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3) Titration of weak acid with strong base 4 318 aa Cimia (aala paad

Ex. Titration of 100 mL of 0.1 M CHsCOOH with 0.1 M NaOH: if the Ka (cHacoon) =
1.8 x 10, Calculate the pH at:

1- At the Initial point before the addition of NaOH

CH3COOH =———= CH3COO" +H"

Before ionization 0.1 0 0
After ionization 0.1-X X X
_ [CH3C007[H*]
[ CH;COOH]
Ka=18x10"° = Oi‘fx = 0)_(12 - X?=18x10"% (xisignored)

x=+/18 X106 =1.342 x 1073 = [H*]

pH = -log [H*] = -log 1.342 x 10° = 2.872

2- After the addition of 10 mL NaOH
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CH3COOH + NaOH ———= CH3COONa + H20
CH;COO +H* =————=  CH3COOH

no.of mmoles 0.1 X 10
Vre(mL) 100+ 10

] no.of mmoles 0.1 x100—-0.1 X 10
lacid] = = = 0.082 M

[salt] = = 9.091x 1073 M

VymlL 100 + 10
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3- After addition of 50 mL of NaOH

no.of mmoles 0.1 X 50

[salt] = - = 100550 0.033 M
lacid] = no.of mmoles _ 0.1 x100—-0.1 x50 — 0.033 M
VmL 100 + 50
alt] 0.033
pH = pKa + log acid] = 4.745 + log 0033 4.745
4- After addition of 99 mL of NaOH
(salt] = no.of mmoles _ 0.1 x99 _ 9.9 — 005 M
VmL 100+99 199
lacid] = no.of mmoles _ 0.1 x100—-0.1 x99 5025 x 10-* M
VmL 199

alt] _ 4.745 + 1 0.05
lacid] °95025 x 10

pH = pKa + log — = 6.743

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

CH3COOH + NaOH CH3COONa + H20

When 100 mL of 0.1 M NaOH solution is added to 100 mL of 0.1 M acetic
acid solution, the endpoint is reached. The solution will be to contain 200 mL
of 0.05 N sodium acetate (salt). This salt is derived from a strong base and
weak acid then pH is calculated using the following relation:

Jslae e Jille 100 (Y psasall 2uS 5 508 (5 5¥ 50 0.1 Jslase e il 100 dilzal e
A mle e 5ol Jslaall () sSan lavie 5 AN Ak ) daas il adla (5 )Y 50 0.1
So¥ 50 0.05 2S5 bl 200 aass a5 seall
Ae aladiuly Cawad dpaclall Alall A (i 4 @8 5208 5 Clumaa Gala (e (Bidie zelall 138 ) Loy
(48l 3 pualae 8l SO a3 ) 48 3acly Chmaia (aala (e (Bl wlall ) 5il8

no. of mmoles of CH3COOH = no. of mmoles of NaOH = 0.1 x 100

no.of mmoles 0.1 x100
salt]| = = = 0.05M
[ ] VmL 100 + 100
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1
szz (pKw + pKa + log Cs |

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

6 -After the addition of 120 mL of NaOH

After the equivalent point, the solution contains hydroxide ions from the
NaOH solution and from the hydrolysis of acetate ions. For simplicity the latter
Is ignored due to its low concentration compared with OH- from NaOH.

Jolaall (d (58S Adaii aay (51) @02 gl 2S5 o0 (10 (5 ¥ 30 0.1 (e il 120 ddlal 2ay
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no.of mmoles 0.1 X120 —0.1 X100

[0OH] = T = 0T 130 ~— 9.091x 1073 M
NaOH — Na' + OH-
Before ionization 9.091 x 1073 0 0
After ionization 0 0.091x10°  9.091x1073

POH = - log [OH"] = - log 9.091 x 103 = 2.041
pH = pKw — pOH = 14 — 2.04 = 11.959

[7 - After the addition of 150 mL of NaOH

no.of mmoles 0.1 X150 —-0.1 X100 _

[OH] = VL 550 0.02 M
NaOH — Na” + OH-
Before ionization 0.02 0 0
After ionization 0 0.02 0.02

POH = -log [OH"] = -log 0.02 = 1.699
pH = pKw - pOH =14 -1.699 = 12.301
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V NaOH(mL)
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7.745

