Chem 116

Approach to Eq and Le’Chatelier’s

Principle

Reaction Quotient ()

The value of Qis used to predict the equilibrium position and #pgroach to equilibrium.
Remember.....all reactions proceed spontaneouslyrtbaguilibrium!!

ReactiorQuotient = Q_, = [Products]
[Reactants
Example: At 927°C K, = 3.91 for the reaction: CO(g) + 3B = CH,(g) + HO(Q)

Initially [CO] = [H,] = 0.0200 M and [Cl] = [H,0O] = 0.00100 M. Under these initial
conditions, is this reaction at equilibrium? Iftmwhich direction will the reaction proceed

to attain equilibrium?

In General

* IfQ.> K, then...
* IfQ.<K, then...
* IfQ.=K, then...

Sample Questions

1. At1000°C, K, = 1.17 for the reaction: Cy) + C(s) = 2CO(g)
A 10.0 L vessel contains 1.5x%@nol of CO, and 5.5x16 mol of CO. Some solid carbon is added and the
temperature increased to 108D. Will more CO(g) form?

2. Consider the reaction: 2 NOBr(g) 2 NO(g) + By(g) K. =3.07x10* at 2£C. For each of the following sets of
initial conditions, describe in which direction the rg@e will proceed to reach equilibirum.

A.  [NOBI], = 0.0610 M B. [NOBf=0.115M C. [NOBr=0.500 M
[NOJ, = 0.0151 M [NOj =0.0169 M [NO]=0.0170 M
[Br,], = 0.0108 M [Bg], = 0.0142 M [Bg], = 0.0140 M

3. A mixture of 1.57 mol of i 1.92 mol of H, and 8.13 mol of NHlis introduced into a 20.0 L reaction vessel at 50
K. At this temperature, the equilibrium constant for tbaction

Nxg) + 3H@) = 2NH;(g)

is 1.7 x 16. Is the reaction mixture at equilibrium? If not, wheathie direction of the net reactio@@cause g ., the
reaction is not at equilibrium. The reaction will proceethtoleft to reach equilibrium)
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Relationship between Initial concentrations and Eqilibrium concentrations
“The Concentration or ICE Table”

Initial Conc.

+ Change in Conc.
Equilibrium Conc.

*  The initial concentrations of the chemicals aoing toCHANGE as the reaction occurs before
equilibrium is reached.

*  The changes in the different chemicals BEeLATED via the coefficients in 8ALANCED
chemical equation!!

Example: Consider the equilibrium and initial conditions simobelow. Is this reaction at equilibrium?
If not, which way will the reaction proceed to attaquilibrium?

21CI(g) 5 1(9)  + CHo) Ke=7?
Initial: oM 0.22M 0.22M
Change:
Eq:

After reaching equilibrium, the concentration of @, is 0.09 M. What is the numerical value gf K

Sample Questions

Calculate the missing concentrations, and the numerataé of K for the equilibria below:

L Hy(0) + Ko > 2HI(Q)  Kc=?
Initial: oM oM 5.000 M
Change: -0.730 M
Equilibrium:

2. 3A@g) + 2 B(aq) = C(aq) + 2 D(aq) K="7?
Initial: 6.00 M 2.00 M 1.00 M oM
Change: +0.50 M
Equilibrium:

3. 2NO@E)  + 390 = ANO(g)  Kc=?
Initial: 0.020 M 0.056 M oM
Change:

Equilibrium: 0.010 M
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Calculation of Equilibrium Concentrations from
Initial Concentration and K

Example: If 0.50 mol PCJ is injected into a 2.0 L vessel, what will be tlggigéibrium concentrations of
all species? The equilibrium equation is giverobel

PCL(g) = PCL(g) + CL(g)Kc = 1.8 at 256C

HINT: For the general Quadratic Equation: ax?+bx +c=0
the solution is ... -b £ b’ - 4ac

X =
2a

Sample Questions

1. The air pollutant NO is produced in automobile engines fhe high-temperature reaction
Ny@) + Qg = 2NO(g); K =1.7x 16 at 2300 K

If the initial concentrations of Nand Q at 2300 K are both 1.40 M, what are the concentrations ofNYyGnd
O, when the reaction mixture reaches equilibrium?

