Chemistry 102 Chapter 16

ACID-BASE TITRATION CURVES

e Titration is a procedure for determining the amount of acid (or base) in a solution by determining the
volume of base (or acid) of known concentration that will completely react with it.

e Acid-base titration curve is a plot of the pH of a solution of acid (or base) against the volume of
added base (or acid)

e These curves can be used to choose an indicator that will show when the titration is complete.

Indicator name pH range for color change
il 2 4 £ ) 1] 12

Methyl violel yiellimar - vivlel

Fhymw blue {acidic ranee) r-;:d-' vellow

Bromphenol blue vellow l hlue

Methy] orange red i vellow

Bromeresol green vellow lhlu-..'

Methyl red [L'I.l.._ vellow

Bromthyomo] hlue viellow ll‘-iu-:.'

Py blue (hasic range) vellow i Pue
Phenolphthalein colorless pink
Alizann yellow R vellow :-J-.'-J
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Chemistry 102 Chapter 16

TITRATION OF A STRONG ACID BY A STRONG BASE

HCl(aq) + NaOH (aq) —> NaCl(aq) + H,0 (aq)
0.100 M 0.100 M
25.00 mL ? mL

14

. /"_
1 Fink (

———— Phenolphihalein

Colorless

l__ —— bBquivalence poimt ——_

=

pH

Bl

——— Bromeresol green
4 Yellow
2 //

1] 5 10 15 ) 25 30 35 40 45 5
Volume of NaOH added (ml.)

First Part of Titration:
The pH changes slowly until about 24 mL of base is added (until the titration is near the equivalence point)

Second Part of Titration:
The pH changes rapidly from pH =3 to pH =11

AtpH=17: » the solution contains NaCl, a salt that does not hydrolyze

» the equivalence point is reached

e Equivalence point: the point in a titration when a stoichiometric amount of reactant has been added
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Chemistry 102 Chapter 16

Choice of Indicator to detect equivalence point:

e The indicator should change color within the pH range 3 — 11

e  Which indicators change color within the pH range of 3-11?

Indicator name pH range for color change
il 2 4 3 " 1{} 12
R B S
Methyl vicler viellow _ vinlel
Thymod blue {acadic range) r-;_'d- bellow
Bromphenol blue vellow . hlue
Methy] orange re l. yvellow
Bromeresol green velfow _'hlu-:
Methyl red rml._ viellinw
Bromthyvio] blue viellow .l‘-ll.u.'
Uhy e blue (basic range) yellow '. Ilue
Phenolphihalein colorless prinik
Alizann vellow R vellow red
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Chemistry 102

Chapter 16

CALCULATING THE PH OF A SOLUTION OF A STRONG ACID AND

A STRONG BASE
Examples:
1. Calculate the pH of a solution in which 10.0 mL of 0.100 M HCl is added to 25.0 mL of 0.100 M
NaOH.

HCl (aq) + NaOH (aq) > NacCl (aq) +

strong acid strong base
HCI + NaOH —— NaCl + H,O

Start 1.00 mmol 2.50 mmol 0 -—--

A —1.00 mmol —1.00 mmol +1.00 mmol -—--
End 0 1.50 mmol 1.00 mmol -—--

1.50 mmoles

1.50 mmoles OH™

1.50 mmoles OH™

[OH] =

Total Volume

[OH]=4.286x 10> M

pH = 14.000 — 1.368 = 12.632

2. Calculate the pH of a solution in which 30.0 mL of 0.100 M HCl is added to 25.0 mL of 0.100 NaOH.

pOH = — log (4.286 x 107%) = 1.368

(strongly basic)
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Chemistry 102 Chapter 16

TITRATION OF A WEAK ACID BY A STRONG BASE

HC,H30:(aq) + NaOH(aq) — NaC,H30»(aq)+ H,0(aq)

0.100 M 0.100 M
25.00 mL ?mL

4

14 Pink
——— Phenoldphihakein

# Colorless
:E, Fpuivalence point -
6 Hfle \\
4
Yelliw Bromiciesol geeen
2z
0 5 | in 15 e, I 25 3 a5 4 45 5i)

Yiorlume of NaOH added. (ml)

First Part of Titration:
pH changes slowly at first (from about 3 to about 7)

NOTE:
. The titration starts at a higher pH (pH = 3) than HCI] because HC,H30, is a weak acid

