Unit 2: Equilibrium
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“Scientists report that the Earth has reached
equilibrium ...the state where half the scientists
believe one thing and the other half the opposite.”

1) General Characterisitics of Equilibrium

Theoretically, all chemical reactions can be

reversible,meaning reactants can collide to make

products, and products can collide to remake

reactants. Using a typical PE curve, explain why

this is so:

If reactant collisions can attain E,,
PE products will form. If products can

attain the E,.for the reverse reaction,

reactants can re-form.

progress of reaction

Some chemical reactions are spontaneously
reversible. What does this mean?

Both the forward and reverse activation energies are attainable
under the conditions of the reaction. Therefore, reactants are
making products, and simultaneously products are making reactants.
This would be the case if both the forward and reverse activation
energies are somewhat low.

1) General Characterisitics of Equilibrium

Theoretically, all chemical reactions can be
reversible,meaning reactants can collide to make
products, and products can collide to remake

reactants. Using a typical PE curve, explain why
this is so:

PE

progress of reaction

Some chemical reactions are spontaneously
reversible. What does this mean?

Though every reaction is theoretically reversible,
some reactions cannot be reversed. Why is this
the case?



Though every reaction is theoretically reversible,
some reactions cannot be reversed. Why is this
the case?

PE

progress of reaction

In this unit, we will study reversible reactions.
An example of a spontaneously reversible
reaction:

N2Oyg) + energy ——— 2NO;(g,

A 'double arrow' is used to show that the
reaction is occurring in both directions.

Why would this reaction only occur in a 'closed’
system?

http://phet.colorado.edu/en/simulation/reversible-reactions
a

The following quantitative example will be used to
show what inevitably occurs when a reversible
reaction is left undisturbed.
Suppose our reaction is:

A B AH = positive
Sketch a PE curve:

PE

progress of reaction

The reaction begins with 500 particles of A and 0 particles of B.

10% of the 'A’ collisions are effective whereas 40% of the 'B'
collisions are effective. How is this consistent with the PE
curve?

Some reactions that are not spontaneously
reversible can become reversible by
manipulating conditions, such as raising the
temperature, or supplying electricity.

Thus, the reverse E, becomes attainable due to
the extra energy supplied to the system.

For example, certain batteries can be recharged
(the reverse of discharging) by plugging them in.

In this unit, we will study reversible reactions.
An example of a spontaneously reversible
reaction:

N2Oyg) + energy —— 2NOy(

A 'double arrow' is used to show that the
reaction is occurring in both directions.

Why would this reaction only occur in a 'closed'
system?

http://phet.colorado.edu/en/simulation/reversible-reactions
a

The following quantitative example will be used to
show what inevitably occurs when a reversible
reaction is left undisturbed.
Suppose our reaction is:

A B AH = positive

Sketch a PE curve:

—

progress of reaction

The reaction begins with 500 particles of A and 0 particles of B.
10% of the 'A’ collisions are effective whereas 40% of the 'B'
collisions are effective. How is this consistent with the PE
curve?


http://phet.colorado.edu/en/simulation/reversible-reactions
http://phet.colorado.edu/en/simulation/reversible-reactions

Complete the table and think about what is

developing.
Molscules | A molscs | A melees | Molscules | Bmolscs | B molses
of A reacting | producsd of B reacting | produced
500 0

Things to Consider:

1. The amount of 'A particles reacting' can be
likened to the forward reaction rate, and the
amount of 'B particles reacting' can be likened to
the reverse reaction rate.

2. Think about how the forward and reverse rates
are changing as the reaction proceeds and why
this is the case. Also think about how the amount
of 'Particles of A" are changing compared to the
'Particles of B', and how this is affecting the
reaction rates.

3. What role does the % of effective collisions
play in the system (10% for forward vs. 40% for
reverse).

4. Can you explain the system at the end of the
experiment?

Note any observations and thoughts from what
has developed during the reaction:

Molecules | Amolecs | Amolecs | Molecules | Bmolecs | Bmolecs
of A reacting | produced |~ ofB reacting | produced

500 | s | & O 0 5O

450 | 45 | 20 50 20 Y3

425 | 43 | 30 75 20 uy3

Hiz | 44 35 | 98 35 | Wi

Ho¢ | 4| | 38 | 14 38 | 4!
Y03 | Ho 39 | 91 39 | 4o
oy | 4o | 39 | 98 39 | %o
kot | 4o | 37 99 39 | Yo
Yoo | 4Ho Yo | (oo | Yo | 4o
Hoo | ¥o | Yo | jeo | Ho | Ho
Yoo | Ho | %o | lop | 40 | 4o
Y00 | Yo | Ho | [op | O | 4o
400 [eo |

Note any observations and thoughts from what
has developed during the reaction:

Stage1 .

As a reaction begins, high [reactants] generate a fast
forward reaction. ; )

r

- | Stage 2

A+B—<=anaB
As the [reactants] fall so does the forward rate, Meanwhile, | °
the reverse rate rsas along with the [products). -

Stage 3

) -

A+B =—= AB -
This continues untl the reverse rate equals the forward .
rate, thereby astablishing equilibrium.




http:/www.wwnorton.

Conclusions: = Conclusions: e naon

If a reversible system is left undisturbed, If a reversible system is left undisturbed,
eventually the forward and reverse rates eventually the forward and reverse rates
At this point, the reaction has attained At this point, the reaction has attained
The amount, or concentrations of both reactants The amount, or concentrations of both reactants
and products have become and products have become
(but not due to (but not due to
). ).
http://www.chm.davidson.edu/ronutt/che115/EquKin/EquKin.htm http://www.chm.davidson.edu/ronutt/che115/EquKin/EquKin.htm
A temp 380 4  temp 380
Draw a graph that depicts the change in A Draw a graph that depicts the change in A
particles and the change in B particles as the particles and the change in B particles as the
reversible reaction proceeds. reversible reaction proceeds.
A particles A particles
— i — B particl
500 B particles 500 - particles
[

400 400—\\‘
# of ] # of ]
particles 300 particles 300 \

200 200 )

1004 100 !

I
0 0
time time

Draw a dashed vertical line to indicate where equilibrium was attained. Draw a dashed vertical line to indicate where equilibrium was attained.

What if you start with 500 particles of B and 0 What if you start with 500 particles of B and 0
particles of A? particles of A?
A particles A particles
500 —— B particles 500 , —— B particles
400 400 .
# of i # of i I
paorticles 300 particles 300 \
200 200 |
100 100
0 0 \
time time

Draw a dashed vertical line to indicate where equilibrium was attained. Draw a dashed vertical line to indicate where equilibrium was attained.


http://www.wwnorton.com/college/chemistry/chemistry3/ch/16/chemtours.aspx
http://www.wwnorton.com/college/chemistry/chemistry3/ch/16/chemtours.aspx
http://www.chm.davidson.edu/ronutt/che115/EquKin/EquKin.htm
http://www.chm.davidson.edu/ronutt/che115/EquKin/EquKin.htm

Back to the original system we studied with a
start of 500 particles of A and 0 particles of B.
Draw a graph that shows how the forward and
reverse rates change over time.

fwd rate

rev rate

rate

time

Draw a dashed vertical line to indicate where equilibrium was attained.

Equilibria (plural for equilibrium) are dynamic.
What does this mean?

http://www.absorblearning.com/media/attachment.action?quick=w8&att=2310
a

What do you see when you look at an
equilibrium system at the macroscopic level
(with the naked eye)?

Here are some general characteristics of any
equilibrium system:

1) Forward and reverse rates are

2) Concentrations are
3) Macroscopic properties are

4) Equilibrium can be attained from either
direction.
5) If gases are involved, the system must be

6) Temperature rﬁust be constant.

Back to the original system we studied with a
start of 500 particles of A and 0 particles of B.
Draw a graph that shows how the forward and
reverse rates change over time.

rate \

time

—— fwd rate

rev rate

Draw a dashed vertical line to indicate where equilibrium was attained.

Equilibria (plural for equilibrium) are dynamic.
What does this mean?

http://www.absorblearning.com/media/attachment.action?quick=w8&att=2310
a

What do you see when you look at an
equilibrium system at the macroscopic level
(with the naked eye)?

Here are some general characteristics of any
equilibrium system:

1) Forward and reverse rates are

2) Concentrations are
3) Macroscopic properties are
4) Equilibrium can be attained from either
direction.

5) If gases are involved, the system must be

6) Temperature must be constant.


http://www.absorblearning.com/media/attachment.action?quick=w8&att=2310
http://www.absorblearning.com/media/attachment.action?quick=w8&att=2310

fig. 1. Graduated cylinder fig. 2: Dropout cylinder

Assignment 1:

1) Explain the process of how equilibrium is
attained. Use the reaction 2HI ——H, + |, and
suppose you start with only HI.

To get you started: There are initially many HI
collisions, causing an initial large forward rate.
Since there are no H, and |, molecules, the
initial reverse rate is zero. However, as Hl
molecules continue to collide,

2) Consider the following:

I. forward and reverse rates are equal

Il. macroscopic properties are constant

Ill. can be achieved from either direction

IV. concentrations of reactants and products are
equal

Which of the above are true for all equilibrium
systems?

A.land Il only

B. I and IV only

©)1, II, and Il only

D. LI, 1, and IV

Assignment 1:

1) Explain the process of how equilibrium is
attained. Use the reaction 2HI——H, + |,
and suppose you start with only HI.

To get you started: There are initially many HI
collisions, causing an initial large forward rate.
Since there are no H, and I, molecules, the
initial reverse rate is zero. However, as HI
molecules continue to collide, ....

2) Consider the following:

I. forward and reverse rates are equal

Il. macroscopic properties are constant

Ill. can be achieved from either direction

IV. concentrations of reactants and products are
equal

Which of the above are true for all equilibrium

systems?

