Chemistry 12 Unit 2 - Chemical Equilibrium

Tutorial 3 - Solutions
Factors Affecting Equilibrium

Answer to question 1 on page 2 of Tutorial 3.

Activation Activation Energy
Energy for for reverse
forward reaction

reaction \ 2NO
PE (kJ)

Progress of Reaction

N204(g) + heat =2 NOZ(g)
1.  Now, consder the forward reaction and the reverse reaction. Which reaction do you think
would be mogt affected by an increase in temperature? ___theforward reaction

Explanation:

In an endothermic reaction like this, theforward reaction has the higher
activation energy (seethegraph above).

If the activation energy is high, it means only a few molecules have enough
energy for a successful reaction. When the temper atureisincreased, the
number of moleculeswith sufficient energy will increase and the rate of
reaction will increase.

For areaction with alow activation energy (likethe rever sereaction here),
most molecules already have sufficient energy to react and increasing the
temperature will not have as much affect.
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So, to summarize

Temperature will always have more effect on the reaction with the higher
activation energy.

Answer to guestion 2 on page 7 of Tutorial 3

2.  Giventheequilibrium: COyqg *+ NOgG = CO( + NOyy)

Some NO» is added to the system.

The reverse reaction will speed up.

COyg + NOg == COg + NOz(g

Thiswill cause the[CO,] and the [NO] to increase

COzg + NOg == cog) + NOyg

Therefore, after awhile, the rate of the forward reaction will speed up,

and there will be anew equilibrium.

Because the rate of the reverse reaction was higher for

awhile, in the new equilibrium mixture, the [CO,] and the [NO] will be higher
than they were before and the [COJ and the [NO] will be lower than after
we added the NO».

We can say that adding the NO» shifted the equilibrium to the |eft

khkhkkhkkkhkhkhhkhkhkhhhhhhhhhhhdhhhhhhhdhdddhhhdhhddxkdddhhxx

Answersto question 3 on page 10 of Tutorial 3

3. Giventheequilibrium:  2CoHgg) + 702 = 4COyg + 6HxO(g)

2+ 7=9molesof gas 4 + 6 = 10molesof gas
a) Increasing thetotal pressure on this system, will cause a shift to the Sde with _less
molesof gas, which in thiscaseisthe left Side.
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b) Decreasing thetotal pressure on this system, will cause a shift to the sde with more

moles of gas, which in this caseisthe right sde.

¢) Increasing thetotal volume on this system (the same as decreasing__
the totd pressure) will cause a shift to the Sde with more
moles of gas, whichinthiscaseisthe__ right  side.

d) Decreasing thetotal volume on this system (the same as increasing____
the totd pressure) will cause a shift to the Sde with less
moles of gas, whichinthiscaseisthe  left ~ side.

Answersto Salf-Test starting on page 12 of Tutorial 3

1.  Whenachemicd sysemisat equilibrium, when the temperature isincreased, the
endothermic reaction speeds up the most.

2. Inthereactionn A + B C + 43.3kJ

a) When the temperature isincreased the (forward/reverse) reverse
reaction speeds up more.

b) During thistime, the[A] and [B] will crease and the [C] will decrease.

c) Because[A] and [B] are increasing, the rate of the forward

reaction will incresse.

d) Sooner or later, the forward rate and the reverse rate will again become ___equal
At this point a new equilibrium is established.

€) Inthenew equilibrium, [A] and [B] will be higher than they were
before the temperature is increased.
In the new equilibrium, [C] will be lower than it was before.

f) Inthisexample, we say that the equilibrium has shifted to the left
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3. Giventheresctionn A + B C + 43.3kJ

a) When the temperature is decreased the (forwardireverse) forward____
reaction will be the faster one.. (the endother mic rever sereaction sows down)

b) During thistime, the[A] and [B] will decrease and the [C] will increase.

c) Because[C]is increasing, the rate of the reverse
reaction will increaese.

d) Sooner or later, the forward rate and the reverse rate will again become _equal___
At this point a new equilibrium___ isestablished.

