Chem for teacher 2.
Problem Set 1

Chemical Equilibrium

Reversible reactions

1) Explain the difference between physical equilibrium and chemical equilibrium. Give two
examples of each

2) Which one of the following will change the value of equilibrium constant?

a) adding other substances that do not react with any of the species involved in the
equilibrium

b) varying the initial concentrations of reactants

c¢) changing temperature

d) varying the initial concentrations of products

Equilibrium Constant Expressions

3) Write the K¢ and Kp expression for the following:

a. Ha(g) + I(g) ~—2HI(g)

b. 2NO(g) + O = 2NO: (g)

c. C(s) + Ox(g) = CO2(g)

d. CéHsCOOH(aq) == C¢HsCOO (aq) + H'(aq)

4) Which of the following reactions will the products be most favored?
Rxn I: CHa(g) +202(g) —  COx(g)+ 2H,0(g) K=1.0x10%
Rxn II: PCl; (g) + Cla(g) — PCls(g) K =49

RxnIII:  AgCI(s) — Ag'(aq) + Cl'(aq) K=2.0x10"

5) Calculate the equilibrium constant, K4, for the reaction below in terms of K, K>, and K.

5
CoFafg) + 5 02e) ~  2CO:(g)+ H00) K=K

C(s) + O2(g) — CO2(g) K=K,
Ha(g) + %oz@ —  H0() K=K
2C(s) + Ha(g) —  GH:(g) Ks=2

6) Calculate the equilibrium constant, K4, for the reaction below in terms of K, K> and K.

N2H4(1) + Hz(g) - 2NH3(g) K =K;
Na(g) + 3Ha(g) < 2NHas(g) K=K
CH.O(g) + Ha(g) =~ CH.O() K = K;

N>Hy(l) + CH40(1) <= CHxO(g) + Nao(g) +3H2(g) Kas=?
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7) Given the equilibrium concentrations for the reaction below, [PCls] = 0.0350 M, [PCl3] = 0.0101
M, [Cl2] = 0.00250 M, what is the K value?
PCls (g) == PCl3 (g) + Clax(g)

8) A mixture at equilibrium in a 0.45 L flask contains 2.8g of N2, 0.063g of H», and 0.85g of NHa.
What is the K value for this reaction?
Na(g) + 3Ha(g) = 2NHs(g)

Calculating Equilibrium Concentrations

9) A 2.50-mol quantity of NOCI was initially placed in a 1.50-L reaction chamber at 400 °C. After
equilibrium was established, it was found that 28.0 percent of the NOCI had dissociated. Calculate
the equilibrium constant K¢ for the reaction.

2NOCl (g) 2NO (g) + Cl, (g)

10)  The dissociation of molecular iodine into iodine atoms is represented as;

L === 2

At 1000 K, the equilibrium constant Kc for the reaction is 3.80 x 107, Suppose you start with
0.0456 mole of I in a 2.30-L fl ask at 1000 K. What are the concentrations of the gases at
equilibrium?

11)  Ifthe equilibrium constant for the reaction below is 0.0150, what are the final concentrations
at equilibrium of all chemicals if the initial concentration of HI was 1.50 M and the initial
concentrations of H> and I were 0.005 M?

2HI(g) = Ha(g) + Ix(g)

12y Ihmtially. a FO B flask contains 0.20 M COCE and 0.020 M CO.Calculate the final
coneentrations—of - COCL—CO—and—Ch—at—equilibrium—if K. —%O%—ekh&t—l%ak%&ﬁ
approximation i the-caleulation ) [ [COCL] = 020M, [CO] = 0.020M.IC] =20 x 10°M g oy +x and—x]
COCL(g)e COe) + Cla(e)

Jo 12 Judaen lddawi

13)  * Pure NOCI gas was heated at 240 °C in a 1.00-L container. At equilibrium the total pressure
was 1.00 atm and the NOCI pressure was 0.64 atm.

2NOCI (g) 2NO (g) + Cl, (g)

(a) Calculate the partial pressures of NO and Cl; in the system. (b) Calculate the equilibrium
constant Kp

14)  The equilibrium constant K. for the reaction is 54.3 at 430 °C. At the start of the reaction
there are 0.714 mole of Hz, 0.984 mole of I, and 0.886 mole of HI in a 2.40-L reaction chamber.
Calculate the concentrations of the gases at equilibrium.

