Based on the graph below, how can we define equilibrium?
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Based on the graphs below, how can we define equilibrium?
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Write the reaction quotient, Q, expression for each rxn.

Think back to electro... T\}O &3\75{5 or ]? a ui A i p @(
1)6 H*(aq) + 2Al(s) —> 2AP*(aq) + 3 Hz(g)

2) 3 Cu(s) + 2 NO%*(aq) + 8 H*(aqg) --> 3 Cu?*(aq) + 2 NO(g) + 4 H,0(l)
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How do we write equilibrium constant, K, expressions?
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How do K expressions differ from Q expressions?
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Let's practice...NO CALCULATORS
Example 1

a) Write the equilibrium constant, Kc, expression.
b) Write the pressure equilibrium constant, Kp, expression.
c) Is the rxn reactant orproduct favored?)

d) Is K@reater thamyless than, or equal to 1?7 oy ¥e - [%12.
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Let's practice...NO CALCULATORS

Example 2

The diagram above represents a mixture of NO,(g) ¢ O PY NO, = @
¥ . . . . Nz{) 4 = m

and N>,O4(g) in a 1.0 L container at a given S

temperature. The two gases are in equilibrium Q 3

according to the equatio@z N>Oy(g). ® o ®

Which of the following must be true about the

value of the equilibrium constant for the reaction at

this temperature? Mgre Cepckan + -Mﬂ an p ﬁ?ﬁ{ UcH

A) K=0 ' ,
< K<l S (Belctan ?mfafrggl
ey K=1
D) K>1
E) Thee is not enough information to determine
the relative value of X.



Let's practice...NO CALCULATORS
Example 3
2X(@)+Y(g) 53 Z(g)

The reaction mixture represented above is at
equilibrium at 298 K, and the molar concentrations
are [X]=20M. [Y]=05M, and [Z] =40 M.
What is the value of the equilibrium constant for
the reaction at 298K?

A) 050 Ve=[21° "Gﬂj W‘Q(L{

B) 20

) 40 [X]?*Eyj (2)(0.5) w (0.5)
D) 16
& 16 = el2y=2p
0.5

Example 4 CO(g) + H20O(g) <--> COx(g) + Ha(g)

2.00 M of CO and 2.00 M of H,O are placed in an evacuated flask at
900 K. Kc = 1.56 for this reaction at 900 K.

a) Is the reaction reactant orproduct favored? }Justify your answer.
K >

b) In which direction will the system shift to reach equilibrium?
Explain your reasoning. SHif4+ Forward b/ [m&mc&sj 1S m;hgny

(2
¢) The reaction is repeated, this time the initial concentrations are:
[COJo =[H20]o=1.00 M
[COz]o = [Hz]o =3.00M

In which direction will the system shift to reach equilibrium? Just:fy
your answer with a calculation. " —

Bz Ceod el = (2)(3) = K < &
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CO(g) + H20(g) <--> CO2(g) + H2(q)

d) The reaction is repeated, this time the initial concentrations are:
[COJo = [H20]o=1.00 M
[CO2Jo=[H2lo=1.00 M

In which direction will the system shift to reach equilibrium? Justify
your answer with a calculation.
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How can we use K and Q to determine the direction in which a rxn
will shift to establish equilibrium?
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What other types of K exist? What do all K's have in common?
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Example 5 Ha(g) + I2(g) <--> 2 HI(g) K=64

0.100 M Hj, 0.100 M |5, and 0.700 M HI are mixed in a container.

If tempearture is held constant, what are the concentrations of all
species at equilibrium?

