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SIT Parameters for the Dependence of (Poly)carboxylate Activity Coefficients on
lonic Strength in (C2H4)aNlaq (0 = | < 1.2 mokkg™?) and (CH3)4NClyq

(0 <1 = 3.9 mokkg™?) in the Temperature Range 278 K< T < 328 K and
Correlation with Pitzer Parameters’

Francesco Crea, Concetta De Stefano,* Claudia Foti, and Silvio Sammartano

Dipartimento di Chimica Inorganica, Chimica Analitica e Chimica Fisica, Univedsgli Studi di Messina,
Salita Sperone 31, 98166 Messina (Vill. S. Agata), Italy

Parameters for the dependence on ionic strength of activity coefficients for several protonated and unprotonated
mono-hexacarboxylates in §8s)4NI and (CH)4sNCl aqueous solution were calculated from protonation data [31
polycarboxylates, 613 protonation constant$ at 298 K, 1244 afl = 298 K, in (GHs)4NI; 16 polycarboxylates,

433 protonation constants at= 298 K, 308 atT = 298 K (T = 278 K to 328 K), in (CH)4NCI], at different

ionic strengths [0 mekg™ < | < 1.2 motkg?, for (CzHs)4NI and 0 motkg™ < | < 3.9 motkg™?, for (CHg)4-

NCI)] using a modified SIT model. In this model, the interaction coefficients are considered as dependent on
ionic strength according to the equatiorr €. + (€p — €)/(I + 1). The analysis of protonation data showed that

the parameters for the dependence on both ionic strength and temperature are a simple function of the charge of
carboxylate species. Mean values of interaction coefficients are given by the relationshga% €, = —0.0188

and —0.0063;¢y = 0.2420 and 0.1642 for (ls)4NI and (CH)4NCI, respectively. For the activity coefficients

of neutral species, a simple relationship as a function of the numbécarboxylic groups was found: logy

= knl (kn = Setschenow coefficientky = kn'n, kn = —0.0198 and 0.0055, for ¢Els)sNI and (CHg)4NCl,
respectively. Mean values of interaction coefficients were also reported for some synthetic and natural
polyelectrolytes in (@Hs)sNI (€. = —0.007;€, = 0.199). Furthermore, calculations were made to find the
parameters of Pitzer equations. Also in this case, we found a simple relationship bgf®eed L parameters

and species charges. A comparison is given between the SIT and Pitzer models. An almost perfect correlation
was found between the SIT and Pitzer coefficients.

Introduction this method (protonation constants irnks)4NI and in a sodium

salt atl < 1 moldm~3) with those obtained with other methods

. S . (conductimetry, ion selective electrodes, etc.), it has been
tion are strongly dependent on the ionic medium, and a large possible to observe consistent results (this frequently does not
amount of thermodynamic data on the protonation of these happen using other tetraalkylammonium szt 182524 The

ligands have been reported in the literattr&: Most of these use of other tetraalkylammonium salts as supporting electrolytes
data were obtained in agueous solutions containing, as support- . Y X pporting y
. . . . in these studies can also be of interest because it has been shown
ing electrolytes, alkali metal chlorides, nitrates, and perchlorates.

Protonation of carboxylates in aqueous tetraethylammoniumthat small formation constants obtained inig)aN| and (Cht)a-

e and erameiamonun Ghorde has ben sy il SO © e same e o ke dhiGSpectc
studied in this laborator§#=2° Protonation constants in different prop 9 y

supporting electrolytes follow almost always the trend L monium salts, such as protonation constants, metal complex
Na* < K+ < (CHs)aN* < (CoHs)uN*, independent of the anion formation constants, and solubility (salting effects are often

(CI-, NOs~, CIO,, Br-, 1), and often, tetraalkylammonium opposite with respect to those shown by alkali metal ¥its

salts have been used as a baseline in the guantitative determid'® due mainly to the different water structure breaking/ordering

. . . - of these salts in comparison with inorganic salts. To understand
nation of the interaction between carboxylates and alkali metal these effects. it is important to study the solution properties in
cations. In fact, from the study of the dependence on ionic ! P y prop

strength of weak acid protonation constants in different ionic tgtraalkylammonlum salts at different concentrations (and in
I ) . .~ different temperature conditions).

media, it is possible to determine the weak complex formation o .

constants of one of the medium cations if it can be assumed 1N dependence on ionic strength of protonation constants

that the cation of the other salt does not form complexes (often can be used to calculate the activity coefficients of the different

this procedure is calledXpK method”). It can also be assumed Protonated and unprotonated species of different types of

i i i 3
that activity coefficients are approximately the same in both "Qa“djhous'”g dlfferen.t approaches suph as SFF a”‘?'
ionic media if their ionic strengths are also the same. From a Fitzef°“° models described in the following sections. Pitzer

comparison of weak complex formation constants obtained using €duations, used in a large number of papers on equilibrium
studies'~*7 are quite complete and allow activity coefficients

