Equilibrium Constant Ksp 2016.notebook May 06, 2016

Chemical Equilibrium
Constants

The rate of the forward reaction s ¢

The rate of the reverse reaction!

Reactants

v}

Products
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Objectives:

(#11-1) What is the difference between completion and equilibrium?

» | can represent a reaction going to equilibrium or to completion as a
particulate model or graphically

« | can specifically model a solubility equilibrium system using particulate
diagrams.

(#11-2) What is and why do we need a equilibrium constant?

« | can write an equilibrium constant expression Kc or Keq.

« | can write an equilibrium constant expression Kp (partial pressures)

« | can write an equilibrium constant expression for solubility Ksp.

« | can explain how the value of the equilibrium constant (K) relates to the
extent of the reaction.

« | can calculate a new K value from an old K value if the reaction is altered
(Altered means reversed or coefficients are a multiple of the original)

(#11-3)Can I fill out an ISE table?
« | can solve for an equilibrium concentration.
« | can solve for a k value given appropriate information.

(#11-4)How do | know how a reaction will proceed when approaching

equilibrium?

» | can calculate a reaction quotient.

« | can relate reaction quotient to equilibrium constant to fudge how a
reaction will proceed to get tot equilibrium

« | can determine if a stress (change) actually alters the equilibrium position.

« | can determine how the reaction will change if the reaction mixture was
altered from equilibrium to get back to equilibrium (Le Chatelier's Principle.)

(#11-5) Modeling equilibrium
» | can model equilibrium using particulate drawings.
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Equilibrium Constant, K or K,

« constant for a specific reaction at
a specific temperature.

(change T, then the K changes)

P
45

Ke . concentrations are tracked
o use brackets []

« Equilibrium Expression- only include (aq) and (g)
e (s)and(l) -- not included

3B T B('\%) —1C ts) +2D (g}

Eupress __J_
SRS (A (R)

partial pressures are tracked
use parentheses

Equilibrium Expression- only include gas

(aq), (s), and (l) -- not included
Use PV=nRT W|th partlal pressures

g B (N
Gy

Ksp  solubility product is tracked

« Equilibrium Expression- only include (aq) and (g)
> (s)and (I) -- not included

2

Al (0+(§3(§:)—> A\f_(a@ *39_*\(\ (<)
3
_ (-] O
< 3\[ ]
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Kep

Solubility Product

temp. dependant

/

Ks

£

Li2C03_> 2 LT'
":)L 2y 2 :<2
KSP= '1)(/0 = ELI+J@O3J
[+ x/0" =(2X)z . x =4x3

x3= 0.00425
[CO3-3] =x=0.16 M
[Li*1] = 2x =2 ( 0.16) =0.32M

/
C X-lved

Fed s
i =330
X - 6og /0 =

FCOst

Experimentally: At 39°C, the [Pb*?] = 1.8 E-4.
What is the K, for PbCl,?

Pbel, — PR 9
4 1.8cd .,,2(!.?5.7)

s o

Table A-10
Solublility Product Constants (at 25°C)
Substance Kap Substance Ksp Substance Kep
AgBr 7.70 x 107" BaSO, 1.08 x 107'° MnCO, 1.82 x 10~
AgBrO; 577 x 1078 CaCO; 8.70 x 107 NICO5 6.61 x 107°
Ag,CO4 6.15 x 1072 Cds 3.60 x 1072 PbCl, 1.62 x 1075
AgCl 1.56 x 10°'° Cu(103)2 1.40 X 1077 Pblz 1.39 x 1078
Ag,CrOy4 9.00 x 10°'? CuC,0, 2.87 x 10°° Pb(I03)2 2,60 x 1071
AgzCrz07 2.00 x 1077 FeC,0. 210 x 1077 SrCO, 1.60 x 10°°
Agl 1.50 x 1078 FeS 3.70 x 1079 TIBr 3.39 x 10°°
AgSCN 1.16 x 10712 Hg2S0, 7.41 x 1077 ZnCO; 1.45 x 10~"
AI{OH)4 1.26 x 107% Li2CO4 1.70 x 1072 ZnS 1.20 x 10°%
BaCO; 8.10 x 107% MgCO4 2,60 x 107°
Determine the M of each ion at 25°C
FeSo— ™2 + S
I S) (n@ "\"D\
L
~ +
S ¥ +y +X e g™

[Fey<Ls?]

S 7

L Tcow

|_i+1 C03'3

L+

2

Pb+2 Cl+

CI-

e " (P7) (Qr]z:(l. ?é“f\(’&.(.v/é")lc 2 3l
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Equilibrium Constant K

ratio of product to reactants at equilibrium

Reaction Quotient, Q
ratio of product to reactants at initial conditions
— \

Ag ®Bg = Cy

Keq :-[Q]—z Q — |C|
[A] [B] [A] [BT

e-£
( K=
K<
AT ' K>\ ¢
oV 7@( Pfoo\.a(dbxa
[R] [P]
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p8age 2 Add in Q (Not on Worksheet)

(all reactants, no products) Q_

Wan

Q9

‘1
Q

P\

' PI=[R
] P]
Reactant K
favored m é
10.
¢ ¢
Product
favored
¢
[ (4
R

e N\
(X :

1. K
L
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Ksp and Q Reaction quotient

Examples:

AgNO; + NaCl — AgCl,) + NaNO;

(Y 4 N 4
Ag+t . Na*
¥ NOs| + | Na*t s , NO;
NO -1 ) +
‘Ag || ' Na N2 NO, 1
net: Ag+1 + CIH —bAgCI(s) = —1
— P [Ag"][CI
/-\\Q 4
# P
Max. solubility] Ag*! AN
\ ( CF N
) \TIENVA g
smolar 7 A
‘ solubility [ {_AgCl(s

solubility in Molarity
instead of g/100mL water
FLIP IT - for published K, table (used in industry)

ECI(s)—’Ag” + CH Ky= [AGIICH]

Ksp= 1.8 E-10 at 25°C (from table)

Which is more soluble?

Compare K, of 2 salts:
AgCI: Ks=1.8 E-10 less soluble

Ca(OH), Ke=7 E-5  more soluble
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For Ca(OH),, write the solubility reaction, K, expression, draw
a model of dissolution, determine [Ca*?], [OH-'], and pH

Kep= 7 E-5

Solubility Reaction
Ca(OH)Q(S)—»C8+2 + 2 OH-
(always write the solid first for Ksp)
Ksp Expression

., =[Carl[OH 1>

Picture Ca(OH), Initial:
S E— Q= (0)(0) =0
Ca+2 OH"I
OH'1 Ca(OH)z(S)—> Ca*2 + 2 OH-
| - 0 0
S - +X +2X
~Ca(OH), E - X 2X

— 2 = -
Kep = (X) (2X)2 = TE-S | o hgmoxen(0.026)
4X3 = 7 E_5 =0.052
x3 = 1.75 E-5 [Ca3 = x =0.026
pOH= -log 0.052 =1.3
pH=12.7

(raise to 1/3 power to cancel cube)

1
(x3)3= (1.75 E-5)
x=0.026
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