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Criteria for standardization of pH measurements in organic solvents
and water + organic solvent mixtures of moderate to high
permittivities

1. INTRODUCTION

pH standardisation in aqueous solutions may now be considered as substantially achieved (refs.

1,2).

The experimental work done so far in pioneering pH standardisation in nonaqueous and mixed sol-

vents — an extension which is very important for chemistry and chemical engineering —, though

based on sound physicochemical principles (refs.3,3a), is regrettably fragmentary and scarce.

Systematic acquisition of data is urgently needed for many important media, although the field

is apparently almost unlimited. Doing this without valid and recognised objectives might

clearly result in a disorienting and chaotic situation. For this standardisation to be
complete and effective it would ideally embrace the following features:

1.1 To define the "normal scale length of pH" in each, nonaqueous or mixed, -solvent conside-
red, for obvious comparison purposes. This requires knowledge of the autoprotolysis con-
stant X _ (in fact, -logXk _ =normal scale length of pH (ref.4)) pertaining to each sol-
vent considered, which can be achieved by appropriate thermodynamic methods.

1.2 To define as many pH standards, PHy , as necessary to cover the normal scale length of pH
in each solvent, within the usual range of temperatures. This requires the appropriate ex-
perimental work and an extra-thermodynamic procedure, which isa logical extension (refs.3,
3a,5) of what is now endorsed, and currently applied, in the case of aqueous solutions.

1.3 To have the above normal scale lengths of pH defined (with the appropriate acidic and. al-
kaline ends) with ultimate reference to water (because of the obvious and indisputable key
role of water with respect to any other solvent, or solvent mixture with water itself), so
as to constitute one "intersolvental" scale of pH which would provide physically interre-
lated and comparable pH data.

However, the extrathermodynamic step implied by point 1.3 for the determination of the prima-

ry medium effect (:;yg , see point 2.3) for the transfer of the H ion (refs.3-6) from water

to the solvent considered (note that -log :;Yfl is the acidic end of the normal scale length of
pH in the solvent s with reference to water w (ref.4)) has not hitherto attained sufficient
convergency of results or consensus of opinion: therefore, systematic acquisition of final f}yﬁ
data is prevented and the desirable objective 1.3 cannot be attained, for the present at least.

In this context attention is drawn to the recent IUPAC documents on standard Gibbs energies of

transfer of single ions (ref.6a) and on intercomparison of standard electrode potentials in

nonaqueous solvents (ref.7).

The objective of the present document is thus limited to point 1.2 .

2. SOLVENT COMPOSITION

Measuring the pH of solutions in 100%-pure nonaqueous solvents is only occasionally performed,
The real, fundamental demand is for the availability of precise standard PHg data for an ap-
propriate reference value standard (RVS), or primary standard, in binary solvent mixtures wa-
ter/nonaqueous co-solvent with the water proportion varying from 100% to some few per cent.

This constitutes a nearly unlimited domain, where the obvious continuity and smooth progres-
siveness of parameters upon increasing the proportion of nonaqueous co-solvent in admixtures
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Criteria for standardization of pH measurements in organic solvents 867

with water make it feasible and highly recommendable to select only one buffer substance for
the preparation of the RVS solutions in the various solvent mixtures and the assignment of
the respective pHS values.

2.1 THE REFERENCE VALUE STANDARDS OF pH IN SOLVENT MIXTURES WITH WATER

The qualities of potassium hydrogen phthalate (KHPh) as the most studied (refs.8-14) among the
pH reference materials both in aqueous and mixed solvents designate it as the most appropri-
ate RVS substance in solvent mixtures with 100% down to about 10% water proportions (see 2.2).
By extension of the experimental conditions already standardised in water (refs.1,11),aswell
as in water/dimethylsulfoxide (ref.12), water/methanol (ref.lS) , and water/1,4-dioxane (ref.
14), the operative concentration mg of KHPh is fixed as mg = 0.05 mol/kg.

2.2 SUBSIDIARY REFERENCE VALUE STANDARDS OF pH IN WATER-POOR SOLVENT MIXTURES

It is unlikely that KHPh can be adopted as the RVS solution in qZ7 the possible water-poor
solvent mixtures approaching 100% nonaqueous co-solvent, e.g. possibly because of restricted
solubility. It is, moreover, well known that the response of the usual H+-sensing electrodes
often becomes problematic, if it exists at all, when the last traces of water are removed fram
solvent mixtures with certain co-solvents where, inter alia, it would be rather difficult to
assess protolytic equilibria susceptible of pH-metric standardisation. Thus it appears reaso-
nable that, for the domain of 90 to 100%-pure nonaqueous solvents, pH standardisation—possi-
bly selecting appropriate subsidiary RVS if KHPh were inapplicable — be deferred until the re-
levant physico-chemical parameters be completely understood.

