Analytical Chemistry Lecture 1 Dr. Ruba Fahmi Abbas

Precipitation Reactions and Titrations
A number of anions form slightly precipitates with certain ions and can be titrated with the
metal ion solutions.
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Effect of acidity on solubility of precipitates: (conditional solubility product).
by i (g3 Juala) o g ) (lagd e duda gaad) l(

The solubility of a precipitate whose anion is derived from a weak acid will increase in
the presence of added acid because the acid will lead to combine with the anion and thus
remove the anion from solution in general, the precipitate MA that partially dissolves to give
M™ and A ions will exhibit the following.

MA =Mt -+ A~
.+.
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The anion A" can combine with protons to increase the solubility of the precipitates. The
combined equilibrium concentrations of A" and HA make up the total analytical
concentration (Cya), Which will be equal to [M*] from the dissolved precipitate (M* or A’
eXCess).

_ KalKaZ
~ {H*)2+{H*}Ka;+Ka Ka,

o Effect of acidity on solubility of precipitates

CaC,0,= Ca™ + C,04” Ky, = [Ca*][C20,°] = 2.6 x 10°°
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+ 2—
C,0.% + H'= HC,0,  Ksp = €203 7]

= =61 x 107>
[HC,04]

[H*][HC,05 7]
H;C204

HC,04+ H'2 H,C,0s Ky, = = 6.5 x 107
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The solubility (S) of CaC,0, is equal to [Ca**] = Ccacoos, Where Ccacoos represents the
concentrations of all the oxalate species in equilibrium = [H,C,0,] + [HC,04 ] + [C,0.4*].

Ccaco04= [H2C204] + [HC,04 ] + [C,0,7 ]

We can substitute (Ccacz04)a2 for [C;04° ] in the Ksp (Ksp = [Ca?*][C,0.%]) expression:
Ksp = [Ca’*] Ccac2040i2
Where a; is the fraction of the oxalate species present as C,04>

(a2 = [C204” 1/ Ccaczoa).
KalKaZ

[H*]? + K 1 [HT] 4+ K1 Koo

a, =

We can write, then, that
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> = K’Sp = [Ca®**]Ccac204 = S*
a;

where Ks'p Is the conditional solubility product
Note: The conditional solubility product value holds for only a specified pH.
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Example 1 : Calculate the solubility of CaC,0, in a solution containing 0.001M HCI?
Ka; = 6.5x 1072, Ka, = 6.1 x 107

Solution:

CaC,0,= Ca?* + C,0,*
C,0,% + H'= HC,0,
HC,0O, + H'= H,C,0,

HCl — H* +CI
0.001 0.001 0.001
KalKaZ

~{H'}2 + {H')Ka; + Ka;Ka,

0)

(6.5 X 1072)(6.1 x 107>)

%2 = (1x1073)2 + (6.5 x 1072)(1 x 1073) + (6.5 X 1072)(6.1 x 1075)
=57 x 107

_ /Ksp _ 1079 2 _ 4
S = a,= \/2.6 x 1077/c - x1072 =2.1x 10

This compares with a calculated solubility in water of 5.1 x10 > M (a 400% increase in solubility).

Homework |: Calculate the solubility of CaC,Q0, in a solution containing 0.002M HCI?
Ka; = 6.5x 1072, Ka, = 6.1 x 107

Homework |: Calculate the solubility of CaC,0, in a solution containing 0.0025M HCI?
Ka; = 6.5x 1072, Ka, = 6.1 x 107
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Method of deriving values of oy , 0.y and a.,
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{HA}r ={HA} + {A},

__ (HA) o =7
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{A"}{H'}
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In the same way Ol =

{HA}{H™"}
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_ =3+
HA= A +H' |, Ka, &30
(HA-)
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{H"}Ka4
{H*}2+ {H*}Ka1+ KaKa,

KalKaz
"~ {H"}2+ {H"}Ka, + Ka;Ka,

In the same wayo, =

and «,

Effect of Complexation on Solubility: (Conditional Solubility Product)
(Bagsdiall gl Juala) 1ol sdl) o Cilabaall oSS il

Effect of Complexation on Solubility: (Conditional Solubility Product)

Complexing agents can compete for the metal ion in a precipitate, just as acids compete
for the anion. A precipitate MA that dissociates to give M* and A~ and where the metal
complexes with the ligand L to form ML" would have the following equilibria:

MA=M* | +A-
+
L M
1l
ML*

aaieall Jol sadl () (sl ¢ ol 1) 8 axall sl ae il O (S (Complexing agents) saisall Jal s2l)"
Oty MY 50 ) G 0S5l e sl 1 AL 63 ol 35 UL g ansl 1) (8 o gl & 901 e Jelas
sl Ll Al 53 ala 35 Ul s MY e sall () 509 ae agiacil) Jale 138 Je iy (o g 2 Jale ddlial 2ind A7 il

The sum of [M*] and [ML'] is the analytical concentration MT in equilibrium, which is
equal to [A]. Calculations for such a situation are handled in a manner completely
analogous to those for the effects of acids on solubility.

[M']+[ML"]= MT= [A]
MTo) sl s b el <)) 58 3l =

NH; a8 Jale 35250 AgBI cuel ) Al g3 il - Jlie

Consider the solubility of AgBr in the presence of NH3. The equilibria are:
AgBr = Ag" + Br

Ag" + NHz= Ag(NHs3)+
Ag(NH3z)* + NH; =Ag(NH3)2*

The solubility s of AgBr is equal to [Br ] = Agr, where Agr represents the concentrations
of all the silver species in equilibrium (= [Ag'] + [Ag(NH3)T +[Ag(NH3),']).
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AgBr =[Br ] = Agr

Agr= [Ag'] + [Ag(NH3)'] +[Ag(NHs),'] o ; .
L3 s B Aail g1 g3l gran @38 3 Jiag AT G

As before, we can substitute Agrf- for [Ag'] in the K, expression, where ay is the fraction
of silver species present as Ag™:

Ksp = [Ag][Br] = Cay B- [Br] =4 x 107
Then,

Where, Kg, is again the conditional solubility product, whose value depends on the
concentration of ammonia?

bl LY Jeala alasiin) 2 Dlia Lo sa¥) atadll Jale 2 ga s Ao aaiad dad 5 g ¢ a ydd) 4302Y) dmlAK;p
et Jale 3ga g aie canl Al ) bl

Example 2/ Calculate the molar solubility of silver bromide AgBr ina 0.10 M ammonia
solution NH3? K¢; = 2.5 X 103, K¢, = 1 x 10*

Solution
1

" KK [NH3] + Keq [NH3] + 1
B 1
~ (2.5%103)(1x109(0.1)2 4+ (2.5 x103)(0.1)2 + 1

Bl4.0x10°°

_ [®=_ [4x10-13 _ 4
= B0_\/ /4 10-6 =32%10*M

This compares with a solubility in water of 6 X 10~ M(530 times more soluble).

B-

B-

IO. 00000399

Homework/ Calculate the molar solubility of silver bromide AgBr ina 0.2 M ammonia
solution NHs? K¢y = 2.5 x 103, Kf, = 1 x 10* |, Ksp=4 x10™**




Analytical Chemistry Lecture 1 Dr. Ruba Fahmi Abbas

Lded Jale Aﬁjﬁiﬁ*cﬁwb G g8l Jgaa
aw is the fraction of silver species present as Ag*
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1
KK [NH;3] + Keq[NHg] + 1

B-

KTL, K2 Siaall oS5l

[NH3] b ga¥) S i
Ksp el b 5a o AT jlny Jalaie s g (85 dima b)) a da 0 die LG Aed o8 5 ANY) Juala
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solubility (S)
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AWy @k Method of deriving values of B¢, 81 and B,

Method of deriving values of By, 81 and B,

[Ag (NH3)"]

Ag" +NHz> Ag (NHy)" Ky, = i

) . [Ag (NH3), "]
Ag (NH3)" +NHsz;& Ag (NHs), Ke, = [Ag (iH3)f][2NH3]
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[Ag*]r = [Agt] + [Ag (NH3)"] + [Ag (NH3), "]

_ [Ag*] g, = [Ag (NH3)"]
[Agt]+ [Ag (NH3)*]+[Ag (NH3), '] ' 1™ [Ag*]+ [Ag (NH3)*]+ [ Ag (NH3), ']

_ [Ag (NH3); ']
[Agt]+ [Ag (NH3)*]+ [ Ag (NH3), ']

[Ag (NH3), '] = K¢, [Ag (NH3)"][NH;]
_ [Ag*]
[Ag*]+ [Ag (NH3)*|+K¢, [Ag (NHz)*+][NH;]
[Ag (NH3)"] = K¢, [Ag*][NH;]
{Ag™}
[Ag*] + K¢, [Ag*][NH3] + K¢, K¢, [Ag*][NH3][NH;]
{Ag"}
[Ag*] (1 + K¢, [NH3] + K¢, K, [NH;] )’

1
1+ K¢, [NH3]+K¢ Ky, [NH3]?

