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Dissociation Constants and Thermodynamic Properties of Amino Acids
Used in CO;, Absorption from (293 to 353) K

Espen S. Hamborg! John P. M. Niederer} and Geert F. Versteeg#

Department of Science and Technology, University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands, and
Procede Group BV, P.O. Box 328, 7500 AH Enschede, The Netherlands

The second dissociation constants of the amino aggidkanine, taurine, sarcosine, 6-aminohexanoic amid,
methionine, glycineL-phenylalanine, and-proline and the third dissociation constants.aflutamic acid and
L-aspartic acid have been determined from electromotive force measurements at temperatures from (293 to 353)
K. Experimental results are reported and compared to literature values. Values of the standard state thermodynamic
properties are derived from the experimental results and compared to the values of commercially available amines
used as absorbents for gCapture.

1. Introduction -205 - - ' R

Aqueous solutions of amines are frequently used for the P A I *
removal of acid gases, such as £&nd BS, from a variety of g — @ - — @ — @ — . o _ 24BESKL
gas streams. In particular, aqueous solutions of alkanolamines -21.5- ]
and blends of alkanolamines are widely applied in gas treating. im0 - -G — @ —— o _ 328K
It has been reported that alkanolamines undergo degradation in,  -22f ]
an oxygen atmosphere, usually encountered in the treatment ofl& - - -0~ — - — @ . .. _ o ZBIKL
flue gases. Aqueous amino acid salt solutions might be an -225¢ i
attractive alternative to alkanolamines. They have been found @ - @ —@ — — @ — @——e.— o 1335K L
to have better resistance to degradation, and their reactivity with -1 |
CO; is comparable to aqueous alkanolamines of related classes. . | ._o._ o ._¢ .- _¢ .- ¢ - _._ o _ S0305K
Due to their ionic nature, aqueous solutions of salts of | o o —e . @ o _ 20815K |
amino acids have negligible volatility and, among others, _oal 20315 K 1
also have higher surface tension than aqueous solutions of T e e - - ===
alkanolamined-* _o45 - - . .

The second dissociation constants @falanine, taurine, 0 02 o 0'4, /e 06 /- 08 !

B-alanine B-alanine

sarcosine, 6-aminohexanoic acil,-methionine, glycine,-
phenylalanine, and-proline and the third dissociation constants
of L-glutamic acid and.-aspartic acid have been determined
from (293 to 353) K in this work by the use of electromotive
force measurements. Parts of the results extend the temperature
range of available literature data for the compounds under
investigation.

Figure 1. Influence of the dimensionless overall molality&alanine on
IN(K2expt): @, experimental values;—, linear regression.

(1) Failure to obey the Nernst equation perfectly. This error
arises due to the alkaline error and the asymmetry potential,
which can vary with the change of the activity of®i" in the
solution under investigation. In strong alkaline solutions, errors
may appear due to the contribution of alkaline ions (e.g%;,Na

2.1. Amino Acids.S-Alanine, taurine, sarcosine, 6-amino- K™, etc.), and the measured activity ot®" appears to be
hexanoic acid,pL-methionine, glycineL-phenylalanine, and  higher than the actual activity.

L-proline dissociate in aqueous solutions according to (2) A tendency to drift in potential by millivolts over periods
of minutes to days. The standard potential of the electrode is
*OZC_R_NH; + H20=’02C—R—NH2 + H3O+ 1) not a constant in time.

To overcome the unpleasant properties described above, a
combined glass pH electrode can be transferred back and forth
between two solutions of different compositions while continu-
ously recording the electrochemical potential. Measurements
comparable to the accuracy of a system including a standard
hydrogen electrode can be achieved if used with a noise-free
voltmeter, proper shielding, and surrounding temperature match-

. . ing of the solutions. The same electrode has to be used during
* Corresponding author. E-mail: geert.versteeg@procede.nl. . .
t University of Twente. both measurements, and the time period between the two
*Procede Group BV. measurements should be as short as possisleombined pH

2. Procedure

where the presence of the protonated amino acid zwitterion is
neglected. The equilibrium constant can be determined by
electromotive force (EMF) measurements using a combined
glass pH electrode. A combined glass pH electrode has two
well-known unpleasant properties.
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Table 1. Comparison of Correlated Values of InK) and Thermodynamic Properties with Literature Data for Protonated MDEA

T/K this work Kamp3t Oscarsotf Kim?22 Littel1* Schwabé&?
In(K)
293.00 —19.96 —19.93 —20.17
298.15 —19.71 —19.69 —19.62 —19.60
298.20 —19.71 —19.71
299.90 —19.63 —19.63
303.00 —19.49 —19.47 —19.54
308.15 —19.25 —19.13
311.00 —19.12 —19.11
313.00 —19.03 —19.02
318.15 —18.81 —18.69
323.00 —18.60 —18.60
333.00 —18.18 —18.19 —19.06
333.15 —18.17 —18.08
333.20 —18.17 —18.17 —18.38
343.00 —=17.77 —=17.79
353.00 —17.38 —17.41
361.00 —17.08 —-17.11 —17.09
388.00 —-16.1F —16.16 —16.14
422.10 —15.0¢ —15.07 —15.06
A,G:/kJmol = 48.87 48.81 48.86 48.63 48.59
AH2/kJmol -t 349 34.0 35.2 35.2 35.7

a Extrapolated value.

electrode and a two-cell system were used to determine the N-o,c-R-NHy+ = N-0,c-R-NH,+ T N-0,c-R-NH, (6)
dissociation constants
) MNaoH = Myar )
Ag(s), AgCI(s)| 3 M KCl(aq) || HCl(ag myc) |
Glass Electrode (I) M0 = Mo+ My or + Nop- 8
and Electroneutrality results in
Ag(s), AgCI(s)| 3 M KCl(aq) || NaOH(aq,My,o) O,C—R-— Mar T M or = Noo,c—r-nh, T Non- 9)
NH; (aq, Mg c_r_ni.) || Glass Electrode (11 , o L .
2 (ad O.L-R NH3) I h The chemical equilibrium conditions for both reactions present
HCI was chosen to be used in cell | as a reference solution, are
since a combined pH electrode can determine the activity of ay.0+80n-
HsO*" with a higher accuracy in an acidic solution than in a K (T = 32— (10)
basic solution. As the activity of a pure solid is set to unity, the a0
Nernst equation for cell | results in
& 0,c-R-NHAH,O*
ooy R KM= (11)
E =E(T) — = In(ay, o-ac;-), ) &0,c-R-NH;+3H,0

For a given temperature and composition, the electromotive
forcesE, andE; and the temperature in each cell are measured.
RT, Activities of HCI and KCI are estimated using the excess
E,=E°(T,) — = In(ay; o-ac- )y (3) energy model of Pitzer from Holm@and Pabalafyespectively.
The activity of water follows from the GibbsDuhem equation.