2.3 NOTATION AND TERMINOLOGY

The notation adopted in this document is based on that used by Robinson and Stokes for their
discussion of the medium effect upon transferring a binary electrolyte from water (w) to a
nonaqueous or mixed solvent (ref.15). Thus, lower-case left-hand superscripts indicate the
solvent (w or s) where measurements are being made; lower-case left-hand subscripts indicate
that the ionic activity coefficient \Z is referred to unity at infinite dilution in that sol-
vent (w or s).

Therefore, the potential of the hydrogen electrode (at 1 atm pressure of Hy) as a functionof
the activity ay of the H' ion in the solvent s is expressed as:

s, _ 8 ) _s 8 _ 8po _ 1,(8

Ey = EIC-)I + klog(syHmH) = E’ﬁ + klog(saH) = El?l k(spH) (D
where k = (RT/F)In10, the concentration is on the molal scale m, the ionic charge is omitted
in the subscrips, and use is made of the contracted notation p = -log; and, analogously:

Uy = VEg + KlogCyymy) = VB + klog(lay) = £ - k(pH) )
in water. It is to be noted that sE’;’I and wE’;’I are absolute (true) standard electrode poten-
tials (or, in other words, potentialsdetermined with respect to an electrode of ideally invar-
iant standard potential in the various solvents).Also, by the :;YI% notation (corresponding to
the notation mYH sometimes used by Bates (ref.16)) will be meant the primary medium effect
(namely, the standard Gibbs energy change) for the transfer of the H' ion from water W) to
the solvent s (nonaqueous or mixed). Thus the sz value measured in the solvent s and quoted
on the pH scale specific to the said solvent s (see 2.4) might be expressed as 7f;pl-l on one
"intersolvental" scale with ultimate reference to the solvent water w — and be meaningfully
compared with the latter — by the following conversion equation:
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SpH = ~log (y,my) = SpH - log(yg) = gpH + (VB3 - °EQ)/% 3)
whereby:
SYH'_'zYfo;Yﬁ and f’yﬁ—->1 as s —>w (4)'

The feasibility of the sz scale, which is hindered by the indeterminability of the (wEﬁ-sEﬁ)
term, has been already commented on in connexion with point 1.3 .

In conclusion, taking into account that simple and functional symbols (e.g. Eys emf of opera-
tional cell (6) measured on the sample solution at unknown pHX; Egy Egys Eggeves emf's of o-
perational cell (8) measured on standard solutions at known pHS, rH 575 rH 2...) are current-
ly in use with the operational equations already endorsed for pH measurements in aqueous so-
lutions, any solvent indication (s and/or w) is best placed (as superscripts and/or sub-
scripts) on the left-hand of the relevant quantities, just as in Robinson and Stokes' nota-
tion (ref.15). However, the simple symbol y ¢ and the related term "transfer activity coeffi-
cient" proposed by Trémillon and Coetzee (ref.16a) can well be finally recommended here in
lieu of the somewhat cumbersome symbol Syﬁ , provided that vy ¢ is explicitly and unambiguously
defined in each new publication. For y + might be also used to represent the analogous trans-
fer property for ions other than H' in several different solvents dealt with in the same pa-

per.
2.4 OPERATIONAL CELLS AND EQUATIONS

Just as in the case of aqueous solutions, the notional concept of pH in a solvent s:

pH = p(Cay) = -LogCyymy) (5)
where aH is the act1v1ty of the single H' ion at the molal concentration mH and YH is the
corresponding smgle-H -ion activity coefficient, implies that the quant1ty oYu is-in strict
thermodynamic terms — immeasurable (refs.17-21). For this reason, as was done for the aqueous
wpr standardisation (refs.1,22,23), ij is defined operationally, namely, in terms of the o-

peration or method used to determine it. This method consists of measuring the electromotive
force (emf) SEX of the cell:

