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Use of the Pitzer Equations to Examine the Dissociation of TRIS in NaCl

Solutions’

Frank J. Millero*

Rosenstiel School of Marine and Atmospheric Science, University of Miami, Miami, Florida 33149

The TRIS buffer system is frequently used to calibrate electrodes and indicators that are used to determine
the pH of natural waters. Most of the potentiometric and spectrophotometric systems used to measure the
pH are calibrated with TRIS buffers. Since most natural waters contain high concentrations of NaCl, it is
useful to be able to determine the pK of TRIS using ionic interaction models. In this paper, the dissociation
constants of TRIS in NaCl solutions from (0 to 100) °C and (0 to 5) mol-kgf1 have been fitted to Pitzer
equations. This allows one to estimate the values of the pH for TRIS buffers for natural brines over a wide

range of conditions.

Introduction

The pH of natural waters is determined by potentiometric
and spectrophotometric techniques.'* The electrodes®* and
indicators’ " used to measure the pH are calibrated using
buffers. The TRIS buffer is frequently used to calibrate these
systems since it has a pH around 8§ that is similar in most natural
waters. In this paper, the dissociation constants of TRISH,
tris(hydroxymethyl)methylamine hydrogen chloride, in NaCl
solutions'® from (0 to 100) °C and (0 to 5) mol-kg™', have
been modeled using the Pitzer'' equations. These results will
be useful in determining the pH of NaCl brines in natural waters
over a wide range of conditions.

Pitzer Equations for Dissociation of TRISH' in NaCl
Solutions. The dissociation of TRISH™, tris(hydroxymethyl)-
methylamine hydrogen chloride, is given by

TRISH" =H" + TRIS (D)

The thermodynamic equilibrium constant (K, trisyp) 1S related
to the stoichiometric constant (K*g;qpy) and activity coefficients

(@) by
Korrist = Ko rris{ e H Dy (TRIS)/y, (TRISH )} (2)

m m

The measured stoichiometric constants K, *(i) are related to the
total concentration (mol+kg™") of the acid—basic species by

K, *rrisy = H IITRISI/[TRISH'] 3)

The Pitzer'' model can be used to examine the effect of ionic
strength (I,,) and temperature on the activity coefficients of H',
TRISH", and TRIS.'? The activity coefficients of these species
using the Pitzer'' model are given where my, or mg, is the
molality in mol-kg ™"
In y, (H") =f7 + 2mey(Bycme Cuc) + R+ S+
MO T M unac) (4)
In ym(TRISH+) =f"+ 2me(Brrisuert ECrrisuc) TR TS
(5)
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In y,,(TRIS) = 2my Argis na T 2Mcirpis ot
My MerSrris nact (6)

The Debye—Hiickel limiting law f” is defined by

f1==A1,"/(1+1.21.°%) + 2/1.2In(1 + 1.21,"°)]
(N

The values of limiting slope A? from (0 to 100) °C can be
estimated from the equation'? (¢ = 0.00005)

A?=0.37674+5.040 10" *(T/K — 273.15) +
3.30-107(T/K — 273.152 (8)
The parameters By;x and Cyx account for the interactions of

the cations (H" and TRISH™") with CI~. They are related to the
Pitzer parameters 8@ yx, B ux. and C?yx by

Byix =Byx + B ©)
Cyx = Cax’ /2 (10)

The terms R and S in eqs 4 and 5 are related to the media affects
(NaCl) and are given by'*

— r — 1
R=mymef o = mNamCl(ﬁI(\Ia)le 2) (11)
S = my,meCracr = mNamCICNaCl(¢)/ 2 (12)

The values of f; and f, are functions of the ionic strength
(Im = mNaCl)

fi=[1— (1421, exp(—21,")) /21, (13)
H=[—14+ (1421, +21,) exp(—21,")) /21,7 (14)

The parameters Oy, and Wy, account for the common ion
interactions between H" and Na™ and triplet interactions of H*
with Na* and C1™. The parameters Argys.n, a0d Argis.c account
for the interactions of TRIS individually with Na' and CI°,
while the parameter Crgis_na.c1 accounts for interactions with
NaCl. All the Pitzer parameters 8@y, B vxs Corixs Orins
and Wy, for HCI, NaCl, TRISHCI, and A1gs.n. for TRIS at
25 °C are given in Table 1. Since the values of Argisna T
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Table 1. Pitzer Coefficients for the NaCl, HCI, and TrisHCI
Systems at 25 °C

species  BPux  BPmix C?ux ref

HCI 0.1775 0.2945 0.00080  Pitzer'"!
NaCl 0.0765 0.2664 0.00127  Pitzer'!
TrisHCI  0.03950 0.20978 —0.00236 Bates and Macaskill'”

i J k 0; W ref

H Na Cl 0.0289 0.0002 Campbell et al.'®
Atris-Na Arris-ci Srris—Naci ref

0.0239 0 0 Millero et al.*

A isp Which are related to the salting coefficient (k = (2A1g;s.
Na t 2A1ris.cr) cannot be separated, the value of Ags ¢y iS taken
to be zero.

