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CHEMICAL EQUILIBRIUM

G
* Many chemical reactions can be

REVERSED!

Use a 2-way ar w this.
SN w F—= P
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» Areaction can occur starting with REACTANTS

A reaction can occur starting with some
REACTANTS and some PRODUCTS

The final equilibrium is the same whether a
reaction begins with reactants or products
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N204(g)+ energy <==> NO2(g)

O

ENDOTHERMIC EXOTHERMIC ...

o F?ml?'“ complex

\produch

A reaction system must be (o)
reach equilibrium

+ +Although a reaction occurs forward &
reverse, conditions may FAVOUR one
reaction over the other
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Reaction Rate/Equilibrium note!

O
@ the Start:
* lots of reactants
« fast fwd rate
* no products
* slow (no) reverse rate
As the rxn proceeds
* less reactants
* decreased fwd rate
* more products
* increased reverse rate

Reversibility of Reactions

O

Over time...
 fwd rate decreases, reverse rate increases

Eventually...
» forward rate = reverse rate

*This is EQUILIBRIUM!
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Chemical Reactions...Graphically

O
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At equilibrium:

* concentrations are constant
« fwd & reverse rates are equal

Equilibrium is established when the lines are
horizontal & parallel.

Reaction Types

O

3 types:
— « COMPLETION

- all reictants turn into products

-5+« EQUILIBRIUM
* reactants make products and vice versa

—* does NOT OCCUR (no rxn)

———

» reaction will only occur in the reverse direction

* reactants can’t make products
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Graphical Examples of Rxn Types

O

B T

Start: [R] =0 Start: [P]=0  Start:[R]=0

Concentration (mol/L)

Time

Goes to Goes to Goes to
completion equilibrium equilibrium
T [R] < [P] [R] = [P]

Start: [R] > [P] Start: [R] > [P]
@ eq. [R]=[2P]  Rxn does not occur

Q»\/ R < —>

z

|+

P p >
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If a balanced rxn is provided...

O

the change in concentration is PROPORTIONAL
to the COEFFICIENTS.

N,O, <= 2NO,
Start: [R] > [P]
@ eq [R] > [P]

Graphing Practice

O

Draw a concentration vs. time graph for each of the
following conditions:
1. Start: [P]=0
@ eq. [P]> [R]
2. Start: [P] = [R]
@ eq. [P] = 2[R]
3. Start: [P] > [R]
@ eq. [P] > [R]
4. Start: [R] > [P]
@ eq. [P]1 < [R]
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Dynamic Equilibrium
O

Dynamic = changing
* rxn is occuring |
* molecules are changing (reactants <-> products)

* MICROSCORPIC properties are changing

Equilibrium = not changing
* no visible changes
* MACROSCOPIC properties not changing

Conditions @ Equilibrium

O

1) forward & reverse rates are EQUAL

2) concentration of reactants and products are
CONSTANT
* may or may not be equal

3) temperature is constant

4) pressure is constant

5) closed system
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Equilibrium can be achieved from either direction
* can start with either reactants or products

Systems not @ equilibrium will tend toward a
position of equilibrium
« they naturally will go to equilibrium

If more reagents are added, the rates will be
unbalanced. The rxn will work to go back to
equilbrium

/ ng@

Enthalpy

O

» the heat content of a chemical system
* reactions tend in the direction that GIVES
OFF energy (EXOTHERMIC direction)

* reaction tends in the direction of MINIMUM
enthalpy =

——

equilibrium Page 9



Entropy

O

* the randomness that exists in a system
* reactions tend in the MOST RANDOM direction

* least random =S

*s 2> | 2 aq 2 g (most random)

» more particles of the same state = more random
» reaction tends in the direction of MAXIMUM
entropy

M‘mM* by T. McCracken
~ " o % "

4 . N
(i / 7 A
s e, ~| 11 o
o/ &Y ) 1 1 | :

‘ﬁ }Dh.nmn:‘:ﬁ N
The Entropy Institute.
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Uses of enthalpy & entropy

O

To predict which direction of a reaction is favoured
» favoured side

* has the greatest concentration

To know the reaction type
- completion F\;—% s

« equilibrium { —
* no reaction 0 2’; P

Examples
O =
1) H,0p €= H0p+ heat A
enthalpy: —
entropy: &—

favours: Neifber
net result: £ g ~ilerin~
2) 2HIlg +9.4 kd € Hyg + Iy
enthalpy: &—
entropy: N eilher

favours: [ .,/
netresult: 4/, rxn.
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3) Nag, + H0p € Na* g + OH " oo + ¥ Hyg +