* Corresponding author. E-mail: cdestefano@unime.it. to be m0d9|?d ina Wid? range Qf ionic strgngths. Neverth?'?55:
T Calculation of SIT parameters: Part IV; Pattlll, refs 1—3. Pitzer equations are quite complicated and in some cases difficult

Acid—base properties of (poly)carboxylates in aqueous solu-
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Table 1. Carboxylates Taken into Account in This Work

carboxylate abbr. ionic medium T/IK ref
formiate Form ENI 278,283,288,298,308,310,318,328 14,15,19
acetate Ac ENI 278,288,298,308,310,318,328 14,17,19
MesNCI 298 28
propionate Prop BNI 278,283,288,298,308,318,328 15,19
salicilate Sal EiNI 278,288,298,308,318,328 19
phenoxyacetate Phen AR 283,298,310,318 16,19
benzoate Benz BNl 310 14,19
oxalate Ox ENI 283,298,318 13,14,19,20,25
malonate Mal EiNI 283,288,298,308,310,318 14,15,19,25
MesNCI 298 28
succinate Succ Nl 288,298,308,310,318 14,15,19,25
MesNCl 298 28
tartrate Tar EiNI 283,293,298,303,310,313 14,19
MesNCI 288,298,308,318 29
itaconate Ita ENI 283,288,298,308,318 15,19
oxidiacetate Oda NI 283,293,298,303,313,323 15,19
thiodiacetate Tda BN 283,288,298,308,318 15,19
thiodipropionate Tdp BNI 283,288,298,308,318 15,19
phthalate Pht BNI 278,283,288,298,308,310,318,328 14,15,19,262
MesNCI 298 6
malate Mala EiNI 278,288,298,308,310,318,328 14,15,19
MesNCl 288,298,308,318 29
maleate Male BNI 283,293,298,303,313 14,19
glutarate Glu EiNI 298 25
adipate Adip ENI 298 25
MesNCl 298 a
pimelate Pim EiNI 298 25
MesNCI 298 a
suberate Sub =\] 298 25,27
MesNCI 298 27
azelate Aze BNI 298 24,2527
MesNCl 298 27
sebacate Seb M 298 27
MesNCI 298 27
diethylenetrioxydiacetate Toda p ] 298 24
1,2,3-propanetricarboxylate, tricarballylate Tca 4NHt 278,288,298,308,318278,288,298,308,318 22
MesNCI 278,288,298,308,318 28,29
2-methyl-1,2,3-propanetricarboxylate Mtca M| 298 28
citrate Cit E&NI 283,293,298,303,310,313,323 14,19
MesNCI 298 28
1,2,3-benzenetricarboxylate 123btca 4NHt 283,293,298,303,313,323 19
1,2,4-benzenetricarboxylate 124btca 4NHt 298 19
butanetetracarboxylate Btc P} 278,288,298,308,318 21
MesNCI 278288,298,308,318 28,29
1,2,4,5-benzenetetracarboxylate Pymel JNEt 283,293,298,303,313,323 18,19
benzenehexacarboxylate, mellitate Mit 4Nt 298 23
MesNCI 298 28

a Unpublished data from this laboratory.

to handle. The SIT approach has the advantage of being quiteSIT Model

simple but, in its original version, is not very accurate in fitting  pryonation constants of carboxylates in a salt solution can
y values atl < 0.5 motkg™! and atl > 3 molkg~!. Another be expressed by ft = anion carboxylate)

interesting one-parameter equation for the dependence on ionic

strength of activity coefficients has been proposed by Broffley |og K" = log K" + log y(H") +

and has been widely used by Madariaga and co-wotkets (i-1-2) (-2

for the dependence of protonation and metal complex formation log y(H;_,L ) ~logy(HL™™) (1)

constants on ionic strength. where

In this paper, we used a modified version of the SIT model, .
previously proposeé;® and we report parameters for the " [HiL("Z)]
dependen(_:e on ionic strength of activity coefficie_nts of car- Ki :m
boxylates in aqueous (Hs)sNI and (CH)4NCI solutions, at i-1
different temperatures (278 K T < 328 K) and ionic strengths

[0 mol-kg™* < 1 < 1.2 motkg™* for (C2Hs)aNI and O motkg ™ activity coefficient of a single species. According to the SIT

< | = 3.9 motkg™* for (CH3)sNCI]. In Table 1, the (poly)-  odel, the molal activity coefficient; of an ionj of chargez,
carboxylic acids taken into consideration in this work, together s given by

with the relative abbreviations, are reported.