A.land Il only

B. land IV only

C. I, 1l, and lll only
D. I, I, lll, and IV

3) Consider the following equilibrium:

Na(g) + 205q) === 2NOy
Equal moles of N, and O, are added, under
certain conditions, to a closed container. Which
of the following describes the net change in the
reverse reaction as the system proceeds toward
equilibrium?

Rate of Reverse Reaction [NO:]
Al increases increases
B. decreases increases
C. increases decreases
D. decreases decreases




3) Consider the following equilibrium:

Nagg) + 202(g) = 2NOy()
Equal moles of N, and O, are added, under
certain conditions, to a closed container. Which
of the following describes the net change in the
reverse reaction as the system proceeds toward
equilibrium?

Rate of Reverse Reaction INO:]
@ increases increases
B. decreases increases
C. increases decreases
D. decreases decreases

4) In Hebden, read the bottom of page 38, the
top of page 39, the first half of page 40, and the
bottom of page 41. Then do (on p.40 and 41) #
6bcde and #7bcd.

answers in the back of Hebden

Il) LeChatelier's Principle

What will happen if an equilibrium system is
disturbed?

Possible disturbances include a change in
concentration of one of the substances, a change
in temperature, or a change in the pressure
(essentially the concentration) of a gas, or the
addition of a catalyst.

The French chemist LeChatelier developed a
principle to help chemists predict the effect of a
disturbance.

4) In Hebden, read the bottom of page 38, the
top of page 39, the first half of page 40, and the
bottom of page 41. Then do (on p.40 and 41) #
6bcde and #7bcd.

<lE'I'S TAI(E ALLTHESE BAII
EMI OKES,

LeChatelier's Principle:



LeChatelier's Principle:

2HIlg) ——

Hagg) + l2g)

What substance initially increases in
concentration?
How does this affect the amount of collisions?

How does this affect the fwd and reverse reaction
rates?

If one rate is temporarily greater than the other, we
say a shift is taking place, as concentrations are n¢
longer constant. In the case above, a shift to the
right is taking place because the forward rate is
temporarily than the reverse rate

2Hlgy ™" Ha(g) * I2(g)

Therefore, products are being produced faster
than they are being used (resulting in a net
increase), so during a shift right, we say that
products are favoured. This is LeChatelier's
'counteraction' (we added more reactant, but now
the product concentration is increasing).

Once products start increasing in concentration,
what will happen to the reverse rate?

Concurrently, since the reactant is being used up
faster than it is being produced, what starts to
happen to the forward rate?

2Hlg) == Hag) * lz(g)

Concentration Change:

Consider the following system at equilibrium:
2Hlg) == Hzq) * l2g)

Now, let's subject the equilibrium to a change:
the addition of more Hl g to the system

2Hlg) == Hag) + l2(g)

What substance initially increases in
concentration?
How does this affect the amount of collisions?

How does this affect the fwd and reverse reaction
rates?

If one rate is temporarily greater than the other, we
say a shift is taking place, as concentrations are no
longer constant. In the case above, a shift to the
right is taking place because the forward rate is
temporarily than the reverse rate

2Hl(gy 7" Hag) * l2(g)

Therefore, products are being produced faster
than they are being used (resulting in a net
increase), so during a shift right, we say that
products are favoured. This is LeChatelier's
'counteraction' (we added more reactant, but now
the product concentration is increasing).

Once products start increasing in concentration,
what will happen to the reverse rate?

Concurrently, since the reactant is being used up
faster than it is being produced, what starts to
happen to the forward rate?

2Hlg) == Hz) * l2(g)



The reverse rate continues to increase and the
forward rate continues to decrease until...

In summary:

[HI] initially , then due
to the shift right it , but
overall is slightly (an

initial change is always more drastic than a shift
change).

[H2] and [l2]
due to the shift right.

So how is it possible that all of [HI], [H2], and
[I5] increased?

Graph the concentration changes that occur
throughout the process:

[H1

time

[H2] [12]

time time

The reverse rate continues to increase and the
forward rate continues to decrease until...

they become equal and a new equilibrium is
established. At this point, reactant and product
concentrations are once again constant.

In summary:

[HI] initially increased , then due
to the shift right it decreased , but
overall is slightly increased (an

initial change is always more drastic than a shift
change).

[Hy] _ increased and [l,] _increased
due to the shift right.

So how is it possible that all of [HI], [H,], and

[Iz] increased? because more Hi was added initially, there
are more particles in the system, so all
concentrations can and do increase

Graph the concentration changes that occur
throughout the process:

time

Hll—" ol

time time



Draw a graph to show how forward and reverse
rates change throughout the process:

forward rate

reverse rate

rate

time

How is it possible that both rates are now higher

compared to the original equilibrium?

Summary using LeChatelier's Principle:
If an equilibrium is subjected to a change (

), processes occur to counteract the
change (
) until a new equilibrium is
established (

Draw a graph to show how forward and reverse
rates change throughout the process:

forward rate

reverse rate

rate

time

How is it possible that both rates are now higher
compared to the original equilibrium?

Due to the addition of more HI, there are now
more particles in the system, which means
more collisions, more effective collisions, and
higher reaction rates.

Summary using LeChatelier's Principle:

If an equilibrium is subjected to a change (an
increase in the # of HI molecules - an [HI]
increase), processes occur to counteract the
change (a shift right causing an [HI] decrease)
until a new equilibrium is established (rates are
now higher than they were originally and the
concentrations are again constant but all higher
than what they were originally).

10



Considering the same system at equilibrium:
2Hl(g) == Hoa(g) * Iz

Explain what would occur if some Hl, is removed

from the system.

-HI collisions would

-forward rate would

-thus, reverse rate will be temporarily

than the forward rate

-this will cause a shift ,

meaning will be favoured

-so for a time, due to the shift, [HI] will

and [H3] and [l5] will

-eventually, the forward rate will start to

and the reverse rate will start to

until they

-at this point, a new has
been established

In summary, [HI] initially , then
, but overall slightly

Ho]__ and]l]

How is it that all concentrations decrease?

Graph how concentrations change during the
process:

[H1]

time

[Ha] (2

time time

Considering the same system at equilibrium:
2Hl(g) == Ha(g) * lz(g)

Explain what would occur if some Hlg) is removed

from the system.

-HI collisions would

-forward rate would

-thus, reverse rate will be temporarily

than the forward rate

-this will cause a shift ,

meaning will be favoured

-so for a time, due to the shift, [HI] will

and [H2] and [l5] will

-eventually, the forward rate will start to

and the reverse rate will start to

until they

-at this point, a new has
been established

In summary, [HI] initially , then
, but overall slightly

[Ho] _decrease  and [l2]

How is it that all concentrations decrease?

Graph how concentrations change during the

process:
[HI V

time

[Hz] —_'\_’ [12] —_L,_

time time

11



Graph how the rates change during the process:

forward rate

reverse rate

rate

time

LeChatelier's Principle:
What was the initial change?
What was the 'counteraction'?

Why was it a 'new' equilibrium?

Note: The 'counteraction’ is always the...

Increasing the concentration of a substance
causes a shift to the opposite side.

Decreasing the concentration of a
substance causes a shift to the same side.

Graph how the rates change during the process:

forward rate

reverse rate

rate

time

LeChatelier's Principle:
What was the initial change?
What was the 'counteraction'?

Why was it a 'new' equilibrium?

Note: The 'counteraction' is always the

Temperature Change:

Consider the system:
2NQ( + Clyg) = 2NOCl g + energy

We can disturb this equilibrium by decreasing
the temperature (remove energy from the
system). The forward reaction is

and the reverse reaction is .
What will happen to both rates if you decrease
temperature?
However, the endothermic reaction relies more
on energy, so it will be affected to a greater
extent.

12



Temperature Change:

Consider the system:
2NOQ + Clyg) =——2NOClg + energy

We can disturb this equilibrium by decreasing
the temperature (remove energy from the
system). The forward reaction is

and the reverse reaction is .
What will happen to both rates if you decrease
temperature?
However, the endothermic reaction relies more
on energy, so it will be affected to a greater
extent.

Graph how the forward and reverse rates change
due to the decrease in temperature.

forward rate
(exothermic)

reverse rate
(endothermic)

rate

time

Therefore, which rate is temporarily greater?

Therefore, there is a shift to the
and are favoured.

This means, that for a time, products will be
produced faster than they're being used
(resulting in a net increase), and visa versa for
reactants.

rate will start to
rate will start to

Eventually, the
increase and the
decrease until

Graph how the forward and reverse rates change
due to the decrease in temperature.

forward rate
(exothermic)

reverse rate
(endothermic)

rate

time

Why is endo direction affected more?
Sketch a PE curve:
—

progress of reaction

If temperature decreased, it decreases for the entire system,
so both sides are affected equally. Let's say % of effective
collisions decreases by 5% due to the decrease. Reactant
side only has 100 particles, now with 35% effective collisions.
100 x 0.35 = 35 effective collisions, so exo rate decreases by
5 effective collisions.

Product side has 400 particles, now with 5% effective
collisions. 400 x 0.05 = 20 effective collisions, so endo rate
decreases by 20 effective collisions. IT IS AFFECTED MORE
BY THE TEMP CHANGE. Same, but opposite argument for a
temperature increase.

Therefore, which rate is temporarily greater?

Therefore, there is a shift to the
and are favoured.

This means, that for a time, products will be
produced faster than they're being used
(resulting in a net increase), and visa versa for
reactants.

rate will start to
rate will start to

Eventually, the
increase and the
decrease until

13



Finish the rate graph:

forward rate
(exothermic)

reverse rate
(endothermic)

rate

time

When equilibrium has been re-established, why
are the rates lower than originally?