As both cells are at the same temperatiires Ty, the standard A Very brief outline of the excess energy model of Pitzer used
potential of the combined pH electrode is the same during both in this work is given in Appendix A. Activities of the

and for cell Il results in

measurementE®(T,) = E°(Ty) compounds present in cell Il are approximated using the
modified Debye-Huakel term in Pitzer's equation, i.e., neglecting

F(E — E)) binary and ternary parameters. The activity coefficient of the
Tin@yodc i =——x— T Til@yoac ) (4) zwitterion structure of the amino acid is set to unity for all

molalities and temperatures. The influence of pressure on the
In the case of exact temperature matching of the two c&lls, chemical reactions is neglected, and it is set to 1 bar during the
=T, = T, the activity of the inner reference electrolyte of the described calculations. The changes in the compositions of the
combined pH electrode is identical during both measurements, electrolyte cells due to the outflow of the KCI electrolyte from

(aci-)1 = (aci-)i the electrode are neglected. The water dissociation constant,
Kw(T), is taken from Fishe?.With the given information, eq 4
F(E — E)) to eq 11 are solved iteratively to yield the “true” number of
In@ o =g T IN@0) () moles of each species present in cell Il, as well as a preliminary

value for the dissociation constant of the amino acid. This

As HCI is completely dissociated, the dissociation of water dissociation constant is called preliminary because it is calcu-
can be neglected in cell I. The mass balances for the aminolated out of a set of equations in which for cell Il the activities

acid, NaOH, and water in cell Il are are not exactly known. The experiments are performed at
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Table 2. Comparison of Correlated Values of InKz) and Thermodynamic Properties with Literature Values for f-Alanine

TIK this work May?* Gillespie® Dey*4 Majumdat® Boyd?® Christensetp
In(K2)
273.15 —25.5F —25.35 —25.44
278.15 —25.14 —24.95
288.15 —24.44 —24.23 —24.37
298.00 —23.79 —23.44 —23.53
298.15 —23.78 —23.56 —23.71 —23.57
308.15 —23.17 —22.94 —23.09
313.15 —22.88 —22.65
318.15 —22.60 —22.52
323.15 —22.33 —22.09
348.15 —21.09 —20.84
398.15 —19.0¢ —18.82
AG/kFmol 58.95 58.41 58.77
AH/kImol 46.8 475 47.3 46.9

a Extrapolated value.

Table 3. Comparison of Correlated Values of InKz) and Table 4. Comparison of Correlated Values of InKz) and
Thermodynamic Properties with Literature Values for Taurine Thermodynamic Properties with Literature Values for Sarcosine
TIK this work King?” TIK this work Datt&829
In(K2) In(Kz)
283.15 —21.7% —21.76 278.15 —24.66 —24.67
288.15 —21.44 —21.45 288.15 —24.06 —24.06
293.15 —-21.1% —21.15 298.15 —23.51 —23.49
298.15 —20.86 —20.86 308.15 —22.99 —22.96
303.15 —20.58 —20.59 318.15 —22.50 —22.47
308.15 —20.32 —20.32 AG/kJmol 7 58.27 58.22
313.15 —20.06 —20.06 AH2/kImol 39.7 40.5
318.15 —19.81 —19.81 '
323.15 —19.57 —19.57 a
A, Gekdmol - 5171 51.76 Extrapolated value.
AHz/kJmol 7 41.6 41.9
Table 5. Comparison of Correlated Values of InKy) and
2 Extrapolated value. Thermodynamic Properties with Literature Values for
6-Aminohexanoic Acid
. . . . TIK thiswork ~ Smit°  Gillespie®  Brandariz!
different overall molalities of the amino acid, and the “true” K P
equilibrium constant of the dissociation of the amino acid is 5., 15 2719 726.86”( 2
determined in a two-step linear extrapolation procedure 285.65 —26.2¢0 —25.89
298.15 —25.21 —24.88 —25.12
| K T i _ _ 310.65 —24.29 —23.96
o im - [KG e T Meo,c-r-NH+ Mhaor)] = 323.15 —2344  -2311  —23.08
MNaoH,IF=Cconst.
i 348.15 —21.90 —21.57
M-oc-R-NHg* 0 398.15 -19.37 -19.19
K T. i 12 A,Ge/kdmol 62.49 61.71
2,exptl( mNaOH,II) ( ) A:H,‘;/kJ-moI 1 56.5 56.8
ﬁw!lomﬁOKz’eXpt(T' Myaon,) = Ko(T) (13) a Extrapolated value.
However, if Myaon,i is small enough (e.gMnaonn < ~0.01 ﬁHZO =Nyo + Nor + Noy- (18)

mol-kg™?1), the second extrapolation is not necessary.
2.2. Dicarboxylic Amino Acids.L-Glutamic acid andL-

aspartic acid dissociate according to Electroneutrality results in

Ny N =N-ox p_ + 2N—oxc p_ny T Now- (19
Nar " Mhor = N702C" RN+ "% R-NH, T Mon (19)

vore R=NH" +H,0= g R—NH;" + H,0" (14)
~0,c ~0,C The chemical equilibrium conditions for both reactions present
"9 R-NH," + H,0= "3 R—NH, + H,0" (15 q P
where the presence of the protonated amino acid zwitterion is a,0+8oH-
neglected. Measurements of the third dissociation constants of KlT) =——— (20)
L-glutamic acid and-aspartic acid were performed in a manner 8,0

similar to that described above. However, eq 6 to eq 13 had to Ao
be adapted to describe the composition in cell Il “2 RN, B0t

KM= ——— (21)
(16) A7%:C R-NH;+ 8H,0

N-o.cp_ = N-ox p_ + Noc
HOZZC’R NH;+ *OiC’R NH,*+ ’OiC’R NH,

Because between one and two moles of NaOH have to be

n =n 17 L . - .
NaOH — "Na an added to each initial mole of amino acid in this case, the
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Table 6. Comparison of Correlated Values of InKz) and
Thermodynamic Properties with Literature Values for
pL-Methionine

TIK this work Pelletief2
In(K>)

283.15 —22.36 —22.40
298.15 —21.42 —21.37
303.15 —21.13 —21.07
313.15 —20.59 —20.54
AGe/kdmol * 53.09 52.75
AHZ/k3mol 7 43.4 43.5

a Extrapolated value.
extrapolation to zero ionic strength is performed according to

ﬁNaILT"_'O (K3 expdT: mggigR_NHy: Myaonw] = Kg(T)

Mm-o,c-

NHat
Ho, & R7NH3

(22)

2.3. AlkanolaminesMeasurements of the dissociation con-
stant of protonated methyldiethanolamine (MDEA) were per-
formed to validate the experimental setup and technique.
Protonated MDEA dissociates according to

MDEAH" + H,0 = MDEA + H,0" (23)

HCI was used in cell Il instead of NaOH, and consequently eq

2007

and the change of standard state properfles (T° = 298.15
K) for the dissociation of an amino acid in water are calculated
from eq 32 to eq 33 by use of

A

In Ki=T+B+CIn(T) (34)

wherei = 0 for protonated MDEA| = 1 for 5-alanine, taurine,
sarcosine, 6-aminohexanoic aciml,-methionine, glycineL-
phenylalanine, and-proline, and = 2 for L-aspartic acid and
L-glutamic acid. The further thermodynamic relations can be
calculated by the reader

AH,—AG
AS, = M (35)
dAH
rCP,m = drT = (36)

4. Experimental

For the EMF measurements, a pH voltmeter (Metrohm 780)
with a resolution of 0.1 mV and 0.1 K was used, together with
a combined pH glass electrode (Metrohm 6.0258.010) with a 3
M KCI (Metrohm 6.2308.020) inner reference electrolyte and
an integrated Pt1000 temperature sensor. When not in use, the

6 to eq 13 were adapted to describe the composition of the cel|€lectrode was stored in a storage solution (Metrohm 6.2323.000).

