College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry
Lecture 7

Buffer solution  (afiiall Jelaall)

Buffer solutions resist changes in pH because of either dilution or small
additions of strong acids or bases.
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If a solution of acetic acid is mixed with sodium acetate, a buffer
solution of a certain pH value is formed. When diluting HCI is added, its
H* ions will react with the acetate ion, and acetic acid is formed, which is
sparingly ionized and hence will not change the pH value. The same
applies to NaOH solution; then OH" ions will react with H* ions of acetic
acid to form water, and again, pH will not increase only a little.
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CHsOOH & CH3COO™ + H*

e Adding Strong Acid (e.g., HCI): CH3COO™ + H* — CH3COOH
e Adding Strong Base (e.g., NaOH): CH3COOH + OH™ — CH3COO™ + H.0

The capacity of the buffer solutions
aliiall J glaall (o) 5 8

Each buffer solution has a certain capacity to withstand amounts of

strong acid or strong base without changing (or causing a little change) the

pH value of the solution. This ability is called the capacity of the buffer
solution.
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Buffer solutions may also be formed during titration of weak acids like

acetic acid with a strong base like NaOH. The solution will contain a mixture
of acetic acid that is not titrated and sodium acetate that is formed by the
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addition of NaOH and therefore the pH value is slightly changed. If all the
acid is neutralized and the solution contains CH3COONa then the pH value
will rise suddenly at the endpoint of the reaction (equivalent point).
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Buffer Solution Capacity Depend on Two Factors:
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1. Acid-to-salt ratio of molecular concentration degree

The capacity will be at maximum when the concentration of the salt is
equal to the concentration of the acid. This occurs in the middle of
titration (pH = pKa). If 50 ml of NaOH solution is added to 100 ml of
CH3COOH solution (both at the same normality) then the mixture will
contain equal concentrations of acetic acid and sodium acetate.
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2. The second factor is the concentrations of acid and salt:

The buffer solution capacity is increasing with the increase in the acid
and salt concentrations.
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1- Buffer solutions of a weak acid and one of its salts:
Aadlal da) g i gaalad aliiall Jglaall-1
2- Buffer solutions of a weak base and one of its salts.
Lgadlal daj g A Bac (Al aaial) J glaall-)
2




College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry
Lecture 7

1- Buffer solutions of a weak acid and one of its salts:

This buffer is usually a mixture of an acid and one of its salts so to
understand buffer action, consider first the equilibrium between a weak
acid and its salt.
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The value of the dissociation constant Ka:
-0 Ay A8Mall e st ¢ aalal) SIS Culd dad o)
[H*][A7] + [HA]
Ka=—""—"-— : H"| = Ka
[HA] 7] = [A7]
In a mixture of a weak acid and its salt, the dissociation of the acid is repressed
by the common ion effect, and [H*] may be taken as negligibly small by
comparison with [HA] and [MA].
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[H*] =

by taking — logarithm of this equation
[acid] )

- log [H*] = - log Ka + (- log

[salt]

[acid]
salt]

pH = pKa - Iog
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[salt]
[acid]

pH = pKa + log
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Ex: What is the pH of a buffer solution (0.1N HF and 0.1N NaF) if the
pKa = 3.167, and what is the pH and change in pH (ApH) after
adding 0.01 M HCI to the buffer solution?

HF HY +|F
NaF —— Nat+| F

Common ion
salt]

pH = pKa + Iog

pH = 3.167 + log % = 3.167
After addition, the strong acid, [H*] concentration is increased, and the
reaction is directed to the left.
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The new concentration of acid = original con. of acid + con. strong acid (added)
Cilaall (5 g8l (aalad) 58 5 + la¥) paeladl 58 5 = Gaalall aaal) 58
[Acid]pew =0.1+0.01=0.11 M

The new concentration of salt = original con. of salt - con. acid (added)
L_aw\umu\jgsj_‘gmy\@d\);j=@a Laall 1S i)
[salt]new = 0.1 — 0.01 = 0.09 M

[salt]—[ strong acid]
+
[DH pKa Iog [acid |+[strong acid | —
ddla) die Lpaalaldl A Giluad asdioald) o gilal

aalall Jglaal) L) 5 58 paala

0.09]
[0.11]

pH =3.167 + log 0.818
pH =3.167 - 0.087 = 3.08
ApH = pH; — pH1 - 3.08 — 3.167 = 0.087

pH = pKa + Iog
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If strong base is addition
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[salt]

pH = pKa + log acid]