The Pitzer'" parameters for NaCl'>' from (0 to 250) °C can

be determined from

© o= 14.3783204 + 0.00560767406T/K —
422.185236(K/T) — 2.51226677 In(T/K) —
0.00000261718135(T/K)2 + 4.43854508 /(680 — T/K) —
1.70502337/(T/K — 227) (15)

D= —0.483060685 + 140677479+ 10 °T/K +
119.311989/(T/K) — 4.23433299/(T/K = 2271

it = —0.100588714 — 1.80529413- 10 *(T/K) +
8.61185543(K/T) + 0.012488095 In(T/K) +

3.41172108+ 10 (T/K)2 + 6.83040995- 102/
(680 — T/K) +0.293922611/(T/K — 227) (17)

The Pitzer parameters for HCI'® from (0 to 100) °C can be
determined from

P e = 12859 — .0021197(T/K) — 142.5877(K/T)
(18)

P = —4.4474 4 8.425698+ 10 (T/K) +
665.7882(K/T) (19)

Cyer = —0.305156 + 0.000516(T/K) + 45.52154(K/T)
(20)

Calculation of Pitzer Parameters from (0 to 100) °C for
TRIS. The Pitzer parameters for TRISHCI'” and TRIS* are only
known at 25 °C. Values at higher temperatures can be
determined from the measurements of the dissociation of
TRISH" in NaCl solutions.'® Since the values of y, (TRISH")
at 25 °C'7 are more reliable than the values of y,,(TRIS), we
have redetermined the values of v, (TRIS) and pK,,’rg;s from
the tabulated pK,, tr1s values of Foti et al.'® The rearrangement
of eq 2 and solving for In ¥, (TRIS) — In K,,*1risy gives

Y=1Iny, (TRIS) —In K, *rprsu = —1n K, rriss —
Iny, (H")+Iny, (TRISH") (21)

The values of Y calculated from eq 21 are shown as a function
of molality of NaCl in Figure 1. The Y values are a smooth
function of molality over the entire temperature range. The
extrapolated values of Y to my,c = 0 yield values of —In
K° risy that are plotted as a function of K/T in Figure 2. The
values of In y_(TRIS) have been determined from Y — In
K% risu shown in Figure 3. The values of In y,,(TRIS) are
smooth functions of molality and temperature.

The values of Y have been fitted to the equation (¢ = 0.005)
where m is the molality in mol-kg ™'
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Y=—175.8077 + 11250.18(K/T) + 29.41326 In(T/K) +
1.6757m — 0.0108m> — 0.002732m° — 118.564mK/T) —
0.22038m In(T/K) + 8.103m* K/ (22)

The first three terms of this equation represent —In K, ®rrisi
and the latter terms are for In y, (TRIS)

In K, ppisn = —175.808 + 11250.187(K/T) +
29.413 In(T/K) (22a)
In y,(TRIS) = 0.04721m + 0.000474m(T/K — 273.15) —

0.002190m> — 0.0000799m>*(T — 273.15) (22b)

The values of pK,,’rrisi and In y, (TRIS) together with the In
y..(H") and In y, (TRISH) from eqs 4 and 5 have been used to
determine the values of pK, trisy- The differences between the
measured and calculated values of Y as a function of molality
and temperature are shown in Figure 4. The larger deviations
at higher temperature are similar to the uncertainties of the
values of pK, rris tabulated by Foti et al.'® Most of the
measurements from (0 to 60) °C are within the overall standard
deviation of 0.005.

The values of In K, *rgisg can be calculated from the
calculated value of In K,,*rrisi and activity coefficients using

In Y(TRIS) - In K% g, in NaCl
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Figure 1. Effect of molality on the values of Y in NaCl solutions at different
temperatures. The symbols are: solid circle, 0 °C; open circle, 25 °C; solid
triangle, 50 °C; and open triangle, 75 °C.
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Figure 2. Effect of temperature on the values of In K
solutions.
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In K, rpisy = In K, pris — In 7, (HD — In y, (TRIS) +
Iny, (TRISH") (23)

The calculated values In K *rgisy agree with the measured
values with a standard error of 0.005 similar to the fits for Y
discussed above. These results should be useful in calibrating
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Figure 3. Effect of molality on the values of In gm(TRIS) at different
temperatures. The symbols are: solid circle, 0 °C; open circle, 25 °C; solid
triangle, 50 °C; and open triangle, 75 °C.
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Figure 4. Differences between the measured and calculated values of Y for
the dissociation of TRISH in NaCl as a function of molality and tempera-
ture (°C).

pH electrodes and indicators in natural brines made up mostly
of NaCl.
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