€) Inthe new equilibrium, [A] and [B] will be lower than they were
before the temperature is increased.
In the new equilibrium, [C] will be higher than it was before.

f) Inthisexample, we say that the equilibrium has shifted to the right

4, Intheresctionn. A + B + 324kJ= C

a) When the temperature isincreased the (forward/reverse) forward
reaction speeds up more.

b) During thistime, the[A] and [B] will decrease and the [C] will increase.

c) Because[C] is _increasing, therate of the reverse

reaction will increase.

d) Sooner or later, the forward rate and the reverse rate will again become __equal__
At this point a new equilibrium is established.
€) Inthenew equilibrium, [A] and [B] will be lower than they were before the
temperature isincreased.
In the new equilibrium, [C] will be higher than it was before.
f) Inthisexample, we say that the equilibrium hes shifted to the right
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5.

Giventheeuilibium:  Bg) + Cig &= D(g) + Eg) + heat

a)

b)

c)

d)

Some B is added to the mixture at equilibrium. The rate of the forward
reaction will increase due to the increase in the [B].

While thisis happening, the [D] and [E] will gradudly increase.

The increasein the [D] and [E] will cause the rate of the reverse
reaction to incresse.

When the rates of the forward and reverse reactions are equa, we have anew
equilibrium
Due to the addition of B, the equilibrium will shift to the right
[B] and [C] will _ decreaseand [D] and [E] will increase

Giventheequilibium:  Bg) + Cig &= D(g) + Eg) + heat

a)

Some D is added to the mixture a equilibrium. Therate of the reverse

reaction will increase due to the increase in the [D].

b)

c)

d)

While thisis happening, the [B] and [C] will gradudly increase.

The _increasein the [B] and [C] will cause therate of the forward _ reaction
to increase.

When the rates of the forward and reverse reactions are equd, we have anew
equilibrium
Due to the addition of D, the equilibrium will shift to the |left
[B] and [C] will ____increase and [D] and [E] will decrease.

Giventheequilibrium: ~ 2A) + B == 2C(g)

a)

b)

If the tota pressure on the system isincreased, the forward
reaction will speed up the most. to compensate for the increased pressure.
While thisis happening, the [C] will increase.
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10.

c) This increasein [C] will causethe reverse reaction to speed up.
d) When the new equilibrium isreached, the[A] and [B] will be lower
than before and the [C] will be higher than before.

e) We say that theincrease in total pressure has caused the equilibrium to shift to the

_right (the side with the least moles of gas.)

Giventheeguilibrium:  2Ag) + B &= 2C(g)

a) If thetota pressure on the system is decreased, the reverse
reaction will be the faster one.

b) Whilethisis happening, the[A] and the [B] will increase.

c) This increasein [A] and the [B] will causethe forward reaction
to speed up.

d) When the new equilibrium is reached, the [A] and [B] will be higher

than before and the [C] will be lower than before.

e) We say that the decrease in total pressure has caused the equilibrium to shift to the

left

Giventheeguilibium:  NO) + COyg &= NOyg + CO()

a) Will anincreaseintotd pressure have an affect on the equilibrium? no

b) Explainyour answer to question (a) __thesame number of moles on both sides.
It could not compensate for the increased pressure by shifting either way._

Giventheequilibrium:  2A) + B == 2C(g)

a) If thetotd volume of the system is decreased, the pressure
will incresse, and the forward reaction will be the faster one.
b) Whilethisis happening, the[C] will increase.
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c) This__increesein[C] will causethe reverse _reaction to speed up.
d) When the new equilibrium isreached, the[A] and [B] will be lower

than before and the [C] will be higher than before.

e) We say that the decreasein total volume has caused the equilibrium to shift to the

right

11. Giventheequilibrium:  2Ag) + B = 2C(g + heat
a) How will thisequilibrium be affected if acatalyst is added to the mixture? it won't
b) Explainyour answer to "d' in terms of forward and reverse reaction rates

a catalyst speeds up theforward rate and thereverserate by thesame amount,
so theratesare still equal and the equilibrium isnot affected.

A catalyst will cause a reaction which isnot at equilibrium to reach
equilibriumfaster.

You have now finished Tutorial 3. If you have any questions, check with the teacher
before going on.
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