Due to the shift right (to the exothermic side), the
[NOCI] , [NO] ,
and [Cl,] .

Graph how each changes during the process:

[NOCI]

time

time time

Finish the rate graph:

forward rate
(exothermic)

reverse rate
(endothermic)

rate

time

When equilibrium has been re-established, why
are the rates lower than originally?

Temperature has been decreased, thus both
rates are lower than before as there are less
collisions, and the collisions aren't as hard.

Due to the shift right (to the exothermic side), the
[NOCI] increases , INO] decreases ,

and [Cl,]
Graph how each changes during the process:

decreases

NOCI]

time

[NO] [Cl2] ’j_—

time time

14



Consider the system:

Consider the system:
2NOyg) + Clyg) === 2NOCl, + energy 2NOg) + Clag) 2NOClg) + energy

If the temperature was increased, both rates will

If the temperature was increased, both rates will but since endothermic
— bl."t since endothermlc (reverse reaction in this example) relies more on
(reverse reaction in this example) relies more on o
energy, it will more. Therefore energy, it will more. Therefore,
the rate will temporarily be higher :E:n—the rate Wl!la‘tgmcr;%r:irr:ly :Zﬁi:‘?rt]c?r
than the rate, causing a shift to the T sothat ’ g are
the so that are favoured e
favoured. '
Draw a rate graph to model the entire process: Draw a rate graph to model the entire process:
forward rate forward rate
(exothermic) (exothermic)
reverse rate reverse rate
(endothermic) (endothermic)
rate rate
time time
[NOCI] will , [NO] wiill , [NOCI] will , [NO] wiill
and [Cl,] will . and [Cl,] will .
Graph concentration changes for the process: Graph concentration changes for the process:
INOCI] [NOCI]

time time

(Ch] IV

[NO] [Cl] [NO]

time time time time



Conclusion:

Decreasing temperature results in a shift in
the direction.

Increasing temperature results in a shift in
the direction.

http://www.absorblearning.com/media/attachment.action?quick=wa&att=2314
a

e

Assignment 2:
1) 2802(9) + Og(g)—2803(g) AH =-192kJ

a) Indicate the shift that occurs using the words 'Right' or 'Left
anduse | or | for concentration changes. Some boxes
below may have three arrows: an initial change arrow, a shift
change arrow, and a net (overall) change arrow.

Stress Shift | [SO2] | [0:] | [SO:]
Increase temperature | left i i |
Decrease [O:] left { It = | |
Inject more SO left 1 i n =1
Remove SOz left 1 t= | i l
Decrease temperature | right [ l ]
Decrease [50s] right | | ” =]

Decreasing temperature results in a shift in

the exothermic direction.

Increasing temperature results in a shift in
the endothermic direction.

http://www.absorblearning.com/media/attachment.action?quick=wa&att=2314
]

Assignment 2:
1) 2802(9) + 02(9): 2803(9) AH = -192kJ

a) Indicate the shift that occurs using the words 'Right’ or 'Left
anduse { or | for concentration changes. Some boxes
below may have three arrows: an initial change arrow, a shift
change arrow, and a net (overall) change arrow.

Stress Shift | [SO:] [O:] [S0:]
Increase temperature

Decrease [Oz]

Inject more SO
Remove SO2
Decrease temperature
Decrease [SOs]

1b) Sketch a concentration vs. time graph for
the entire table for each substance:

[SO.]
time
[O2]
time
[SOs]
time

16
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1b) Sketch a concentration vs. time graph for
the entire table for each substance: 1c¢) Graph rate changes for the entire table:

forward rate

[SOz]
reverse rate

time

rate
[O2]

time

[SOs] M time

time

1¢) Graph rate changes for the entire table: 2) Hebden page 54, numbers 17-23: only answer

concentration and temperature changes. Leave
forward rate space in your work for the other changes, which
reverse rate you'll do as part of assignment 3.

rate

time

2) Hebden page 54, numbers 17-23: only answer
concentration and temperature changes. Leave
space in your work for the other changes, which
you'll do as part of assignment 3. seriously dude i think

you're overreacting. %

(3

17



N204 _— NOZ
light dark
yellow amber

Which side would you write the
'energy' term?

http://www.absorblearning.com/media/attachment.action?quick=wa&att=2314

http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/lechv17.swf
conc & temp review / pressure preview

Préssure Change:

The only state that fills its reacting container in
every situation is . Thus, increasing
or decreasing the volume of a reacting vessel will
only initially affect the concentration of any

state substance. Then, an equilibrium shift may

affect the concentrations or amounts of the non-
gaseous substances.

A decrease in volume = an in
pressure.
An increase in volume = a in
pressure.

A decrease in volume causes an increase in
pressure, meaning that all gas concentrations

An increase in volume causes a decrease in
pressure, meaning all gas concentrations

http://www.absorblearning.com/media/attachment.action?quick=vz&att=2292
1

Explain:

http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/lechv17.swf
a conc & temp review / pressure preview

Pressure Change:

The only state that fills its reacting container in
every situation is . Thus, increasing
or decreasing the volume of a reacting vessel will
only initially affect the concentration of any

state substance. Then, an equilibrium shift may
affect the concentrations or amounts of the non-
gaseous substances.

volume-vs-pressure—boyles-iaw

4

A decrease in volume = an in
pressure.
An increase in volume = a in
pressure.

A decrease in volume causes an increase in
pressure, meaning that all gas concentrations

An increase in volume causes a decrease in
pressure, meaning all gas concentrations

http://www.absorblearning.com/media/attachment.action?quick=vz&att=2292
1

Explain:

A change in pressure may also cause a
LeChatelier shift to occur.

If the pressure of a system is increased, gas
particles are packed more tightly together, so
what can you say about collisions?

Therefore, what happens to both the forward and
reverse rates?

However, one rate may increase more than the
other. The side of the equation with more gas
particles will experience a greater rate increase,
causing a shift to the other side (the side with less
gas particles). Soon the rates re-balance, and a
new equilibrium is established.

18
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A change in pressuremay also cause a
LeChatelier shift to occur.

If the pressure of a system is increased, gas
particles are packed tightly together, so what
can you say about collisions?

Therefore, what happens to both the forward and
reverse rates?

However, one rate may increase more than the
other. The side of the equation with more gas
particles will experience a greater rate increase,
causing a shift to the other side (the side with
less gas particles). Soon the rates re-balance,
and a new equilibrium is established.

Example: The Haber Process
N2(g) + 3Hz(g) * 2NH3(q)

What happens to the pressure of the gases if the
volume of the system is decreased?

So what happens initially to all gas
concentrations?

So what happens to the # of collisions?

What happens to the rates?

How many gas molecules on the reactant side?
How many gas molecules on the product side?
Thus, which rate will increase more?
Therefore, a shift has occurred to what side?
Then, the rates will eventually re-balance and a
new equilibrium will be established.

[N2o] and [H.] will both initially ,
then due to the shift will , but
overall will have a net

[NH3] will initially , then due to
the shift will
Draw concentration graphs:
N [H2] [NH]
time time 7 time

Example: The Haber Process
Na(g) + 3Hz(g) * 2NHs(q)

What happens to the pressure of the gases if the
volume of the system is decreased?

So what happens initially to all gas
concentrations?

So what happens to the # of collisions?

What happens to the rates?

How many gas molecules on the reactant side?
How many gas molecules on the product side?
Thus, which rate will increase more?
Therefore, a shift has occurred to what side?
Then, the rates will eventually re-balance and a
new equilibrium will be established.

[N2] and [H] will both initially ,
then due to the shift will , but
overall will have a net

[NH3] will initially , then due to
the shift will
Draw concentration graphs:
[N2] [Ha] [NHs]
time time time

Sketch a rate vs. time graph for the process:

forward rate

reverse rate

rate

time
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Sketch a rate vs. time graph for the process:

forward rate

reverse rate

rate

time

Example: The Haber Process
N2(g) + 3Hz(q) 2NHs(g)

A increase in volume will cause a decrease in
pressure (all gas concentrations immediately

decrease). Both rates will decrease, but since the
reactant side has more gas particles, the forward

rate will be affected more, so it will decrease

more than the reverse rate, causing a shift to the

(the side with more gas

particles).

http://www.absorblearning.com/media/attachment.action?quick=129&att=2743
a

Draw concentration vs. time graphs for the
process:

N2 [H] [NHs]

time time time

LeChatelier:

An increase in pressure (initial change) causes
a shift to the side with less gas particles
(counteraction) until a new equilibrium is
established.

Example: The Haber Process
N2(g) + 3Hz(q) * 2NHsg)

A increase in volume will cause a decrease in
pressure (all gas concentrations immediately
decrease). Both rates will decrease, but since the
reactant side has more gas particles, the forward
rate will be affected more, so it will decrease
more than the reverse rate, causing a shift to the
(the side with more gas

particles).

http://www.absorblearning.com/media/attachment.action?quick=129&att=2743
a

Draw concentration vs. time graphs for the
process:

N2 [Hz] [NHs]

time time time
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Sketch a rate vs. time graph for the process:

forward rate

reverse rate

rate

time

LeChatelier:

A decrease in pressure (initial change) causes a
shift to the side with more gas particles
(counteraction) until a new equilibrium is
established.

Why would a pressure change not cause a shift
for the system below:
Hzgg) + COzq === H20() + CO(g

Addition of an inert ( ) gas to an
equilibrium will not affect the [reactants] or
[products] enough to cause a significant change,
and will not cause a shift of any kind.

Sketch a rate vs. time graph for the process:

forward rate

reverse rate

rate

time

Why would a pressure change not cause a shift
for the system below:
Hag) + COz) === H20(g) + CO(q

Addition of an inert ( )gas to an
equilibrium will not affect the [reactants] or
[products] enough to cause a significant change,
and will not cause a shift of any kind.