Yaohume of NaOQH, .
A=0.1T M, B=0.01M acetic acid
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pH

Weak Acid ~

—

Strong Acid S

Volume NaOH
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Q: Consider the titration of 50 mL of 0.2 N HCN with 0.2 N KOH. Calculate the

pH after adding 0, 10, 25, 50, 75, and 100 mL of KOH. Ka cny = 6.2 x10710

4
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4. Titration of a weak base with strong acid ¢ aals ga A 328 s

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

1- Before the addition of HCI (Initial point):
NHsOH mono hydroxide Base so N = M
NHi:OH =——=— NH4 + OH"

Before ionization 0.1 0 0
After ionization 0.1- X X X
NH} || OH™
«p — LNH{1[OH"]
[NH,OH]
XX 5 _ X? . I _3
Kb = =1.8 X10°>=— -5>X=[0H |]=1.342%x10""M
01-X 0.1
X is ignored

POH = -log [OHT] = -log 1.342 x102 = 2.872
pH =14- pOH =14 -2.872 =11.128
2- After addition of 10 mL of HCI

4aS o o S 5 a9 a g sa¥) ) lS e 068 @y ) IS 5 Hued) el (e silile 10 ALl 2ay

258 ey astisa¥) 2S5 o0 (e hd e Ligiae Jolaall (58 Mgy cdliaall (adall

 eadlal aal g dgmaall sac il alaial) Jglaall dlslae dgle ki g alaie Jslaa 585 a s gaY)
NH4OH + HCl =——= NH,CI + H,0

NH;OH === NH;" + OH"
NH4OH mono hydroxide Base so N =M

HCI mono proton so N =M
no. of meq. of (salt) = 0.1 x 10

no. of meq of (base) = 0.1 x 90

[salt] = 0.1x10 _ 9.091 x 10°3M
sa = 110 = 9.

0.1x100—-0.1x10

b = =0.082M
[base] 110




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

OH = pK,; + 1 Salt]—4745+l 9'091)(10_3—3790
PUE = PR 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

IS 0S8 daing g a5 ga¥) 308 la GeSh dlylS guugdl paala e ilile 50 ddl) aay
3,518 rla g pgd ga¥) dS g o o dald o U giaa J glaall 0985 13gn g cdibiaal) (laalal) dpag
Ltk da) g diadl) saclll aliiall J glaall Adalaa dgle Gulali g aliia Jslaa g8 9 a g ga¥)

NH4OH mono hydroxide Base so N =M

HCI mono protonso N =M

0.1 x50

[salt] = W =0.033 M
0.1x100—-0.1x50

[base] = 150 =0.033 M

[salt]
[base]

pOH = pKb + log

= 4.745 + 1 0.033
- °90.033

= 4.745

pKw = pH + pOH
pH = pKw - pOH
=14 -4.745 =9.255

4- At Endpoint (After the addition of 100 mL of HCI)

NH;OH + HCI NH4CIl + H,O
When 100 mL of 0.1 N HCI solution is added to 100 mL of 0.1 N NHsOH

solution equivalent point or end point is reached. The solution will contain 200 mL
of NH4ClI (salt) which means 0.05 N instead of 0.1 N. This salt is derived from a

strong acid and weak base then the pH is calculated using the following relation:
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NH4+OH mono hydroxide Base so N = M

no. of meq of NH4OH = no. of meqg of HCI = 0.1 x 100 meq

0.1x100

[salt] = —————=005M = 0.05N

1
pH = E(pKW — pK, — logCs)

1
=5 (14 —4.745 - log0.05) = 5.278

5- After the 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
latter is ignored due to its low concentration compared with H* from HCI.

