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2.2.3. Potentiometric determination of pH

EUROPEAN PHARMACOPOEIA 5.0

Table 2.2.2.-4. - Reference solutions Y

Volumes in millilitres

Reference Standard solution Y Hydrochloric acid
solution (10 g/1 HCI)
Y, 100.0 0.0
Y, 75.0 25.0
Y, 50.0 50.0
Y, 25.0 75.0
Y, 12,5 875
Y, 5.0 95.0
Y, 25 97.5

Table 2.2.2.-5. - Reference solutions GY

Volumes in millilitres

Reference Standard solution GY Hydrochloric acid
solution (10 g/1 HCI)
GY, 25.0 75.0
GY, 15.0 85.0
GY, 8.5 91.5
GY, 5.0 95.0
GY, 3.0 97.0
GY, 15 98.5
GY, 0.75 99.25

Table 2.2.2.-6. - Reference solutions R

Volumes in millilitres

Reference Standard solution R Hydrochloric acid
solution (10 g/1 HCI)
R, 100.0 0.0
R, 75.0 25.0
R, 50.0 50.0
R, 375 62.5
R, 25.0 75.0
R 125 875
R; 5.0 95.0
Storage

For Method I, the reference solutions may be stored in sealed
tubes of colourless, transparent, neutral glass of 12 mm
external diameter, protected from light.

For Method II, prepare the reference solutions immediately
before use from the standard solutions.
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2.2.3. POTENTIOMETRIC
DETERMINATION OF pH

The pH is a number which represents conventionally the
hydrogen ion concentration of an aqueous solution. For
practical purposes, its definition is an experimental one.
The pH of a solution to be examined is related to that of a
reference solution (pH,) by the following equation:

E-F,
k

pH = pH, —

in which £ is the potential, expressed in volts, of the cell
containing the solution to be examined and | is the
potential, expressed in volts, of the cell containing the
solution of known pH (pH,), & is the change in potential
per unit change in pH expressed in volts, and calculated
from the Nernst equation.

Table 2.2.3.-1. — Values of k at different temperatures

Temperature (°C) k (V)
15 0.0572
20 0.0582
25 0.0592
30 0.0601
35 0.0611

The potentiometric determination of pH is made by
measuring the potential difference between 2 appropriate
electrodes immersed in the solution to be examined: 1 of
these electrodes is sensitive to hydrogen ions (usually a
glass electrode) and the other is the reference electrode (for
example, a saturated calomel electrode).

Apparatus. The measuring apparatus is a voltmeter with an
input resistance at least 100 times that of the electrodes used.
It is normally graduated in pH units and has a sensitivity
such that discrimination of at least 0.05 pH unit or at least
0.003 V may be achieved.

Method. Unless otherwise prescribed in the monograph, all
measurements are made at the same temperature (20-25 °C).
Table 2.2.3.-2 shows the variation of pH with respect to
temperature of a number of reference buffer solutions
used for calibration. For the temperature correction,

when necessary, follow the manufacturer’s instructions.
The apparatus is calibrated with the buffer solution of
potassium hydrogen phthalate (primary standard) and

1 other buffer solution of different pH (preferably one
shown in Table 2.2.3.-2). The pH of a third buffer solution
of intermediate pH read off on the scale must not differ by
more than 0.05 pH unit from the value corresponding to
this solution. Immerse the electrodes in the solution to be
examined and take the reading in the same conditions as
for the buffer solutions.

When the apparatus is in frequent use, checks must be
carried out regularly. If not, such checks should be carried
out before each measurement.

All solutions to be examined and the reference buffer
solutions must be prepared using carbon dioxide-free
water R.

PREPARATION OF REFERENCE BUFFER SOLUTIONS

Potassium tetraoxalate 0.05 M. Dissolve 12.61 g of
C,H,KO,,2H,0 in carbon dioxide-free water R and dilute to
1000.0 ml with the same solvent.

Potassium hydrogen tartrate, saturated at 25 °C. Shake
an excess of C,H.KO, vigorously with carbon dioxide-free
water R at 25 °C. Filter or decant. Prepare immediately
before use.

Potassium dihydrogen citrate 0.05 M. Dissolve 11.41 g

of C;H,KO, in carbon dioxide-free water R and dilute to
1000.0 ml with the same solvent. Prepare immediately before
use.

Potassium hydrogen phthalate 0.05 M. Dissolve 10.13 g of
C4H.KO,, previously dried for 1 h at 110 + 2 °C, in carbon
dioxide-free water R and dilute to 1000.0 ml with the same
solvent.