_ [salt]+] strong base]
pH = pKa + log [acid |-[strong base ]}\\
~
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Q: Calculate the pH of the above solution after adding 0.01 M of NaOH to the buffer
solution. (>, Jisw)

2. Buffer solutions of a weak base and one of its salts.
Leadlal 2 g Adunia sac ll alaiall J sladll
This buffer is usually a mixture of the base and its salts. To understand
buffer action, consider first the equilibrium between a weak base and its salt.
G0 -Llgodaly BueLidl o Laoie phiadl Jedxadl 1in geSo Lo Bole
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BHA (S)

+ OH-(aq)
+ Af(aq)

The value of the dissociation constant Kp:
-t Akl dalladl) d ac il 58 55 cpaclall ISl s dad Caluad AN () 581

— [BHTI0AT]
[B] ’

[0H7] = K, -2

Ky [BH*]

In a mixture of a weak base and its salt, the dissociation of the base is
repressed by the common ion effect, and [OH"] may be taken as negligibly
small by comparison with [B] and [BHA].
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[base]
[salt]

by taking — logarithm of this equation

[OH™] = K,

-log [OH"]=-log K, + ( - log ase])
POH = pKp — log 22 ;f]]
[ pOH = pKb + log [;a;';]]] 58 e ¢l jisiall () 0 Agae L) Al sl aladl () 53l
G a3 (a5 Lealal 2al g ddpaia
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Addition of strong acid or strong base
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[salt]

pPOH = pKbs + log

[base]

[salt]+[strong acid]
[base]—[ strong acid]

[pOH = pKp + log

By addition of a strong base then [OH"] coming from this strong base
will increase the [OH] from the weak base which means the reaction will

be directed to the left.
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[salt]

[base]

pPOH = pKy + log

[salt]—[strong base]
[base]+| strong base]
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Ex: A buffered solution contains (0.5 M) ammonium hydroxide (Kb =
1.8 x 10°) and (0.5 M) ammonium chloride, calculate:
a. The pH of this solution?
b. The change in pH that occurs when adding (0.1M) NaOH to the
buffered solution?

c. The change in pH that occurs when adding (0.2M) HCI to the
buffered solution?

Solved problems about buffer solution alilal) J glaall oo A glaa AL

Q1: How many grams of potassium acetate CH3COOK must be added to 1 L
of 0.2 M acetic acid solution to give buffer solution of pH = 4.6 (pKa
CH3COOH = 4.745) (if the M.Wt CH3COOK= 98 g/ mole

€ b LS dilion Cony I s e g gelall S 53 ) ) paadly oDl gl sl SIA el e aae alag) gl *

Sol) pH = pKa + log [[Z‘:ll:l]
4.6 = 4745 + log =

4.6 =4.745 — log 0.2 + log [salt]
4.6 =4.745 + 0.699 + log [salt]
4.6 = 5.444 + log [salt]

Log [salt] = 4.6 — 5.444 =-0.844, < [Salt] =0.143 M

wt 1000 wt 1000
X

M.wt 1000 ’ 0.143 = % X _1000 ) Wt(gm) =14.014 g

Q2: What is the pH of a solution that contains 0.5 M benzoic acid and 10
g/L of sodium benzoate CsHsCOONa, IF Kacsmscoon) = 6.28x107,
(M. Wt. for sodium benzoate = 144 g/mole).

[salt] =

wt 1000
Misai = 2 0r X Tooo
10 1000
M (sait = T2z X Tooo " 0.069 mole /L
_ [salt] _ [salt]
pH = pKa + log racid] > pH=-log Ka+ acid]
_ [0.069]
pH =4.202 + log 0.5]

=4.202 -0.86 = 3.342
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Q3: Calculate the pH of a solution prepared by adding 10 ml of 0.1 M
CH3COOH solution to 20 ml of 0.1 M CH3COONa. If Ka of
CH3COOH =1.8 x 10

CJsbaall C2aS dey (5] Lagan Je 22 dale s pladladl (e JS 5S) 55l o Al o2 (8

Sol)

Vr=20+10=30mL
For CHsCOOH
MiVi=MVr , 0.1 x10=M,x30 , M, = 0.033 M [acid]

For CH3COONa
MiV:i =MVt , 0.1 x20=M,%30 ) M, =0.067 M [salt]

[salt]

pH = pKa + Iog w

_ [salt]
pH =-log Ka + log tacid]