Conclusion:

An increase in pressure will cause all gas
concentrations to initially , and
then a shift to the side with gas

particles will ensue.

A decrease in pressure will cause all gas
concentrations to initially , and
then a shift to the side with gas
particles will ensue.

Addition of an inert gas will not affect the
equilibrium.
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Conclusion:

An increase in pressure will cause all gas
concentrations to initially __increase , and
then a shift to the side with ___less gas

particles will ensue.

A decrease in pressure will cause all gas
concentrations to initially __decrease , and
then a shift to the side with ___more gas
particles will ensue.

Addition of an inert gas will not affect the
equilibrium. s

a

Solubiity-
2-N204 huml

Addition of a Catalyst:

Catalysts __increase both forward and
reverse reaction rates EQUALLY, therefore at no
time do rates differ, so there is no shift.

Keep in mind that both rates are higher than
they were before. Graph the rate change below:

—

—— forward rate

reverse rate

rate

time

2) If more solid or liquid is added to an
equilibrium mixture (or if some is removed), NO
shift will occur and equilibrium will be maintained.
Adding solid or liquid will cause a rate increase,
but both the forward and reverse rates increase
equally (they both decrease equally for a solid or
liquid removal). The explanation behind why this
is so is very advanced and difficult to
conceptualize (it is beyond the scope of
Chemistry 12).

hitp://www.dlt ‘core/Chapter]4-Gas_Phase-Solubility-
Complex_lon_Equilibria/Chapter14- Animations/CaO-CaCO3.html
a

Addition of a Catalyst:

Catalysts both forward and
reverse reaction rates EQUALLY, therefore at no
time do rates differ, so there is no shift.

Keep in mind that both rates are higher than
they were before. Graph the rate change below:

_—_ forward rate

reverse rate

rate

time

Important Concepts for Shifts:

1) Equilibrium shifts will only affect the
concentrations of gases and aqueous
substances. The amounts of solid and liquid will
be affected by shifts, but not their
concentrations. In solids and liquids,
concentrations are always constant because if
you lose some mass, you also lose a proportional
volume, so the concentration doesn't change. If
you increase the mass, you increase volume
proportionally.

The Element
of Surprise!
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Assignment 3

1) Finish Hebden page 54, numbers 17-23

2) Complete the table:

AgyCrQOy + heat © 2Ag7 g + CrOs? g

Stress

Shift

[Ag:CrOq]

[Ag]

[CrOs*]

Add Ag2CrOuy

Decrease temperature

]ncreasepressure

Decrease Ag*aqg)

Increase CrOs(sq)

3) Complete the table:

BaCQ:s) + heat < BaOy) + COzg

Stress

Shift

[BaCOs]

[BaO]

[CO:]

AddBaCOs)

Increase temperature

Decrease Ppressure

Decrease volume

Add COsg

Remove COzg

4) Complete the table:

COp + H20p < COzg + Hay

ATI=- 41K]

Stress

Shift

[co]

[H:0]

[CO:]

[H:]

Add COzg

Increase temperature

Remove H20pg

Increase volume

AddHzyg

Increase pressure

Inject Arg

Assignment 3

1) Finish Hebden page 54, numbers 17-23

2) Complete the table:

Ag:CrOyp) + heat & 2Ag g + CrOs¥ig

Stress Shift | [Ag:CrO4] | [Ag*]| [CrO4?
Add Ag2CrOyy _ —_—
Decrease temperature| L — | )
Increase pressure — e — | —
Decrease Ag g R — =] 1
Increase CrOssq) L —_— 1 =1

3) Complete the table:

BaCQs) + heat & BaQOy) + COzg

Stress

Shift

[BaCOs:]

Add BaCOs(;

JE

Increase temperature

Decrease Ppressure

pry
|1

Decrease volume

Add COxg

Remove COzp

|||

=
o P p—
1

1
— | ———

4) Complete the table:

COp + H2Op <= COzg + Hag

AFI=-41K]

Stress

Shift

[col

[H:0]

[CO:]

[H:]

Add COszg

L

I

=1

Increase temperature

!

11 |—|—

Remove H:Og

1

Increase volume

AddHzg

L
L
L

Increasepressu.re

Inject Arg

==l

| || f—
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Graph the changes for the following system:

280215 + Oztg) & 2503(g + energy
a)increase in temperature ¢) add a catalyst
b)add SOz d) decrease volume

[504]

[©]

[502]

i
=
s}
o

Haber Process

The Haber Process for making ammonia (NH3)
was developed by German chemist Fritz Haber
prior to WW1. In order for Germany to make
TNT, which contains nitrogen, they needed a
source of nitrates from soil, which they were
purchasing from Chile. However, the British cut
off the shipping lines from Chile once the war
began. Haber had to develop a process to make
ammonia from N, The ammonia could then be
used as a precursor for TNT. Getting N, to react
is very difficult due to its triple bond. However,
Haber manipulated an equilibrium system to
maximize the yield (amount) of NHs.

lll) Equilibrium Graphs

Changes to an equilibrium system have been described in the
last section. In this section, we will graphically represent
concentration changes.

Things to remember:

1) Solid and liquid concentrations always remain

2) When there is a temperature change, there are no
immediate changes in concentration (spikes). The only
changes are gradual (due to the shift) for (g) and (aq).

3) Changes in pressure result in immediate changes to gas
concentrations, followed by a possible shift that will cause
gradual changes in all (g) and (aq) substances.

4) A concentration change for a substance shows an
immediate change for that substance, followed by gradual
changes for the other (g) and (aq) substances.

Graph the changes for the following system:

2500e + Oxg & 2505 + energy
a)increase in temperature c) add a catalyst
b)add SOz d) decrease volume

_—

[505]

—

&

[507]

HY
-
[g]
o

The Haber Process:
No(g) + 3Hzg) == 2NHjs) + 92.4kJ

To maximize the yield of ammonia, the
equilibrium must be shifted right as much as
possible. What should temperature and pressure
conditions (high or low) be to achieve this?
temperature & pressure

What else did Haber do to maximize the yield of
ammonia:

http://www.absorblearning.com/media/attachment.action?quick=128&att=2741
a
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The Haber Process:
Nog) + 3Hyq) =——= 2NHj3(, + 92.4kJ

To maximize the yield of ammonia, the
equilibrium must be shifted right as much as
possible. What should temperature and pressure
conditions (high or low) be to achieve this?

low temperature & __ high pressure

What else did Haber do to maximize the yield of

ammonia:

1) constant removal of NH3 from the system to cause a permanent
shift right
2) added a catalyst (Fe) to make the rates go faster

http://www.absorblearning.com/media/attachment.action?quick=128&att=2741
L}

6] \M

]

let add add |Laease.

Haber developed the process in 1910, and won
the Nobel Prize for it in 1918.

In 1931, the German chemist Carl Bosch won

the Nobel Prize in Chemistry for transforming the
process to an even larger scale.

Assignment 4: Graph each system below:

1)  2Ce.* Oz <> 2COg AH = -97Kk]
stresses: a) decrease volume c) add CO
b) add O d) increase temperature

2) 505 + NO < NOag + SOz + energy
stresses:  a) increase temperature
b) remove some NOzg
¢) decrease pressure
3) CHyg + H20) < COg + 3Hag) AH = +50k]
stresses:  a) increase temperature  d) decrease volume
b) decrease temperature ) add something which react:
c) decrease pressure with H.O

4) Make a graph for the Haber Process with each
stress: (a) decrease temp (b) increase pressure
(c) remove NH3

5) Hebden page 55, numbers 27 & 28

[0, m
[wo) rﬁmlp/
(:Nﬂl«]

pod |—— T ———____

@ ® C)
e I'I‘,MOV'«_ dec
fesp W0, prase
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"Here's what we know so far..."

1IV) Predicting Whether a Reaction will go to
Completion, to Equilibrium, or Not React
Enthalpy

Enthalpy is a term that describes the total
potential energy content (the energy in the
particles) involved in a system.

Example: N,O4 + energy=——2NO,

The forward reaction is

The reverse reaction is

For an endothermic reaction, is the enthalpy
increasing or decreasing? Why?

4)
]
RH; tacrens
[Ng] Qéﬁ o\w‘?(‘; oy
[NHs) ) . SL\‘CF
ol }J\-() 1< \od\ﬂc'
. . = %{\QM Ggr@‘v

temp pressure NHs

1IV) Predicting Whether a Reaction will go to
Completion, to Equilibrium, or Not React
Enthalpy

Enthalpy is a term that describes the total
potential energy content (the energy in the
particles) involved in a system.

Example: N,O4 + energy=——=2NO>

The forward reaction is

The reverse reaction is

For an endothermic reaction, is the enthalpy
increasing or decreasing? Why?

Endothermic reactions have increasing or
enthalpy because the particles
are gaining energy.

Exothermic reactions have or
enthalpy because the particles
are energy.

In nature, is it easier to gain or lose energy?

Therefore, reactions naturally tend toward

energy loss, meaning they tend toward the
direction. In other words they

tend toward or

enthalpy.

26



Endothermic reactions have increasing or
enthalpy because the particles
are gaining energy.

Exothermic reactions have or
enthalpy because the particles
are energy.

In nature, is it easier to gain or lose energy?

Therefore, reactions naturally tend toward

energy loss, meaning they tend toward the
direction. In other words they

tend toward or

enthalpy.

Entropy

Entropy is the measure of disorder or
randomness in a system.

Think of your bedroom. If it easier for your
bedroom to become messy or to keep it clean?

This comes down to probability. Out of all the
possible states your room could be in (an infinite
amount), many more of them are considered
disordered states compared to ordered states.

So, nature tends toward disorder, or increasing
entropy, for the simple reason that...

