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INTERNATIONAL ELECTROTECHNICAL COMMISSION

pH MEASUREMENTS IN DIFFICULT MEDIA -
DEFINITIONS, STANDARDS AND PROCEDURES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

9)

The main task of /EC technical committees is to prepare International Standards. How
technidal commiftee may propose the publication of a technical report when it has cg
data off a different kind from that which is normally published as an International Stand
example'state of the art".

all national electrotechnical committees (IEC National Committees). The object of IEC is to

nd and in addition to other activities, IEC publishes International Standards, Technical Speécif
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred\ to

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Commitiee in
in the subject dealt with may participate in this preparatory work. International, governmental g
govefnmental organizations liaising with the IEC also participate in this preparation. IEC)collaborate
with |the International Organization for Standardization (ISO) in accordance with conditions detern
agre¢ment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly)as possible, an inte
consensus of opinion on the relevant subjects since each technical committeeshas representation
intergsted IEC National Committees.

ublications have the form of recommendations for international use”and are accepted by IEC
ittees in that sense. While all reasonable efforts are made to ensure that the technical conter
Publications is accurate, IEC cannot be held responsible for the way in which they are used or
misirjterpretation by any end user.

In ofider to promote international uniformity, IEC National Committees undertake to apply IEC Puf
trangparently to the maximum extent possible in their national and regional publications. Any di
betwgen any IEC Publication and the corresponding nationalhor regional publication shall be clearly ind
the latter.

IEC Jprovides no marking procedure to indicate its~approval and cannot be rendered responsible
equipment declared to be in conformity with an IEC Publication.

All users should ensure that they have the latest>edition of this publication.

No lipbility shall attach to IEC or its directofsy employees, servants or agents including individual exp
mempers of its technical committees and.IEC National Committees for any personal injury, property dg
othef damage of any nature whatsoever,” whether direct or indirect, or for costs (including legal fé
expepses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced public
indispensable for the correet.application of this publication.

Atterjtion is drawn to the\possibility that some of the elements of this IEC Publication may be the s
patent rights. IEC shall\not be held responsible for identifying any or all such patent rights.
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IEC 62434, which is a technical report, has been prepared by subcommittee 65D: Analyzing
equipment, of IEC technical committee 65: Industrial-process measurement and control.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
65D/121/DTR 65D/124/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
+ amended.

A bilingual version of this Technical report may be issued at a later date.
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pH MEASUREMENTS IN DIFFICULT MEDIA -
DEFINITIONS, STANDARDS AND PROCEDURES

1 Scope and object

This Technical Report concerns analyzers, sensor units and electronic units used for the
determination of pH in non-aqueous solvents and aqueous organic solvent mixtures using
glass electrodes. |IEC 60746-1 includes further definition of the scope and provides for the
general aspects of all electrochemical analyzers, including pH. It is worthwhile to remind that
IEC 60[f46-2 contains specifications for simulators used for testing pH electronic units”

This tgchnical report specifies the terminology, definitions, methodology, requirements for
statempnts by manufacturers and performance tests for analyzers, sensor units and elgctronic
units used for the determination of pH value in non-aqueous and aqueous-organic golvent
mixturgs.

2 Ngrmative references
The following referenced documents are indispensable for the application of this doqument.

For dafed references, only the edition cited applies. For undated references, the latest|edition
of the leferenced document (including any amendments). applies.

IEC 60[f46-1, Expression of performance of electrochemical analyzers — Part 1: General

IEC 60[f46-2, Expression of performance of electrochemical analyzers — Part 2: pH valje

3 Ggneral principles

3.1 Terms and definitions

The refuired definitions will' be given following on the order of appearance of the rglevant
physical quantities in thettext, and they comply with the pertinent IUPAC documents|[1,2] 1
and IEC 60746-2.

3.2 Bymbols

The meganing-o6f each symbol used here is given immediately after its first appearancg in the
relevant sequation and it is conform to the pertinent IUPAC documents [1,2] and
IEC 60[/46-2.