Mvpea = Mvpea T Mvipear+ (24)

M = Nei- (25)

M0 = Mo My or + Nop- (26)
Electroneutrality results in

Mvpean+ T Mo = Ne- + Noy- (27)

The chemical equilibrium conditions for both reactions present
are

Before each measurement, the electrode was carefully rinsed
with distilled water and dried with paper tissue. The cells were
completely filled with the electrolyte solutions, placed in a
temperature controlled water bath, and sealed between each
measurement. The experiments were performed under a nitrogen
atmosphere inside a glovebox to prevent,@©m the air from
absorbing into the electrolyte solutions. During each measure-
ment the electromotive forcee(mV) and the temperature in
the cell (T/K) were recorded.

Measurements were performed from (293 to 353) K at 10 K
intervals and at 298.15 K. The overall molality of HCI in cell
I and in cell Il was held constantmci; ~ My ~ 0.01
mol-kg~1) during measurements of the dissociation constants
of protonated MDEA. The overall molality of MDEA was
between (0.0455 and 0.9033) ma~1. During measurements
of B-alanine, taurine, sarcosine, 6-aminohexanoic aoid,
methionine, glycine,-phenylalanine, and-proline, the overall
molality of HCI in cell  and NaOH in cell Il was held constant
in all solutions (i ~ Myaonn &~ 0.01 motkg™). The overall
molality of the amino acids was between (0.0121 and 0.8823)
mol-kg~t. During measurements af-glutamic acid and.-

The linear extrapolation to zero molalities was done as in eqgs aspartic acid, the molality of the amino acids was between

8.0+80H-

Ky(T) = 22 (28)
,0

K(T) = AMpEASH, O+ 29)

AMDEAH+H,0

12 and 13
ﬁHC||Ii|r:r!:0nst[Kexptl(Tl Mypear Mucii)] = Kexpr( T Mycrin) (30)
Mypea—0

“m KexptI(Tl IFﬂHCI,II) = K(T) (31)

Myci—0

3. Thermodynamic Relations

0.0050 molkg™t and 0.0644 mekg™, and the molality of
sodium hydroxide was approximately 1.5 times that of the amino
acid. The overall molality of HCI in cell | was held constant
(Mycry &~ 0.01 motkg ™). Measurements where the temperature
in cell I and in cell Il deviated by more thah 0.1 K were not
considered in the described calculations.

5. Chemicals

To the experimentally determined dissociation constants, the  MDEA [105-59-9], f-alanine [107-95-9], taurine [107-35-

well-known thermodynamic relations are applied

AG,,=—RTInK (32)
din K
Ay = Rm (33)

7], sarcosine [107-97-1], 6-aminohexanoic acid [60-3252],
methionine [59-51-8], glycine [56-40-6i;phenylalanine [63-
91-2],L-proline [147-85-3]L-glutamic acid [56-86-0],-aspartic
acid [56-84-8] (Sigma-Aldrich), and NaOH [1310-73-2] and HCI
[7647-01-0] (Merck) were used as supplied. NaOH and HCI
were provided as 0.1 M standard solutions, diluted to the desired
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Table 7. Comparison of Correlated Values ofin(Kz) and Thermodynamic Properties with Literature Values for Glycine

TIK this work Datt#829 Kings33 Owerr4 Gillespie'3 Clarke® Izattl®
In(K>)
278.15 —23.8C —23.81
283.15 —23.458 —23.47 —23.50
288.15 —23.12 —23.14 —23.14 —23.15
293.15 —22.81 —22.82 —22.82
298.15 —22.50 —22.51 —22.52 —22.51
303.15 —22.21 —22.22 —22.21
308.15 —21.93 —21.94 —21.94 —21.93
313.15 —21.66 —21.67 —21.65
318.15 —21.40 —21.40 -21.41 —21.39
323.15 —21.16 —21.16 —-21.17 —21.17
348.15 —20.05 —20.03 —20.70 —20.01
378.15 —18.96 —19.66
398.15 —18.3%8 —18.31 —18.95
AG/kdmol 7 55.78 55.81 55.85
AHZ/kImol 7 44.0 44.2 44.2 45.3 43.95
a Extrapolated value.
Table 8. Comparison of Correlated Values of InK;) and Table 9. Comparison of Correlated Values of InK3) and
Thermodynamic Properties with Literature Values for Thermodynamic Properties with Literature Values for L-Proline
L-Phenylalanine T/K this work Smith¥’ Azab'’
TIK this work 1zat®s In(K2)
In(K2) 274.15 —26.22 —26.01
273.15 —22.95 —22.91 285.65 —25.50¢ —25.26
283.15 —22.29 —22.24 298.15 —24.77 —24.50 —24.45
293.15 —21.6% —21.60 310.65 —24.09 —23.81
303.15 —-21.12 -21.07 323.15 —23.45 —23.17
313.15 —20.59 —20.47 AG/kdmol 7 61.41 60.75
AG/kdmol 53.04 AHe/kdmol 7 41.6 43.2
AHg/kdmol ~* 42.0 431

a Extrapolated value.

molalities, and checked by means of titration. Water was
demineralized and further purified by vacuum distillation.

6. Results and Discussion

Experimental results at averaged temperatures for the dis-
sociation constants of protonated MDEA, the second dissociation

constants of-alanine, taurine, sarcosine, 6-aminohexanoic acid,
pL-methionine, glycinel-phenylalanine, and-proline, and the
third dissociation constants afglutamic acid and -aspartic
acid are given in Appendix B with experimental uncertainties.
The experimental uncertainties are due to inaccuraciEsand
E; of &+ 0.5 mV. The results are also given with the average

a Extrapolated value.

Table 10. Comparison of Correlated Values of InKs) and
Thermodynamic Properties with Literature Values for L-Glutamic
Acid

TIK this work Alberts Wilsont?
In(K3)
293.15 -23.21 —22.84
298.15 —22.95 -22.88
AG/kdmol 7 56.90
AHS/kImol 7 375

wherep,, is the mass density of pure water taken from Zaul

andK. is the dissociation constant based on the molarity scale.
Experimental results of the dissociation constants of proto-

nated MDEA have been reported by KanipsQscarsor?

and maximum relative deviation between the experimental dataKim,??2 Littel,1* and Schwabé&? The results are given in Table
and the values from the linear fit. These numbers provide insight 1 and Figure 2. The correlated values from this work agree well
into the accuracy of the linear extrapolation. The experimental with the results by Kamp and Oscarsot with an average

equilibrium data are given as Supporting Information with “Run
no.” corresponding to Appendix B.