, From equation 2

, From equation 1

Bo =

Bo =

Bo=

In the same way:

Kfl{NH3}

= and
B 1+ Ky, [NH3]+K¢, K¢, [NH3]2

_ K¢, K, {NH3}?
1+ Kfl[NH3] + K¢, Ky, [NH3]?

B

Precipitation Titrations (Argentometric Titration)
G i) gands
Example 3/ Calculate pCl for the titration of 100.0mL of 0.1000 M CI" with 0.1000 M
AgNO; for the addition of 0.00, 20.00, 99.00, 99.50, 100.00, 100.50, and 110.00mL AgNOs.
Ksp=1x10™"




Analytical Chemistry Lecture 1 Dr. Ruba Fahmi Abbas

Burette

Titrant

Solution
1- At0.00 mL: pCl=-log 0.1000 =1.000

2-At 20.00 mL:
mmol=V*M
mmol CI" = 100.0 mL x 0.1000 mmol/mL = 10.00 mmol
mmol Ag" = 20.00 mL x 0.1000 mmol/mL = 2.000 mmol
GAN AL Ll agaall pand O qua 1Y g) Aall) <l 5 Ja 20 ddLal g aad) S Al ) ALY

M= T8 05l Jariass 1S J palally

V total=100+20=120 mL

CI" left = 10.00 — 2.00 = 8.00 mmol

M:mmol — > M:8.OO mmol = 0.0667 M
/4 120.0 mL
pCl =-log 0.0667 = 1.18

3- At 99.00 mL:
mmol Ag" =99.00 mL x 0.1000 mmol/mL = 9.900 mmol
V total=100+99=199 mL

CI" left=10.00 — 9.90 = 0.10 mmol

mmol 0.1 mmol _
M=—— — > M= =50x10*M
174 199 mL

pCl=—log (5.0 x 10 %) = 3.26

4- At 99.50 mL:
mmol Ag" = 99.50 mL x 0.1000 mmol/mL = 9.950 mmol

V total=100+99.5=199.5 mL
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Cl left = 10.00 — 9.95 = 0.05 mmol
_mmol _0.05 mmol _ —4
M= v "~ 199.5 mL =2.5x10"M

pCl = —log (2.5 x 10) = 3.60

5-At 100.00 mL,
all the CI is reacted with Ag™:

[Cl7] = /Ksp = {/1x10710=1x%x107>

pCl = —log (1.0 x 107°) = 5.00

6- At 100.50 mL:
mmol Ag” = 100.50 mL x 0.1000 mmol/mL = 10.05 mmol

V total=100+100.5=200.5 mL

Ag® left = 10.05 - 10.00 = 0.05 mmol

+_mmol R _0.05 mmol _

M Ag'= > M= =25x%x10*'M
/4 200.5 mL

[CI']=Kg/[Ag7=10%x10"%25x10"*=40x 10" M
pCl = —log (4.0 x 10°") = 6.40
7- At 110.00 mL.:
mmol Ag" = 110.00 mL x 0.1000 mmol/mL = 11.00 mmol

V total=100+110=210 mL

Ag” left = 11.00 — 10.00 = 1.00 mmol

M Ag'=mmol —> =1l 4 76 x 1078 M
14 210 mL '

[CI'] = Ky/[Ag']
[CI']=1.0x10-10/4.76 x 10 °=2.1 x 10 ® M
pCl = —log (2.1 x 10°%) = 7.67
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16

14

12

Fig. 1. Titration curves
for 100mL 0.1
Mchloride, bromide,
and iodide solutions
versus 0.1 MAgNO:s.