Reference|Salt bridge ||Sample solutlon H+-sensing 6)
electrode|in solvent s|{at unknown spHX electrode
in solvent s

which 1s ca the operational ce ecause 1s a linear ction of the own
(which is called the operational cell) b °E, is a 1i function of the unkn SpH,

according to the Nernstian relation:
SEX =%y - k(spH ) + SEJX N

where %U is a temperature dependent constant, and JX is the liquid junction potential a-
rising at the junction between the sample solution and the salt bridge (and is assumed to be
negligible if the salt bridge is a solution of an equitransferent binary salt in the same
solvent s of, and at much higher concentration than, the sample solution at pHX) Since ®v
is unknown, determining pHX from the measured EX requires cell calibration by a standard
solution of assigned pH (see pomt 2.5 for the determination of & p , which implies re-
placing the sample solutlon at pH in cell (6) by the standard solutlon at pH and measuring
the emf E of the resulting cell (8)

Reference|Salt bridge ||Standard solution H+-sensing 8
electrode|in solvent s||at known spHS electrode
in solvent s

having the same H+-sensing electrode, reference electrode and salt bridge of cell (6) at the
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same temperature and pressure. As the Nernstian expression for °E, is:

S
S, _ 8y _ 1(8 s
Eg="U k(spHS) +°F o )
then szX is determinable in terms of the assigned standard :pHs by:
8. _ 8 _ (8, _ 8
Py = oPHg = CEy - "EQ)/k (10)

(which is the pH operational equation in the solvent &) ignoring the term:

8 _ s _s
BE; ="Egy = By 11)

which is called the residual liquid junetion potential. When there is a well-founded suspi-
cion that ®AE 7 cannot be neglected (e.g. for possible inappropriateness or ineffectiveness

of the salt bridge chosen), the error in :pHX caused by sAEJ can be reasonably reducedby the
procedure of bracketting unknowm and standards, namely, measuring two emf's, sESl and SESZ of
cell (8) with the two respective standards, °pHg, and szSZ, one lower and the other higher
than (and as close as possible to) the unknown ngX . In such case the operational equation

becomes:
s _8 &, _ 8 s _s &, _ 8
Py = gPHgy + OBy = "Eg) ((PHgy = PHg))/ CEgy = "Egy) (12
2.5 ASSIGNMENT OF THE REFERENCE VALUE STANDARD SpH,

For the reasons discussed under 2.1 the RVS material selected for making up the ipHS standard
in the domain of the solvent mixtures s with water at 100 down to ~10 wt per cent water is
the 0.05 mol/kg potassium hydrogenphthalate buffer solution in s.

The procedure for the determination of the relevant :pHS values for the RVS, in general, fol-
lows the same scheme used for the RVS in water, and is based on measuring the emf °Z of a
cell without 1liquid junction, of the type (13), at fixed mg but varying my

Electrode reversible

RVS buffer (m,)+KX ('"1) Electrode reversible (13)
to H" in solvent s

in solvgnt s to X~ in solvent s

For most aquo-organic mixed solvents s (and also for some 100%-pure nonaqueous solvents) the
cell (13) takes the form:

Pt‘Hz “ atm)|KHP}} (mS) +KC1 (ml) |AgC1|AgIPt (14)

in so6lvent s

Let us consider first the case where the relative permittivity (dielectric constant) of the
solvent is sufficiently high to make the ion association negligible.
A solution of KHPh of concentration mg has an ionic strength Ig #m,, due to the ionisation
constants of the parent o-phthalic acid H,Ph, therefore, for the total ionic strength I of the
mixed electrolyte KHPh+KCl in cell (14), one can write I = Ig +my. Inspection of the ex-
pression of the emf of the cell (14):

(°F - ®E%)/k = p(lay ovgy) + pmy = SpH + pCyg) + Py 15)
makes it clear that the quantity:
Py gcy) = CF - /K - pmy (16)

is determinable in thermodynamically exact terms. An extrathermodynamic assumption — the De-
bye-Hiickel equation (refs.24,25) — is, however, now necessary to compute the single-C1 -ion
activity coefficient term:

pCrg,) = AT (1+%amrh 7

which depends on the total ionic strength I = IS +my of the KHPh+ KC1 solution in cell (14).