3.3 pH value

3.3.1 General

A measure of the conventional hydrogen ion activity ay, in solution given by the expression
pH = -log ays = —log(my+ YH+) (1)

where yy, is the activity coefficient of the H* ion at the molality my, (moles of H* per kg of

solvent). pH is a dimensionless quantity; it is not correct to write the logarithm of a quantity
other than a dimensionless number, and the full form of equation (1) is

1 Numbers in square brackets refer to the bibliography.
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pH = -log ays = —log(mys Yya/m®) (2)

where m° = 1 mol kg~! is the standard-state reference molality. This definition is in terms of
the molal scale, which is that recommended by IUPAC for a key reason, i.e. the molality of a
solution is temperature-independent, which saves much repetitive work of cell construction
and filling. However, if one wants to treat pHin terms of the amount-of-substance
concentration ¢ (formerly “molarity”) in mol dm~3, the equation (2) would take the form

PH, = —log(ay.), = —log(cys yp4/c®) 3)

where yy, is the activity coefficient of H* at concentration ¢y, (moles of H* per dm3 of

solventhlt-is-worthwhile to recall that pH and pH _are interrelated bv the eguation
7 L Ll C J hd

pH, = pH - log [p/(kg dm~3)] (4)

where p is the relative density of the solvent.

Although equation (2), or alternatively (4), can be used to give an interpretation to pH|values
under [certain limiting conditions, ay, cannot be rigorously obtained by any methpd, for
example from potential difference measurements, because it ‘involves such g non-
thermodynamic quantity as the single-H*-ion activity coefficient yy,, and instdad an
operatiponal definition is adopted in terms of pH values assigned to certain reference |puffers
(primany or secondary pH standards). The pH measurementis performed by measur|ng the
potentipl difference (electromotive force) Ey between a. pair of electrodes immersed| in the
samplg at unknown pH, in the (non-aqueous or aquegus-organic) solvent Z, according to the
cell scheme:

Refprence Concentrated Sample at.unknown pHy H*-sensing electrode (5)
elecfrode in equitransferent salt in\solvent Z (hydrogen gas electrode, of
solvent Z bridge in solvent Z glass electrode)

and melaasuring the potential difference Ky with the same electrode pair, the same saltf bridge
of the pame composition and solvent™Z, and at the same temperature, in a referencg buffer
solutiop of known standard pHpg on.pHgg, according to:

Refprence Concentrated Standard pHpg or pHgg H*-sensing electrode (6)
elecE’ode in equitransferent salt in solvent Z (hydrogen gas electrode, of
solvent Z bridgesin'solvent Z glass electrode)

Ey, Eg,|etc. are all defined as the difference of the potential of the right-hand (glass elegtrode)
minus the potential-of the left-hand electrode (reference electrode). Considering the Negrnstian
exprespions fot By and Eg, the sought pHy of the sample in question is given by:

where k = 2,302 6 RT/F, and E;y and E g are the liquid junction potentials (see 3.3.2) arising
at the junctions between reference electrode and unknown pHy and between reference
electrode and the known standard phpg, respectively. The concentrated equitransferent salt
bridge in solvent Z (see 3.6.5) duly minimizes E;x and E ;g so that their difference (E;x - Eg)
(the so-called “residual liquid junction potential”) can be ignored, and the following operational
equation is now internationally endorsed for the determination of pHy:

At extreme acidities or alkalinities, or with high salinities (ionic strengths) of the sample, the
residual liquid junction potential may be significant and requires careful consideration for the
assessment of the accuracy level of the measured pHy.
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The cell diagrams (5) and (6), respectively, represent the well known “measure” and
“calibration” configurations of the “pH operational cell”. Numerical values for k, the “Nernstian
coefficient” or “theoretical slope factor”, at temperatures from (0 to 100) °C, are given in
Annex A.