)

TKiH is the protonation constant at infinite dilution, apds the

Protonation data of several synthetic and natural polyelec- ) A\/f
trolytes were also taken into account, and the relative mean logy, =z}———+ Z €Tk ©))
interaction coefficients are reported. 1+ 1.5\/I
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wheree is the specific interaction coefficient of tlh ion and
the sum is extended over all iofspresent in solution at the
molality my. Activity coefficients for the neutral species are
given by the linear relationship

log yn = Kyl (32)

whereky, is the Setschenow coefficiet® By combining eqgs 1
to 3, we can write

AVI
14+ 1.5/1

wherel is the ionic strength in the molal concentration scale
and

log K" =log 'K — z + 1Ae (4)

= z (Chargeieactants_ Z (Chargeiroducts

_ 1 1 0 _ T
A= 0510+ 76.28¢ T)+1.418£{T 1+1n 0)

(6 = 298.15 K). In a generic salt MX we have

Ae=[e(H", X))+
e(M*, H_, L™ 7%) — e(M*, HL' )] (5)

In the classic SIT approach,parameters are true constants,
but recently, a modified version of the SIT equation was dséd,
in which interaction coefficients are not constant but depend
on ionic strength according to the simple relationship

€0~ €
ot I+1

€=¢ (5a)

Another expression was previously proposed for taking into
account the dependence on ionic strengtl®$f3”
e=eD+DIn@E+1) (5b)

Very often, fitting experimental data (activity coefficients or

where
ca

Boa=Bea + (6¢)

ca
'c,a: ? 2 (6d)

ct)
T (6e)

c.a 2072 1/2

7= —AJ "1+ 1.2Y% 71+ 1.667 In(1+ 1.2"%)] (6)

f,=1— 1+ 2" exp2"? (69)

f,=—1+ 1+ 2"+ 21) exp21"9 (6h)

with

A,=0.3912+
6.63610 4T — 298)+ 3.56210 (T — 298); T/K

(c,a= generic cation and anion, respectivelgl?), s, and

C@ represent interaction parameters between two ions of
opposite signp represents an interaction parameter between
two ions of the same signH+, — — interactions)y is a triplet
interaction parameter{ — +, — + —); andZ is an interaction
parameter of neutral species. Ak 2 molkg™, the C term

can be neglected. Literature values were used for the interaction
parameters of HI, HCI, (&1s)sNI, and (CH;)4NCI. In particular,

we used the following. For HI3© = 0.2211, 18380/3T =
—0.23, 0 = 0.4907, 163BW/5T = 8.86. For HCI: fO =
0.1775, 1635©/9T = —3.08,8W = 0.2945, 16:98D/0T = 1.42.

For (GHs)NI: SO = —0.571, 18-98W/9T = 92.0. For (CH)a-

NCI: W = —0.029, 16-:38M0/5T = 49.04° Concerning the)
and y parameters, they are not reported in the literature for
(CzHs)4NI and (CH;)4NCI media and so were considered equal

related parameters, such as protonation constants at differento zero in our calculations.

ionic strengths) to eqs 5a or 5b gives very similar results, but

Owing to the complexity of the Pitzer equations, we also

we observed in general a small statistical improvement when tested a simplified version depending on three empirical

using eq 5a.

Literature values of Hl¢,, = 0.173,60 = 0.204¥ and of HCI
[€- = 0.136+ 0.07165 (1/298- 1/T) + 0.1159 (2981 — 1 +
IN(T/298)); o = 0.0848 — 0.1024 (1/298— 1/T) + 0.1970
(298 — 1 + In(T/298))~2 were used in the calculations.
Temperature gradients of HI, calculated in this work, @&/
9T = —0.0024+ 0.0005 andiey/dT = 0.0094+ 0.0015.

Pitzer Model

According to the Pitzer equatiod?°in the presence of a
1:1 salt MX, the activity coefficients of a cation or an anion
are given by

In . =7 + 21(Buy + ICyy) +
%(B'x + Cu) + 1201 + 191ax) (6)
Iny, =2z%"+ 2By, +ICy) +
1(z.°B'yx + 2.Cux) + 1205 + 19 ) (63)
[L = Hi—iLi""Zor HL'9, and for neutral species

Iny, = 24l (6b)

parameters only
InK"=InTK"+22" + 2P| + P, f, + Pyl? + 2B, P, (7)

whereP3, P,, andP3; are empirical parameterk; is defined by
eq 6g, and
f,=1exp2"? (7a)
Analogous to Pitzer equations,lat 2 mokkg™1, thePz term
can be neglected.