60 80 100 120 140
mL AgNO4

FIGMEWerRACalculate pCl for the titration of 150.0mL of 0.12 M CI” with 0.12 M AgNOs
for the addition of 0.00, 25.00, 100.00, 150. 0, and 175.0 mL AgNOs.

The detection of the endpoint (indicators):
We can detect the endpoint by measuring either pCl or pAg with two types of
Indicators:
(1) Indicators Reacting with the Titrant:
There are several examples of an indicator forming a colored compound with a titrant, two
common methods were:
(SiYl) Jelinl) dlgs Ak cp Chigl)
Oyl Jlaxindly CalSY o
(Raladly 352 sal) Jslaall) Titrantsieal) Jstaall aa ol s -1
A0l o8 ARy kg e A8y sk (& Laladid iyl is)
(@) Mohr Method: used for determining chloride ion, after chloride ion consumed by
reacting with equal mmol of AgNQg, the excess (after drops) of AgNO; than reacting with
the indicator (K,CrQOy) to form red precipitate Ag,CrO,.
Cl + Ag" = AgCl Ksp = 1.0 x 107
Analyte titrant White ppt.
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CrO/s + 2Ag'=2Ag,CrO.] Ksp=1.1x 10"
Indicator titrant red ppt.
¢ oadll o) Lell 5h il sbaa (B (Br_ | _Cl) (2505 psons osiS)ladlell ol ) s 48 jha addinsi 1 ) ga 4By b
Dsa 48k (5 23  AQrCrO, Al Clas S 5o yeal ol (ardd JiaS K)CrOy psanlisall e s S Janiony
@ UsediHh o b jisall dalgall (s gl ) sall ali ) (pHRB ) Ciimia (sac B 5l Jalatia Jslas 8
PH Jstaal pmnda 5 [CrO,” ] 38 5
The concentration of the indicator is important. The Ag,CrO,4 should just start precipitating
at the equivalence point, where we have a saturated solution of AgCI. From K, the
concentration of Ag" at the equivalence point is 10> M. (It is less than this before the
equivalence point.). So, Ag,CrO. should precipitate just when [Ag'] = 10°M.

Cl + Ag" = AgCl K = 1.0 x 10™°=[CI'[Ag"]
White ppt. [CIT=[Ag‘]= 1.0 x 107

€540 b _plaa 48y b Lagw 1599 Gy (AQ2CTrO4 - maY) Aadl) cilag <) aS 5 13kl

@) S At e (AQLCrO,) seal ol (€ 5 plaall dls At ) jadh Al s dail) cilag S Y
ALl dzadll e 2y 5lSH S Jeliy Ladie

058 Adatill oda wie | IS ddais vie Las(AQ,CrO,) duadll e s 5S G i lay ol Cany ALY 38 30 8 La
107> MuysSs (AQY) doadl) sl 38 535 ((AQCI) Gian¥) il 2 6K (g aiia J slae Ll

The solubility product of Ag,CrO, is 1.1 x 10 *%. By inserting the Ag* concentration in the
Ksp equation for Ag,CrO,, we calculate that, for this to occur,[CrO4* Jshould be 0.011M:

CrO/ + 2Ag'= 2Ag,CrO.]| Ksp= 1.1 x 10" = [Ag']’[ CrO,*]

Red ppt. (10°)’[CrO4] = 1.1 x 10 *
[CrO,4]=1.1x% 10 M= 0.011M
If the concentration is greater than this, Ag,CrO4 will begin to precipitate when
[Ag'] is less than 10 M(before the equivalence point). If it is less than 0.011 M, then the
[Ag']T will have to exceed 10~ M(beyond the equivalence point) before precipitation of
AQ,CrO, begins.

> 107 M (Ag') 359 MO0.011 sa([CrO,*]) “lagsl) clish 385 Gs8 o o
L 239 (Ala o i Je Juaad

