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ky binary interaction parameter in Soave's equation of
state
ka,,°, binary interaction parameters in Mathias’ equation
kay's of state
ko,
Ky, k,,’ binary interaction parameters in Skjold-Jorgensen
equation of state
K =y/x
n number of experimental data
Q objective function
R, response coefficient to component /
Ry ratio of chromatographic response coefficlents, R,/R,

P pressure, MPa

T temperature, K

X liquid mole fraction
y vapor mole fraction
z total composition

Subscripts

expti experimental property
caled calculated property
i components / and j

Greek Letters

ay binary interaction parameter in Skjoid-Jorgensen
equation of state

5,, binary interaction parameter in Peng-Robinson
equation of state

o standard deviation
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Thermodynamic Acid Dissociation Constant of the Protonated Form
of Tris(hydroxymethyl)aminomethane in Water + 50 Mass %
2-Methoxyethanol Solvent from 278.15 to 318.15 K

Carmen A. Vega* and Sara Delgado

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

Electromotive force methods and cells without liquid
junction have been utilized to determine the acidic
dissoclation constant of protonated
tris(hydroxymethyl)aminomethane (Trls)
[2-amino-2-(hydroxymethyl)-1,3-propanediol] in water +
50 mass % 2-methoxyethanol at nine temperatures from
278.15 to 318.15 K. The change of the dissoclation
constant with temperature has been used to calculate the
changes of enthalpy and entropy when the dissoclation
takes place in the standard state. Comparisons with
earlier measurements in water + 0 mass %
2-methoxyethanol and In water + 80 mass %
2-methoxyethanol are presented. The thermodynamic
quantities for the transfer from water to water + 50 mass
% 2-methoxyethanol are derived. The dissociation
process Is isoelectric, and the solvent dielectric constant
is relatively high (¢ = 51.5 at 298.15 K); consequently,
electrostatic charging effects are expected to be minimal,
and the change in dissociation constant depends primarily
on solute-soivent interactions. Equations showing the
acldic dissoclation constant as a function of temperature
and solvent composition are presented.

Introduction

Tris(hydroxymethyl)aminomethane (Tris) is widely used in
biochemical research for the preparation of buffers because
of its low toxicity and pK near 8, which make it useful for pH

control in the clinical range (7), biological systems (2), and
seawater (3, 4). Accurate measurements of the protonated
Tris dissociation constant over a wide temperature range are
desirable. The solvent effect on the acidic dissociation of TrisH*
has been studied in aqueous mixtures of several organic con-
stituents such as methanol (5, &), methanol-propylene glycoi
mixtures (7), 2-propanol (8), and N-methylacetamide (9), to
mention some.

In 1938, Ruehle ( 70) recommended the use of 2-methoxy-
ethanol (2-met) as an excellent solvent for potentiometric ti-
trations. Later the apparent dissociation constants of a con-
siderable number of weak acid systems were determined in the
solvent mixture water + 80 mass % 2-methoxyethanol (77).
This solvent medium was chosen to permit adequate solubility
of a wide variety of organic compounds without encountering
the appreciable lon association that occurs at very low dielectric
constants. In 1970, Thun, Staples, and Bates (72) reported
a determination of the standard emf (E°) of the cell without
liquid junction

Pt/H,(g, P=101.325 kPa)/HCl(m) in water +
80 mass % 2-met/AgCl/Ag (A)

where m is molality, over the temperature range
283.15-325.15 K. Using these £° values, Shanbhag, Vega,
and Bates (73) determined the dissociation constants of acetic
acld and TrisH" in the 80 mass % mixtures at the same range
of temperature. The water + 80 mass % 2-methoxyethanol
can be relatively volatile, especially for those experiments re-
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Table I. Standard Potential (E°) for the AgCl/Ag Electrode in the Cell Pt/H,(g, P = 101.325 kPa)/HCl(m) in Water +80
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Mass % 2-Methoxyethanol/AgCl, Debye-Hiickel Constants A and B, Density (d), and Dielectric Constant (¢)

Debye-Hiickel®

temp, 0} density, A, mol-1/2 B, cm™!
E°,V V x 1073 g mL™ € kgl/? mol™1/2 kgl/2
278.15 0.2011 0.15 1.0206 57.42 0.91339 0.40199
283.15 0.1969 0.16 1.0166 55.97 0.92274 0.40276
288.15 0.1922 0.21 1.0130 54.52 0.93286 0.40384
293.15 0.1877 0.22 1.0106 53.07 0.94548 0.40533
298.15 0.1831 0.25 1.0058 51.61 0.95889 0.40659
303.15 0.1778 0.28 1.0036 50.16 0.97504 0.40856
308.15 0.1724 0.34 0.9991 48.71 0.99192 0.41027
313.15 0.1669 0.38 0.9946 47.26 1.01093 0.41227
318.15 0.1606 0.34 0.9927 45.81 1.03339 0.41502

4 Standard deviation to the intercept (E°). ®From eq 4 and 5.

quiring measurements over a long period of time. We report
here the dissociation of TrisH™ in water + 50 mass % 2-
methoxyethanol mixture, in an effort to resolve that inconven-
ience.