(aq)

Bt energy
Enyw\pv C()w'old’ﬂ)/\ :

4) Nyg +20, + 67.6 kJ € 2NO,,

Bt No A7

5) 2N026—) N204+ energy
- ~ ol

é_” Enl'voii gﬂ/ -

E/\J/L«.\fkf

Even if ALL factors favour the sam!
direction, the reaction may NOT
OCCUR unless ACTIVATION

*ENERGY can be achieved! *
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Equilibrium Practice

‘Show the enthalpy & entropy direction. What type of |
rxn is each? /

1) Cogg + 2Hy) € CHyOH,, + 141 kJ [y ]

2) 2NFly g + 92 ki € Nygg) + BHyg (s B ~

3) 205 € 30, + 300 kJ Comp’

4)2C .+ Oyq) € 2CO, AH=-400kJ C

5)/Fe203(s) +3CO € 2Fe(s) +3€0,, +24kJ ok C

3'ero(.) E5 H,S0, et AH= 84 K] WEE =

BaS4 <> BaO, +SO,g) AH=225k) £

8) 2NO + Oy € INOyg) +113.4 k

9) Ca(OH), € Caly + H,0, AH=67kI £

Factors Affecting Equilibrium

The 3 factors are:
—=  concentration l

- temperature m - . 1

* pressure ]

ey

If any one of these is changed, the reaction will try
to counteract the change and re-establish
equilibrium.
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Le Chatelier’s Principle

O

When a system in equilibrium is
subjected to a disturbance that
upsets the equilibrium, the e
system responds in a direction _
that tends to counteract the
disturbance and restore
equilibrium.

Concentration

O

Add or remove a reagent = concentration change

Make a change, the rxn will do the OPPOSITE to
re-establish equilibrium.

You increase conc”"
*rxn decreases conc”"

You decrease conc"
* rXn increases conc”n
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How does a rxn RESPOND to a CHANGE?

O

The reaction uses up the chemical you added by
SHIFTING in the direction (FAVOURING the rxn)
that will use that chemical
« therefore the reagents on the other side of the
rxn are produced & their concentration
increases

Concentration Example

What did you do? (e odded He

What does the rxn need to do? - CH]

Which way will the rxn shift? Siets -righd”
« which rxn is favoured? FLev .

What will happen to: See
s H? L, evendl T hyT Criphing
« INJ? O
* [NH]? ¢

One change affects the whole system!
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H’L ""\)‘L - ‘ZNH'

Graphit...
O
543
S e | TS—
S| na
=
3 & B}
(.8) ST B s
N §x=

T # >
@Md’l\u-p, @ﬁ-ﬁa%”—j (35 QQMDVL l\J-,/

3H2(g) + Ng(g) <> 2NH3(g)
2.Add NH,

Al 3 Che~ieals 7\ [ j

3.Remove Nz(g)
N, + Ny b
b T
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Temperature

Increase or decrease the temp of the container
* can’t change one reagent unless it is
heated or cooled BEFORE mixing

Make a change, the rxn will do the OPPOSITE
to re-establish equilibrium.

You increase temp
*rxn decreases temp (endothermic shift)

You decrease temp
* rxn increases temp (exothermic shift)

Cobalt chloride solutions @ different temperatures
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Temperature Example

O

3H,q) + Nyg) €2 2NH; ) + energy
1.Increase temperature
What did you do? T }fer/-
What does the rxn need todo? | {1 ¢~/
Which way will the rxn shift? | o +
* whichrxn is favoured? | ,( |
What will happen to:

© [H]?
« [N,]? I
* [NHsl?\L

3Ho + N, = 2WHy f E

Graph it...
i (
g \/\2 , +5
S [
o IR -
E L
© ,
0 '
8 |
O NH, |
57<’L ﬁ

TS Time /- -
(D ey E
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3Hy(q) + Nag) €2 2NHy g,
2.Decrease temperature

Cxen shibls right

mp
)

Pressure/Volume

Pressure & volume work in opposition
* increase pressure, decrease volume...