Rank the states of matter [(aq) included] from
most entropic to least entropic:

Reactions tend toward increasing or
maximum entropy (the side with the most
gas particles).

Entropy

Entropy is the measure of disorder or
randomness in a system.

Think of your bedroom. If it easier for your
bedroom to become messy or to keep it clean?

This comes down to probability. Out of all the
possible states your room could be in (an infinite
amount), many more of them are considered
disordered states compared to ordered states.

So, nature tends toward disorder, or increasing
entropy, for the simple reason that...

Rank the states of matter [(aq) included] from
most entropic to least entropic:

Reactions tend toward increasing or
maximum entropy (the side with the most
gas particles).

Examples: Determine which direction entropy is
increasing.

1) Aw + 3Be < 2Cg + 4D

2) A + By < 2Ch + Do

3) Apg +Bis < 2Ch» + Do

4) A + B © Cg + D)
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Examples: Determine which direction entropy is
increasing.

1) Aw + 3B < 2Ck + 4D
—_—

2) A + B < 2Ch + Dy
3) A@g +Bs © 2Cy + Dy

4) A + B < Cg + Deg)

Summary:

Reactions naturally tend towards
enthalpy and entropy.

In other words, reactions tend toward the
direction and the side with
gas particles.

So, we can use the summary to make predictions
on whether reactions go to completion, form an
equilibrium, or don't occur at all.

Examples:
Predict whether each reaction will go to
completion (C), equilibrium (E), or not react (NR)

1. H2SO4) + H200) = H2SO0u1@q) + 150k]

—> exo
—
2. CoHag) + Ca(OH)2aq) = CaCas) + 2H200 AH =185k]
P_d——
%'_’—
3. CiHsg) = CaoHag) + 2Ha  AH =311K]
—
—

Summary:

Reactions naturally tend towards
enthalpy and entropy.

In other words, reactions tend toward the
direction and the side with
gas particles.

So, we can use the summary to make predictions
on whether reactions go to completion, form an
equilibrium, or don't occur at all.

Examples:
Predict whether each reaction will go to
completion (C), equilibrium (E), or not react (NR)

1. H2SO40) + H200 = H2SO04aq) + 150Kk]

2. C2Hag) + Ca(OH)2@g = CaCas) + 2H200 AH = 185K]

3. CoHeg) = CaHag) + 2Hz AH =311Kk]

Enthalpy increases Enthalpy decreases

Entropy
decreases

Drive toward increasing entropy — 0pposes xn Drive towart increasing entropy — opposes e
Drive toward decreasing enthalpy - opposes rxn | Drive toward decreasing enthalpy — favours rxn

- :Virtually no reaction Equilibrium

Entropy
increases

Drive toward increasing entwropy - favours rxn Drive toward increasing entropy — favours rxn

Brive toward decieasing enthalpy Drive toward de ing enthalpy — favours
Equilibrium Goes virtually to completion

28



McHIUM®R com by 1. vcCracken
3 B L 20201 ‘
| . .
% A

“Cleaning goes against entropy
and the natural order.”

Assignment 5:
State whether each reaction will go to completion

(C), equilibrium (E), or not react (NR)

1. 4NHse) + 502 = 4NOg) + 6H20@ AH=+115k
__ﬁf equilibrium

2. N2Osyg) + 58.9k] = 2Nz
‘T’_z equilibrium

3. 2Bi%(ag + 3H2S@) = BiSss) + 6H@g + energy
(1——7 equilibrium

4. 2H2O2q = Oz + 2H200 AH =-189K]

——> completion
_

5. H20@) + Cis) = CO2g) + Hag)

equilibrium

6. 3CaH2e) = CeHeg + 143K]
—> equilibrium
—

7. NaOHg + 24K] = NaOHe)
S J 2 Nt

8. CSag + 302 = COxg + 25025 + 66k]
> equilibrium
é_’——

AH =+31.3k]

Assignment 5:
State whether each reaction will go to completion
(C), equilibrium (E), or not react (NR)

1. 4NHse) + 502 = 4NO) + 6H20@ AH =+115k
2. N2O4g + 58.9k] = 2NOxzg)
3. 2Bi%aq + 3H:2Sg = BiSss + 6H'ag + energy

4, 2H202aq9 = Oz + 2H200 AH =-189K]

5. HoOg + C = CO2q + Hag AH=+31.3k]
6. 3CoHz2g = CsHeg) + 143K]
7. NaOHag + 2.4k] = NaOH

8. CSag) + 302 = CO2) + 2502 + 66k]

9) A student predicts that the following reaction
will go to completion. Do you agree of disagree?
Support with an explanation.

CO@r + HOq = CO2g + Hag AH =42Kk]
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9) A student predicts that the following reaction
will go to completion. Do you agree of disagree?
Support with an explanation.

CO + H2Oy = CO2g + H2g AH=42Kk]
k—ﬁ
—_—
Decreasing enthalpy is in the reverse direction
and increasing entropy is in the forward
direction. Therefore, this reaction will NOT go
to completion. | disagree with the student.

10) For the following reaction, in which direction

is enthalpy increasing? In which direction is
entropy maximized? Will the reaction reach
equilibrium?

2CsHiog) + 13025 = 8CO2g + 10H20) + 128K]
—— decreasing enthalpy (exo)

—

Enthalpy is increasing in the reverse direction,
therefore it is decreasing in the forward
direction. Entropy is increasing in the forward
direction. Therefore, the reaction will not reach
equilibrium. It will go to completion.

V) The Equilibrium Constant

The equilibrium constant is called 'K¢q' and is
found by multiplying product concentrations and
dividing that by the result of multiplying reactant
concentrations.

Do not include solids and liquids in Keq
expressions as the concentrations of these
remain constant.

Example: Write the K¢, expression:

2Hlg==Ig) + Hzig) Keq=

10) For the following reaction, in which direction
is enthalpy increasing? In which direction is
entropy maximized? Will the reaction reach
equilibrium?

2CsHioe) + 1302 = 8CO2g + 10H20g) + 128k]

"One misplaced decimal point
and here you are?"

V) The Equilibrium Constant

The equilibrium constant is called 'K¢q' and is
found by multiplying product concentrations and
dividing that by the result of multiplying reactant
concentrations.

Do not include solids and liquids in Keq
expressions as the concentrations of these
remain constant.

Example: Write the K4 expression:

2Hlg == lpg) + Ha(q) Keq =[H][Io] = [H 2ll]
[HI[HI] [HI]
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Examples: Write a K., for each of the following

a) 2Hoe) + (:)Z(g) < 2H20g)
b) 35n*@ag + 2POs+* g < Sns(POs)s)
¢) 2Nags) + 2H20) < 2NaOH) + Hagg

d) N2 + 3H2g) < 2NHsg)

Go to page 40 & 41 in Hebden and look at the
tables in #6 & #7 (you did these questions in
Assignment 1). Calculate the K¢, constant for the
equilibrium that was attained after 10 minutes
(bottom of page 40).

Then, the equilibrium was disturbed by increasing
[B] (see top of page 41). Calculate the K, after a
new equilibrium was reached at 18 minutes.

If equilibrium is disturbed due to a concentration
or pressure change, it will shift and eventually
return to a new equilibrium, and though the
concentrations of each gas and aqueous
substance may be different than they were
originally, the equilibrium constant (Keq) - the
ratio of products to reactants - will remain the
same, hence why it is called a CONSTANT.

However, if equilibrium is disturbed due to a
temperature change, the K¢, constant will
change.

Examples: Write a K., for each of the following

a) 2z + éZ(g) < 2H20(g) THOE
b) 35n**(ag) + 2POs* g < Sn3(POu)2ss)

c) 2Nag) + 2H20) < 2NaOHg) + Hagg

d) N + 3Ha < 2NHsg)

Go to page 40 & 41 in Hebden and look at the
tables in #6 & #7 (you did these questions in
Assignment 1). Calculate the K¢q constant for the
equilibrium that was attained after 10 minutes
(bottom of page 40).

Then, the equilibrium was disturbed by increasing
[B] (see top of page 41). Calculate the K after a
new equilibrium was reached at 18 minutes.

It is mathematically impossible for the K¢ to
remain the same after a temperature change.
Because there are no immediate changes in
concentration due to a temperature change,
when a shift occurs, one side increases and the
other side decreases. When you apply this to a
fraction (the Kq expression), it cannot possibly
stay constant.
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It is mathematically impossible for the K4 to
remain the same after a temperature change.
Because there are no immediate changes in
concentration due to a temperature change,
when a shift occurs, one side increases and the
other side decreases. When you apply this to a
fraction (the K¢q expression), it cannot possibly
stay constant.

The Size of the K., Constant

Remember, Keq = [products]

[reactants]

If the Keq is small (less than 1), does the
equilibrium system contain a higher
concentration of reactants or products (look at
the fraction above)?

What about if the Keq is large (greater than 1)?

Examples:

Do the following equilibria favour reactants or
products?

a) 2HBr < Hag + Bray Keg= 7.0 x 102
b) CaHag) + Ha < CoHeg Keg = 1.2 x 101°

¢) Sis) + Oz < SiOz2g Keg = 2.0 x 101

So how is it possible that K., mathematically can,

and actually will, stay the same after a concentration

or pressure change?

Because there are immediate concentration changes

before shift changes. For example, if you increase
[HI] in this system: 2HI g7 lxq) + Hy(g), then all
concentrations end up with a net increase, so the
fraction can, and will, remain the same:

For example, originally, Keq = (3.0)(3.91 =2.25
(2.0)

After [HI] inc, Koq = (4.0)(4.0) = 2.25
(2.667)

The Size of the K, Constant

Remember, K¢q = [products]

[reactants]

If the Koq is small (less than 1), does the
equilibrium system contain a higher
concentration of reactants or products (look at
the fraction above)?

