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THAAE B SOl sl @
HA + H20 =—= A"+ H3O* [H']=[H30"]
L Jatas dagl 5 0 g ([L. ]S Cndle Jala)ah ¥ ge aaly jala Gbale S Jalad S0 biasd (gl ) (5 6 gl p Sl (i i 45 ghailaa
Agd e (A za equilibrium o)

_ [A-]equilibrium [H30+]
[HA]equilibrium [H20]

a

_ [A—]equilibrium [H30+]

K
a [HA]equilibrium H264

Ll i 2 H30 s A lial Jse dand (HA sk S ) 3l e 5l duals ) ja) i pa 5l 3l e (bl Al 4 aa i by
gl A il s L (equilibrium)datad T pa 5 aa G 93 Cpl A% Y ge ot SO L sl 5 aa Ll Jalas
[A" Jequitibrium = [H30"]

A )Y sa L’..) H* d}‘ Aot Jazalds Joals L Gl BEEN ([HA]equiIibrium) Jalas OL‘) A HA 44 )Y se o) ).:.’J}J-‘:?“ s—‘l:‘*“.-.‘“ alales 4 a5 L
= oS (VTotal) dstae IS aas bl b (Ma=[HATinitial) HA 4y 4 ¥ g0 b alsl Jge alaai ) Ky (S0 40 4l 5 4S <l (HY

2020 e 8)asd
mmole of HAequiibrium = mmole of HAinita — mmole of H3O"

[HA]equitibrium = [HA]initial - [H307]
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a1 Ky Jal culd Jge 8 3 i i Bla b s 5 0l 4
K, _[A—]equilibrium [H30+] — [H30+] [H30+] _ [H30+]2 — [H30+]2
[HA]equilibrium [HA]initial-[H30+] [HA]initial-[H30+] Ma —[H30+]

S (oo LB 3 pH Alas 6l ks 53 pd @B s 4 aa i b
* K K.>103:

3 eas 231 [HaO' pssisons G cbale ) aS cad o igais a3l 107350 S8 s (Ka)ed Jobai il 5 (smas) o308 4S5y gamn 2

A aladl oy Adibea Galial a0 dn j0 ablea L pH el Claulas 5 39dd | gy adia (self dissociation)w) gad 4 s s

[H30*]2 + Ka x [H30"] - Ka x [HA]initiat = O
[H30*] 2 + Ka x [H30"] - Ka x Mpa= 0
pH = - log[H"]
3L (self dissociation) wsl s 4 38358 ) ead a1 [H3O] pstissus (g lale ) (o8sy alia 4 Ll 2 ga 5 0ol b R
g e (5 odb ) G gea 4 pH et 5 Jalad Gl Sluilas ([H30*]=0)

— [A—]equilibrium [H30+] _ [H30+][H30+] _ [H30+]2

K
a [HA]equilibrium [HA]initial-[H30+] Ma -0

[H30*]12 + Ka x [Hs0"] - Ka x Mua= 0
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[H30*]2= Kax Mua ; [H30*] = VKa x MHA
pH= -2 (logKa x Mua) = 72 (pKa - logMHa)

* IfKa<=103:

G5 43 & Sl ead 331 [HaO™] assisoms s dale G103 Ll n b 538 S (Ka) ) Jolad Gl 5 sanl < )d8 a8 ) a2
Py pa BT Ay oy adan S8 DS 9 S g8 Sl b Sbaw (HAnitial) 4als) el ulale b anlia 0 (self dissociation)

([H30"] << [HA])
P e pladl ) adilee bl o pH Gt Clslae i 5 Gl 4

[H30*] << [HA]nitiar: hence: assume [H3zO*] ~ 0 in equation: [HA]initial - [H30"]
[HA]equitibrium = [HA]initial - [H3O*
Hence: [HA]equiibrium = [HA]initial

[A-]equilibrium [H30+] _ [H30+] [H30+] _ [H30+][H30+] _ _ [H30+]2
[HA]equilibrium [HA]initial-[H30+] [HA]initial—0 Ma -0

