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h Strong acid/
Strong Base
10~ Strong,

3 base Example: Add 0.25 M

z [ I NaOH to 10 mL

oL 0.375 M HNO,

i B solution.
WL
Z: Strong

L acid
0 1020 30

Volume of base added (mL)

h Selection of Indicator

® The purpose of a titration is to find the
“stoichiometric point” where

moles of added standard “titrant”
= moles of the “analyte”

@ Therefore, try to find an indicator for
which the pK, equals the solution’s pH
at the stoichiometric point (color change
for the indicator occurs at the pK,).
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h Titrations

@ As you have seen in the lab, acid (base)
concentrations in samples are determined
by controlled addition of known quantities of
base (acid) in “neutralization” reactions.

® ... and as you have also seen, the first step
in a titration involves the preparation of a
standard solution to perform the titration.
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Strong acid/
Stang Weak base

Example: Add 0.20 M
HClto 10 mL 0.35 M
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h Indicator Choice

TABLE | 1.2 INDICATOR COLOR CHANGES

Color of  pH range of Color of

® .Ch(.)ose an Indicator  acid form color change p&X|n base form
indicator for the Grome @ 12wze 17 yaow

yellow 80t 96 9.0 blue

last eXampIe. methylorange red 32t044 34 yelow

bromophenol blue  yellow 30t 46 39 blue

bromocresol green yelow  38to54 47 blue
rmethyl red red 481060 50  yelow
litrrus red S0t80 65 blue
bromothymol blue  yelow  60ta7.6 7.0 blue
phenol red yelow  66t80 79 red
thyrmol blue yelow  80t096 89  blue

phenolphthalein  colorless 82t 100 94 pink
alzarinyelow R yelow 10110120 112 red
alizarin red 11010124 117 purple
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h How an indicator works

HO. OH

Phenolpthalein Acid form

‘:S; : 0 'E;-'
VOO YS
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0
Co;" co,”
O Base Form O
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h Polyprotic Acid Titrations

e |f we start with 50 mL of a
0.2 M Na,COy; solution,
what is the pH at the
beginning?

® What is the pH after adding
5 mmol of a strong acid
(e.g., gaseous HCI)?

10 mmol?
15 mmol?
20 mmol?

pK,, = 6.37; pK,, = 10.25

SP1 SP2
Volume of base added
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h Solubility Product, K,

AB(s)= x A™(ag) + y B¥(aq)
eg., BaCly(s) = Ba**(aq) + 2 Cl-(ag)
@ What is the form of the equilibrium constant?

activities of products ey
= — (at equilibrium)
activities of reactants

eq

@ Use of concentrations is meaningful only for
sparingly soluble or nearly insoluble salts.
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h Polyprotic Acid Titrations

Titration curves show a stair pK, =6.37; pK,, = 10.25

step for each proton

transferred in the “H,CO,"/ “r
HCO,/CO4? system. 2 HCO;

As in previous examples, the " 10.25 )
plateaus are buffer regions. HCO37/CO5™

Bromocresol green is used as =
an indicator in lab. How is = —— 637
that done? HyCOyHCO;

sP1 SP2
Volume of base added

=

Solubility Equilibrium

The process is in
equilibrium
when rate of ions
(or molecules)
leaving the solid
= rate returning
to the solid.

That is, when
dissolution rate =
precipitation rate

h K., from solubility

@ In a saturated aqueous solution of
MgF,, the concentration of Mg?* ions is
1.14 x 108 M. (Note: the solution must
be saturated or no equilibrium is
operative.)

Compute K, for MgF,.




h Solubility from K,

o K, for Pbl, is 9.7 x 10°.
o K, for PbSO, is 1.8 x 108,

Which compound has the greater molar
solubility?

h Solubility from K,

o K, for Pbl, is 9.7 x 10°.
o K, for PbSO, is 1.8 x 108,

Which compound has the greater molar
solubility?

h Common lons - Predicting Precipitation

o K, for PbCl, is 1.7 x 10°°.

What are the concentrations of of all
species in solution when 2.78 g of PbCl,
is added to 1.0 L of water? (Neglect the
volume change.)