Method

As in our previous study (8), a cell without liquid junction
containing the hydrogen-gas electrode and a sitver-sitver chlo-
ride electrode

Pt/H,(g,P=101.325 kPa)/Tris-HCi(m,),Tris(rn,) in water +
50 mass % 2-met/AgCi/Ag (B)

where m is molality, was used. The standard emf (£ °) of cell
A has already been determined ( 74) from measurement of the
emf of cells containing solutions of hydrochloric acid instead of
Tris-HCI buffers.

Taking cell B as reversible to hydrogen and chioride ions, and
the activity of the former in a given Tris-HCI buffer solution
controlled by the equilibrium constant K, for the dissociation
process

TrisH* <> Tris + H* (1
the emf E can be related to pK,. The expression to calculate
pK, was

_(E-E°F

P m? YrrsH*Yor
P%a = arin 10 '

My Yrus

(2

The activity coefficient term can be estimated by the De-
bye-Hiickel formula. Taking log 14 @s a linear function of ionic
strength (I = m,), eq 2 becomes

pK, = pK, + Bm, =
(E - E°F +| m 2 2Am "2
RTIn 10 & % m,

The Debye-Hiickel constants A and B (molality scale) were
derived from the measured density (d) and the estimated di-
electric constants (¢) of the water + 50 mass % 2-methoxy-
ethanol solvent by using the equations

A = (18246 X 10%)d "3(eT) 2 (4
B = 50.290 V¥(eT) V2 (5)

where T is the thermodynamic temperature in kelvin. They are
listed in Table I along with the values of £ °, the density, and
the dielectric constant of the solvent for the nine temperatures.
A value of 0.43 nm for a (the ion size parameter) was chosen
in order to minimize the curvature of the plots of pK, as a
function of m for the linear regression analysis of the data.
The true value of pK, is the intercept at m, = 0.

Experimental Section

Details of the purification of the 2-methoxyethanol solvent and
TrisH* buffers and the preparation of the platinized platinum
electrodes and the silver—silver chloride electrodes of the
thermal type have been given in our earlier papers (8, 714). The
cells were of all-glass construction and incorporated a saturator
for the purified hydrogen gas before it entered the hydrogen
electrode compartment. The cells were placed in a water bath
whose temperatures was monitored with a Digitec series H-
T5810 quartz thermometer (to £0.01 K). Cell potentials were
measured at the beginning, middle, and end of the series of
temperatures with a Fluke Model 8800A digital voitmeter. On
the average, the initial and final values at 298.15 K differed by
0.1 mV, confirming the stability of the cells.

Results

The emf data, corrected to 101.325 kPa partial pressure of
hydrogen gas, are summarized in Table 11 for 19 TrisH* buffer
solutions in water + 50 mass % 2-methoxyethanol at nine
temperatures from 278.15 to 323.15 K. Values of pK,’ were
calculated by using eq 3, and the method of least squares was
used to determine the intercept pK, and siope 3 for the best
straight line relating pK,' with m,. The extrapolated values of
pK,', the standard deviation of the intercept o, together with
the calculated values of the pK, from the equation preferred
by Harned and Robinson (15)

pK, = A/T+ B+ CT (6)

are listed in Table I11.

The constants A, B, and C are obtained after fitting the
experimental pK, as a function of temperature with a computer
program.

The change of pK, of TrisH* with thermodynamic tempera-
ture T is expressed by the following equations:

for water from ref 7
pK, = 0.298759 X 10*/T - 3.63116 + 0.564267 X 1072T
(7)
for water + 50 mass % 2-methoxyethanol (this work)
pKa =
0.236223 X 10*/T - 0.0900411 + 0.473822 X 107°T (8)

for water + 80 mass % 2-methoxyethanol from ref 13
pK, = 0.284951 X 10‘/T— 14.8311 + 2.38076 In T (9)

Figure 1 shows plots of pK, in water +0, +50, and +80 mass
% 2-methoxyethanol as a function of T. Figure 2 shows a plot
of pK, as a function of mass % 2-methoxyethanol at 283.15,
298.15, and 318.15 K.

