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Potentiometric Study of the Dissociation Quotient of the Aqueous
Ethanolammonium lon as a Function of Temperature and lonic

Strength

Pascale Bénézeth,* David J. Wesolowski, and Donald A. Palmer
Chemical Sciences Division, Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, Tennessee 37831-6110

The acid dissociation equilibrium involving aqueous ethanolammonium ion in the reaction, HO(CH,),-
NH3;t = HO(CH,),NH;, + H*, was measured potentiometrically with a hydrogen-electrode concentration
cell from (0 to 290) °C in sodium trifluoromethanesulfonate (NaTr) solutions at ionic strengths of (0.03,
0.1, and 0.3) molal. The molal dissociation quotients and selected literature data at infinite dilution were
fitted by an empirical equation with five adjustable parameters involving functions of temperature, solvent
density, and ionic strength. This treatment yielded the following thermodynamic quantities at 25 °C and
infinite dilution: log Ky = —9.48 &+ 0.03, AH, = (51.3 & 1.5) kJ-mol~1, AS, = (—9 + 5) J-K~*-mol =2, ACpa

= (8 £ 17) J-K~t-mol~1.

Introduction

Alkanolamines, such as monoethanolamine or ethanol-
amine (ETA), contain both hydroxyl and amino functional
groups. ETA is used for example as an acid—gas absorbent
in fossil-fueled power plants to remove impurities (e.g.,
carbon dioxide and hydrogen sulfide) in natural gas
processing and to minimize corrosion by nuclear power
utilities in the secondary water—steam cycle. However, the
dissociation constants of ETA are poorly known at high
temperatures and have been determined previously only
at temperatures up to 50 °C and in very dilute solutions,
mostly by emf measurements in cells without liquid junc-
tion. The available literature data are from Bates and
Pinching? from (0 to 50) °C, Lotz et al.? from (10 to 40) °C,
and Datta and Grzybowski? from (5 to 45) °C. The enthalpy
of ionization of ETA has also been measured by Levi et
al.* at (10, 20, and 30) °C. The thermodynamic data for
the ionization of ETA have been reviewed in detail by Jones
and Arnett.> More recently, Cobble and Turner® reported
estimated values for the acid ionization constant at infinite
dilution.

The present investigation is part of a systematic effort
to provide consistent sets of thermodynamic measurements
of amines such as morpholinium ion, (C4HgONH,*),” and
dimethylammonium ion.8 In the present paper, the equi-
librium quotients for reaction 1:

HO(CH,),NH," = HO(CH,),NH, + H" 1)

(or, ETAH" = ETA + HY)

With Qgrap: =
[HO(CH,),NH,][H/[HO(CH,),NH;"] (2)

involving the aqueous ethanolammonium ion, were mea-
sured potentiometrically with a hydrogen-electrode con-
centration cell (HECC) from (0 to 290) °C in sodium
trifluoromethanesulfonate (NaTr) solutions at ionic strengths
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of (0.1, 0.3, and 1) molal. Note that the stoichiometric molal
dissociation constant, Qgtan*, approaches the thermody-
namic equilibrium constant, Kgray, in the limit of infinite
dilution. The reason for choosing to express ETA ionization
as the dissociation of the protonated amine is because
reaction 1 is “isocoulombic”, meaning that there is no
change in the number, magnitudes, or signs of charges from
reactants to products. The dissociation quotients of reac-
tions written in this form typically have very simple
temperature and pressure dependencies, and the logarithm
of the dissociation quotient is often found to be linearly and
weakly dependent on ionic strength.

Experimental Section

Materials. All solutions were prepared from reagent
grade chemicals and distilled, deionized water (resistivity
> 0.18 MQ m). Stock solutions of NaTr, NaOH, and
trifluoromethanesulfonic acid (HCF3SO3; or HTr) used to
make up the desired experimental solutions were stored
under argon in polypropylene containers. The ethanol-
amine stock solution was prepared from redistilled 99.5+%
ethanolamine (Aldrich Chemical Co.). The stock solution
was titrated to know precisely the concentration of the
ethanolamine (£ 0.2%). Compositions of the solutions used
for the experimental runs are given in Table 1.