Upon aging, the glass electrodes show an irreversible decrease of the slope factor, which
thus becomes the “practical slope factor” £’ < k£ and should consequently be accounted for in
the operational equation (8). This is currently accomplished by the “bracketing standards
procedure” (or “two standards calibration”). This requires use of two standards, one (pHpg1)
below and one (pHpg,) above the expected pHy. The corresponding measurements of Ey,
Eg4, and Eg,, are then combined to give the following equations:

k' =—(Egp — Egq)/(PHg2 — PHg1) (9)
pHy = pHgq + (Ex — Eg1)(PHs2 — PHg¢)/(Esy — Egy) (10)

3.3.2 Liquid junction potential

different insertion. This potential difference is, in current practice, minimized (even if by no
means| exactly) by insertion of a salt bridge (see 3.6.5). When,the junction is between two
solutiops differing not only in the electrolyte compositiony but also in the polvent
(“heterpsolvental junction”) the intervening liquid junction potential is composed of g ionic
liquid junction potential (minimizable by insertion of an appropriate salt bridge — seq 3.6.5)
and a |solvental liquid junction potential which canby/no means be minimized arld may
amount to several tens of mV.

Electri¢ potential difference arising across any junction between twoc{electrolyte soluji:ns of

3.4 5tandard reference buffer solutions (prfimary and secondary pH standards)
3.4.1 Reference buffer solution preparation
34141 General

A referfence buffer solution (pH standard) is prepared according to a specified formula, using
recognjzed analytical-grade ,chemicals and solvents (non-aqueous or aqueous-organic)
appropyiately redistilled, if pHy-is required to not better than +0,05. The pH value of reference
buffer $olutions may, because of the variation in the purity of available commercial chemicals,
differ §y as much +0,01 from accepted values. For higher accuracy (for example to £0,002),
solutions may be préepared with chemicals that have been characterized and decldred as
Certifigd Reference\'‘Materials (CRM, see 3.4.1.4) by a national standards laboratory, and
solven{s (non-agqueous or aqueous-organic) characterized by the most severe procedures and
tests (ihcluding.conductivity, if applicable) of purification.

3.4.1.2 Primary standards (pHpg)

Certain substances which meet the criteria of:

a) preparation in highly pure state reproducibly, and availability as certified reference
materials (see 3.4.1.4);

b) stability of solution over a reasonable period of time;

c) having low value of the residual liquid junction potential — see 3.3.2, shall be designated
as primary reference standards (pHpg) in solution of specified concentration in the
appropriate solvent Z.

The pHpg values assigned to these primary standards are specifically derived from
measurements on the following reversible cell (“Harned’s cell”):

Pt H, (gas, p = 101325 Pa) pHps + KCI, in Z AgCl | Ag | Pt (11)
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whose structure (and that of the parallel cell (13)) is represented schematically in Figure 1.
Best values of pHpg for various standard buffer solutions in some 45 nonaqueous or aqueous-
organic solvents at various temperatures are given in Annexes B, C and D, together with
directions for proper preparation of the chemicals.

The potential difference E of cell (11), omitting to write the term m°= 1 mol kg~'! for
convenience, is given by:

E=E°-k |Og[mH+ mg|— VH+yCI_] (12)

where the standard potential difference E° is derived separately from measurements on the

cell (13):

Pt H, (gas, p = 101325Pa) HCI (m), in Z AgCl | Ag | Pt (13)

and caflculated from equation (12) using y4,YC- = yJ_r2 where vy, is the independently|known
mean ionic activity coefficient of HCI at molality m = 0,01 mol kg~!. From\equation (12) one
gets:

pH = (E - E°)/k + log(mg—) + log(yc|—) (14),
in which log(yc—) is obtained from the IUPAC-endorsed Bates-Guggenheim equation (1/5) [1]:

where J is the ionic strength of solution, 4 is the ¢lassical Debye-Hiickel constant appropriate
to the [single or aqueous-organic) solvent Z, aind € and p are respectively permittivities and
densities of the water (W) and the solvent Z as-indicated by the subscripts. (If the solvent Z is
water ifself, equation (15) would reduce to-log(yg-) = —AwI"2/[1+1,5 1'/2], which is the form of
Bates-{3uggenheim equation used for the*pH standardization in pure water medium [1]). The
pH vallies obtained from (14) are found to vary slightly with mc— due to the ionic interpctions
betwegn the pHpg buffer and KCIl“in the mixed electrolyte in cell (11). Thereford these
pH vallies are plotted against mgy~, and the intercept at mg— = 0 is finally recogniged as
primary standard pHpg.

Values| of the required ancillary quantities 45, y,, and E° are available (see [1] and literature
cited therein).
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Figure 1 — Schematic structure of the -hydrogen gas electrode and
of the AgCl electrode forming the cell (13)

3.41.3 Secondary standards (pHgg)
Certair] substances which meet the criteriaof:

a) preparation in highly pure state reproducibly;

b) sta
sta
aqy

The vdllues of pHgg can _be assigned by comparison with the pHpg values in cells wit

junctio

bility of solution over a reasonable period of time, shall be designated as sed
hdards (pHgg) in solution of specified concentration in the general (non-aque

eous-organic) solvent Z.

n of the type

ondary
ous or

n liquid

=

t H,

pHps in Z || Salt bridge in Z || pHgg in Z

H,

Pt

(16)

where [pHgg may either have the same nominal composition of pHpg or be of quite djfferent
composition; and |t |s deswable that the Junctlons be formed W|th|n caplllary tubes 0 t at the
geome C A C = c -
denotes the potentlal dlfference of ceII (16) and the I|qU|d junct|on potentlals can be safely
ignored, then the values of pHgg are given by

PHss = PHps — Eqglk (17)
An alternative IUPAC-endorsed method of obtaining pHgg makes use of a variant of cell (11)
in which the glass electrode (which is simply a H*-sensing membrane electrode, namely a

non-thermodynamic electrode) replaces the H*-reversible hydrogen-gas electrode:

Pt Glass electrode pHgs + KCl, in Z AgClI Ag Pt

(18)

thus obtaining a non-reversible cell, of potential difference E;g. The procedure of processing
the E,g data is wholly analogous to that described by the equations (12) to (15) above. The
procedure followed (that based on cell (16) or that based on cell (18)) should be stated in any
case.
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3.41.4 Certified reference materials

Selected chemicals which were certified by a national metrological institution. Certainly, in
order for a particular buffer to be considered a primary buffer solution, it should be of the
highest metrological quality, in accordance with the definition of a primary standard.
Therefore, the best conditions would be that the primary and the secondary standard
materials should be accompanied by certificates from national metrological institutes in order
for them to be described as Certified Reference Materials (CRMs).

3.4.1.5 Storage of standard pH buffers in certain solvents

When stocks of pHpg or pHSS buffer solutions in alcohols, glycols and glycerols (and in their
mlxtures with wdlerl) ndve Deen prepdreu |or I()Hg uurduon bervwe or LO[IbBrleIO], it IS
recommended to store them at freezer temperatures (= -15 °C) to prevent any~Undesired
esterification.

