AP Chemistry

Exercise 13.5 Name: ‘%ékf
Equilibrium & ICE Tables Date: Per:

The equilibrium constant (K) is the ratio of the equilibrium concentration (or pressure) of product(s) to the equilibrium
concentration (or pressure) of reactant(s). The same expression can be used to calculate the reaction quotient, (Q):
2NO, wt 7H, g = 2 NHB(Q) =+ 4H20(I)

_ InHslg, st - ___INH]?
Ke = -—[ APATAE (at equilibrium) ; Q= —---—~—-—[ NOLFIALT

The coefficients from the balanced equation become exponents. Liquids and solids never appear in the expressions, because

(at any moment /point)

their concentrations (or pressures) do not change throughout the reaction.

DIRECTIONS: Write an equilibrium expression for each of the following. Not all equations are balanced,

1. CaSO,(s) = Ca* (aq) + SO, (aq) 6. ZNO(g) + \CL(g) = ZNOCI(g)
Ke = [cq’f—‘j['mq'-j W 2 [NDC\T’
MNoYTeny
2. YHCI(g) +_0,() = 2H0() + 2Cl (g) 7. 2HBr(g) = Hy(g) + Br: ()
.
Ke=z Loz e = fHel -
Thel*forl (#8c)
3. Sn(s) + 2CO;(g) = SnO; (g) + 2CO (g) 8. C(s) + HO(g) = CO(g) + Hy(g)
_ (5ot _ [codim
Ke, e e \(C Ty
[ 0]
4. 2LSO;(g) = 250;(g) + 1 0:(g) 9. 105(2 = 30:(»)

Ke = (50, T'loy Ke = —E_‘;:’——
[5031% Cosl
5. Mg(s) + 2Ag’ (aq) = Mg* (aq) + 2Ag (s) 10. O,(g) + NO2(g) = O3(g) + NO(g)
Mg & JLa” ind N Ke = Logllr}
aat” (o)L NO S

Calculating K. (or K},) from a known set of equilibrium concentrations (or pressures) simply requires substituting the
equilibrium concentrations (or pressures) into the equilibrium expression. If K, (or K,) is known, the concentration (or
pressure) of one missing species may be found if the others are known.

DIRECTIONS: Complete the following in the space provided:

11. Determine the equilibrium constant (K,) for the following reaction if the equilibrium concentrations of [N,O4] = 0.00150
and [NO;] = 0.571. Write the equilibrium expression and solve for the value of K.
N>O4(g) = 2NOs(g) |

_ (e}t | [os#)t T
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¢ [Nzoy] (o.00 150) 23 o \

12. For the reaction CH,(g) + H,O(g) = CO(g) + 3H; (g) at 1500°C, an equilibrium mixture of these gases was found to have
the following concentrations [CO] = 0.300M, [H,] = 0.800A and [CH,4] = 0.400M. K_at 1500°C = 5.67. Determine the
equilibrium concentration of H,O in this mixture, i [ o® _55
©. 300 31,0900 -
- [CD_SY,WL-P - Eo,%ob_jfo.%udl wGh¥ ¥ [E1= LC. 300)10-0%0 . = O'D("??:Z
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Answers: 11} 217 12)0.0677 M 13)305 14) 1.84 = 107 15)29 17)28x 107 19) 1.79= 107 20)66,7 21)6.54 « 107 23)37x 107 24) N;Ou] = 0.0307M, [NO,] =0.0120M
25) [CO] = 0.260M, [Hy0] = 0.234M, [Hy] = [CO,] = 0.5000 26) 080 27) [Hy] = [I;] = 0.0670M, [HI] =0.7660 28} [CO] = 0.0807M, [Br;] = 0.0607M, [COBry] = 0.0033M
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13. Nitrogen and hydrogen react together in a 4.00 liter container at 450°C. At equilibrium, [N] = 0.130, [H,] = 0.220, and
[NH;] = 0.650. Calculate the equilibrium constant (K,) for this reaction.

