Equilibrium and Le Chatelier's Principle
MODEL 1: D ynamic Equilibrium

Acme Manufacturing has been
restricted to 100 employees in the
building at one time. Throughout the
l day, twenty employees go on break

each hour as twenty other employees
return from break.

Chemical Equilibrium

2H,(g) + O, (g) < 2H,0 (g) + energy (heat)

Questions

1.” How many employees move in and out of the factory building during each
hour?
HO emplyees

2. Are the employees who move in and out of the building each hour the same
people? Explain your answer.

N(, dteont eﬂ\@\o\\&s come W\ GNQ ooy

3. Does the number of employees in the building change from hour to hour?
Explain your answer.

4. Over the course of a day, the employees in the Acme Manufacturing Plant are
said to be in a "dynamic equilibrium", Based on your understanding of how
the staff move in and out of the plant, explain what 1s meant by the term

"dynamic equilibrium".
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Equilibrium and Le Chatelier's Principle
pler check-in/check-out process has been proposed for

workers at the factory?
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De (1) causes the e
@ Crease (|) causes the equilibrium to shift to the right (—)

quilibrium to shift to the Jeft (<)

s Is the same on both sides, then a chan e in
Pressure has no effect in the equilibrium. Y

2Hz2(g) + 02 () < 2H,0 (g) + energy (heat)

In Table 1 apply Le Chatelier's Principle and indicate th

A _ e direction of the shift in equilibrium if th
Indicated stress is applied to the reaction system. (The ; ;

first one is completed for you.)

Key Questions
1. Complete the following table:

B T —— —————e

B Stress | "shift Direction ~ ﬁ
Concentration H, increases — shifts to the right
| — -
, N
Concentration H, decreases Q__,
| . _ S S - r—
Concentration of O, increases

Concentration of O, decreases

| e L——L\J
é

Concentration of H,0O decreases

Temperature increases @ |
”3

Temperature decreases

B

Pressure increases

—>
Pressure decreases —

T ———
B—
= et e et ettt 0.
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Equilibrium and Le Chatelier's Principle

The following questions are based on the table in degtlon :}t when the
2. In general terms, describe the direction of the equilibrium shi
concentration of a reactant is increased.

SR 6 e (gt

3. If an equilibrium shifts to the right, which reaction speeds up, the forward or

the reverse?
j@( WOr A

4. What happens to the concentrations of the reactants Hz and Oz when the
reaction in Model 2 shifts to the right?

9. What happens to the concentration of the product H,O when the reaction in
Model 2 shifts to the right?

NCEORS
6. If an equilibrium shifts to the left, which reaction speeds up, the forward or
the reverse?
(ENCISe

8. What happens to the conc
Model 2 shifts to the left?

‘\’hE\, 0rC P(, JoA
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EXE RC’ SE S: Equilibrium and Le Chatelier's Principle

a container.

N2(g) +02(g) + heat < 2NO ()

M . - o o

Stress Shift Amount |

Ty o (right/left) | _(increases/decreases)
— —

|
%_L_Loz__{emoved | \6{'* Of N2 4 \i(\f@%ez} |
3. | NO removed - Y\%M lof N2 QRUEIHR |
4. | Heat added | Y\()\\* of NO  WCrfUyes
PROBLEMS:

The production of ammonia gas from its gaseous elements (with the release of
heat) 1s a common industrial reaction known as the Haber Process. In order to
maximize the yield of ammonia gas in the shortest amount of time, Le Chatelier's

Principle is used to guide the conditions used by manufacturers when making
ammonia.

1. Write the complete balanced chemical reaction for the Haber Process (include
heat 1n the reaction equation.)

Na )p)\—\.a- “%Q,N\—\?.» ¥ heay

2. Create a chart similar to Table 1 that lists the possible stresses, the resulting
direction of equilibrium shift, and the impact on the chemical concentrations of
the reactants and products for this reaction.
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Equilibrium and Le Chatelier's Principle

- : art, describe the
3. Based on the balanced equation and information 1n your ch

- : in the shortest
conditions that would produce the highest yield of NH3 (g) 1In
amount of time.

ARLE } heot
A ONad+Lvs ) i PrCSSUCC-

? If the
Research: Under what conditions does the Haber Process actually run

T - : ' m # 3,
conditions are different from the conditions in you described in Proble
explain why?
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| eChatelier’s Principle

1. What is Le Chatelier’s Principle? :
Ok A vl ien 1esoonds 1t a siess puteni? 10 gt b
1% /Qt’///lbuw”r\ Y

Complete the following charts by writing -, €, or none for “shift” & increase, decrease or
stay the same for the concentrations of reactants and products.

