Precipitation Titrations

Precipitation Titrations

= Precipitation titrations are based on reactions that yield ionic
compounds of limited solubility.

= Precipitation titrimetry is one of the oldest analytical techniques,
dating back to the mid 1800s.

= The slow rate at which most precipitates form, however, limits the
number of precipitating agents that can be used in titrations to a
handful.

=  We limit our discussion here to the most widely used and important
precipitating reagent, silver nitrate, which is used for the
determination of the halogens, the halogen like anions, mercaptans,
fatty acids, and several divalent inorganic anions.

= Titrations with silver nitrate are sometimes called argentometric

titrations.

Titration Curves
The titration curve for a precipitation titration follows the change in either
the analyte’s or titrant’s concentration as a function of the volume of
titrant. For example,
In an analysis for I~ using Ag* as a titrant

Agtlaq) + I-(aqg) = Agl(s)

The titration curve may be a plot of pagor pi as a function of the titrant’s
volume,

Calculating the Titration Curve As an example, let’s calculate the titration curve
for the titration of 50.0 mL of 0.0500 M CI~ with 0.100 M Ag*. The reaction in this
case 1s

Agt(aq) + Cl-(aq) = AgCl(s)
The equilibrium constant for the reaction is
K=(Kgp)"'=(1.8x 107101 =56 x10°

Since the equilibrium constant is large, we may assume that Ag* and CI- react
completely.

By now you are familiar with our approach to calculating titration curves. The
first task is to calculate the volume of Ag* needed to reach the equivalence point.
The stoichiometry of the reaction requires that

Moles Ag* = moles CI~
or
Ma g Va g = MeciVa
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Solving for the volume of Ag*

M~V 0.0500 M )(50.0 mL
Vag = caVa _ (0.05 ) mL) 950 mL
Mag (0.100 M)

shows that we need 25.0 mL of Ag* to reach the equivalence point.
Before the equivalence point CI is in excess. The concentration of unreacted
Cl- after adding 10.0 mL of Ag*, for example, is

ICl-] = moles excess CI~  MaVa — MagVag
total volume Var + Vag

(0.0500 M)(50.0 mL) — (0.100 M)(10.0 mL)
50.0 mL + 10.0 mL

= 250x107% M

If the titration curve follows the change in concentration for Cl-, then we calculate
pCl as
pCl = —log[Cl7] = —log(2.50 x 10~?) = 1.60

However, if we wish to follow the change in concentration for Ag" then we must
first calculate its concentration. To do so we use the K, expression for AgCl

Ky, = [Ag'][CIF] = 1.8 x 10710

Solving for the concentration of Ag*
= Ksp _ 1.8 10710
[CIT]  250x1072

[Ag =72x107 M
gives a pAg of 8.14.

At the equivalence point, we know that the concentrations of Agh and CI~ are
equal. Using the solubility product expression

K, = [AgT][CF] = [Agt]? = 1.8 x 10-1°
gives
[Agt] = [CIF] =13x 10" M

At the equivalence point, therefore, pAg and pCl are both 4.89.
After the equivalence point, the titration mixture contains excess Ag*. The con-
centration of Ag* after adding 35.0 mL of titrant is

(Ag'] = moles excess Ag®  MagVag — McalVa

total volume Var + Vag

(0.100 M)(35.0 mL) — (0.0500 M )(50.0 mL)
50.0 mL + 35.0 mL

= 1.18 %1072 M
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or a pAg of 1.93. The concentration of CI is
K, _ -10
-] = o 1.8 x10

= = =1.5x107% M
[Agt] 118 x 1072

or a pCl of 7.82. Additional results for the titration curve are shown in Table 9.21
and Figure 9.41.

1111 -3 1! Data for Titration of 50.0 mL of
0.0500 M CI- with 0.100 M Ag*

Volume AgNO;

(mL) pCl pAg
0.00 1.30 —
5.00 1.44 8.31
10.00 1.60 8.14
15.00 1.81 7.93
20.00 2.15 7.60
25.00 4.89 4 .89
30.00 7.54 2.20
35.00 7.82 1.93
40.00 7.97 1.78
45.00 8.07 1.68
50.00 8.14 1.60
9.00
8.00
2 L0
S 500
S 4.00
2 200 )
1.00
0.00

Volume AgNO,

Precipitation titration curve for 50.0 mL of 0.0500 M CI~ with 0.100 M Ag™.
(a) pci versus volume of titrant

(b) pag vVersus volume of titrant
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The Effect of Concentration on Titration Curves

From table and figure below we discussed the effect of
concentration on titration curves.

