Acid-base titrations (Ch. 12-1 to 12-4)

Titration of strong acid with strong base
Titration of weak acid with strong base
Titration of weak base with strong acid
Titrationsin diprotic systems
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Titration of strong acid with strong base
Titration of 50.00 mL of 0.02000 M KOH with 0.1000M HBr.

There are 3 different regions.
1. Before EP (e.g. v = 3.00 mL)

new volume = 0.05000 L + 0.00300 L = 0.05300 L

excess moles of OH-=0.02000 M “~ 0.05000 L - 0.1000 M “ 0.00300 L = 0.00070
(0K 1= oeanor ~0%13M PO =- 10g(0.01321) =188
2. AtEP (i.e. ve = 10.00 mL)

0.1000M “~ v¢=0.02000M “~ 0.05000 L  v,=0.01000 L

Thereis no excess OH- from KOH and no excess H* from HBr, and Br- is a strong conjugate base
without hydrolysis. Therefore, only the dissociation of H2O is considered.

[H*]=4/1.00" 10 =1.00" 10" M pH =- 10g100" 107 = 7.00

Note that pH= 7.00 at EP is only valid in a strong acid-strong base titration.
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Titration of strong acid with strong base

3. After EP (i.e. v = 10.50 mL)

new volume = 0.05000 L + 0.01050 L
=0.06050 L

excess moles of H*

=0.1000M " 0.01050L - 0.0200M “ 0.05000L
or 0.1000 M “ (0.01050 - 0.0100)L

= 0.00005

00005

=————=826"10"‘M
0.06050L

[H']

Fig 12-1: titration curve for a

[pH =- log(8.26" 10) =308 strong acid with a strong base
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Titration of weak acid with strong base

Titration of 50.00 mL of 0.02000 M MES with 0.10000 M NaOH. MESis 2-(N-
morpholino)ethanesulfonic acid with pK, = 6.15.
There are 4 different regions.
1. Before baseis added (i.e. v=0) Thisisacalculation of aweak acid.
HA = H'+A
F-x X X
2
=K,=10"%" [H']=x=119"10"* |pH =- log(1.19" 10°*) =3.93\

X

0.02000 - x

2. Before EP (e.g. v =3.00 mL) Thisisabuffer containing HL and L~.
HA + OH ® A + H0
0.05000" 0.020000-0.00300" 0.10000 0.00300° 0.10000
=0.0007 =0.0003

\ pH= pKa+Iog[[:A]] » 615+I0g73%%3g:£ =5.78

If activity coefficients are considered,
Note that pH=pK, when [A]=[HA] or when v=tVe.  pH=pK , only when ga [A-]=gHA[HA]
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Titration of weak acid with strong base
3.AtEP (i.e.v.=10.00mL) Thisisasolution of weak base A-.
0.1000 M “ v, =0.02000 M ~ 0.05000 L Ve =0.01000 L

_ 0.05000L " 0.02000M

= Y - 00167M
~ ~(0.05000+0.01000)L

x? K, _107%%®
S — N O h Se—
0.0167-x ° K, 10°*® [OH']=x=154"10°M

PH =14.00- pOH =14.00+log(1.54" 10°°) =9.18|

Note that pH at EP is higher than 7.00 for atitration of aweak acid with a
strong base because the solution contains aweak base, A~.
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Titration of weak acid with strong base

4. After EP (e.g. v=10.10 mL)
Thereisan excess of OH-.

new volume = 0.05000 L + 0.01010 L
=0.06010 L

excess moles of OH-

=0.1000M " 0.01010L - 0.0200M ~ 0.05000L
or 0.1000 M “ (0.01010 - 0.0100)L
=0.00001

(OH- 1= 000001

=~ =166"10‘M
0.06010L

pH =14.00- pOH ) o
; B Fig 12-2: titration curve for a
=14.00+l0g(1.66" 10°*) =10.22|| weak acid with astrong base
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The titration of aweak base with astrong acid is just like the
reverse of the titration of aweak acid with a strong base.
There are 4 different regions.

Thereisan excess of H*.