In Figure 1, InK expt) is plotted as function of the dimen-
sionless overall molality ofi-alanine according to eq 12 and

relative deviation (in Irg)) of 0.01 % and 0.03 %, respectively.
The values extrapolated to higher temperatures are within 0.08
% and 0.21 % of the results by Kanibsand Oscarsoff)
respectively. The results by Kifg, Littel,1* and Schwabé

eq 13. The extrapolations to zero amino acid molality were done gre within 0.46 %, 1.76 %, and 0.58 %, respectively. The

by linear regression for MDEA@3-alanine, taurine, sarcosine,
6-aminohexanoic aciaL-methionine, glycine,-phenylalanine,
andL-proline. The intercept at zero amino acid molality is In-
(Kz,expt) @nd InKexpr) in the case of MDEA. For-glutamic
acid andL-aspartic acid, a linear extrapolation yieldsKg) at
the intercept of zero ionic strength according to eq 22.

In Table 1 to Table 11, correlated experimental results of

the dissociation constants and the values of the standard stat
thermodynamic properties are given and compared to available
literature values. Literature dissociation constants that are base

on the molarity scal@-1° were converted to the molality scale
by

@37

values of AG;, and AH;, agree well with the literature
values. The largest relative deviationsAyGy, are from those
of Schwab& with 0.58 % and inAH;, are from those of
Kampg! with 2.65 %.

The correlated values of the second dissociation constants
of S-alanine are in the best agreement with the results by Bbyd,
with an average relative deviation (in Ky)) of 0.31 %. The

fesults by May? Gillespiel3 Dey,*4 and Majumda¥ deviate

y 0.87 %, 1.24 %, 1.49 %, and 1.10 %, respectively. The
differences between the correlated values of this work and the
litterature values fof-alanine are larger than those of protonated
MDEA. May?* did not take activity coefficients of the com-
pounds into consideration when determining the second dis-
sociation constants from experimental data; hence, the activity
coefficients were set to unity for all species. If the activity
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Figure 2. Dissociation constants of protonated MDEA, exptl results
this work; -- -, fit this work; v, Kamps2! A, Oscarsor? open triangle
pointing left, Kim?2 open triangle pointing right, Littel* &, Schwabé?

Table 11. Comparison of Correlated Values of InKs) and
Thermodynamic Properties with Literature Values for L-Aspartic
Acid

TIK this work Smitt#o Batcheldet®

In(K3)

274.15 —-24.87 —24.42

285.65 —-24.13 —23.73

298.15 —-23.40 —23.03 —22.66

310.65 —22.74 —22.43

323.15 -22.13 —21.90

AGg/kdmol 7 58.01 57.15

AHe/kdmol * 41.2 37.8

coefficients are set to unity in the present work, the correlated
values from this work have an average relative deviation of 0.0
% compared to May? The results by Gillespié differ with an

average relative deviation of 1.24 % from the correlated values

of this work. Gillespié® determinedAH;, experimentally by
flow calorimetry and used a temperature specific value of In-
(K2) to derive temperature-dependent values dkii(By this,

the accuracy of the results from the calorimetric data will follow
the accuracy of the temperature specific value oKipused.
Gillespi€® chose a value from ChristensgénChristenseff
described the estimation of the activity coefficients inadequately,
and consequently, it is difficult to explain the differences
between the results of GillespiéChristensei® and this work.

In the work of Dey* and Majumdat® the activity coefficients
were set to unity for all compounds. By applying this to the

2007

Values of the second dissociation constants of sarcosine are
reported by Dattd® The correlated values have an average
relative deviation of 0.06 % from the results by Dafta/alues
of A,Gy, and AH?, given by Dattéd® have a relative deviation
of 0.09 % and 2.02 % from the values of this work.

Smith Gillespiel® and Brandari# reported values for the
second dissociation constants of 6-aminohexanoic acid, and the
values deviate by 1.29 %, 1.32 %, and 0.36 % (ifKk)) from
this work, respectively. In the work of Smiff,the activity
coefficients of the amino acid are set to unity. By applying this
to the present work, the average relative deviation is 0.43 %.
Gillespie® measuredA Hy, by flow calorimetry and used a
temperature specific value of the dissociation constant from
Smith30 With activity coefficients set to unity in this work, the
relative difference is 0.12 %. The relative difference between
this work and the work of BrandafZis 0.36 %. Smitf®
reported values for\,G;, and AH;,, and the values have a
relative deviation of 1.24 % and 0.53 % from this work,
respectively.

Values of the second dissociation constantsLefethionine
are reported by Pelletié?.The results have an average relative
deviation of 0.15 % (in Ir)) from the correlated values of
this work. The values ofA,G;, and AH;, have a relative
deviation of 0.64 % and 0.23 %, respectively.

Values of the second dissociation constants of glycine have
been reported by Datfd King,32 Owen3* Gillespiel? Clarke3®
and Izatt!® The results by the authors have a relative deviation
(in In(Ky)) of 0.04 %, 0.05 %, 0.04 %, 0.09 %, 3.40 %, and
0.08 % from this work, respectively. Dattaand King’® reported
values with a relative deviation of 0.05 % and 0.13 YAIG;,
and of 0.45 % and 0.45 % iAH;, respectively. Owett and
Izatt'® also reported values fokHg, with relative deviations
of 2.95 % and 0.11 %.

Izatt®® reported values of the second dissociation constants

4 Of L-phenylalanine, and the results deviate (irklg)j with an

average of 0.33 % from the correlated values of this work.
AH;, from 1zatf deviates by 2.6 % from this work.

Values of the second dissociation constants-pfoline are
reported by Smitff and Azabl” and the values have an average
relative deviation of 1.04 % and 1.29 % (in kK3) from the
correlated values of this work. In the work of Smiththe
activity coefficients of each compound were set to unity. By
applying so to this work, the values by Sniithave an average
relative deviation of 0.15 %. The values 6{G;, and A H;,
from Smith¥” have a relative deviation of 1.07 % and 3.85 %.

Values of the third dissociation constantsLeflutamic acid
have been reported by Albé&ttand Wilsod® at (293.15 and
298.15) K, and the results deviate by 1.59 % and 0.31 % (in

present work, the second dissociation constants differ by 0.55In(Ks)) from the correlated results of this work. Alb€rtised a

% and 0.17 %, respectively. Bofdestimated the activity
coefficients of the compounds using the Davies equéfian,
form of the Debye-Huckel equation. By applying the Davies

titration technique to determine the third dissociation constants
without taking activity coefficients into consideration. However,
the large relative deviation from this work cannot be explained.

equation to this work, the correlated results have a relative In addition to the potentiometrically determined result at 298.15

average deviation of 0.19 % compared to B8yd/alues of
the thermodynamic properties fifalanine are given by Masf,
Gillespie!® and Boyd?® The results by Boy# are in best
agreement with the results from this work, with a deviation of
0.30 % and 0.21 % M\, Gy, and A H;,, respectively.

K, Wilson!® also carried out measurements of the third dis-
sociation constants at elevated temperatures using a kinetic
approach. Those results contain large uncertainties and are not
compared to the results from this work.