Changes in pAg in Titration of C1” with Standard AgNO,

pAg
50.00 mL of 0.0500 M NaCl  50.00 mL of 0.005 M NaCl
Volume of AgNO;  with 0.1000 M AgNO; with 0.0100 M AgNO;
10.00 8.14 7.14
20.00 7.59 6.59
24.00 6.87 5.87
25.00 4.87 4.87
26.00 21.88 3.88
30.00 2.20 3.20
40.00 1.78 278
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Titration curve for (A), 50.00 mL of 0.05000 M Nacl titrated with 0.1000
M AgNQOs, and (B), 50.00 mL of 0.00500 M NacCl titrated with 0.01000
M AgNOs.
= Note the increased sharpness of the break at the end point with
the more concentrated solution.
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The Effect of Reaction Completeness on Titration Curve

K= 83 1017
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WVolume 001000 M AeNO;, mL

Effect of reaction completeness on precipitation titration curves.
For each curve, 50.00 mL of a 0.0500 M solution of the anion was
titrated with 0.1000 M AgNO:s.

= Note that smaller values of Ksp give much sharper breaks at the

end point.

Methods for Selecting, locating and Evaluating the End Point of
precipitation titration

1) Finding the End Point with a Visual Indicator:
Which are included three methods?

1Mohr method LS Jie il ol g0 dgy yha

O eS8 Gl UL 5 Gy i) Glaal) (8 4N ddadi (paatil ) 5a 43y Hla a0
c&@ew\@}mdﬁﬂb M\Q\)ﬁqu@dp@@“ﬂbﬂdj Jg);&ﬁ\
. KoCrOy e S sl sa A4y phall

culy LS daladll 8 0sa gall AQNO3  dadll &l j35 ae Cl- g9l Jelély S
AQCl axadl a4 (e Ganl

Ag Texcess + Cl-— AgC|
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s Sl Adadi die jesa ) yea) ol U S dilall s Je i dzadll () sl e 33l 3N
silver — silver chromate
CrO42 + 2Ag*™ —> Ag.CrO,
Dse 4yl J e dage Slaadle
O gom A Jslaall () asanlisall Sla s )S didall (e 4L 40aS ALl gy (1
reddish — (s ) sene o Gl ) OS5 Cua ) SISI Jie 5 a o) jall
A o) Al Adas AV sl )l 138 5 AQoCrO,4 duadll e s S (e brown
K2CrO, Jiall (e dllall SlLaaSlld

o) Al Adads e Wile 43 ) Lile aday ULy Jolaall jaa¥) ¢ sll) il
Jalall e AL LS il el Ll

slightly alkaline (=&)) pamy (ol lany 8 5 a3 o) g )0 sl 48y ) (2
O Cus ol 13 e A g sne) Al sl Gus pH ( 7-10)

Al e by KoCrOy il (aslall iy fsacld s CrO 2 e Sl o
las Jal8 il g )SI Gl 1S 5 mnay Jslsall pH s t00 acidic duaclall 324 3
S 2 Y J g sl) U () 1S o ey UL

draalall bl J geaall Jslaall sodium hydrogen carbonate s2lall cabas (3

Aaadlall S KoCrOg  Jelall (e 35S A ddlial (e il Uadl) iDd (4
dalaul 4 3o gall Aadll @l B il Jglaall (e 8ol ) ilial aalg o8
Jstaall d8lialy a5 Uadd) 138 il cililuad) 8 Und oy L 124 5 AgNO3
blank titration sl 5 i)

2) Volhard method ;- 2l da 5k

ahasi paad 3k e oa s ) IS Jie Adladl Gl 3K 5 jeasl a0dtd Layl g
Amdl) il e 8305 Al e dae bl A il el cBleli b sl
(S0 ) o 5 3l () el 5355 54 AGNO3

AgNO3 excess + Cl—» AgC| s +Ag+

29 (SCN -) thiocyanate ion Ul Bl (e (il J sl ge dadl) (g0l e
Fe ™3 sl JdaS 30 aaall ) sl

Ag" + SCN- —» AgSCN s White
s sl & ) (e Adlal J 5l Ay e en) sl Jslaall Jany Fe #3258 50

Fe*®* + SCN=—>Fe(SCN)** Red complex Gl dama
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2 Finding the End Point Potentiometrically :

( development of potentiometric ion-selective electrodes)

Another method for locating the end point of a precipitation
titration is to monitor the change in concentration for the analyte or
titrant using an ion-selective electrode.