Ka=
[H30*]2 = Ka x [HA]initia= Ka x Mua

[H30*] = \/Ka x [HA]initial

pH = - log [H30 "]

pH = -2 (logKa x Mua) = 72 (pKa - logMHa)
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HA + H:O =—= A+ HsO" tKa = 1x1072 Jalad B L )Y 50 0.1 ke b s Jslae () pHAsalae 10l

phw) M A Sadaod ) pdigy adia ade (bl i daulae e

_ [A-]equilibrium [H30+] [A—] [H30+] _ [H30+4+] [H30+]_ [H30+]2
[HAJequilibrium  [HAlinitial-[H30+] 0.1-[H30+]  0.1—[H30+

Ka ]= 1><10_2

[[H30*]? + Ka x [H30*] - Ka x [HAJinitia = 0
[H30*]2+ 0.01[H30*]-0.1 =0
[H3O*1=2.70 x102; pH=-log[H:0*] ; pH=1.57

el (A% g ) s adin Gl apla

_ [A-]equilibrium [H30+] _  [A-] [H30+] _ [H30+4] [H30+]_ [H30+]2
[HA]equilibrium [HA]initial-[H30+] 0.1-[H30+] 0.1-0

Ka = 1)(10_2

[H30%]2 = Ka x [HA]initia= Ka x Mua
[Hs0*]2= 1x 102x 0.1= 0.001= 107
[H:0*]=3.16 x 102 :pH=-log[H:0*]; pH=1.50

b e danlan ) s 4 (S O35 4 500 A ) (L i gl 58 5 ) (AS 430 08 ) (Sl adias aae oyl 1) lla g0 Gl ) pH 0 Gl

ApH =1.57-1.50 = 0.07
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Bidoh SSdad L e
B+H,0 === BH*+OH

Kb_[BH+]equi1ibrium [OH-] — [BH+ ] [OH—]

[B]equilibrium [Blinitial-[OH |

Wigh e A e equilibrium el b Jabad Lyl p5 o la culale San Jalat Jagl pd 53 Jalad GG (gl al (g () gl Gadiiie 4S5 shailes
)Y se Gt SO bl Jaad byl 53 0 BHT 5 OH” lal dse 2lani (B (ol S5 b sl sme duala ) al cn pa w4a 53 L
gl d il s U (equilibrium)detad Jal pd 3 aa a5

[OH_] equilibrium = [BH+]

a4 )Y 50 b)) OH" Jse dass Jialds Jala b sl Jalas ([Blequilibrium) J2S Ole) 03 B 4iy¥ 50 Ol 3l s s bl ddas 4w aa g b
= &S (VTotal) dstae S ana sl b (Mp=[Blinitial) B 4als) 43¥ 50 b a5l Jsa alaad 51 Kp S0 4 4dunl s 48 Cand (OH-

() dsad)asd
mmole of Bequilibrium = mmole of Binitai— mmole of OH-
[Blequitibrium = [Blinitial - [OH]
e 1 K Jalad i Jge 8 50 ol (i Bla L g

— [OH-] [OH-] _ [OH-]2
[Blinitial-[OH-] [Blinitial-[OH—]
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” IfKp>1073:

45855 ) 0ad A1 [OH] a5 (s lale 5148 Cad o Jieda cadli 107330 SR 5a (Kp) b Jabed il 5 (55 < 508 4505 ) 5o 2

s aladl ) alilae (ebad a0 4s 0 alilae L pH gat Slalae 5 294 g adias (self dissociation) Db o2

[OH'] 2_ Kb x [B]initial + Kp x [OH'] =0
[OH2— Ko x My + Kb x [OH]= 0

4 pH Cad Clalas 258 (o8 adin Sh Al 4o (o Jama o gt g a8 Q3 ) 0ad 31T [OHT] eSO ilale ) a8 ) gea 2

