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UNIT TEST 2 - DYNAMIC EQUILIBRIUM

1. Consider the following PE diagram:

Progress of the reaction

Tdentify the activation energy for the
forward uncatalysed reaction.

Al

B. 2
C. 3
D. 4

"CHALLENGER QUESTION

5. Tn which of the following will entropy and
enthalpy factors favour the establishment of
an equilibrium?

?
A. CaCO3(s) +178k] — CaO(S)+C02(g)

1
Mg(s) + 2HC1(aq) —> MgClZ(aq) +
HZ(g) + 425kT

?
ZC(S) + ZHZ(g) —> C2H4(g) |
AH=+52.3k]

?
2C2H6(g) +702(g) —> 4CO2(g) + 6H20(g)
AH=-1560k]
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3. Consider the following equilibrium:
COy, T2H, = CH,OH,, AH=-91kJ

Which of the factors below would increase
the concentration of CH3;OH at

equilibrium?

A. an addition of CO

B. an increase in the volume
C. a decrease in the pressure

D. an increase in the temperature

4. Consider the following equilibrium:
PC13(g) + Clz(g) = PClS(g)

If the volume of the system is decreased,
how will the reaction rates in the new
equilibrium compare with the rates in the

original equilibrium?
Forward Rate Reverse Rate
A, increases increases
B. increases decreases
C. decreases decreases
D. decreases " increases







5. Consider the following equilibrium:
Hy,, + Ly, & 2HI,, AH=-71.9kJ

colourless purple colourless

Which of the following would allow you to
conclude that the system has reached
equilibrium?

A. The pressure remains constant.
B. The reaction rates become zero.
C. The colour intensity remains constant.

D. The system shifts completely to the
right,

6. Consider the following equilibrium:
F6203(s) +3C0(g) = 2FG(S) + 3C02(g)

Identify the equilibrium constant expression.

[co,T

A. K, =

7. Consider the following equilibrium system:

In which direction will the equilibrium shift
and what happens to the value of K,; when
the temperature of the system is increased?

Shift - K,
A. right increases
B. right decreases
C. left increases
D. left decreases

8. Consider the following equilibrium:

CO(g) + 2H2(g) =2 CH3OH(g)

At equilibrium it was found that

[CO] = 0.105 mol/L, [H,] = 0.250 mol/L. and
[CH;0H] = 0.00261 mol/L. Which of the
following is the equilibrium constant value?

A. 994 x 107
B. 0.398
C. 251
D. 10.0

Dynamic Equilibrium



10. A small amount of HC1 is added to the

9. The following forward reaction has an
following equilibrium system:

E,= 167kl
28k]J +H2(g)+12(g) =2HT 2CtO 42('aq)+2H+(aq) = Crzof@) +H,0,
Which of the PE diagrams below represents How do the [CrO 2—] and the reverse
this reaction? )

reaction rate change as equilibrium is re-
A. established?

o]

PE

(kJ) A.
b | e | dowms
C. decreases
D. decreases increases
B.
Use the following equilibrium 10 answer the
| PE next two questions.
g colourless ~ brown
11. If N,0, is placed ina flask at a constant
C. temperature, which of the following is true
as the system approaches equilibrium?

A. The colour gets darker as [NOZ]

increases.

B. The colour gets lighter as [NOZ]

decreases.
A C. The colour gets darker as [N,0 N
Progress of the reaction increases
D. '
A D. The colour gets lighter as [N,0 N
decreases.

PE
(kJ)

R
Progress of the reaction
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12. The system above reaches equilibrium. 14. Consider the following equilibrium:

Considering enthalpy and entropy factors, CaCoO,, ,z=Ca0, ,+CO AH=+175kJ
| . 2 . . 3(s) (s) 2(e)
| which of the following is true with respect to

the forward reaction? Which of the following diagrams best

represents the change in the concentration of

A. The entropy is increasing and the . .
by 8 CO, as temperature is decreased at time £, ?

reaction is exothermic.

