Titration curves

Graphs of PH versus the volume of reagent added in a titration are
known as titration curves.
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Note the following features of the titration:

1-The PH changes slowly at first ,until the equivalence point is
approached.

2-In the region of the equivalence point there is a rapid change in PH.
There is a nearly vertical rise in the region from pH 4 to 10.

3- After the equivalence point is passed, the curve flattens out, as excess
of NaOH is added.

The curve will become as :

EX/ compute the pH for additions of 0,10,20, and 30ml| 0.1M NaOH to
100 ml 0.025 M HCI . Use the computed values and the pH of 7.00 at the
equivalence point to plot the titration curve.

Solution /
1-Before any NaoH added or initial pH
[acid] =0.025 M

pH = -log [acid ] = -log [H+] =-log 0.025=-(-1.6) = 1.6



2-After addition of 10.0ml of NaOH
No.mmols acid = 0.025 mmol/ml x 100 ml =2.5 mmol

No.mmols acid(reacted)=n.moles NaoH =10.0 ml x 0.1 mmole/mI=1.0
mmol

No.mmols acid (unreacted) =2.5-1.0 = 1.5 mmol
Volume (solution) =100+10 = 110 ml
[acid] unreacted =[H"] = 1.5mmol/110mmol =0.0136 M
pH = -log [H'] = -log 0.0136

=-(-1.866) = 1.866
3- At equivalence point after addition 25 ml of NaoH
At the equivalence point:
[H;0]" =[OH] =10"
N o —N naon =0 2 eq.point
PH=7 - Bromothymol blue
4- After addition excess of NaOH , 30 ml NaOH added
no.mmols NaOH (react) = no.mmols acid = 2.5 mmol
no.mmols NaOH (added) = 30.0 ml x0.1 mmol/ml = 3.0 mmol
no.mmols(NaOH) unreacted (excess) =3.0 -2.5 = 0.5 mmol
volume of solution = 100 +30 =130 ml
[base]excess =[OH] = 0.5mmol/130ml = 0.0038
pOH = -log [OH-] = -log 0.0038

= -(-2.415) =2.415

pH =14 —-2.415 =11.585
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The curve will be become as :

EX/ compute the pH of 25.0 ml 0.1 M acetic acid at addition of
0,5,10,12.5,20,25,and 30 ml 0.1 M NaOH ? ka =1.8x 10”, pka =4.76

Solution /
1-before added any NaOH or initial pH
pH=1/2 (pka —log Ma)
pH = 1/2 (4.76 — log 0.1)
pH= 1/2(4.76 + 1) =1/2 (5.76)
=2.88

2-After addition 5.0 ml NaOH
pH = pka — log mmoles acid (unreacted) + log mmoles salt/NaOH
No.mmoles HCl = 25.0 ml x0.1 mmol/ml =2.5 mmol
No.mmoles NaOH = 5.0 ml x 0.1 mmol/ml = 0.5 mmol
No.mmoles HCI (unreacted) = 2.5 -0.5 = 2.0 mmol
pH=4.76 —log 2.0 +log 0.5

=4.76 —0.30-0.30 =4.16



3- After addition of 12.5 ml of NaOH

CJAS\)':\S)SL;\LUL“AMU'AAM\)ﬁjo\}wﬁ\@ﬁqmgﬁﬁ\a&g
s oW ey
N©)

PH = pka

PH =4.76

No.mmoles HCl = 25 ml x 0.1 mmol/ml = 2.5 mmol

No.mmoles NaOH (salt) =12.5 ml x 0.1 mmol/ml = 1.25 mmol

No.mmol HCl (unreacted) =2.5 - 1.25 ==1.25 mmol

pH = pka — log mmoles acid unreacted + log mmoles salt (NaOH)
=4.76 —log 1.25 + log 1.25

pH=4.76

4- At eq .point (after addition of 25.0 ml of NaOH)

No.mmoles acid = 2.5 mmol

No.mmoles NaOH = 25.0 ml x 0.1 mmol/ml = 2.5 mmol

No .mmoles acid (unreacted ) =2.5-2.5=0 thisis eq. point

U La¥) (aalall &Y se 202l & gl Adliaal) saclall Y g0 220 (558 Ladie -1ddaaDl
Oy AL Ladd o g0y guall SR e (g ging Alladl oda A Jslaall g ¢ 5il<0l Adads o olly
AUl gl CluapH

pH = 1/2 (pkw + pka + log Ms)
pkw = 14 from kw= 1x 10™*
pka = 4.76 from ka = 1.8 x 10”

Ms = [ salt ] = (no.mmols NaOH)/(total volume ) = (25.0ml x0.1 M )/
25+25

=2.5/50 =0.05 M
pH=1/2 (14 +4.76 + log 0.05)
=1/2 (14 +4.76 — 1.30)

= 8.73 = phenolphthalein



5- After eq . point (excess of NaOH ) addition of 25.1 of NaOH
No.mmoles HCl = 25 ml x 0.1 mmol/ml = 2.5 mmol
No.mmoles NaOH = 25.1 ml x 0.1 mmol/ml = 2.51 mmol
No.mmol NaOH excess =2.51 — 2.5 = 0.01 mmol

Volume =( 25 + 25.1)ml = 50.1ml

[OH] =0.01 mmol /50.1 ml = 0.0001996M

pOH = - log [OH] = - log 1.996 x 10 = 3.7
pH=14-3.7=10.3
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