Ha(g) + Ix(g) ===2HI(g)
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15)  vssquialulasiau 1.0 mol wfiglalasiau 3.0 mol wazufaweuluie 0.2 mol Tunsuglnu3uns
2 L Unseninfiuseaunis

Na(g) + 3Hxg) == 2NH:(g)
finnufunazgamaiiagi wuiriinnzaugalunmvusinfauenluniofosas 80 Ineslua Aniduainy
duduvesufanenlindefluadegnuiadindiuns
1. 0.05 2.0.40 3.0.98 4.1.96 5.3.36

16)  ufid SO,Cl, uandalyi uid Cl, tag SO, AIENNTT
SO Cl, ==Cl; + SO,
Sovhmmeasdasussquia SO,CL, Uiinamislunvuzdouua 5 L amuaugamaifl 127 °C wuiidl
ANFLENFUYATY 1.64 atm mmﬁuﬂéaaﬁaﬁﬁqmmﬁmﬁ uUisennsuandiveduia SOCl g

Amgauna wuitlunwusiuliuiaiauadudy 0.09 mol/dm’® Jesagnisuansavesiia SOCl, dm

wila
1. 20 2. 40 3. 60
4. 80 5. Wanwsasnalamsghinsuainsiiauna

17) Mnaunsiaiikazaafiauna (K) veslfisen

a. ONHs(g) + 30,(g) === 2Ny(g) + 6H,O(g) K =1x10%
b. Nxg) + Oafg) == 2NO(g) K =5x 107
c. 2HF(g) === Hy(g) + Fi9) K =1x10™"
d. 2NOCl(g) == 2NO(g) + Cl, K =45x 107

fsandernunaluil

. UfiseviauavziinaunaladisaglunvusUaming

%. Wiewiinuia O, UAse1 a. way b. azusudiluiianiedounduuiniuy

A. daiiuufia N, UfATeN a. wae b. azusumluiianaludramdanniu

4, WiewinAuay UAA3e1 a. way d. wihiui agusuiiludirneludnamtnuniy

Q. dioaneusu A3 b. way c. wihiuf azdsumluiianemssiudumednsidaviniu
Tolagn
1. n iy 2.1 uag ¥ CRGRTEREA 4.3 Uag 9 5.9 Wity
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[

18)  wualdt figaumdl 25 °C UAATN (1) (2) uae (3) fidnsiianna K K, uag K audisy sil
(1) Afg) + %2 Bilg) ===A,B(g) Ky =X
(2) 2BC(g) + Bu(g) === 2B,((g) Ko=Y
(3) AB(g) + BC(g) === Axg) + B,C(g) Ks =7
AAsTianna Ks fiauile
1.2Y-X 2. %—X 3. §

Le Chatelier’s Principle

19)  Consider this equilibrium system:
SO2(g) + Cla(g) === SO02CL (g)

Predict how the equilibrium position would change if (a) Cl, gas were added to the system, (b) SO>Cl>
were removed from the system, (c) SO2 were removed from the system. The temperature remains

constant.

20) What effect does an increase in pressure have on each of these systems at equilibrium?

(@) A(s) === 2B(s)
(b) 2A(1) === B()
() A(s) =— B(g)
(d) A(g) =— B(g)
() A(g) =— 2B(2)

The temperature is kept constant. In each case, the reacting mixture is in a cylinder fitted with a
movable piston.

21) Consider these equilibrium systems:

(a) A=—2B AH® = 20.0 kJ/mol
ibA+B—=—=0C AH® = —5.4 kl/mol
ic A=—B AH® = 0.0 kJ/mol

Predict the change in the equilibrium constant K. that would occur in each case if the temperature of
the reacting system were raised.

Chemical Equilibrium: Problem Set 1 | page 4



Chem for teacher 2.
22) Consider this equilibrium process:

PCls (g) === PCls (g) + CL(g) AH°=92.5kJ/mol

Predict the direction of the shift in equilibrium when (a) the temperature is raised, (b) more chlorine
gas is added to the reaction mixture, (c¢) some PCl; is removed from the mixture, (d) the pressure on
the gases is increased, (¢) a catalyst is added to the reaction mixture.

23) Consider this reaction at equilibrium in a closed container:

CaCOs(s) === CaO(s) + COx(g)

What would happen if (a) the volume is increased, (b) some CaO is added to the mixture, (c) some
CaCOs is removed, (d) some CO; is added to the mixture, (e) a few drops of an NaOH solution are
added to the mixture, (f) a few drops of an HCl solution are added to the mixture (ignore the reaction
between CO> and water), (g) the temperature is increased?
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