Two routes can be followed for the further elaboration:
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ROUTE A :

Equation (17) is inserted into (16) to obtain:
1 1

pCay) = (°F - °9)/k - pn; - ®AT3/(1 +%a,°B12) (18)
which is the spH of the KHPh+KCl mixed solutions. The limiting value of such p( aH) for
I—>1,, Z.e. ml —~> 0, gives the sought pH value for KHPh (RVS) alone in the solvent s
considered. The p( a ) vs. m; plot is 11near and the extrapolation to m; =0 is short and
safe. An iterative calculation, requiring preliminary knowledge of the ionisation constants
of o-phthalic acid HyPh , is needed to obtain I g at the selected mg = 0.05 mol/kg KHPh con-
centration for the total ionic strength I = I, + m, for the equation (18).

S
ROUTE B :
Using the equation (17), one can write for the quantity p( e sycl)
p(Cay Svgp) = SpH + 241/ (1 +%0°51%) = (°E~°50) /K - py (19)
whose limiting value for I —% Ig (Z.e. for m; —> 0) is:
p(® 2% sYCI) spH + 3AI§,/(1 +5 sBI%) (20)

wherefrom one easily obtains the required pH value. The extrapolation to m, = 0 from the
quasi-linear p( % 3Y01) vs. my plot is,again,short and safe. Iterative calculations, of the
same type already mentioned for Route A, are again necessary to obtain I g for insertion ine-
quation (20). Route A and Route B lead to substantially identical results for the final ngS
value (refs.11,26), with uncertainties of the order of some 0.001 pH. Route B is, however,
definitely preferable, for the reasons explained in paragraph 2.6 .

When the relative permittivity and other factors — e.g. the solvating ability — are such as
to cause significant ion association, m, and mg Must be corrected by appropriate degrees of
ionisation in the mixed electrolyte, to be determined by reliable methods, and the calcula-
tion functions described above must be modified accordingly. Therefore the present treatment
based on equations (17) to (22) must be intended as applicable to water-rich solvent mixtures
(but also to 100%-pure nonaqueous solvents) of relative permittivities greater than about 30,
due account being taken of the temperature dependence of such relative permittivities.

2.6 CONSEQUENCES OF THE pHS STANDARDISATION IN AQUEOUS SOLUTION

The ion-size parameter 8

ap in equation (17), which is generally treated as an adjustable di-
stance of closest approach of ions for single binary electrolytes, was determined by various
authors for a gret mumber of aqueous such electrolytes: its value ranges from 0.3 to 0.6 mm
and decreases little with increasing temperature. Since in mixed electrolytes sczobecoxnes mch
less defined and 51gn1f1cant for aqueous solutions Bates and Guggenheim suggested fixing

YayxYB = 1.5 mol™ e kg2 (which implies Yaq = 0.462, 0.456, 0.451, 0.445, and 0.439 nm at o,

25, 50, 75, and 100 °C, respectively) in equation (17) thus leading to the normalized expres-
sion:

p(y.) = Yart/(1 + 1.57%) (21)
w'Cl

which is known as the Bates-Guggenheim convention(refs.27,28) and is now internationally en-
dorsed for pH-metric standardisation in aqueous solutions at I < 0.1 mol/kg. Since, obvious-
ly, there must be no break of continuity passing from pure water to, e.g. a solvent mixture
of 99% water and 1% methanol, and the °B parameter in equation (17) is a precise and funda-
mental temperature-dependent physical constant, it is practical that %z in solvent mixtures
with water, at each temperature, retains the same value, 'nmormalized" in water (ref.29), by
the Bates-Guggenheim convention. This link implies that, for each solvent mixture s of rela-
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tive permittivity (dielectric constant) ®c and density %, the ®a,®B product in equation (17)
is in turn "normalized" as:

(Cae®B)y = 1.5 [ (“e%)/ (%) T, (22)

at each temperature T of measurement, (“e and “p denote the relative permittivityand the den-
sity of pure water, respectively). [___ It is clear that, for the evaluation of Sao, any possi-
ble scheme alternative to that expressed by equation (22) must definitely respect the above
continuity between water and water/co-solvent mixtures '_] .
With the insertion of equation (22), equation (17) becomes the Bates-Guggenheim convention
extended to solvent mixtures with water, and its validity cannot evidently be wider than for
I < 0.1 mol/kg. In this context, Route B above offers a definite advantage over Route A (see
2.5). In fact, according to the latter,SE must be measured at m, < (r-r S) = (0.1/molkg™l— 1 S) ,
for the Bates-Guggenheim convention to be used in equation (18) to obtain the :pH values for
subsequent extrapolation to m1=0, as described above. Instead, following Route B, since the
Bates-Guggenheim convention (20) operates after the extrapolation of P(z“u :YCI) to m; =0
gave the limiting p(zaH gycl) s value, °E can conveniently be measured at I values well above
0.1 mol/kg, where g may be particularly stable and reproducible, which will obviously be be-
neficial for the final precision of the ngS standard. Results obtained for the RVS in metha-
nol/water, 1,4-dioxane/water and dimethylsulfoxide/water solvent mixtures at various tempe-
ratures are collected in Table 1.