What about if the K, is large (greater than 1)?

Examples:

Do the following equilibria favour reactants or
products?

a)2HBr < Hag + Brag Keo = 7.0 x 1020
b) C2Hag) + Hag < CoHeg Keg = 1.2 x 101°

¢) Sis) + Oz < SiO2g Keq = 2.0 x 10
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Writing the equation the other way around
For the following reaction:

Hag) + Fag < 2HFg)
a) Write the K¢q equation. The Kgq = 0.25

b) Now, write the K., expression for the this
reaction, and find the K., constant value:

2HFg) < Hzg + Fag

Vi) Temperature and the K., Constant

If temperature is increased for an equilibrium
system, in what direction does the system shift?

What if temperature is decreased?

If a shift right results due to a temperature
change, will the K increase or decrease?

If a shift left results due to a temperature change,
will the K¢q increase or decrease?

Example:
If the temperature is decreased in the following
system, will K4 increase or decrease? Explain.

2HI) < Hag + I  AH=+500 k]

Writing the equation the other way around

For the following reaction:
Hag) + Fag) < 2HF)
a) Write the Kqq equation. The Kgq = 0.25

b) Now, write the K4 expression for the this
reaction, and find the K., constant value:

2HF ) < Hag) + Fag)

Vi) Temperature and the K., Constant

If temperature is increased for an equilibrium
system, in what direction does the system shift?

What if temperature is decreased?

If a shift right results due to a temperature
change, will the K increase or decrease?

If a shift left results due to a temperature change,
will the K¢q increase or decrease?

Example:
If the temperature is decreased in the following
system, will K4 increase or decrease? Explain.

2HIg) < Hag + Iz  AH=+500Kk]

33



Example:

Given the following equation and data:
XY +ZM=—=YM + XZ
Keq = 60.0 at 300 degrees C
Keq = 45.0 at 500 degrees C

Is the forward reaction endothermic or
exothermic? Explain.

MCHIUMOR com by T McCracken
MeWIT LABS —

CONTROL
GROUF |

o

,J of Ainths

Assignment 6

1) Hebden page 60, #31acegj, 32, 35abcd, and
page 62, #36, 40, 41, 44-46
answers in the back of Hebden
2) Given the following equation and data:
CB+R CBR

Keq = 12.0 at 200 degrees C

Keq = 20.0 at 300 degrees C
Is the forward reaction exothermic or
endothermic? Support your answer with
explanations.

-as temperature increases (200 to 300), Keq also increases (12.0 to
20.0)

-a temperature increase causes a shift endo
-a Kqq increase means a shift right
-therefore the forward reaction is endothermic

Example:

Given the following equation and data:
XY +ZM=—=YM + XZ
Keq = 60.0 at 300 degrees C
Keq = 45.0 at 500 degrees C

Is the forward reaction endothermic or
exothermic? Explain.

-as temperature increases (300 to 500), Keq
decreases (60.0 to 45.0)

-a temp increase causes a shift endo

-a K¢, decrease is a shift left

-therefore, endo must be left

-so, the forward reaction must be exothermic

Assignment 6

1) Hebden page 60, #31aceg;j, 32, 35abcd, and
page 62, #36, 40, 41, 44-46

2) Given the following equation and data:
CB+R CBR
Keq = 12.0 at 200 degrees C
Keq = 20.0 at 300 degrees C
Is the forward reaction exothermic or
endothermic? Support your answer with
explanations.

3) Given the following equation and data:
CHag) + 2H2S) < CSag + 4Hzy
Keg=1.0 x 10-2at 500°C
Keg=2.4 x 103 at 800°C
a) Is the forward reaction endothermic or
exothermic? Explain.
b) What effect will increasing [H,S] have on
the value of Keq?
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3) Given the following equation and data:
CHa@) + 2H2S) < CSg) + 4Ho)
Keqg=1.0 x 10-2at 500°C
Keqg=2.4 x 103 at 800°C
a) Is the forward reaction endothermic or
exothermic? Explain.
b) What effect will increasing [H>S] have on
the value of K¢,?

a) -as temp increases (500 to 800), K¢, decreases (0.010 to
0.0024)

-a temp increase shifts endo

-a Keq decrease is a shift left

-therefore the reverse reaction is endothermic

-thus, the forward reaction is exothermic

b) a change in concentration causes a shift but does not change
the value of K¢q. Only a temperature change can.

4) For the following reaction:
COs) + Hag & CO + HaOg) AH =-96 k]

What effect will decreasing temperature have
on the value of K.? Support your answer with
explanations.

-a decrease in temp causes a shift exo

-exo in this reaction is forward

-thus, a decrease in temp causes a shift in the
forward direction

-this will cause the K¢q to increase

Vi) Type 1 K., Problems

For Type 1 K problems, the data provided in
the question is exclusively equilibrium data.
Example:

1. For the following reaction:

2502 + Oz < 2503 + 192 K]

Equilibrium concentrations were found to be as follows:

[SO2] = 2.0M, [O2] = 0.50M, [SOs] = 1.6M
Calculate the value of Keg.

4) For the following reaction:
CO2 + Hog < COr + H2Og) AH =-96 k]

What effect will decreasing temperature have
on the value of Kqq? Support your answer with
explanations.

LS el ;}-/n./wl\, A/[«j_l\a

s

The undocumented first use of this
well-known phrase.

Vi) Type 1 K., Problems

For Type 1 K problems, the data provided in
the question is exclusively equilibrium data.
Example:
1. For the following reaction:
25029 + O2g) < 2503 + 192K]
Equilibrium concentrations were found to be as follows:
[SO2] = 2.0M, [O2] = 0.50M, [SOs] = 1.6M
Calculate the value of Keq.

Keq=_[SOa> = _ (1.6)° =13
[SOJT02]  (2.0)X
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Example:
2) At equilibrium, a 2.00L vessel contained
0.750mol CO, 0.276mol H,0, 0.600mol CO, and
a Keq = 0.986. Calculate the moles of H; at
equilibrium.

COE) + HoO == COgq) * Haz)

Viil) Type 2 K., Problems

Type 2 K¢q problems provide some initial data
and some equilibrium data for certain
substances, which you are to use to calculate the
Keq constant. Use an 'ICE' table for assistance.

Example:

1) A mixture of H, and I, was prepared by placing
0.100mol of H, and 0.100mol of I, into a 1.00L
flask. At equilibrium, the [l,] dropped to 0.020M.
Calculate the Kq,.

Hag) * l2g==2HI(g)

Initial 0.100M 0.100M 0
Change
Equilibrium 0.020M

Example:
2) At equilibrium, a 2.00L vessel contained
0.750mol CO, 0.276mol H,O, 0.600mol CO, and
a Keq = 0.986. Calculate the moles of H, at
equilibrium.

CO@) + HoO == COgq) * Hz(

Example:

1) A mixture of H, and |, was prepared by placing
0.100mol of H, and 0.100mol of I, into a 1.00L
flask. At equilibrium, the [I,] dropped to 0.020M.
Calculate the Kgq.

Hag) + l2=2HI,
Initial
Change
Equilibrium

Example:
2)  Nyg * 3Hyg=—=2NHj,

Given:[N]; = 0.32M, [H.]; = 0.66M,[H;]eq = 0.30M
Calculate Keg.

Nog) + 3Hzg=——=2NH3,
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Example:
2) Nz * 3Hzg==2NHjzg,

Given:[N]; = 0.32M, [H.]; = 0.66M,[H;]eq = 0.30M
Calculate Keg.

Nog) + 3Hzg=—=2NH3¢,

| o032m 0.66M 0.00M
C -o0.12m -0.36M +0.24M
E o0.20m 0.30M 0.24M
Keq= _INH32 = _ (0.24)2 = 1
[N2][H2] (0.20)(0.30)"

Assignment 7

1. For the following reaction at equilibrium:

CHag) + H2O) < COgg + 3Hag
[CH:] = 0.600M  [H20] = 0.060M
[COJ=0.200M  [Hz] =0.700M

Calculate the Keq for this reaction. Are the reactants or products
favoured?

COg) + H200 & CO2) + Ha
At equilibrium in a 1.0L container, 0.020mol of CO, 0.010mol H20, 0.030_

a) Calculate the Keq
b) State whether reactants or products are favoured

) If Hz2is removed from the system and equilibrium is re-established,

HEAD LICE IN
THEIR NATUPAL
HABITAT

Reprinted from Funny Times/ PO Box 18530/ Cleveland His, OH 44118
phone: 216.371.8600/ email: ft@ funnytimes.com

Assignment 7

1. For the following reaction at equilibrium:

CHug) + H20) < COg) + 3Hag
[CH:] = 0.600M  [H20] = 0.060M
[COJ=0200M  [Hz] =0.700M

Calculate the Keq for this reaction. Are the reactants or products

favoured?
Keq =_ICOJ[H® 0.200)(0.700° = 1.9
[CH4][H0] (0.600)(0.060)

products are favoured
because Kgq > 1

b) State whether reactants or products are favoured
¢) If Hz is removed from the system and equilibrium is re-established,

1.0L container, so moles = molarity

a)Ke = [CO;]Hz] = (0.030)(0.010) = 0.015
[CO] — (©0uZ0]

b) reactants favoured because the K¢q < 1

c) the K¢q will not change. Only a temperature change can cause a
change in Keq
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3. For the following reaction:
CO + 2Hag < CHsOHg Keq=1.00
At equilibrium in a 2.0L container, 0.420mol CO and 0.100mol Hz are
present. Calculate the number of moles of CHsOH present.

4. For the following reaction and data:
Nag) + 3H2g < 2NHsgg

[N2] (M) | [Hz] (M) | [NH5] (M)
Trial 1| 0.200 0.400 0.500
Trial 2 ? 0.300 0.600
Find [N2] in Trial 2.