Apparatus. The HECC and the general experimental
procedure to measure the dissociation quotients of amines
have been described in numerous publications.”® The initial
configuration of the cell in a typical homogeneous amine
buffer experiment at low temperature (ca. 50 °C or less) is
as follows:

Pt,H, | HTr, NaTr | | HTr, NaTr, Amine | Hy, Pt

m my m3 mg ms

Reference Test

with m; ~ my4, and mz ~ ms/2 at the start of the experiment
and the ratio of m; to m; (or mz to my) is <0.1 in order to
minimize both liquid junction (E.j) contributions to the
measured potential, and activity coefficient differences
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Table 1. Starting Molal Solution Compositions

test/reference titrant
1/(mol-kg™?) Myre/(Mol-kg~1)2 Mpyarr/(Mol-kg~1)2 mera(mol-kg™?) mera(mol-kg ™) Mpatr/(Mol-kg~1)2
0.03 0.00034 (ref) 0.03400 (ref) 0 (ref) 0 0
0.0008 (test) 0.03400 (test) 0.00164 (test)
0.03 0.00199 0.0300 0 0.02085 0.03060
0.1 0.00199 0.10000 0 0.02041 0.09998
0.1 0.00104 0.10434 0 0.02041 0.09998
0.3 0.00202 0.30225 0 0.02186 0.29993
0.3 0.00489 (ref) 0.2999 (ref) 0 (ref) 0 0
0.00496 (test) 0.3002 (test) 0.01001(test)
a Experimental uncertainty = 0.1%
Table 2. Experimental Results for the Dissociation Quotient of ETAH" at Saturation Vapor Pressure
t’f‘/("C) mETAH+/(m0I-kg‘1) mETA/(mol-kg‘l) I/(mol-kg‘l) Eb/(mV) E,,-/(mV) pHR® —|Og Qa —lOg Qb
—0.08 0.0005 0.0005 0.030 386.97 2.579 10.15 10.18 + 0.02 4.64 +0.02
24.53 0.0005 0.0005 0.030 375.88 2.821 9.37 9.42 +0.02 4.45 £+ 0.02
24.84 0.0009 0.0008 0.034 350.79 0.128 9.40 9.43 + 0.02 4.42 £ 0.02
49.51 0.0005 0.0005 0.030 364.11 3.062 8.69 8.75 £ 0.02 4.39 £ 0.02
50.08 0.0009 0.0008 0.034 335.08 0.141 8.69 8.73 £ 0.02 4.39 £ 0.02
100.07 0.0009 0.0008 0.034 306.15 0.156 7.60 7.63 £ 0.02 4.47 £ 0.02
101.82 0.0005 0.0005 0.030 339.76 3.553 7.57 7.62 £0.02 4.46 £+ 0.02
106.73 0.0005 0.0005 0.030 333.89 3.596 7.44 7.48 +0.02 4.53 £+ 0.02
151.25 0.0005 0.0005 0.030 319.44 4.006 6.80 6.83 + 0.02 4.62 +0.02
149.83 0.0016 0.0025 0.030 356.78 2.821 6.98 6.79 + 0.02 4.67 £ 0.02
150.03 0.0009 0.0008 0.034 276.81 0.161 6.76 6.78 + 0.02 4.67 +£0.02
149.84 0.0018 0.0006 0.030 295.31 2.774 6.25 6.76 + 0.02 4.71 £ 0.02
200.03 0.0008 0.0008 0.034 239.15 0.159 6.01 6.02 £ 0.02 5.04 £ 0.02
200.03 0.0018 0.0006 0.030 272.28 2.244 5.62 6.06 + 0.02 5.01 £ 0.02
200.11 0.0016 0.0026 0.030 337.77 2.280 6.32 6.10 + 0.02 4,97 £ 0.02
249.59 0.0018 0.0006 0.031 245.87 1.819 5.08 5.54 + 0.02 5.36 &+ 0.02
249.59 0.0016 0.0026 0.031 314.21 1.852 5.74 5.53 +0.02 5.37 £ 0.02
289.48 0.0018 0.0006 0.031 217.86 1.440 4.65 5.13+0.05 5.78 £ 0.05
289.14 0.0018 0.0014 0.031 263.84 1.464 5.06 5.16 + 0.05 5.76 £ 0.05