Change in pressure/volume causes a change in the
concentration of ALL reagents

You increase pressure/decrease volume
* rxn shifts to do opposite (shifts to side with
LEAST micls

You decrease pressure/increase volume
* rxn shifts to do opposite (shifts to side with

%
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Volume/Pressure Example

O

3H,q) + Nyg) €2 2NH; ) + energy
1.Decrease volume/ Increase pressure
What did you do? * P
What does the rxn need to do? P
Which way will the rxn shift? K igh '
* which rxn is favoured? y
What will happen to:

© [H]? 7
. INJ? T
© [INH? T

@ wm‘g‘
ey, By = (20003,

Graph it...

g 1~ T - =T
S ‘_M'WK
"5 M
=
@
o o
5 N s >
@)

T T T >

ore & Time
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3H,g) + Ny €2 2NH; ) + energy
1.Increase volume/ Decrease pressure

Z—Ol/ 7L(‘~—-f) #)“jl\ p

M i —tco NH} FWOO{MCHL‘\O’\‘

R
C
k
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Pure vs. Impure Liquid

O
Pure liquid:

« of all reagents in the rxn only ONE is liquid, it
is PURE

Impure liquid:
* more than one of the reagents is a liquid, they
will mix and therefore, are impure

Only graph gas, aqueous, & impure liquids on
graphs, they are they only states affected by the
changes.

Equilibrium Expression

O

Remember: @ eq. concentration of reactants &
products are constant

Consider the rxn:
iA+Bé%C+D X

scientists know that:
[C][D] = constant = K@V
[A] [B]

* called an EQUILIBRIUM EXPRESSION
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Equilibrium Constant

O
eq = Constant
* equilibrium constant
 every rxn has its own unique constant
« each constant value is for a SPECIFIC
TEMPERATURE

K

Generally,

Keq = [Products]

[reactants]

Equilibrium Expression Examples

| O W, JLco
1. HOq +COq €2 Hyg + COp |/, ~ - Q‘/Ll
v Cu,6)Cco ]

v - C el ) [Cl )
v T (ecls

* the COEFFICIENT is written as an EXPONENT
in the equilibrium expression B &
3. Hyg + Faq € HF ) + HF g, CueJCu FJ B CHF]

Ko ™ To)CRD oo 0e)

or: Hiiil + Fiiii €2 2HFiii

2. PClgg €2 PClyg, + Clyg,
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NOT INCLUDED in the expression
4. Caky, € Ca*?,, + 2F1

Solid
« Substances with a constant conc” are NOT
INCLUDED in the expression. Includes:
« solids

(aq)

* pure liquids C W (grj -
5. Bry + Hyq €= 2HBr, J@U =

i CH )

\‘\C\/"‘}(A

A

6. CH,COOCH;, + Clyg €= CH,COCH,CI,, + HCl,
Ko - cehycoch,c ) CHaD
\60V
[ty Coochy )T Cl |

\
7. Clyg + ;44(—9 crsép( |

k&\/ - EC\%B

REMEMBER:
Keq is @ constant
« only changed by TEMPERATURE
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Info from K,

AN
Large K4 (>1) @
* rxn favours products
* rxn tends to go fwd (more than reverse)
- [P]1>[R] @ eq.
Small K, (<1)
* rxn favours reactants
* rxn tends to go reverse (more than fwd)

*[PI<[R] @ eq.

Keq = 1
*[PI=[R] @ eq.
. very rare

@ R 4 \/\zan — \D
More K.,

| Keq Values can help to dete@ne whether a rxn is

exothermic or endothermic. @ R j {3 Lheat
@- EXOTHERMIC rxns:
« decrease temp = increased K,

@- ENDOTHERMIC rxns:
« increase temp = increased K.,

Pressure only affects gaseous systems and the number
of gas micls must be different on each side of the rxn.

Adding a catalyst has NO EFFECT on the position of
equilibrium. Just get to equilibrium faster.
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K., Calculations

O

1. At55°C, the Keq for the following reaction is 1.15.
2N02(g) > N204{g)
At equilibrium, there is 0.50 mol/L of NOz(g).
Calculate the [N,O,] at equilibrium.

(0. s0)"

v Cr.0)
2 CV\’O“:XL
1g = o CN0a )

2. Consider the following reaction:
N,O4q) €= 2NO,
Calculate K, if, at equilibrium, [N,O,] = 0.20M
and [NO,] = 0.60M.

g

CNOD—)L/ (O.CO'S .

