Acids-Base equilibria
Application of Le Chatelier's principle to acid-base equilibria: Common-ion effect

HF o)+ H,0 < H30% ) + Fgg)

NaFq = Na'q +Fg)

Net result: [H*] ; PH

The system will respond by reacting in the reverse direction until it goes back to equilibrium

This shift in equilibrium position occurs because of the addition of ion already involved in the
equilibrium is called the common ion effect

NHjq + H,0 € NH;* o + OH g K, = 1.8x10°

Net result: [OH-] ; pH



Calculate the pH and the percent dissociation of HF in a solution containing 1.0M HF (K, = 7.2 x10%) and 1.0 NaF.

Compare to the pH of solution in the absence of NaF



Buffer solutions (Buffers)

A buffer solution is any solution that maintains an approximately constant pH despite small addition of acid or base

A buffer contains:

1. A weak acid and a weak base that are conjugate to one another

EX:
HF/NaF
HCN/NaCN
CH,COOH/CH,COONa
HCOOH/HCOONa

NH,CI/NH,
CH,NH,CI/CH,NH,

2. Both components have to be in approximately equal amounts (i.e., their concentration should be similar)
3. Should be in substantial amounts (i.e., high concentrations)



HApq) + H,0 €9 H30% () + Ay K

[HA], [HA]

[H30%] 1, = K, S If F]eq is not altered too much, [H;0*] will remain unchanged
eq eq
HA HA
-log([H30%] 5q)) = -log(K, ) + (—log (%q)) pH = pK, -Iog(%l) Henderson-Hasselbalch eq
eq eq



How does a buffer work ?

If 0.01M HCl is added into water, what is the pH of the solution?
If 0.01M HCl is added into buffer (1M HA and 1M A, K, for HA = 1.77x10%) , what is the pH of the solution?



(a) Suppose 1.0 mole of HCOOH and 0.5 mol HCOONa are added to water and diluted to 1.0L, calculate the pH
of the solution. (K, = 1.77 x 104

(b) Suppose 0.1 mole HCl is added into the above HCOOH/HCOONa solution, calculate the pH of the resulting
solution.



Designing Buffer at specific pH values

Designing a Buffer at pH = 4.6

w1 ([HA]
1. Pick the acid-conjugate base pair with pK, close
to 4.6

2. Adjust the relative ratio between acid and its

conjugate base

Possible choices: [CH;COOH] [CH,CO0]

Buffer capacity: ability of a buffer to withstand added
acids or bases (without being swamped)

Dissociation Constants of Some Acids at 25°C*
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11.82
11.96
12.67
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pH calculation summary

K, x Ky =

___—_ % dissociation

Strong acid

Weak acid

Strong base

Weak base

buffer

HA + H,0 SH,0* + A"

Biprotic acid (H,A)

BOH + H,0 >OH- +B*

HA/A
Add in acid
Add in base

_[H;0*][A7] "

K.=Frajg—  [M:0'1=[HAL
[H;0%] = \/[HA]O xK,

K., K., [H,0%] = [HA]= /[HA]O xK,,
[A¥]=K,,

Ky = %%TO_] [OH] = [BOH],
[OH] = \/[BOH], XK,

H,O* +A > HA
Recal [HA],,, [A],

OH + HA 2 A"

-log([HA],) 100%
log(+/[HA]JO xK i
-log(y/[HAJO XK, ) THAIO
log(,/[HA]O xK i
-log(y/[HAJO xK, ) THAID
14 + log([BOH],) 100%
14 +log(,/[BOH], xK i
+log(+/[ lo XK}, ) [BOHI,

pH = pKa —log (o ]]0)

[HAlq

pH = pKa Iog([A]



Acid-base titration curves

In acid-base titration, the completion of the reaction is signaled by a sudden jump in pH

buret -

The pH dependence as titrant is added to the analyte, a plot of the pH of the
Titrant analyte as a function of the volume of titrant added is called a titration curve

base of known
concentration

s Stopcock

Analyte

acid of unknown
concentration

Acid base titrations can be of 3 types:

1. Strong acid vs strong base
2. Weak acid vs strong base
3. Weak base vs strong acid



Strong acid vs strong base

EX: HCl vs NaOH

DUFET —

0.10M NaOH

4 stopcock

[HCl] = 0.1M,
100ml

Complete ionic eq:

net ionic eq:

13.0

0
0

Equivalence
point

50.0 100.0 150.0 200.0
Vol NaOH added (mL)

14.0

Equivalence
point

50.00 mL
Vol 1.0 M HCI added




(a) Before adding in (b) Before equivalence point (c) At equivalence point (d) After equivalence point
any titrant adding 30 ml NaOH adding 100 ml NaOH adding 100.05 m| NaOH



Weak acid vs strong base
EX: CH;COOH vs NaOH

buret —

base of known
concentration

0.10M NaOH

-+ stopcock

acid of unknown
concentration

[CH,CO,H] = 0.1M, 100m|
K, =1.76 x10°5

Complete ionic eq:

net ionic eq:

pH
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6.0 _

40
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0.0

o et
/w/
—
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© Congaga Loamng. A8 Aghts Rosaned.

Strong acid

10 20 30 40 50
Vol 0.10 M NaOH added (mL)

60



14.0

12.0

10.0

8.0
pH

6.0

4.0

2.0

0.0

HA (analyte) with Strong base (titrant)

T
y’/
- f_
strong acid
I
0.0 10.0 20.0 30.0
mL titrant

On the curve, indicate the points that correspond to the following:

1. The stoichiometric (equivalence) point

2. The region with maximum buffering

3. pH=pK,

4. pH depends only on [HA],

5. pHdepends only on A

6. pH depends only on the amount of excess strong base added



(a) Before adding in (b) Before equivalence point (c) At equivalence point (d) After equivalence point
any titrant adding 50 ml NaCOH adding 100 ml| NaOH adding 100.05 m| NaOH



Weak base vs strong acid

EX: HCl vs NH,

BUret s—

0.10 M HCI

4 stopcock

[NH,] =0.1 M
100 ml

Complete ionic eq:

net ionic eq:

©Cengage Leaming. Al Rights Reserved.

10 20

30 40 50 60
Vol 0.10 M HCI (mL)

70



Strong Base (T) Strong Acid (T) Strong Base (T) Strong Acid (T)
Strong Acid (A) Strong Base (A) Weak Acid (A) Weak Base (A)

[H,0*] = /[HAL, x K,

Before titration

Before E.P.

At E.P.
After E.P.

[H30°] = [HA], [OH] = [BOH], [OH] = /[BOH], x K,

Co XV, ,—CopuXV a CooyXVy  —C. XV [HA] [HA]
H.O*] = —#A="Ha~ “BoH” ”BoH OH'] = =Bou” “Bon ~HA” " HA H.O* = K e H.O*l = K eq
[ 3 ] Viat Veon [ ] Viat Veon [ . ] a [A_]eq [ 3 ] a [A_]eq
pH=7 pH =7 [OH] = /[A]yep X Ky [H30%] = v/ [B*Tyep X K,
[OH] = Coon™X Vpon™ CraX Via [H,0%] = CriaXVia~ Coon* Viou [OH] = CoonX Vpon™ CraX Via [H,0*] = CriaXVia~ Coon> Viou
Viat Vion 3 Viat Viou Viat Vion 3 Viat Viou

pH = -log([H;0])
pOH = -log([OH'])
pH = 14-pOH = 14+log([OH])



Acid-base indicator

pH meter is more accurate

Methyl orange Yellow 3.2-4.4 Strong acid (titrant) +
Methyl red Red Yellow 4.2-6.5 weak base (analyte)
Bromthymole blue Yellow Blue 6.0-7.6 Strong acid + Strong base
Phenol red Yellow Red 6.8-8.4 (titrant or analyte)
Phenolphthalein Colorless  Red 8.2-10.0 Strong base (titrant) +

Alizarin Yellow Yellow Red 10.1-12.0 weak acid (analyte)



Calculate the pH of a solution that results from mixing 45 mL of 0.11 M ethylamine (CoHsNH2) with 33 mL of 0.11 M CoHgNH3CI. The Ky, value
for CoHsNH2 is 6.5 x 1074,

A buffer consists of 0.29 M H3PO4 and 0.2 M NaH2PQO4. Given that the K values for H3PO4 are, K31 = 7.2 x 1073, Ka? =6.3 x 1078, and Ka3 =
42 x 10'13. calculate the pH for this buffer.

The pH of 0.50 M HF is 1.88. Calculate the pH difference when 0.69 g of NaF is added to 13 mL of 0.50 M HF. Ignore any changes in volume. The
Kq value for HF is 3.5 x 1074,
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