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Chemical Equilibrium Grade 11

Section 1:
N2 + 3H2g = 2NH;3

Reactant and Product Concentration v. Time

Concentration

—— TG —

The concentration of the product, NHs, is zero at the start and gradually increases
with time.
The reactants, H, and N,, are consumed in the reaction, so their concentrations

gradually decrease.

After a period of time, however, the concentrations of H,, N>, and NH3 no longer
change. All concentrations become constant.

The concentrations of H, and N, are not zero, so not all of the reactants were
converted to product

How does reversibility affect the production of ammonia?

Decreases in the concentrations of N, and H, cause the reaction to slow.

'3‘< 0 0% © DD @ceos © Sepo
O///of’g(/\/)f/') © Sog OF° /@»Q@O
ch o @ r : C‘/NHg ©® /J,\ © 0(60 o0 O
® C/" Jo° o //QO(/O ©® 0o © ’)J,;/@ ©
/"O OOCJ (;'OOO '/0 ® 3@0 @)f”‘g (:/
O N +3H(0 O Na(9) + 3H,(0) = 2NH;(g) O N(@) +3Hy(g) = 2NH;(@) @ N;(g) + 3H,(g) = 2NH,

The reaction reaches equilibrium in figure ...................



A reversible reaction is a chemical reaction that can occur in both the forward and
reverse directions, such as the formation of ammonia.

Forward: N2(g) + 3Hz2(g) —  2NH3(g)
Reverse: N2(g) + 3H2(9g) <~ 2NHs3(g)

Reversible reaction N2(g) + 3H2(g) = 2NH3(g)

What is equilibrium?

- Chemical equilibrium is a state in which the forward and reverse reactions
balance each other because they take place at equal rates.

- Equilibrium is a state of action, not inaction.

Example: g’ ﬁ .
uq Sie h -”.. ® o 0,\1

bt °0 .v'. "
os‘ e < :o °o°

The dynamic nature of equilibrium: The reaction doesn’t stop but continue in
equilibrium state

At chemical equilibrium, system must be : : ot O MBI Y A aie
A) Opened v LW s A) gsike
B) Static = - - — B) oSus 2
C) dynamic ¢ ( F - C) S
D) Nothing true - - — - - D) amnadilal 2 ¥




Which describes a system that has reached chemical equilibrium?
A. No new product is formed by the forward reaction.
B. The reverse reaction no longer occurs in the system.

C. The concentration of reactants in the system is equal to the concentration of
products.

D. The rate at which the forward reaction occurs equals the rate of the reverse
reaction.

A reaction is in equilibrium when:

A. there are more products than reactants

B. the amount of products equals the reactants

C. the rate of the forward reaction is greater than the reverse reaction

D. the rates of the forward and reverse reactions are equal

Which of the following is NOT a characteristic of el el Galliad Ga el Gl laa
chemical reactions that reach equilibrium? o1 A ) Jeas AN
 The reaction must take place in a closed system e ol 3 Jelil Caoay of o
b. The temperature must remain constant a5 ) all da jo A8 ol s
.. All reactants and products are present, L 423U o gt g Alelind) o gl L35 o Gany
and they are in constant dynamic motion A 45U aS n A
4 The reactants and products must be Al o o Aeland) o o) 5685 o aa
in similar physical state IPER-IPE: FRT PL Nt

What happen to the concentration

5 & ll_ = =N & |L
Or N2 at the chemical equilibrinm? 4 NSO fm |
A Decrease A) Ju

B) Increase B) .

[ Beactant and Product Comerstration v Tome |
C) Constant >< o et

D) Nothing true fome . D) anaddal a g ¥




What happens in the region B in the graph ol an Il 3 B dakaiall i Caaay 13l
below for the reaction?

e e il sl
* The concentrations of the reactants equal & e Rk e oy e
)3l gl 580 g ) ol gl 38
the concentrations of the products RS ok 0 g o NN W oo 005
. The concentrations of the reactants and products . G S i it "
. Baaine constant adp A0 A3l o ) g Uelindl ol gl 381 5 mpal
<. The concentrations of the reactants decrease, 2l ol ol S 8 55 e Aol o o) ) 5l
and the concentrations of the products increase AL 58 53, Il 815
The concentrations of the reactants increase 3 g, B
: & g g = me oW s
9 and the concentrations of the products decrease Al okl 3813 iy Aeliial a1

Depending on the corresponding drawing, which of the following options represent

the correct order of concentrations of substances

A, B, C when reaching the state of equilibrium?

