Chemistry 132 NT

Pretty much all the
honest truth-telling
there is in the world
iIs done by children.

Oliver Wendell Holmes

Chem 132 NT

Chemical
Equilibrium

Module3
LeChatelier’sPrinciple
=Removing Productsor Adding
Reactants

=Changing the Pressureand Oscillating patterns
Temperature formed by areaction
=Effect of a Catalyst far from equilibrium




Review

= Qualitatively interpreting the equilibrium
constant.

& Predicting the direction of reaction usingQ..

= Calculating equilibrium concentrations (also
using the quadratic equation).

Le Chatdier’s Principle

= Obtai ning the maximum amount of product
from areaction depends on the proper set of
reaction conditions.

+L eChatelier’s principle states that when a
system in achemical equilibrium is disturbed
by a change of temperature, pressure, or a
concentration, theequilibrium will shiftina
way that tends to counteract this change.

Removing Products or Adding
Reactants
= |et’' srefer back to theillustration of the

U-tube in thefirst section of this
chapter.

“reactants’

“products’

It's a simple concept to see that
if we were to remove products
(analogous to dipping water out
of theright side of the tube) the
reaction would shift to the
right until equilibrium was
reestablished.




Removing Productsor Adding
Reactants

= L et srefer back to theillustration of the
U-tube in thefirst section of this
chapter.

“reactants’ “products’ LIkE\NISE, if morereactant is
added (analogousto pouring
more water in the left side of
the tube) the reaction would
again shift to theright until
equilibrium is reestablished.

A Problem To Consider

+ Predict the direction of reaction when H, isremoved
from a mixture (lowering its concentration) in which
the following equilibrium has been established.

H,(9) +1,(9) == 2HI(g)
<
+When H, isremoved from the reaction mixture,
lowering its concentration, the reaction goesin
the reverse direction to partialy restoretheH,
that was removed.

Effects of Pressure Change

= A pressure change caused by changing the
volume of the reaction vessel can affect the
yield of productsin agaseousreactiononly if
thereaction involvesa changein the total

moles of gas present.

+The methanation reaction below is an example
of achange in the moles of gas.

CO(g) +3H,(9) == CH,(9)+H,0(g)




Effects of Pressure Change

= A pressure change caused by changing the
volume of the reaction vessdl can affect the
yield of productsin agaseousreactiononly if
thereaction involvesa changein the total

moales of gas present.
+When the reaction goesin the forward direstion,

four moles of reactant gas (CO + 3 H,) become
two moles of product gas (CH, + H,0).

CO(g) +3H,(g9) == CH,4(9)+ H-0(g)
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Effects of Pressure Change

+ |f the products in a gaseous reaction contain
fewer moles of gas than the reactants, it is
logica that they would require less space.

+ 30, reducing the volume of the reaction vessel
would favor the productsin this case.

CO(Q) +3H,(9) == CH,(9) + H-0(9)
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(A)

(A) Theoriginal equilibrium mixture of CO,
H,, CH,, and H,0.




CO(9g) + 3H,(g) == CH,(9) + H,0(9)
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(B) Thegasesarecompressed to one-half the
original volume, increasing their partial
pressures...nolonger at equilibrium.

—
CO(9g) +3H,(9) == CH,(9) + H,0(9)
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(C) Equilibrium isreestablished when the
reaction goesin theforward direction.

Effects of Pressure Change

+ So literally “squeezing” the reaction will cause
a shift in theequilibrium toward the fewer

moles of gas.
#|t'sasimple step to see that reducing the pressure

in the reaction vessel by increasing its volume
would have the opposite effect.




Effects of Pressure Change

+ S0 literally “squeezing” the reaction will cause
ashiftin theequilibrium toward the fewer
moles of gas.

+|n the event that thenumber of molesof gaseous
product equalsthe moles of gaseous reactant,
vessel volume will haveno effect on the
position of theequilibrium.

Forexample, H,(g) +1,(9)=—=2HI(9)

2 molesof gas 2molesof gas
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A Problem To Consider

# L ook at the following equations and decide whether
anincrease in pressure (by decreasing the volume)
will increase, decrease, or have no effect onthe
amount of products.

CO(g) + Cl,(g) = COCIy(9)

+This reaction decreases the molecules of gas
(fromtwotoone).

#According to LeChatelier’ sprinciple, an increase
in pressure should increase the amount of
product.