The dissociation of TrisH™ is an isoelectric process affected
much less by the change in the dielectric constant of the solvent
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Table II. Emf of the Cell Pt/H,(g, P = 101.325 kPa)/TrisH*(m) in Water + 50 Mass % 2-Methoxyethanol/AgCl/Ag

m, mol kg? temp, K
TrisH* Tris 278.15 283.15 288.15 293.15 298.15 303.15 308.15
0.00472 0.004 61 0.8110 0.8090 0.8067 0.8044 0.8019 0.7991 0.7964
0.009 50 0.00949 0.7935 0.7911 0.7887 0.7861 0.7834 0.7811 0.7782
0.01464 0.01491 0.7943 0.7811 0.7785 0.7760 0.7732 0.7695 0.7664
0.01905 0.01910 0.7801 0.7781 0.7754 0.7726 0.7697 0.7665 0.7637
0.02261 0.02266 0.7766 0.7739 0.7712 0.7634 0.7654
0.02413 0.02411 0.7755 0.7732 0.7702 0.7674 0.7645 0.7611
0.C2970 0.02970 0.7728 0.7701 0.7673 0.7644 0.7615 0.7588
0.03283 0.03296 0.7710 0.7684 0.7658 0.7629 0.7601 0.7571 0.7539
0.34 36 0.034 37 0.7579 0.7651 0.7601 0.7571 0.7531 0.7498
0.03814 0.03812 0.3:435 0.7637 0.7607 0.7579 0.7548 0.7518 0.7480
0.046 24 0.046 25 0.7050 0.7621 0.7592 0.7560 0.7529 0.7498 0.7468
0.048 42 0.04842 0.7629 0.7601 0.7572 0.7540 0.7511 0.7481 0.7448
0.054 57 0.054 52 0.7615 0.7584 0.7554 0.7524 0.7493 0.7465 0.7433
0.056 45 0.05707 0.7506 0.7477 0.7437
0.05921 0.05920 0.7591 0.7558 0.7530 0.7499 0.7469 0.7437
0.066 90 0.06709 0.7573 0.7543 0.7512 0.7481 0.7450 0.7415 0.7380
0.07763 0.07890 0.7560 0.7530 0.7502 0.7471 0.7439
0.09773 0.097 85 0.7514 0.7483 0.7453 0.7421 0.7388 0.7390 0.7324
Table II1. Acid Dissociation Constants (pK,) of TrisH" in
Water + 50 Mass % 2-Methoxyethanol
temp, K exptl pK, a° caled pK,
278.15 8.53 0.01 8.53 839374
283.15 8.39 0.01 8.39
288.15 8.24 0.01 8.24 8. 19394
293.15 8.11 0.01 8.11
298.15 7.97 0.01 7.97 79940 I
303.15 7.84 0.01 7.85 %
308.15 7.73 0.01 7.72 7.79427
313.15 7.60 0.01 7.60 o mase %
318.15 7.48 0.01 7.48 7.5943 s .
¢ Standard deviation to the intercept (pK,). 7.3945-
and more by the hydrogen-bonding capacity of the solvent. In 719467
water + 50 mass % 2-methoxyethanol at 298.15 K, the pK, oo

is 0.10 units lower than in water (8.08), but when the organic
constituent of the solvent increases to +80 mass %, pK, is
0.21 units higher.

Thermodynamic Properties of the Acidic Dissoclation of
TrisH*

The relative partial molal enthalpy and entropy for the acidic
dissociation of TrisH' are caiculated by

AG®° = 2.303R(A + BT + CT? (10)

since
AS° = (G°/aT), an
AS8° = ~2308R(B + 2CT) (12)

using
AH® = AG® + TAS® (13)

and substituting eq 10 and 12 in eq 13
AH® = 2.303R(A - CT? (14)

Values obtained from eq 10, 12, and 14 are listed in Table IV.
The difference ApK, = p{pK,) — plwK ) between the pK, in
water + 2-methoxyethanol (designated D) and in water (desig-
nated W) is a measure of the change in standard molar Gibbs
energy AG °(diss) for the transfer process
TrisH* (D) + Tris(W) + HT(W) =
TrisHt (W) + Tris(D) + H¥(D) (15)

The relationship is
AG®(diss) = (RT In 10)ApK (16)

! T T T T T T
264.00 272.00 280.00 288.00 296.00 304.00 312.00 320.00

Temperature/K

Figure 1. Thermodynamic dissociation constants of TrisH* as F(T).