Progress of a Chemical Reaction

a. [C] > [B] > [A]

b. [A] > [B] > [C]

c. [C] > [A] > [B]

d. [C]=[B]=[A]=0

m— (oncentration




Equilibrium Expressions: Some chemical systems have little tendency to react,
others go to completion.
The law of chemical equilibrium: at a given temperature, a chemical system might
reach a state in which a particular ratio of reactant and product concentrations has
a constant value. ]
c
aA +bB = cC+dD eq:[C]a[D]b
[A]"[B]
The equilibrium constant, K.q, is the numerical value of the ratio of product
concentrations to reactant concentrations, with each concentration raised to the
power equal to its coefficient in the balanced equation.

Keq > 1: Products are favored at equilibrium

Keq < 1: Reactants are favored at equilibrium

e The value of Keq is constant only at a specified temperature.

- Which of the following equilibrium constant values shows that raction has larger amount of
products at equilibrium ?

A. 0.100 C .0.025
B. 0.500 D .4.50

The state in which the forward and reverse chemical reactions take place at the same rate is
called

A. Le Ch atelier’s Principle

B. Henry’s Law

C. Charles’s Law

D. chemical equilibrium

1. Anychangein ___ resultsin a change in Keq.
A. temperature
B. pressure
C. volume
D. concentration



Homogeneous equilibrium
All the reactants and products are in the same physical state.

Ha(g) +12(g) © 2HI(g)
[HI]?

Kegq= ———
[Hz][1:]
Write equilibrium constant expressions for these equilibria.
a. N204 (g) = 2NO2(g) b. 2H2S(g) = 2H2(g) + S2(q)
c. CO(g) + 3H2(g) = CH4(g) + H20(g) d. 4NH3 (g) + 502 (g) = 4NO(g)+ 6H20(g)

e. CHa4 (g) + 2H2S(g) = CSz2(g) + 4Hz2(g)

2. Challenge Write the chemical equation that has the equilibrium constant expression

Keq= [COJ2[02]
[CO2]2

What happens to Keq for an equilibrium system if the equation for the
reaction is rewritten in the reverse?



Heterogeneous equilibrium

The reactants and products are present in more than one physical state.

C;Hs0H(g)

]

- Ethanol in a closed flask is represented by
o CoHsOH () = CoHs0H ().
C,HsOH(1)

. C,HsOH()

Why solids and liquids are not mentioned in Keq expression?

Solids and liquids are pure substances with unchanging concentrations

Write equilibrium constant expressions for these heterogeneous equilibria
C1oHs(s) = C1oHs (9) C(s) + H20(g) = CO(g) + Hz2(9)

H20(I) = H20(g)

FeO(s) + CO(g)= Fe(s) + CO2(q)

CaCOs (s) = CaO(s) + CO2 (g)

2NaHCO3 (s) = Na2COs (s) + CO2 (g) + H20(g)




Which of the following reactions represents Soalata ol 33 J1d A0 el

a homogeneous equilibrium?
a. C;Hs0Hgy = C,H5O0Hg,

H;0) ¥  Hy0q,

Hag) + 129 = 2Hl,

d. L) & ly

What is the equilibrium constant expression T A Jeliall o 3 b s L
for the following reaction?

F30(5}+ CO{Q) = FE{S] + CO‘:(S]

_[co,]
“ [co]

_ [Fe][CO,]
®d " [FeO0][CO]

[Fe]
Kea = TFe0]

_ [co]

Kea = [C0,]



Which is NOT an example of a homogeneous equilibria?

A. Ha(g) +12(g) <> 2HI(g)

B. 2H:(g) +02(g) <> 2H:0(g)

C. HCl(aq) + NaOH(aq) <>NaCl(aq) + H.0
D. CzHsOH(l) €3 C:HsOH(g)

What is the expression for the equilibrium constant for the reaction?

COy + IH2yg 2 CHyg + HaO

[CO) [Hz]

A Kea = [CH4] [H20]
c. Kig= %
d. Ko = %

In the following lable, what is the correcl equilibrium

constant expression for the corresponding reaction? Salla)
Oyl yues Jolil
[ H,][1,]
_— Hzlg) + I2(g) = 2HI(g)
[ Na,CO][CO,][H0] | 2MaHCO;ls) = NasCOsls) + CO,(g) + H;0(g) 5
[NaHCO,)*
[CHIHO] | o
[CO][H2]3 O(g) + 2(8) N H4(8) + 20(8) C
ifin (s) (s) + CO,(g)
b D
(CaO)] CaCO;ls) = CaOls) + CO,lg




Equilibrium Constants
For a given reaction at a given temperature, Keq Will always be the same regardless
of the initial concentrations of reactants and products.