- - — - —
Con

C/\)q/o“‘ CO/»C)‘”\)
ﬁ /30 - /Zé %W%Loot
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Consider the following equilibrium:
 2Hlg) €2 Hyg) * Iy,
At equilibrium it was found that:

Test [HI] [H.] [1.]
1 0.75 0.25 0.25
2 0.50 ? ?

What are the equilibrium concentrations for hydrogen
and iodine in test 27 |

Consider the following equilibrium:

c0sn |
PClyg + Clyg €= PClsg |

What is the [Cl,] at equilibrium if [PCl,] is 0.50M and
[PCls]is 1.5 x 10°M? The K, = 1.2 x 107,
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K., Calculations with ICE Boxes
For many rxns we do NOT know the equilibrium
concentrations of the chemical, we only know the
initial values. Using K_,, the equilibrium values can
be calculated.
« use an ICE box!

eq

| = initial concentration
C = change in concentration (as eq is re-established)
E = equilibrium concentration

I+|C|=|E

3.00 moles of H, and 3.00 moles of |, are put together
inaog ontainer and allowed to reach
equilibrium. What is the concentration of each

substance at equilibrium? (K., = 45.9)

Key = Eﬂ = @—*)L : @)QL L
’ EH?—/SEIZ] (3*%>(2‘>< @/01 ’\‘chl

4.00 mol of NO,, is put in a 2.00L container. After a
while, equilbrium is established. At equilibrium there

is 0.500 mol of NO,,,. What is the value of K_,? @,/7«\ B
© eq SIS
2NO(g) + Oyg) € 2NOy ) /i L7 )
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T TTUTTT T T egr- )(-’ |

co\yY)y o T T
2NO(g) + 02(9) 69 2N02(g)

1.00 mol of NHj,, is injected into a 1.00L flask. The
equilibrium mixture has 0.300 mol of H,,. What are
the equilibrium concentrations of the other two
chemicals? What is the value of K,?

2NH3q) €2 Ny + 3Hy)

equilibrium Page 29

S~

- (.77 (34)

- 20 2\~ (61147(



In a 1.0L reaction vessel, the following equilibrium is
established:
COz) * Hag) €2 H0) + CO
Keq = 2.00
Calculate the equilibrium concentration of all
reactants and products if:
a) 0.50 mol of CO, and 0.50 mol of H, are mixed.
b) 0.50 mol of H,O and 0.50 mol of CO are mixed.

What is the value of the K, of the reverse reaction?

Equilibrium can be disturbed and re-established
multiple times. Use an ICE box but:

* the “I” = [initial equilibrium]

* the “E” = [new equilibrium]

Example:
A 1.0L reaction vessel contained 1.0 mol SOZ(g),
mol NO, ), 4.0 mol SO, and 4.0 mol NO at
equilibrium. If 3.0 mol of SO, ,is added to the
mixture, what will the new concentrations be when
equilibrium is re-established?

SOz * NOyg) €2 SOy + NO

4.0
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Tral K,

Used to predict the direction (fwd or rev.) of a

reaction. Calculate trial K., and compare to a real

Keq Value. Pretend the values given are “E” values.
* no ICE box! Q — D

*Txn goes FORWARD, not yet @ eq. VA
If trial Koy > Keq

* rxn goes REVERSE, rxn is past eq. é’/
If trial Koy = Keq

*rxn is @ eq., no further changes occur ——
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of NH, is introduced into Om. on vessel at

500K. At this temperature,
Nag) + 3Hy() M)

Is the mixture at equmbrlum'? If not, what is the

direction of the reaction?

B Crty
m - G T’

(@.SOO>L _ qu/i‘lo

000

A mixture of 4.2 mol of N,,(2.0 mol-of H,, and

]_7;([07’ |.Lr(o

The rxen will sWFF bo dhe lefb i ordes

j 4’0 eac Q,oi/uu (b r i,

CNo)

- -

Irial ke 7 Fs) o)

o4 L4

T(im\ Keo < K(q/
SL;L#( ﬁ-(f}k%

Consider the following equilibrium:
PClsg €2 PClyg + Cly Keq = 2.30
A 1.0L container i IS filled wi of PCI5<g), 1.0

mol PCl; 4, and 1.0 mol Cl,,. The system
proceeds to the:

—
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mol PCly g, and 1.0 mol Clyg. The system
proceeds to the:

a) left because Trial K., > K. . :(w]
b) left because Trial K, < K [ il Loy gy

c)right because Trial K., > K,
—> d)right because Trial K, < K, _
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