Smith?® and Batcheldé? have reported values of the third

Experimental values of the second dissociation constants ofdissociation constants efaspartic acid. The results by these

taurine are reported by Kirgf.Correlated values from this work
are in agreement with the results by Kfgvith an average
relative deviation (in In;)) of 0.02 %. The thermodynamic

authors have a relative deviation of 1.49 % and 3.16 % (in In-
(K3)), respectively, from the correlated results of this work.

Smith® used the DebyeHiickel term, log ™) = —AZ/I..,

values are also in agreement, with a relative deviation of 0.10 to estimate the activity coefficients of the compounds. By

% and 0.72 % i\, Gy, and A H;,, respectively.

applying the term to the present work, the results by Siith
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Table 12. Comparison of Values of the Standard State Thermodynamic Properties for Commercially Available absorbents to this work

compound ref AG/kdmol 7 pKa AHS/kImol 7
6-aminohexanoic acid this work 62.49 10.95 56.5
L-proline this work 61.41 10.76 41.6
p-alanine this work 58.95 10.33 46.8
sarcosine this work 58.28 10.21 39.7
L-aspartic acid this work 58.01 10.16 41.2
L-glutamic acid this work 56.90 9.97 37.5
3-amino-1-propanol (MPA) 12 56.85 9.96 53.6
glycine this work 55.78 9.77 44.0
piperazine (PZ) 43 55.55 9.73 42.9
2-amino-2-methyl-1-propanol 1 55.40 9.71 49.9
(AMP)
monoethanolamine 44 54.21 9.50 50.5
(MEA)
2-(2-aminoethoxy)ethanol 10 53.74 9.42 50.2
(DGA)
pL-methionine this work 53.09 9.30 43.4
L-phenylalanine this work 53.04 9.29 42.0
taurine this work 51.69 9.06 41.5
diisopropanolamine 22 50.69 8.88 42.7
(DIPA)
diethanolamine 45 50.68 8.88 42.4
(DEA)
methyldiethanolamine this work 48.87 8.56 34.9
(MDEA)

Table 13. Parameters for Equation 44 Table 15. Parameters for Equation 48
ﬁ(KOC):I ﬁf(l():l Cel :35% ﬂﬁ%l Chcl
parameter kgnol—1 kg-mol~1 kg?-mol—2 parameter kgnol—t kg-mol~1 kg?-mol—2
up —2.10289%e-2 2.20813e-1 0.0 01 0.17690 0.2973 0.362€63
Uy 6.03967e-1 —4.61849 7.6489te4 o) —0.09140 16.147 0.0
U3 3.67768e-3 —4.10116e-2 0.0 O 0.0 —17.631e-3 0.0
Us —7.05537e-6 1.10445e-4 —1.12131e-8 Oa —4.034e-4 0.0 —3.036e-5
Us 1.97968e-9 —4.73196e-8 1.72256e-11 Os 0.620e-4 7.20e-4 0.0
Us —2.47588e-3 —2.74120e-2 0.0
U 1.44160e-1 3.32883e-1 —5.71188e-3 ; ; i i ; ;
(T, 1 bar) 6 7713604 06785404 4 1236405 estimations of the act|V|ty_ coef_nc_lents are important to achieve
f(T,. Py) 6.56838¢ .4 06785464 41236465 accurate results of the dissociation cpnstants. .
fo(Ty, 1 bar) 4.8080e2 2187521 —3.94e-4 During the measurements described, NaOH is used to
fo(Tr, PY) 5.0038e-2 2.18752e1 —3.94e-4 deprotonate the amino acids and form an amino acid salt. KOH
K —2931.268116 6353.355434 28.172180 and LiOH have also been used to form amino acid salts to see
Kz —33.953143 193.004059 —0.125567

Table 14. Parameters for Equation 46

parameter B‘,éulkg-(mol-bar)‘1

g1 0.0

[o7] 0.0

O3 9.45015e-8
(oA —2.90741e-10
Os 3.26205e-3
Js 8.39662e-7
°rd 0.0

Os —4.41638e-9
Jo 6.71235e-12
Q10 —4.42327e-5
Ou1 —7.97437e-10
Q12 0.0

013 4.12771e-12
Q14 —6.24996e-15
Jis 4.16221e-8

deviate by 1.08 %. Batcheld€ralso estimated the activity
coefficients by a DebyeHuckel term. Even though the estima-
tion of the activity coefficients differs from the term used in
this work, the large deviation cannot be explained. Values of
the thermodynamic properties of the third dissociation are
reported by SmitR? and the relative deviations from this work
in AG;, andAH;, are 1.48 % and 8.25 %.

the effect on the determined dissociation constants by having
different counterions. The second dissociation constants of
taurine were determined at (293.15, 323.15, and 353.15) K using
the three different counterions. The results with sodium,
potassium, and lithium as counterions are given and compared
in Appendix B. It shows that the results are all within the
experimental uncertainties, and there are no significant effects
using the different counterions. The experimental equilibrium
data are given as Supporting Information. According to elec-
trolyte thermodynamics, activity coefficients are only dependent
on the ionic strength in dilute solutions (e.dm < ~0.01
mol-kg~?) and not on individual ionic molalities or other solute
properties’® Since the ionic strengths of the solutions under
investigation are low (e.gfar, K*, Li* < ~0.01 motkg™1),

it can be concluded that the type of counterion does not affect
the determined dissociation constants. However, if measure-
ments were to be done at higher ionic strength, the type of
counterion would most likely have an effect on the determined
dissociation constants.

Table 12 show\G;, and A H;, of primary and secondary
amines used as commercial €@bsorbents in comparison to
the results from this work. Thel value of each compound is
also listed for the convenience of the reader. The compounds
are sorted with descendingG;, and K, values. The thermo-

The results of the dissociation constants presented in this workdynamic values from this work are relisted in Table 12 for the
are in agreement with the above listed literature values. As convenience of the reader.

shown, the values of the estimated activity coefficients of the

Blauwhoff*® and Verstee}-*? related the basic strength of

compounds have an influence on the final results. Accurate an absorbent to the GQeaction rate constant by a Brgnsted