2.7 STANDARD BUFFERS OTHER THAN POTASSIUM HYDROGENPHTHALATE

Tables 2, 3 and 4 summarize :pHS values for standard buffer solutions, other than the selec-
ted RVS (KHPh), in some nonaqueous or mixed solvents at different temperatures. It must be
pointed out that, to obtain these data, the ®gy values adopted by some author were not evalu-
ated strictly through equations (17) and (22) (see footnotes to Tables 1 to4). For example,
in 100%-pure heavy water, dimethylsulfoxide, methanol or ethanol — at 25 °C and I = 0.01 mol
kg~! ~ taking Sao values 25% higher than those fixed by equation (22) would make the final
szS values higher by 0.009, 0.019, 0.029 and 0.046 respectively, and sao values 50% higher
would make :pHS increase by 0.016, 0.036, 0.053 and 0.084 respectively. Therefore, when re-
porting newly determined :pHS data, it is very important to specify (with appropriate defini-
tions in the text or labellings whenever applicable — for instance: SaOEBG] , the bracketed
initials standing for ''Bates-Guggenheim convention", and so on) whether equation (22) was a-
dopted or a different °ag convention was selected, so as to enable the user to make the ne-
cessary corrections.

2.8 PRIMARY STANDARDS AND OPERATIONAL STANDARDS

Buffer substances other than KHPh (RVS), cf. Tables 2, 3 and 4, whose ngS values were assi-

gned by the same method described for KHPh in paragraph 2.5 — namely, each buffer, mixed with

various KC1 concentrations in solvent s, measured in cell (14) with subsequent regression a-

nalysis of the relevant emf's °E along equations (15) to (22) — can be called primary stan-

dards (PS) , by analogy with the official recommendations (ref.l) for aqueous solutions. Any

such PS substance must meet the criteria of:

2.8.1 Preparation in a highly pure state reproducibly, and availability as certified referen
ce material (CRM);

2.8.2 Stability of solution over a reasonable period of time;

2.8.3 Low residual liquid junction potentials foreseeable considering the junction with the
salt bridge. '
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TABLE 1 - Sphe
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values for the 0.05 mol/kg Potassium Hydrogenphthalate buffer solu-

jon (RVS) in various aqueous organic solvent mixtures of different wt
percentage of the organic co-solvent, at various temperatures.

ORGANIC CO-SOLVENT

WL per e MET(I-K\)NOL 1,4-[();())XANE DIMETHILSI)JLFOXIDE

in admixture

with water 10 °C 25°C 40 °C | 15°C 25°C 35°C 45°C | -12 °C_+25 °C
0 CO 3.997 4.005 4.027 | 3.998 4.005 4.018 4.038 - 4.005
10 4.232 4.220 4.242 | 4.323 4.327 4.335 4.356 - -
20 4.483 4.460 4.472 - - - - - 4u4m
30 - - - 5.042 5.023 5.014 5.019 4.870  4.761
50 5.162 5.129 5.127 | 5.784 5.789 5.792 5.790 - -
64 5.480 5.452 5.441 - - - - - -
84.2 6.280 6.236 6.237 - - - - - -

{ Reference Nos. 13 36 14,36 36 36 12

(®¥) Data in pure water from refs.l1,23 .

(€)) saost product defined by equation (22).

GHb saost taken as = 1.5 over the range of mixtures explored, causing

deviations of the order of 0.001 pH with respect to equation (22).

TABLE 2 - SpHg values for some buffer solutions in various water/
methanol and water/ethanol solvent mixtures, at 25 °C.