Second Part of Titration:
pH changes rapidly from pH =7 to pH =11

NOTE:
e This is a shorter range than that for a strong acid by a a strong base (from 3 to 11)

e The equivalence point occurs on the basic side; this is the pH of the NaC,H30,(aq)
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Chemistry 102 Chapter 16
Choice of Indicator to detect equivalence point;
e The indicator should change color within the pH range 7 — 11
e Which indicators change color within the pH range of 7-11?
NC Indicator name pH range for color change
il 2 4 i by 1{} 12
| i | i | i [ i | |
| l | | | 1 - T |
Methyl vicler viellow _ vinlel

Thymod blue {acadic range) r-;_'d- yell
Bromphenol blue vellow

Methy] orange
Bromeresol green vellow

Methyl red

L1

. hlue

rml. yellow

_’hlu-;.'
n:tl._ vell

W
L biue

Bromthyoed blue vellow

Uhy e blue (basic range) '_I.-Jllw.- '. Ilue
Phenolphthalein colprless it

Alizann vellow R vellow red
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Chemistry 102 Chapter 16

Calculating the pH at the Equivalence Point in the Titration of a Weak Acid
by a Strong Base

Examples:
1. Calculate the pH at the equivalence point for the titration of 500. mL of 0.10 M acetic acid with

0.050 M sodium hydroxide. (K,=1.7x 107)

First: Stoichiometry

HC,H30,(aq) + NaOH(aq) > NaC,H30,(aq) + H,O(1)

At the equivalence point:
# mmoles of HC,H30,(aq) reacted = # mmoles of NaOH(aq) reacted

HC,H;0,(aq) + NaOH (aq)

> NaC,H;0,; (aq) + H,O (1)

500. mL
0.10M

?mL
0.050 M

0.10 moles HC,H30, 1 mmol NaOH
?mL NaOH = 500. mL HC2H302 X X X
1L 1 mmol HC,H;0,

1 L NaOH

=1000 mL
0.050 mol NaOH

HC,H30;(aq) + NaOH (aq)
500. mL 1000 mL
0.10 M 0.050 M

> NaC,H;0,; (aq) + H,O (1)

HC2H302 + NaOH — NaC2H302 + HQO

Start

50. mmol

50. mmol

0

A

—50. mmol

—50. mmol

+50. mmol

End

0

0 mmol

50. mmol

NaC,H;0,(aq) > Na'(aq) + C,H30; (aq)

Note: # mmoles NaC,H; O, = # mmoles C,H30,” = 50. mmol

50. mmol 50. mmol

[CoH30;, 7] = = =0.0333 M
Total volume of solution 500. mL acid + 1000 mL base
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Chemistry 102 Chapter 16

Second: Hvydrolysis of the acetate ion

C2H3027 (aq) + HQO —b' HC2H302 (aq) + OH™ (aq)

base

Kb=?

Recall: Ka(HC2H302) X Kb(C2H3027) = KW

Ky 1.0x107"
Ky(C,H30,) = = =588x107"7
K.(HC,H;0,) 1.7x107°
C,H;0, (aq) + HO(l) == HC,H30,(aq) + OH (aq)
Initial 0.0333 M 0 0
A —X ---- +x +x
Equilibrium 0.0333—x | = - X X
[HC,H;0,] [OH] x> x>
Ky = = ~ =588x 107"
[CoH30,7] 0.0333 —x 0.0333
x=[OH]=4.43x10°M pOH = —log (4.43x 10°°) =5.35

8.65 (basic, as expected)

pH = 14.00 - 5.35

2. Calculate the pH at the equivalence point for the titration of 100. mL of 0.10 M acetic acid with
0.100 M sodium hydroxide. (K,=1.7x 107)
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Chemistry 102 Chapter 16

TITRATION OF A WEAK BASE BY A STRONG ACID

NH; + HCl(aq) > NH4Cl(aq)
0.100 M 0.100 M
25.0 mL ?
14
10}
]
E L+ oddethy ] med
& Yo low -
Red Equivalenoe point —_
4 -
, \\_\
(1] 5 14} 15 0 25 3 35 Elh] 45 503

YVolome of HC| added (ml)

First Part of Titration:
pH changes slowly at first (from about 11 to about 7)

Second Part of Titration:
pH changes rapidly from pH =7 to pH =3

e This range of pH change (7 to 3) is about the same as that of a titration of a Weak Acid
by a Strong Base (7 to 11)

e The equivalence point occurs on the acidic side; the pH at the equivalence point is the
pH of NH4Cl(aq)
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Chemistry 102

Choice of Indicator to detect equivalence point

Chapter 16

e The indicator should change color within the pH range 3-7

e Which indicators change color within the pH range of 3-7 ?