Type Il Exercises (ICE diagrams)

5. A mixture consisting of 1.00mol CO) and 1.00mol H20) is placed
in a 10.00L container. At equilibrium, 0.665mol COz() and
0.665mol Haz(g) are present.

COq + H2Ogg < COz) + Hagg
Calculate the Keq for this reaction.

3. For the following reaction:
COg) + 2Hae) < CH3OH) Keq=1.00
At equilibrium in a 2.0L container, 0.420mol CO and 0.100mol Hz are
present. Calculate the number of moles of CH3OH present.

[CO] =0.420mol = 0.21M  [Hz] = 0.100mol = 0.050M

2.0L 2.0L
Keq = ICH3OH] 1.00 = __[CHOH]
[COI[HJ? (0.21)(0.050)?

[CH3OH] = 1.00(0.21)(0.050)2 = 0.000525

moles CH3OH = (0.000525)(2.0L) = 1.1 x 10~

4. For the following reaction and data:
N2@) + 3Hz2) < 2NHsg)

[N2] (M) | [Hz] (M) | [NH35] (M)
Trial 1| 0.200 0.400 0.500
Trial 2 ? 0.300 0.600
Find [N2] in Trial 2.

Trial 1: Keq - [NH-]? - (0_500)2 = 19.531
[N2[H]° (0.200)(0.400)3

Trial 2: 19.531 = __(0.600)? [N2] = __(0.600)2 = 0.683M
[N2](0.300)> 19.531(0.300)*

Type Il Exercises (ICE diagrams)

5. A mixture consisting of 1.00mol COg) and 1.00mol H20¢) is placed
in a 10.00L container. At equilibrium, 0.665mol COz(g) and
0.665mol Ha(g) are present. *divide all moles

COE + HOp < COxg + H2e by 10.0 10 get

Calculate the Keq for this reaction. molarities
CO) *+ H20q==CO0zq * Hzg
I o.100M 0.100M 0.00M 0.00M
C -0.0665M  -0.0665M +0.0665M  +0.0665M
E 0.0335m 0.0335M 0.0665M 0.0665M
Keq= ICOJ[H;l = (0.06657 =3.9
[COIH:0] (0.0335)
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6. When 1.00M HBr is placed into a flask, the following

2HBrg) < Hag + Brag)
At equilibrium, 0.140M Hz is present. Calculate the Keq.

7. A5.00L vessel was initially filled with 6.00mol SOz, 2.50mol NO,

8. 0.50mol of NOCI was introduced into a 1.0L flask and allowed to

2NOClg < 2NOgg) + Clag)
At equilibrium, there was 0.10mol of Cl. What is the Keq ?

6. When 1.00M HBr is placed into a flask, the following
equilibrium is achieved:

At equilibrium, 0.140M Hz is present. Calculate the Keg.

2HBrg= Hzg + Bryg

| 1.00m 0.00M 0.00M

C -0.280M +0.140M +0.140M

E o.72m 0.140M 0.140M

Keq= [H[Brl = (0.140Y° =0.038
[HB 0.72)

7. A'5.00L vessel was initially filled with 6.00mol SOz, 2.50mol NO,

At equilibrium, the vessel was found to contain 3.00mol SOs.
*divide by 5.00 to get moles

to molarity
SO2q) + NOg==803¢ + NO(,
| 1.20m 0.500M 0.200M 0.00M
C -0.400M -0.400M +0.400M +0.400M
E o0.80m 0.100M 0.600M 0.400M
Keg = ISOAINO] = _(0.600)(0.400) =3.0

[SO]INO;] (0.80)(0.100)

8. 0.50mol of NOCI was introduced into a 1.0L flask and allowed to
come to equilibrium: *moles = molarity
2NOClg < 2NOgg + Clag because 1.0L flask
At equilibrium, there was 0.10mol of Cl2. What is the Keq ?

2NOC|(9) pum— 2NO(Q) + Clg(g)
| o0.50m 0.00M 0.00M
C -0.20M +0.20M +0.10M
E o0.30m 0.20M 0.10M
Keg= INOPIC] = (0.20)%(0.10) =4.4x 102
INOCI] (0.30)
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1. Hoe + g © 2HIg  Keq=55.6
[Hz]i=0.200M, [I2]i = 0.200M
What is the equilibrium [HI]?

Hoag)

+ Iy <  2Hly

2, COp) + H20@) < CO2g + Hg  Keq=4.06
[COJi=0.10M, [H20]i = 0.10M

What are the equilibrium concentrations of all species?

COp +

HOg <<  COxg + Hag

IX) Type 3 K., Problems

Type 3 Keq problems give some initial data and a
Keq constant. You must find equilibrium
concentrations. OR You will be provided with
some equilibrium data and a K4 constant. You
must find an initial concentration.

1. Hoe) + g & 2Hlg  Keq=55.6
[Hz]i = 0.200M, [I2]: = 0.200M
What is the equilibrium [HI]?
7.45654(0.200 - x) =
Heg + lag <& 2Hlg 1.4913-7.45654x = 2x

0.200M 0.200M 0.00M 14913 = 9.45654x

—

C X +2x  x=0.1577

'
x

E 0.200 - x 0.200 - x

Letx = AlH:] /55.6 =
o 200 - x)?
7.456

[Hlleq = 0.315M

Keq =__[HI?
Hz]['z]

556=  (2x)°

0200 X

-X

2. CO@ + H20@ < COg + Hag — Keq=4.06
[COJ; = 0.10M, [H20]i = 0.10M
What are the equilibrium concentrations of all species?

COr + MO < COx + Hop

I 0.10M 0.10M 0 0
C X -X +X +X
E 0.10-x 0.10 - x X

2.015(0.10 - x) = x

Let x = A[CO] /4.06 = 0.2015 - 2.015x = x
o 10 - x)? 0.2015 = 3.015x
CO2][H2 x = 0.06683

[CO][HzO] 2015

o.wo X [COleq & [H20]eq = 0.10 -x
=0.10 - 0.06683 = 0.03M

406= _ (x)?
(010-x)

[CO2leq & [Hz]eq = 0.067M



3. A certain amount of H20 was placed in a 2.00L closed flask. When
equilibrium was reached, the [Hz] was 0.500M. If Keq=16.0 at this

temperature, how many moles of H20 were originally placed in the

flask?
2H0@ <  2Hxg + Oz

© MAzi BNDEZSON WHWANDEZTOONS LOM

“Rats! I thought lanthanoids and actanoids
were gonna be giant robots or something.”

Assignment 8
Hag) + CO2 < H20@) + COg) Keq=0.771
If 0.0100mol of Hz2 and 0.0100mol of CO2 are mixed in a 1.00L.
container, what are the concentrations of all substances at

CO)
I o.0100M 0.0100M 0.00M 0.00M
C -X X +X X
E 0.0100-x 0.0100 - x X X
Let x = A[H2] 2 x = 0.004674
[0.771 7 (x) -1
Keq = [H2][CO7] (0.0100 - X)z [H20]eq & [COJeq
[H20][CO] ) =0.00467M
0.771=___(x)? 0.878066 = __ x [Haleq & [CO2]eq
(0.0100 - x)? 0.0100 - x =0.0100 - x

= 0.0053M

3. A certain amount of H20 was placed in a 2.00L closed flask. When
equilibrium was reached, the [Hz] was 0.500M. If Keq =16.0 at this
temperature, how many moles of H20 were originally placed in the
flask?

2H:0@ < 2Hxg + O x - 0.500 = 0.0625

1 X 0 0

x = 0.5625
C  -0.500M +0.500M +0.250M

[H20]; = 0.5625M
E x-0.500 0.500M 0.250M
Let x = [H2Q]; 16.0(x - 0.500)? = (0.500)3(0.250)
Keq = [Hal’[Og] (x - 0.500) = (0.500)%(0.250)

[H20] 16.0
mol H,O

o2
[
N

16.0 = (0.500)%(0.250 (x - 0.500)% = 3.906 x 107
X - 0.500) — 625)(2.00)

( x-U. ):W .13 moles

M
(‘Q‘

Assignment 8

Hag + CO2g < HaOg) + COg Keg=0.771

If 0.0100mol of Hz2 and 0.0100mol of CO2 are mixed in a 1.00L
container, what are the concentrations of all substances at

2. For the following reaction:
2IBr < Ixg + Brag Keq=85x107
If 0.0600mol of IBr is placed in a 1.0L container, what are the

concentrations of all three substances at equilibrium?



2. For the following reaction:
2IBre < l2g + Brag Keqg=8.5x103
If 0.0600mol of IBr is placed in a 1.0L container, what are the

concentrations of all three substances at equilibrium?

2IBrg) ==lzq +  Bryg
| 0.0800M 0.00M 0.00M
C 2% +X +X
E 0.0600 - 2x X X
Let x = A[l2] 2 x =0.004671
0.0085 = el
Keq = [1z][Brz] (@%ﬁx)z [Braleq & llzleq
TIBT : =0.0047M
0.0085=___ (x)? ) 0.092195= _ X __ [Hy]eq & [CO2]eq
(0.0600 - 2x) 0.0600-2x = =0.0600 - 2x
=0.0507M
3. For the following reaction:
FeOg) + COp) < Fe(s) + COxg) Keq = 0.403

FeO(S) + CO(g.)— Fe(s) + COQ(Q)

| 0.0500M 0.00M
C X +x
E 0.0500 - x X
Let x = A[CO] X = 0.01436
Keq= [CO7]

[CO] [CO3leq = 0.0144M
0.403 = [COJeq = 0.0500 - x
0.0500 -

=0.0356M

reach equilibrium. At equilibrium, [Hz] =0.200M. How many
moles of HCl was originally placed in the flask?