G yi fans « M 0.011 o0 Jef [CrO,7] 5858 oS 1Y) 1 e 3853 Sandia p 5 ) 1S 1) diany il
Asds e il any Lee ¢SS A J8 AQ,CrO,

daadll e ST 4 Adla) ) eY1 zlisas « M 0.011 o BT [CrO,2 ] 3855 oS 1) 1 padiia 38 55
Aidy e il ) Wal (535 lae (AQGHCTO, camm i s 2l 51K AL ayAg'
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In actual practice, the indicator concentration is kept at 0.002 to 0.005 M. If it is much higher
than this, the intense yellow color of the chromate ion obscures the red Ag,CrO, precipitate
color, and an excess of Ag® is required to produce enough precipitate to be seen. An
indicator blank should always be determined and subtracted from the titration to correct for
indicator error. Standardization of the titrant using the same titration also takes into account

the indicator error.
0€13.0.002 M to 0.005 M o CrO” e Sl 38 5i 06 o oy el A Adeall o jlaill 3
Gmaay Lee ¢ paal) and I gl elaaly e g S <l )Y IS Jaal) ol o st ¢ S @l (e e 58 )
< (Error titration= Blank= indicator error) 3 shis 2Ll oy Leally A, 2l ddads 4355 (e
bl Jgladll cpa il oSl 03 4ASIgiuile 48 yaal a5 ) jall salal) e e 3 gl G S0 Fy pmns Aplee
Auzadl) G i

The Mohr titration must be performed at a pH of about 8. If the solution is too acidic (pH
<6), then part of the indicator is present as HCrO, , and more Ag” will be required to form
the Ag,CrO, precipitate. Above pH 8, silver hydroxide may be precipitated (at pH >10). The
pH is properly maintained by adding solid calcium carbonate to the solution. (While the
carbonate ion is a fairly strong Bronsted base, the concentration in a saturated calcium
carbonate solution is just sufficient to give a pH about 8.) The Mohr titration is useful for
determining chloride in neutral or unbuffered solutions, such as drinking water.

by AL 8 00 B (PH) 058 O e 50 ARk e 3 el dagall Jal sl e (PH) dazasaall a0
Sl s HCrO4™ (o duils 5,3 s3ke 1 CrO4% cla s ,S Jalall (4 ¢ 3 Jsady Cosas (PH <6) oiasls
O5Shy AQOH  dadll 2S5 yna A e Aadl) 3 (at pH >10) gae @) o gl (3 jes) ol ) o S8Y
el 4l Adads jaai S 5 pea¥) il )l Ay oSy @l g Jelall dles ddads ) J goa gl 8 3 gl J laa
Jslaall ) CaCO3 diball p suuallSl) il g3 S Caliay 1 pH (e Bldall

cial) o Sl g S Jslaa (o 58 55 O Y G A g8 iy 9 s 8308 yiiny (CO5-2) i SN ool OY
)}AD}\M}UM‘ZA‘)JM LS‘QJ 68“;\}; pH GLLS;:}!.LSSGS\SU}S.\

Mohr Method_ss 44 )k Laua 5 | sa
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I Ly

NaClHE2Cr0O4
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b) Volhard titration.

This is an indirect titration procedure for determining anions that precipitate with silver (X
=CI', Br, SCN), and it is performed in acidic (HNO3) solution. In this procedure, we add a
measured excess of AgNO; to precipitate the anion and then determine the excess Ag® by
back-titration with standard potassium thiocyanate solution:

Lewms i 2 (X'=CI, Br, SCN™) Aol i 51 5ol aadinsi 55500 e st Ayl o8 13 led o8 48 5k
Ao glaa 5 5200 ) A eaS Adlial oy ¢ Ay plall o3 Jae 1hse (€l i) (men) aes Jolae b Aumdl) ol i aladiul
ol Alae Aol 5 AgTacadll (sl e 8L a2 SIS s L) () 5 s 51 Al ol 5 (e
potassium thiocyanate( KSCN )i (sl Jslae aladiul 305k e ¢ back-titratione s>

Lgad g pdlaall zmanddl) 48y )b (e ilids Al @MJ\ Gob sl A - back-titrationes s A goawdll
Jala e\.\;.wu Al Bala a e B0 31 dsas) g W a5 3) yall 3aLal) e dsl.u A LS e By Cilicay
 ilia

T e T as

X + Ag’ = AgX + excess Ag+

excess Ag’ + SCN" = AgSCN

We detect the end point by adding iron(lll) as a ferric alum (ferric ammonium sulfate),
which forms a soluble red complex with the first excess of titrant:

a5 5aY) clhaaall il H< a5 Fe™ DN dlaaall o sl Ailal 3y jla (e Jelil) Aled Adkl o CRAS)) Al
b oo o u;Su s (Ferric Alum)