A Problem To Consider

# L ook at the following equations and decide whether
anincrease in pressure (by decreasing the volume)
will increase, decrease, or have no effect onthe
amount of products.

2H,3(9) = 2 Hy(g) + Sx(9)

+This reaction incr eases the molecules of gas
(from onetotwo).

+According to LeChatelier’ sprinciple, an increase
in pressure should decr easethe amount of
product.




A Problem To Consider

# L ook at the following equations and decide whether
anincrease in pressure (by decreasing the volume)
will increase, decrease, or have no effect onthe
amount of products.

C(9) +S4(9) = CS4(9)
+This reaction does not change the number of
molecules of gas. (note that we ignore solid carbon)

+According to LeChatelier’ sprinciple, an increasein
pressure hasno effect.

Effect of Temperature Change

= Temperature hasasignificant effect on
most reactions.

+Reaction rates generally increase with an
increase in temperature, consequently,
equilibrium is established sooner.

#|n addition, thenumerical value of the
equilibrium constant K varies with
temperature.

Effect of Temperature Change

# Let'slook at “heat” asif it werea product in
exothermic reactions and areactant in
endothermic reactions.

+This ultimately has the same effect asif heat were
aphysica entity.

+\We see thatincreasing thetemperature is
analogous to adding mor e product (in the case
of exothermicreactions) or adding more
reactant (in the case of endothermic reactions).




Effect of Temperature Change

+ For example, consider the following generic
exothermic reaction.

reactants—— products+" heat" (DH isnegative
“reactants” “products’ + |ncreasing temperature

would be analogous to
adding more product
causing the
equilibrium to shift
left.

Effect of Temperature Change

+ For example, consider the following generic
exothermic reaction.

reactants

products+" heat" (DH isnegative

“reactants” “produgts’ # Since “heat” does not
| | appear in the
~ ~ equilibrium-constant
expression, thiswould
result in asmaller
— numerical value for
K

o

Effect of Temperature Change

+ For an endothermic reaction, the
oppositeistrue.

"heat"+reactants ——= products (DH ispositive

+ | ncreasing temperature
would be analogous to
adding more reactant
causing the equilibrium
to shift right.




Effect of Temperature Change

+ For an endothermic reaction, the
oppositeistrue.

"heat"+reactants —— products (DH ispositive

‘reactants’ “products” & This resultsin more

] | product at equilibrium

~ ~ resulting in alarger
numerical value for
K

o

Effect of Temperature Change

+ S0, in summary:

+For an endothermic reaction (DH positive) the
amounts of products are increased at equilibrium
by an increase in temperature (K islar ger at
higher temperatures).

+For an exothermicreaction (DH isnegative) the
amounts of reactants are increased at equilibrium
by an increase in temperature (K issmaller at
higher temperatures).

A Problem To Consider

# Carbon monoxide is formed when carbon dioxide
reacts with solid carbon (graphite).

CO,(g) + C(graphite) 5 2CO (g); DH° =172.5kJ

Is ahigh or low temperature more favorable to
the formation of carbon monoxide?

+The reaction absorbs heat in the forward
direction. That is:

HEAT + CO (g) + C(graphite) 5 2CO (g)




A Problem To Consider

# Carbon monoxide is formed when carbon dioxide
reacts with solid carbon (graphite).

CO,(g) + C(graphite) 5 2CO (g); DHe=172.5kJ

Isahigh or low temperature more favorable to
the formation of carbon monoxide?

+Asthe temperature is raised, reaction occursin
the forward direction.

—
HEAT + CO (g) + C(graphite) 5 2CO (g)

A Problem To Consider

+ Carbon monoxide is formed when carbon dioxide
reacts with solid carbon (graphite).

CO,(g) + C(graphite) 5 2CO (g); DHe=172.5kJ

Is ahigh or low temperature more favorable to
the formation of carbon monoxide?

+Thus, high temper ature ismore favorable to
the formation of carbon monoxide.

—
HEAT + CO g) + C(graphite) 5 2CO (g)

Effect of a catalyst

= A catalyst isasubstance that increasesthe
rate of areaction but isnot consumed by it.

+|t isimportant to understand thata catalyst has
no effect on the equilibrium composition of a
reaction mixture.

+A catalyst merely speeds up the attainment of
equilibrium.
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Key Equations

_[Co”  _[CIIDY

° [A]BP [A[B]

Operational Skills

= Solving equilibrium problems

= Applying Le Chatelier sprinciple

Timefor afew review questions.

ZEN CcAT
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