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Buffers

Significant changes in pH are harmful, ex. disruption of DNA double

helix, disruption of protein structure, etc...

Buffers are solutions that resist abrupt and sudden changes in pH.
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Buffer Action

Resists changes in PH when small amount of Acids or Alkali are
added.
Acidic Buffer = Weak acid + salt of the acid (Acid + strong Base)

CH,COONa — CHCOO" + Na
CH,COOH «> CH,COO" + H

If an acid Is added, the extra H* combine with acetate — un-
dissociated HA, so [H+] remains constant.
CH,COO" + H* «+» CHCOOH

If an alkali is added, the OH- ions are removed by reactions with
un-dissociated and to form water so [H+] remains constant
CH,COOH + OH- — CH,COO- + H,0



Buffering action
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Figure 117 Buffer action. The addition

of a strong acid, 1 M HCl, to pure water
results in an immediate drop in pH to near
2. In contrast, the addition of the acid to
a 01 M sodium acetate (Na ' CH,COO )
solution results in a much more gradual

change in pH until the pH drops below 3.5.
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Figure 118 Buffer protonation. When
acid is added to sodium acetate, the
added hydrogen ions are used to convert
acetate ion into acetic acid. Because the
proton concentration does not increase
significantly, the pH remains relatively
constant until all of the acetate has been
converted into acetic acid.

Berg 2006
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Presentation Notes
Titration The process of gradually adding known amounts of reagent to a solution with. which the
reagent reacts while monitoring the results


Preparation of buffers

NaOH + CH,COOH — CH,COONa + H,0 + CH,COOH
Limiting Reagent Salt excess weak acid

\ }
|

Buffer solution
Alkali Buffer:
PH>7.0
Weak base + Salt of the base
NH,Cl — NH,* + CI-
NH,; + H,O <> NH,* + OH -

Excess H* combines with OH"
Excess OH- combines with NH,” — NH,



Titration curve and buffer action
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Buffering action

Titration curve

Buffers work because the 1

concentration of the weak acid : .
and base is kept in the narrow o /’-T/
window of the acid titration ST e
curve.

0.5 1.0
Equivalents of OH™ added —=

The buffer capacity is the ;' e
amount of acid or base that S

can be added to a buffer / \‘
solution before a significant L /

I

change in pH occurs

m ACTIVE FIGURE 2.16 Two ways of
looking at buffers. In the diratdon curve, we see that
the pH varies only slightly near the region in which
[HA] = [A7]. In the circle of buffers, we see that add-
ing OH™ to the buffer converts HA to A~ Adding H*
comverts A to HA
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Factors affecting buffering capacity

Buffering Capacity depends on:
1. Buffer concentration
2. pKa of the buffer

3. The desired pH
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How do we choose buffers?

Buffer selection criteria:

1. Suitable pKa for the buffer.
pKa +1 pH unit from the pH of the reaction
pKa % pH unit is even better

2. No interference with the reaction.

3. Suitable buffering capacity.

4. No precipitation of reactants or products due to presence of
the buffer.

5. Nonbiological nature of the buffer.
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Presentation Notes
If a buffer has a poor buffering capacity at the desired pH, its
efficiency can often be increased by increasing the concentration;
however, many enzymes are sensitive to high salt concentration.
Beginning students in biochemistry often have difficulty with
enzyme isolations and assays because they fail to appreciate the
sensitivity of many enzymes. Fortunately, to minimize this problem,
most beginning biochemistry laboratory manuals call for the
use of enzymes that are very stable.
A buffer may cause precipitation of an enzyme or even of a
metallic ion that may be a cofactor for the reaction. For example,
many phosphate salts of divalent cations are only marginally
soluble.
Finally, it is often desirable to use a buffer that has no biological
activity at all, so it can never interfere with the system being
studied. TRIS is a very desirable buffer, because it rarely interferes
with a reaction. Special buffers, such as HEPES and PIPES (Table
2.8), have been developed for growing cells in tissue culture.