WATER/METHANOL WATER/ETHANOL
wt per cent Bugfens: Buffers:
of a;coho]
in the DIETHYLBAR-
mixture OXALATE SUCCINATE | OXALATE SUCCINATE SALICYLATE BITURATE
[OINC, [OIRGD) ) CHD
0 2.15 4,12 2.146 4.113 - -
10 2.19 4.30 - - - -
20 2.25 4.48 - - - -
30 2.30 4.67 2.322 4.692 - -
40 2.38 4.87 - - - -
50 2.47 5.07 2.502 5.064 -
60 2.58 5.30 - - -
70 2.76 5.57 - - -
71.89 - - 2.971 5.697 -

80 3.13 6.01 - - - -
90 3.73 6.73 - - - -
100 5.79 8.75 - - 8.302 13.232

Reference Nos 31 32 (&
(§) The extended-terms equation of Gronwall-LaMer-Sandved (ref.37)
was used instead of equations (17) and (22).
(%) oOxalic acid (0.0l m) + LiHOxalate (0.0l m).
(%) Succinic acid (0.01 m) + LiHSuccinate (0.01 m).
(#) Salicylic acid (0.01 m) + LiSalicylate (0.01 m).
(##) Diethylbarbituric acid (0.01 m) + LiDiethylbarbiturate (0.0l m).
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TABLE 3 - SpHg values for some buffer solutions in different
solvents, at various temperatures.
WATER/METHANOL 50% w/w HEAVY WATER (D,0)
8 8
Type of spHS spHS pDS
Bufferns: Bugferns:
Temperature | pCETATE SUCCINATE PHOSPHATE | CITRATE PHOSPHATE CARBONATE
¢ [IRC) D ) D )
5 - - - 4.378 7.539 10.998
10 5.518 5.720 7.937 4.352 7.504 10.924
15 5.506 5.697 7.916 4,329 7.475 10.855
20 5.498 5.680 7.898 4.310 7.449 10.793
25 5.493 5.666 7.884 4.293 7.428 10.736
30 5.493 5.656 7.872 4.279 7.411 10.685
35 5.496 5.650 7.863 4.268 7.397 10.638
40 5.502 5.648 7.858 4.260 7.387 10.597
45 - - - 4.253 7.381 10.560
50 - - - 4.250 7.377 10.527
Reference Nos. 33 ® 34 (§®
(§) The saost values used are in substantial agreement with equation (22)|
(*) Acetic acid (0.05 m) + Sodium acetate (0.05 m) + NaCl (0.05 m).
(*¥%) NaHSuccinate (0.05 m) + NaCl (0.05 m).
(#) KHoPOy (0.02 m) +NaHPO, (0.02 m)+NaCl (0.02 m).
(H##) KDPO, (0.025 m) +NapDPOy (0.025 m).
(0) KD,CgHs07 (0.05 m).
(00) NaDCO3 (0.025 m) +NayCO3 (0,025 m).

TABLE 4 - SpHq values of some buffer solutions in WATER/ETHANOL and WATER/
ﬁlM‘ETHYLSULFOXIDE (DMS0) at various wt percentages of the organic
co-solvents, at normal and subzero temperatures.

Reference
CH,CO0H (0.05m) + CH,COONa (0.05m) |KH,PO, (0.025m) +NayHPO, (0.025m)|"° oS
Temperature H,0 ETHANOL ETHANOL ETWANOL | H,0 ETHANOL ETHANOL ETHANOL
c 10% 20% 40% 10% 20% 40% 35
25 4.670 4.822 4,967 5.395 6.857 7.104 7.310 7.597 )
0 4.687 4.861 5.021 5.445 6.963 7.263 7.508 -
-5 - 4.881 5.044 5.470 - 7.315  7.569 -
-10 - - 5.075 5.498 - 7.376 7.638 -
KH,PO, + NayHPO, KH,P0, (0.025m) +Na,HPO, (0.025m)
0.008695m) (0.03043m)
) 0 “DWS0 0 WSO BMSO
20% 30% 20% 30%
25 7.406 7.959 8.266 6.857 7.407 7.710
12
TES (0.070m) + NaTES (0.030m) (#) @
2 20% 30%
25 7.026 7.106 7.128
0 7.558 7.649 7.860
-5.5 - 7.889 -
-12 - - 8.210

(§) The 8aost values used are in substantial agreement with equation (22).

(*) %ayx®B taken as = 1.5 over the range of mixtures explored, causing
deviations of the order of 0.001 pH with respect to equation (22).

(#) TES = N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid;
NaTES = Sodium salt of TES.




