Solutionsto the PracticeProblemson Equilibrium

_ o _ (Pco/P°)? B PZ,
1. (a) K= (aC)(aCOZ) - (1)(PCOZ/PO) - POPCOZ
(b) K = 8H,CO; i [HzCOg]/CO _ PO[HzCOg]

(aco,)(@,0)  (Peo,/P?)Xi0  ©Peo, X0
It is usuallythecasethatthe molefractionof thesolventis very closeto 1. It isthenareasonable
approximatiorto write

_ P°[HCOy
K — W.
(©) K — (Be)*(8c0)(@r0) _ (Purs/P)*(Peoy/P)(Przo/P7) _ PligPoosPrizo
A(NH,)2COs 1 (P°)4
(@) k = (Be2)(@on)® _ (B&1]/c)(OH J/c) _ [BaJ[OH |
8Ba(OH), 1 (c°)3

Becausd™® = 1latmandc® = 1mol/L, we dont normallywrite down thesefactors.However, it then
become®ssentiato remembeto expressconcentrationgn mol/L andpressuresn atm.

2. Thereactiorratiofor thisreactionis Q = a?/a;,. Accordingto themeasurements,, = (0.87atm)/(1atm) =
0.87 anda, = 8.2 x 10 /. Thereactionratio thereforehasthe valueQ = 7.7 x 10 13, Sincethisis
muchsmallerthantheequilibriumconstantthereactionis notin equilibrium. In fact,thedissociation
of iodinemoleculeds spontaneousndertheseconditions.

3. Theequilibriumconstanis K = (3pcy) (ac) = (0.56)(0.17) =53.

apci 18x10°3

4. We cant doarything in theseproblemswithout a balancedeaction.Thereactionis

1
SQOxg) + 502(g) = SO3(g)-
Thecorrespondingquilibriumconstanis
= —aSQ
(8s0,)(a0,) Y2

Note thatthe dataaregivento usin the wrongform: The actvities of gasesare computedrom the
pressurenotfromthenumberof molesin alitre. However, theidealgaslaw letsuscalculatepressures
from theseconcentrationsP = RT ({). | like to do calculationswith theideal gaslaw in Sl units,
becausat’s lesslikely that| will make mistalesif I'm completelyconsistentiboutthis. Thereare
1000L in 1md, sotheconcentratiorof (for instance)sulfur dioxidein Sl unitsis 3.77mol/m3. Thus

Pso, = (8.314510JK ~*mol~1)(1000K ) (3.77mol/m?®) = 31.3kPa= 0.309atm



Similarly, Pso, = 0.339andPo, = 0.353atm. Theequilibriumconstants therefore

‘ 0.339 _iss
(0.309)(0.353)1/2

Note that we neededhe balancedeactionto determinethe form of the equilibrium constant. We
couldhave balancedhereactiondifferently For instancewe could have avoidedthe useof fractions
by multiplying thereactionby 2:

250x(g) + O2g) = 25Cx(q)-

Theequilibriumconstanwould thenhave been

2
K = asiﬁ =341
(aso,)?(a0;)
Thevalueof theequilibriumconstantdepend®n how we balanceahereaction.In fact,anequilibrium
constaninotaccompaniedby a balancedeactionis meaninglessln somecaseso be discussedater
(e.g. solubility, acid dissociation),thereis a corvention abouthow we shouldwrite the reaction.

Otherwiseyou mustalwaysgive a balancedeactionwhenstatinganequilibrium constant.

. We needto know theinitial pressuref iodine. We cangetthis from theidealgaslaw (P = nRT /V),
but first we needto know the numberof moles.

25g

M. = 553808g/mol  C-0oome

Theinitial pressuref moleculariodineis therefore

(0.098mol)(8.314510JK ~tmol~1)(1000K)

12 % 10313 = 68kPa= 0.67atm

P, initial =

We wantto determinghe stoichiometriaelationship@mongtheactvities (which enterinto theequi-
librium ratio). Sincepressureds proportionalto numberandactiity is proportionalto pressureywe
have

\ Initial \ Final
a, | 0.67 a,
a 0 2(0.67—a&,)

Thelastentryin thetableis obtainedby stoichiometry: The numberof iodine moleculesreacteds
calculatedoy subtractingthe final amountfrom the initial. The numberof iodine atomsformedis
twice aslarge, by stoichiometry Usingthe datain the table,we seethatthe equilibriumrelationship
is
2
K — os1— X _[087-a)"
a|2 alz
-.03la, = 1.80—5.36a,+ 44,

2



-0 = 4a —567a,+180.

5.67+ /5.672 — 4(4)(1.80)
2(4)
5.67+1.83
2(4)
= 0.940r0.48

L, =

Thefirst solutionis wrong: It correspondso a larger I, pressurghanwe startedwith. The second
solutionis the physically correctone. The equilibrium pressuresre thereforeR, = 0.48atm and
P = 2(0.67— 0.48atm) = 0.38atm

-1 —1
(0.015mol)(8.314472JK *mol )(34615K) _ 00 oo

Pcogr,,initial =

25%x103m3
| Initial | Final
acosr, | 0.17 | 0.17—x
aco 0 X
apr, 0 X
2

acoBr, - 0.17—X.
X = 54(017-X).
-0 = xX*4+54x-0.92
. — — _1 2
saco = aBrz—X—§<—5.4:|:\/5.4 —4(—0.92)>
= 0.165
~.acos, = 0.17—x=0.005

Thetotal pressuras

P = Pcogr, + Pco+ Par, = 0.005+ 0.1654 0.165atm = 0.34atm