Note: 1- If the preC|p|tate AgX IS Iess soluble than AgSCN or is equaIIy soluble, we do
not have to remove the precipitate before titrating. Such is the case with I, Br, and SCN
2- In the case of I, we do not add the indicator until all the I is precipitated, since it would
be oxidized by the iron(l11).
3- If the precipitate is more soluble than AgSCN, it will react with the titrant to give a high
and diffuse end point. Such is the case with AgCI:

AgCl + SCN — AgSCN + CI”
4-Therefore, we remove the precipitate by filtration before titrating. Obviously, these
indicators must not form a precipitate with the titrant that is more stable than the titration
precipitate, or the color reaction would occur when the first drop of titrant is added

Dl ) oo daly cilaadla
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138 5 jaleadl S qandd 11 A3 10 M ¢ AGSCNGsd! Gigbaa i Ul gd J8 AgX el S 13 1
(SCN-).clibeusillg « (Br-)as s « (1-)3 s o Jlal) sa

(SN aad) Ao g9 sy 33 5l Y Jeliil) Algd N Syl ALl Al oy sa gl A S 2

Akl ) 35 Laa cpgandllgall) Cililiau g e Joliiand ¢ AGSCN(w Uligd st AgX cualy ¢S 131 3
Azl 3y 5518 ga Jadl 52 138 3 plaall 08 il a1 A1 3) g AdMa) o B Aia 8 Aty
(AgCl)

AgCl + SCN — AgSCN + CI”

A gl Sl (9SO g ¢ gl 0 Gl 900 AT Y e S 683 () g AL 4
) saal) ottt ogd A QI g3 gl ¢ gl Gul Gl EL) AS) (35S0 Gul ) 138 Y Aadl)
ABBy & B plaall Jaag Las cp gaall ) ilibinn g5 (oo 8 el gl ABlua) 3 jonay (Algal) Al ) iy




Analytical Chemistry Lecture 1 Dr. Ruba Fahmi Abbas

First, CI" is precipitated by excess AgNO,
I Ag'(aq)+Cl'(ag) — AgCl(s)

Removing AgCl(s) by filtration / washing

Excess Ag* is titrated with KSCN in the presence of Fe3*

2 Ag'(aq)+SCN (aq) —> AgSCN(s)

When Ag* has been consumed, a red complex forms as a result of:
3 Fe’'(ag) + SCN (ag) - FeSCN**(ag)

Red complex

@ ®

ExcessAg* = %  Excess SCN-

» 3 -xcess SC|
t J Filtration /

AgCI(s) AgSCN(s) FeSCN=
endpoint

(2) Adsorption Indicators (Fijian's Method):
With adsorption indicators, the indicator reaction takes place on the surface of the
precipitate. The indicator, which is a dye, exists in solution in the ionized form, usually an
anion, In". To explain the mechanism of the indicator action, we must invoke the mechanism
occurring during precipitation.
Consider the titration of CI” with Ag®. Before the equivalence point, CI” is in excess, and
the primary adsorbed layer is CI . This repels the indicator anion, and the more loosely held
secondary (counter) layer of adsorbed ions is cations, such as Na*:

AgCI:Cl::Na"
Beyond (after)the equivalence point, Ag” is in excess, and the surface of the precipitate
becomes positively charged, with the primary layer being Ag+. This will now attract the
indicator anion and adsorb it in the counter layer:

AgCl:Ag::In
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The color of the adsorbed indicator is different from that of the unadsorbed indicator, and
this difference signals the completion of the titration. The more insoluble precipitates can be
titrated in more strongly adsorbed indicator. We want maximum surface area for adsorption
in contrast to gravimetry.
Coagulation decreases the surface area for absorption of the indicator, which in turn
decreases the sharpness of the end point. We can prevent coagulation of silver chloride by
adding some dextrin to the solution.
sl a5l el die Ll sll i flual aladin) e 45, hall oda aaiad (agd A8k o) Gl 48 5k ) 155N Ji¥a
Cligl I3 o Jlaally 83 ga g0 drsa (o 3 ke a La Sl ()5 el dalae oW () sl ol ) oy
(In7) Jid e Jslaally
Y1 8 il ARadall () oS5 5 3335 AaeSy 13 5a 50 (CI) 25l 05 1o gBLEE Akl 38 -1 Jo i) 48018
Jalall sl o ks 0Ll AGdall 038, (Cl-) Aabadl sy KU il il o8 cand SN e primary adsorbed layer
(NA") o520 sall Jie dan 50 S5l O 5S35 secondary (counter) layer 4t dskll Wl | 1m; (In-) L)

