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oH AND SOLUBILITY
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This salt'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'



204

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 \
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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 formatkion 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!
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Calculate the solubility (in ppm) of silver chloride in 0.10 M ammonia solution.

1%6* (’W'lj X LNH?](W—L) - Hg(”ﬂ}j; (Duct) T} KE-:1 . T\fD7

Ag(li) == Ay leg) + C 7 luy) 5 Kep=lomlo™
Hc;(“‘f) *INHZ[ijﬁ [}ﬂ (NHEDZ}—CM%) J }(ﬁ - [,7 ‘5!07

N (1 (63 Lylay) = Frglhy) (eg) ¥ C17Cag) 5 K =0

How do we find Kc for the added reactions?

g - ¥
(o= DALy ) (el tlx P LC1mJTA, ttz),f ]
C VHy A 9‘“1 (W43
(o2 2 0.60%
w1 )30t 1 EM%J
C HS( Hb)l JLel = 0.00%26| ( When you add two reactions to get a new
( WS"P- reaction, the equilibrium constants of the
— = original two reactions multiply to give you
We must solve this equation to the new Kc

find out how much AgCI
dissolves. See section 14.2 for more details!
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CH8<MHB)Z¥3 [C\_j :{).Obgoé S?QC[Q& Elntﬁ-t}'ll 6 [quflgbrtuml
(i 1* Ag (i), O X X
. 4% SR A
t 20.003%06 NH O.10 ~2x| 0.10 - 2x
CECEANE :

J 4/— I\ﬂC,k:
, A311Xk07-q
S

Cl i1y 35S HGS
010 - Lt - 0,0$SS\71667 ﬂ/\ \Lt3.353 f\-jﬂl/w!

% = 0.00563171667 — ©.11p63US 335 X

\ L1063U5335 %, = 0,00563171667
¢ 2 0.0019806503 = TAq(w)<) = {017

So "x" is equal to the MOLAR solubility of sinver = C . |
chloride. Let's convert it to ppm! 9 3)\\‘3" ved

©.0013606703 mo) I\fg(" y 143354 m‘.‘f(" -~ 0.7\ 9 Ry _"\7“)??""" pfgﬁl
=

L mol A(j(,g
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Compare the solubility of AgCI in distilled water with the solubility in 0.10 M ammonia
AND 0.10 M NaCl.

In WD\*‘C/' % I,C} [)i\m (geﬁ V\.r)}rff/ G 2'007

@egsee a significant jump in the solubility of AQCl in the presence
of ammonia, a ligand for the silver ion.

Ta 0.0, NLClI 5 0.0000L6 pem™

P
@\ee a significant drop in the solubility of AgCl in the presence
of the common ion chloride.

So in general,

* The presence of a ligand (which forms a complex with one of the ions in the
compound) greatly INCREASES solubility.

* The presence of a common ion greatly DECREASES solubility.