Acid and Base Form of Some Useful Biochemical Buffers

Biochemical buffers

A
O,SCH,CH,N  ‘NCH,CH.SO;
sSCH, CH,

H

—
—

Fa®
0,SCH,CH,N  NCH,CH,S0;

Acid Form Base Form pK,
<TRIS—H' > N— iris| hydroxymethyl Jaminomethane (TRIS) TRIS 8.3
(protonated form} (free amine)
(HOCH,) ,CNH; = (HOCH,),CNH,
TES—H' N— iris[ hydroxyme thyl Jmethyl-2- TES 7.55
(zwitterionic form) aminoethane sulfonate (TES) (anionic form)
(HOCH,) ,CNH,CH,CH,SO, = (HOCH,) ,CNHCH,CH,SO;
N—2—hydroxyethylpiperazine-N -2- HEPES 7.55
(zwitterionic form) ethane sulfonate (HEPES) (anionic form)
N = an
HOCH,CHN®  NCH,CH,SO, HOCH,CH,N  NCH,CH,S0,
P S
MOPS—H* 3— [N—morpholino] propane- MOPS 7.2
(zwitterionic form) sulfonic acid (MOPS) (anionic form)
P = P
O “NCH,CH,CHSO, O NCH,CH,CH,S0;
LN p—
Piperazine—N,N*- *PIPES 6.8
(protonated dianion) Bis[ 2-ethanesulfonic acid] (PIPES) (dianion)
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PH in the body

-Blood pH is between 7.36 and 7.44
-Intracellular pH is between 6.9 and 7.4

-The widest range of extracellular pH over which the
metabolic functions can be maintained is 6.8 to 7.8

- When pH< 7.36, acidosis results. pH<7.25 life threatening
-Acidosis causes CNS depression and coma

-pH<7 death occurs.
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Presentation Notes
In blood, phosphate
ion levels are inadequate for buffering, and a different system operates
until the acid produced from metabolism can be
excreted as CO2 in expired air and as ions in the urine, it needs to be buffered in the body fluids. 


Buffer systems in the body:

1.The bicarbonate—carbonic acid buffer system (ECF)
2.The hemoglobin buffer system in RBCs

3.The phosphate buffer system in all types of cells
4.The protein buffer system of cells and plasma.

-Buffers act quickly but not permanently

-Respiratory and renal mechanisms essentially act for final
elimination.

-Buffers do not remove acids or replenish alkali in the body



Relative capacity of the buffer systems in the body

Intracellular Extracellular Buffering

Buffering 58% 42%

JISSUE Protein | Hemoglobin

cells
52%
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Regulatory Mechanism against changes in
|[H+] of blood

o Buffer Mechanism- first line of dense

e Respiratory Mechanism -second line of defense

e Renal Mechanism- third line of defense

The first two lines of defense keep the [H+] from changing too

much until the more slowly responding third line of defense,
the kidney’s can eliminate the excess acid or base from body



The principal buffers of the blood

Buffer System

Bicarbonate
Phosphate

Protein

Plasma
Extra cellular buffer

NaHCO, / H,CO,
Na,HPO,/ NaH,PO,
Na. protein / H. protein

Erythrocyte
Intra cellular buffer

KHCO, / H,CO,
K,HPO, / KH,PO

KHb/ H.Hb
KHbO,/H.HbO



Types of acids produced In the body

Two types of metabolic acids produced:

1. Fixed Acids, non-gaseous

e Phosphoric and Sulphuric acids

Produced from Sulphur and Phosphorus of proteins and lipoprotein

e Organic Acids as pyravic, lactic, ketoacids (e.g acetoacetic,

B-hydroxy butyric acid and uric acid). Buffered and then H+ is
excreted by the kidneys

2. \olatile Acids

The physiological importance = Carbonic acid

Amount produced daily equivalent to 36 liters of 1.0 M acids
Excreted as CO2 by the lungs

20,000 mEg/day



Acidosis

-Metabolic acidosis:
Starvation, untreated diabetes,
high-protein diet, low-fat diet
-Respiratory acidosis
- When pH< 7.36, acidosis results. pH<7.25 life threatening

-Acidosis causes CNS depression and coma

-pH<7 death occurs.