—0.03 0.0025 0.0025 0.103 394.46 0.642 10.27 10.28 + 0.05 4.45 £ 0.05
4.93 0.0025 0.0025 0.103 390.12 0.785 10.07 10.08 £+ 0.05 4.44 £+ 0.05
24.95 0.0025 0.0025 0.103 382.78 0.846 9.47 9.48 + 0.02 4.29 £ 0.02
26.52 0.0026 0.0026 0.103 382.37 0.709 9.43 9.44 +0.02 4.28 £+ 0.02
50.07 0.0026 0.0025 0.103 371.11 0.767 8.78 8.80 + 0.02 4.24 £ 0.02
100.03 0.0025 0.0025 0.103 345.45 0.881 7.66 7.67 +£0.02 4.33 £ 0.02
150.04 0.0025 0.0025 0.103 322.85 0.993 6.84 6.85 + 0.02 4.49 £+ 0.02
150.73 0.0017 0.0006 0.100 300.36 0.869 6.28 6.74 £+ 0.02 4.59 £+ 0.02
150.76 0.0016 0.0025 0.100 360.98 0.889 7.00 6.80 + 0.02 4.53 £ 0.02
195.91 0.0025 0.0025 0.104 296.53 0.342 6.17 6.17 + 0.02 4.78 £ 0.02
200.11 0.0025 0.0025 0.104 297.78 1.103 6.16 6.16 + 0.02 4.76 £ 0.02
200.93 0.0009 0.0014 0.105 309.88 0.385 6.28 6.09 + 0.02 4.82 +£0.02
200.68 0.0009 0.0022 0.105 328.44 0.401 6.47 6.09 + 0.02 4.83 +£0.02
250.40 0.0017 0.0014 0.102 282.68 0.556 5.42 5.53 +£0.02 5.19 £ 0.02
250.46 0.0018 0.0005 0.102 240.98 0.548 5.02 5.56 + 0.02 5.16 £ 0.02
289.00 0.0018 0.0003 0.103 204.07 0.439 4.52 5.25 + 0.05 5.44 £ 0.05
289.64 0.0019 0.0005 0.104 218.02 0.434 4.64 5.19 +£ 0.05 5.50 £+ 0.05
289.57 0.0018 0.0014 0.104 262.09 0.443 5.04 5.15 + 0.05 5.54 4+ 0.05
289.98 0.0018 0.0011 0.103 255.77 0.450 4.98 5.17 £ 0.05 5.52 +£0.05
—0.03 0.0050 0.0050 0.300 432.02 1.122 10.30 10.30 £+ 0.05 4.36 £+ 0.05
24.82 0.0050 0.0050 0.300 425.29 1.226 9.53 9.53 + 0.02 4.18 £+ 0.02
24.82 0.0050 0.0050 0.300 422.36 1.126 9.48 9.48 + 0.02 4.23 £ 0.02
50.14 0.0050 0.0050 0.300 417.18 1.332 8.84 8.84 + 0.02 4.12 £ 0.02
50.26 0.0050 0.0050 0.300 417.03 1.332 8.83 8.84 +0.02 4.12 £ 0.02
100.01 0.0050 0.0050 0.300 400.36 0.830 7.73 7.73 £0.02 4.18 £+ 0.02
100.08 0.0050 0.0050 0.300 399.34 1.536 7.73 7.73 £ 0.02 4.18 £ 0.02
150.07 0.0050 0.0050 0.301 381.17 1.739 6.87 6.87 £+ 0.02 4.35 £ 0.02
151.43 0.0016 0.0013 0.303 332.07 0.297 6.64 6.77 £ 0.02 4.44 £+ 0.02
154.22 0.0050 0.0050 0.301 380.98 0.948 6.81 6.81 + 0.02 4.36 £+ 0.02
200.09 0.0017 0.0015 0.305 309.19 0.241 5.98 6.07 £ 0.02 4.70 £ 0.02
200.16 0.0050 0.0050 0.302 360.79 1.941 6.17 6.17 + 0.02 4.61 £+ 0.02
200.17 0.0018 0.0006 0.305 263.51 0.236 5.50 5.99 + 0.02 4.78 +0.02
248.85 0.0018 0.0005 0.307 279.82 0.198 5.39 5.51 +£0.02 5.02 £ 0.02
248.87 0.0018 0.0014 0.308 230.98 0.193 4.92 5.48 + 0.02 5.05 + 0.02
288.27 0.0019 0.0007 0.314 231.08 0.151 4.76 5.17 £ 0.05 5.27 £ 0.05
288.31 0.0019 0.0009 0.314 231.18 0.149 4.76 5.10 + 0.05 5.33 £ 0.05
288.30 0.0018 0.0016 0.313 266.32 0.157 5.07 5.11 £ 0.05 5.32 £ 0.05
288.36 0.0018 0.0018 0.313 266.70 0.155 5.08 5.08 + 0.05 5.35 £+ 0.05

