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Assignment: Le Chdtelier's Principle
i. State Le Chatelier's Principle.

ng/fﬁﬁ When asyskm at egurlibrium s sub}ac,ftd fo a sirtss,
it will attempt Yo relieve the slress and rtach g@‘m a?afﬂ.

2. List the three stresses that can affect the position of an equilibrium? .
% c,ha.rgc, inconcentration ¥ Chdl’\ﬂ(_ N pressure chafﬂ e mfel\A,D_

NOTE: temperature is the ONLY stress that will cause the value of K, to change.
3. State the effect of a catalyst on equilibrium.

f Addirg o catolyst does not favor RorP but spcegfs
wp both (he {orward and reverse v so eg‘m con be gswbh'sh«:d

sooner.

4. Methanol (methyl alcohol; CH;OH) can be manufactured using the following equilibrium reaction:

CO(g) + 2 Ha(g) = CH3;0H(qg) + energy
Predict the effect of the following changes on the equilibrium concentration of CH;OH(g).
Will it's concentration increase, decrease, or remain the same? L
a) The temperature of the system is decreased. __increose.

b) The pressure of the system is increased. __(nerense
c) More Hy(g) is added. _iNcrense
d) A catalyst is added to the system. _remain Yhe same

5. Use Le Chatelier's Principle to predict how the changes listed will affect the following equilibrium

reaction: 2HI(g)+9.4kI = Hz(g) + I.(g)
a) Will the concentration of HI increase, decrease, or remain the same if more H; is added? _jnerease.

b) What is the effect on the [HI] if the pressure of the system is increased? _ N0 Chﬂl’\ﬁ(’/-

c) What is the effect on the [HI] if the temperature of the system is increased? Cl(’.CF e0.5¢

d) What is the effect on the [HI] if a catalyst is added to the system?__ (\Q C&gl_f\ﬂ e

e) Write the equilibrium constant expression for this reaction.

- [H](T.]
4 (H1])®

F)At 435°C the equilibrium constant for this reaction is 1.88 x 102 Does equilibrium favor the reactants

or products? Réacf(lﬂfs Kcié [




6. Suggest four ways to increase the concentration of SOj in the. following equilibrium reaction:

2 50,(g) + 02(g) == 2 SOs(g) + 192.3 kT
1.

D add more SO, 3) increase pressure

7) add mor¢ Oz 4) decrease temp.
7. In the equilibrium reaction: 4 HCl(g) + O2(g) = 2 H.0(g) + 2 Cl,(g) + 114.4 kJ

Predict the direction of equilibrium shift (forward, reverse, no change) if the following changes

occur: d
a) the pressure is increased ‘[‘OHULU'

b) heat is added __[€Verse

¢) oxygen is added {.\OrLU(er{

d) Hcl is removed Teverse
e) a catalyst is added Nno CJ/\OJ\LSJ ¢

8. Nitric oxide, NO, releases 57.3 kJ/mol when it reacts with oxygen to give nitrogen dioxide.
a) Write a balanced equation for this reaction.

ANO + 0, — ANO, + [4.LKT

b) Write the equilibrium constant expression for this reaction.

kq- LN 0.] "
[NOJ*(0.]

c) Predict the effect that increasing the temperature will have on:
i) the equilibrium 1<_:onc$|'rmﬂon of all reaction participants (NO, O, and NO; will each of their
concentrations go up, down or remain the same)

moj__ T oa__T (Noz1_ W/

ii) the numerical value of the equilibrium constant, Keq

v
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PART B .

L. For the following system at equilibrium:  Hz gy + Iz () <> 2 HI (@)
a. Predict the shift in equilibrium when more HI, is added to the system. LEET
b. How will the concentration of I, change? INCRERASE

2. For the reaction below, predict the direction the equilibrium will shift given the following changes.
Temperature and volume are held constant.

2 NO, @*7 H> @) < 2 NH3 @*4 HZO@

a. addition of ammonia LEFT
b. removal of nitrogen dioxide LEFT
c. removal of water vapour @ \GHT

d. addition of hydrogen R \GHT

3. At aparticular temperature, the following reaction has an equilibrium constant, K.q of 0.18
PCls (g + Clz ¢y < PCls (g)
More PCl; is added to the system. Will the value of Keq increase or decrease?