_ s 0.067
pH=-log 1.8 x10 > + log 0033

pH = 4.745 + 0.308 = 5.053

Q4: Calculate the pH of a solution that:
a) 0.1 M CH3;COOH + 0.01 M CH3COONa, pKa CH3COOH = 4.745
b) 0.1 M NH,OH + 0.2 M NH4CI, pKb NH;,OH = 4.745

SOL)
[salt]

[acid]
=4.745 +log > = 4.745-1=|3.745

a) pH=pKa+log

[salt]
[base]

POH = 4.745 + log % = 4.745 + 0.301 = 5.046

pH = pKw — pOH =14 — 5.046 = |8.954

b) pOH = pKb + log
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Q5: Calculate the pH of a solution that is 0.5 M NH4OH solution + 0.3 M
NH4ClI solution pKy=4.745.

[salt]

pOH = pK, + Iog

POH =4.74 + log 0—'5 =4.745-0.222 =452
pH + pOH = pKy === pH = pKy - pOH
pH =14 — 4,523 = 9.477

Q6: What is the pH value of a solution that is 0.04 F in formic acid and
0.1 F sodium format (HCOONa)? Ka (HCOOH) =1.8x10*.

[salt]

pH = pKa + Iog

=3.745 + log 2L
0.04
pH = 3.745 + 0.398 = 3.347

Q7: Calculate the percentage of CH3COONa / CH3COOH which give a
solution of pH =5, Ka (cHscooH) =1.8 x 107,

[salt]

pH = pKa + Iog

[acid]

if the ratio

[[l]]ls—(x) . 5=4745+log X

log X=5-4.745 , logx= 0.255
X=1799~138

(or) CHs;COOH CHsCOO | + H*
CH;COONa —» [ CHsCOO" | + Na*

é)mt')ﬁ\

[Ht][CH3C00-]
[ CH3COOH]

Ka =

pH=5 — [H*]=10"M™m
10~ °[Ac™] [AcT] _ 1.8x107°
[HAc] ' [HAc] 1075

1.8 .
pH 5‘)MJ)XM‘;LZ_\S—MM\UAABCA(:)JJ)‘AMK_IJAC‘)A{LU‘SJM‘M}

1.80 x10 > = =1.8
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Q8: A 50 mL Buffered solution containing 0.15 M Formic acid
(HCOOH) Ka= 1.8x10* and 0.1 M sodium format (HCOONa) Calculate:
1- The pH of the solution
2- The pH after the addition of 10 mL of 0.2 M HCI Solution
3- The change in pH after the addition of 5 mL of 0.3 M NaOH solution

1) pH = pKa + log 224

[acid]

pH = -log 1.8x10* + log %

pH=3.745-0.176

= 3.569

o IS S8 Olua Cang 131 40885 &) o gan Jslaall (8 (Cima 5SS anay) Gaalall ALl die -
il 3y Gilimal) aeladl 38555 ill ¢ 5Sal) bl pimalal

Vr=50+ 10 =60 mL
For [HCOOH], M1 Vi=MpVr, 0.15x50=M;x60 , M,=0.125M
For [HCOONa], Mj;Vi=MyVr, 0.1x50 = M;x60 , M,=0.083 M
For [HC|] , |V|1 V1=|V|2VT , 0.2x10 |V|2 x 60 , |V|2= 0.033 M

[salt]—[ strong acid]

DH = pKa + IOg lacid]+[strong acid |

[0.083-0.033]
[0.125+40.033]

pH = -log 1.8x10* + log

oH = 3.745 + log &558
pH = 3.745 + log 0.316
pH = 3.745-0.5

= 3.245

3-  The change in pH after the addition of 5 mL of 0.3 M NaOH solution
Vr=50+5=55mL

For [HCOOH], M1Vi=MVr , 0.15x50=M;,;x55, M,=0.136 M

For [HCOONa], M1 Vi=M,Vt , 0.1 x50 =M, x 55 , M= 0.090 M

For [NaOH] , M1Vi=MxVr , 0.3x5 =M;y;x55 , M,=0.027 M
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[salt]+][ strong base]

pH =pKa + log

lacid]—[strong base ]

[0.090]+[ 0.027]
[0.136]-[0.027 ]

pH =-log 1.8x10* + log

_ 4 (0.117)
pH =-log 1.8x10* + log (0.109)
_ (0.117)
pH =3.745 + log (0.109)
pH =3.745 + 0.031
pH =3

ApH = pH2 — pH1
ApH = 3.569 — 3.000
ApH = 0.569
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