a Experimental uncertainty = 0.1 °C. ? Experimental uncertainty = 0.1 mV. ¢ pHy =

H* in solution.

between the two solutions. For systems involving only
monovalent ions and with a significant excess of inert
electrolyte, as is the case in these experiments, the liquid
junction potential is typically calculated to be less than 1
mV, with an approximately 25% estimated uncertainty,
translating into an error of less than 0.005 pH units. Prior
to each experiment, the porous Teflon liquid junction was

—log[H*], where [H'] is the measured molality of

saturated with the same test/reference solution. The cell
was pressurized at room temperature to about 10 bar and
purged in five cycles with ultrapure hydrogen gas (Mathe-
son, 99.999%). After the purging process, the hydrogen
pressure was regulated to approximately 10 bar.

In most of the experiments, buffer mixtures of almost
equal molal concentrations of ETA and ETAH™ ion were
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Table 3. ETAH' Dissociation Constants at Infinite
Dilution and Thermodynamic Quantities from Literature

t AH, AS, ACpa
°C —logKa  kJ'molt  J-Ktmolt J-K-imol-t refno.
10 50.1 35 4
20 50.4 35 4
30 50.6 17 4
0.0 10.31 50.7 —-12 =5 1
5.0 10.13 50.6 -12 ) 1
10.0 9.97 50.6 —12 ) 1
15.0 9.80 50.6 —12 ) 1
20.0 9.65 50.6 —-12 -5 1
25.0 9.50 50.4 —-12 -5 1
30.0 9.35 50.5 —-12 -5 1
35.0 9.21 50.5 —-12 =5 1
40.0 9.07 50.5 -12 -5 1
45.0 8.94 50.4 —13 ) 1
50.0 8.81 50.4 —13 ) 1
10.0 9.97 48.1 =21 2
20.0 9.66 48.1 —-21 2
30.0 9.36 48.1 —-21 2
40.0 9.11 48.1 —-21 2
5.0 10.14 50.0 —-14 42 3
15.0 9.81 50.5 —13 43 3
25.0 9.50 50.9 —-11 45 3
35.0 9.21 51.3 —-10 46 3
45.0 8.93 51.8 -8 48 3
25.0 9.496 50.54 —-12.3 26.4 5

initially equilibrated in the test compartment of the cell
with an acidic reference solution at 25 °C in a thermostated
bath, and a stable potential was achieved in approximately
12 h. This time is required for all free oxygen to be
consumed at the electrode surfaces, with a rate dependent
on temperature. Upon attainment of a stable cell potential
measurement, the cell was then placed into an ice/water
mixture to measure the constant at 0 °C, and then the
temperature was raised to 50 °C, with stable potential
readings recorded after a few hours at each temperature.
The cell was then transferred to an aluminum-block tube
furnace and heated successively to (100, 150, 200, 250, and
290) °C. Drifting potentials were observed at the higher
temperatures, and so an alternative cell configuration was
adopted for the higher temperature experiments, wherein
the starting test and reference solutions were identical
NaTr + HTr solutions, and the unprotonated ETA in an
NaTr solution of the same ionic strength was titrated into
the test compartment at temperature to establish the buffer
mixture.”8