= - d’ﬁﬂnﬂ&
PART [

1. The pressure on each of the following systems is increased by decreasing the volume of the container. Explain
whether each system would shift in the forward direction, the reverse direction, or stay the same.

et ————y

a. 250, @7 0, {9 =2 S0; (g) ‘FOrNO-rGJ‘
b. Hzg)+ Iz¢q) =2 HIy, ﬁ'fo-j the some
c. CaCO; (s) = COO(S) +CO; (@) revérse

d. A9C|(s) = Agh(aq) + cp-(aq) S+aj \{..he_ Sa_me_

2. List three ways that the following equilibrium reaction could be forced to shift to the right:
2NOz(g) =2 NOg) + Oz ) oodd NO2 2) remove NO

2) decrease #) remove O



3. Given the following equilibrium reaction: 2 Ci+ Oz(9) =2C0

What will be the effect of the following disturbances to the system? (shift left, shift right, or no change)
a. adding CO LEFT

b. additionof 0, K IGHT
c. addition of solid carbon (N0 Chﬂf\l] e

d. decreasing the volume of the container LEFT

1t rrtsswr.
PART E)

1. For each of the following equilibria, predict whether the system will shift in the forward or reverse directions.
Note the energy changes involved and assume that the volume remains constant.

a. heat is removed from: A & B AH® = +400 kJ reverse
b. heat is removed from: A+B & 2 C AH® =-255 kJ Sl\—omuorol

¢. heatisaddedto: A+2BR & 3C AH® =-320 kJ reverse

2. Ineach of the following equilibria, would you increase or decrease the temperature to force the reaction in the
forward direction?

a. Hz g+ COz () & HaOp) + CO) AH® = +41.0 kT inerepgse

b. 250,y + 0z« 2 SO3(y AH® = -198 kJ decrease

3. For each of the equilibria in Question 2 will the value for K., increase or decrease if the temperature is raised?

a. Hazg)+ COz(g) ¢ HaOpg) + CO AH® = +410 kT I N(reps e

b. 2 502 (9) + O, (@) «2 503 @ AH® = -198 kJ d(u"mSQ

4. Explain the effect of using a platinum catalyst in the equilibrium reaction of ammonia with oxygen:
4 NH; @* 50, (a) € 4 NO(g) +6 HZO(Q) + heat

{ Jorward r¢ rote and reverse rx rode
Wil both sPecd up it o c_oda(js-k
S odded



| PARTE EXTRA PRACTICE

LE CHATELIER'S PRINCIPLE

Name

2NH (@) + 22.0 kccsl

Le Chatelier's Principle states that when a system at-equilibrium s subjected to o siress, the
system wiil shiff its equilibrium point in order to relieve the sirsss.

Complete the following chart by writing left, right or nons for ecyuiiibrium shift, and
decreases, increases or remains the same for the concentra.iona of reac.fcxn‘r* and
products, and for the value of K. .

N,(@) + 3H(g) =

o Equilibrium _ . _
Stress Shift [N,] [, [NH,] - Ky
' 1. Add N, Aght —— decreases | incréases ren;g::;:he
2, AddH, gigkht | e T «
3. Add NH, LEFT T T s ¥
4. Remove N, | [EFT . T \ h
5 Remaove H, LEFT T — v J
_ W
6. Remove NH, | p | U \lf onnmprermn
s | RlgaHT :
7. Increuse L1
Temperaiure LE F /‘\ T\ J/ ‘L
8. Deciease ' )
Ternperature RlGHT J/ ‘l/ . T 1\
9. Increcss 5
Pressure AlanT Y, \1/ 0 (LMOInS
16, Dec:rédse ' \L 1
Pressure LEFT f\ ’l(
: Chemnisity li'-’8?;6-6 51 tinsiractional Fal, ine,
} ey

1
%mh-mm-:ﬁth: T sret vz ra mnetrm ey,

T Tl gt < P 5 B e e
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LE CHATELIER'S PRINCIPLE
CONTINUED

126 kedl + Hy(g) + |, (@ < 2HI(@)

Nams

| stress Fauliriurn [4,) ) {H1) K
1. AcdH, ﬁgh? — | decrecses | incracses rergg:;nn
2. Addl, 2 iqu U _— 4 a
3 AddHi Left | N - ’
4 Rerove H, i~ w

Left .

Rermove |,

Fa

Lef+

i g

v

oo

Remove HI

Right

1

v

v

/[\

v

7. inocrease
Ternperature e ﬂ ht i
8. Decreuss
Ternperalure lef+ T 1 Y
2. increqsa eMon
Prassuls no ¢ Inoo N € PEPRTE
10, Decreuss e el ~S
Presiure el e lhag ) som? -
iz —— : \ (Bernamger that purs solids and jiquics
NaOHE) < Na{ug; + OH(eq) + 106 keal do mm},eﬂg’q;mm g~ x_,.cmi_f_&-‘; g
— Eguilibrium Arnount . | o R
Stress st NaOH(s) iNer] ey ) K
1. Add Na(QRs: no CM{' s ng GM£
2. Add NaCl . -
{Adds Na?) [ef+ inerease | v no charge
3, AddXOH ' . 0
(Adids O [e £+ (ntrase] —
A AddHe o
. . — ( "
(Removes GH g ht | decrwse ’I\
5 hercse -
Temperaiure | Q—P'l’ N % Y ol ecrease
4. Decrecsa \ .
Temperature ight decraz| T T inerense|.
7. incregse Pressuie Z i
e = e frﬁc&zrc%v&———— e
&, edrense FleiiJre S
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