Le Chatelier’s Principle

Ifa “stress” 1"1 ﬁhﬂ € )isapplied to a system at equilibrium,

J
equilibrium will shift in the direction that will partially relieve that stress.

Nothing can ever completely reverse the effects of stress! (Tell me about it, am | right? ;P)

Changes in Concentration

e |ncreasing the concentration of a reactant causes system to shift right to make more PV\OGK‘A CJTS

e Increasing the concentration of a product causes system to shift left to form more e m/tﬁ’\ 13

e Decreasing the concentration of a product causes system to shift right to form more {?rﬁ ducks

e Decreasing the concentration of a reactant causes system to shift left to make more (¢a GLIN

*Important note: adding or subtracting the amount of a pure solid or liquid will NOT cause a shift. *

A change in concentration of reactants or products will \\[ O1  affect the value of K.

A(aq) + B(aq) 2 C(aq) + D(aq)

Stress Effect Stress Effect

reaction will shift C\ 0}\\'\"( reaction will shift | €Q+
4’2

Add A orB

AddCorD
to make more Pro d W Cf\’f to make more (ea C\‘W\J(S

reaction will shift \6{3% reaction will shift V' G\Iﬁt
Remove A or B Remove Cor D

to make more Ve 6 C{AaYS to make more ?V’odv\ A4S

Example: N,(g) + 3 Hy(g) @ 2 NH3(g)

What will happen to the equilibrium system above when the following stresses are applied?

Stress Effect Stress Effect
reaction will shift 1 O\;H"I reaction will shift (" T\t
Add N Y Add H \ :
’ to make more \DT‘OO\\A()(S ! to make more ?‘POO\ W CJ(S
reaction will shift {lﬂg* reaction will shift \@Q‘\'
Add NHs Remove NH;

to make more (2 actanks to make more ({4 chantg




Changes in Temperature

Changes in temperature may easily be treated as changes in concentration if you think of heat as a reactant
(endothermic reaction) or product (exothermic reaction).

Exothermic Reactions: Heat is a ?F(‘)d W C,JC
A+ B = C + 56kl

e Increasing temperature causes system to shift left. K will aﬁCf eaSe

e Decreasing temperature causes system to shift right. K will increaqfe

Endothermic Reactions: Heatisa (0 ’LJ(L’ZV\"Q

D + E +43kl = F + G

e Increasing temperature causes system to shift right. Kwill _(nCrggl'e

e Decreasing temperature causes system to shift left. K will d eclpale

**0Only a change in Tem ? (/fﬁfw"? will change the value of K.**
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Let’s Practice!
1. Given the reaction: 2 S05(g) = Oa(g) +2S0x(g) + 32.5k]

What will happen to the equilibrium system above when the following stresses are applied?

Stress Effect on Reaction System Effect on K

Decrease the reaction will shift '\ 9\\\1(; The value of K will:

J
temperature to make more &\:rodv\oks inCreale

reaction will shift ﬁ O\"‘JC Tin St buatie

Add SO 3 1
’ to make more f;\)foﬂ\b\kaS SJraié 'H'\& fame
1 \ 11,
Increase the reaction will shift \6(’ ¥ The value of K will:
temperature to make more _{ £ 4ctankS d ecreale

2. When a certain amount of nitrogen gas and hydrogen gas are placed in a 1.5 L evacuated container and heated to
773 K, ammonia gas, NHs, is formed according to the following equation: Na(g) + Ha(g) = 2 NHs(g). When
equilibrium is established, 0.565 mol of NHs(g) is present in the flask. When the same reaction is carried out at 298
K, the number of moles of NH3(g) is much larger than 0.565 mol. Is the forward reaction endothermic or exothermic?

Justify your answer, \p T EN A E\H"G’B ~ 4\ [?'Poducﬂ"]
EXDJTLMF»JCJ ble a decreaSe in +en1‘3, CauSed. Tthe M to Shily
Towards p«‘oalud(sjj‘o heat muSt be Pwo{hced L)ti

+k@ MXh.



Oh Shift: Le Chatelier and Rate of Reaction
A shift to the left or right does NOT say anything about the (O\Té of the reaction!
For example, consider the reaction: A+ B= C + heat

If the temperature of this system was increased, equilibrium would shift to the left. This does NL)T mean that the
rate will be slower! It simply means that a new equilibrium will be reached which has more A and B and less C.

Increasing temperature causes equilibrium to be reached more _ { vl CKM (regardless of shift!)
=
L
Changes in Pressure
Changes in pressure only affect equilibrium systems that have gaSéons reactants and/or products.

J L

N
e Increasing the pressure of a gaseous system causes system to shift to the side with T2 W&/ gas particles.

e Decreasing the pressure of a gaseous system causes system to shift to the side with "™ O (e gas particles.

e Ifsystem hasthe Sam { number of moles of gas on both sides, changes in pressure have _No__ effect.

e Adding an inert gas does T\[ 01 affect the location of equilibrium, since the partial pressures of the gases in
the reaction are not affected.

Changes in Volume: The opposite of changes in pressure.

e Increasing the volume of a gaseous system causes system to shift to the side with M oVe gas particles.

e Decreasing the volume of a gaseous system causes system to shift to the side with Pg We{  gasparticles.
A change in pressure or volume will N O T affect the value of K.

Addition of a Catalyst: No effect on equilibrium position!

= .
e Adding a catalyst increases the rate ofM’the forward and reverse reactions eg] va ” 'ﬁj ;

e Equilibrium will be reached more quickly. ;D

r
Example: N,(g) + 3 Ha(g) 2 2 NH;(g)
What will happen to the equilibrium system above when the following stresses are applied?

W particles 2 particles
=

Stress Effect Stress Effect
reaction will shift ¢! G\‘Wt reaction will shift /0
Increase . T Ar(g) added :
_ pressure to make more ?“OC\M(J\(S & to make more n f o

piidiak reaction will shift e £ % Hecreass reaction will shift ¢ L4

volume to make more (€acTan{s pressure fo make ore (eaCTRAXS




Let’'s Practice!

Consider the following

heat + Ca(HCOs)a(aq) = CaCOs(s) + H20(l) + COx(g)

no %QS

uilibrium equation:

| %QS

—

e_ndl O
‘%\

Aern = +21 kJ/mOI

A vessel contains Ca(HCOs);, CaCOs(s), NOa(g), H.0(l), and CO:(g) at equilibrium. Predict how each of the following
stresses will affect the variables specified.

Stress Shift? Effect on K? Other Effect
The concentration of Ca(HCO3), will:
€O, is added. le &4 none .
in C ¢ e as\e
The concentration of CO; will:
CaCOs is removed.
3 Nnone None, S*&j the Same
(| T —1 \ Q ; The amount of CaCOs will:
The amount of Ca(HCOz), will:
He(g) is added. none, noné,
K inerd! SToy the same
The temperature . The concentration of CaCO3 will:. .
is decreased. \e@ Y d ecleaSe : R e \*.SA.\
S*Gvﬁ the Came, a S
The pressure is - %Wf i The concentration of CaCOs will:
decreased. SJij Ihe Same
The concentration of Ca(HCO3), will:
CaCO; is added. noN L, Non €
. $Yay The Same
C§3 =ho £CQeC'( 3
A catalyst is - . The amount of CO; will:
on
added. € Stay the Same
The vl i o 5 i The concentration of Ca(HCO3)» will:
; non
increased. £ 3 ¢clenSe
The temperature _ ' ) The amount of CO; will:
is increased. ! 6‘“{/ wneleale nCleaSe




