INTERNATIONAL ISO
STANDARD 23496

First edition
2019-07

Determination of pH value—

Reference buffer solutions for
the calibration of pH-measuring
equipment

Détermination de la valeurpH — Solutions tampons de référence
pour l'étalonnage des appareils de mesure du pH

Reference number
1SO 23496:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=3dcbc14125073381ad6fac7d17173b1d

ISO 23496:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=3dcbc14125073381ad6fac7d17173b1d

IS0 23496:2019(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
1 S0P ... 1
2 NOITNATIVE TEECI@INCES .........occccocovoveieiesssse st 1
3 Terms aNd AefiMETIOIIS ... 1
4 BaSiC INFOTTMATION ...........cccooooioi s 2
4.1 LT3 1<) - O 2
4‘.2 [)H leutﬂb Uf})l illldl_y leftl CIILC ‘quftfl bUluLiUllb ..................................... 2
4.3 pH values of secondary reference buffer solutions ..., .3
5 Preparation of primary and secondary reference buffer solutions 7
5.1 LT3 1<) - OSSN R IS 7
5.2 Reference buffer solution A, pH(R) = 1,674(25 °C), Potassium tetraoxalate dihydrate. ... 7
5.3 Reference buffer solution B, pH(R) = 3,55, (25 °C), Potassium hydrogen tartrate................ 7
5.4 Reference buffer solution C, pH(R) = 4,00 (25 °C), Potassiymmhydrogen phthalate............ 7
5.5 Reference buffer solution D, pH(R) = 6,865 (25 °C), Phosphate............cof w7
5.6 Reference buffer solution E, pH(R) = 7,415 (25 °C), PhoSphate................ .8
5.7 Reference buffer solution F, pH(R) = 9,18 (25 °C), BoraX.......oie .8
5.8  Reference buffer solution G, pH(R) = 12,45, (25 °€); €Calcium hydroxide........}........ .. 8
5.9 Reference buffer solution H, pH(R) = 3,77, (25 %€), Potassium dihydrogen citrpte........ 8
5.10 Reference buffer solution I, pH(R) = 10,01, (25°C), Sodium carbonate/sodium
hydrogen carbonate
6 Storage and shelf life
7 Examples of pH(R) values of reference buffer solutions.............cccsc o 8
8 Additional properties of reference buffer solutions..................cfo 8
Annex A (informative) Examples of pH(R)-values as a function of temperature at
temperatures from 55 °C to 95.2C
Annex B (informative) Volumetric Method. ... s 11
BIDIHOGIAPIIY ... e 13
© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=3dcbc14125073381ad6fac7d17173b1d

ISO 23496

:2019(E)

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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ISO 23496:2019(E)

Determination of pH value — Reference buffer solutions
for the calibration of pH measuring equipment

1

Scope

This document specifies reference buffer solutions for the calibration of pH measuring equipment.

2
The

constitutes requirements of this document. For dated references, only the edition cited

und
ISO
ISO

memprane

ISO

For the purposes of this document, the terms and definitions given in ISO 80000-9 and the foll

ISO

3.1
pH

meagure for the acidic or basic character of an aqueous solution
Note [l to entry: Notatioh/of pH: the "p" and the "H" are upright on one line.

Note P to entry: The.acidic character is determined by the activity of the existing “hydrogen ions”.

3.2

pH value
decagaHogarithm of the hydrogen ion activity multiplied with (-1)

Normative references

following documents are referred to in the text in such a way that somecgfiall of t

dted references, the latest edition of the referenced document (including'any amendme
4793, Laboratory sintered (fritted) filters — Porosity grading, classificdation and designati

19396-1, Paints and varnishes — Determination of pH value <5 Part 1: pH electrode

80000-9, Quantities and units — Part 9: Physical chemistry and molecular physics

Terms and definitions

gdnd IEC maintain terminological databases for use in standardization at the following 3

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

IEC Electropedia: available at http://www.electropedia.org/

heir content
applies. For
hts) applies.

on

s with glass

pwing apply.

ddresses:

a. . mH+ Y HT
pH:—]g(Lojz—]g —Om’
m m

where

© IS0 2019 - All rights reserved
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is the activity of the hydrogen ion, in mol/kg;
is the standard molality (1 mol/kg);

is the activity coefficient of the hydrogen ion;

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

Note 1 to entry: Molality is understood as moles per kilogram solvent.

Note 2 to ent
solutions of
This is based

4 Basici

4.1 Gene

Reference b
of the referg
value of ar
in a calibrat
form the ba
institutes. {
solutions pr
pH value.