Note that the pH at EP is below 7.00 because the solution contains
the weak acid BH*.
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Titration of weak base with strong acid

1. Beforeacid isadded (i.e. v=0) Thisisacalculation of aweak base.

2. Before EP Thisisabuffer containing B & BH*.
3. AtEP Thisisasolution of weak acid BH-.
4. After EP

Titrations in diprotic systems

3. Point C, at 1st EP (e.g. Vg = 10.0 mL)

Thisisasolution with al B converted to the intermediate form: BH*.

] :V‘ KiKo[HL + KKy | [KiKoFiy + KKy

KoHTHL Ko+ Ry
. 0.0100L 100 1400
= —_ = K, 10 K, 10
Fa =0100M" 5 o100+ 0.0100L > Kimil mpgmm =107 K=y =g =10
w1 |10°%107(0.050) +10°°®10 “® p.
\ [H ]»VI 10$5m+8050 =31 10°M

Lok

Note that point C is the least-buffered point on the whole titration curve (see Fig. 12-4).
Theintermediate form of adiprotic acid or base is aworst choice of a buffer.
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Titrations in diprotic systems
4. Point D, between EP1 and EP2 (e.g. v = 17.2mL)
Thisisabuffer containing BH* and BH2*.

_0.100M " 0.0100L - 0.100M ~ 0.0072L

(0.0100+0.0172)L
Note that 10.0 mL HCI has been used to form 0.100" 0.0100 mole of BH* at EP1.

BH*

. c . ]
_0100M" 00072L | e =28
BH,% (0_0100+0_0172)|_ CBHZZ‘ 7.2

[BH]
[BH,™]

\ pH = pK, +log » (14.00- 9.00)+I09%=4.59

Note that, at point D, pH=pK; when [BH*]=[BH,?*] or when v = 15.0 mL.
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Titrations in diprotic systems

Titration of 10.0 mL of 0.100 M of base B with astrong acid (0.100 M HCl)
base B is aweak diprotic base with pKp3=4.00 and pK2=9.00.
There are 6 different regions.

1. Point A (i.e.v=0)
2

01(:0 =10"4® [OH ]=x=3.1"10°M
.. - X

Thisisasolution of weak base B.

[PH =14.00- pOH =14.00+l0g(3.1," 10°) =11.49|
We assume that the second association of B (I.e. from BH* to BH;2*) is negligible.
2. Point B', before 1st EP (e.g. v=1.5mL)

Thisisabuffer solution containing B and BH*.

.= 0.100M “ 0.0100L - 0.100M “ 0.0015L
® (0.0100+0.0015)L

[B]* » (14.00- 4.00) +IogE =10.75
[BH 15

Note that, at point B, pH=pK, when [B]=[BH"]
orwhenv=50mL.

_ 0.100M " 0.0015L \ G _85
4" (0.0100+0.0015)L c, 15

BH

\' pH = pK, +log
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Titrations in diprotic systems

Fig. 12-4: Titration of 2 weak diprotic bases with a strong acid.
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Titrations in diprotic systems
5. Point E, at EP2 (i.e. v, = 20.0 mL)
Thisisasolution with all BH* converted to the weak acid BH,2*.
;. =0.100M , 0.0200L

—————————=0.033M
(0.0100+0.0200)L
X! _jgsw [H']=x=57,710*M |pH =324
0.033- x

We assume that the second dissociation of BH,?* (I.e. from BH* to B) is negligible.
6. Point F, after EP2 (e.g. v =25.0 mL) Thereisan excessof 5.0 mL of HCI.
0.0050L

[H*]=0100M ~ — -2
(0.0100+ 0.0250) L

- T
=14,"10°M pH
Note that there is no perceptible transition at EP when pH istoo
low or too high or when pK , values are too close together.

85
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Titrations in diprotic systems

Fig. 12-4: Titration of 2 weak diprotic bases with a strong acid.
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Summary: Acid-base titrations

To determine the points on a curve for the titration
of strong acid with strong base (Do Exercise 12-2)

To determine the points on a curve for the titration
of weak acid with strong base (Do Exercise 12-6)

To determine the points on a curve for the titration
of weak base with strong acid (Do Exercise 12-12)

To determine the points on a curve for the
titrations in diprotic systems (Do Exercise 12-25)
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Summary: Acid-base titrations

Backpage figure 1: titration curve for aweak acid with a strong base

Summary: Acid-base titrations
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Backpage figure 2: titration curve for aweak base with a strong acid
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