What are the concentrations of of all
species in solution when 2.92 g of NaCl
is added to the solution above? (Neglect
the volume change.)
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h K., from solubility

@ In a saturated aqueous solution of
MgF,, the concentration of Mg?* ions is
1.14 x 108 M. (Note: the solution must
be saturated or no equilibrium is
operative.)

Compute K, for MgF,.

h More of the Common lon Effect

@ Solubility product equilibria can operate
even the original source of the ions
involved is not the salt that is precipitated.

Example: How much AgNO,; must be added
to a 10 M NaCl solution before a
precipitate forms (What is the precipitate?
What information do we need?)

Ksp for AgClis 1.6 x 1071°.
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h Selective Precipitation

e Differences in solubility can sometimes be used to
separate mixtures of ions.

e Such differences are the basis of qualitative analysis
schemes.

@ Example: an acidic soln. contains 1.0 103 M of
Bi(NOs)3, Cr(NO;);, and Co(NOs),. In what order
do the hydroxides of each metal precipitate as
solid NaOH is added? At what [OH-] and pH do
each begin to precipitate?

Ksp's: Bi(OH); 3.2 x 1040

Cr(OH); 6.7 x 103!
Co(OH); 4.0 x 10%
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h Selective Precipitation

e Example, cont.: What % of Co3* is still in
solution when Bi(OH); just begins to
precipitate? What % of Bi®* is still in solution
when Cr(OH);, just begins to precipitate?

Kep'S:

Bi(OH); 3.2x 1040

Cr(OH); 6.7 x 103

Co(OH); 4.0 x 104
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h Complex lon Formation

® The complexation of metal ions can compete
with other equilibria.

@ Example: complexation by cyanide can
compete with bromide for Ag*ions:

Ag* +2 CN- = [Ag(CN),]- K,=5.6 x 108

What is the solubility of AgBrina 0.10 M KCN
solution? For AgBr, Ky, =7.7 x 108

E

h Complex lon Formation
@ Solution, cont.

AgBr +2 CN- = [Ag(CN),]- + Br-
(0.1—2x) X X

Keqg =4.31 x 10 = x2/(0.1- 2x)?
2.077 x 102= x/(0.1-2x)
Solubility = x =1.99 x 10 mol/L
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h Complex lon Formation

e Metal ions form complexes with various
“ligands” (Lewis bases):

e Examples: Ag* forms a cyanide and ammine
complexes

Ag*+2CN- = Ag(CN),~ K;=5.6x108
Ag*+2NH; = Ag(NH,),* K;=1.6 x 107
@ Fe?+ and Fe3* form very stable cyanide complexes:
Fe2* + 6 CN- Fe(CN);* K;=7.7 x 103
Fed* + 6 CN- Fe(CN)g K;=7.8 x 104
_——
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h Complex lon Formation

@ Solution. What we know:
Ag*+2CN- = [Ag(CN),]- K;=5.6 x 108

AgBr = Ag*+ Br- Ksp=7.7x 1013

The Ag* concentration will be very low, because
Ag* is being “tied-up” in both the precipitate and
the complex. It is easier to consider the reaction
AgBr + 2 CN- = [Ag(CN),]- +Br K

Keg = Kol = 4.31 x 10

eq
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h Competing Equilibria can give

Tricky Problems

@ One of the two problems, (a) & (b), is easy and the other is
not so easy. (Ky(MgF,) = 6.4 x 109)

Calculate the solubility of:
(@) MgF, in a 2.5 x 10® M solution of Mg(NO5),.
(b) MgF, in a 1.0 x 10" M solution of KF.

@ Which one is tricky?




h The tricky problem

At first, it doesn’t seem so bad:

MgF,(s) = Mg*(aq) + 2F(aq)
X+(2.5x10% 2x
Set-up and solve:
6.4 x 109 = (x + 2.5 x 10-3)(2x)2
x =1.09 x 102 - solved graphically

Bad News: This is wrong! Why?
(Hint: K,(HF) = 3.47 x 104 — it gets messy!)

