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Lecture 7

Buffer solution  (afiiall Jglaal))

Buffer solutions defined as a solution that resists changes in pH as
a result of either dilution or small additions of strong acids or bases.
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If a solution of acetic acid is mixed with a solution of sodium
acetate, a buffer solution of certain pH value is formed. When dilute HCI
is added then its H* ions will react with acetate ion and acetic acid is
formed which is sparingly ionized and hence will not change pH value.
The same applies for NaOH solution, then OH" ions will react with H*
ions of acetic acid to form water and again pH will not increase only
little.
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Capacity of buffer solution
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Each buffer solution certain capacity to withstand amounts of
strong acid or strong base that is without changing (or cause little
change) pH value of the solution. This ability is called capacity of the
buffer solution.

oadal) e A claaS Gilagdia) o Jolaall 508 jlaka Adly ¢ aaiall Jlaal) 548
. Jotaall B dudaalad) Aol dad B Jaa JulB i )kt G g 468l Baslal) o) (g gB)




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

Lecture 7

Buffer solution also may be formed during titration of week acid
like acetic acid with strong base like NaOH. The solution will contain a
mixture of acetic acid not titrated and sodium acetate that formed by the
addition of NaOH and therefore the pH value is slightly changed. If all
the acid is neutralized and the solution contain CH3COONa then pH
value will rise suddenly at the end point 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 deqree

The capacity will be at maximum when the concentration of the salt
equal to the concentration of the acid. This occur at the middle of
titration (pH = pKa). If 50 ml of NaOH solution is added to 100ml 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:

Capacity of the buffer solution is increasing with the increase in the
acid and salt concentrations.
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Types of buffer solutions dekiall Jillsall &) ol

1-Solution of a weak acid and one of its salts:
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2.Buffer solutions of a weak base and one of its salts.
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Types of buffer solutions dekiall Jillsall &1 ol

1- Solution of a weak acid and one of its salts:

This buffer, then, is usually a mixture of an acid and one of its salts so
In order 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:
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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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[acid]
[salt]

[H] =

by taking — logarithm of this equation

[acid] )

-log [H'] =-log Ka + ( - log salt]

[acid]

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
pKa= 3.167, and what is the pH and change in pH (ApH) after addition of
0.01M HCI to the buffer solution?

HF=—— H' +F

salt]

pH =pKa + Iog

pH = 3.167 + log % =3.167

After addition the strong acid , [H*] concentration is increased and the
reaction directed to the left.
(Uaaladl 38 53 312 3 (gl) 22y Coga Cam g pued) gl S 8 ¢ 5 8l paalall ddlial 2ey
(Sl ) (51) (S el Janys
New concentration of acid = original con. of acid + con. strong acid (added)
il g g8l Gaalal) 58 5+ a¥) (aaladl 58 5 = Gaalall aaal) 38 i)
[Acid]pew =0.1+0.01=0.11 M
New concentration of salt = original con. of salt - con. acid (added)
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[salt]new = 0.1 —0.01 = 0.09 M

H = pKa + log L&l -Lstrong acid] aic dgaslall Al Cluad aasiid) ¢ 5l
P P g [acid |+[strong acid ] phiadll J daall ) (5 8 (aala ddlial
[0.09]
+
pH =pKa + log 011]

pH =3.167 + log 0.818
pH =3.167- 0.087 = 3.08

ApH = pH; — pH; = 3.08 —3.167 = - 0.087
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If strong base addition
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Q: Calculate the pH of above solution after addition of 0.01M of NaOH to the
buffer solution. (=& Jisw)

2.Buffer solutions of a weak base and one of its salts.
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This buffer, is usually a mixture of base and its salts. In order to
understanded buffer action. Consider first the equilibrium between a
weak base and its salt.
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The value of the dissociation constant Kp:
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[BH*][ OH™] 1 [B]
[B] - [OH7] =K [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 [BHM].
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[base]

[salt]

[OH™] = K,

by taking — logarithm of this equation

-log [0H"] = - log K, + ( - log ”‘”"’])
pOH = pKo - log ”“S‘*]
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Addition of strong acid or stronge base
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[salt]
[base]

[salt]+[strong acid]

POH = pK, + log

pOH = pKp + log ]

base]—|[ strong acid]

By addition of strong base then [OH7] coming from this strong
base will increase the [OH] from weak base which means the reaction
will be directed to the left.

-
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[salt]

[base]
[salt]—[strong base]

pOH = pK, + log

pPOH = pK, + log [

basel+[ strong base]

Ex: A buffered solution contains (0.5M) 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 of (0.1M) NaOH of the
buffered solution?
c. The change in pH, that occurs when adding of (0.2M) HCI of the
buffered solution?
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Solved problems about buffer solution
aliall Jsladll e & glas Al

Q1: How many grams of potassium acetate CH3COOK must be added to
1 L of 0.2M acetic acid solution to give buffer solution of pH=4.6 (pKa
CH3COOH = 4.745) (if the M.Wt CH3;COOK= 98 gm/ mole) .