3.4.2 | Measurement of pHy - Choice of the standard reference solutions

Unlike |in the case of the purely aqueous solutions, where there is abundance of primary and
secondary standards, for the general (non-aqueous or aqueous-organic) solvent Z there are
few or ho standards, with the only exceptions of methanol+water and*ethanol+water mixtures,
in whigh it is evident that electrochemists have concentrated their efforts almost excliisively.
In fact] for aqueous mixtures with 2-propanol, ethylene glycol, glycerol, methylcellpsolve,
acetonl|trile, 1,4-dioxane, dimethylsulfoxide, ethylene carbomate, propylene carbonarﬁ‘e, and
formanpide, for a total of some 40 mixed solvent systems, beside the pure deuterium oxide
solven{ (D,O, see Annex C), there are available the.pHpg values for the 0,05 mol kg1
potasslum hydrogen phthalate buffer [3 to 7], as.colected in Annex B, plus spars¢ pHpg
values|for a handful of other buffers to be seen in;Annex D. Secondary standard pHgg|values
for the[same buffers mentioned above are now available in tetrahydrofuran+water mixtdres [8]
(Annex E). This very poor availability of pH standards, for now at least, impairs the posgsibility
of applying the bracketing standards procedure (equations (9) and (10)) to compengate for
deficiepcies in the electrodes and measuring systems. Clearly, acquisition and dystem-
atisatign of pHpg as well as pHgg values'is overdue and urgently required.

3.5 Widths of normal pH scales or normal pH ranges in the general solvents Z
3.5.1 General

Each slolvent Z has a parameter of great concern for the pH domain: this is the tempgrature-
dependent autoprotolysis constant K,, which expresses the ability of Z to self-iohize to
releasg H* ions. Itis precisely the negative logarithm of K,, symbolized as pK; = -lod K5, at
25 °C that convefitionally defines the width of normal pH scale (or normal pH range) in
each splvent Z.[9]. Values of pK, for a number of nonaqueous or aqueous-organic splvents
can be|foundhin the ad hoc IUPAC document [10]. The midscale point (neutral pH p¢int) is
0,5 pKl.<it,is well known that in water pK; = 14, so that the normal pH scale in afjueous
mediurm—ts—44—units—wide—and-the—neutral point-is—at pH 7—Instead—inacetonitrilepi, = 28
and the neutral point is at pH 14; see Figure 2. Thus there emerges the problem of
intercomparing pH values measured in different solvents Z: this is strictly linked with the
determination of the so-called primary medium effect on the H* ion, which is described
below.
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IEC  239/06
Figure 2 — Intercomparing widths and relative positions of normal pH scaleg
(with neutral points indicated by halving dots) in different solvents
3.5.2 Conditions for comparability of pH scales.in different solvents Z with the
aqueous pH scale: definition of an intérsolvental scale of pH
Any pHpg or pHgg standard, and any pH value measured in solvent Z, is only valid [for the
pH scale in that solvent and are not physically comparable with pHpg or pHgg standands and
any phl value measured in water. It car’ be shown [9] that, to make pH; (in solyent Z)

physically comparable with pH,, (in water) on one intersolvental pH scale, pH; shq

conver

where
H*, na
the tra
[(Z°1)n
respec
above

ed to pHz,y as expressed by equation (20):

PHZzw =PHZ -log(yr) = pHz + [(E°y)w — (E°y)zl/k

V1 is the so-called'transfer activity coefficient” of H*, or primary medium effecit

and un
the va

uld be

(20)

upon

mely, log(yr) is.a@ measure of the change of standard Gibbs free energy accompanying
nsfer of the H%ion from water (W) to solvent Z. It is quantified in terms of the difference
- (E°y)z]«of the standard absolute potential of the H*-sensing electrode in W|and Z,
ively. Since there cannot be any thermodynamically correct method of determinfing the
difference, recourse to extrathermodynamic methods or assumptions is unavdgidable,
fortunately there is remarkable dlscrepancy between the Iog(yT) values estlmcted by

| to the

theoretical domam only, and to the users, each pHZ scale is at this pomt not comparable with
the aqueous pHy, scale. The situation depicted in Figure 2 represents the best overview
available now but has only qualitative value.