Table 1V. Thermodynamic Functions for the Acid
Dissociation of TrisH* in Water + 50 Mass %
2-Methoxyethanol

AG°, AS°, AH®°,
temp, K kecal mol™? cal mol! K! kcal mol!

278.15 10.86 -0.7942 10.64
283.15 10.87 -0.8159 10.64
288.15 10.87 —0.8376 10.63
293.15 10.88 —0.8593 10.62
298.15 10.88 -0.8810 10.62
303.15 10.88 -0.9027 10.61
308.15 10.89 -0.9244 10.60
313.15 10.89 —0.9460 10.60
318.15 10.90 -0.9677 10.59

Table V. Transfer Thermodynamic Functions for the Acid
Dissociation Process of TrisH* in Water + 50 Mass %
2-Methoxyethanol

AG®, ASe,, AHC,

temp, K kcal mol™! cal mol™ K™! cal mol™!
278.15 -0.1844 -3.046 -1.0318
283.15 ~0.1698 -2.810 -0.9654
288.15 -0.1563 -2.573 -0.8978
293.15 —0.1440 -2.337 -0.8291
298.15 -0.1329 -2.100 -0.7591
303.15 -0.1230 -1.864 -0.6880
308.15 —0.1143 -1.627 -0.6157
313.15 -0.1068 ~-1.391 —0.5423

318.15 -0.1004 -1.154
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283.15 K

\// 298.15 K

318.15 K
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Masp per cent 2-methoxyethanol + water

Figure 2. pK, as a function of mass percent 2-methoxyethanol +
water.

By use of the constants A, B, and C of the polynomials rep-
resenting pK , as a function of T, the standard molar thermo-
dynamic quantities (A,G°., AS®,., AH®,) for the transfer
process

TrisH™ (W) = TrisH™(D) (17)
were calculated and are listed in Table V.
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Electrical Conductance of Liquid and Supercritical Water Evaluated
from 0 °C and 0.1 MPa to High Temperatures and Pressures.

Reduced-State Relationships

William L. Marshall

Chemistry Division, Oak Ridge Nationai Laboratory, Oak Ridge, Tennesses 37831

The electrical conductance of liquid and supercritical
water to high temperatures and pressures Is represented
by an equation that Incorporates some earller observed
trends and a newly discovered reduced-state relationship
presented here. Calculations with the equation are
belleved to describe within =1 to £5% the specific
conductance of liquid water at temperatures from 0 to 374
°C and at pressures from saturated vapor pressure to
1000 MPa (10 kbar). For supercritical water at fluld
densities from about 0.3 to 1 g cm™® and at temperatures
from 374 to 1000 °C, the uncertainties probably will
increase from 5% to perhaps 15% at the highest
temperatures and pressures. Some general conclusions
on conductance behavior are presented based on the
observations.

1. Introduction

Reliable values of the electrical conductance of pure water
at high temperatures are useful as background conditions for
estimating ionic impurities by conductance measurements in
steam cycles as well as for their fundamental value. However,
there are only a few experimental measurements on the elec-
trical conductance of water at high temperatures. It is very
difficult to obtain and keep absolutely pure water in a contain-
ment system at high temperatures and pressures, with the
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result that most experimentally determined conductances (of
water) generally include also the conductances of the unre-
moved (or introduced by corrosion of the containment vessel)
electrolyte impurities. The earlier careful measurements that
have been made are mostly at temperatures between 0 and
25 °C at saturated vapor pressures, and these are reviewed
in detall by Bignold, Brewer, and Hearn (7) and by Light (2).
There are, however, two carefully determined sets of ex-
perimental measurements: those of Bignold et al. (7) up to 271
°C and, recently, of Light up to 70 °C (2). Aithough limited to
liquid water under saturated vapor, these two sets provide es-
sentially the only reasonably accurate, directly obtained values
for comparing with calculated values at temperatures much
above 25 °C by any equations that might be developed.
The best procedure to obtain the conductance of water is by
an indirect method that applies (i) the extent of ionization of
water as expressed by its ion product (K ) and (i) the limiting
ionic conductances of the hydrogen ion [A(H™)] and the hy-
droxide ion [A,(OH")]. If these or their estimated values are
avallable at a given temperature and pressure (or density), then
the specific conductance of water can be calculated without
assumptions. Its accuracy will depend upon the accuracy of
the values of K, A(H), and A,(OH") used in the calculation.
An equation providing values of K, as a function of temperature
from 0 to 1000 °C and pressures up to 1000 MPa is avalilable
elsewhere as an International Association for the Properties of
Steam (IAPS) standard (3). The problem then is to obtain
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