P oo ool 1) D) pea

[OH]%= Kb x [Blinitial ~; [OH]? =Ko x My ; [OH]?= /Kb x [Blinitial
[H]=[HsO"]= 5 ;  pH=-log [H:O"]
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If Ko <=107: B b O daa

4 ol o i gone ol ) ead a1 [OHT amSsm8 O lale (1073 L Ll b 538a 58 (kp) Jala cull 5 5L CoB 4y aa s b
([OH] << [Blinitial) 2 oo s 4o (g adia BB 9 S 68 bl oy (B) 4als) Sb culale b asglin jo b abias

A gdaladl py adales (bl e pH Gt Gilalae i 5l 4
~ [OH]<<[B]
> hence: [OH]~0

— [BH+]equilibrium [OH—] — [OH-][OH-] _ [OH-]2 _ _ [OH-]2

K =
b [Blequilibrium [Blinitial-[OH—] [B]initial-[OH | [Blinitial—0

[OH]? = Kb x [Blinitial

[OH]= /Kb x [B]initial ; POH = -%2 log(Ks x My) = 72 (pks — log Mb)
[H3O0"] = [OI:i] ; pH=-log[H3O0*]; pOH=14-pH
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0¥ 50 0.1ble L (CH3COONa) vl autw Sad Jslaa 51 pHawlas e >

:ka =1.75 ><10_5 Sl ) LS‘_):’ Jalas culd
B+H,O =—= BH'+OH Na*OAc + HO =— HOAc + OH"

b O A Jatad ) Mgy ady ad bl paidas e

Kb_[BH+]equi1ibrium[OH—]: [BH+][OH-] _ [OH-][OH-]  _ [OH-]2 _ Kw_ 10214 _ g o4 4010

[B]equilibrium [Blinitial-[OH—] [-OAc]initial-[OH—-] [-OAc]initial-[OH—-] ka 1.75 x10-5

[OH]2+ Kb x [OH]— Kb x [OAC]initiai = 0
[OH]2+ 5.71 x10°x [OH]=5.71 x10°x 0.1= 0 ; [OH]= 2.4 x10°6 ;

[H*] = [Hs0*] = —= = 1271% - 417 x10?;

[OH-] 2.4x10-6

pH =-log [H3O *] = - log 4.17 x10° ; pH = 8.38
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1 M A jata gd ) pdigr adia (bl dsulae *

K, = [BH+lequilibrium [OH-] _ _[BH+][OH-] _ _ [OH-][OH-] _ [OH ]2 _ [0H-]2
b= [B]equilibrium "~ [Blinitial-[OH-]  [-OAc]initial-[OH—] [-OAc]initial-[0]  [0.1]initial—[0]
Kw = L = -10 = &
ka 1.75 x10-5 5.71x10 [0.1]initial—[0]
[OH]2=5.71x1019% 0.1 ;[OH]=7.56x 10 [H*]= [H0"] = —_ = 2= =1.3x10°

[OH ] 7.56 x10—6

pH= 8.89

e Alilaa L (Ol ad 4 jaiasd ) o adin a8 5 3l 008 4uad 253 Sl g adia ate Tl 8) illa g3 ol s pH 3 <l
ApH=\ 8.38 - 8.89\ = 0. 51 s o dsulas
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() J55) b S5 5 g8 Sy ) ol by () A8 B S it sl gl S5

(Vb pa> 9 Mp @il8) id 5 S5 (B) .8 Jb ) edliad b (Va aaa g Maclile) b 5 SO (HA) s dund ¢y gl Ji5

s Al
HA + H,O ——— A+ HsO* K _[A-]equilibrium [H30+]
a [HA]equilibrium
"o [HA]equilibrium _ Ka([HAl]initial-[H30+])
[HSO ] Ka [A—]equilibrium [A—] equilibrium
If Ka> 1073 asidas agndan o alibee addg)h anal Gadi 435 268 ) daals o gi g pas cludal b
EXPS
AR on (Pigy i Al s) sl (28 49 a8 358 )
If Ka<=1073
_ [HA]equilibrium
pH pKa Iog[A—]equilibrium
rs 8k