3.5.3

Incorrect use of two-solvent cells for pH measurements

An improductive, but all too frequently tried, approach to obtaining a comparability of pH with
pHyy is that [see 11] which is based on measuring the potential difference (Ey), of the cell

(21):
Reference Salt bridge in Sample at H*-sensing electrode
electrode in solvent Z unknown pHy (hydrogen gas electrode,
solvent Z in solvent Z or glass electrode)

(21)
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the Nernstian expression of which is expressed by:

(Ex)z = Uz = k (PHx)z + (Eyx)z (22)

after a deceptive “calibration” based on measuring the special potential difference *Eg of the
two-solvent (“heterosolvental”) cell (23):

Reference Salt bridge in Standard at H*-sensing electrode
electrode in solvent Z known pHpg in (hydrogen gas electrode, or
solvent Z water glass electrode)

which is expressed by

*ES =*U-k (pHS)W + *EJS (23)

From gquations (22) and (23), a new supposed “operational” equation is derived:
(PHx)z = (PHg)w — [(Ex)z = *Esl/k (24)

and relied upon as one ensuring pH; to be directly measurable and. physically comparable
with the aqueous standard (pHg),. However, subtraction of (23) from (22) to obtain((24) is
illegitimate. In fact, Uz and *U are quite different (and cannot(be dropped in the diff¢rence)
becaude of (E°y)w # (E°y)z and (ay4)w being not comparable with and (ay.)z; and the liquid
junctiop potential *E ;g contains a solvental contribution not’included in (E;x)7, so thpt they
also cgnnot be dropped in the difference.

However, a heterosolvental cell configuration of the\type:

Reference Salt bridge in Various samples\at H*-sensing electrode in (25)
electrgde in water unknown (pHy)z’s\in same solvent Z
water same solvent'Z

whose [potential difference can be expressed as:

*EX =*U-k (pHX)Z + *EJX (26)

can be| correctly appliedwto- measure (pHy), variations, A(pHy),, among various samples in
the same solvent Z_ln /fact, as shown by equation (26), A(pHy); = A*Ey/k, becayse the
heterolcr)llvental terms\(i.e. the constant *U and the liquid junction potential *Ey) cance] out in
the difference. However, if the cell (25) is switched from solvent Z to another, different solvent
Z’ (while retaining.the same aqueous reference electrode), the A(pHX)Z’ values observed in Z
are not physically correlatable with the A(pHy), values observed in Z, because the sqlvental
part of [the liguid junction potential *E y is changed.

3.6 Electrodes and operating conditions
3.6.1 pH sensor (pH glass electrode)

The most commonly used pH sensor is the glass electrode [9], other potentiometric sensors,
for example, the antimony electrode are only adopted when its use is precluded. The pH isfet
(ion selective field effect transistor) sensor is an alternative to potentiometric sensors,
necessitating manufacturer-specific instrumentation.

3.6.2 Hydrogen gas electrode

This is a thin foil of platinum electrolytically coated with finely divided deposit of platinum or
palladium metal, which catalyses the electrode reaction H* + e = %2 H, in solution saturated
with hydrogen gas [9,12], see schematic representation in Figure 1. This electrode, which
does not lend itself to routine measurements, is the precision H*-sensing electrode, whose
use is mandatory for thermodynamic studies or determinations of pH standards (see above).
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However, in certain non-aqueous solvents (for example acetonitrile, dimethylsulfoxide) the
hydrogen electrode does not work properly and should be replaced by another appropriate
H*-sensing electrode, for example the quinhydrone electrode described in 3.6.3.

3.6.3 Quinhydrone electrode

This is a wire of noble metal (platinum or gold) placed in a solution to which a small amount
(= 0,1 g) of quinhydrone has been added to saturate the solution with equimolal amounts of
quinone and hydroquinone [9,12]. The quinhydrone electrode can replace the hydrogen
electrode in certain nonaqueous solvents (for example acetonitrile, dimethylsulfoxide) where
the hydrogen gas electrode shows erratic behaviour, for the purpose of determination of
pH standards. Under certain conditions (neutral or acidic pH, absence of strong oxidizing and
reducing agents and of large concentrations of added salts) the quinhydrone electrode may
also replace the glass electrode for routine pH measurements.