Results

The measured cell potentials, E, at each experimental
condition are listed in Table 2. The potential depends on
the relative hydrogen ion molalities in the two compart-
ments (activity coefficients are assumed to be equal because
of the presence of excess supporting electrolyte) as dictated
by the Nernst relationship:

_ RT, JH
=T R M,

- Elj (3

where [H*]; and [H*], refer to the molalities of hydrogen
ions in the test and reference compartments, respectively.
The ideal gas and Faraday constants are designated by R
and F, respectively; T denotes the absolute temperature.
E and Ej represent the measured potential and liquid
junction potential, respectively. The value of E; was
calculated according to the Henderson equation,® which
involves the molar ionic conductivities (1°) of the individual
ions. The values for Na*, H*, and OH~ ions were taken
from Quist and Marshall;1° that for Tr- was taken from
Ho and Palmer.!! It was assumed that A° (ETAHY) = 1°-

Table 4. Thermodynamic Quantities for the Dissociation
Constants of Ethanolammonium lon (Reaction 1) in
Aqueous Sodium Trifluoromethanesulfonate Media at
the Saturation Vapor Pressure?

t AH, AS, ACpa
°C —log Qa kJ-mol—1 J-K-tmol-t  J:K-1l:mol?
1/(mol-kg—1)=0.0
0 10.30 £ 0.05 51.1+19 -10+6 7+16
25 9.48 + 0.03 51.3+15 —-9+5 8+ 17
50 8.78 + 0.02 515+12 -9+4 8 +£18
75 8.18 + 0.03 51.7+0.8 —-8+3 9+20
100 7.66 + 0.03 51.9+0.7 —7+2 10+ 21
125 7.20 + 0.03 52.2+0.9 —7+2 10 £ 23
150 6.80 + 0.03 525+14 —-6+3 11+ 24
175 6.44 + 0.03 528+19 —-6+5 11+ 25
200 6.11 + 0.04 53.0+ 2.6 —-5+6 12 + 27
225 5.82 + 0.05 53.4+32 —4+7 13+ 28
250 5.55 + 0.06 53.7+ 3.9 —-4+9 13 + 30
275 5.30 + 0.08 54.0 £ 4.7 -3+10 14 + 31
300 5.08 + 0.10 544 +55 —-2+11 15+ 33
1/(mol-kg=1)=0.03
0 10.30 £ 0.05 51.1+19 -10+6 8+£15
25 9.48 + 0.03 514+15 —-9+5 8+ 16
50 8.78 + 0.02 516+12 —-9+4 9+18
75 8.18 + 0.03 51.8+0.8 —-8+3 10 + 19
100 7.66 + 0.03 52.1+0.7 —-7+2 11+ 20
25 7.20 + 0.03 52.3+0.8 7+£2 11+ 22
150 6.79 £+ 0.03 52.6 +1.2 —-6+3 12 £ 23
175 6.43 + 0.03 529+18 -5+4 13+ 24
200 6.11 + 0.03 53.3+24 —4+5 15+ 25
225 5.81 + 0.04 53.7+ 3.0 —4+7 16 + 26
250 5.54 + 0.05 541+ 36 —3+8 19 + 26
275 5.29 + 0.07 546 +4.3 —-2+9 23 £ 26
300 5.06 + 0.08 55.2+49 —0.6 + 10 31+ 27
1/(mol-kg—1)=0.1
0 10.31 £ 0.05 51.1+19 -10+6 11 +13
25 9.49 + 0.03 51.4+16 -9+5 10 +£ 15
50 8.79 £ 0.02 51.7+1.2 -8+4 11 +£17
75 8.19 + 0.03 51.9+0.8 —-8+£3 12 +18
100 7.66 + 0.03 523+ 0.6 —-7+£2 13+ 19
125 7.20 + 0.03 526 £ 0.6 —-6+2 14 + 20
150 6.79 + 0.03 529+10 —-5+2 16 + 21
175 6.43 + 0.03 534+15 —4+3 18 + 22
200 6.10 + 0.03 53.8+ 2.0 -3+4 21 £23
225 5.80 + 0.03 544 +25 —2+5 25+ 23
250 5.52 + 0.04 551+31 -05+7 31+ 25
275 5.27 + 0.05 559+ 3.7 1+8 43 + 33
300 5.04 + 0.07 57.2+43 3+9 70 £ 62
1/(mol-kg—1)=0.3
0 10.35 £ 0.07 51.1+19 -11+6 19+ 14
25 9.53 + 0.05 515+16 -10+5 16 + 14
50 8.83 + 0.05 519+13 —-8+4 16 + 15
75 8.23 + 0.04 523+1.0 —7+3 18 + 16
100 7.70 + 0.04 528+ 0.9 —-6+2 20 £ 18
125 7.23 £ 0.04 53.3+0.9 —-5+2 23 +19
150 6.82 + 0.04 539+13 —-3+£3 26 £21
175 6.44 + 0.03 546 +1.7 -1+4 31+24
200 6.10 + 0.04 555+24 04+5 38 £ 29
225 5.79 + 0.04 56.5+ 3.2 3+7 48 + 39
250 5.51 + 0.05 579142 549 66 + 58
275 5.24 + 0.07 59.8 +£5.9 9412 101 + 100
300 4.99 £+ 0.10 62.8 +8.8 14 + 17 182 + 204

