College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry
Lecture 11

Titration of weak acid with strong base
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Ex. Titration of 100 mL of 0.1M CH3COOH with 0.1 M NaOH : if
Ka(chscoon) = 1.8x10°, Calculate the pH at:

1- Before addition of NaOH (Initial point):

CH3COOH CHsCOO™ + H*
_ [CH;CO07][H*]
[ CH;COOH]
CH3;COOH CH3COO +H*
Before ionization 0.1 0 0
After ionization 0.1-X X X
2
Ka=1.8x105="2 =% 5 x2=18x10"°

0.1—x 0.1

x =418 x 1076 =1.342x 1073 = [H*]
pH =-log [H*] =-log 1.342 x 10° = 2.872
2- After addition of 10 mL NaOH
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CHsCOOH +NaOH CH3COONa + H20
CHsCOOH =———= CH3COO +H*

no.of mmoles 0.1 X 10

It] = = = 9.091x 1073 M
[salt] V, (mlL) 100 + 10
lacid] = no.of mmoles 0.1 x100—-01x10 _ 0.082 M
="y mr - 100 + 10 -
b= pka+ 1og B _ 4745 4 10g 20107 _ 5060
PE=PRAT 00 Tocia) =~ ™ °%9 0082
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3- After addition of 50 mL of NaOH

no.of mmoles 0.1 x50

[salt] = -~ =100%50 " 0.033 M
lacid] = no.of mmoles 0.1 x100—-0.1x50 _ 0.033 M
actdl = vmL 100 + 50 -
H=pKa+1 [salt] = 4.745 + [ 0'033—4745
PE =PRATIF vacia) — ™ °90033 " ™
4- After addition of 99 mL of NaOH
(salt] = no.of mmoles 0.1 x99 0.05 M
sartl = vmL 199
lacid] = no.of mmoles 0.1 x100—-01x99 _ £ 025 x 10~ M
actdl = vmL 199 -
alt] 0.05

pH = pKa + log =4.745 + log C 025 x 102 6.743

[acid] 10

5- At equivalent point ( After addition of 100 mL of NaOH )

CH3COOH + NaOH CH3COONa + H>0

When 100 mL of 0.1 M NaOH solution is add to 100 mL of 0.1 M acetic acid
solution the end point is reached. The solution will be containing 200 mL of 0.05
N sodium acetate (salt). This salt is derived from strong base and weak acid then
pH is calculated using the following relation:
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no. of mmoles of CH3;COOH = no. of mmoles of NaOH = 0.1 x 100

no.of mmoles 0.1 X100 _
vmlL ~ 100+ 100

[salt] = 0.05 M

1
szz (pKw + pKa + log Cs ]

1
=3 (14 +4.745 + 10g0.05) = 8.722

6 -After addition of 120 mL of NaOH

After equivalent point, the solution containing hydroxide ions from NaOH
solution and from hydrolysis of acetate ions. For simplicity the later is ignored due
to its low concentration compared with OH" from NaOH.
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no.of mmoles 0.1 x120—-0.1 x100

- _ -3
[OH] = T = 50 7130 = 9.091x 1073 M
NaOH ---—-- — Na* + OH-
9.091x10°3 0 0

0 9.091x1073 9.091x1073

pOH = - log [OH ] = - log 9.091x1073 = 2.041

pH = pKw — pOH = 14 - 2.04 = 11.959
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7 -After addition of 150 mL of NaOH

OH-1 — no.of mmoles 0.1 X150 —0.1x100 _ 0.02 M
[oH"] = vmlL B 250 -

pOH = - log [OH ] =-log 0.02 = 1.699
pH = pKw — pOH = 14 -1.699 = 12.301

V NaOH(mL) pH
0 2.872

10 3.790
99 6.743
99.9 7.745
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Weak Acid e

Strong Acid y

Volume NaOH

pH
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Q: Consider the titration of 50 mL of 0.2N HCN with 0.2 N KOH.,
Calculate the pH after addition of: 0, 10, 25, 50, 75, 100 mL of KOH.

