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_[HA—-]equilibrium [H30+]
[H2A]equilibrium

e HA+HO =—— HA + H30" Ka1

_[A2-]equilibrium [H30+]
[HA-]equilibrium

e HA'+HO == AZ+H30" Ka

o A2'+ H.O - = HA + OH - K_w= K p1= [A2—]equilib1.“i-um- [OH-]
Ka2 [HA-]equilibrium
If Ka> 103 33 8o dpnilana a0 an  abalaa eyl gl dpusl 2d 4 jaia & ) Jeals g pus Oladal
If Ka <= 103; 28 e s adia 4dl 5l ) (Self Dissociation) g 43 a3 353
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e B+HO —> BH'+OH [OH]=[B]= molarity of base
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Viitrant Viotal mmole of [Analyte] in mmole of [Titrant] in [HY] [OH] pH
analyte mixture titrant mixture
(acid) (base: B)
Viitrant Vanaiyte | H2A: [HzA]: 0 0 H-A + H,O = HA" + H30+
=0 MaVa— M.Va/Viotal K, _ [HA-]equilibrium [H30+] Kw - log [H30+]
1 it [H30+]
mmole _ [H3O+]self [H2A]equilibrium
of dissociation [H2A] equilibrium = [HaAlinitial - [H30 Jseif dissociation |
14
X — [H2Alinitial = (MaVa)/View = Ma 107
H3O serr | = Ma - [H O+]
+ HA]Jequilibrium = [H30" 3
dissociation [H3O ]self [ ] q [ ]
Kal Ma S TRV N
aue0 Ka<10: dissociation [H3O+] = [H30+] 5 [H3O+] =+vKal.Ma
= MaVa — Ma
Viitrant Votal mmole of [Analyte] in mmole of [Titrant] in [H'] [OH] pH
analyte mixture titrant mixture
(acid) (base: B)
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Viitrant Viotal mmole of [Analyte] in mmole of [Titrant] in [HY] [OH] pH
analyte mixture titrant mixture
(acid) (base: B)
. . P —— _ Kw
H2A: [H2A]: MbVb H,A +H, 0O =<—— HA + H30+ T304] "% '% é_‘
Viitrant Va MaVa- (MaVa- MpV: Vtotal [HA-]equilibrium [H30+] I o
: consumed Kar= [H2A]equilibrium - % %X £
< + MpVb- | MbVy)/ consumed | » r £ 5
V. \Y% mmole |V [HaA] equilibrium = (MyVa-MsVb)/ Vigai — [ HiO'] seitaisociation | 10/ L
eql titrant total " o O
fH:O" [H O+] = (MaVa - Mbe)/ Viotal [H3O ] aa E
of Hs0" | - [Hs 23
[HA']equ111bl‘lum = MbpVv/ Viotal + [H30+] self dissociation = D
self self dissociation z|® 2
=MpVb / Viotal § =< T
dissociation = (MaVa — MbVb)/ V | z‘ >
T ava — tota S =
= (MaVa- [H307] = Kal MbVb/ Vtotal =
MaVa- MpVs)/ [H:0'] = (MaVa — MbVb)
30'] = Ka1 $272-YBVD)
MbVb
MV Viotal
Vititrant Va H2A: [ H2A]: B: consumed | [B]: consumed | Amphoteric behavior: Kw =
[H30+] T 5
= + e — [T
HA -+ H20 < H>A+ OH - = X =T
Veqi Viitrant consumed consumed » . s 5
HA+HO = = A*+H0" 10 (0T 5=
So net reaction is: .;
~
P —— S
HA-+HA+ H20 H2A+A% + Hs0 +0H- ~

So: [HaA]=[A*]