. 4 o
Reaction: N2(g) + 3Hz (g) &> 2NH3(g) + 100.4 kJ

Stress Equilibrium Shift | [nitrogen hydrogen Ammonia] |
Add nitrogen S L V %)
Add hydrogen . \ \Y T ]
Add ammonia — | AN A N\
Remove nitro - A \!
gen — /f \ ]
Remove hydrogen — i | ___T__________L,____)ﬂl’ —
| e e I
Remove ammonia — \2 /_____ﬁ[________
‘Increase 5 A /\‘ NV
temperature R \\/ H i
Decrease /T
temperature — /___}__’M_/j— R —
Increase pressure > ﬂ______\l_/________—-J—————-—-\)/——_—__—"__L i)
Decrease prwy
“Add catalyst \J' A JA N |A NI A

Reaction: NaOH(s) <> Na*(aq) + OH" (aq) + 10.6 kJ *remember pure (s) & (1) do not affect
equilibrium values™

Stress EquilTbrium Amount NaOH | [Na'] l [OH'] K

] Shift s
e ® | NJA | & | NA [ N[A [ NA
rAaa NaCl - e— /\—\ \]/ \'/ N ,/)

(adds Na ions) ,
"Add KOH (adds — £ \ NJA

OH ions) - ____________Bl/ R
Increase L —

ktemgerature_____________i______,&L___. 1&/ \1/

|
Decrease 5 \)/ /‘\

temperature

ih
Increase P N/A | N“\ ,’\ M A\ I /\/{,4
\

i

Decrease P NJA iN ' ) | N‘LDL A NIA

e —— T —




Namé _———— period
Date ___——

EQUILIBRIUM “SHIFTS”

41 e
- T ¢ or condition chang
Indicate what happens to the equilibrium position when the indicated Stres

Occurs. (Shuft left, shift nght, or no change)
4 .

L. N2 + 3Hzg) © 2NHj) + energy
a) remove NHj gas b) decrease pressure

oSy {e—

2SOZ(g) +02(g) \ g 2803(8) + energy
a) increase temperature b) increase [SO2]

e —_—
3. COyg + Cs) + energy <> 2CO)
a) increase temperature b) increase [CO]

. > &
4. H2(g) +Cl2(g) HZHCl(g) +energy
a) increase pressure No AN

b) increase H2 concentration —_—

» N204) + energy <> 2NOy(g
a) decrease pressure (N2O4 and NO; are both gases) ——

b) remove N20q4 (—

Answer the following.

6. What is the equilibrium expression for the following reaction?
COyg) *+ C) © 2C0)

Cco)®
( (0()1

7. What is the equilibrium expression for the following reaction?
2KClIO35) > 2KCls) + 302

Keq = EOQ/‘XS

Keq =

8. What is the Keq value for the following reaction at equilibrium at a temperature of 298 K
if the concentrations (in mol/L) of the reactants and products are [N204] = 0.0450 M and
INO2] =0.0161 M? N204 (g) © 2NO2(g)

—_
(Noj) 0101 )
Yﬁt/ 'E'_E}—“ - Cb.. > O~0067U

\}




/'" E .‘.b .
J quilibrium Expressions

y

10 calCUlate th 0g e ’
, e equilibrium concentration of H °
equilibr . of HI for the reaction: 2HI = Hz + 12 if Keq = . :
quitiorium concentrations are [Hy] = 0.00290 and [lz] = 0.0017 SR 0&3"3%‘12?3?

YM{/’ [H ; ()
(hrl?
w OQQQOY_O‘OO | 7\ \
= Xg, |
(— TT—

7. Calculate the equilibrium concentrations at 4
equilibrium concentrations for the reactants a

this temperature is 0.0017.

Nz + 3H; = 2NHs. The
= 1.10 M. The Keq at
(Ans: [NH3] = 0.032M)

00°C of NH; for the reaction:
+ 400°C are [N;] = 0.45 M and [H:]

‘brium is found to contain
(Ans: Keq = 0.85)

3. For the following equilibrium reaction N0
10.8 moles of N2Ox and 5.25 moles of NOz. Calculate Keq.

'\]\._._ o\ “ 0 3

| u“[/ CN 91
NE | G- B0 . 3GM N 50U CMGU‘*“}

3L 3

Dhas) .

M, g-ag—; ’.7SMM03 - - 0;8{ th

3L (3L )

+ 12(g) is 1.40 X 102, If the

4. At a given temperature, the Keq for the reaction 2HI(g) = Ha(8)
7.00 x 10“M, find the concentration of HI.

concentration of both H, and |2 at equilibrium are
e o (Ans: 0.00169M)
p OOMO’L‘XQ 00 XIOi
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J. Acetic acid dissociates in water. If Keq = 1.80 x 105 and the equilibrium concentrations of

acetic acid is 0. | | *(aq) and Cz2H302"(aq)?
1s 0.09986M, what is the concentration of H (aqg) (Ans:0.00134m
HC2H30;(aq) H*(aq) + C:Hi02(ag) M3in they arc i G ONT O ong

(G0, We an N Thei (Ul\&hﬂahar\)
Leg - (17 [(GHa0,7)

m; )'7(31 )‘U'(o

6. At 60.2°C the equilibrium constant for the reactionNz0a(g) > 2NOz(g) is 8.75 x 102, At

equilibrium at this temperature a vessel contains N2O4 at a concentration of 1.72 x 102M.

(Ans: 0.0388M)

/. At equilibrium, K for the decomposition of HI(
equilibrium concentration of Hi(
at equilibrium.

(Hint - Let x = the concentration of |,.

g) was found to be 1.07 x 105. The
g) was found to be 0.129M. Calculate the concentration of |,

What would the concentration of Hz be if x is the

cients of the equation to help you.) fam ¥ S
ZHI(g) -> Ha(g) + I2(g) (Sﬂ

Uq/-; Eﬁa:\ﬁa] . . ]Q07XI.O"§>:/ [— )\—le
E HT|> A {5024 M /)3

(Ans: 0.000422M)




