n
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3)

Le Chatelier’s Principle Worksheet

For the reaction below, which change would cause the equilibrium to shift to
the right?

CH.(g) + 2H:8(g) <> CSa(g) + 4Ha(g)

(g)  Decrease the concentration of dihydrogen sulfide.
[13)] Increase the pressure on the system.

(c) Increase the temperature of the system.

(d)  Increase the concentration of carbon disulfide.

(e)  Decrease the concentration.of methane,

What would happen to the position of the equilibrivm when the following
changes are made to the equilibrium system below?

2503(g) > 280:(g) + Oxlg)
{a) Sulfur dioxide is added to the system.
(by . Sulfur triexide is removed from the system.

(e)  Oxygen is added to the system.

‘What would happen fo the pesition of the equilibrium when the following
changes are made to the reaction below? o

2HgO(s) — Hell) + Oa(g)
(a) HgO is added to the system.

(b}  The pressure on the system increases.

4)

5)

6)

‘When the velume of the following mixture of gases is increased, what will be
the effect on the equilibrium position? .

4HCI(g) + Ox(g) <> 2H:0(g) + 2CL(g)

Predict the effect of decreasing the volume of the container for each equilibrinm.
() 2H;0(g) + Na(g) < ZHa(g) + ZNO(g)
(B)  Si0y(s) + 4HF(g) < SiF4(g) + 2H0(g)

() CO(g}+ Hag) < C(s) + H:0(g)

Predict the effect of decreasing the temperature on the position of the
following equilibria.

(a) Hig) + Ch(g) <« 2HCHg) + 49.7kJ
(b} 2NHi(g) «> Na(g) + 3Ha(g) AH=372kT

{©  COg) +H:O(g) «> COg) + Hy(g) AH=27.6k]



Keq WORKSHEET #1

4,

A reaction vessel with a capacity of 1.0 litre, in which
the following reaction :

802y + NOz g <===> 803+ NO (g)
had reached a state of equilibrium, was found to contain
0.40 moles of SO , 0.30 moles of NO, 0.15 moles of NO- ,
and 0.20 moles of SO:. Calculate the equilibrium constant
for this reaction.

Given the equilibrium 2 Ay + B <—==> Cy +3 Dy
and the concentrations [A] =2.0 M, [B]=0.50 M, [C] =0.25 M
[D]=1.5 M, calculate the value for the equilibrium constant.

Consider the following equation Hj g + L <= 2 Hly

Calculate Keq if at 300°K the concentrations are [Hz] = 0.40 M
[[z]=045M;[HI]=030M

The equilibrium constant for the formation of ammonia by the

reaction Nag+3 Hagy <===>2NHa(y is2.0ata

certain temperature. If the equilibrium concentration of N2 in
a mixture is 0.50 M and H; is 2.0 M, determine the
concentration of ammonia.

At 2000°K, a mixture of Hz, Sz, and H,S rapidly reaches a

state of equilibrium represented by the equation :

2HoS ¢ <===> 2Hp+ Say
An analysis of the equilibrium mixture in a 1.00 litre flask
reveals the presence of 2.00 moles of HaS and 1.00 mole of Ha,
If the Keq for this reaction at this temperature is
1.62 x 1072, how many moles of 8; can we expect to find in
this flask ?

6. The equilibrium constant for the formation of CO; by the

reaction 2 CO )+ Oz <===> 200z is

1.0 x 10*. If, at equilibrium, the concentration of CO2
is 3.0 M and the concentration of O is 9.0 M, calculate
the concentration of CO.



tis a word you hsar ali the time. Gat off

a wild camival ride and it takes 2 while

to restorg your sense of equilibrium,

The directions for setting up a new fish

tank advise you to wait until the water
reaches equilibrivny before you add fish. When
growing communities finatly see popufation
increases level off, the news might repart the
area population is nearing equilibrium.

Have you heard the word in science
class? Physical science classes sometimes
talk about levers and pivais at equilibriura.
Astronamers dzbate whether the universe i
expanding, contracting, er teaching an equi-
libgiurm. And one of the most impartant and
reported discussions in science is about the
atmosphere and climate change: What is hap-
pening to the Earth’s atmosphere that might
upset its equilinrium?