B. The entropy is decreasing and the A.

reaction is exothermic.

C. The entropy is increasing and the [COQ] L

reaction is endothermic.

D. The entropy is decreasing and the
reaction is endothermic.

13. In which of the following reactions do the [co,] _—_l/"

tendencies for minimum enthalpy and :
maximum entropy both favour reactants? t,

A. 30,,2220,, AH=+285K]
B. Ny, *3H,, & 2NH,, AH=-92kJ [c0.] -

?
C. 2B1‘C1‘(g) = Brz(g)+C12(g) AH=-29.3Kk]

|

{‘ ?

i D. CaCO3(S) ﬁCaO(S) +C02(g) AH=+175k]
| .

Time
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15.

16.

The Haber Process is used to produce
ammonia commercially according to the
following equilibrium:

Ny T3Hy,) 2 2NH,, +energy

Which of the following conditions will
produce the highest yield of ammonia?

A. increase temperature and increase
pressure

B. increase temperature and decrease
pressure

C. decrease temperature and increase
pressure

D. decrease temperature and decrease
pressure

Consider the following equilibrium:
LA 11— 0O
Cr,0,, T20H &=22C10, +H,0,

7(aq)

K, =4.14

The concentration of ions at equilibrium was
measured at a specific temperature and

found to be [CI’ZOf‘] =0.100 M and
[OH'] =0.020 M. What is the equilibrium
[cro ]2

A 17x107'M

B. 3.1x10°M
C. 13x107°M
D

20x10"'M

Unit Test 2

17.

18.

19.

20,

In which of the following equilibria does the
concentration of reactants equal the
concentration of products?

A. N204(g)(:>2N02(g) Keq 2071

B. H® ,+OH,
(ag)

(ag)

= H,0, K, =1.0x10"
C. €O,y +Hy, @00y, +H,0) K, = 0.279

D. SnO,,+2H,, &8n,+2H,0, K, =1.00

Consider the following equilibrium:
Cy THOg 2 COy, THyy

At equilibrium, 4,0x107 mol H,,
4.0x107 mol CO, 1.0x10” mol H,0 and
1.0x107 mol C were presentina 1.0 L
container. What is the value of K.q?

A. 0.063 B. 0.16
C. 63 D. 16

Consider the following equilibrium:
2COE,, =C0,y, +CF4(g)

Initially, 0.12 M CO, and 0.20 M CF, are
placed in a container. At equilibrium,
it is found that the [COF, ] is 0.040M. What

is the value of K,4?

A, 0.089 B. 0.45

C. 8.0 D. 11

Which of the solutes below can form an
ionic solution with the highest conductivity?
A. PbS B. CH,CI

C. NaNO, D. CH,COOH



I‘_@ritten Respongl

Consider the following reaction for the
Haber Process for ammonia production:
N2, +3H,,, &2 2NH,,, AH=-92k]

The system is normally maintained at a
temperature of approximately 500°C.

a) Explain why 1 000°C is not used.
(1 mark)

b) Explain why 100°C is not used.
(1 mark)

Consider the following equilibrium:
SO, +NO Z2NO, +50,

Tn an experiment, 0.100 moles of SO, and

0.100 moles of NO are placed ina 1.00 L
container. When equilibrium is achieved,

[NO,]= 0.0414 mol/L. Calculate the
K., value. (3 marks)

Consider the following exothermic reaction:
CHyy + 50, = 3C0O, ) * 4H,0(,

Explain, in terms of increasing or decreasing
entropy and enthalpy, whether or not the
reaction will reach equilibrium. (3 marks)

45

Given the reacting system:

Hz(g)JrIQ(g) & 2HI K, =64

Equal moles of Hy, I, and HI are placed in a
1.0 L container. Use calculations to
determine the direction the reaction will

proceed in order to reach equilibrium.
(3 marks)

Consider the following equilibrium:

+0

N &2 2NO, K,,=0.0095

o) T e)
Initially, 0.15 mol N, and 0.15 mol O,

were placed in a 1.0 L container. Calculate
the concentration of all species at
equilibrium. (4 marks)