Results

(CH5)4NI lonic Medium. Protonation constants of carboxy-
lic acids in (GHs)4NI reported in Table 1 were used to calculate
parameters of the SIT equations. Calculations were performed
by considering the different eqs 4 to 5b.

In Tables 2 to 4, we report th&e., and Aeg values (eq 4)
together with the relative temperature gradients. Analysis of data
reported in these tables allows the following general observa-
tions:

(a) Values ofA¢q are significantly higher than those k..,
the ratioAeo/Ac., generally being> 6.
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Table 2. SIT Parameters (Equation 4) atT = 298 K, Together with
Temperature Gradients, for Monocarboxylates in EuNI

carboxylate Aéo? Aeo 10%0Aed/dT o

Form 0.037+ 0.007 0.376+ 0.00% 41+ 1° 0.015 =
Ac 0.061+ 0.005  0.483t 0.004 47+ 1 0.006 a
Prop 0.131+0.003  0.522+ 0.003 39t 1 0.012 +
Sal 0.023+ 0.015 0.332:£ 0.013 17+ 4 0.015 <
Phen 0.29A4 0.018  0.403+ 0.015 15+ 4 0.016 g
Benz 0.072+- 0.009  0.506+ 0.011 - 0.002 ;

o0

2 The temperature gradient fove., was kept constant, #0Ae./0T = 2

—11.P Standard deviation on the fit.4 std. dev.

Table 3. SIT Parameters (Equation 4) atT = 298 K, Together with

Temperature Gradients, for Dicarboxylates in E4NI 0'00_0 0.5 1.0 L5
carboxylate i2 AexP Aeo 10*9Aed/dT  of I/mol kg
Ox 1 0.022+0.023' 1.0544 0.018 51+6¢ 0.042 Figure 1. Comparison between experimental) @nd calculated values of
2 0.116+0.039 0.453+0.029 21+ 9 the first protonation constant of malonic acid ik by using the one-
Mal 1 0.131+0.010 1.0540.011 1113  0.020 parameter (dash line, eq 4) or two-parameter (dot line, egs 4 and 5a) SIT
2 0.077+£0.013 0.528+-0.011 19+ 5 : _ - — _
Suce 1 0080007 0.900t 0.008 34+ 3 0015 equation{ DH = Debye-Huckel term 4[0.51\/I_/(1 + 1.5\/I_)]}.
o 'i %-%S%ﬂé 8-882 8-22& 8-882 iif_’ 0.012 Table 4. SIT Parameters (Equation 4) atT = 298 K, Together with
> 0.091L0003 0513t 0002 1741 E(:RII:)erature Gradients, for Tri-, Tetra-, and Hexa-carboxylates, in
Ita 1 0.132+£0.005 0.932t 0.003 61+ 1 0.009
2 0.078£0.009 0.528t 0.007 0.4+ 3 carboxylate i2 AexP Aeg 10%0Ae/dT o
Oda 1 00710004 08470004  56=1  0.005 Tca 1 04210007 1.179+0.008  81+1¢ 0.005
2 0.045+0.003 0.441 0.003 17£1 2 0305+ 0.004 0.79% 0.004 554+ 1
Tda 1 0.09740.017 0.745t0.014 64+ 4 0.022 3 0:178j: 0:006 0:39& 0:004 54+ 1
e 0022 0.018 0SS L= 0.0M0 R e =a Cit 1 0.166+£0004 1.382:0.003  33:1 0.006
Tdp 1 0.116£0.012 0.887# 0.010 66+ 3 0.016 2 0.070+0.002 0.859: 0.002 12+ 1
R ;Ao afmom i)
5 0 .215:|: 0'010 0'464:t 0'010 14x 2 ) 123btca 1 0.13@&0.006 1.307 0.0055 63 2 0.006
' ’ ’ ’ 2 0.1109+ 0.006 0.928t 0.0055 37+ 1
Mala 1 0.075:0.005 0.868:0.005 662  0.009 3 0.451L0005 0653000468 2081
2 00724£0005 0.491£0.004 271 124btca 1 0.17%0.007 138t 00074  — 0.002
Male 1 0.259+0.014 1.15#40.013 31+ 9 0.022 2 0.008+ 0.005 0.745- 0.0053 _
2 0.0964+ 0.006 0.569+ 0.007 14+ 3 3 0.118:|: 0'005 0.576:|: 0'0049 _
Glu 1 0.103£0.019 0.822t0.017 - 0.006 ' ’ ' '
2017320019 05000015 — Btc 1 0614+0019 15930015  27£6 0001
Adip 1 0.059+0.011 0.974+ 0.009 - 0.015 2 0429+ 0.013 1.15% 0.010 38+ 5
. 2 02750023 0365:0026 -~ 3 0333:0011 0842:0.009 233
Pim 1 0095:0.024 09170021 - 0.012 4 023950010 0419:0007 51t 3
2 03340038 03550032 — Pymel 1 0272:0041 1537:0.041  164:11 0.004
Sub 1 0.31H0.009 0.699t 0.005 - 0.005 2 0178+ 0.029 1.117% 0031 108+ 8
2 0184+0016 0.574£0.012 - 3 0.077+£0015 07770015  41+3
Aze 1 0185:0.006 0.909:0.006  — 0.007 4 0.140E0020 0B5650020 24t 6
2 0.1454+0.008 0.648+ 0.003 - ' ’ ' '
Seb 1 01720016 09980017 - 0.016 Mit 1 1.001+0028 1969+0.021  — 0.009
2 0212+0025 0.336:£0.021  — > 1069L0033 20020027  —
Toda 1 0.102£ 0.011 0.834+ 0.013 - 0.009 3 0.949j: 0-018 1.83&|: 0.008 _
2 0.1194+0.017 0.529+ 0.021 — 4 0.926:|: 0'016 1.62£H: 0'012 _
. . 5 0.864+0.036 158k 0.028 -
a2 |ndexi referes to eq 1° The temperature gradient fave, was kept 6 0977+ 0.047 1.0320.035 _