It's easy to get confused maeE a sua

an equifibriurm, When a poualatic
ing, the number of pzaple new

at mﬁ_a and %__8_.5 rates. Equal opposing
actions, That's equifibrium.

PHOTONILE

is constant. You am:n chiaring % find that
e amount ﬂmf:n bﬂma mw m_ﬂ So,

Wrang! Sciantists call tis situat g a

2L

&smaa equitibrium. Ea understanding row

chlorine in the ﬁur stabilizes. e_nm_w f the
chlorine has _mn the ﬂm_... so the a._.m of chilo-

23 Deg

23 Jan

Maps of chemical concentrativng frarm Aura’s Micrawave Limb Scunde: Instrument he
above are the cancentratinas of hydragen hloride [top), chloring monaxide (center),

easy to get ihe impression that reactions only
go in one direction. In fact, the way most text-
hooks shaw and represent reactions in written
equations just reinfarces this cne-way-stieet
idea. Take the reaction of hydrogen with oxy-
gen. When hydrogen burns, it reacts rapidly
with axygen, giving off a great deal of enargy.
The reaclion is usually represented as

2H; + 0z = 2H;0 + Heat

The way it's written, it looks like tha
hydrogen reacts with the oxygen and makes
water unti the reactants run out. End of the
story. But, again, the system is nat that sim-
ple. It turns oul that the reverse reaction can
alsa happen, Given enough energy input,
water can break dawn inte component hydro-
gen and oxygen atoms. But since water is so
stable, it doesn't happen often. In this reac-
tion, equilibrium is reached when virtually all
the raactants have bean used up, lowering the
formation of more water to almost nothing,
This action is opposed by an equal vanishingly
small number of watér moleciles breaking
down intg separae atoms. 's 2n equilib-
fium—a dynamie equilibrivm.
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Some chemical reactions, however, are
a ditterent story! The reaction of hydragen
with sitrogen ta make ammania is a good
example. The formula for this reaction is
always written as

3Hz « N2 2 2NH;

Why the different reaction arrow? Under
typical standard conditions, equilibrium for
this reaction is reached weli before ail the
reactants are consumed. With the double
arrow, the chemist shows that when a reac-
tion “stops happening”, it has reafly just come
o an equilibrium of the forward and reverse
reactions. The reaction for making ammonia
(NH3)—a companent in fertilizers and other
products—is very important. Chemists
worked for many years 1o leam how ta shitt
this equilibrium to favar the products. As a
tesult, industry can produce vital ammonia in
a cost-gitective manner,

The idea of a shifting equilibrium is
another impartant cancept. Think back te aur
exampie of the population ia 2 cc ity. The

HASRAPL

Ip us betler understand the camplex equilibria of the atmosghare, Shown
and ozone (battamy tar sefested days during the 2004-2605 Arclic winder.

finally balanee the rate of people entering the
arey, establishing a new dynamic equilibrium.

In a similar way, a chemical equilibriom
can shift. It may be influenced by factors fike
increasing the concentration of reactants,
remaving products, and changing the prassure
or temperatore. This arinciple was summa-
rized in the late 19th century by French
chemist and enginesr Henti-Louis Le Chatelier,

The chemistry of the Eart's atmosphere
containg many examples of various equilib-
rium systems, each complex on its own, But
they becorme even more complex when the
relationships among alf of these chemical sys-
terns are taken into account. We would have
Tewer warries if the atmasphere retained its
leng-term equilibium. But such is not the
case. Natural and human-generated changes
are constantly influencing our atmosphere,
making it essential for us 1o study and under-
sland the complex web al chemical rezctions
that define our atmosphere.

