to the equation
above. When pure COCl,(g) is injected into a
rigid, previously evacuated flask at 690 K, the

pressure in the flask is initially 1.0 atm. After the
reaction reaches equilibrium at 690 K. the total
pressure in the flask is 1.2 atm. What is the value
of K, for the reaction at 690 K?

Cot, = Co + Uz
[.O~x x x
Kp (0.2)*
(lo-02) (0%)

(BY 0.050

®) 1.0

x?.

——

(1.0 -x)

-
Ll

—
—

Prowl= (L0 —%) + % + X
X =0.2

1
E @‘2) = 0.05

[.2.a

il dilabe 2 201 rahD
s o/rymﬁQ cmcwwhr"
none is cwum{a(,

pud the 100 L V2 lunce doddled
1o 2oL when med,

Hyg) + Lg) & 2Hl(g)

7. At 450°C, 2.0 moles each of Hy(g), L,(g), and
HI(g) are combined in a 1.0 L rigid container. )
The value of K at 450°C is 50. Which of the
following will occur as the system moves toward

equilibrium?
@Mor& H,(g) and I,(g) will form.

(B) More Hl(g) will form.

(C) The total pressure will decrease.

(D) No net reaction will occur, because the
number of molecules is the same on both
sides of the equation.

so al
are ZOM

_ (2.0)
v 1(3.)  (20)(2.0)

0. &¥e °F
e xn mus)

Switt cight,

So MNE Bl
Udl\\ﬁ/m
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