=

h Solubility Rules

1. The nitrates, chlorates and acetates of all metals
are soluble in water. Silver acetate is sparingly
soluble.

2. All sodium, potassium and ammonium salts are
soluble in water.

3. The chlorides, bromides and iodides of all metals
except lead, silver and mercury(l) are soluble in
water. Hgl, is insoluble in water. PbCl,, PbBr,,
and Pbl, are soluble in hot water. The water-
insoluble chlorides, bromides and iodides are
also insoluble in dilute acids.

=

h Solubility Rules

6. The sulfides of all metals except barium, calcium,
magnesium, sodium, potassium and ammonium are
insoluble in water. BaS, CaS and MgS are sparingly
soluble.

7. The hydroxides of sodium, potassium, and ammonium
are very soluble in water. The hydroxides of calcium and
barium are moderately soluble. The oxides and
hydroxides of all other metals are insoluble.
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h The tricky problem

At first, it doesn’t seem so bad:

MgF,(s) = Mg?*(aq) + 2F (aq)
X+ (2.5x10% 2x
Set-up and solve:
6.4 x 109 = (x + 2.5 x 10-3)(2x)2
x =1.09 x 1072 - solved graphically

Bad News: This is wrong! Why?
(Hint: K,(HF) = 3.47 x 104 — it gets messy!)
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h Solubility Rules, cont.

4. The sulfates of all metals except lead, mercury(l),
barium and calcium are soluble in water. Silver
sulfate is slightly soluble. The water-insoluble sulfates
are also insoluble in dilute acids.

5. The carbonates, phosphates, borates, sulfites,
chromates and arsenates of all metals except sodium,
potassium and ammonium are insoluble in water but
soluble in dilute acids. MgCrQO, is soluble in water;
MgSO; is slightly soluble in water.

=

h Qualitative Analysis

Solution contains Pb**, Ag*, Hg,**, Hg* Cu*.Cd" ", HyAs05 AsO4 .Sb* ", Sn* " 80"t Fe ' L Fe! L AIN
Crt Mn . zn "t NITY Co* Y Ba" Y, Cat . Mg ! Na® K and NH, "

[cold HCi]*
T 1
Silver group precipitates Decantate contains all
a5 PbClz, AgCl. Hg;Cly remaining cations.
[He
m
HgS, PbS, Bi;S3, CuS, CdS, CrH Mn Y,
AszSs, SbyS3, SnS; Ca** Mgt

Aluminum-nickel group

precipitates as Al(OH)3,

Fe(OH)s, Cr(OH)3, MnS,
s,

NiS. 208, CoS. Fos. :

2

oo HCimeans that in tis case is acded as a reagent.

**The notation means separation by centrifuging and decanting. The double vertical parallel lines at the left refer to the precipitate and
the one vertical line at the right refers to the decantate.
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h Qualitative Analysis

‘Solution containing Hg* *,Pb* *. 1% **,Cu* ¥, Ca" ¥, HaASOy ASO, 857 180t T sat T At et Rt
Fof T Mt Lzt N ot et Bt Mgt K N ang N,

[H105.HCLHsS] Proc. &
L

WS PSS By S8 Sosy Cations of folowng groups. Anave accarding to Poc. 15
W e b o e yolow [Sovecoy i ganera cavon nnow. 4 e o a0y
[(NH.)3S) Proc 6
S8y, SnSy
[480s]Proc 7 [o0.40] proc. 11
~ ST s, e
e (His0u]prec 8
[HN0s. HCI Proc.7
o - oo catt ity PUIT R
e
(spcia) [NHAT3H303) [NHa0H} Proc (] e 13 R
Mo + MeaCly (C3 N‘n ) r ‘o s v
ooy pocaHgos 8i(OH); CulNH3)e* . CAINH3). Hanoe
Mg present (Kacr0u] we
i nsom, o] s o]
AgsA0,
Ry ndah brown
n resent o
[MCaH305)  [keN)
HGCly " 18 pale yellow. W".m" CulCN); ", CAICNIy ™
Cu® " i pale blus [karoicrle) (NHa1S)
CulNM3)e* * is dark blue.
Al other ions in this. CuzFe(CN)y o
oroup e cooress s

yeiow
S.Cu* present Ca* i present




