Egqmbbrium 11
Worksheet

1} The equilibrium constant, K, is 9.8 x 10° for Hafg) + 5i5) = HaSg).

a.
b.

Find the reaction quotient, ., if [H,] =0.762 M and [H,5] = 0.483 M.
Has the process established equilibrium? If not, in which direction will it
proceed? Justify your answer.

2} The equilibrium constant, K., is 4.7 for H:0vg) + CHa(g) = 3 Hyjg) + COygl at
1127°C.

a.

b.

Find the reaction quotient, (., when 0.20 mol H,Oig), 0.50 mol CH,(gl,
1.7 mol Hafg), and 0.60 mol COg) are placed in a nigid 2.5 L container at
1127°C.

Has the process established equilibnum? If net, in which direction will it
proceed? Justify your answer.

3) The equilibrium constant, £, is 0.140 for CIFa(g) — Fafg) + CIF(g) at 427°C.

a.

b.

Find the reaction quotient, Jp, when the partial pressures are 0.632 atm for
CIFs, 0.025 atm for F>, and 0097 atm for CIF.

Will the partial pressure of CIF; increase, decreases, or stay the same as
the system approaches equilibrium? Justify your answer.

4} Suppose NaOH is added to the following system when it 15 at equlibrium.

a.
b.
€

d.

NHjfag) + H:Ofl) —= NEHy (agq) + OH'(ag)
In which direction will the reaction shift after the WaOH 15 added?
Will this stress increase or decrease the value of the reaction quotient, 7
Justify your answer.
Will the rate of the forward reaction exceed the rate of the reverse reaction
before equilibrmium 13 re-established? Justfy your answer.
When equilibrium is re-established will the rate of the forward reaction
exceed the rate of the reverse reaction? Justify your answer.

5} Suppose additional COvgl 1s added to the following system when it is at
equilibmum? COrgl + PbO(s) = COug) + Pbis)

a.
b.

C.

d

In which direction will the reaction shift after the CO 1s added?

Will this stress increase or decrease the value of the reaction quotient, {7
Justify your answer.

Will the rate of the forward reaction exceed the rate of the reverse reaction
before equilibnum i35 re-established? Justfy your answer.

When equilibnium is re-established will {J be greater than, equal to, or less
than K7 Justify yowr answer.

6} Suppose 50, is removed from the following system when 1t 15 at equlibnum

S04g) + H,0il) = H:S0s0ag)

a. In which direction will the reaction shift after the 50- 15 removed?



Will the value of the reaction quotient, (J, change in response to this
stress? Justify your answer.

Will the value of the equulibrium constant, Koq, change m response to thas
stress? Justify your answer.

7y Will the equulibrium below shift when the pressure 1s reduced? If so, in which
direction will it shaft? Brafgl + 3 Fafg) = 2 BrFaigl

8} Im order to maximize the production of sulfur dioxide gas, a chemist suggested

9

that they increase the pressure on the following systemn Would this work?
Justify vour answer. 2 PbSigl+ 3 Oxfgl — 2 PbOy5) + 2 50xF)

A chemical company was producing Mo{CO)-P{CH;); through the following
process.

Mo(CO})s + P(CH3): = Mo(CO):P(CHz)s

Cme of the chemists suggested that they should add Mo{CO)s to the system, as 1t
would create the following reactions.

Me(CO)s = Mo(CO)s + CO

Why would the chemist make this suggestion?

100 Will the equilibrium below shift when the pressure is reduced? If so, in which

direction will it shift? Clag) + 2 I'fag) = 2 Cl'vag) + La=)

113 Will the equilibrium shift when the pressure acting om the following system is

mcreased? If so. in which divection will it shift? Br.e) + Hafg) — 2 HBo@)

12} In which direction will the equilibriuam shift when heat is added to the following

system? COygl +NO(g) — COxg) + ¥ Nafg) AHp =-373 k]

13) In which direction will the equilibram shift when heat is added to the following

system? 2 NaOsfs) —= 4 NOfg) + 3 Oafg) AH =+ 2474k

143 Will decreasing the temperature of the following system cause the ratio of

[COTCO:] increase or decrease? Justify your answer.

2 COfg) + Oxg) = 2 COug) AH_=-5660k]

133 NO=rg) 15 a reddish-brown color and WN204(g) 1s colorless. Suppose the two gases

establish the following equilibrium.

NOzgh = NaOsg) AR =_5T72Lk]J

If the temperature ncreased from 25°C to 45°C, and the volume remained the
same, what would happen to the overall color of the gaseous system? Justify your
AnsSWeT.

16) What 1= the only thing that one can do to reduce the value of the equlibrum

constant, K. for the following system?

2 SOxvgl+ Ox(g) == 2 SOz AHon=- 198 4]

17) The value of K.q for a certain reaction 1s 5.6 at 650 K and 1.2 at 125 K Isthe

forward reaction endothermic or exothernue? Justify your answer.

18) Will the equulibrium below shuft if distilled water 15 added to the system? Ifso, in

which direction will it shift? CH:COOH (ag) = CH;COO" (ag) + H (ag)



19 Gaseous HC1 is added to a rigid vessel containing excess solid iodine at 235°C until
the partial pressure of HCl reaches 1 47 atm The following reaction brings the
system to equilibrium.

2 HClig) + Iafs) == 2 Hlfg) + Clg) (Kp=391x10% at 25°C)
a. Find the equilibrivm partial pressures of all species at 25°C.
b. The temperature of the system changed. and the equilibnium constant. £,
became 2.39 x 107", Find the new partial pressures of all the species at

20) The equilibrium constant, . is 6.3x107 at 1500 K for the reaction represented
below. A chemist mixed 55% CH;Clig! and 43% HCl{g) by moles into a med
container until the total pressure mside the container was 1.5 atm at 1300 K.

HClig) + CHaClfg) = CHug) + Clg)
a. Find the mmitial partial pressures of each gas.
b. Find the eqmlibrium partial pressures of each gas at 1300 E.
c. The temperature of the system changed. and the equilibrium constant. K,
became 4.7 x 107, Find the new partial pressures of all gaseous species
at equilibriom.

21) The equilibrium constant, £, for the following reaction is §.44 % 10% at 230°C.
2INOfg + Oafg) = 2 NOye)
Calculate the equilibrium constant, K=, for the reaction below at 230°C.
INOg = 2Nyl +Oyg)

22) The equihibrium constant, K, for the following reaction is 1.3 x 10'* at 850°C.
Cis) + COxg) = 2 COfg)
Calculate the equilibrinm constant, £, for the reaction below at 830°C.
2 COygl = Ciz)+ COyfg

23)If the equlibriuvm constant, K. is 167 for COClxfg) = COfgl + Clafg) and the
equlibrum constant, K, 15 3.8 x 107 for COygl = ¥ Crs) + %% COyfgl at 850°C,
find K for COClag = Clag) + 32 COa(g) + % Cy3) at B50°C.

24) The equlibrium constant, Elis32x10* for MHClfgl = Hag! + Clzig) and the
equilibrium constant, K5, is 0.10 for 2 ICl(g) = Clyg} + Lx(g) at 25°C.
a. Calculate the equilibmivum constant, K, for the reaction below at 25°C.
Clafgl + Ig) = 2 ICl(g)
b. Calculate the equilibrium constant. £, for the reaction below at 25°C.
2 HClfgl + Ing) = 2 ICl{g} + Hafg)