AgCI:Cl::Na"

Primary adsorbed layer

9 Na'

Secondary adsorbed layer

secondary (counter) layer

Akl 5 dindll i ga ol o ranay 5 3331 43aS3 83 53 50 (AQT) Auadll i gl (5SSl A g -2
8oy (IN-) bl Jlall () sl o3t A gl ALl 038 (AQT) 2o sl duadll il & A5V 5 Sl
counter layer 4Gl 2sal)

AgCL:Ag::In




Analytical Chemistry Lecture 1 Dr. Ruba Fahmi Abbas

Primary adsorbed layer

In-

Secondary adsorbed layer
secondary (counter) layer

Gl I S LS 5 ¢ Jiaall e Jslaall 3 ol o8l e il )l mhass e Saall Jalal) o f caliag: ¢ gl puid[ ]
53 ¢ (58l 3ieY) LSl Cannd 1 dpn ) Aaisal) 313 35 LS el b e (568 ) el Joany (b sdl) J8
j CENSNVEEN Ny e PRUIT 51 [ SVEN:| P TN 4| G FVEN By JP P | Y L BN I AR AN
g (b s el )l o e Jdall ) 3ieY dadand) dalisal) (0 Ji& e Coagulation il a s Cua
3ale ALl Ay dadll 3y 55K sl Jll prevent coagulation  sias aial | Jeléil) 4l ddads yaat canaall (4
dextring: Sl o Jiill dxila
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Homework |: Calculate the solubility and conditional solubility product of CaC,0,4 in a
solution containing 0.002M HCI?
Ka; = 6.5x 1072, Ka, = 6.1 x 1075, KSP=2.6 x 10°°

Homework |: Calculate the solubility and conditional solubility of MgC,0O, in a solution
containing 0.0025M HCI?
Ka; = 6.5x 1072, Ka, = 6.1 x 107°, KSP=8.5 x 10®

Homework/ Calculate the molar solubility of silver bromide AgBr ina 0.3 M ammonia
solution NH3? K¢y = 2.5 % 103, Kf, = 1 x 10*, Ksp=4 x10*®

Homework/ Calculate the molar solubility of silver bromide Agl in a 0.25 M ammonia
solution NH3? K¢y = 2.5 X 103, Kp, = 1 x 10%, Ksp=8.5 x10™

Homework/ Calculate pI” for the titration of 150.0 mL of 0.12 M | with 0.12 M AgNO;
for the addition of 0.00, 50.00, 100.00, 150. 0, and 175.0 mL AgNOs;. Ksp=8.5 x10™"

Homework/ Calculate pBr~ for the titration of 125 mL of 0.2 M Br with 0.2 M AgNO; for
the addition of 0.00, 50.00, 1250.00, and 150. 0 mL AgNOs. Ksp=4 x10™"

1. Explain the effect of acidity on the solubility of calcium oxalate (CaC,0,) precipitates,
including relevant equations.

2. What are the expressions for a4 and o, in the derivation of a monoprotic acid?
3. What are the expressions for a4, a,, and o, in the derivation of a diprotic acid?

4. Explain the effect of the presence of ammonia (NHs) on the solubility of silver bromide
(AgBr), including relevant equations.

5. What is [Ag*]?
6. what are deriving values of 3, , 81 and B,?

7. Two common methods of an indicator forming a colored compound with a titrant are

8. Define the Mohr method, including relevant equations.
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9. What are the ideal concentrations of [CrO,27] and Ag* in the Mohr method? Ksp
AgCl=1x 10" and Ksp Ag,Cr0O,=1.1 x 10"

10. What is the effect of pH on the Mohr method?

11. Why is calcium carbonate added in the Mohr method?
12. Define the Volhard method, including relevant equations.
13. The adsorption indicator method is called

14. Explain the effect of coagulation on the Fijian's method.
15. Explain the Fijian's method before the equivalence point.

16. Explain the Fijian's method beyond (after) the equivalence point