26 See the information section on general monographs (cover pages)
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2.2.5. Relative density

Table 2.2.3.-2. — pH of reference buffer solutions at various temperatures

Temperature Potassium Potassium  Potassium Potassium Potassium Potassium Disodium Sodium Calcium
(°C) tetraoxalate hydrogen  dihydrogen hydrogen dihydrogen  dihydrogen tetraborate carbonate hydroxide,
0.05 M tartrate citrate phthalate phosphate phosphate 0.01 M 0.025 M saturated
saturated 0.05 M 0.05 M 0.025 M 0.0087 M + at 25°C
at 25 °C + + .
sodium
disodium disodium bicarbonate
hydrogen hydrogen 0.025 M
phosphate phosphate
0.025 M 0.0303 M
C,H,KO,2H,0 C,HKO, CH,KO, CHKO, KH,PO,+ KH,PO,+  Na,B,0, Na,CO,+ Ca(OH),
Na,HPO,  Na,HPO, 10H,0 NaHCO,
15 1.67 3.80 4.00 6.90 7.45 9.28 10.12 12.81
20 1.68 3.79 4.00 6.88 7.43 9.23 10.06 12.63
25 1.68 3.56 3.78 4.01 6.87 7.41 9.18 10.01 12.45
30 1.68 3.55 3.77 4.02 6.85 7.40 9.14 9.97 12.29
35 1.69 3.55 3.76 4.02 6.84 739 9.10 9.93 12.13
ApH™ +0.001 -0.0014 -0.0022 +0.0012 -0.0028 -0.0028 -0.0082 -0.0096 -0.034
At
(1) pH variation per degree Celsius.
Potassium dihydrogen phosphate 0.025 M + disodium Table 2.2.4.-1
hydrogen phosphate 0.025 M. Dissolve 3.39 g of KH,PO, Reaction pH Indicator Colour
and 3.53 g of Na,HPO,, both previously dried for 2 h at .
120 £ 2 °C, in carbon dioxide-free water R and dilute to Alkaline >8  Litmus paper red R Blue

1000.0 ml with the same solvent.

Potassium dihydrogen phosphate 0.0087 M + disodium
hydrogen phosphate 0.0303 M. Dissolve 1.18 g of KH,PO,
and 4.30 g of Na,HPO,, both previously dried for 2 h at
120 = 2 °C, in carbon dioxide-free water R and dilute to
1000.0 ml with the same solvent.

Disodium tetraborate 0.01 M. Dissolve 3.80 g of
Na,B,0;,10H,0 in carbon dioxide-free water R and dilute
to 1000.0 ml with the same solvent. Store protected from
atmospheric carbon dioxide.

Sodium carbonate 0.025 M + sodium hydrogen carbonate
0.025 M. Dissolve 2.64 g of Na,CO, and 2.09 g of NaHCO,
in carbon dioxide-free water R and dilute to 1000.0 ml with
the same solvent. Store protected from atmospheric carbon
dioxide.

Calcium hydroxide, saturated at 25 °C. Shake an excess of
calcium hydroxide R with carbon dioxide-free water R and
decant at 25 °C. Store protected from atmospheric carbon
dioxide.

STORAGE

Store buffer solutions in suitable chemically resistant, tight
containers, such as type I glass bottles or plastic containers
suitable for aqueous solutions.
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2.2.4. RELATIONSHIP BETWEEN
REACTION OF SOLUTION,
APPROXIMATE pH AND COLOUR
OF CERTAIN INDICATORS

To 10 ml of the solution to be examined, add 0.1 ml of
the indicator solution, unless otherwise prescribed in
Table 2.2.4.-1.

Thymol blue
solution R (0.05 ml)

Phenolphthalein
solution R (0.05 ml)

Grey or violet-blue

Slightly alkaline 8.0 — 10.0 Colourless or pink

Thymol blue Grey
solution R (0.05 ml)
Strongly alkaline > 10 Phenolphthalein Red
paper R
Thymol blue Violet-blue
solution R (0.05 ml)
Neutral 6.0 — 8.0 Methyl red solution R Yellow
Phenol red
solution R (0.05 ml)
Neutral to methyl 4.5 — 6.0 Methyl red solution R Orange-red
red
Neutral to <8.0 Phenolphthalein Colourless; pink or red
phenolphtalein solution R (0.05 ml) after adding 0.05 ml
of 0.1 M base
Acid <6  Methyl red solution R Orange or red
Bromothymol blue Yellow
solution R1
Faintly acid 4.0 - 6.0 Methyl red solution R Orange
Bromocresol green Green or blue
solution R
Strongly acid <4 Congo red paper R Green or blue
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2.2.5. RELATIVE DENSITY

The relative density dg of a substance is the ratio of the
mass of a certain volume of a substance at temperature ¢, to
the mass of an equal volume of water at temperature £,.

Unless otherwise indicated, the relative density d3) is
used. Relative density is also commonly expressed as d3°.
Density p,,, defined as the mass of a unit volume of

the substance at 20 °C may also be used, expressed in
kilograms per cubic metre or grams per cubic centimetre

General Notices (1) apply to all monographs and other texts
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