4.2 pHvg

The pH valu
The pH valy
electrochem
potential of
without tra
not need to
consist of a

solution to {

Pt|Ag|A

Fy: The pH value is not measurable as a measure of a single ion activity. Therefore, pH(PR) val
rimary reference material are determined, which are approximate to it and can be attributéd
on a worldwide agreement, see ISO 80000-9:2009, Annex C.

nformation

ral

iffer solutions are prepared using primary or secondary refereh¢e materials. The pH v
ence buffer solutions are determined using the methods described in 4.2 and 4.3. Th
pference buffer solution and the associated uncertainty of“measurement are documg
ion certificate as the result of calibration. pH values of\primary reference buffer sol

econdary reference buffer solutions are commeércially available. The reference
epared according to the methods described in\Clause 5 serve as a material measure (

lues of primary reference buffer solutions

e based upon the activity of single'ions according to the formula in 3.2 cannot be meas
e is assigned to reference buffer’solutions outlined in Table 1. This is achieved usif
ical method of measurement that is based on the thermodynamic dependence o
the platinum/hydrogen éeléctrode on the hydrogen ion activity. Through the use of
hsference, diffusion voltages arising from liquid junctions do not appear and therefo
be considered when calculating the voltage of the cell. The cell (I) for this purpose
platinum/hydrogén-and a silver/silver chloride electrode, immersed in the reference b

vhich chloridein’a low concentration (mcr ) has been added.

rCl|reference buffer solution, pH(R), Cl~ (mCI_ ) |Pt, H, [pH2 =101 325 Pa).

The pH valy|

pH _ lim

m
cl
where

E is

E0 s

k

is

utions
sis of pH measurements in practice and are generally determined by national metlizogy

es of
to it.

hlues
e pH
nted

ffer
f the

hired.
1g an

f the

cells
e do
shall
uffer

(D

e‘ofthe reference buffer solution is calculated according to Formula (1):

50
(E kE )+lg

m_ _
Cl

mO

0 +1gycl_

the voltage of cell (I);
the standard potential of the Ag/AgCl electrode;
the Nernst slope (k= RT(In10) / F);

@)
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mO  is the standard molality (1 mol/kg);

m is the molality of the chloride ions in the solution;
Cl™

¥ is the activity coefficient of the chloride ion.
Cl™

Chloride is added to the reference buffer solution in a minimum of three different molalities less than or
equal to 0,02 mol/kg. To calculate the pH value, m.- = 0 is extrapolated according to Formula (1).

The activity coefficient of the chloride ions is estimated according to Formula (2) for solutions with an

ionidstrength of less than or equal to 0,1 mol/kg[2l.

BYe- == 172 (2)

0
1+1,5(1/m )

where

A is the Debye-Hiickel constant;

] is the activity coefficient of the chloride ion;

Cl™

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

1 is the ionic strength.
pH vplues of primary reference buffer solutions-are often referred to as pH(R) (R = Reference). The

expa
0,001
of m
fore

The
buffe
due 1

batcles depending on the puffer solution. Accordingly, the pH(R) values of each batch can var

the 1
buffe
25 °(
of th

Typi
Tablg

4.3

nded uncertainty of measurement U(pH)-Wwhen determining a pH(R) value has been
P to 0,005 at 25 °C depending on the prifnary reference buffer solution. As agreed, this
basurement does not take into consideration the uncertainty of the Bates-Guggenhein;
stimating the ionic activity of the-chloride ion [see Formula (2)](3].

bxpanded uncertainty of measurement of many pH(R) value measurements of prima
r solutions prepared according to Clause 5 is U(pH) = 0,005 at 25 °C and U(pH) = 0,(
o the method of measurement and the purity and homogeneity of the materials used

H(R) value is onlytvalid for an individual batch with a corresponding calibration cef
r solution G, thé-expanded uncertainty of measurement of the pH(R) values is U(pH
and U(pH) =0,01 for temperatures higher than 25 °C[4l. Contributions to uncertaintyj

fal pH waltes of reference buffer solutions for the temperature range of 0 °C to 50 °C
p 1.

shown to be
uncertainty
convention

ry reference
08 at 50 °C,
for different
y. Therefore,
tificate. For
) = 0,006 at
are a result

e method ofiheasurement used as well as the purity and homogeneity of the material yised.

are given in

pH values of secondary reference buffer solutions

The differential potentiometric method[2] is suitable for determining the pH values of secondary
reference buffer solutions using primary reference buffer solutions with the same chemical composition.
The isothermal cell used for this purpose (II) shall consist of two electrodes separated by a P 40 glass
frit given in ISO 4793, and containing the primary and secondary standard buffer solutions and identical
platinum hydrogen electrodes at exactly the same hydrogen pressure, i.e.