KaHen) = 6.2 x101w0
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Titration of weak base with strong acid
L“S}EUAAIA@W : BJ;:G@;ME

Q: Ex. Consider the titration of 100 mL of 0.1N NH4OH against 0.1 N
HCI. Calculate the pH at: KbnH.ory) = 1.8x107

1- Before addition of HCI (Initial point):

NHsOH mono hydroxide Base so N=M

NHsOH NHs" + OH"
NH} 1[OH™
o _ LNHI [0H]
[NH,OH]

NHsOH === NH,* + OH’

Before ionization 0.1M 0 0
After ionization 0.1- X X X
X.X X2 _ _3
—_ — -5 _ _— e =
Kb= c=—>=18 x10° =22 >X=[0H |=1.342x10 "M
X is ignored

POH = -log[OH] =-log 1.342 x103 = 2.872
pH=14- pOH =14 -2.872=11.128
2- After addition of 10 mL of HCI
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NH4OH + HCI NH4CI + H2O

NH4OH NH4s" + OH"
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NH4OH mono hydroxide Base so N=M
HCI mono proton so N=M

no. of meg(salt) = 0.1 x 10

no. of meq(base) = 0.1 x90

0.1x10

_ -3
10 =9.091%x10 "M

[salt] =

0.1x100-0.1x10

[base] = 110 =0.082M

OH = pK, + 10g 2™ — 4,745 4 10g 22213107 _ 5 290
PUT =P T 0T ase) — ™ °9"0.082

PKw = pH + pOH —pH = pKw - pOH = 14-3.790= 10.21

3- After addition of 50 mL of HCI

Cilaal) Gaalal) e o o 38 5 Adling g o gl ga¥) 518 b 9S8 ) 618 ) (aala (pa Ja 50 AbLa) g
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NH4OH mono hydroxide Base so N=M HCI
mono proton so N=M

0.1x50

[salt] = W =0.033M

0.1 x100—-0.1x50
(base] = —— X 0.033M

150
[salt] _ 4.745 + 1 0.033 _ 4.745
[base] °90.033~ ™

pOH = pKb + log

pKw = pH + pOH —pH = pKw — pOH = 14-4.745= 9.255
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4- At End point ( After addition of 100 mL of HCI )

NH4sOH + HCI NH.Cl + H>0O
When 100 mL of 0.1 N HCI solution is add to 100 mL of 0.1 N NH,OH solution

equivalent point or end point is reached. The solution will be containing 200 mL of
NH,4CI (salt) which means 0.05 N instead of 0.1N. This salt is derived of strong acid

and weak base then pH is calculated using the following relation:
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NHsOH mono hydroxide Base so N=M
no. of meq of NH4OH = no. of meq of HCI = 0.1 x 100 meq

0.1x100

[salt] = T = 0.05M = 0.05N

1 1
pH = E(pKw— pK, — logCs) = E( 14 — 4.745 — log0.05) = 5.278

5- After addition of 110 mL of HCI
After equivalent point, the solution containing hydrogen ion H* from

dissociation of HCI solution and from hydrolysis of ammonium ion NH4" . For
simplicity the later is ignored due to its low concentration compared with H*
from HCI.
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HCI mono proton and so N=M

no.of mmoles 0.1 x110—0.1 x 100

1 _ -3
[H™] = VvmL = 100 + 110 = 4762x 107 M
HCI — H + CI?
4.762x103 0 0
o) 4.762x103 4.762x10°3
pH=-log [ H*] =- log 4.762x103 = 2.322
6- After addition of 140 mL of HCI
HH = no.of mmoles 0.1 x140—-0.1 x100 _ 0.017 M
L VmL B 240 -
HClI  -—--- - H" + CI
0.017 0 0
0 0.017 0.017

pH= -log [H*] =-log 0.017 = 1.770

V HCI(mL) pH
0 11.128
10 10.210
50 9.255
100 5.278
110 2.322
140 1.770
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volume of a0 aocked omn?)