Nz(D) () = 2MW=slg)

. st L T o A
Ve = = [0.650] & K = 305
(Nﬂc“{sa [W 305.2 \,_/,_\

14. A reaction vessel is charged with hydrogen iodide, which partially decomposes to molecular hydrogen and iodine
according to the equation:

2HI (g) = Hy(g) + 1,(8)

When the system comes to equilibrium at 425 °C, P, = 0.708 atm, and P, = Py = 0.0960 atm. Calculate the value of Kp.

Ko = PU)RTD) . (o.08w)0.08® - peovess
&.v \,\«S_)L ) ©.10%)" \KC»_’. ©.0\BY oc \_5‘-\‘&\6’2- \
i

15. For the reaction H, (g) + Cl, (g) = 2HCI (g), the following equilibrium concentrations are determined: [H,] = 0.42 M,
[Cl,] = 0.075 M, and [HCI] = 0.95 M. Calculate the value of K.

4
Ve = e _ ToS5) = 78.05
{wllelzd ['b.‘\z.-][a.o'ﬁl Ve, * 29

16. Write the equilibrium expression K, for the reaction: N (g) +O; (g) = 2NO (g).

Lot
¥ (e edd

17. The K,, for the equilibrium of 2NO (g) + O, (g) = 2NO, (g) is 5.4 * 10" at 480.0°C. What is the value of K., for the
reaction 4NO (g) + 20, (g) = 4NO; (g)?

g
) (2-\‘0(_3\ x O (,35 = ZNBz.(dg ow \‘-Ig.q = V\z

\:Liut :@'.‘\ HU")Z‘ = @
1. Write the expression for K, for the reaction 4Cu0(s) + CHy(g) = COs(g) +4Cu(S) + 2H:0(e).
- @C-D z)(_?\‘. LOY
(Pews

19. Acetic acid is a weak acid that dissociates into the acetate ion and a proton in aqueous solution:

HC,H,0,(aq) = C,H,0, (aq) + H (aq)

I

4r0(g) ¥ 20:24g)> = WN0(R?

At equilibriug at 25 °C a 0.100 M solution of acetic acid has the following concentrations: [HC;H;0,] = 0.0990 M,
[CH30, = 1.33 x 10° M, and [H"].= 1.33 x 10" M. Calculate the equilibrium constant, K., for the ionization of acetic
acid at 25°C. +

C C2Ws0 1 HY) g [\.33“0"3][\.331-10-93 ?\.‘}g‘o%‘dg
[HCeWs0z) 1{0.0%40) ————————‘”“‘_’r

VwcL=
or 5

Ve Wea = V¥ K10

Revised: 2018-10-02 |Answers T 217 T 00677 M 13) 305 14 184 < 107 15)29 17)29% 107 19) 179 % 107 20)66.7 21)6:94 = 107 23)37x 107 24) N;0,] = 0.0307M, [NO,] =0.0120M |

25) [CO] = 0 260, [H;0] = 0.234M, [Hy] = [CO:] = 05000 26) 0.80 27) [Hy] = [1] = 0.0670A, [HI] =0.7664 28) [CO] = 0.080TM, [Bra] = 0.0607M, [COBry] = 0.0033M
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20. Phosphorus trichloride and phosphorus pentachloride equilibrate in the presence of molecular chlorine according to the
reaction: PCl;(g) + Cly(g) = PCls(g). If an equilibrium mixture at 450 K contains PPCl; = 0.124 atm, PCl, = 0.157
atm, and PPCls = 1.30 atm. What is the value of K|, at this temperature?