constant, 180Ae./dT = —23 and—11 fori = 1 and 2, respectively:
Standard deviation on the fit.+ std. dev.

(b) Both Ae., and Aeg increase regularly with increasiray; _
for example, forAeo we have, by considering all the protonation  Table 5. Mean Values ofA<. and Aco, in EtsNI and at T = 298 K

a Indexi referes to eq 1° The temperature gradient fave. was kept
constant, 180Ae./dT = —40, —36, —23, and—11 fori = 1, 2, 3, and 4,
respectively® Standard deviation on the fit.+ std. dev.

data with 2< 7* < 8, A¢p = 0.23 (& 0.02)*. z* Aée Aeo o2
(c) Temperature gradients are quite small, generallyy %, 2 0.105+ 0.01% 0.508+ 0.012 0.04
with respect to the values of the relative parameter. 4 0.107+ 0.022 0.952+ 0.020 0.06
_ e _ 6 0.1814 0.031 1.282+ 0.029 0.04
Observation (a) clearly indicates that the classic SIT approach g 0.206+ 0.035 1.712+ 0.050 0.05

(one parameter) cannot be applied to the system under inves-
tigation because foe = true constant we must havke, =

A¢o [where Ae is defined in eq 5]. This is confirmed also by
higher values of the standard deviation in the fit obtained by values of the first protonation constant of malonic acid, by using
using the classic SIT approach with respect to those reporteda one-parameter or two-parameter SIT equation. As a conse-
in Tables 2 to 4: for example, we obtair= 0.047, 0.028, and  quence of observation (b), we must have constantvalues
0.036 for malonate, tricarballylate, and butanetetracarboxylate, for eachz*: mean values are reported in Table 5. Standard
respectively, when consideringas a true constant. Figure 1  deviations ofAe parameters reported in Table 5 are20 %
shows the comparison between experimental and calculatedfor Ae., and < 0.5 % for Aeo. A further step to obtain general

a Standard deviation on the fit.+ std. dev.
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Table 6. Mean Values of Interaction Coefficients for the Dependence on lonic Strength, Together with Temperature Gradients, for Carboxylate
Ligands in Et4sNI and in Me4NCIl, Both in Molal and Molar Concentration Scales