2 The uncertainties represent three times the standard devia-
tion.

(Na™). The calculated liquid junction potentials were less
than 1.8 mV, which gives an uncertainty in the logarithms
of the dissociation quotients of + 0.01 (depending on
temperature), assuming that the Henderson equation
predicts the value of E;; to within 25%.%2

The measured potentials of the ETA/ETAH™ buffer
mixtures obtained in this study were treated with existing
“in-house” computer programs, which calculate the liquid
junction potentials and provide a numerical analysis of the
overall error associated with the liquid junction calculation
and uncertainties in solution compositions and potential
measurements,”® to yield the dissociation quotients re-
ported in Table 2. As can be seen in this table, some
experiments were performed several times at the same
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Figure 1. Acid dissociation quotients of ETAH™ as a function of
reciprocal temperature. The solid curve represents the fit from
this study (eq 4); the symbols represent: O, O, and 4, (0.03, 0.1,
and 0.3) m NaTr, respectively, from this study; ¢, Jones and
Arnett;> +, Bates and Pinching?; x, Lotz et al.?; v, Datta and
Grzybowskis3; and the dashed line represents the estimation of
Cobble and Turner.®
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Figure 2. Base association quotients (log Qp) of ETA. The dotted
symbols represent the experimental data from this study. The
curves represent the fit from this study: (—), at infinite dilution;
(—-—),at0.03 m NaTr; (—--—),at 0.1 m NaTr; (-+-), at 0.3 m NaTr.
The other symbols represent ¢, Jones and Arnett;> +, Bates and
Pinching?®; x, Lotz et al.?; v, Datta and Grzybowski3; and the
dashed line represents the estimation of Cobble and Turner® at
infinite dilution.
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conditions, with excellent agreement and reproducibility
among the values obtained. A weighted fit of these values
was carried out, including 57 log Q, values from this study
(Table 2) and one log K, value at 25 °C (—9.496) from Jones
and Arnett,® as reported in Table 3. Table 3 also includes
the literature values for log K, and thermodynamic proper-
ties for reaction 1 (AH,, AS,, and ACp,) from other sources
mentioned above. These latter quantities were not included
in the overall fit because our results over this wide
temperature range provide a more reliable database for
calculating these derivative properties. Also, earlier studies
suffered from a lack of availability of high purity ethanol-
amine reagents.
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Figure 3. Deviation plots of experimental values of log Qa as a
function of temperature (a) and ionic strength (b). The symbols
represent +, Bates and Pinching?; x, Lotz et al.?; v, Datta and
Grzybowski3; <, Jones and Arnett;®> O, Cobble and Turner;¢ and
A, this study.