Pt,H, (pHZ ) |primary reference buffer, pH(R)||secondary reference buffer, pH|Pt, H, (pHZ ) (1IN

The cell voltage E of cell (1) is a measure of the difference in the pH values of the solutions and enables
the pH(R) value of the secondary reference buffer solution to be determined using Formula (3),
provided the absolute difference is |pH(R)-pH < 0,02| and the pH of the solutions is between 3 and 11.

© IS0 2019 - All rights reserved 3
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The diffusion voltage is then less than 10 % of the measured cell voltage and the cell is virtually without

transference.
pH=pH(R)-E /k
where

k  isthe Nernstslope (k= RT(In10) / F);

E is the voltage of cell (II).

(3)

Measured c
pH differend
value of the
a single pH
greater thar

]l voltages are in the order of magnitude of a few hundred microvolts (1V). Consequy
esdown to 0,001 can be determined. The expanded uncertainty of measurement J.of tt
secondary reference buffer solution ranges from 0,003 to 0,006 at 25 °C when determ
value depending on the type of secondary reference buffer solution, andAsConly sli

that of the pH(R) values of primary reference buffer solutions determinedusing cell (|

ently,
e pH
ning
shtly
[).
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Working reference buffer solutions for use in daily practice are measured in accordance with
ISO 19396-1 and characterized with regard to measurement uncertainty.

Examples of pH(R) values as a function of temperature at temperatures from 55 °C to 95 °C are shown
in Annex A.

5 Preparation of primary and secondary reference buffer solutions

5.1

General

The

prep
foru

The
one (

The
are {
state

Whe
(25,

Fully

For {
Annd

5.2

dihydrate

Dissglve 12,74 g of potassium tetraoxalate dihydrate, KH5(C,0,4),-2 H,0, in 1 000 g water.

5.3

Add
vigol

Thes|

5.4

Dry

eference pulfer solutions in lable I form the basis of practical pH measuremen
hred gravimetrically according to the following guidelines using reference materials
ce in pH reference buffer solutions.

bH value of reference buffer solutions prepared according to 5.2 to 5.10 shall-be detej
f the methods given above (see 4.2 and 4.3) or a similar method.

humbers given for pH(R) values are designations of the particular reference buffer s
o be understood as names. Consequently, they can differ from these given in Table 1
d on the calibration certificates of the reference materials are bihding.

+0,5) °C is maintained.

desalinated water shall be used. For solutions of pH&-7 CO,-free water shall be used.

he description of the volumetric methods used to prepare the reference buffer sq
X B.

Reference buffer solution A, pH(R) = 1,67,1(25 °C), Potassium tetraoxalat

Reference buffer sohition B, pH(R) = 3,55, (25 °C), Potassium hydrogen ta

6,40 g of potassium( hydrogen tartrate, KHC,H,O,, to 1 000 g water. After shaking
ously until the solution is saturated, filter off the excess salt.

e solutions tendto be affected by fungal infestation and a fresh batch shall be prepare

potassium hydrogen phthalate, KHCgH,0,, for 2 h at 110 °C. Dissolve 10,21 g of thig

s. They are
appropriate

mined with

blutions and
. The values

h preparing the saturated solutions (see 5.3 and 5.8) careyshall be taken that a tempperature of

lutions, see

e

rtrate

or stirring

H every day.

Reference buffer solution C, pH(R) = 4,00, (25 °C), Potassium hydrogen phthalate

material in

100

D g/water. The solution has a shelf life of approximately 6 weeks. Solutions affectd

d by fungal

infes

5.5

tation shall not be used.

Reference buffer solution D, pH(R) = 6,86 (25 °C), Phosphate

Dry anhydrous potassium dihydrogen phosphate, KH,PO,, and anhydrous disodium hydrogen
phosphate, Na,HPO,, for 2 h at 110 °C. Dissolve 3,40 g of potassium dihydrogen phosphate and 3,55 g of
disodium hydrogen phosphate in 1 000 g water.

1) The last digit is not significant and therefore printed as subscript.

© ISO

2019 - All rights reserved
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5.6 Reference buffer solution E, pH(R) = 7,415 (25 °C), Phosphate

Dry anhydrous potassium dihydrogen phosphate, KH,PO,, and anhydrous disodium hydrogen
phosphate, Na,HPO,, for 2 h at 110 °C. Dissolve 1,184 g of potassium dihydrogen phosphate and 4,322 g

of disodium

hydrogen phosphate in 1 000 g water.