874 COMMISSION ON ELECTROANALYTICAL CHEMISTRY

However, alternatively, the assignment of the :pHS values is traceable directly to the RVS,
by comparing the selected buffer solution — which can be called an operational standard (0S)
again by analogy with the official recommendation (ref.1) for aqueous solutions — with the
RVS in the appropriate opérational cell with liquid junction, of the type (23):

Pt|H,|RVS in s||Salt bridge in s||0S in s|H,|Pt (23)

where the liquid junctions are formed within vertical 1 mm capillary tubes, thus resulting in
a sufficiently well defined and reproducible geometry of the junction.

In fact, from the emf E of the cell (23), assuming the cancellation of the liquid junction
potentials, the :pHS value of the OS is directly:

8 _ s _
sPHpg = gPHpyg = E/k (249

Of course, each selected buffer solution can be standardised both as PS and 0S, but the res-
pective pHPS and p s values will be sllghtly different from each other due to the.combined
effect of the uncertalnty in evaluating sYCI by the convention (17) and the uncertainty in
the cancellation of the liquid junction potentials in cell (23).

Any such ipHOS - szPS difference is, however, expected to be at the level of no more than
0.02 and thus too small to be of practical significance for most szX measurements.
Operational standards are in no way to be regarded as inferior to, butona par with, primary
standards for the purpose of :pHX measurements with cell (6).

3. CERTIFIED REFERENCE MATERIALS FOR :pHS

National Standards Organisations and Metrological Laboratories shall be encouraged to conti-
nue to make available certified reference materials, CRM. It is desirable that criteria be
established for the purity of CRM based on non-electrometric methods. Until this is possible,
the CRM purity can be assessed by measurements on cell (14) or by comparisonwith known qual-
ity material in cell (23) or in the simpler cell (25):

Pt|{H,|RVS, PS or OS RVS, PS or 0S H, [Pt (25)
known material,in &||new material,in s

where || is a sintered glass disc of appropriate porosity, and the liquid junction potential
is negligible because the new RVS, PS or OS material and the 'known RVS, PS or OS material
(obviously of the same buffer) usually will differ only very slightly in composition from
each other.

Thus, from the cell emf E:

PR = Ploum = E/k (26)

which gives a convenient routine evaluation of the conformity of newly prepared CRM,

4. CHECKING THE INTERNAL CONSISTENCY OF :pHS DATA
IN HOMOLOGOUS SERIES OF MIXED SOLVENTS

Looking over the available results, both p(zaH sycl) and SpH are seen to be continuous and
smooth functions of temperature and solution composition but cons1der1ng that the p( % sY01)
values are not affected by anything extrathermodynamic — contrary to the case of pH -, a-
nalysis of internal consistency of the p(saB YCI) results in terms of a mult111near regres-

sion — having temperature T, mole fraction x of co-solvent and molality my of KC1 in cell
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(14) as variables — is important. In this context a data analysis accounting for the primary
medium effect variation of the thermodynamic parameters was recently set up (refs.30,13) lea-
ding to a multilinear regression equation of the type:

p(:aH zYm)T,x =A+Bny +Cz + Do + Eam; + Fam, + Ga? + Hg? + Lo 27

where z = (7-98)/6 and 6 = 298.15 K. Data for pure water (x=0) must, of course, be included in

the analysis: the constant A is evidently the value of p(iaH z ) at x=0and 298.15 K, that

. h) w .
is p(ay ,Yc)g in water.
This multilinear regression scheme is also important for interpolations of the final :pHS da-

Y1

ta over a range of water/co-solvent mixture compositions. For example, taking the case of wa-
ter/methanol, equation (28):

ngS =4.00 + 4.38z - 5.02x2 + 4.23z3 + 0.13z - 0.9Lez , (28)

which reproduces the relevant data in Table 1 to within #0.01, would permit appropriate in-
terpolation of this kind of data. (However it is just to be remembered that, in spite of
smoothness of correlation and accuracy of reproduction, each szS value — either determined
experimentally or interpolated through (28) — is based on its own distinct standard state at
each solvent composition x studied and does, as such, not participate of one intersolvental
scale of pH with ultimate reference to water, as equation (3) shows).

With accumulation of szs data concerning a variety of nonaqueous solvents and/or their mix-
tures with water, it is clear that this type of regression equation (duly accompanied by spe-
cific information about buffer substance and ranges of solvent compositions and temperatures)
becomes essential for the expected extension of pH standardisation and the interrelated me-
trological requirements of appropriate interpolations.
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