EtNI MeJNCl EtNI MeJNCl
eqs 4,5a e ~0.019+ 0.003 ~0.006:+ 0.00F 10%ewldT 124 0.8 ~5.6+ 0.5
% 0.242+ 0.002 0.164+ 0.002 10-ed/oT 1.240.2 7.0+ 0.6
k@ —0.020+ 0.001 0.006+ 0.001 10-0kn /9T 5.0+ 0.5 1.6+0.2
o 0.069 0.067 o 0.055 0.028
eqs 4,5a o 0.221+ 0.001 0.113+ 0.001 16-9€0/3T 0 2.7+0.7
e ~0.158 0.002 ~0.055: 0.001 10-9e/3T 2.6+0.3 ~3.6+0.4
K@ —0.020+ 0.001 0.005+ 0.001 10-0kn /9T 49402 1.7£0.3
o 0.068 0.072 o 0.054 0.034
egs 6to 6h BO ~0.034+ 0.003 0.015% 0.001 16-0O/9T 37407 ~1.94+0.2
B 1.047+0.008 0.616+ 0.004 10-98W/9T ~18.3+ 1.7 23+13
1 —0.025+ 0.001 0.010+ 0.001 16-02/0T 3.940.2 1.1+ 0.2
o 0.069 0.071 o 0.055 0.030
eqs7to 7a P 0.029+ 0.003 0.052+ 0.001 16-0Py/oT 21402 1.9+0.3
P, 0.917+ 0.007 0.527+ 0.002 10-0P,/3T 111428 ~9.0+1.4
o 0.075 0.082 o 0.057 0.039
egs 9to 9a b ~0.025:+ 0.004 ~0.007+ 0.001 10-0b./0T ~13+1.4 ~75+0.8
bo 0.198+ 0.002 0.143 0.002 10-9bg/dT —-33+1.1 7.4+0.8
k() 0.013+ 0.001 0.014+ 0.001 16-0k (/0T 29.6+ 0.8 3.4+0.7
o 0.074 ) 0.059
eqs 9,9b b© 0.184+ 0.002 0.106+ 0.002 16-0b©/aT 3.3+£0.9 5.2+0.7
b®) —0.145:+ 0.004 ~0.057+ 0.001 18-9b0/aT —2.7+1.7 —6.2+0.8
k(© 0.014+ 0.001 0.014+ 0.001 160k O/aT 55+ 0.5 2.3+ 1.0
o 0.073 0.059

a 4 std. dev.P Standard deviation on the fit.

predictive equations is to consider the protonation data altogether

at differentz values; namely
Ae = az* (8)

Preliminary trials showed that values fat = 2 deviate
significantly from the overall fit, and therefore, we calculated
separatelya of eq 8. Results of this are

7z =2;Ae,, a=
0.021+ 0.002;A¢,, a= 0.2334 0.001;0 = 0.08

7" =4,6,8,12A¢,,,a=
0.0504 0.004;A¢,, a=0.273+£ 0.003;0 = 0.026

How can this difference be explained? Let us consider the
expression for\e (A€« Or Aeg) for z* = 2 andz* > 2. Forz*
= 2, we have
Ae=[e(H", X7) + e(M*", H,_,L7) — k]
Forz* > 2, we may write
Ae =[e(H", X7) + e(M*, H_,L" 1) — ¢(M*, HL' ™)
On the basis of previous observations, according to which

Ae = az*, we may write for the single specific interaction
coefficient

eM™ HLI?) =7
eM* H_ LY =g@z— 1)
By performing suitable calculations, we found tlas fairly
constant for all the (poly)carboxylates considered here, and in

addition, we observed a better fit whép is expressed as a
function of n (number of carboxylic groups), namely

o =K

Moreover, calculations showed thatparameters can be
expressed by using eq 5a or 5b.

The same behavior was found for the Pitzer and simplified
Pitzer parameters, for which we can write

PMM*, HLI™?) = PZ
PM™, H_,L"""?) = Pz — 1)’
A=An

with P = 8@ or 8® (eqgs 6 to 6h) oP; or P, (egs 7 to 7a).
Mean values of parameters obtained by using different models
are reported in Table 6.

In the same table, we report the mean temperature gradients
for the different models, calculated from protonation constants
at different temperatures (278 K T < 328 K).

(CH3)4NCI lonic Medium. Table 1 shows carboxylic acids
in (CH3)4NCI considered in this paper. Protonation constants
are relative to different ionic strengths (O ma* < | < 3.9
mol-kg~) and temperatures (278 K T < 328 K). For these
data, we followed the same procedure used fosHENI.
Previously, we calculatedie, and A¢g values (eq 4) for each
carboxylic acid. Results are reported in Table 7. Subsequent
calculations considering the protonation data altogether showed
that, for this ionic medium too, the values af, o, €©), €,

BO, B, P,, andP, parameters were fairly constant for all the
polycarboxylates. Their mean values are reported in Table 6.
Temperature gradients from dataTat: 298 K are reported in
the same table.