Alkalosis

-pH> 7.44
-pH>7.55 is dangerous and >7.60 results in death.

-Metabolic alkalosis:
Excess clinical administration of salts and
metabolic acids as Na lactate and NaHCO3
Deamination of amino acids, citrate
Severe vomiting

-Respiratory alkalosis :
Hyperventilation (heavy breathing)
Hysteria, anxiety or altitude sickness



Example:

Calculate the ratio of the concentration of acetate ion to the
concentration of acetic acid in a titration process of sodium acetate.
The pKa of acetic acid is 4.75.

At:

A. pHA4.75
B. pH9
C. pH3

pH= pK, + log([Acetate ion] / [Acetic acid])

[Acetate ion] / [Acetic acid]= 10(PH-pKa)

A. [Acetate ion] / [Acetic acid]=1
B. [Acetate ion] / [Acetic acid]= 1042>=17,782.79 =~18,000

C. [Acetate ion] / [Acetic acid]= 101> =0.0178 =~ 0.02
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Buffer Calculations

Example 1.
A buffer consist of 0.2 mole CH3COO- in 500 ml of 0.1 M
CH3COOH. ( Ka =1.8 x10~ M). What is the PH?

PH = pKa+ log Base/ Acid
PH=-1log 1.8 x 10 + Log 0.4/0.1

OR

Ka=[H+] x 0.4 /0.1=1.8 x 10
[H+] = 4.5 x 106 M
PH =-log 4.5x 10

=54



Buffer Calculations

Calculate the mass of sod. propionate to be dissolved in 1L of
1M propionic acid ( M.W = 96.08 gr/mole) to give a buffer of
PH=4.5 (pKa = 4.87)

pH=4.5 [H+]= 1045

pKa=4.87 Ka=104%

Ka = [H+] [propionate]/ [propionic acid]
[propionate] = 1 x 10 487/ 1045

=0.427 M
Mass= 0.427x 96.08 =41.0 gr



Buffer Calculations

Calculate pH of a buffer when 18 ml of 0.1 M HCL is added to 32 ml
of 0.1 M NH3 (pKb = 4.75)

Calculate excess NH3 and salt forms:

HCL moles = 18/1000 x 0.1 = 1.8 x 10-3

NH3 moles = 32/1000 x 0.1 = 3.2x 10-3

Ammonium salt = 1.8 x 103

Excess Ammonia=3.2 x 10°3-1.8 x10°=1.4 x 103

Molar conc. of salt = 1.8 x 103/ (50/1000)
= 3.6 x 107

Molar conc. of NH3 = 1.4 x 103/ (50/1000)

=3.2x 107
Kb = [NH4*] [OH-]/ NH3
10-47=(3.6 Xx 102 x [OH]) / 3.2 x 102



[OH-] = 0.889 x 104>
=158x 10~ M
pOH=-log 158 x 10
=4.8
pH=14-48
=90.2

OR

p OH =p Kb + log [Salt] / [weak Base]
p OH =4.75 + log [3.6 x 10?] / [3.2 x 10-¢]
=4.75 + 0.05
=4.8
PH=14-48
=9



Indicators

-pH indicator is a dye that appears in different colors in its
protonated and deprotonated forms.

-Often organic dye

-Different indicators change color over different pH ranges

- Effective indicators change color rapidly at the equivalence
point to an end-point color.
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Indicators

HIN ¢ <> HY + In°
For litmus Red Blue

Ka=[H"][In]
[HIn]

Rearrange:

[Hin] = [H"]
inl K,

-The color of indicator depends on pH or [H*] and K,
-When pH=pK_, the two colors have equal
concentrations



Questions
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