Q= [wx]* = (0.700)"

= 449
(W) (xz)  (0.100)(0-100)

K vy @ . fxn shifts forvard to eshatlish
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He(gy + T2(9) = ZHT (9)

T G. 00 M 000 M C.706 M
C - X =% + 22X
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(6.160 M*x\){é.éﬁé M -%) "
o | Wxl- 0700 M+ Zx
¥ = 6.T00M ¥ ZX = 0,700 M+ z{’g,ﬁwgm
o.100 M - X 17 77 nn o
0800 M - S = 0706 M F1X wt(z,?z@ M - [’@
O.100M = 10 X

—

x = 0.0100 M



Example 6 2 50,(g) + Ox(g) <> 2 S0s(g)

0.500 mol SO, and 0.300 mol O, are placed into an evacuated 5.0 L
vessel at 398 K. Once equilibrium is established, 0.100 mol of SO3;
are in the vessel.

a) What are the equilibrium concentrations of SO, and 0,?
b) What is the value of Kc at 398 K?
c) What is the value of Kp at 398 K?

{[5{31] = 0.S00 mo) SU7 = g.,10 M S0
o

i fﬁi%é’%i B .0 L
L0213, = 6.200 mol 02 = 0.060 M 02
5.0 L
(Se,1 @ equilibyivw = 0100 mdl S0z = g, 020 M U3

5.0 L

28020y + Optey = 2503 (9

T | 0.6 m 0.060 M 0
C | —1x =K + 2
£ 0 00M-2x | 0.060 M -X 7x

Equilibvigm fgg;fﬂ = 0.020 M = Zx
LK== 0.010 M
a) s Eauilibyium [sus) = 0. Jo M -2x = Oido M -2 (0,010 ) 40.08 M
Equilioniwe [077] = 0,060 M=% = 0. 06O M - g.0lg M =T7 s
. : 0.05 M)
b) ¥c= (89517 - (@.ﬁzﬁ =i l.z5
(5921202 (0.08)*(0.05)
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Example 7 SbCls(g) + Cla(g) <--> SbCls(g)

A reaction starts with 5.00 mol each of SbCl; and Cl; ina 2.00 L
flask at 350 degress C. When equilibrium is established at 350
degrees C, the moles of SbCls present are 1.67 mol.

a) What are the equilibrium concentrations of SbCls and Cl,?
b) What is the value of Kc at 350 degrees C?
c) What is the value of Kp at 350 degress C?

(SoQlsl, =[c1z], = S.00 wel = 2,50 M
7.00 L

(swcls) @ equilibviwwn = LET niel - g, €35 M
2.00L

SbCly 9y + Clay = Sblls 9)

T| 2.50 M 2.50M ©
c | % - % A
£ i 2,50 M-X 2.50M - X >

Eauilivium [SCls) = 6.825 M = X
1Y) 7 Eguitibviwm (shCl) =[Cl] = 2,50 M =X = 2-56 ) ~08%5 1
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Example 8

An evacuated vessel contains a small amount of powered graphite
(C) and is heated to 1080 K. Then CO; is added to a pressure of
0.458 atm. Once the CO; is added, the system starts to produce

CO2(g) + C(s) <> 2 CO(g)

CO. After equilibrium is reached, the total pressure inside the vessel
is 0.757 atm. Calculate Kp for this reaction.

niria Yoo, = 0.USE atwn

Equiiovium Pe = 07757 aby
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Example 9 Ha(g) + 12(g) <> 2 HI(g)
H2(g), 12(g), and HI(g) are placed into a 5.25 L container at 698 K.

The initial partial pressure of Hy(g) is 3.27 atm, I, is 3.27 atm and HI
is 32.7 atm. Kcis 54.3 at 698 K.

a) What is the value of Kp at 698 K?
b) What is the equilibrium partial pressure of each gas in the reaction

vessel? |
3
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Example 10 CO(g) + H20(g) <--> COx(g) + Ha(g)
Kc =23.2 at 600 K

0.100 moles of each reactant and product species are placed into a
5.00 L flask, equilibrium is established at 600 K.

a) What is the equilibrium concentration of H,?

b) Once equilibrium has been established, 0.0150 moles of both
CO2(g) and Hy(g) are added to the reaction vessel.

i) Calculate Q after this addition.

ii) Calculate the concentration of CO(g) once equilibrium has been
reestablished after this addition.

i) In which direction did the reaction shift to reestablish
equilibrium? Why do you think it shifted in this way?
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I66)  0,01$0 WO\ COz OdMA cnd 0.0150 wiol Hz added
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