Dynamic Equilibrium




ANSWERS AND SOLUTIONS
UNIT TEST 2 - DYNAMIC EQUILIBRIUM

1. B 5. C 9. A 13. A 17.D ]
2. A 6. A '10. D 14. A 18. B
3. A 7. D 11. A 15. C 19. D
4, A ‘ 8. B 12. C 16. C 20. C

WR1.-5. See Solution
B c

2 is correct. / shows the activation energy
of the catalyzed forward reaction. 3 is the
activation energy of uncatalyzed reverse
reaction, and 4 is the activation energy of
the catalyzed reverse reaction.

A

For an equilibrium to be established,
entropy and enthalpy factors must favour
opposite sides of the reaction equation. In
reaction A enthalpy favours reactants while
entropy favours products (1 particle
becomes 2).

A

According to Le Chatelier’s Principle,
addition of CO would raise its
concentration and cause the equilibrium to
shift right, increasing the concentration of
CH;0H. ‘ '

A

Decreasing the volume of the system will
increase the pressure. For a homogeneous
gaseous system this is equivalent to
increasing the concentration of each .
substance in the reaction. Forward and
reverse reaction rates will both be
increased.

121

At equilibrium all concentrations remain
constant. Therefore the colour intensity of
the purple I will remain constant.

A
For the reactiona A+bB 2 ¢ C+dD,
c d
_[c] -[P]
eq a b
[4] <[]
in equilibrium constants therefore the
correct answer is A.

. Solids are not included

D ‘
According to Le Chatelier’s Principle, an
increase in femperature will shift the
equilibrium left, since it is an exothermic
[Noct]
[NOT [CL,].
concentration of NOCI decreases while’

concentrations of NO and Cl, both increase,
K., must decrease.

reaction. Since K, = and

B
_ [om,oH]
" [cop[m,]
(Q.00261m01/L)_ 0308
(0.105mol/L)+(0.250 mol/L)

Solutions — Dynamic Equilibrium




Ey=1

10.

11.

12.

A

This reaction must be endothermic,
leaving only choices A and C. Given the
fact that E, is 167 kJ for the forward
reaction the following the answer can be
seen on the diagram with the attached
notes:

67kJ
AH =167 kI —139kJ =28 kJ

(consistent with reaction equation)

Progress of the reaction

D

Adding HCl will increase [H'], and

according to Le Chételier’s Principle, the
equilibrium should shift right to consume
some of the added H". This should cause

the [CI’O 42‘] to decrease and the rate of

the reverse reaction to increase as
concentrations of products increase.

A
If pure, colourless N;O,,, is in a closed

system, it will become an equilibrium
mixture of NO,,,and N,0,,, . Since

N,0,,,, is colourless and NO,,, is brown,
the system will get darker as NO,,, is

formed.

C
Bonds must break N,0, ., goes to NO, .

Breaking bonds is endothermic. At the
same time one molecule of N,0,

becomes two molecules of NO,,,. This is

a more disordered, higher entropy state.

Unit Tast 2 — Solutions

13.

14.

15.

16.

17.

A
In the reaction 30, ,, = 2 O, molecules

are in equilibrium with two. The reactants
are more disordered, therefore entropy
favours reactants. At the same time the
reaction is endothermic meaning that the
minimum energy side is the reactant side of
the equation. Equilibria will be positioned
to maximize entropy and minimize energy.

A
A decr_ease in temperature should shift the
equilibrium left, causing [CO, ] to

decrease.,

C

To get the highest yield of ammonia, the
equilibrium needs to shift right. Using Le
Chételier’s Principle it can be determined
that decreasing the temperature will shift
the equilibrium right as will increasing the
pressure since there are fewer moles of
gaseous products than gaseous reactants.

C
K, =4.14= o ]
N [crox Jlon- |
[CrOﬁ‘] ?