Hz2(g) + 12(g) = 2HI(g)
1IEL 1N r A Bl Experimental Data for HI Reaction Equilibrium

- Initial Concentrations Equilibrium Concentrations “

. HI]2
Trial | Halo(M)  [alo(M)  [HIo (M) | Halea (M) [laleq (M)  [Hileq (M) ﬁ = Keq

[18682)2

1 1.0000 2.0000 0 0.06587 1.0659 1.8682 m = 49.70
389502

2 0 0 5.0000 0.5525 0.5525 3.8950 m =49.70
[1.7515)2

3 1.0000 1.0000 1.0000 0.2485 0.2485 1.7515 m =49.70

What is the value of Keq for the equilibrium: COg + 3Hzg 2 CHyg + H2Oy
il you know that: [CO] = 0.0613 mol/L, [H;] = 0.1839 mol/L, [CH4] = 0.0387 mol/L,
[H:0] = 0.0387 mol/L
a. 7.526
b. 3.928
c. 1.384
d. 0.133

Determine the value of Keq at 400K for this equation: PCls(g) = PCls(g) + Clx(g)
if [PCls ] =0.135 mol/L, [PCl3 ] = 0.550 mol/L, and [Cl, ] = 0.550 mol/L.




What is the value of K, of the following A Jeliall K, 4l
reaction? N204,) = 2NOy(
b VIV e 3 ol e
[N,0,] = 0.0185 mol/L
[NO,] = 0.0627 mol/L

The equilibrium concentrations are:
[N,0,] = 0.0185 mol/L
[NO,] = 0.0627 mol/L
0.213

0.00545

3.39
1.70

The table below shows the value of the equilibrium constant for a reaction at three

different temperatures. At which temperature is the concentration of the products
the greatest? Explain your answer.

Keq and Temperature

263 K 273 K 373K
0.0250 0.500 4.500




Section: 2 Factors Affecting Chemical Equilibrium (Le Chatelier’s Principle)
Le Chatelier’s Principle: If stress is applied to a system at equilibrium, the system
shifts in the direction that relieves the stress.

Stress is any kind of change in a system that upsets the equilibrium.

If a stress is applied to a system at equilibrium, Aladll dal 1 a5 o 3 Alla d aUa e dea A 4513
the system shifts in the direction that relieves the stress. Al 1 e e palslasll 4
Hhis I8 OO ..cvicenssmmmauasbassiee eievveRebesii s s 128
a. |law of chemical equilibrium Sl N
b. Le Chatelier’s principle Al gl e
c. Aufbau principle sl fase
¢ Pauli exclusion principle EPYW | ') 8

1. Concentration:
Adjusting the concentrations of either the reactants or the products puts
stress on a system in equilibrium.

At Equilibrium: CO(g) + 3H,(g) = CH,(g) + H,0(g)

e T e e A T

0.30000 0.10000 0.05500 0.02000 3.933

2 0.99254 0.07762 0.06648 0.02746 3.933

e Adding reactants increases the number of effective collisions between molecules
and upsets the equilibrium.
The equilibrium shifts to the right to produce more products.

¢ Removing reactants decreases the number of effective collisions between
molecules and upsets the equilibrium

The equilibrium shifts to the left to produce more reactants.

Stress is relieved by shifting to the left, converting products to reactants.

CO(g) + 3H;(g) = CHalg) + H:0(g)

Equilibrium shifts to the right. Equilibrium shifts to the left.
O - C0(g)+ 3H,(g) = CHy(g) + H0(g) 3 (cn ()4 3H:lg) = CHilg) + H:0(0)
'-iED{Q],' Add a reactant. Remove a reactant.

Remove a product.
P Add a product.

@ 00 +3Hlg = CH,(g) +H,0()- O  C0lg)+3H{g) > CHg) + H0@ - )
\ F.



What is the effect of adding more CO on

COG duas ALl 0L L
the chemical equilibrium?

? Al o1 5 e
CO (g) + 3 H; (g) =* CHa (g) + H:0 (g) CO (g) + 3 H; (g) +* CHa (g) + H.0 (g)
A) Equilibrium shifts left B) Equilibrium shifts right
C) No change D) Equilibrium shifts REVERSE

Adding product to a chemical equilibrium:

A. does nothing

B. creates a stress and shifts the equilibrium to the right
C. creates a stress and shifts the equilibrium to the left

D. causes more product to form



2. Pressure: (volume)
Affects gasses only

It works only if the number of moles of gaseous reactants is different from
the moles of gaseous products.