5.7 Reference buffer solution F, pH(R) = 9,18, (25 °C), Borax

Dissolve 3,8

2 g of disodium tetraborate decahydrate, Na,B,0,-10 H,0, in 1 000 g water.

5.8 Reference buffer solution G, pH(R) =1 7'4=4 (2520}, Calcium hydroxide

Add 5 gofc
solution is
shall be disd

hlcium hydroxide, Ca(OH),, to 1 000 g water. After shaking or stirring vigorouslyunt
aturated, filter off the excess calcium hydroxide. The solution is very sensitivé to' CO
arded if it becomes turbid.

5.9 Reference buffer solution H, pH(R) = 3,77 (25 °C), Potassium dihydrogen citrat

Dry anhydrgus potassium dihydrogen citrate, KH,CcHs0-, for 24 h over dry calcium chloride at am

temperatury

5.10 Refer
hydrogen ¢

Dry anhydr
Dry sodium
carbonate a

. Dissolve 11,51 g of potassium dihydrogen citrate in 1 000 g water.

ence buffer solution I, pH(R) = 10,01, (25 °C), Sodiuim carbonate/sodium
rarbonate

bus sodium carbonate, Na,CO3, for 2 h at 250 °C and then store over dry calcium chlg
hydrogen carbonate, NaHCO;, for two days over*aimolecular sieve. Dissolve 2,65 g of so
hd 2,10 g of sodium hydrogen carbonate in 1 000 g water.

6 Storage and shelf life

Guidelines f

7 Examy

Table 1 lisf

temperature.

8 Additi

Table 2 list{
buffer capad

rom the manufacturer should befollowed.

)les of pH(R) values ofjreference buffer solutions
s examples of pH(R)yvalues for primary reference buffer solutions as a functic
onal properties of reference buffer solutions

some-ofithe additional properties of the reference buffer solutions. For a definition ¢
ity,f\and the effect of dilution, see DIN 19261I8l.

] the
and

a)
-

bient

ride.
dium

n of

f the
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NOTE The data on buffers is taken from Reference [Z].

Reference . Buffer R Temperature
buffer solution Molality capacity, 5 Effect of dilution dependence? at 25 °C
mol-kg1 mol-1-1 K1
A 0,05 (KH;(C,0,4),-2 H,0) 0,070 +0,186 +0,001
0,034 (KHC,H,0q) B
B saturated at 25 °C 0,027 +0,049 0,001 4
H 0,05 (K53C4Hs0-) 0,034 +0,024 -0,002 2
C 0,05 (KHCgH,0,) 0,016 +0,052 +0,001 2
0,025 (KH,PO,) _
D 0,025 (Na,HPO,) 0,029 +0,080 0,002 8
0,008 695 (KH,PO,) _
E 0,030 43 (Na,HPO,) 0,016 +0,07 0,002 8
F 0,01 (Na,B,0; -10 H,0) 0,020 +0,0% -0,908 2
0,025 (Na,CO03) B
| 0,025 (NaCO,) 0,029 +0,079 0,009 6
0,02 Ca(OH), _ _
G saturated at 25 °C 0,09 0,28 04033
a  (dpH/dT).

© IS0 2019 - All rights reserved
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Annex A
(informative)

Examples of pH(R) values as a function of temperature at
temperatures from 55 °C to 95 °C

B R e
95 °C[4l. They are intended for guidance only since such values have not been recorded in calibrption
certificates and related to a particular batch.
Table A.1 — Examples of pH(R) values of reference buffer solutions as a function é6ftemperature
at temperatures from 55 °C to 95 °C
A B C D F G
Potassium
Referencg dihydrogen
buffer Potassium Potassium Potassium phosphate Disodium Calciuth
solution tetraoxalate hydrogen hydrogen + tetraborate hvdroxille
dihydrate tartrate phthalate Disodium decahydrate y
hydrogen
phosphate
Molality Saturated at 0,025 (KH,P0O,) Saturatedl at
mol-kg-1 0,05 25 °C 0,05 10,025 (Na,HPO,) 0,01 25 °C
Temperatuyre
oc pH(R) values
55 1,715 3,554 4,075 6,834 8,985 11,574
60 1,723 3,560 4,091 6,836 8,962 11,449
70 1,743 3,580 4,126 6,845 8,921 —
80 1,766 3,609 4,164 6,859 8,885 —
90 1,792 3,650 4,205 6,877 8,850 —
95 1,806 3,674 4,227 6,886 8,833 —
10 © IS0 2019 - All rights reserved
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