. dsasa g mlall 58 55 o) J)geally Baa Bl 5 o gl gl SO il il dae dlag) sllaall *
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_ [salt]
Sol) pH =pK.; + log racid]
46 = 4.745 + 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

0.143 =— X ——
mwt 1000 ! 98 1000 ’

[salt] =

Wt(gm) = 14.014 g

Q2: What is the pH of a solution that contain 0.5 M benzoicacid and
10g/L of sodium benzoate CsHsCOONa, IF Ka(CsHsCOOH)= 6.28x10
(M.Wt for benzoic acid= 144 gm / mole) .

wt 1000
Misalt1 = 270¢  To00
10 _ 1000
Misalt] = X T000 - 0.069 mole /L
pH =pKa + log [Salz] > pH=-logKa+log [Salt]
_ [0.069]
pH =4.202 + log 03]

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

CHsCOOH =1.8 x 10
bl it s o) Lagn 3o a3 dale s malad) (e S 3815 s o Al o3 3

Sol)
For CH;COOH

Vr =20+ 10=30mL
MiVi=MVt , 01x10=M2x30 , M2=0.033 M [acid]

For CHsCOONa

MiVi=MyVsy ;0.1 x20=Mox 30 , M>=0.067 M [salt]
[salt]

pH =pKa + Iog racid]

pH = - log Ka + log Salt] — pH=-log 1.8 x10°5 + Iog%

pH=4.745 + 0.308 = 5.053

Q4: Calculate the pH of a solution that:
a) 0.1 M CH3;COOH + 0.01M CH3COONa, pKa CH3COOH =4.745?
b) 0.1M NH4OH + 0.2M NH4CI, pKb NH4sOH =4.745?

SOL)

salt]

pH =pKa + log o
= 4745+ log 7= = 4.745-1=3.745
pOH =pKb + log 1 [Salt]

POH = 4.745 + log == = 4.745 +0.301 = 5.046
pKw — pOH =14 — 5.046 = 8.954
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Q5: Calculate of the pH of a solution that is 0.5M NH4;OH solution +
0.3M NH4Cl solution pKp= 4.745.

Sol)
pOH = pKjy + log

[salt]
[base]

pOH =4.74 + |Og£ =4.745-0.222 =4.52
pH = pKW— pOH

pH =14 -4.523=9.477

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

[salt]
[acid]

= 3.745 + log -

pH =pKa + log

pH = 3.745 + 0.398 = 3.347

Q7: Calculate the percentage of CH3;COONa / CH3COOH which give a
solution of pH =5, Ka (cHscooH) =1.8 x 107,

[salt]
[acid]
iftheratiois= (x)

pH =pKa + log

5=4.745 + log X
log X =5-4.745 , logx= 0.255

X=1799~138

11
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(or) CHsCOOH CHsCOO" +H*
CH3COONa --------- - CH3;COO + Na*
Kq = [ 1l4cT]
[ HAc]

pH=5 — [H*]=105Mm

10™>[Ac™] [AcT] _ 1.8x107° _

5= =
1.80 x10 A Thad = 1o T8

) 1.8 . .
PH=5 L& Jslaa laad EE Ay LAl (s pe a3 seall QA 7 je ol i 13

Q8: A 50 mL Buffered solution contain 0.15 M Formic acid
(HCOOH) Ka= 1.8x10** and 0.1 M sodium formate (HCOONa) Calculate:

1- The pH of the solution
2- The pH after addition of 10 mL of 0.2 M HCI Solution
3- The change in pH after addition of 5 mL of 0.3M NaOH solution

[salt]
[acid]

1- pH =pKa + log

pH = -log 1.8x10" + log ——
pH=3745-0.176 =3.569

2- e dS S8 Ola Cong 13 (el Ca g Jslaall 8 ((ppiama S Ji5 pany) (iaelall dilial die
Captal) ay Ciliaall aslall 35S yig jall ) sSall lall 5 (aalall
V1 =50+10 =60 mL
For [HCOOH], M1Vi=M2V1,0.15x50=M2x60, M»=0.125M
For [HCOONa] , M1Vi=M2VT, 0.1x50=M;x60, My=0.083M
For[HCI] , Mi1Vi=M2V2, 01x10=Myx60 , My=0.333M

12
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[salt]—[ strong acid]

pH =pKa + log lacid]+[strong acid ]

0.083-0.033
[0.125+0.033]

pH = -log 1.8x10* + log

pH =3.745 + log ==

pH = 3.745 + log 0.316
pH =3.745 - 0.5
= 3.245
3-(o3le ) JIgadl (pa N gl Ja JaS))
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