Examples of various systems and factors

population number may be in equilibrium for a
long time. But suppose something happens to

that infl their equifibrum abound.
Consider the ozone (O) layer in the
stratosphere. The ozone layer is impartant

Taka the example of the
fish tank. Perhaps you fifl the
tank with water from your tap

to the community is greater

3o why doesn't this discussion coms up
than people leaving the com-

when the texthock deseribes the reactien af

shitt ane of the rates—like maybe a new
Industry moving intg the area. This might

becavse it absarbs and screens oul 2 partian
of the uitraviolet light caming from the sun.

avery small amount eqlering the-water. The

munity. Babies are borm; new
people move in; numbers
grow. 8ut that's not the whole
stary, At the same time, people
mavé away and peopls die.

GG EAILSEH N CLOLET HET

and find it is fairly cold ard
tontains a lot of dizsolved

chlaririe. As you let it sit for a

few days

the temperature

leaving and entaring _.m,m.'mm are th
that's dynaric equiliprign.
Now thirk about fie n_._ma_nurmmncnzm

you've cbserved and %wn ibad zmmmm It's

hydrogen with oxygen? It is because this
reaction, like many others you are learning
about, is so favarable ta the formalion of
products that if is harely worth mentioning
that the reverse reaction is also taking place.
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cause the rate of people maving into the area
to increase, faising the population. Sventualiy,
this higher popudation will resutt in crawding,
housing shortages, antt even higher death
rates. As a result, the rate of peopls leaving will

httg:fichemistry orgleducation/chemmattars. himt

Withaut the ozone layer, ths amouni of UY
reaching the sarth’s surface would reach dan-
gerous levels. This thin layer of O3 reaches
peak cancentration in the upper atmasphere
Getween altitudes of 19 and 23 km.



0zane farms when ultraviotet light fram
the sun breaks oxygen malacules apart. This
atomic axygen can join existing 02 mole-
cules to form Oa. By a reverse reaction,
chemigals in the upper atmosphere cause
the ozone to break apart. During times of
increased sunspot activity the amount of
ultraviclet light from the sun increases. This
increase in UV light increases the rate at
which ozong is formed.

By these naturally opposing reactions,

This is exactly what was ohserved in
the 1970s. Chemists noticed that the cen-
centrations of ozone were decreasing—uwell
beyond what cauld be explained by natural
pracesses. it was soon discovered that the
concentration of ozone-depleting Substances
was increasing, mosty due to human use of
gases for refrigeration and spray can prod-
ucis. Fortunately, worldwide efforts ta
reduce production and use of these damag-
ing substances seem to be helping, and

the net effect is this: More ozone
leads to mare ozone breaking down. The
equikibrium is reestablished at a hifgh con-
centratian of ozang. But the apposite shift
can aiso happer. An increase in the concan-
tration of substances thai react with ozone
to break # down can increase the rate of
ozane destruction. If the rate of ozane for-
malien staye canstant, then the total amount
of ozone will fal} until the rate of destruction
{alls and a new equilibrium is established at
& lower ozone congentration.

¥

recent indicate that the ozone
concentrations may be stabilizi

At the same time, scientists have
observed & cooling in the stratesphere. This
tmay be, in part, due to an increase in the
insulating layer of gresnhouse gases (Hs0,
G0z, CHy, Ca, N20, and others). Their
ingrease in concentration means less solar
energy is radiated back into the upper atmos-
phere as heat. When temperatures drop
below —88 °C, thin clouds form. The presence
of stratespheric clouds in the pelar regions

appears to increase the rate of ozene destruc-
tian. The surface of ice crystals in the strato-
sphieric polar clouds can accelerate reactions
hetwaen O and substances that destroy
ozone, The averall effect is a shift in the equi-
libtium and a decrease in the ozene levels at
the Earth’s polas.

Cn a global scale, 2quilibrium gets very
complicated. System after system, changes
aceUr in infricate and sometimes unexpected
ways, both in response to natural conditions
and also because of human action. Aura and
the ather scientific sateflites in orbit are gather-
ing data that will play a crucizl role in develop-
ing an understanding of our atmosphere. As
hard as it is, understanding these gquilibria and
fiow one thing leads to another is a vital step in
geciding strategies for preserving the lives and
well-being of all who call this planet home. A

Michael Tinnesand is associate directer for
JAcademic Programs at ACS and formery taught
chemistry in Hillsbara, OR.
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