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

12
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() 55) 5 S ) oakiian) Uy (ylll) i sl ¢y gl 5 3 cilida sl ola) 3 pH O o

Vititrant Viotal mmole | [Analyte] | mmole [Titrant] in mixture [H'] [OH] pH
of in of titrant
analyte | mixture (base:B)
(acid:
HA)
Virant=0 | Vanayte | MaVa— | MaVa/Viotar | O 0 HA + H,O =—= A+ HsO"
mmole | -[H3O%]serr [Hs0"] = Kq [HAleauilibrium 1074/ [H30"] | - log [H30"]
= of dissociation [A=lequilibrium
Va HsO%wrt | = Ma- [HA] equilibrium = Ma - [H30 seif dissociation = Ma
dssociaton | [H30Jser [Aequilibrium = [H:07]
- MaVa | dissociaion [H:0"] = aosi [HO'F = Ka . Ma
= Ma [H:0"] = VKa . Ma
Vititrant Viotal mmole | [Analyte] | mmole [Titrant] in mixture [H*] [OH] pH
of in of titrant
analyte | mixture (base:B)
(acid:
HA)
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MaVa- | (MaVa- MbVb HA + H0 === A+ H:0" 109 HOT | 5 5 o
o
Vitzan MoVs- | MoVs)/ MbVs: Viotal [H,0"] = Kq [HAleauilibrium Jborg
< mmole | View consume | - consumed [A—Jequilibrium = X (fID
Ay . = _ _ I |_+|—
Veq Va of H30+ _ [H30+] self d [HA]eqUIllbrlum (MaVa Mbvb)/vtotal O|’_‘ >
+ self dissociation [H3O+]selfdissociation G,iﬁ g
= I
Viitrant dissociation = = (Mava- Mbe)/ Viota = :J<) %
_ (MaVa- [Alequilibrium = MpVe/ Vietar +[H30*] seit g é E
M.V, - MsVb)/ dissociation = MbVb/ Viotal E
o MaVa — MbVb)/ Vtota _ ~
MouVb Viotal [Hs0"] = Ka ™2 :/[be/Vtz)/ta =
o (MaVa — MbVb)
[H:O*] = Ka e
Viitrant Viotal mmole | [Analyte] | mmole [Titrant] in mixture [H*] [OH1] pH
of in of titrant
analyte | mixture (base:B)
(acid:
HA)

14
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Vitant Va consumed | consumed consumed | consumed A+tHO =—= HA+OH- [OH] 2 -
= + K, = [HAJequilibrium [OH—] = l (.%
Veq Viitrant [A_]ethbrn?n_l . wa %\ QC)J)r
[OH] = Kb% [OH-] z =
[HAJequilibrium = [OH] @;
[Alequilibrium = MpVe/ Viotal - [OH7] seif dissociation ‘j_
= MoVb/ Viotal cg
Hence: [OH] = Kb% 5
[OH]? = Kb (MbVb/ Vtotal,
[OH]=/Kb.(MbVb/ Vtotal)
[H:0"]= 5
Viitrant Va 0 0 MoVp - MbVb — MaVa B+H.O —» BH"+ OH" MbVb — MaVa
> + MaVa Vtotal A+H,0 =—= HA+OH- Vtotal -log [H30"]
Veq Viirant [OH] = molarity of OH- by extra strong base

as titrant after equivalency point to acid

[O H_] self dissociation of conjugated base (A-) is ignorable;

1 _ MbVb-MaVa
[OH ] B Vtotal

1 Kw
[H3O"]= OH-]

15
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() A0) (A8 B ST s 8 a3 ool by () A8 0 SO Cimid b gl S5 @
1(Va aaas My @lile) A 5 oG (HA) 88 2l ) 0dliiad G (V) ana g Mp lile) 3 5 G (B) chma S & gl i

ria
B+H0 === BH'+OH
K= [BH+]equilibrium [OH—]
b [Blequilibrium
Blequilibrium  _ ([BJinitial-[OH—-])
[OH ] = Kb BH+]equ1hbr1um = Kb [BH+]equilibrium
If Ka>103 238 dpulag osd s abilas gl sl b Gadi 4 aiasd ) deals aS g pe Cludal b
If Ka<=10? 23 Ra sy plin Al Sl 2l 4 3ad 254 )
a1 - [B]equilibrium
IOg[OH ] |OgKb Iog [BH+]equilibrium
[B]equilibrium _
pOH pr Iog [BH+]equilibrium pH 14 pOH
] 35 KYV

