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1M AR 815 e E Precipitation-Dissolution
Equilibrium and Precipitation Titration

o STUEIARE T f1Precipitation-Dissolution Equilibrium
e Solubility Equilibria YA#RE 1
o ANBFHEYIZEEER, ElITEREEAMRIVTZEEBecause ionic compounds are
strong electrolytes, they dissociate completely to the extent that they dissolve.
o HERMHAHREN, BEfRERNY), BRIPNEFE2EMYIWhen an equilibrium equation is
written, the solid is the reactant and the ions in solution are the products.
e KSP

o FEHEMREAIMNABEREL, FKspEIThe equilibrium constant expression is
called the solubility-product constant. It is represented as Ksp

Ksp = [Ba*] [SO,*]

o KspHiBfREA—1£Ksp is not the same as solubility.
o AMRERYIBUARBRIRBIARAIESolubility is the quantity of a substance that
dissolves to form a saturated solution
o SARRFEE FEAICommon units for solubility
e Grams per liter (g/L)
e Moles per liter (mol/L)
o NARRERIE ZFactors Affecting Solubility
o [EBEFNThe Common-lon Effect
o MRBRFEFN—TBEFERBRTERT, HABREMIFERIfoneof theionsina
solution equilibrium is already dissolved in the solution, the solubility of the salt will
decrease.

o MREFEBBEFHEETF, BARMBHIRIAMEM SFEKIf either calcium ions or fluoride
ions are present, then calcium fluoride will be less soluble



Solubility of CaF, decreases
sharply as a common ion (F7)
is added to the solution
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Example: adding sulfuricfif&y acid H,SOy 5y to a solution of
barium sulfate it €11, will increase the concentration of SO, 2
ions. The equilibrium above shifts left to remove the excess
sulfate and BaSQO, precipitates outJi;iE.

Notice: as
concentrated acid
H, SO, is added,
white BaSO,
precipitates S

BaSO, (s) € Baz* + SO,

o MR—MRBWMEREF, EERMARFPES S AREIf a substance has a basic anion,
it will be more soluble in an acidic solution.
o PHE Fkation PAE Fanion
o IofE, EPRIZHEIph(E, JEAZPRE, SEREFIRIREIZBEZ L Remember that
buffers control pH. When a buffer is used, there is no change in concentration of hydroxide
ion!
o R4 E FComplex lon Formation
o ERBFIENBZEE, EATIFSBSIEIZKES S FMetalions can act as Lewis
acids and form complex ions with Lewis bases in the solvent.
o XLEREHEFIIFBIEIN T XL ERATAEEE The formation of these complex ions increases

the solubility of these salts.



Table 17.1 Formation Constants for Some Metal Complex Ions
in Water at 25 °C

Complex Ion K¢ Equilibrium Equation
Ag(NH;)," 1.7 X 107 Ag'(aq) + 2NH3(aq) == Ag(NH;)," (aq)
Ag(CN),~ 1 x 10*! Ag*(aq) + 2CN (aq) == Ag(CN); (aq)
Ag(S,05),° 2.9 x 10" Agt(aq) + 25,02 (aq) —— Ag(S,0;),>~ (aq)
CdBr?~ 5% 10° Cd®*(aq) + 4Br (aq) —= CdBr?™ (aq)
Cr(OH), 8 X 10%° Cr’*(aq) + 40H (aq) == Cr(OH); (aq)
Co(SCN),2~ 1 X 10° Co?*(aq) + 4SCN (ag) == Co(SCN),*~ (aq)
Cu(NH;) 2 5 X 10'2 Cu’*(aq) + 4NH; (aq) —— Cu(NH;)2" (aq)
Cu(CN)2~ 1 X 10% Cu’* (aq) + 4CN (aq) == Cu(CN),** (aq)
Ni(NH;)s2" 1.2 X 10° Ni?* (aq) + 6 NH; (ag) == Ni(NH;)s*" (aq)
Fe(CN)g*™ 1 X 10* Fe’* (aq) + 6 CN™ (aq) == Fe(CN;)¢*™ (aq)
Fe(CN)g>~ 1 X 10* Fe’" (aq) + 6 CN (aq) == Fe(CN)¢>~ (aq)
® eg.
o SIHIEERTIAN, EBERIKspHI1.6 x 107 -10Silver chloride is insoluble. It has a Ksp of 1.6 x
107-10

o ENH3IFET, REFONHIRZEE T, BBEAKNIESIn the presence of NH3,
the solubility greatly increases because Ag+ will form complex ions with NH3

Addition of sufficient
NHj leads to complete
dissolution of AgCl

NHj reacts with Ag™,
forming Ag(NH;),"

Ag(NH3)," NH;

Reaction with NH; reduces
concentration of free Ag™ and
increases solubility of AgCl

STUE T Precipitation Titrations
o DITYIFRIEEFIFZ AR A A MR MR R N 1 8] BAE 978 E RO B At

e Areaction in which the analyte# % #74 and titranti&E /R form an insoluble precipitate also can

serve as the basis for a titration.

