** Solubility as an equilibrium process

SOLUTION: Homogeneous mixture of substances Solutions contain:

SOLUTE: Component(s) of a solufion present in small amount
SOLVENT: Component of a solutfion present in greatest amount

We usually call water the solvent in agqueous mixtures, even
if the water is present in smaller amount than another component

SOLUBILITY: The amount of a solute that will dissolve in a given volume of solvent

SATURATED SOLUTION: Contains the maximum amount of solute that it is
possible o dissolve in a given volume of solvent!

A SATURATED SOLUTION is a solution where dissolved solute exists in an
EQUILIBRIUM with undissolved solutel
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Example: Consider a saturated solution of silver
N chloride:
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... what does this equilibriumn constant tell us? That silver chloride isn't very soluble!
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t This equilibrium constant is given a special name - the
SOLUBILITY PRODUCT CONSTANT - because the equilibrium
expression for the dissolving of a salt always appears as
a PRODUCT of the concentrations of the ions in the
compound!

Remember, Ksp is an equilibrium constant, so everything that applies to equilibrium
constants applies to the solubility constant - including what to do with coefficients:

What is the solubility product constant expression for calcium phosphate?

CQB(Poﬂ)l(sy = 3¢ Cg) + 2 P02 ()

Ksp ™ L) Po>)"



W Solubility calculations and Ksp

You can calculate the solubility of a compound if you know Ksp!

Calculate the solubility (in g/L) of lead(ll) iodide at 25C. TWw= Y 6l.O /Vho\
(See Appendix J in OpenStax for solubility product information!) 9

PLT, () = PL*(eg) ¢ 2T () ; Kp = LA7F] L2352 Ly f07"
Set up an equilibrium chart and solve.
S €(14¢ inl+m|3 A {C’ztv\,'l)f"""l Let "X" equal the change in
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The concentration of lead(ll) ion equals the concentration of dissolved lead(ll) iodide. But
our current unifs are mol/L. We need to convert fo g/L. |

0-60151429US mol PbFo Tl 0g BT _ 0. 709/ PbTe

L % mo) Pl T4

Optional: What's this in ppm (parts per million)? ,7‘60 \OL I’L
For agueous solutions, ppm translates to mg/L pem
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Precipitation - also known as the reaction quotient

To predict whether a salt at a given concentration will precipitate out, calculate the
reaction quotient Q and compare it to the Ksp

Example: HSC\ [s) ? Ag*cffﬁ) ~+ CI_(aZ)J kSP: o6 X 10" °

Q= Cﬁg+1£C|_

Q < Ksp ; the reaction proceeds to produce more products (dissolved
ions), so more solid is able to dissolve: NO PRECIPITATION

Q > Ksp ; the reaction proceeds to produce more reactants (solid),
e so solid falls out of solution: PRECIPITATION OCCURS

¥ Q =Ksp ; the reaction is at equiliorium. PRECIPITATION IS JUST BEGINNING
Would a solution with (Ag+) = 0.014 M and (CI-) = 0.00042 M preC|plToTe’7

O\ EAQQC(' ] 0.014 ) (0. 000YL) = S. %%yl()
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wsLe Chateleir's Principle

The "common ion effect" affects the solubility of a compound in solution. The presence of
one of the ions in a salt in the solution will REDUCE THE SOLUBILITY of that salt!

Ag) Cligy = AO*(M) + uﬁébq)

Silver chloride is much less soluble in a solution of 0.1 M NaCl than it is in
distilled water. Why? The presence of CHLORIDE ION forces the

solubility equilibrium back to the left, meaning less silver chloride can
dissolve!

Solubility can also be affected by pH - depending on the acidic or basic properties of
the salf!

A second example: Salicylic acid in the characterization lab
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Calculate the solubility of AQCI (FW =

143.35 g/mol) in disfiled water. Then, calculate the

solubility of AgClin 0.10 M NaCl solufion. Report both answers in parts per million (mg/L)

Ag“lﬂ Qfg Caq)*u Coq) 5 Ksp = [Ag+3£(lj~ |. IV~

Solve equilibrium...

SpeeS| Txmbial J | O Ceﬁ\” h br"”"} Let "x" equal the change in
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A\(?C“%)? Qr5+(aq)* C|’Cl/\) ; KSP -_-_[Ag+3£cl_j: |6 l0-10

Now solve for the AgQCI dissolved in 0.10 M NaCl

Seenes| Txmbinl ] | O CGQ urh l"'”‘”‘“} Let "x" equal the change in
silver ion concentration.
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Compare: Solubility in DI water was 1.8 ppm. Solubility in 0.10 M NaCl (common ion, CI-)
is 0.00023 ppm.
Conclusion: The presence of a common ion GREATLY decreases solubility.