Indicator name

Methw] viclel

Thymod blue {acadic range)

pH range for color change

2 4 s i 1{} 12
— —+— i
viellow -v'u:-I-::l
n;_'d‘ ellow

Bromphenol blue
Methy] orange

Bromeresol green

vellow

l hlue
n:lll yellow

velfow

Methyl red

lhlu-..'
n:tl.= viellgw

Note:

Bromthymo] blue
Uhy e blue (basic range)
Phenolphthalein

Alizann yellow R

viellow .l‘-lu-:.'
vl lovw i Plue
colfrless pink

vellow

.JL'J

Because the range in which the rapid change of pH occurs is narrow (3 to 7), the choice of

an indicator is more limited.

The following indicators can be used:
1. Bromphenol Blue
2. Methyl Orange
3. Bromcresol Green
4. Methyl Red
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Chemistry 102 Chapter 16

CALCULATING THE PH AT THE EQUIVALENCE POINT IN THE
TITRATION OF A WEAK BASE BY A STRONG ACID

Examples:
1. What is the pH at the equivalence point when 35 mL of 0.20 M ammonia is titrated by 0.12 M

hydrochloric acid? (Ks for NH; is 1.8 x 107)

First: Stoichiometry

HCl(aq) + NH; (aq)

> NH4Cl (aq)

At the equivalence point:
# mmoles of NH; reacted = # mmoles of HC1 reacted

HCl(aq) + NH; (aq) > NH4Cl (aq)
? mL 35 mL
0.12M 0.20 M

0.20 mmol NH;z 1 mol HCI 1 mL HCI
?mL =35 mL NH;3 x X X = 58.3 mL HCI1
1 mL 1 mol NH; 0.12 mmol HCI

HCl(aq) + NH; (aq)

> NH4Cl (aq)

58.3 mL 35 mL
0.12M 0.20 M
HCI + NH; S — NH4C1
Start 70. mmol 70. mmol 0
A —70. mmol —70. mmol +70. mmol
End 0 0 mmol 70. mmol
NH,C I(aq) > NH; (aq)  + CI” (aq)

Note: # mmoles NH,Cl = # mmoles NH; = 70. mmol

70. mmol 70. mmol
[NH, = = =0.075M
Total Volume of Solution 35 mL base + 58.3 mL acid
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Chemistry 102 Chapter 16
Second: Hvydrolysis of the ammonium ion
NHi(ag) +  H0() > NHiag) +  H;O'(aq)
acid
K.(NH;") =2
Recall: K.(NH;") x Ky(NH3) = K,
K 1.0x10™"
K.(NH,") = = =556x107"
Ku(NH;) 1.8x107
NH; (aq) + H,O() == NHs(aq) + OH (aq)
Initial 0.075 M -— 0 0
A —X ---- +x +x
Equilibrium 0.075—~x | = - X X
[NH;] [H30'] x>
K, = = ~ = 556x 107"
[NH4'] 0.075 —x 0.075

x=[H;01=6.46x 10"°

pH =—1log (6.46 x 107 =5.19 (acidic, as expected)

2. What is the pH at the equivalence point when 50 mL of 0.10 M ammonia is titrated by 0.25 M

hydrochloric acid ? (Ky, for NHz is 1.8 x 107)
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Chemistry 102

Chapter 16

ACID-BASE TITRATIONS (SUMMARY)

Strong Acid by A Strong Base
HCIl (aq) + NaOH (aq) —> NaCl(aq)

14
i Pink [
——— Phenolphthalein
Lolorless
8
= —— bquivalence pomt — __
4 3 | p |
b (M
——— Brameresol grecn
4 Yellow

0 5 1) 15 i} i) i 3 40 15 al
Volume of NaOIT added (mL)

Solution is neutral at
Equivalence Point
(Rapid Change of pH =3-11)

Weak Acid by A Strong Base
HC,;H;0; (aq) + NaOH (aq) —> NaC;H30;(aq

0 {///d

—— Phenolphihalein
] Calorless \
T Fquivilence point
&
i Blue \
i
Yellow * Bromeresol green
2

0 S 0 1 A % 0 e o A N

Volume of NaOH added (mL)

S Solution is basic at
Equivalence Point
Rapid Change of pH =7-11
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4
12
10
8
=
= _# Methyl red
6 Yellow
Red = Equivalence point —___
i = |

Weak Base by a Strong Acid
NH; (aq) + HCI (aq) —> NH4Cl(aq)

]

\

5 10} 15 il 74 il 3B 40
Volume of HCT added (ml.)

Solution is acidic at
Equivalence Point
Rapid Change of pH=3-7

1
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