2498 Journal of Chemical and Engineering Data, Vol. 52, No. 6, 2007

Table 16. Extrapolated Experimental Results of the Dissociation Constants

run no. TIK In(K) avg.rel.dev./% max.rel.dev./% runno. T/K In(K) avg. rel. dev./%  max. rel. dev./%
Dissociation Constants of Protonated MDEA Second Dissociation Constgbvalahine
1 293.28 —19.924+0.04 0.038 0.084 1 293.13 —24.104+0.04 0.017 0.037
2 293.32 —19.934+0.05 0.030 0.069 2 293.16 —24.114+0.04 0.013 0.029
3 293.44 —19.95+0.04 0.018 0.040 3 293.21 —24.114+0.04 0.025 0.053
4 298.65 —19.68+4+ 0.04 0.026 0.059 4 298.18 —23.784+0.04 0.015 0.025
5 298.67 —19.69+ 0.04 0.035 0.087 5 298.28 —23.77+ 0.04 0.020 0.035
6 298.73 —19.70+0.04 0.015 0.029 6 298.32 —23.77+0.04 0.018 0.048
7 303.46 —19.4540.04 0.036 0.088 7 303.06 —23.474+0.04 0.061 0.127
8 303.48 —19.46+0.04 0.017 0.056 8 303.20 —23.46+ 0.04 0.023 0.043
9 313.44 —19.06+0.04 0.023 0.040 9 303.21 —23.474+0.04 0.060 0.098
10 313.54 —19.02+ 0.04 0.032 0.050 10 313.10 —22.88+ 0.04 0.018 0.042
11 313.56 —19.05+ 0.04 0.010 0.023 11 313.26 —22.88+ 0.04 0.014 0.028
12 322.83 —18.58+ 0.04 0.023 0.041 12 313.32 —22.88+ 0.04 0.027 0.056
13 322.84 —18.59+ 0.04 0.022 0.038 13 323.04 —22.34+ 0.04 0.018 0.033
14 333.23 —18.15+0.04 0.023 0.041 14 323.13 —22.33+ 0.04 0.021 0.040
15 333.26 —18.14+0.04 0.023 0.056 15 323.15 —22.34+ 0.04 0.036 0.064
16 333.34 —18.16+ 0.04 0.019 0.051 16 332.81 —21.83+ 0.04 0.032 0.096
17 343.16 —17.78+0.04 0.049 0.087 17 332.85 —21.82+ 0.04 0.029 0.056
18 343.22 —17.76+0.04 0.022 0.041 18 332.94 —21.79+ 0.04 0.032 0.074
19 353.17 —17.38+0.03 0.040 0.085 19 343.39 —21.32+ 0.04 0.027 0.055
20 353.26 —17.39+ 0.04 0.043 0.090 20 343.66 —21.31+ 0.04 0.057 0.104
21 343.72 —21.30+0.04 0.018 0.020
22 353.74 —20.83+ 0.03 0.024 0.046
23 353.87 —20.82+ 0.04 0.058 0.092
24 353.94 —20.82+0.04 0.039 0.059
Second Dissociation Constants of Taurine Second Dissociaion Constants of Sarcosine
1 293.22 —21.184+0.04 0.016 0.026 1 293.66 —23.76+ 0.04 0.028 0.048
2 293.64 —21.124+0.04 0.048 0.094 2 293.74 —23.76+ 0.04 0.022 0.054
3 293.65 —21.11+0.04 0.028 0.059 3 298.51 —23.48+0.04 0.007 0.011
4 298.47 —20.83+0.04 0.056 0.088 4 298.64 —23.47+0.04 0.019 0.045
5 298.55 —20.8440.04 0.042 0.061 5 303.47 —23.234+0.04 0.011 0.028
6 303.12 —20.56+ 0.04 0.027 0.039 6 303.69 —23.21+0.04 0.022 0.040
7 303.45 —20.56+ 0.04 0.036 0.060 7 313.58 —22.714+0.04 0.019 0.039
8 313.13 —20.054+0.04 0.037 0.073 8 313.62 —22.724+0.04 0.028 0.063
9 313.14 —20.05+0.04 0.034 0.046 9 323.57 —22.25+0.04 0.042 0.071
10 323.39 —19.58+ 0.04 0.025 0.058 10 323.68 —22.25+ 0.04 0.010 0.031
11 32355 —19.57+0.04 0.036 0.077 11 333.23 —21.82+ 0.04 0.025 0.040
12 333.22 —19.10+0.04 0.023 0.030 12 333.45 —21.82+ 0.04 0.030 0.047
13 333.24 —19.12+0.04 0.048 0.107 13 343.04 —21.41+ 0.04 0.035 0.066
14 333.24 —19.11+0.04 0.039 0.082 14 343.09 —21.42+ 0.04 0.017 0.029
15 343.16 —18.69+ 0.04 0.050 0.088 15 350.58 —21.11+ 0.04 0.072 0.137
16 349.86 —18.42+0.04 0.064 0.155 16 350.58 —21.11+ 0.04 0.045 0.119
17 352.24 —18.32+0.03 0.116 0.212
18 352.29 —18.32+0.03 0.058 0.133
19 353.82 —18.244+0.03 0.018 0.033
Second Dissociation Constants of 6-Aminohexanoic Acid Second Dissociation Constantslethionine
1 293.82 —25.55+0.04 0.015 0.025 1 293.37 —21.70+ 0.04 0.066 0.132
2 293.83 —25.5440.04 0.012 0.025 2 293.41 —21.704+ 0.04 0.063 0.147
3 293.87 —25.544+0.04 0.028 0.036 3 293.52 —21.68+ 0.04 0.039 0.117
4 298.64 —25.194+0.04 0.014 0.026 4 298.35 —21.414+0.04 0.075 0.099
5 298.69 —25.174+0.04 0.011 0.028 5 298.44 —21.3840.04 0.057 0.088
6 298.73 —25.17+0.04 0.028 0.040 6 298.58 —21.40+ 0.04 0.045 0.104
7 303.59 —24.81+0.04 0.017 0.035 7 303.20 —21.134+0.04 0.071 0.139
8 303.64 —24.804+0.04 0.015 0.034 8 303.29 —21.134+0.04 0.067 0.149
9 303.65 —24.79+0.04 0.023 0.053 9 303.32 —21.144+0.04 0.067 0.096
10 313.08 —24.12+0.04 0.040 0.085 10 312.97 —20.61+ 0.04 0.063 0.151
11 313.27 —24.10+0.04 0.027 0.049 11 312.98 —20.61+ 0.04 0.067 0.137
12 313.32 —24.10+0.04 0.043 0.088 12 313.06 —20.61+ 0.04 0.080 0.158
13 322.46 —23.484+0.04 0.031 0.071 13 323.29 —20.08+ 0.04 0.085 0.158
14 322.49 —23.48+0.04 0.040 0.079 14 323.53 —20.07+ 0.04 0.085 0.189
15 322.74 —23.47+0.04 0.019 0.051 15 323.53 —20.08+ 0.04 0.087 0.196
16 334.14 —22.744+0.04 0.027 0.055 16 333.34 —19.59+ 0.04 0.064 0.138
17 334.15 —22.74+0.04 0.051 0.102 17 333.38 —19.60+ 0.04 0.072 0.158
18 343.83 —22.13+0.04 0.068 0.149 18 333.44 —19.60+ 0.04 0.054 0.133
19 343.86 —22.12+0.04 0.066 0.152 19 343.13 —19.17+ 0.04 0.051 0.118
20 353.16 —21.59+0.04 0.029 0.051 20 343.17 —19.16+ 0.04 0.084 0.206
21 353.24 —21.64+0.04 0.063 0.113 21 343.23 —19.18+ 0.04 0.042 0.092
22 353.30 —18.77+0.03 0.034 0.053
23 353.30 —18.80+ 0.04 0.062 0.139
24 353.32 —18.81+0.03 0.050 0.102
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Table 16. (Continued)