2. The equilibrium constant, Kc, for the reaction:

H @ + CQ@)= HO(@ + CO(9)
is 4.2 at 1650 °C. Initially 0.80 mol,tand 0.80 mol CQ@are injected into a 5.0 L flask. Calculate the
concentration of each species at equilibrign co,- 0.0s v; (Hol=(col=0.11 m)

3. Consider the reaction at equilibrium below:
2NOJg) = N,O,(0)
Eq: 0.25atm  0.25atm
Calculate the equilibrium partial pressures of é@d NO, when the total pressure is increased to 20. atm.
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Le" Chatelier’s Principle

If a stress is applied to a chemical system atldaivim (Qc=Kc) that removes the system frg
equilibrium (Q # K), then that system will act to alleviate the stread regain equilibrium.

Stresses that may remove system from Eq:

~

Stresses that do NOT remove system from Eq:

NOTE: Reactions always proceed spontaneously toward equilibrium!!!

m

Effect of Addition or Removal of Reactant/Produc

1. Consider the equilibrium: 2 ICI(g) I,(g) + Chk(g) K.=0.12
A. If[ICI] = 0.26 M and [L] = [Cl,] = 0.09 M, is this reaction at equilibrium?
B. Which way will the reaction proceed if the concentratof ICl is increased by 0.74 M?

C. Which way will the reaction proceed if the concenbraif |, is increased by 0.74 M?
D. Which way will the reaction proceed if all of the, @ removed?

2. Consider that the reaction shown below is atlimgivim.
BaSQ(s)= BaO(s) + Sg9)
A. Which way will the reaction proceed if the amount of Ba® doubled?

B. Which way will the reaction proceed if half of the B&Qemoved?
C. Which way will the reaction proceed if half of the S©removed?

3. The reaction of iron(lll) oxide with carbon motide occurs in a blast furnace when iron ore isiced
to iron metal: FeO4(s) + 3CO(gy 2Fe(l) + 3CQQ)

Use Le’ Chatelier’s principle to predict the ditiectof the net reaction when an equilibrium mixtise
disturbed by:

A. Adding FgO4 B. Removing CQ C.  Adding Fe
D. Removing CO
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Effect of Change in Pressure Due to Change in Volume
Especially important for gas phase reactions.

*  As pressurencreasesdue to adecrease in voluméehe net reaction will occur in the direction that
the number of moles of gas!

*  As pressurelecreaseslue to arincrease in volumehe net reaction will occur in the direction that
the number of moles of gas!

Consider the following reactions which have already rthiequilibrium. Which way will the reaction proceed tcaieg
equilibrium if the_pressure is increased by decreasiaydlume
A. N,O(g) + NO(@)= 3 NO(Q) Ke = 1.4x10% at 200C

B. PCLg + Ckg)= PCKg)
C. CaO(s) + C9@) = CaCQ(s)

Consider the following reactions which have already rthiequilibrium. Which way will the reaction proceed tcaieg
equilibrium if the_pressure is decreased by increasingdhgne?

A. CO(g) + HO(@ = CO(9 + H(9)

B. 2CO(@) = C(s) + CQQ)

C. NOJ) = 2NOGY9)

Effect of Change in Temperature
When temperature changes, the numerical value, oh&nges!
*  We will treat temperature d=eat
*  Treatheatas either a product of reaction (exothermic) octaat (endothermic)

Endothermic reactionAH = +):
Heat + Reactants= Products
*  Astemperature is increased, are products otaess more favored?
*  Astemperature is increased, what happens tothneerical value of K?

Exothermic reactionAH = -):
Reactants = Products +Heat

*  Astemperature is increased, are products otae&s more favored?
*  Astemperature is increased, what happens tothneerical value of K?
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Sample Questions

In the first step of the Ostwald process forgiethesis of nitric acid, ammonia is oxidized iwia
oxide by the reaction:

4NH;g) + 5Q(g)= 4NO(g) + 6HO(9)  AH° =-905.6kJ
How does the equilibrium amount of NO vary withiacrease in temperature?

. Consider the reaction below which has alreadyirst! equilibrium

NO,9) = 2NG,(9) AHC =+57.2kJ
colorless  brown
In which direction will the reaction proceed if theamperature is increased?

. Consider that the reaction:,(y) + O(g)= 2 NO(g) AH = +181 kJ, is already at equilibrium.

If the temperature is decreased, which way wil tieaction proceed to regain equilibrium?

. Consider the equilibrium: JN,(g) + H(9) = 2 NH;(g) AH =-188 kJ. In what two ways could the

production of ammonia be maximized?