Ex: 10 mL of 0.02M of pyridine (CsHsN) is titrated with 0.01 M of
HBr. Calculate the pH after addition of: 0, 10, 20 and 30 mL of HBr,
Draw the Approximate curve. Kb (pyridine) =1.695 x10°

1- At zero addition of HBr solution:

CsHsN + HHO ——= CsHsNH* + OH-

C-H-NH*][ OH™
= [ [SC ;I N][]E-I 0] ] ) since [ H,0] = constant
5H5 2

CsHsN +H) O ——= CsHsNH* + OH-

Before ionization 0.02 0 0

After ionization 0.02- x X X

Kb = 1.695 x 10~% = XX = 1,695 x 1079 = X x is ignored
0,02 0.02

X?=3.39%x10! »x = [OH"] =5.822x10° M

POH = -log[OH] = -log 5.822x10° = 55.235
pH = 14- pOH = 14 — 5.235 = 8.765
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2- After addition of 10 mL of Acid:

CsHsNH™OH" + HBr CsHsNHBr + HO

CsHsN + H,O CsHsNHY + OH-
0.01x10 _
[salt] =————=5.0 x 10 °M
20
0.02x10—-0.01x10 _
[base] = 50 =5.0 x10 °M
OH = pKb +1 [salt]
pUt=p °9 [base]
OH = 8.771 + 10g > _ g 771
pui =9 %950 x103

pKw = pH + pOH
pH = pKw - pOH = 14-8.771=5.229

3- After addition of 20 mL of Acid:

CsHsNHOH + HBr CsHsNHBr + H,0

no. of mmole of CsHsNHOH= no. of mmole of HBr
0.02x10 = 0.01x20

So this is equivalent point

0.01 x 20

_ -3
20 =6.667 Xx10 "M

[salt] =

1
pH = E(pKw — pKb — logCs)

1
pH = (14 -8.771 - log6.667 x 107°) = 3.703
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4- After addition of 30 mL of Acid:

no.of mmoles

[H*] =

VmlL
= 01 X30-002x10 oy
40
HBr - - H" + Br-
2.5x1073 0 0
0 2.5x10°% 2.5x1073

pH=-log [H*] = -log 2.5x10° =2.602
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Q: 25 mL of 0.05M of Aniline (CsHsNHy) is titrated with 0.05 M of
HNOs. Calculate the pH after addition of: 0, 5, 10, 25 and 30 mL of
HNQO3, Draw the Approximate curve. Kb (Aniline) =3.984 x101°

12



College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry
Lecture 11

Titration weak Base with weak Acid or weak Acid with weak Base
A facld pe Lid gasla gl diad gasla pe dipud 3ol pad

It is difficult to determine the end point of such a titration, because no sharp change
in pH is detected at the equivalent point, none of the indicator suits for it. the pH
change involved is very small and it is generally difficult to find the end point.
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Titration curve for weak base with weak acid

pH 14
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o T

25
volume of acd added (on3)

Titration curve of 25mL of strong base with strong acid
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Titration curve of 25 mL of strong acid with strong base

pH 14 4 FRapid fall of pH to start
] wwith, bbut the rate of fall
— / slows clown .
T
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25
wvalume of acid added (cm3)

Titration curve of 25mL of weak base with strong acid
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25
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Titration curve of 25mL of weak acid with strong base
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25
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Titration curve of 25mL of weak base with weak acid
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vmL
0.000
5.000
20.00
24.00
24.50
24.90
24.95
25.00
25.05
25.10
25.50
26.00
30.00
45.00

pH
1.000
1.170
1.960
2.690
2.990
3.700
4.000
7.000
10.00
10.30
11.00
11.29
11.95
12.46
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