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Dissociation Constants of Primary Phosphate Ion for pH Control in
20 and 50 Mass % 1-Propanol/Water Solvents from 37 to —10 °C

Carmen A. Vega" and Marla José Crespo

Department of Chemistry, University of Puerto Rico, Mayaguez, Puerto Rico 00708

Earller work leading to the standard potential of the
Ag/AgCl electrode in 20 and 50 mass %
1-propanol/water solvents at temperatures ranging from
37 to -10 °C has been extended to study the dissociation
constants of the primary phosphate lon (H,PO,") in the
same media at this temperature range. Cells without
liquid junction, Pt;H,(g, 1 atm)|KH,PO,, Na;HPO,,
NaCl|AgCi;Ag, were used to determine the dissociation
constants of H,PO,” In these 1—propanol/water media.
Buffer solutions composed of KH,PO, and Na,HPO, were
prepared in the molality scale (m) and are recommended
as standards for pH measurements.

Introduction

The standard potential for the Ag/AgCl! electrode in 20 and
50 mass % 1-propanol/water solvents from a wide range of
temperatures has been used to study phosphate buffer solutions
in the same media at temperatures ranging from 37 to -10 °C.
Cells without liquid junction

Pt;H,(g, 1 atm)|KH,PO4,Na,HPO,,NaCl|AgCl;Ag

were used to determine the dissociation constants of H,PO,”
(second acid dissociation constants of HiPO,) in 20 and 50
mass % 1-propanol/water media. Over the same temperature
range, the thermodynamic quantities for the dissociation pro-
cess can be derived easily.

The standard potential for the Ag/AgCl electrode in 1-
propanol/water solvents has been determined by several au-
thors (7-4). The values used in this investigation were those
of Elsemonghy and Fonda (4). Some of the needed values
were extrapolated or interpolated when necessary. The £,
values used are tabulated in Table I. The measurements were
made (£ 0.05 mV) with a Fluke Model 8000A potentiometer.
The temperature measurements were made in a thermostated
bath to £0.05 °C precision. We have now investigated the
second dissociation of H;PO, in 20 and 50 mass % below 0
°C. These solutions are useful as reference standards for pH
measurements and control in processes such as the separation
of blood plasma protein fractions (5) and the stabilization of
chelate complexes for different metals (). A comparison of
the dissociation of H,PO,™ in water (7) and in different alco-
hol/water media (8, 9) is presented in Table II.

We are concerned with providing a variety of operational pH
values for solutions in alcohol/water media. The hydrogen
electrode behaves satisfactorily in alcohol + water solvents,

and a comparison of the emf obtained with that given by a glass
electrode is often substantially uninpaired at solvent composi-
tions below 90 mass % alcohols. A pH meter is aiso capable
of giving reproducible emf values in alcohol/water solvents.

Experimental Section

The KH,PO, and Na,HPO, were NBS Standard Reference
Materials 186 IC and 186 1IC; they were dried for 2 h at 120
°C. The 1-propanocl was obtained from Aldrich Chemical Co.,
Inc. (spectral grade). Solvents were prepared by weighing the
desired amount of double-distilled deionized water and adding
the amount of 1-propanol to the desired mass percent com-
position. Then the calculated amount of KH,PO,, Na,HPO,, and
NaCl was added to the desired concentration ranging from 0.1
to 0.001 ionic strength. Limited solubility in 50 mass % 1-
propanol precluded the measurements of phosphate/NaCl so-
lutions, and many of the cells misbehaved as a consequence
of precipitation or freezing below room temperature. But no
difficulty was experienced in obtaining equilibrium values of the
emf before freezing occurred.

The preparation of electrodes and other experimental details
were the same as in earlier work (70). Cells displayed good
stability and the final emf at 25 °C, obtained after the mea-
surements descending to —10 °C, usually agreed with the initial
values within 0.10 mV.

Results and Discussion

The cell used for the measurements can be represented by
Pt;Hg(g, 1 atm)|KH,PO, (m),Na,HPO, (m),NaCl (m)|AgCl;Ag

where mis molality. The observed data, corrected to a partial
pressure of hydrogen of 1 atm (101.325 kPa) as described
earlier (70), are listed in Table III.