¥
-

Co-
CH,Q"

P
)
9
9

~— ey
The reaction Lowering the piston  As a result, more molecules
between CO and H, decreases the volume  of the products form. Their
is at equilibrium. and increases the formation relieves the stress
pressure. on the system.

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

¢ Increasing pressure shifts the system to the left, and more products are
formed.

- If the number of moles is the same on both sides of the balanced equation,
changes in pressure and volume have no effect on the equilibrium.

Explain how decreasing the volume of the reaction vessel affects each
equilibrium,
a. 250,(g) + 0,(g) = 2505(g) b. H,(g) + Cl;(g) = 2HCl(g)

c. N2 (g) + 3H2 (g) = 2NHs (g)

What is the effect of decreasing T sl G Y Je lkdall Gaudas 3l L
pressure on the chemical equilibrium?
H2 +l; = 2HI
H2 +l2 = 2ZHI
A) Equilibrium shifts left B) Equilibrium shifts right

C) No change D) Equilibrium shifts reverse



What is the effect of decreasing the volume of the

olial oY) dakail e Jeldd eleg ana Juli 80 L
reaction vessel on the equilibrium systems below?

CO(g) + 3Hz(g) = CHa(g) + H20(g) 1
Hy(g) + Cl,(g) = 2HCI(g) 2
2 The equilibrium 1 shifts to the right and the total Sl e 22 Juy Cuadl dga 1 00N 21
number of gas moles decreases

b The equilibrium 2 shifts lo the left Sl dgn 2 OV 2
c. The equilibrium 1 shifts to the left and the total

Sl Siga 222 33)sy bl dga 1 OV 20
number of gas moles increases

d. The equilibrium in both 1,2 shifts to the right Ol g 2 51 e US 2 OV 2l
What is the effect of decreasing the volume of the olial Gl 3 Bl e Jelial ele y aaa Jlis H35 L
reaction vessel on the equilibrium system below?

CO(g) + 3H2(g) = CHa(g) + H20(g)

The equilibrium shifts to the right

Ol dga OV 2155
CO concentration increases CO Sy
CH, concentration decreases CHs 385y
The equilibrium shifts to the left

S g 03V 5



3. Temperature
Affects Keq value

If heat is added to an equilibrium system, the equilibrium shifts in the direction in
which the heat is used up.

Exothermic Reaction Endothermic Reaction
g . . RaISE the == - = .
Equilibrium shifts to the left. empeure Equilibrium shifts to the right.
© CO(g) + 3H,(g) <= CH,(g) + H,0(g) + heat © heat + N,0,4(g) = 2 NO,(g)
Raise the temperature.
Equilibrium shifts to the right.  |ower the temperature. Equilibrium shifts to the left.

@ C0(g) + 3(g) = CH,(g) + H:0(g) O (fea) + M09 = 2 K0,

Lower the temperature.

Removing Heat (Cooling):

N204(g) — ZN()z(g) AH= 553 kJ

Decide whether higher or lower temperatures will produce more CH3CHO in the
following equilibrium. C;H,(g) + H,0(g) = CH3CHO(g) AH® = =151 kJ



What is the effect of decreasing
temperature in the previous reaction?
N;04 (g) == 2NO; (g) AH® = 55.3 kJ

A) Equilibrium shifts forward
C) No change

T sl O e B el A 0 i
NzOs4 (g) = 2NO;z (g) AH =553k

B) Equilibrium shifts right

D) Equilibrium shifts reverse

The figure below shows the following endothermic
reaction al equilibrium al room lemperalure.
What happens if the flask were placed in an ice bath?

Co(H:0)s™"1ag +4C faq

2 The equilibrium shifts to the right and the blue

color increases

b. The equilibrium shifts to the left and the pink color

increases

c. The equilibrium shifts to the right and the

concentration of CI” ions increases

d. The equilibrium shifts to the left and the

concentration of CoCl;* ions increases

3«-‘_}-1 4-'| .;,11_;!‘:!1" e .’.H:Jl 5)!}.\15 s.-""l"’"]'l Jelal slaal JELN E"‘"‘.E

TE.'G 4 eman 4__5' jj,.‘ﬁl T A H:I'_l Gana 1ila :\.‘I’n).-ﬂ Bl

= CoCly™ oq +6H,0p

&)

S sl 233y Csadl snd V) i

$oash Gl 33y Jldl ga SV 2By

CF 23,90 ciligl 35 333a9 (o) 33 I3V g

GG‘CI4-" .L]Ll.j._;i .»SJ:' J'IJ_:]_._l_’ _JL.....J.! ol Jb_,"ﬂ :H.J‘:'

What is the effect of lowering the temperature on
the following equilibrium?