3.6.4 Reference electrode

This i an appropriate half-cell providing a stable potential at constant temperature [12]
against which the potential of the pH sensor is measured. Electrical contact with the sample is
made at a liquid junction with the reference electrolyte or an interposed salt-bridge soluftion.

3.6.5 Salt bridge
3.6.5.1 General

This is|a concentrated solution of a binary electrolyte)MX having cation M* and anioph X~ of
equal mobility (“equitransferent concentrated bridgé” in common terminology, with MT = K*,
NH4*, [Rb*, Cs* and X~ = CI7, Br7, |7, NO3~ )«to be inserted between the interna| filling
solutiop of the reference electrode and the sample solution at pHy (or the reference standard
at pHpg) under study, of course in the same safvent Z, in order to minimize the residugl liquid
junction potential error [9,12], a common practice first introduced by Guggenheim [9,[12,20].
Most popular examples are: saturated KEl, RbCl, CVsCl, and NH,CI in water or in several
water-fich aqueous-organic solvents ~Whenever possible, for example in the cases|of the
alkali Halides mentioned above, the salt bridge directly constitutes the internal filling qolution
of the |appropriate halide-reversible second-kind reference electrode (“built-in salt Qridge”)
thus sinplifying the electrode design and function. When the solvent changes from pure¢ water
to an gqueous-organic mixture or a pure nonaqueous solvent, the equitransference prgperties
of son:’l'e of the above MX.salts may be lost. For instance, changing from pure water {o pure
formanpide, the only acceptably equitransferent salt bridge is NH,Cl whereas the others fail,
as was| demonstrated‘by a recent systematic study [18]. The appropriateness and efficiency of
the NH,CI bridge ‘extends also over the other amides and N-alkylamides of extremelly high
permitfjvities, ,and™ also to such mixed solvents as water+alcohol, water+glycql, and
water+pcetonitrile. When the halide-based salt-bridge is chemically incompatible with [certain
ions (fr example the Ag*, TI* or Hg2* cations) of the sample solution, the Li,SO, salt| bridge
[19] in| c@njunction with a Hg,SO, or a Pb,SO,-based reference electrode can be ysed in

certain'—selvents—{19}—r—coemmercial—reference—electrodes;—the—pertinent—salt—bridge is

incorporated in the electrode design.

3.6.5.2 Second bridge, or bridge solution (of a double-junction reference electrode)

Another (concentrated) solution of an inert binary electrolyte having cation and anion of equal
mobility, optionally interposed between regular salt bridge 3.6.5.1 and both the sample pHy
and standard pHpg solutions, when there arises a chemical incompatibility (see also 3.6.5.1).
Of course, the second bridge should be in the same solvent of the salt bridge 3.6.5.1. As
second bridges, KNO3, NH,NO3;, RbNOj, CsNOg, Li,SO,4, or Lithium Acetate can be used in
water, but extended research is still needed to ascertain if, like Li,SO,4 [19], they were also
appropriate to nonaqueous or aqueous-organic solvents.
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4 Solvent media of applicability

pH standardization in non-aqueous solvents and aqueous-organic solvent mixtures [1] shows
a number of features some of which are shared with the pH standardization in aqueous
solutions (see [2] and IEC 60746-2). In fact:

a) While water, with its relative permittivity of =78 at 25 °C, is a typical ionizing solvent,
organic solvents range from benzene and 1,4-dioxane with relative permittivities of =2 and
no ionizing power to N-methylacetamide with relative permittivity of =182 and strong
ionizing power. Within the above range, there are several tens of non-aqueous solvents
very popular in the areas of industrial chemistry, analytical chemistry, engineering and

cor

rosion (i.e. alcohols, glycols, glycerols, ethers, amides, ketones, nitriles, etc.); and, of
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rse, there are several hundreds of binary aqueous-organic solvent mixtures wh
mportant. In reality, an almost unlimited domain exists.

