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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 23497:2019(E)

Determination of pH value — Technical buffer solutions for
the calibration of technical measuring installations

1 Scope

This document specifies requirements for technical buffer solutions. These buffer solutions are
pref i i j i i i t as well as
pH measuring installations in laboratories. Measuring methods are given to determing pH values and
buffdr capacities of such buffer solutions based on pH reference buffer solutions in\accordance with
1SO 43496.

NOTH Annex A gives examples of technical buffer solutions.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced docurient (including any amendments) applies.

ISO 23496, Determination of pH value — Part 3: Referénce buffer solutions for the calibration of pH
meaduring equipment

[SO §0000-9, Quantities and units — Part 9: Physical:chemistry and molecular physics

DIN [19268:2007, pH measurement — pH measurement of aqueous solutions with pH measuring chains
with |pH glass electrodes and evaluation of méasurement uncertainty)

3 Terms and definitions
For the purposes of this documeént; the terms and definitions given in ISO 80000-9 and the follpwing apply.

[SO dnd IEC maintain terntinological databases for use in standardization at the following gddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropédid: available at http://www.electropedia.org/

31
pH
meagurefor the acidic or basic character of an aqueous solution

Note 1 to entry: Notation of pH: the "p" and the "H" are upright on one line.
Note 2 to entry: The acidic character is determined by the activity of the existing “hydrogen ions”.

[SOURCE: ISO 23496:2019, 3.1]

1) A measuring chain in the sense of this standard is generally represented by a combined electrode.

© IS0 2019 - All rights reserved 1
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3.2
pH value
decadal logarithm of the hydrogen ion activity multiplied with (-1)

a . mH+ Y ITha
m m
where
a . is the activity of the hydrogen ion, in mol/kg;
H

m0 is the standard molality (1 mol/kg);

y . Is the activity coefficient of the hydrogen ion;
m,H

m is the molality of the hydrogen ion, in mol/kg.

H+
Note 1 to entfy: Molality is understood as moles per kilogram solvent.

Note 2 to entfy: The pH value is not measurable as a measure of a single iomgactivity. Therefore, pH(PR) valfies of
solutions of grimary reference material are determined, which are approximate to it and can be attributed to it.
This is based|on a worldwide agreement, see ISO 80000-9:2009, Annex C:

[SOURCE: IS0 23496:2019, 3.2]

4 pH values and buffer capacities of technical buffer solutions

4.1 Genefal

The referenge buffer solutions given in ISO 23496 are the basis for practical pH measurement. ThHe pH
values of these reference buffer solutions are traceable to primary standards, the pH values of which
have been {letermined by national metrology institutes by means of measurements using primary
methods(ll. [The accuracy and repreducibility have been confirmed by international interlaboratory
testsl2l.

The referenjce buffer solutiobs in accordance with ISO 23496 are diluted solutions (ionic strgngth
<0,1 mol/kg). Consequeritly, they have a relative low buffer capacity. This complicates the hanfdling
in practice, since the pH-value can change due to the addition of acid or bases (e.g. CO, from th]fl air,
carryovers ¢f otherseluitions). For the calibration of combined pH electrodes in industrial environment,
thus, furthef buffer'solutions are required, which have a higher buffer capacity.

The pH valuesZof these technical buffer solutions shall be measured in accordance with DIN 19268, so
that the traceability of the pH values to the reference buffer solutions in accordance with ISO 23496 is
provided for.

The uncertainty budget illustrated in DIN 19268 shall be considered as a simplified illustration without
consideration of influences during application. Temperature and diffusion potentials of the diaphragm
are the parameters with the most significant influencel3114],

In comparison to reference buffer solutions, technical buffer solutions are solutions which have higher
ionic strength and, consequently, a higher buffer capacity. The pH values of technical buffer solutions
are measured based on reference buffer solutions in accordance with ISO 23496 and show measurement
uncertainties due to this measurement.

pH values of technical buffer solutions with pH <10 at 25 °C shall have an expanded measurement
uncertainty of U < 0,03 (k = 2) and pH values of technical buffer solutions with pH 210 at 25 °C shall

2 © IS0 2019 - All rights reserved
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have an expanded measurement uncertainty of U < 0,05 (k = 2). Technical buffer solutions according to
this document shall have a buffer capacity of 8= 0,05 mol-1-1.

4.2

Measurement of the pH values of technical buffer solutions

The pH values of technical buffer solutions are measured by means of combined electrodes with
transference. This is done by using the combined electrode:

Reference electrode || buffer | pH measuring electrode

The pH value of a techmcal pH buffer solutlon shall be determlned in accordance w1th DIN 19268.