Jslaall ol (5K A my (51) ey 518 puel) pamala (0 (50Y 50 0.1 e ithile 110 4dlial 2ay
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HCI mono proton and so N =M

no.of mmoles 0.1 X110 — 0.1x100 _
[H*] = 22 = = 4762 x 1073 M
VmlL 100 + 110

HCI —— H*  + CI
Before ionization 4.762 x 1073 0 0
After ionization 0 4.762x10°  4.762x10°3

pH = - log [H*] = - log 4.762 x 103 = 2.322
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6- After addition of 140 mL of HCI

HCI mono proton and so N =M
(HY] = no.of mmoles _ 0.1 x140-0.1 x 100 = 0.017 M
VmL 240
HCI »H" + CI
Before ionization 0.017 0 0
After ionization 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
pH 1Z

1 1111

1.1 1

-~

L1 11 1.1

voiume Of a0 acocked omY)

Ex: 10 mL of 0.02 M of pyridine (CsHsN) is titrated with 0.01 M of HBr.
Calculate the pH after the 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 +H, O =——= CsHsNH* + OH-

Before ionization 0.02 0 0
After ionization 0.02 - x X X
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. [CsHsNH*][OH™] nce [ H,0] ot
= h since = constan
[CsH:N][ H,0] 2

2
Kb= 1695 x10%=—"— =1.695 x107° = & (x is ignored)

0,02 —x
X2=339x 10 — x=[OH]=5.822x 10%M
POH = -log [OH] = -log 5.822 x 10° = 55.235
pH = 14- pOH = 14 - 5.235 = 8.765

2- After addition of 10 mL of Acid:
CsHsNH*OH + HBr =——= CsHsNHBr + H,0
CsHsN + H O ———— CsHsNH® + OH-
0.01x10

= =50 x1073M
[salt] 20 5.0 0
0.02 X 10 — 0.01 x 10 ;
[base] = =5.0 Xx10—°M
20

OH = pKb + log 52
P -P °9 [base]

OH =8.771 + 1 >0 X10_3—8771
put = o 950 x10-3 &

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 CsH;NHOH = no. of mmole of HBr
0.02 x10=0.01 x 20

0.2=0.2
So, this is an equivalent point
0.01 x 20
[salt] = =6.667 x1073M
30
1
pH = E(pKw — pKb — logCs)

1
pH =2 (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
0.1 x30—-0.02x10
[H+] = = 25%x 1073 M
40
HBr »H" + Br-
Before ionization 2.5 %103 0 0
After ionization 0 25x10° 25x10°3

oH = -log [H*] = -log 2.5 x 103 = 2.602

Ju clidlsa all ase gz Akl o) o A gall Ja dudla sl 381 3l slle) A b - Aaadla

Ay Jad) L) (oSS deaS g o) 9 Cmd o) kel a0 6B g (sl gl O Cun Y ga (Aall (1
Adla ) sl (N) = (M) N sal) (b dule g Asbisal) o) 3990 s gl

Q: 25 mL of 0.05 M of Aniline (CéHsNH>) is titrated with 0.05 M of HNO:s.
Calculate the pH after the addition of 0, 5, 10, 25, and 30 mL of HNOs;, Draw the
Approximate curve. Kb (Aniline) =3.984 x 1010

5. Titration weak Base with weak Acid or weak Acid with weak Base
A 3acld pe dids sl g) dirds s as ddauds 3ol ad

It is difficult to determine the endpoint of such a titration because no sharp
change in pH is detected at the equivalence point, and none of the indicators are
suitable for it. The pH change involved is very small and it is generally difficult
to find the endpoint.

Jild 2299 W Bala i Led oS laadll (e £ ol 138 Jha (A I AalS a4 pral) (g
Cilasadl) cra £ oil) 138 aladdic) Juady YA juad 9 dudaalad) Alal) el sde g L ailia
1Y) Aadall B mdga laSy, £ Ay dde (a9
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pH 14

'I‘J
|

______________________ - equivaence
paoint

volume of add added (o)

Titration curve for a weak base with weak acid

pH 14
7
D T
25
volume of add added (om3)

Titration curve of 25 mL of strong base with strong acid

pH 14
i - Erluivaence
| point
o i
25
volurme of alkali acced (©cm )

A titration curve of 25 mL of strong acid with a strong base

11



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

Lecture 11
pH 144 Rapic fall of pH to start
N with, but the rate of fall
3 / slows down.
7 ]
s [ - Beruivaence
_ !int
o i
258
volume of acd added (©mT)

A titration curve of 25 mL of a weak base with strong acid

pH 14
O - euivalence
n point
7
O '
25
volume of alkali added (©m )

A titration curve of 25 mL of a weak acid with a strong base

pH 14 4
7
a II
25
volume of acid acded ©m®)

A titration curve of 25 mL of a weak base with weak acid
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