Parameters for the Dependence on lonic Strength Using
the Molar Concentration Scalelnteraction coefficients in the
molar scale were calculated analogously to the molal scale. In
this case, eq 3 can be written as

logy, = z° )

AV
——+ Y by
1+ 1.5\/I Z
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Table 7. SIT Parameters (Equation 4) atT = 298 K, Together with Temperature Gradients, for Mono-hexacarboxylates in MeNClI

carboxylate i Aée 10*0A€x/dT A€o 10*0Ae/dT o2
Ac 1 0.124+ 0.00P - 0.189+ 0.002 - 0.003
Mal 1 0.102+ 0.010 - 0.598+ 0.020 - 0.020
2 0.072+ 0.008 - 0.3254+0.018 -

Succ 1 0.115k 0.003 — 0.5034+ 0.005 — 0.008
2 0.127+ 0.001 — 0.2074+ 0.003 -

Tar 1 0.118+ 0.002 2.3+-1.4 0.468+ 0.004 —-8+3 0.020
2 0.098+ 0.002 2520 0.2744 0.006 —24+5

Mala 1 0.109+ 0.002 —-0.5+1.7 0.535+ 0.005 1.1+ 3.8 0.015
2 0.113+ 0.002 —44+1.6 0.263+ 0.005 —-7+4

Pht 1 0.150+ 0.002 - 0.4704+ 0.005 - 0.043
2 0.111+ 0.004 — 0.2224 0.008 —

Adip 1 0.062+ 0.002 - 0.658+ 0.006 - 0.008
2 0.1064+ 0.003 - 0.281+ 0.007 -

Pim 1 0.085+ 0.006 - 0.583+ 0.014 - 0.057
2 0.059+ 0.015 - 1.1204+ 0.004 -

Sub 1 0.113t 0.003 - 0.436+ 0.004 - 0.017
2 0.126+ 0.003 - 0.2414 0.008 -

Aze 1 0.121+ 0.002 — 0.4774+ 0.004 — 0.008
2 0.129+ 0.001 — 0.231+4+ 0.002 -

Seb 1 0.026+ 0.016 - 0.736+ 0.043 - 0.043
2 0.165+ 0.007 - —0.095+ 0.015 -

Tca 1 0.113+ 0.002 —61+ 20 0.845+ 0.006 65+ 16 0.014
2 0.105+ 0.002 —504+ 17 0.587+ 0.004 35+ 13
3 0.108+ 0.002 —30+£ 15 0.252+ 0.005 14+ 15

Mtca 1 0.193+ 0.002 — 0.8224+ 0.007 — 0.020
2 0.123+ 0.006 - 0.487+ 0.012 —
3 0.109+ 0.006 - 0.159+ 0.013 -

Cit 1 0.091+ 0.011 - 0.9044 0.025 - 0.018
2 0.078+ 0.011 — 0.5234+0.024 —
3 0.1064+ 0.010 - 0.226+ 0.024 -

Btc 1 0.087+ 0.007 —72+29 1.216+ 0.014 93+ 25 0.017
2 0.101+ 0.005 —57+ 23 0.811+ 0.010 76+ 21
3 0.102+ 0.004 —50+ 20 0.592+ 0.009 44+ 18
4 0.123+ 0.004 —28+19 0.261+ 0.008 15+ 17

Mit 1 0.020+ 0.037 - 2.0464+ 0.079 - 0.080
2 —0.030+ 0.032 - 1.976+ 0.076 -
3 0.0874+ 0.040 - 1.4724 0.086 -
4 0.082+ 0.021 - 1.225+ 0.040 -
5 0.050+ 0.025 — 0.9634+ 0.049 -
6 —0.041+ 0.040 - 0.871+ 0.098 -

a Standard deviation on the fit.+ std. dev.

where the molar interaction coefficiemt can be expressed b, = (0.139+ 0.001)— (2.9+ 0.2)10 T — 298)
as
b —b by = (0.100+ 0.001)— (4.24 0.6)10 4T — 298)
b=b, + f+l°° (9a)
(0 = 0.002) by using eq 9a or

or as
b©® = (0.107+ 0.001)— (8.5+ 0.3y10 %(T — 298
b=b?+b®In@+1) (9b) ( )= ro- )

@ — 4T
Before calculating for carboxylate ligands, it was necessary b (0.018+ 0.001)+ (2.9 0.3y10 (T — 298)

to determine the interaction coefficient of HI and HCI in the

same concentration scale. By using literature activity coef- (¢ = 0.002) by using eq 9b. Therefore, mean values of
ficients, converted in the molar scale by considering the solution interaction parameters for carboxylates were calculated by using
density, we calculated the following values for HI molar protonation constants. Results, both igHgNI and in

4 (CH3)4NCI medium salts, are reported in Table 6.
b, = (0.2234+ 0.002)— (15 2)-10 *(T — 298) . : .
PolyelectrolytesTo give a complete picture on ionic strength

dependence of carboxylate ligands, we tried to determine mean
values ofe parameterse] for some synthetf®5¢ and natural
polyelectrolytes (ref 57 and unpublished data from this labora-
tory), in (GHs)4NI: the list is reported in Table 8, together

by = (0.2604 0.001)+ (59 + 4)-10 4T — 298)