b necessary to define the width of the “normal pH scale” (or “normal pH pange

in each (non-aqueous or mixed) solvent for obvious comparison/purposs
mple, if the above normal range in water is 14 pH units wide, with,thé neutralit
dscale) at pH 7, in acetonitrile such normal range embraces 28pH units, W
trality point at pH 14 (which is, of course, absolutely not physically comparab
14 in water); etc.

ce each normal pH scale in each (non-aqueous or mixed)-solvent is defined, i
desirable to fix the relative positions of these pH scales*(with their appropriatg
alkaline ends) with ultimate reference to water (because of obvious and undis
role of water with respect to any other solvent, or'solvent mixture of water itself
constitute one “intersolvental” scale of pH which~would provide physically inten
comparable pH data. A sketch of the situation is to be seen in Figure 2,
cription of the key features is given in 3.4.

b indispensable to provide for as many~primary pH standards, pHpg, as neces

bents so far, even if systematic determinations of primary standards (pHpg) as
ondary standards (pHgg) are(being carried out with promising speed in spec
bratories.

AC (International Union“of Pure and Applied Chemistry) has recently recomn
eria and procedures .[1} for the determination of the above primary and seg
standards in non-agueous solvents and aqueous-organic solvent mixtures of
mittivities highern'than about 25 to 30 in the temperature range (0 to 100) °C, 1
er conditions ©ofynegligible or no ionic association in the solutions. The above
hprises nearly~all such popular, ionizing solvents such as alcohols, glycols, gly
des, nitriles, and their mixtures with water. The IUPAC-endorsed, [3]
hdards.pHpg hitherto available are collected in the Annexes B, C and D.
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See Clause 4 in IEC 60746-2.

6 Recommended standard values and ranges of influence quantities

All the

7 Ve

relevant data are to be found in Annexes B, C, D, E, and F.

rification of values

See Clause 4 in IEC 60746-2.
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8 Other difficult media for pH determinations

Significant methodological difficulties in pH measurements are not only faced in the non-
aqueous or aqueous-organic media dealt with in the previous clauses, but they also arise in
special “aquatic” media such as the physiological solutions [9], the low-ionic-strength
freshwaters [13], the estuarine waters [14], and seawaters and highly saline waters [15,16].
The difficulties caused by these media concern:

a) interpretation of acid-base equilibria interacting with other dissociative equilibria;
b) selection or adaptation of pH-metric standards;

c) choice and design of salt bridges at liquid junctions;

d) chqice of reference electrodes;

e) type and design of operational pH-metric cells; (vi) control of influence quantities:

All thgse problems, and the related methodological recommendationsy.are dealt with
exhaudtively in specific IUPAC documents [13 to 16], and need not be redeseribed herd.
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Values of the Nernstian slope factor £ = 2,3026 RT/F

See Table A.1

Table A.1 — Values of the Nernstian slope factor k = 2,3026 R7T/F

tl°C kIV tl/°C kIV
0 0,054 199 50 0,064 120
5 0,055 191 55 0,065 112
10 0,056 183 60 0,066 104
15 0,057 175 65 0,067 097
20 0,058 168 70 0,068 089
25 0,059 160 75 0,069 081
30 0,060 152 80 0,070 073
35 0,061 144 85 0,071 065
40 0,062 136 90 0,072 057
45 0,063 128 95 0,073 049
100 0,074 041

Fundamental constants:

R =8,314 51 J K1 mol-1

F =96 485,3 C mol-1

T = (t+273,15) = thermodynamic temperature in K
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Annex C
(informative)

Values of primary pD-metric standards (pDpg), with overall estimated uncertainty 9, for the
0,05 m Potassium Deuterium Phthalate buffer in Deuterium Oxide (D,0) at different
temperatures ¢/°C

t/°C 5 10 15 20 25 30 35 40 45 50
pDps 4,546 | 4,534 | 4,529 | 4,522 | 4,521 | 4,523 | 4,528 | 4,532 | 4,542 | 4,552
9 + 0,007
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