[HA-]equilibrium [H30+]
KaxKa= d

[A2—]equilibrium [H30+] _

[H2A]equilibrium

- log [ H3O"]>= - log Ka1 - log Ka2

[HA-]equilibrium

[ H;0']?
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Viitrant Viotal mmole of [Analyte] in mmole of | Titrant] in [H'] [OH] pH
analyte mixture titrant mixture
(acid) (base: B)
V Va HA: HA]: Mu(Vb-Veq1) ——— Kw
el [HAT PLYT Feal £ HA+H0 < A+ HO" [H30+] % T cl?
< + MLV, MLV, < K __[A2-]equilibrium [H30+] = I n s
Viitrant Viitrant { arar { arar I< : [HA-]equilibrium 1014/ [H O*] % -% E
8 ey 3
< Mo (Vb - Mo 2 [HA"] equlllbrlum = {MaVa - Mp (Vb -Veql)}/Vtotal - [H30+] self dissociation = 2 R wO
_ . = I
Vep Vea)} (Vo < {MaVa- Mb (Vo -Veq))}/ Vioul L =
mmole of Veq1)}/Viotal = (I% @
~~ —~~
- L ~
H30" it - [H3O ] self [Az']equilibrium =Mp (Vb -Veql) / Viotal + [H30+] self dissociation — 5 %
dissociation™ dissociation =My (Vb 'Veql) / Viotal 5 Q|<J %
{MaVa— = {MaVa- Mb [H:0°] = Ka2 {MaVl\a/\l; i\//llf_(\‘//b—Vth)}t/\ftota : c|<,1 S =
Mp (Vb - (Vb-Veq)}/ (Vb=Ve )/Vtota <=2
_ {MaVva — Mb(Vb-Ve )} o |T
Veql)} Viotal [H3O+] =Ka2 Mb(Vb-Ve ) - “%
v\_/
Viitrant Vtotal mmole of [Analyte] in mmole of [Titrant] in [H'] [OH"] pH
analyte mixture . .
. titrant mixture
(acid)
(base: B)
Viitrant Votal mmole of [Analyte] in mmole of [Titrant] in [H'] [OH"] pH
analyte mixture . .
. titrant mixture
(acid)
(base: B)
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itran - 4 H : : = '
Viitrant Va HA [ HAT] B: consumed | [B]: consumed A+ IO == HA+OH- I -% -E g
= + I ]
consumed consumed Koi= [HA-]equilibrium [OH-] _ - < =
Veq2 Viitrant [A2-]equilibrium = = “(2
- [HA'] equilibrium = [OH] 5 5 -
+ +
2 Veqi [A*]equilibrium = Mo (Vb-Veq1) / Viotal - [OH] self dissociation % '%
=M (Vb-Veql) / Viotal = MaVa/ Viotal .7 ”.:;_
= _
[OH]? = Kb1 x [A*]equilibrium =Kb1 X My(Vb-Veqi)/ Viotal = = FS <
= = by >
also: [OH]?> Kbl x MaVa / Viotal A A 2 j_t'
[OH]=,/Kbl x Mb(Vb—Veql)/ Vtotal = \/Kbl x MaVa/ Vtotal ; ; ;:‘- E
] =3
or = < &
£ <
[OH]>=Kbl X [A2 —]equilibrium < <
Kw2 _ Kw R = =4
130472 Kaz X [A2 —]equilibrium & E
10 Kw. Ka2
[HSO ] [A2-]equilibrium
12 Kw. Ka2
-log [H:07] log ([AZ—]equilibrium)
1 Kw . Ka2
-2 log [H:0"] = —log ( [A2—]equilibrium)
—— _ Kw . Ka2
-log [H:0"]=1/2 {~log ( [A2—]equilibrium)}
Viitrant Va z B+H,0 ——» BH'+OH" Mo -log [H:0"]
- n = - Vo-2Ve
c7< A¥+H0 < HA-+ OH ": ignorable (Vs a)
Vqu Vtitrant 2 / Viotal

A (IPAZ-9A) 9N

*self dissociation of conjugated base is ignorable comparing to the OH-
produced by strong base (B)

__ Mb (Vb—-2Veql) _ Mb (Vb-Veql-Veq2),

[OH] = [B] Vtotal or [OH] = [B] Vtotal ’
L Kw
[HSO ]_ [OH-]
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_[H2A—-]equilibrium [H30+]
[H3A]equilibrium

H3:A + HO =— HA + H30" Ka1

_[HA2—-]equilibrium [H30O+]

] == a2 +
H2A"+ H:O =— HA*+ H30 Ka2 [H2A—]equilibrium

_[A3—]equilibrium [H30+]

2- == A% *
HA< + H.O A+ Hs30 Kas [HA2—]equilibrium

A3'+ H.O - = HAZ' +OH - K_w= K p1= [HA2—]eqU|I|b.r|.un.1 [OH ]
Ka3 [A3—]equilibrium
If Ka> 103 22 Rion 4o a5 4n 52 alilas cdlg) anad G2 4950558 ) duals i g s ciladal U
If Ka <= 10°: 23K oa (g i dalg) sl a8 4 a3 358 )

e ok

B+ HO — BH"+ OH" [OH7 = [B] = molarity of base