(o = 0.002) by using eq 9a or

HO = (0.256+ 0.001)+ (26 + 1),10—4(1- — 298) with their effective charge. Protonation constants for these
' ' systems were calculated as for diprotic acids (by considering
b = (—0.0224 0.002)— (26 & 2)-1 4T — 298) the effective charge): it was demonstrated that this procedure

allows the experimental data (unpublished data from this
(o = 0.002) by using eq 9b. For HCI we obtained laboratory) to be fitted quite well. Calculations were performed
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Table 8. Polyelectrolytes Considered in This Paper Together with
Effective Charge

polyelectrolytes z ref

polyacrylate 2 kDa 3.0 53
polyacrylate 5.1 kDa 4.5 55
polyacrylate 20 kDa 4.6 55
polymethacrylate 5.4 kDa 4.4 54
polymethacrylate 4 kDa 3.7 54
polyacrylyc co-maleic 3 kDa 25 56
polyacrylyc co-maleic 70 kDa 25 56
alginate 3.5 57
humic acid (Fluka) 2.0 a
humic acid (synthetic) (a) 3.0 a
humic acid (synthetic) (b) 3.0 a
humic acid (peat) 2.0 a
fumic acid (standard, soil) 25 a
humic acid (Ficuzza) 2.0 a
humic acid (aquatic) 2.1 a
humic acid (S. Cataldo) 2.1 a
fulvic acid (Ficuzza) 2.9 a
humic acid (Piano Zucchi) 2.0 a
humic acid (Cefaly 2.0 a
fumic acid (Swannee River) 2.6 a

aUnpublished data from this laboratory.

by considering thé, values obtained for carboxylic acid:(
= —0.0198). Following the same procedure used for carboxylic
acid, we obtain

.= —0.007+0.012 (-0.019+ 0.003)
€,=0.199+ 0.011 (0.242+ 0.002)
by using eq 5a or

€9 =0.187+0.008 (0.221+ 0.001)
e =-0.132+0.013 (-0.157+ 0.002)

by using eq 5b. The differencesdrvalues with respect to low

de,/oT = —0.06698/aT
In (CH3)4NCI we have

€., = —0.05669

€= —2.996"
€, = —0.41259
€, =0.267pY

de,JoT = —2.04 36 oT
de/0T = —1.950¢V/9T

de /0T = 2.99989%5T
deo/oT = 2.97-98Y/0T

Fits of correlation equations were always very good (standard
deviations in the fit range fromy < 0.0001 too = 0.0002).

Final Remarks

The main results of the analysis of protonation data in
tetraalkylammonium aqueous solution at different ionic strengths
can be summarized as follows.

1. Specific interaction coefficients of polycarboxylate anions
in (CoHs)aNlag and (CH)4NClyq can be calculated using
protonation constants at different ionic strengths with very good
fitting results, if considering for these coefficients the depen-

molecular ligands (reported in parentheses) are quite low, alsOyance on ionic strength given by egs 5a or 5b. The use of the

taking into account the higher uncertainties for high molecular
weight polyelectrolytes.

Correlations between Different Parameterdn previous
papers concerning the determination of SIT paramétévse
have provided evidence of the possibility to determine correla-
tions between interaction coefficients from different models and,
in particular, between SIT and Pitzer parameters. Correlations

original one-parameter equation gives significantly worse results.
2. The values o€ strictly depend on polyanion charge, and
a mean value was calculated which shows excellent predictive
ower.
3. Pitzer parameters were also calculated with comparable

fitting results (with respect to the SIT method). Also, these

parameters depend on charge, and mean values were obtained.

have been determined for 1:1 and 1:2 salts with the same anionA comparison of SIT and Pitzer models was recently repdtted.

(CI7, Br7, 17, NOs™, CIO47), 1:2 salts with the same cation
(Mg?*, C&", SPT, or B&"), 1:2 electrolytes, and 1:1 and 1:2
salts together. In this paper, we have verified the possibility of
extending this kind of correlation to another class of ligands

4. There is a strong correlation between SIT and Pitzer
parameters which allows the two models to be used with the

same results.

such as polycarboxylates. Also in this case, some very interesting|_jterature Cited

correlations were found between battparameters of eq 5a
and 5b and SIT and Pitzer parameters. In thgHgENI ionic
medium, these correlations are

€, = —0.08569
€o=—1.537%Y
€, =0.55559
€,=0.231pY

de /0T = 0.319089/5T
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