** 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 aqueous 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?

Caq (Poq)(8) 5 BCa™ (m) %2 PO (us)

3
Ksp = Caat) CPo]”



" 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. W = Y 6I.0O /yho \
(See Appendix J in OpenStax for solubility product information!) 9
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Solve by making an equmbrlum chart.
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We have the lead(ll) iodide concentratfion in M units, but need g/L. Covert.
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<£QPrechoi’rc;’rion - 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) ? ﬂré*ffnq) ~+ CI_(&LZ)J kSP: o6 X107 '°

Q= Cf*3+:(ECI_]

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),
> so solid falls out of solution: PRECIPITATION OCCURS

X% Q =Ksp ; the reaction is at equilibrium. PRECIPITATION IS JUST BEGINNING
Would a solution with (Ag+) = 0.014 M and (CI-) = 0.00042 M precipitate? o
G~ (AL Le] = (oY Y(Co0.00041) = 5. &¥~Io

S, yl0”® y 1.6xI07C
O\ 7 \’(Sp

Since Q > Ksp, this mixture will PRECIPITATE.




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 salf!

ﬂg) Cllgy = AO*(M) + (/|’Cf»7)

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



164

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 (%)*Cl Cog) 5 Ksp = [Ag+3£(lj~ |.xlv~!0

Solve equilibrium...
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AgC“%)? Qﬁ+[aq)* C|’C(/\) ; KSP :[Ag+3£(l'_3: AR

Now solve for the AgCI dissolved in 0.10 M NaCl

Seenes| Txmbinl ] | O CGQV' h br'”""} 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.
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PH AND SOLUBILITY

t -
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This compound's solubility is pH dependent. How?

* In a BASIC solution, the concentration of hydroxide ion in solution is high.
, $0 solubility is LOWER than in pure water.

* In an ACIDIC solution, we have a significant amount of hydronium, which
can react with hydroxide. This lowers the hydroxide concentration and makes
magnesium hydroxide MORE SOLUBLE

Generalizing

If a compound is BASIC, then it will be LESS SOLUBLE in basic solutions, and MORE SOLUBLE
in acidic solufions!

If a compound is ACIDIC, then it will be MORE SOLUBLE in basic solutions, and LESS SOLUBLE
in acidic solutions!

If a compound is NEUTRAL (neither acidic nor basic), then its solubility will be
UNAFFECTED by pH
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LEWIS THEORY

- Lewis theory tfreats acid-base chemistry as ELECTRON-TRANSFER chemistry involving
pairs of electrons

- Lewis acid-base reactions form new covalent bonds (of inferest fo organic chemists!)

ACIDS are ACCEPTORS of electron pairs

... This is why some METAL IONS, even though they contain no hydrogen ions,

can exhibit ACIDIC character. Many metal ions can accept a pair of electrons to
. ' I +

form a COMPLEX with a Lewis base! Xy, P\% ( NHQ N

BASES are DONORS of electron pairs.
... SO, Lewis bases have LONE PAIRS OF ELECTRONS in their Lewis structures

MR = AR

Lewis Lewis
acid base

... In a Lewis acid-base reaction, electrons are donated from the Lewis base to the
Lewis acid. This forms a new COVALENT BOND between the acid and the base.
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LEWIS THEORY

Example: ammonia and water

Mo O +:NHy = NHy + OH™

H Ammonia donates
' a pair of electrons to
; O ~— H + *N=H ¢ hydrogen on the water molecule,

\ forming a new covalent bond (and breaking another)
’ H M
water ommonio\/ \
(Lewis acid)  (Lewis base) e — - H
‘ \
H v
V.o H H
'4 k) . _b. ]_’\ _ ,\/ _ l/|
\ \
H .
hydroxide ion ammonium ion

Overal: H,0 + WH 3 = NH,,"c « OH™
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COMPARING THE THEORIES

- From Arrhenius fo Lewis, the definitions get broader as you go along. In other woeds, the
later definitions include MORE SUBSTANCES under the acid/base umbrella.

If somnething is an Arrhenius acid, it is also an acid in the Bronsted or Lewis picture.
If something is an Arrhenius base, it is also a base in the Bronsted or Lewis picture.

All Bronsted acids are Lewis acids, and all Bronsted bases are Lewis bases.

... but not all Lewis acids/bases (like the metal ions) are Bronsted or Arrhenius acids/lbases.

J——
ARRHENIUS

BRONSTED-LOWRY

LEWIS

... We have mostly used BRONSTED-LOWRY theory to this point in the coursel




" COMPLEX IONS

- are ions that result from the reaction of a Lewis base (like water, ammonia, hydroxide ion,
etc.) with a metal ion

- The Lewis base attaches to the metal ion by forming a COORDINATE COVALENT BOND
with the metal ion.

T ) .
!1\5 (.fh{{’] + 2_ o MH'S[ML\ ;/ H3NHA5 —MHj[a({J\

( Ag*log) + LAy (g ) -5 Arg (VH), () )

- The product of the reaction is called a "COMPLEX", and the attached Lewis
bases are called "LIGANDS'



171

COMPLEX IONS AND SOLUBILITY

- What is the effect of complex formation on solubility?
ASC\CS) — C%) < Clﬁ(“ﬂ
= (’ +

What will the presence of ammonia do to the solubility of silver chloride?

@ Since the formation of the silver-ammonia complex is favorable, we expect
that any dissolved silver ion would react with ammonia to make the complex.

@ This will REDUCE the concentration of free silver ion.

The reduction of free silver ion will cause more silver chloride to dissolve (Le
Chateleir's principle - the equilibrium will try to produce more free silver ion
to replace what the ammonia has removed)

So, the presence of a ligand which can form a complex with an ion from a salt
will greatly INCREASE the solubility of that salt!