. (pPus) (30 j
oG eD - G e eett

| Vop 66.® o

21. Dinitrogen tetroxide partially decomposes according to the equilibrium: N;O4(g) = 2NO,(g). A 1.000-L flask is charged

with 3.00 x 107 mol of N,0,. A_!iqgi]ih;i_um,_z.iﬁ.f_lﬂ'z mol of N,O, remains. K,, for this reaction is
aANz0y () = 2NOL(])
3 T ) == -2\
[Noz] T [roovwide © _Dhexw?) - Quzxie3
T e— 3} Ti.28x0""] - x1o-1) v

Dvn ¢ -fedwot) aTasw] TR

£ C2aLxiw '.'JML NIRRT Lo \Ke = G .QY %163

ICE Tables

If equilibrium concentrations are not known, the problem requires using stoichiometric relationships to determine the
equilibrium concentrations from given information. These are organized using an ICE table.

For the reaction CO(g) + H,0(g) = CO4(g) + Hy(g) calculate the equilibrium concentrations of all species if 1.000 mol
of each reactant is mixed in a 1.000L flask. K, = 5.10 at the temperature of this reaction.

CO(g) H,0(g) COy(g) Hy(g)
[Initial] | 1.000 1.000 0.000 0.000
[Change] (& X X +X +x
[Equilibrium] E 1.000 - x 1.000 - x X X
_ _[COy)[ H] g x % X S e =
K. [Coll HzO] 5.10 —(—lmr 2.26 1000 —x 226-226x=x x=0.693
CO(g) H,O(g) COx(g) Ha(g)
[Equilibrium] E | 1.000-0.693 = 0.307M | 1.000-0.693=0.307 M 0.693 M 0.693 M

22. When wine spoils, ethanol is oxidized to acetic acid as O, from the air dissolves in the wine: C;HsOH (aq) + O,(aq) =
CH;COOH (aq) + H,O(1) The value of K, for this reaction at 25°C is 1.2 x 10%. Will much ethanol remain when the
reaction has reached equilibrium? Explain.

N X 1037' 16 AP ExxrEreLY LMAWE BOMBER MewwiNG e W GeEs Yo
CoraPLe Tion (BAsICALLY) | PO SOT MUK V¢ ANY of THE GBSty win #evear.
EosenTidY AL CzUg o\ 16 (onVeRIED © TReDUCTS.

23. An equilibrium mixture of O,, SO, and SO; contains equal concentrations of SO, and SO;. Calculate the concentration of
0, if K, = 270. for the reaction: 2 SO, (g) + O2(g) =2 SO;(g)

&
Ke = {4033
[50.2%(0)

[503) = (202} = 4

We = ¥ - o, = W . pos—
LoD g Kd

locl?® 339:221/——{5‘[&09(\ o7

Revised: 2018-10-02 mwvers 117217 12006770 13)305 14) 184 % 107 15)29 17)29% 107 19) 179 % 107 20)66.7 21)6.94 < 107 23)3.7x 107 24) N;0,] = 0.0307M, [NO;] = 0.0120M
25) [CO] = 0.2600M, [H,0] = 0.234M, [Hy] = [CO5] = 0 5008 26)0.80 27) [Ha] = [I;) = 0.0670M, [HI] = 0.766M 28) [CO] = 0.0807M, [Brs] = 0.0607M, [COBry] = 0.0033M
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24. The value of K, for the equilibrium N,0,(g) = 2NO,(g) is 4.64 x 10~ at 25°C. If the initial concentrations of N,0, is
0.0367M and the initial concentration of NO; is zero, what will be the concentration of both gases at equilibrium?

2 Naby(g) 2 2M0.(8) Ke = (ot PP WU L TOM Py TP i Y
I ©0.0%% o SV Q= -AE oYY e ey - Yy - i der x4
- A 9. |2
E,- % zxx l‘*.u\ ®’\w Eota:l -:_5 L= 5.'1?3) ‘la'a o 1-2:(\":'2 . }0“3
ol e \.WOZlh""*:\-bl'\l\e's'La Uyt LCWoz)= 2k« 2(5.96e¥e- D 760N = 0.0

[N0W)# 0,036 -x = 0-036% 536b K17 D036 =
25. At 650°C, the reaction below has a K, value of 0.771. If 2.00 mol of both hydrogen and carbon dioxide are placed in a \ D.ojo¥
4,00 L container and allowed to react, what will be the equilibrium concentrations of all four gases?