The mathematical relationship between the measured emf
(E), the standard emf (E£°), and the thermodynamic second
dissociation constant of H;PO, (pK,) value was formulated as
follows:

(E-E°®

= pK, - Bl = —— + +
PRy = PKy - B1 = 5 3o2erT 1109 ™

2A11/2
1+ Ba®I"

where [ is the ionic strength (for KH,PO,/Na,HPO,/NaCi(1:1:1),
Iis 5 m), and A and B are the constants of the Debye—Huckel
theory, given in Table IV together with other physical constants
of the mixed solvent needed for their evaluation. The ion-size
parameters a °, which gave a satisfactory linear extrapolation,

0021-9568/90/1735-0404%02.50/0 © 1990 American Chemical Society
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Table I. Standard Potential (E°) for the AgCl/Ag Electrode in the Cell Pt/H, (g, P = 101.325 kPa)|HC] (m) in Water + 20
and 50 Mass % 1-Propanol|AgCl/Ag

E° at various T, V

X, mass % 37°C 25 °C 20 °C 15 °C 10 °C 5°C 0°C -5°C -10 °C
20 0.19773 0.20641 0.209 82 0.21303 0.21720 0.22088 0.224 56 0.22823 0.23191
50 0.16505 0.174 56 0.17849 0.18218 0.18210 0.19012 0.19404 0.197 86 0.20188
Table II. Comparison of the Dissociation of H,PO,  in
Water and Different Alcohol/Water Media (7-9) 263.15
& pK, solvent X, mass % 283.15
4867 808  l.propanol/water 50 8.1486 1
48.70 8.53 ethanol/water 50 ~ 795131 310.15
56.30  8.44 methanol /water 50 ] '
5161 8.69  2-methoxyethanol/water 50 77628
68.39 7.47 1-propanol/water 20 K
66.40 7.80  ethanol/water 20 g 757274
71.12 7.30 2-methoxyethanol/water 20 _E
78.00 7.19 pure water 100 é 7.3834 4
3¢ = dielectric constant of the solvent. 8 e
were in the range 4.2-5.1 A, depending on temperature and 688477
solvent composition. 6.8154 . : : ; . :
The pK, was determined by linear regression methods from 0000 1000 2000 3000 4000 5000 60.00

the values of pK,' for each solution studied. The results for pK,
at different temperatures are summarized in Table V. The
changes of pK, with temperature and solvent composition are
shown in Figure 1.

As far as we are aware, there have been no previous at-
tempts to provide reference solutions for the standardization of below 0 °C. The values given here should be useful. The
pH measurements in 1-propanol/water media at temperatures conventional activity pH (-log a ) values for the chloride-free

Mass % 1- propanol-water

Figure 1. pK, values as a function of the mass percent of 1-propanol
and water for the second dissociation constant of H,PO,.

Table II1. Electromotive Force Values of the Cell Pt/Hg(g, P = 101.325 kPa)|H,PO,” (m) in Water + 20 and 50 Mass %
1-Propanol|AgCl/Ag

emf value
T,K I =0.0075753 I =0.014991 I =0.019867 I =0.022671 I =0.024795 I =0.028515
20 Mass % 1-Propanol|AgCl/Ag

310.15 0.80581 0.794 70 0.78901
298.15 0.78282 0.784 84 0.77817 0.77782
293.15 0.779 13 0.78000 277195 0.77142
288.15 0.77419 0.77045 0.76821 0.766 47
283.15 0.76873 0.76172 0.760 40
278.15 0.763 02 0.756335 0.75414
273.15 0.756 87 0.74825

268.15 0.755 16 0.74219

263.15 0.71773 0.754 28 0.74209 0.74574

310.15 0.78352 0.78117 0.77723
298.15 0.77328 0.77110 0.767 49 0.766 89
293.15 0.768 50 0.76780 0.76567 0.76362

288.15 0.76025 0.75791 0.756 55
283.15 0.75442 0.751 26 0.75132
278.15 0.758 99 0.759 83 0.74819 0.73714 0.74509
273.15 0.74774 0.74960 0.73976 0.73593 0.739 84
268.15 0.74170 0.74451 0.73330 0.73254 0.73424
263.15 0.735 55 0.74141 0.72877

50 Mass % 1-Propanol|AgCl/Ag

310.15 0.81375 0.80594 0.783 30
298.15 0.81066 0.79040

293.15 0.804 83 0.785 26

288.15 0.80108 0.780 26

283.15 0.795 58 0.77466

278.15 0.78930 0.768 39

273.15 0.776 44 0.766 20

268.15 0.78807 0.779184 0.77182 0.75750

263.15 0.784 58 0.77422 0.756 74 0.755 38

310.15 0.77882 0.77291 0.768 41 0.768 45 0.760 36
298.15 0.76194 0.74842 0.756 26 0.756 84 0.751 46
293.15 0.76182 0.75731 0.75046 0.75162 0.746 23
288.15 0.756 80 0.75252 0.74501 0.746 07 0.74109
283.15 0.75181 0.747 64 0.73971 0.74071 0.73704
278.15 0.746 42 0.74264 0.73446 0.73493 0.732 56
273.15 0.73513 0.72901