Csz(‘)'#HzO(‘) = CH3CHO(‘)

% Produces more CH3;CHO

b Produces more CzH,

< The equilibrium shifts to the left

d. The value of K¢, does not change

£ A O e 5 el da o pais STl
AH™ = —151K]
CH3CHO (- 24 =
C2H; - 3540 g
Sl g O 2 5

Keg 4 i



Adding Catalyst:

catalyzed reaction reaches equilibrium more quickly, but with no change in the
amount of product formed.

Assessment:

1. How would each of the following changes affect the equilibrium position of
the system used to produce methanol from carbon monoxide and hydrogen?
CO(g) + 2H; (g) = CH30H(g) + heat
a. adding CO to the system
b. cooling the system
c. adding a catalyst to the system
d. removing CH30H from the system

e. decreasing the volume of the system.

PCI5 (g) = PCI3 (g) + CI2 (g) + heat (DISCUSS the effect on Keq value)

a. temperature increases.
b. some of the chlorine gas dissolves.
(effect of removing Cl, on [PCls])
2. EFFECT of cooling on

a. 203 (g) = 302 (g) + heat
b. heat + H2 (g) + F2 (g) = 2HF(g)



3. Whether higher or lower temperatures will produce more CH3CHO in the
following equilibrium.  CyH; (g) + H20(g) = CH3CHO(g) AH° =-151 kJ

4. Use Le Chatelier’s principle to explain how a shift in the equilibrium

H,COs(aq) = H,0(l) + CO; (g) causes a soft drink to go flat when its container is left
open.

5. The following endothermic reaction at equilibrium at room temperature.
Co(H20)6%* (aq) + 4Cl(aq) = CoCls> (aq) + 6H20()

Given that Co(H20)e?* (aq) is pink and CoCls?~ (aq) is blue, what visual change
would you expect to see if:

a. the flask were placed in an ice bath? Explain.

b. 10 g of solid potassium chloride were added and dissolved? Explain

6. The table below shows the concentrations of Substances A and B in two
reaction mixtures. A and B react according to the equation 2A = B; Keq= 200.

Are the two mixtures at different equilibrium positions?

Concentration Data in mol/L

eacion || B

1 0.0100 0.0200
2 0.0500 0.500




Which of the following factors will NOT lead to an A ol LS 30 ) g AN b gall 6
increase in the amount of substance produced?

CO(l) -+ 2“2 = CH30H(‘)

2. Adding CO to the system paill CO it
b. Removing CH3;OH from the system Al e CH30H 41 )
< Adding H: to the system il Hp 48l
d. Adding a catalyst to the system Alaill jlis Al

How is the equilibrium shift affected when chlorine gas Cl; is added to the

equilibrium system: PClsy, & PClyg + Cl .How is the value of K., affected?

a. the equilibrium shifts to the left, the value of K, does not change
b. the equilibrium shifts to the right, the value of K., does not change
¢. the equilibrium shifts to the left, the value of Keq decreases
d. the equilibrium shifts to the right, the value of K.4 decreases
) How is the equilibrium shift affected when PCls gas is removed from the equilibrium

system: 'Cls;,, & PCly + Clyy, .How is the value of K., affected?

a. the equilibrium shifts to the right, the value of K¢q decreases
b. the equilibrium shifts to the left, the value of I{Eq decreases
c. the equilibrium shifts to the right, the value of K. does not change

d. the equilibrium shifts to the left, the value of K.4 does not change



How is the equilibrium shift affected by an increase in temperature in an equilibrium

system? 20:,, & 30, + heat, how is the value of K‘,q affected?

a. the equilibrium shifts to the right, the value of K., decreases

b. the equilibrium shifts to the left, the value of K4 decreases

c. the equilibrium shifts to the right, the value of K4 does not change

d. the equilibrium shifts to the left, the value of K., does not change

How does an increase in pressure affect the equilibrium shift in an equilibrium system:

N2Oye & ZNOy), what effect does this have on the NO: concentration and K. value?

choice | equilibrium shifit [NOyg) K.q value
right increase decrease

b. left increase no change

C. left decrease no change
d. right decrease increase

All the following changes cause the equilibrium to shift

to the left in the reaction below except

3. Lowering the syslem temperature

b. Reducing the concentration of NO,

N2O4(g) = 2NOx(g) AH' =57.2K

c. Increasing the pressure

d  Reducing the concentration of N,O,

Jelal 3 sl dga ) OBV 25 qaped RGN sl pgan

sl 3)a i

NO, S5 Jda

Ll 5L

N,O, €5 Jds