= Lo lwes 2 Hy(g) + COy(g) = CO(g) + H0(g) ) i
o L “3.‘.{603 I [0.5001 Lo.so0} o it 0.43% - 0.57B0OK ‘)
=z X3 L -x -% ¥ % » X D.‘-\’.’)‘{*l-&?j&_Oxé
e 2 . K X=0.232%
o600~} 0.500-7) fos-1 Losoo-R) 2
(; 0l l£co‘k= WGy =z ©. 2340 \

= U " %3 e -
S L B T OB e el - Lovz) (0.500 - 0.2343 = ©- 2kl

So0-43 ,500-X)
| SAEE E" . S fwa:toon 7 ezl 2
26. Find the equilibrium constant, K., for the following equilibrium. The initial con CABand A;D are 0.30 M

before they are mixed and when equilibrium is reached, the equilibrium concentration of A,D is 0.20 M. Be sure (o show
- *—-—F”'_‘
an ICE table for your calculation.

% 2AB(9)+ GDE=sAD() + . ThB) _ oo
I S~ -5 )

15 = O fosat
¥ 0.£0 -
i, I g.5e °te
WOCa-
Produks ore pcmu\\f
c_\ce:_,\(»

& sk e golgie i i | of I, and 2.50 mol of HI. K i
@. L ; / reaction vessel is filled with 1,00 mol of H,, 1.00 mol of I, and 2.50 mol of HI. K, (at 500K) is 129. Calculate
do kin the equilibrium concentrations of H,, 1, and HI at 500K gen the reaction: H,(g) + 1,(g) =2HI(g).

N Ha(QQ xL(S‘)éL\kxcab 2 Rl v TUYT W) ([ = Sfoxix L3S 13.35%

+ To.28) [o.208 (0.5003 T Coaosy [v.208) [0 529) w400 = X = 0.3
2 - ox  wB¥ Jig = 50X =G o -0.45L
Ke= [wsd ¢ ©.we - X = 0,06
Aacco € iR G- pS00d1d 7 0 =0.068M
CH it Vee 2 Lesoor2sd) 2R Tx AT 0.500-1(0-130)
Q= 10983 gzy w0 T .2H-035% ZO.50042% FoHeAM
£5 000288 (pn coes e vm% o g
28. Carbonyl bromide, COBr5, can&%’%rmed by feacting CO with Br,. A mixture of 0.400 mol CO, 0.300 mol Br,, and
0.0200 mol COBr; is sealed in a 5.00L flask. Calculate equigg:lium concentrations for all gases. K, = 0.680
CoLd Bl # CoBrul) T (0 LI el OOy L oRsz et O
L1 ; e
EDO@)DES C?;tajs (o.0e405) L 4% K -K x= —l.ﬂi‘;thﬁ_.DQB'L)i'-q(ﬂ-‘ﬂw%v'wﬂo')
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o © &% 6 .Bo= w : [co) = 0.0800 ¥ AWt = 6.080F HA
G;: 3.4 t:-'ma“ﬂcm;‘w*a § Bridz 0.0000 ¥ 6 XMix0*l = p.0L0
b (-474 5 .00 6D K 5
) 0.¢80 = - XA =, 00%3 T
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Revised: 2018-10-02 [Rnswers. 11)217 12)0.0677 M 13)305 14) 184 % 107 15)29 17)29x 107 19) 1797 107 200667 21)694 107 23)3.7x107 24) N;0,] = 0.0307M, [NOy] = 0.0120M
25) [CO] = 0.260M, [Hy0] = 0.234M, [Hy] = [COz] = 0.5000f 26) 080 27) [Hy] = [1,] = 0.0670M, [HI] =0.766M 28) [CO]= 0.0807, [Br;] = 0.0607M, [COBr;] = 0.0033M