268.15 0.734 38 0.72869 0.72247

263.15 0.72318
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Table IV. Properties of 1-Propanol/Water Solvents®
B, kg
d, g mL™! € A, kg mol! mol?! m!
20 Mass % 1-Propanol/Water
310.15 0.9604 61.38 0.6809 0.35719 67.77

T, K E°V

298.15 0.9672 64.89 0.6669 0.3555 32.60
293.15 0.9695 66.70 0.6571 0.3541 24.09
288.15 0.9720 68.39 0.6503 0.3531 17.38
283.15 0.9748 69.82 0.6482 0.3530 12.54
278.15 0.9775 71.39 0.6448 0.3528 9.04
273.15 0.9802 72.95 0.6423 0.3527 6.20
268.15 0.9828 74.51 0.6406 0.3527 4.45
263.15 0.9855 76.07 0.6396 0.3534 2.88
50 Mass % 1-Propanol/Water
310.15 0.8950 43.28 1.1106 0.4106 72.49
298.15 0.9029 46.13 1.0749 0.4074 35.64
293.15 0.9054 47.42 1.0595 0.4058 25.68
288.15 0.9089 48.67 1.0476 0.4055 18.50
283.15 0.9119 49.85 1.0392 0.4042 13.335
278.15 0.9151 51.06 1.0314 0.4036 9.609
273.15 0.9182 52.28 1.0247 0.4032 6.556
268.15 0.9213 53.49 1.0197 0.4030 4.723
263.15 0.9245 54.71 1.0158 0.4029 3.051

e E° = potential at standard conditions; d = density; ¢ = dielec-
tric constant; A and B are constants of the Debye-Huckel equation
as a function of temperature (7).

Table V. Values of TpK; for the Second Dissociation
Constants of HyPO, in 0, 20, and 50 Mass %
1-Propanol/Water Solvents

Tng

T, K 0 mass % 20 mass % 50 mass %
263.15 2013.7 2188.4
268.15 2035.0 2214.8
273.15 1997.6 2066.8 2248.8
278.15 2025.4 2091.9 2275.3
283.15 2053.9 2129.1 2315.2
288.15 2083.7 2162.9 2351.6
293.15 2114.5 2197.8 2376.4
298.15 2146.0 2227.6 2410.5
303.15 21794

308.15 2214.1

310.15 2316.3 2465.8
313.15 2248.7

318.15 2284.6

323.15 2321.2

328.15 2358.4

333.15 2386.8

phosphate buffer can be caiculated from the limiting value of
the acidity function p(ayc) by

E-E°
Planye) = 23026RT + log mg-
Atmg =0
pay = plawye) + log vg
and
1/
paH=DK2+#]‘,;]W+61

The dissociation constants (pK,) for the primary phosphate
ion (H,PO,”) in pure water and 20 and 50 mass % 1-
propanol/water are summarized in Table VI.

Conclusions

A new group of buffers with pH ranging from 7.65 to 8.32
are reported here at temperatures below 0 °C. It will be

Table V1. Values of pK, for the Second Dissociation
Constants of HyPO, in Pure Water and 20 and 50 Mass %
1-Propanol/water Calculated by Using TpK, = A + BT +
CT? Equations

pK,

20 mass % 50 mass %
T,K pure water 1-propanol/water 1l-propanol/water
263.15 7.65 £ 0.09 8.32 £ 0.04
268.15 7.59 £ 0.07 8.26 £ 0.01
273.17 7.3131 7.57 £ 0.07 8.23 £ 0.04
278.15 7.2817 7.52 £ 0.06 8.18 £ 0.02
283.15 7.2537 7.52 £ 0.02 8.18 £ 0.02
288.15 7.2312 7.51 £ 0.02 8.16 = 0.03
293.15 7.2130 7.50 £ 0.03 8.11 £ 0.03
298.15 7.1976 7.47 £ 0.03 8.08 £ 0.03
303.15 7.189
308.15 7.185
310.15 747 £ 0.02 7.95 £ 0.07
313.15 7.180
318.15 7.180
323.15 7.183
328.15 7.187
333.156 7.194

possible to buffer solutions at -5 and -10 °C with 1:1 phos-
phate buffer ratios and still be sure to be near the physiological
pH.
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Glossary

A.B Debye—Huckel constants

m molality (mol/kg of solvent)

F Faraday constant (96 487 C/mol)
E potential (V)

E® potential at standard conditions (V)
emf electromotive force

R gas constant

pK ' second dissoclation constant

I ionic strength

8 adjustable parameter

a® ion-size parameter

pay -log ay

¥ activity coefficient

pK, thermodynamic second dissociation constant

playyg) acidity function
mass % mass percent
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