PROBLEMS

Q1) In what respect is the Fajans method superior to the Volhard
method for the titration of chloride ion?

Q) Why does a Volhard determination of iodide ion require fewer steps
than a VVolhard determination of ?

(a) carbonate ion?

(b) cyanide ion?

Quantitative Applications

Precipitation titrimetry is rarely listed as a standard method of analysis,
but may still be useful as a secondary analytical method for verifying
results obtained by other methods.

Analyte Titrant? End PointP

AsQO 43 AgNO3, KSCN Volhard

Br- AgNO3 Mohr or Fajans
AgNOsz, KSCN Volhard

Cl- AgNO3 Mohr or Fajans
AgNO;, KSCN Volhard®

COz2- AgNO;, KSCN YVolhard®

C50,42 AgNO;, KSCN YVolhard®

CrO,42- AgNO;, KSCN Volhard®

I- AgNO; Fajans
AgNO;, KSCN Volhard

PO 3 AgNO;, KSCN Volhard®

S2- AgNO;, KSCN Volhard®

SCN- AgNO;, KSCN Volhard



Precipitation Titrations
A mixture containing only KCI and NaBr is analyzed by the Mohr method. A

0.3172-g sample is dissolved in 50 mL of water and titrated to the Ag,CrO,
end point, requiring 36.85 mL of 0.1120 M AgNOs;. A blank titration requires
0.71 mL of titrant to reach the same end point. Report the %w/w KCI and
NaBr in the sample.

SOLUTION
The volume of titrant reacting with the analytes is
Vag = 36.85 mL —0.71 mL = 36.14 mL

Conservation of charge for the titration requires that

Moles Ag* = moles KCI + moles NaBr

Making appropriate substitutions for the moles of Ag*, KCl, and NaBr gives the
following equation.

g KCI L8 NaBr
FW KCI  FW NaBr_

Since the sample contains just KCl and NaBr, we know that

g NaBr =0.3172 g — g KCl

M Ag VAE =

and

gKCl_, 03172 g - gKCl

MaVa, =
AgtAs T TWKCI FW NaBr

Solving, we find

gKCl | 031725 - gKCl

(0.1120 M)(0.03614 L) =
74.551 g/mol 102.89 g/mol

4.048 x 1072 = 1.341 x 1072 (g KCI) + 3.083 x 107 — 9.719 x 1072 (g KCI)
3.691 x 1072 (g KCI) = 9.650 x 107*

gKCl = 0.2614 ¢

that there is 0.2614 g of KCl and
g NaBr =0.3172g—-0.2614 g = 0.0558 g
0.0558 g of NaBr. The weight percents for the two analytes, therefore, are

10.2614 g KCI y
03172 g

100 = 82.41% w/w KCI

10.0558 g NaBr
03172 g

x 100 = 17.59% w/w NaBr
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The %w/w I~ in a 0.6712-g sample was determined by a Volhard titration. After
adding 50.00 mL of 0.05619 M AgNO; and allowing the precipitate to form, the
remaining silver was back titrated with 0.05322 M KSCN, requiring 35.14 mL
to reach the end point. Report the %w/w I~ in the sample.

Conservation of charge for this back titration requires that

Moles Agt = moles [~ + moles SCN-

Making appropriate substitutions for moles of Ag*, I, and SCN- leaves us with

I
MagVag = ﬁ + MgsenVsen

Solving for the grams of [, we find

g™ = (AW I7)(MagVag — Mscn Vsen)
= (126.9 g/mol)[(0.05619 M)(0.05000 L) — (0.05322 M )(0.03514 L)]
~0.1192 g

that there 1s 0.1192 g of iodide. The weight percent iodide, therefore, is

0.1192 ¢
0.6712 ¢

x 100 = 17.76% wiw 1™