(0.100 M) (0.020M)’
[CrO} [=1.3x107 M

D
[1,0]"

(]

Therefore the reactant and product
concentrations are equal. The solids cannot
vary in concentration and they are not
considered in this comparison.

In choice D, K,, =1.00=



18. B IWritten Response]
H, ||CO] (0.040M)(0.040M
K, :[ IZ{][O ] = ( ' (O O)I(OM ) =0.16 Consider the following reaction for the
[ 2 ] ' ) Haber Process for ammonia production:
' Ny +3Hy ) «22NH,,, AH= -92kJ

‘ g)
19. D
Use an ICE BOX where I = initial,
C = change and E = equilibrium.

The system is normally maintained at a
temperature of approximately 500°C.

2 COEy(,y == COy,, +CFEy ) a) Explain why 1 000°C'is not used.
I 0 0.12M 0.20 M (1 mark)
C +0.040 M- 0.040 M x% ~0.040 M x% Solution:
\ Equilibrium will be shifted
E 0.040M 0.10 M 0.18 M to the left, reducing the < 1mark
. _[co, J[cR,]_(o.lom)(0.18M) | yield of NI,
" [cog, |? (0.040M)’

b) Explain why 100°C is not used.
(1 mark)

20. C
The solution with the highest ion
concentration will be the best conductor.
PbS, choice A, has a low solubility and
therefore a low ion concentration. CH;Cl,
choice B, is molecular and will not
dissociate to form ions. CH,COOH,
choice D, is a weak acid and its degree of
jonization is very low. NaNO,, choice C,
is an ionic compound of high solubility and
therefore will have a large ion
concentration as it is presumed to dissociate
completely.

Solution:

The rate of the reaction
would be too low, thereby - < 1mark
reducing the yield of NHs.
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Consider the following equilibrium:
SOy, T NO, @2 NO,(,y T80,

In an experiment, 0.100 moles of SO, and
0.100 moles of NO are placed in a 1.00 L
container. When equilibrium is achieved,
[NO,| = 0.0414 mol/L. Calculate the K.,

value. (3 marks)
Solution:
SO, + NO &= NO, + 80,
[1]| 0.100  0.100 0 0
[C]l-0.0414 —0.0414  +0.0414 +0.0414
[E]| 0059 0.059 0.0414  0.0414
. (11 marksj
. 2
¢ _No.Jiso] i
“  [S0,][NO] _<——Emark
~(0.0414)(0.0414)
~ (0.059)(0.059) -
=0.50 ‘ < 1mark

Consider the followz‘ng exothermic reaction:
CyHyy + 50, ———> 3CO,,, +4H, 0,

Explain, in terms of increasing or
decreasing entropy and enthalpy, whether or
not the reaction will reach equilibrium.

(3 marks)

Solution.
Example:

Entropy increases in the forward <-1mark
reaction.

Enthalpy decreases in the < I mark

forward reaction.

Since both favour products, «— I mark
equilibrium will not be attained,
or the reaction will go to

completion.

Unit Test 2 — Solutions

Given the reacting system:

Hy, tly,) @ 2HL, K, =64

Equal moles of Hy, I, and HI are placed in
a 1.0 L container. Use calculations to
determine the direction the reaction will
proceed in order to reach equilibrium.

(3 marks)
Solution:
Example: L
H, + [, & 2H
: <« 2 marks
1] =x X X
[m]"
TnalK
BEN 12]
2 .
(x) <1 mark

T
=1
Since Trial K, <Keq,
equilibrium is established by
proceeding to the right.

Consider the following equilibrium:

(4 marks)
For Example:
N, + 0, _ 2NO
.
[I] 0.15 0.15 0
[C]] —x —x +2x
[E][0.15-x  0.I5-x 2%
2 .
K - [NO]
[N;][0,]
2x )’
0.0095=——+—
(O.lS—x)
2
4/0.0095 = ———(ﬂ?
(015 r)
x=6.97x107

l]

[N] [0,]=0.15-x=0.14M
[NO|=2(x)=0.014M