o HEEEHL



1.Calculating the precipitation Titration Curve

Titration of 50.0 mL of 0.0500 M NaCl with 0.100 M AgNO,
Ag'(ag) + Cl™(ag) = AgCl®)

Because the reaction’s equilibrium constant is so large,
K=(K,)" =(1.8x10™)™" =5.6%x10’

we may assume that Ag+ and CI- react completely.
Step 1: Calculate the volume of Ag* needed to reach the equivalence point;

mol Agt = M, V, = MaVa = mol CI”

Solving for the volume of Ag+

MgVy _ (0.0500 M) (50.0 mL)
M, —

0.100 M = 25.0mL

Vi="T=

Titration of 50.0 mL of 0.0500 M NaCl with 0.100 M AgNO;
Ag*(ag) + Cl™(aq) = AgCl ()

Step 3: At the titration’s equivalence point, we know that the concentrations of Ag*
and Cl- are equal;

K, = [Ag'][Cl] = () = 1.8%10™
x = [CM =13x10°M

pCl = 4.89

Titration of 50.0 mL of 0.0500 M NaCl with 0.100 M AgNO,
Ag'(ag) + Cl™(ag) = AgCl)

Step 2: Before the equivalence point the titrand E)3% 8 FE s 81, CL, is in excess.
The concentration of unreacted Cl- after we add 10.0 mL of Ag*,

[cr] = (Mol CI) s = (Mol Agussa _ MaVa = MiVa,
B total volume N Va+ Vi
1 = {0.0500 M) (50.0 mL) = (0.100 M)(10.0 mL)
[al= 50.0 mL + 10.0 mL
=250x10"M
pCl = 1.60

Titration of 50.0 mL of 0.0500 M NaCl with 0.100 M AgNO;
Ag*(ag) + Cl™ (a9) = AgCl()

Step 4: After the equivalence point, the titrant is in excess. We first calculate the
concentration of excess Ag* and then use the K., expression to calculate the
concentration of CI-; For example, after adding 35.0 mL of titrant- AgNO;

(mol Ag") i = (mol Cl)isws _ M Vig = MaVa

(g = total volume Vie ¥ Va
A = (0100M)(35.0 mL) = (0.0500 M) (50.0 mL)
(g = 35.0mL + 50.0mL

= L18x107° M
e G IEBRCTONY -
I = g7 = Tasx 107 = 19X10TM
™ -
pCl = 781

Titration of 50.0 mL of 0.0500 M NaCl with 0.100 M AgNO;
Ag'(ag) + ClI” (ag) = AgCl(

Titration of 50.0 mL of 0.0500 M NaCl with 0.100 M AgNO,

Volume of AgNO pCl Volume of AgNO, (mL) pd
0.00 1.30 30.0 7.54
5.00 1.44 35.0 7.82
10.0 1.60 40.0 7.97
15.0 1.81 45.0 8.07
20.0 2:15 50.0 8.14
25.0 4.89

The red points corresponds
to the data in Table. The
blue line shows the
complete titration curve.

Volume of AGNO3

o FETRXYHE A AU MMDIluting effect of the titration curves




Titration curve for

(A), 50.00 mL of 0.05000 M
NaCl titrated with 0.1000

M AgN03 and

(B), 50.00 mL of 0.00500 M
NacCl titrated with 0.01000

M AgNO,.

Note the increased
sharpness of the break at
the end point with the
more concentrated
solution.
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o KspXdiHE B £ RIS MIKsp effect of the titration curves

50.00 mL of a 0.0500 M
solution of the anion was
titrated with 0.1000 M
AgNO..
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Titration curves for 50.00 mL
of a solution 0.0800 M in CI-
and 0.0500 M in |- or Br-.

K, for

AgCl = 1.82x10-1°
AgBr = 5.0x10-13
Agl = 8.0x10-17
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Example 17-2A Titration of a mixture
A 25.00 mL solution containing Br-and Cl- was titrated with 0.03333 M AgNO;.

Ksp(AgBr)=5.0xl(r‘f, KSP(AgCl)=1.82xl(H“.
(a) Which analyte is precipitated first?
(b)

(c)

precipitated (Br- or CI-?).
that precipitated (Br- or C1-2).

Solution

(a)

Agtaq T Briyg S AgBry,
Ag’f(aq, + Cl-(aq) 5 AgCl,,

AgBr precipitated first

(b)

1555mLAg"  ILAg"  0.03333molAg”
1 1000 mLAg" 1L Ag*

1 mol Br 1 1000 mL —0.02073M Br-

Imol Ag® 25mL IL

The first end point was observed at 15.55 mL. Find the concentration of the first that

The second end point was observed at 42.23 mL. Find the concentration of the second

K= 1/K(AgBr) = 2x1022
K= UK, (AgCl) = 5.6x10°

(c)
(42.23-1555)mLAg”  1LAg"  0.03333mol Ag”
x x
1 1000mLAg* I1LAg"
Lmol CI I 1000mL _ 03557 MCr

x
Imol Ag” 25mL 1L