measurement in consideration of the measuring temperature. The Fespective instructi

tthe manufacturer of the glass electrodes shall be considered;

nent shall be
ffer solution
{ measuring

fange of the
bns given by

b) 4 combined pH electrode with liquid reference electrolytesssiiall be used for measurement;
c) the KCI solution of the reference electrode to be used:should have a minimum condentration of
3,0 mol-1-, in order to keep the diffusion voltages reptoducible;
d) the used diaphragm should have a high electrolyte outflow, e.g. a ground-joint djaphragm, a
latinum diaphragm or a capillary diaphragm;
e) the pH value shall be measured isothermally, i.e. the temperature of the reference buffer solutions
nd the technical buffer solution to be determined shall match to £0,5 K;
f) temperature equilibration between solution and combined electrode shall be achievef, especially
or saturated KCI solution. This ‘ean be realized by sufficiently deep immersion of the combined
¢lectrode;
g) the liquid level of the K(l solution within the reference electrode shall be at least 5 cm|higher than
tthe measuring solution;
h) the refill openingefthe reference electrode shall be open;
i) in case the pH values of a technical buffer solution are to be determined for mofe than one
lemperatux€, the measuring process shall be carried out for any of the temperatures.
4.3 | Measurement of the buffer capacity
The buffer capacity i1s a measure for the change In pH value ol the technical buifer solutions when
reacting with a strong base or acid and is described by Formula (1).
1 An
B=— (0
VO ApH
where
Vo is the volume of the technical buffer solution, in litres;
An  isthe amount of substance of the added acid or base, in moles;
ApH is the change of the pH value caused by the addition of the acid or base.
© IS0 2019 - All rights reserved 3
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The buffer capacity f is determined by adding a specific amount of substance An (e.g. 0,01 mol)
of a strong acid (e.g. HCI) or base (e.g. NaOH) as a concentrated solution (e.g. 1,0 mol/l) to a specific
volume V;, of the buffer and measuring the pH value of the buffer prior to as well as after the addition.
The observed change of the pH value can be positive or negative, depending on whether the pH value
increases or decreases due to the addition. However, the absolute value of §is given. The measurements
shall be carried out at (25 *+ 1) °C. See Figure 1.

pH |
10

1/B =V, (ApH/An)

n/V

Key
a acid
b  base

Figure 1 — Graphical determination of the buffer capacity

EXAMPLE

a) Initial solution V; = 100 ml acetate solution. After measuring the pH value add 5 ml 1 mol/l NaOH
(corresponding to 0,005 mol NaOH) and measure the pH value again.

Difference ApH = +0,48.

b) Initial solution V;; = 100 ml acetate solution. After measuring the pH value add 5 ml 1 mol/I HCI (corresponding
to 0,005 mol HCI) and measure the pH value again.

Difference ApH = -0,48.
In accordance with a) and b) the buffer capacity is f = 0,104 mol-1-1.

The recording of a complete titration curve of the technical buffer solution is recommended (abscissa n/V,
positive: addition of alkali; negative: addition of acid; ordinate pH). The sought buffer capacity f of the technical
solution equals the reciprocal first derivative in point (n/V;, = 0; pH = pH value of the technical buffer solution).

4 © IS0 2019 - All rights reserved
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(informative)

Examples of technical buffer solutions

Tables A.1 to A.3 give the composition, pH value at 25 °C, temperature dependency of the pH value,
reproducibility and buffer capacity of several technical buffer solutions described in the literaturel2],

Table A.1 — pH value, buffer capacity $ and composition of several technical buffer|solutions
Buffer solution pH Buffer capacity Co_mposm(_)r! or )
preparationspecifications®
(at 25 °C) mol-1-1 (at 25 °C)
0,1 mol-I-1 HCI 1,09 0,26 0,1 mol-l1 HCI
. Fill up 20.g'glycine + 10 g NaCl
Glycine 3,06 011 +50 ml tmol-I-1 HCl to T 000 ml
FilLup{100 ml 1 mol-1-1 NaOH
Acetate 4,65 0,10 +200'ml 1 mol-1-1 acetic acid to 1 000 ml
N Fill up 55,4 g Na,HPO, - 12 H,0
Citric acid - Phosphate 6,79 0,09 + 4,79 g citric acid monohydrate tp 1 000 ml
L 1000 ml 0,2 mol-lI"! boric acid (H{BO3)
Boric acid - NaOH 9,23 0,07 +550 ml 0.2 mol-1-1 NaOH &
0,1 mol-I-1 NaOH 12,75 0,33 0,1 mol-1-1 NaOH

a

he solutions are prepared at 25 °C, although the-volumetric flasks used in accordance with ISO 1042 ar
20 °d. The errors in the pH values due to this may beignored because dilution has little effect on the buffer s

ully desalinated water shall be used. Forsolutions of pH >7 CO,-free water shall be used.

b calibrated at
lutions.

Table A.2 — pH values of the.téechnical buffer solutions given in Table A.1 as a function of

temperature
Temperature | 0,1 molIy! Glycine? Acetateb Citricacid - | Boricacid - | [0,1 mol:1-1

°C HEl Phosphate NaOH NaOH
0 08 — 4,67 6,89 9,48 —
10 1,09 3,10 4,66 6,84 9,37 13,37
20 1,09 3,07 4,65 6,80 9,27 12,96
25 1,09 3,06 4,65 6,79 9,23 12,75
30 1,10 3,05 4,65 6,78 9,18 12,61
40 1,10 3,04 4,060 6,/6 9,09 12,29
50 1,11 3,04 4,68 6,76 9,00 11,98
60 1,11 3,04 4,70 6,76 8,92 11,69
70 1,11 3,04 4,72 6,76 8,88 11,43
80 1,12 3,05 4,75 6,78 8,85 11,19
90 1,13 3,07 4,79 6,80 8,82 10,99

a  Values according to Reference [5].

b Values according to Reference [6].
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