]%Precipi’ro’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:;

ASC\ CS) ? ﬂré*C(»q) + CI_C%ZDJKSP:'Q%X,D.-’O
Q1EHS+:(ECI_,3

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?

(= [Agf][u] (oolw)(ooao% S.8% N0
Nk > LEx v

\ Since Q>Ksp, PRECIPITATION OCCURS! /




WQLe Chateleir's Principle

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

Ay Lty = Ay tey) + (I Leg)

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 salt!

A second example: Salicylic acid in the characterization lab
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Calculate the solubility of AgQCl in disfilled water. Then, calculate the solubility of AgCl
in 0.10 M NaCl solufion. Report both answers in parts per million (mg/L)

Aq (L () Aj*{%)* (™ Lag) 5 Hop = 1,841077 | Pot I 1029

Cht 3001 = Lexio™ | cu 1|:33§,u5
For distilled water: / 35 5[ mo)
S pecies [Tatd |4 [C€qul)
[‘\QT O A b
a8 O TX X
vEo= )% w107

X = RUNCTHTTIVNN [Ag"l"‘v[ﬂrgdj}unlud

REIEIRAL H()'gmu\ A“o(’l ’ 143.38 ¢ Agll

z 0.000 Y5/ =|[}.9ppm

(-

mol g C AgCl, in
distilled
water




2
-0

Ay U111 7 Aglag ) L7 Leq) ) Hp = |80
ChgtdCcr] = L™

For solubnility in 0.10 M NaCl:

Species | LTatl |4 [€qa)]
AgT O SO S
an 0.10  [+x | O.lo+%

() (0.0 %) © L& %107

We know that x << 0.10, so ...
O0.Mut KX 0. D

OND RS 1/%‘&[0_lj )
vy - .%o q/l/\7 EA‘;] “fﬂﬁujiwmheﬁ
R
- ) -y
\,({ {0 ol [}\'@(/| }QIQB%S&%U: 1‘é\!|o 73/ - 1,6‘“0 apm
L mo) A C] L | (0,000%6)
Compare:

1.9 ppm AQCl in distilled water AgClin O".]O M
0.00026 ppm in 0.10 M NaCl NaCl solufion

Conclusion: The presence of a common ion greatly DECREASES solubiliy!
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oH AND SOLUBILITY

* -
My Cop)y () — mgL Cog ) + 2O " (g ) ksp Liulo™

This compound's solubility is pH dependent. How?

* In a BASIC solution, the concentration of hydroxide ion in solution is high.
, SO 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



** 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.

_l’ -
!\5 (w{,) + L JI\JHS(%\ — H?)N_Aﬁ — Nz (ag)
( AS*LMQX*FLNH;;)L&_,?’\"ﬁ Hg(IUHQ:: (,,17/_))

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

- Described by the FORMATION CONSTANT, Kf

A+ == ART
¥
Kp: EAB ]
Catile]

What does this value for the equilibrium constant say about
the favorability of the formation of the complex ion?
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Since the formation of these complex ions is so favorable, we often assume that these
reactions go to completion, and instead look at the small amount of complex

jon that DISSOCIATES!
~ — “*
A b ~ H B Kd is called the
DISSOCIATION
Kd = [A*1LB] \ CONSTANT, and it
- T is equal to
CAg™) (e | ke

v frg (i)Y = AT« LI

K&:EQQTJ[NHJJQ \

- -:..S.Cfspfo_g
C g (Mgt 17007
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AMPHOTERIC COMPOUNDS

- All metal hydroxides react with ACIDS, but SOME metal hydroxides can react with
BASES by forming a comiplex ion.

Al(0H) () 3 10° 2 AV ey « SH;000)

... Aluminum hydroxide is soluble in acidic solutions.

P {od)3 3% Oy ) = Al {on), og)

... And it is also soluble in bases due to the formation of this
complex ion!

(OHj ('g <:’ A”ﬂ{umthH (5"‘1.,) 1‘(5{)"

- So aluminum hydroxide is relatively insoluble in pure water, but its solubility increases
greatly if the pH goes either up or down.
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COMPLEX IONS AND SOLUBILITY

- What is the effect of complex formation on solubility?
Ry Clsy & A, lag) + 01 G
— A, (NHy )T
(,U\ﬂ[j) * 1NH3(0‘%) < /5‘3 |3)Z

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 ammmonia 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)

S0, the presence of a ligand which can form a complex with an ion from a salt
will greatly INCREASE the solubility of that salf!