2HCl(g) < Hag) + Clag
X 0 0

x -0.400 =0.100

x = 0.500
C -0.400M +0.200M +0.200M
[HCI] = 0.500
E x-0.400 0.200M 0.200M
Let x = [HCI]; 4.00(x - 0.400)? = (0.200)?
(x-0.400Y° = (0.200)°
Keq =_[H2I[Cl] 4.00
[HCI]
(x - 0.400)% = 0.0100
4.00 =__(0.200)° iy mol HC
(x - 0.400) J(x - 0.400)? = 0.0100 *0500 )(2.00)
=1.00 mole

3. For the following reaction:

FeOw + COp < Fe + COxg Keq=0.403

If 0.0500mol of CO and excess solid FeO are placed in a 1.00L
container, what are the concentrations of CO and CO2when
equilibrium has been attained?

4. For the following reaction:
2HCle < Hag + Clg Keq=4.00
An unknown [HCI] was added to a 2.00L flask and allowed to
reach equilibrium. At equilibrium, [Hz2] =0.200M. How many
s of HCI was originally placed in the flask?

5. For the following reaction:
N2O2@) + Hag) < N2Ogg) + H20() Keq=1.00
If 0.150mol each of N20 and H20 are introduced into a 1.00L
flask and allowed to come to equilibrium, what concentration of
N20:2 will be present at equilibrium?
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hI;ngg + HZ(g> < N2Og) + HO(g Keg=1.00
If 0.150mol each of N20 and HzO are intloduced intoal. OOL

N202 will be present at equlhbuum?

N2Ozg) + Hzg=—=N20() + H:0(
I 0.00M 0.00M 0.150M 0.150M
C +X +X -X -X
E 0.150 - x 0.150 - x
x =0.0750

Let X = A[HZ]
HLORN:0] /700= [(0.150 - x)
[N202][H]

1.00= (0.150-x)>  1.00= 0.150 - x
x)? X

[N205]eq = 0.0750M

X) Type 4 K., Problems

Type 4 problems use a TRIAL K¢, (called 'Q" in
Hebden), which can be used to predict whether
or not a system is at equilibrium. If the system is
not at equilibrium, the trial K4 value compared to
the actual K¢, can be used to predict in what
direction the system is shifting to attain
equilibrium.

Example:

1. Is the following reaction at equilibrium? If not, in which direction must
the reaction shift to reach equilibrium?
COpr + HOr << COxg + Hag Keq=10.0
0.80M 0.050M 0.50M 0.40M

Trial Keg = [CO,][H,] (0.50)(0.40) = 5.0
[COJH.0]  (0.80)(0.050)

The trial Koq does not equal the actual K, s0
currently not at equilibrium.
Trial Keq Of 5.0 < Actual Keq of 10.0

Therefore, the system must shift RIGHT to attain
equilibrium.

"L wee close 4o a btzai’-khr;g
the grant mongy Tan

Reprinted from Funny Times / PO Box 18530/ Cleveland His. OH 44118
phone: 216.371.8600 / email: ft @ funnytimes.com

Example:

1.Is the following reaction at equilibrium? If not, in which direction must
the reaction shift to reach equilibrium?
COpr + HOp < COxg + Hag Keq=10.0

0.80M 0.050M 0.50M 0.40M

Example:

2. Is the following reaction at equilibrium? If not, in which direction must
the reaction shift in order to attain equilibrium?
Hae + Ly < 2HIlp

20M 1.5M 3.0M
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Example:

2. Is the following reaction at equilibrium? If not, in which direction must
the reaction shift in order to attain equilibrium?

Hag + Iy < 2Hlg Keq=5.0
20M  1.5M 3.0M
Trial Keq [HI? = (3.0° = 3.0
[H2][l2] (2.0)(1.5)

The trial K4 does not equal the actual K4 s0
currently not at equilibrium.
Trial Keq Of 3.0 < Actual Kgq 0f 5.0

Therefore, the system must shift RIGHT to attain
equilibrium.

Example:
. ) . ) *divide
3. The following reaction occurs in a 2.0L container: moles
Brag + Clyg < 2BrClg Keg=3.2x102 by 2 to
Quantities of gases were found to be as follows: get

molarity

What will happen to the [Brz] as the system approaches equilibrium?

Trial Keg = [BrCIZ. = (1.1)> = 1.0x10’
[Br][Cl,] (0.30)(0.40)
The trial Koq does not equal the actual Kqq SO
currently not at equilibrium.
Trial Keq 0f 1.0 x 10" > Actual Kgq 0f 3.2 x 107

Therefore, the system must shift LEFT to attain
equilibrium, so [Br,] will increase.

Assignment 9

1. For the following reaction: 203 <> 302 Keq=75
Predict the direction in which the equilibrium will shift, if any,
when the following substances are introduced into a 10.0L
container? 0.60mol O3 and 3.0mol O2

Example:
3. The following reaction occurs in a 2.0L container:
Brag + Clg < 2BrClg) Keg=3.2x102
Quantities of gases were found to be as follows:
Br2=0.60 mol, Cl2=0.80 mol, BrCl = 2.20 mol
What will happen to the [Brz] as the system approaches equilibrium?

Assignment 9 “divide moles by 10.0 to get molarities

1. For the following reaction: 203 <> 302 Keq=75
Predict the direction in which the equilibrium will shift, if any,
when the following substances are introduced into a 10.0L
container? 0.60mol Oz and 3.0mol O2

Trial Keq [0,]° = (0.30)° =75
[Oa]* (0.060)

The trial K¢q does not equal the actual Keq SO curre
not at equilibrium.
Trial Keq of 7.5 < Actual K¢q of 75

Therefore, the system must shift RIGHT to attain
equilibrium.
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2. Consider the following reaction: 250z2¢) + Oz < 2503(g) Keq =75
A student places 0.50moles SOz, 0.080mol Oz, and 1.0mol SOs into
a 1.0L flask. The student predicts that the [SO2] will decrease as

3. Consider the following reaction:
2Ce.+ Oz & 2COg) Keg=1.20 x 102
If 2.0mol C, 0.800mol Oz, and 0.600mol CO are placed into a 1.0L
flask, in which direction will the equilibrium shift in order to
achieve equilibrium? What will happen to the [C]? Show all
calculations.

4. For the following reaction: Hag) + Clag) < 2HClg) Keq=0.15

Equal moles of each of the three gases are in a 1.0L vessel. What
direction will the reaction shift in order to reach equilibrium?

2. Consider the following reaction: 2502 + Oz < 2503¢) Keq=75
A student places 0.50moles SOz, 0.080mol Oz, and 1.0mol SOs into
a 1.0L flask. The student predicts that the [SO2] will decrease as
equilibrium is established. Do you agree with the student’s
prediction? Explain using appropriate calculations.

Trial Keg = [SO3° = _ (1.0> = 5.0x 10’
[SOJ[0,]  (0.50)%(0.080)

The trial Kqq does not equal the actual K4 so currentl
not at equilibrium.
Trial Keq 0f 5.0 x 10" < Actual Kqq of 75

Therefore, the system must shift RIGHT to attain
equilibrium, so [SO,] will decrease. | agree with the
student.

3. Consider the following reaction:
2Ce) + Oz < 2CO) Keq=1.20 x 102
If 2.0mol C, 0.800mol Oz, and 0.600mol CO are placed into a 1.0L
flask, in which direction will the equilibrium shift in order to
achieve equilibrium? What will happen to the [C]? Show all
calculations.

TrialKeq = __[CO]> = (0.600)° = 0.45
[O,] (0.800)

The trial K¢y does not equal the actual Kqq s0
currently not at equilibrium.

Trial Keq Of 0.45 > Actual Keq 0f 1.20 x 107
Therefore, the system must shift LEFT to attain
equilibrium. The [C] will remain constant, as it's a
solid.

4. For the following reaction: Hag) + Clg < 2HClg) Keq=0.15
Equal moles of each of the three gases are in a 1.0L vessel. What
direction will the reaction shift in order to reach equilibrium?

Trial Keg = _[HCI? = (x)* = x°
HACL] (%) X

The trial K4 does not equal the actual K¢q sO
currently not at equilibrium.
Trial Keq Of 1 > Actual K, of 0.15

Therefore, the system must shift LEFT to attain
equilibrium.
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5. *Type III & Type IV hybrid question ©
Consider the following reaction:
N2 + O < 2NO() Keg=1.20 x 10
If 0.060mol N2, 0.060mol Oz, and 0.00025mol NO are mixed in a
1.0L container, in which direction will the reaction proceed in

[O2], and [NO] 2

5. *Type IIl & Type IV hybrid question ©
Consider the following reaction:
Na) + O2g < 2NOgg) Keq=1.20 x 10
If 0.060mol N2, 0.060mol Oz, and 0.00025mol NO are mixed in a
1.0L container, in which direction will the reaction proceed in
[Oz], and [NOLZ Nag + Ozg  2NO()

Trial Keq =_INOI>_ =(0,00025)* = 1.7x10°
[N2][02] (0.060) | 0.060 0.060 0.00025

The trial K¢q does not equal the actual Keq SO C -X =X +2X
currently not at equilibrium

Trial Keg of 1.7 x 10°° < Actual Keq of 1.20 x 107 E0.060 - x 0.060 -x 0.00025 + 2x

Therefore, the system must shift RIGHT to attain

equilibrium. 0.0109545 = 0.00025 + 2x
0.060 - x
Keq =_[NOJ?
[N2][O2] x=2.025x 107
1.20 x 10* = (0.00025 + 22 [N2leq & [O2leq = 0.060 - x = 0.060M

(0.060 - x)

. [NOJeq = 6.6 x 10*M
square root each side
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