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Acid-Base Titrations
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Adding NaOH from the buret to acetic acid
in the flask, a weak acid. In the beginning
the pH increases very slowly.

Acid-Base Titrations

N T
mL KaOH added
18m‘Jan3rraov

Additional NaOH is added. pH rises as
equivalence point is approached.




Acid-Base Titrations

Additional NaOH is added. pH increases and

then levels off as NaOH is added beyond
the equivalence point.

Titration Curve for a Weak Acid with a

Strong Base

pH at - |pH at
InzliFwegy  +<— equivalence

point? “|point?

'5,_*»»*!"““ pH of solution of

benzoic acid, a
| Weak acid
Benzoic acid ]
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+ NaOH Terant Volune ()

Acid-Base Titration

QUESTION: You titrate 100. mL of a 0.025 M
solution of benzoic acid with 0.100 M NaOH to

the equivalence point. What is the pH of the
final solution?

CgHsCO,H + OH- ---> C4H;CO, + H,O
<
J

J
iy 9

CeHsCO,H CeHsCOy




Acid-Base Titrations
The product of the titration of benzoic acid is
the benzoate ion, C gH;CO, .
CsHsCO, is the conjugate base of a weak acid.
Therefore, final solution is basic.
C¢HsCO, + H,0 — CzH;CO,H + OH-

| jpHat

- -10 { .
Kp=16x10" = [Tl equivalence
‘ ./ |pointis
| basic

Acid-Base Reactions

QUESTION: You titrate 100. mL of a 0.025 M solution of of
benzoic acid with 0.100 M NaOH to the equivalence p  oint.
What is the pH of the final solution?

Strategy — find the concentration of the
conjugate base C gH;CO, - in the solution
AFTER the titration, then calculate pH.

This is a two-sstppobidem
1.stoichiometry  of acid-Hwese reseatton
2.equilibrium calculation

QUESTION: You titrate 100. mL of a 0.025 M solution of of
benzoic acid with 0.100 M NaOH to the equivalence p  oint.
What is the pH of the final solution?

STOICHIOMETRY PORTION
1. Calculate the moles of NaOH required
(0.100 L C¢HsCO,H)(0.025 M)

=0.0025 mol C4Hs;CO,H

(mols acid = mols base)

This requires 0000285mbN4&QBbH

2. Calculate the volume of NaOH required
0.0025 mol (1 L / 0.1200 mol)

=0.025 L NaOH = 25 mL of NaOH required




QUESTION: You titrate 100. mL of a 0.025 M solution of of 10
benzoic acid with 0.100 M NaOH to the equivalence p  oint.
What is the pH of the final solution?

STOICHIOMETRY PORTION, cont.

Remember that 25 mL of NaOH are
required

3. Moles of C ¢H;CO," produced = moles
CsHsCO,H = 0.0025 mol (1:1 ratio)

4. Calculate the concentration of C  ;H;CO,"

There are 0.0025 mol of C (H;CO, ina
TOTAL SOLUTION VOLUME of 1PB5mhL

[CeHsCO,1= 0.0025 mol / 0.125 L = MAEADNH

QUESTION: You titrate 100. mL of a 0.025 M solution of of 1
benzoic acid with 0.100 M NaOH to the equivalence p  oint.
What is the pH at equivalence point?

Equivalence Point

Most important species in solution is benzoate ion,
CgHsCO,
the weak conjugate base of benzoic acid, C  zH5CO,H.
C¢HsCO,” + H,0 — C¢HsCO,H + OH-
K, = 1.6 x 10-1° Make an ICE chart...
[CeHsCO,T[C¢HsCOH]  [OH]]

initial 000440 0 0
change -x +X +X
equilib -X X X
12
2
Kp = 1.6x10710 = oozxﬁ
. ~
Neglect x

Xx=[OH]=1.8x10%¢
pOH =5.75 ----- > pH=8.25
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QUESTION: You titrate 100. mL of a
0.025 M solution of benzoic acid with
0.100 M NaOH to the equivalence point.
What is the pH at half-wagpyppitit?

T il

Equivalence
point
pH =8.25

14

Acid-Base Reactions
You titrate 100. mL of a 0.025 M solution of
benzoic acid with 0.100 M NaOH.

What is the pH at the half-way point?
CeHsCO,H + H,0 - HyO* + CgHCO,
K,=6.3x10°%

Both C¢H,CO,H
and C¢H;CO,
are present.

This is a BUFFER!

15

At the half-wegypeimt, [C ;HsCO,H] = [C¢HsCO, ]

Ka = [H307IC ¢HsCO,'] K,=6.3x105
[CeHsCO,H]

Therefore, [H ;O0*] = K, = 6.3x10°

pH = 4.20 = pK, of the acid
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50.0 mL of 0.100 M HCI titrated with 0.100 M NaOH

‘Amount of base added pH
0.0 1.00

12 10.0 118

20.0 137
40.0 195
5.0 228
Rl 480 269 j )

49.0 3.00 Equivalence point

8 50.0 7.00 pH=7
51.0 11.00 /

pH 55.0 11.68

60.0 11.96

8 80.0 1236
100.0 1252

Strong acid titrated
with a strong base

very large amount 13.00 (maximum)

0 20 40 60 80
Titrant volume (mL) Figure 18.4
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Figure 18.6

Hala0y HEz D [y

5 |28
fH [ Eyuivalence puint:
pH = 2.4

/' Weak diprotic acid
(H,C,0,) titrated
o with a strong base
0.100 M HG0, 2H =12 Eo(gNaOH)

10C 200

&

\

Volume of NaOH added (mL)

18

12] 0.100 HNH;3
3k - 1112

Helt-neutiabizad; NH;| = [HH,"]
5 pH=5.26

Buler
& rzgion

Weak base (NH;)
titrated with a
strong acid (HCI)

Fauivalence nirt —
H=5.30

14 20 0 130 1ed
Tetrar t volume {ml) .
Figure 18.7