The resulting equation, which gave the “best fit” to the
combined data with the minimum number of adjustable
parameters, was found to be:

109 Qeraps = Py + T + psT + py(1) In(p,,) + pst® (4)

where I is the stoichiometric molal ionic strength, T is the
temperature in Kelvin, and p,, is the density in kg-m~3 of
pure liquid water at each experimental temperature.'® The
values of the parameters are p; = —0.882749; p, =
—2622.09; p3 = 6.63648:1074; p, = —1.365598; and ps =
—0.576199. The thermodynamic parameters for reaction 1
at 25 °C, 1 bar and infinite dilution are log K, = —9.48 +
0.03; AH, = (51.3 + 1.5) kJ'mol™%; AS, = (-9 + 5)
J-Kt:mol~%; ACpa = (8 £ 17) J-K~1-mol~1. The smoothed
values calculated as a function of temperature are reported
in Table 4 at (0, 0.03, 0.1, and 0.3) molal ionic strengths.

Similar functions were previously found adequate to fit
our results for MORH™ and DMAH™:

log Quiorn+ = Py + P T + p3 IN(T) + py In(p,) + psl/T
(5)
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Figure 4. Comparison of log Kgry values for amines versus
reciprocal temperature (1000/K). The curves represent (---),
morpholine;” (—), ammonia;!® (—--—), dimethylamine;® and (-+-),
ethanolamine from this study.

=
o

with p; = —7.9813; p, = —1738.8; p3 = 0.93352; p; =
—1.1546; and ps = —33.917 from Ridley et al.” and

log Qpmar+ =
Py + P/ T + psT + (Py + psl) In(py,) + Psf(N(T) (6)

with p; = —9.4416; p, = —1542.3; ps = 0.012918; p; =
1.6621; ps = —1.0848; and ps = —0.0011795 from Bénézeth
et al..8 In eq 6, the function (1) is related to the Pitzer ion
interaction treatment, f(I) = 1 — e (1 + x), where x = 212,
The equilibrium constants for ETAH™ dissociation are
compared with literature values (at infinite dilution) in
Figure 1 as a function of the reciprocal temperature. These
results are clearly in good agreement with the low-
temperature data (<50 °C) from previous studies. Also, it
can be seen from this figure that the temperature depen-
dence of log Qgran+ is almost linear to 300 °C and is also
nearly independent of ionic strength, which further sup-
ports the use of the isocoulombic nature of reaction 1.
However, to compare our experimental data with eq 4,
as well as with the literature data, we converted the
dissociation quotients to the base form (Qp) by combining
the log Qetant values with the appropriate dissociation
quotients for water (Q,,) to obtain the base form reaction:

HO(CHZ)ZNHs+ + OH = (HOCH,),NH, + H,0 (7)

Quw values were taken from Palmer and Drummond.** The
experimental values of log Qp (Table 2), the smoothed
values from Table 3, as well as the literature values
converted to the base form are compared in Figure 2 as a
function of the reciprocal of absolute temperature.

The deviations between eq 4 and the experimental values
of log Qa, obtained in this study and reported in the
literature as a function of temperature and ionic strength
are shown in Figure 3a—b, respectively. As can be seen in
this figure, the deviations are random for the dissociation
quotient with respect to both temperature and ionic
strength and the maximum deviation for log Q; is less than

0.13 log units. In Figure 4, we compare the infinite dilution
log K, values for the dissociation constants of MOR, DMA,
and ETA from this study with the equivalent constant for
ammonium ion dissociation!® as a function of reciprocal
temperature. The log K, values for these amines show a
large variation in their temperature dependencies, and
DMA is a weaker acid than the others.

Conclusion

This study has yielded a complete and precise database
for the dissociation quotients of the ethanolammonium ion
that is completely compatible with previous data at low
temperatures. Equation 4 can now been used to predict the
dissociation quotients at conditions relevant to industrial
systems.
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