HA + HoO —> A + HsO*  [H*] = [HsO*] = [HA] = molarity of acid = Ma

16
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(0 555) (o 68 gl ) ol by () g S (s s 4 iliba sl (a3 3 pH CoS @

Vititrant Viotal mmole [Analyte] | mmole | [Titrant]in [H'] [OH] pH
of in of mixture
analyte | mixture titrant
(base: (acid:H
B) A)
Viitrant=0 Vanalyte MpV5 - MoVo/Viotar | O 0 B + H,O == BH*+ OH"
[OH-]seIf - [OH-] self 1 [BJequilibrium Kb. Mb - Iog [H3O+]
dissociation dissociation [OH ] ~r0 [BH+Jequilibrium
I VAVA NV [B] equilibrium = Mb'[OH-]self dissociation = Mp
[H30+] i [BH*]equ111br1um e [OH-]
+ _Kb. Mb
dissociation [OH] - [OH-]
- [ OH] = VKb Wb [H;0") = K

17
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Vititrant Vtotal mmole [Analyte] | mmole | [Titrant]in [H*] [OH1] pH
of in of mixture
analyte | mixture titrant
(base: (acid:H
B) A)
Mava , B+H,0 =—— BH'+OH [OH] 3 L
MoVo- | (MbVs- MaVa: | Veotal  Bleqmibrium = I ]
mmole of | MaVa)/ consumed | "% oRT= Kbm K p QMbVb— MaVa) % ‘*C’I)
Vtitrant Vb [OH)ser | Viota [B] equilibrium = (MpVb- MaVa)/Viotal MbVb é Q
< + dissociation - [H30"] serf — [OHJseif dissociation = (MbVb- MaVa)/Viotal 2
Veq Viitrant - MaVa dissociation [BH+]equi1ibrium = MaVelVioa + [OHTser aissociation %
= = MaVa/Vistal E
- (MpVp - [OH]=Kb (Mbvl\l;;vl\:;‘llt?t/:to -
MoV - MaVa)/ [OH]= Kb (MbVl\;);Vl\;IaVa); [H:0%] = [o}:i ]
MaVa Viotal

18
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Viotal mmole [Analyte] | mmole | [Titrant]in [H*] [OH1] pH
of in of mixture
analyte | mixture titrant
(base: (acid:
B) HA)
V'itrant Vb consumed consumed consumed consumed BH* + H,0 —— B + H:0* [HI;2)V+] -Iog [H30+]
= + K, = [B]equilibrium [H30+] -
Veq Viitrant a [BH+]equilibrium
[(H10"] = K B+ leauiibrium 107"/ [Hs0"]
8 - ra [Blequilibrium
[B] equilibrium = [H30"]
[BH+] equilibrium =MaVa/ Viotal '[H3O+]self dissociation
= MaVa/ Viotal
+ MaVa/ Vtotal
[HSO ] = Kaw
Vtitrant Vb consumed consumed MaVa - MaVa — MbVb HA + H.O A + H;0* Kw
—_— [H30+]

Vtotal +
> + Mbe ota BH++ HZO 2 B + H30+ — 'Iog [HSO ]
Veq Vitgant [Hs0"] = [HA] = Ma = molarity of 104/ [Hs0"]

molarity of H:O" by extra strong acid as titrant
added after equivalency point to acid
[H30+] self dissociation of conjugated acid (BH+) is ignorable;
+1 _ MaVa—MbVb
[H30 ] " vtotal
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