run no. TIK In(K) avg.rel.dev./% max.rel.dev./% runno. T/K In(K) avg. rel. dev./%  max. rel. dev./%
Second Dissociation Constants of Glycine Second Dissociation ConstanBheiylalanine
1 293.07 —22.86+0.04 0.010 0.179 1 292.83 —21.69+ 0.04 0.056 0.137
2 293.08 —22.80+ 0.04 0.055 0.158 2 293.21 —21.66+ 0.04 0.083 0.201
3 293.09 —22.85+0.04 0.025 0.055 3 298.07 —21.43+0.04 0.077 0.166
4 298.25 —22.49+0.04 0.023 0.058 4 298.26 —21.38+0.04 0.049 0.096
5 298.25 —22.48+0.04 0.038 0.067 5 298.42 —21.39+ 0.04 0.111 0.173
6 298.27 —22.44+0.04 0.024 0.043 6 302.88 —21.16+ 0.04 0.090 0.175
7 302.96 —22.19+0.04 0.026 0.056 7 302.95 —21.12+ 0.04 0.029 0.049
8 303.02 —22.20+0.04 0.030 0.076 8 303.12 —21.13+ 0.04 0.157 0.265
9 303.13 —22.22+0.04 0.029 0.068 9 312.99 —20.58+ 0.04 0.137 0.247
10 312.97 —21.71+0.04 0.017 0.028 10 313.06 —20.61+ 0.04 0.073 0.161
11 312.97 —21.66+0.04 0.025 0.047 11 313.11 —20.59+ 0.04 0.045 0.105
12 312.99 —21.69+ 0.04 0.079 0.117 12 322.79 —20.08+ 0.04 0.133 0.234
13 32295 -—21.17+0.04 0.016 0.035 13 322.85 —20.12+ 0.04 0.070 0.153
14 323.00 —21.16+0.04 0.014 0.032 14 322.92 —20.09+ 0.04 0.058 0.117
15 323.11 —21.17+0.04 0.023 0.038 15 332.79 —19.60+ 0.04 0.116 0.239
16 333.23 —20.69+ 0.04 0.033 0.062 16 332.95 —19.68+ 0.04 0.069 0.115
17 333.25 —20.68+0.04 0.026 0.044 17 333.05 —19.62+ 0.04 0.068 0.146
18 333.31 —20.69+ 0.04 0.024 0.055 18 342.99 —19.14+ 0.04 0.127 0.246
19 343.10 —20.27+0.04 0.007 0.013 19 343.02 —19.17+ 0.03 0.023 0.039
20 343.16 —20.22+0.04 0.043 0.086 20 343.16 —19.19+ 0.04 0.051 0.101
21 343.18 —20.26+ 0.04 0.046 0.082 21 353.12 —18.78+ 0.04 0.054 0.105
22 353.58 —19.82+0.03 0.029 0.064 22 353.20 —18.75+ 0.03 0.100 0.189
23 353.65 —19.84+0.03 0.025 0.036 23 353.29 —18.78+ 0.03 0.072 0.147
24 353.75 —19.82+0.04 0.037 0.091
Second Dissociation ConstantsteProline Third Dissociation ConstantsioGlutamic Acid
1 292.66 —25.08+0.04 0.049 0.095 1 293.02 —23.22+0.04 0.343 0.680
2 292.81 —25.08+0.04 0.063 0.193 2 293.04 —23.22+ 0.04 0.258 0.569
3 29291 -—25.08+0.04 0.073 0.172 3 298.14 —22.96+ 0.04 0.329 0.640
4 298.06 —24.78+0.04 0.084 0.230 4 298.15 —22.93+ 0.04 0.380 0.565
5 298.13 —24.78+0.04 0.069 0.162 5 298.22 —22.98+ 0.04 0.265 0.582
6 298.20 —24.77+0.04 0.051 0.127 6 303.12 —22.68+ 0.04 0.367 0.623
7 303.14 —24.52+0.04 0.082 0.186 7 303.14 —22.70+ 0.04 0.300 0.668
8 303.23 —24.50+0.04 0.114 0.267 8 312.95 —22.23+0.04 0.335 0.592
9 303.29 —24.48+0.04 0.039 0.075 9 312.97 —22.27+ 0.04 0.293 0.595
10 313.14 —23.97+0.04 0.129 0.294 10 313.12 —22.27+ 0.04 0.287 0.617
11 313.20 —23.93+0.04 0.143 0.313 11 323.34 —21.80+ 0.04 0.315 0.533
12 313.36 —23.94+ 0.04 0.021 0.051 12 323.35 —21.81+ 0.04 0.234 0.491
13 323.03 —23.47+0.04 0.059 0.163 13 333.15 —21.42+ 0.04 0.236 0.415
14 323.06 —23.45+0.04 0.099 0.300 14 343.29 —21.07+ 0.04 0.180 0.318
15 323.07 —23.45+0.04 0.090 0.266 15 343.45 —21.06+ 0.04 0.199 0.365
16 333.24 —22.99+ 0.04 0.097 0.200 16 353.23 —20.73+ 0.04 0.271 0.562
17 333.27 —22.97+0.04 0.124 0.377 17 353.25 —20.74+ 0.04 0.230 0.446
18 333.31 —22.98+ 0.04 0.110 0.335
19 343.69 —22.47+0.04 0.150 0.453
20 343.74 —22.48+0.04 0.168 0.508
21 354.12 —22.03+0.04 0.237 0.691
22 354.35 —22.00+ 0.04 0.229 0.583
Third Dissociation Constants ofAspartic Acid
1 293.24 —23.70+0.06 0.726 1.017
2 293.64 —23.72+0.08 0.220 0.343
3 298.05 —23.40+ 0.07 0.196 0.427
4 298.05 —23.37+0.05 0.115 0.171
5 298.13 —23.38+0.08 0.303 0.606
6 303.03 —23.06+ 0.06 0.294 0.624
7 303.04 —23.12+0.05 0.101 0.175
8 303.12 —23.12+0.08 0.326 0.624
9 312.97 —22.70+0.05 0.106 0.238
10 313.01 —22.62+0.06 0.265 0.573
11 313.03 —22.61+0.07 0.309 0.664
12 323.16 —22.22+0.05 0.130 0.277
13 323.23 —22.14+0.08 0.323 0.682
14 323.25 —22.15+0.07 0.301 0.626
15 333.15 —21.62+ 0.06 0.238 0.399
16 333.25 —21.63+0.06 0.481 0.807
17 342.38 —21.30+ 0.05 0.225 0.403
18 353.23 —20.91+ 0.05 0.337 0.622

plot. According to the authors, there are linear correlations have to be carried out before definite conclusions can be drawn.
between the logarithm of the forward second-order reaction rate In commercial CQ capture, an absorber is operated around 313
constant and the basic strength. A higher basic strength canK and a desorber around 393 K depending on operating
indicate a faster reaction between the absorbent ang 80  conditionst A high value of A H¢, will lead to a favorable shift

high value ofA,G;, or pK; can indicate a high reactivity of the  of the dissociation reaction at absorber and desorber temperature
absorbent with C@ however, kinetic studies of the compounds conditions, given by eq 33. This might further lead to cost saving
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Table 17. Comparison of the Effect of Different Counterions on the
Determined Dissociation Constants of Taruine

run no. TIK In(Ky) In(K2)
K+ Na"

1 293.17 —21.1940.04 —21.15

2 323.61 —19.59+ 0.04 —19.55

3 353.78 —18.28+ 0.03 —18.26
Lit Na"

1 293.18 —21.164+0.04 —21.14

2 323.60 —19.58+ 0.04 —19.55

3 353.71 —18.28+ 0.03 —18.26

operations of C@capture plants, since the temperature differ-

6, 2007

where the dielectric constant of watex,, was taken from
Bradley#” The second virial coefficient is given

(Zﬂ(l))
2,
Im
WhereﬁIl ,,8” , andC;j are salt specific interaction parameters.
For the case considered heses= 2.0 kg/2mol~2 In the case

where interaction parameters are neglected, the activity of water
follows from the Gibbs-Duhem equation in the form of

B, = 28" +

2
ol
1- (1 + al¥? — —"‘) expal¥?)| (42)

2

ence between the absorber and the desorber might be reduced.

From Table 12, 6-aminohexanoic acid has higher values of both

AG;, andAH;, than the commercially available amines listed.
L-Proline,-alanine, sarcosineraspartic acid, and-glutamic
acid have a higher value oA Gy, than the commercially
available amines but not necessarily a higher valué sf;..

7. Conclusion

M,, |-
In(a,) = 2A -
1+byi,

1000
A.1. Interaction Parameters for KCI in the Pitzer Model.
The following section reports the temperature dependence of
the ion interaction parameters for KCI given by Pabdldime

(43)

The dissociation constants of protonated MDEA, the second interaction parameters are calculated from eq 44 and Table 13.

dissociation constants gf-alanine, taurine, sarcosine, 6-ami-
nohexanoic acidpL-methionine, glycine,-phenylalanine, and
L-proline, and the third dissociation constants-@futamic acid

Tis the temperature in Kelviff is 298.15 K;P is the pressure
in bar; andPg is 179 bar. The density of wates,, was taken
from Saul?® The pressureP, was set to 1 bar. The pressure

andL-aspartic acid have been determined from electromotive dependence of the thermodynamic properties are calculated from
force measurements from (293 to 353) K. Parts of the results eq 45 and Table 14. A complete description of the equations
extend the temperature range of available literature data of thepelow are given in Pabalan’s wofk.

investigated compounds. The experimental results agree with

results previously reported in the literature.

The values of the dissociation constants and the thermody-
namic relations presented in this work give information about
the use of amino acid salts as possible absorbents for CO

capture.

Appendix A: Outline of the Pitzer Model
A very brief outline of the Pitzer model introduced by Pitfer

is given for a 1:1 aqueous electrolyte solution. For an electrolyte

solution containingvs kilograms of solvent, with molalitiesy,
m, ..., of solute spices |, ..., Pitzef® introduced the equation
for the excess Gibbs energy

GEX

RTw

f(ln) + Z ]zﬁmBu + Z lz mewcijk + ... (38)

Pitzer® further derived the expression for the activity coefficient.
For the dissolved speciesj, the activity coefficients are
estimated by

|n(7ij,m) =
S
11+ bf

whereln, is defined as

In(l +by1,)

+ mB, + 3n7C; (39)

1
=-ymZ (40)

" 2x:|,j
andb = 1.2 kg’>mol~Y2. The Debye-Hiickel term is given

1 2 \is
A =3 2N (MeoeWkT)

(41)

usz u,T u3T2( 2 1

6 2 3 12 T 20
! [I N 3(227f 227(T — 227) In(T — 227)|

5[ 2 2T T

2(647—T) In(647—T)
[z

f(T,P) =

+In(647—T)] -
2
fu(T, o( )+K +1(T, P) (44)

Iny. (Py) —Iny,(P) —

1/2
(AP~ APl o %ln(1+b|;’2))+

Py aﬁi' ﬂ(l))
-/l;l{zm(a_FJ’)T—i_ 2|m( oP /T

exp(-aly’)

2
ol
1—(1+a|§n’2—7m) X

3C;
+ 3mz(a—PJ)T] dP (45)

andBV is calculated from eq
0 and (pC;j/aP))r =

where (0B”/P))r =
46. Further, in this casea(& /8P))T

Os

(T, P) = 647— T

+

)
q1+T+q3T+q4T2+

d; > 10
Plogg+ =+ T + T + ————| +
[qs T q8 q9 (647_ T)]
12 15
PZ[Qn + T + GygT + 0y T2 + m] (46)

A.2. Interaction Parameters for HCI in the Pitzer Model.
The following section reports the density, pressure, and tem-
perature dependence on the ion interaction parameters for HCI
given by Holme$. The ion interaction parameters are given by
equation 48 and Table 15.is the temperature in Kelvirt* is
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1 K; P*is 1 MPa; andP* is 1 kg'm~3. Tg, Pg, andpr are the

eX = excess

reference temperature, pressure, and density and are set t&ubscripts

298.15 K, 0.101325 MPa, and 997.062-ikg?3, respectively.
The pressure and densify andp, are set equal to the reference

LI =celll, cell ll
2 = second dissociation constant

pressure and the reference density. For HCI, the interaction3 = third dissociation constant

parameterC in equation 39, is defined

e

C=5Cuc (47)
f(p’P!T) = QJ_ +
o (0 — Pr) (T—=Tr) (P—Pgr)
qzln(pR) + 05 o + 0, T - (48)

B. Experimental Results.Tables 16 and 17 contain the
experimental results.
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Nomenclature

Nomenclature

m/mol-kg~! = overall molality of componenit

ni/mol = overall number of moles of componeint

plkg-m=3 = density

a = activity of component

Ay/kg?mol~12 = Debye-Huckel constant

b/kg2mol~12 = constant in the modified DebyéHiickel term

Bi; = second virial coefficient in Pitzer's equation

c°/1 mokL~1 = reference molarity

Cp/J-(mol-kg)~t = heat capacity

Cij = third virial coefficient in Pitzer's equation

E/mV = electromotive force

e/C = charge of electron

E°/mV = standard potential

F/C-mol~! = Faradays constant

f = modified Debye-Huckel term

G/kJmol~! = Gibbs energy

H/kJ-mol~1 = enthalpy

Im/mol-kg—! = ionic strength

K = dissociation constant

k/J:K~1 = Boltzmann constant

Kw = dissociation constant of water

m°/1 mokkg~! = reference molality

Na/mol~1 = Avogadro constant

ni/mol = number of moles of component

SJ-(mol-K)~1 = entropy

T/K = temperature

wykg = number of kilograms of solvent

z = number of charges of componeant

Greek Letters

a/kgl2mol~12 = constant in Pitzer's equation

ﬁi(jo)/kg-moI*1 = binary interaction parameter in Pitzer's equa-
tion

ﬁi(jl)/kg-mol‘1 = binary interaction parameter in Pitzer's equa-
tion

A = difference

€o/C%N~1-m~2 = permittivity of a vacuum

ew = relative dielectric constant of water

y(M = activity coefficient based on molality

yij = mean activity coefficient of:j salt

Susperscripts

° = standard state

¢ = on molarity scale

ij = components, j

ijk = components, j, k

m = on molality scale

r = reaction
Abbrevations

ag = in aqueous solution
s = solid

exptl = experimental

w = water

Supporting Information Available:

Experimental equilibrium data with “Run no.” corresponding to
Appendix B. This material is available free of charge via the Internet
at http://pubs.acs.org.
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