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ABSTRACT 

The formation and stability of Li+, Na+ and K+ complexes with oxalate, malonate, 

succinate, maleate, DL-malate and phthalate were studied potentiometrically at various ionic 
strengths. From the data thus obtained, as well as from several literature data on the 
protonation of the above-mentioned ligands in various ionic media and at various tempera- 
tures, the dependence of Na+ and K+ complex formation on temperature was determined. 
The dependence on ionic strength, both for the protonation and the complex formation, is 
also discussed. 

INTRODUCTION 

Although it has long been well known that several ligands form weak 
complexes with alkali metal ions [ 11, few data concerning the thermodynamic 
parameters of these complexes are found in the literature [2]. The authors 
have recently published some papers [3-91 forming part of a series dedicated 
to the formation of alkali metal complexes and their relative thermodynamic 
parameters, and referring especially to those ligands of biological interest or, 
more generally, to those that may be helpful for the speciation of natural 
fluids and for the construction of model systems (as in the case of urine 
speciation [lo]). 

This paper examines Li+, Na+ and K+ complexes with oxalate (0x2-), 
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malonate (ma12-), succinate (succ2-), maleate (male2-), DL-malate (mala*-) 
(only potassium complexes), and phthalate (pht*-). All the above-mentioned 
dicarboxylate compounds are important model ligands, while some of them 
are also of biological interest. For these ligands, the literature provides a 
great number of data concerning the protonation at various temperatures 
and ionic strengths, so that it can be observed that the protonation constants 
obtained in different background salts follow, almost invariably, the trend 
K+> Na+> Li+, suggesting that weak complexes, according to an Li + > 
Na+ > K+ order, are formed. 

In order to check this hypothesis the protonation of the above-mentioned 
ligands in various background salts was studied systematically. Moreover, 
use was made of all thermodynamic data available in the literature to 
determine the enthalpy and entropy of K+ and Na+ complex formation (the 
data relating to Li+ are too few to permit any appreciable analysis). 

EXPERIMENTAL 

Chemicals 

Dicarboxylic acids, tetraethylammonium iodide and alkali metal nitrates 
(Fluka) were used without further purification. The purity of the acids, 
checked alkalimetrically, was always > 99%. Potassium hydroxide and nitric 
acid stock solutions were prepared by diluting concentrated ampoules 
(Merck). Twice distilled water was employed for all solutions. Grade A 
glassware was used. 

Potentiometric measurements 

The measurements were carried out potentiometrically by alkalimetric 
titrations of the acids. A model E 600 Metrohm potentiometer equipped with 
glass and calomel reference electrodes supplied by the same firm was 
employed. Calibration of the glass electrode, in - log cn units (cu is the free 
proton concentration), was achieved by titrating H[NO,] (5 mmole dme3) in 
M[NO,] (M+ is the alkali metal ion) at the same concentration as the 
solution under study, with standard carbonate free K[OH] (1 mole dmm3). 
All the measurements were carried out at 37 + 0.2”C. 

Calculations 

All the calculations were performed using the least-squares computer 
programs ACBA [ 1 l] and MINIQUAD 76A [ 121, both modified in order to 



T
A

B
L

E
 

1 

So
m

e 
ex

pe
ri

m
en

ta
l 

de
ta

ils
 

of
 p

ot
en

tio
m

et
ri

c 
m

ea
su

re
m

en
ts

 
at

 3
7°

C
. 

T
he

 
st

at
is

tic
al

 
pa

ra
m

et
er

s 
ar

e 
ca

lc
ul

at
ed

 
by

 
th

e 
co

m
pu

te
r 

pr
og

ra
m

 
A

C
B

A
 

[l
 I

] 

L
2-

 
M

+
 

na
 

o(
lo

g 
K

,“
) 

b 
o(

lo
g 

K
,“

) 
b 

R
S 

b,
c 

0,
 x

 
10

3 
b.

d 
C

l_
e 

a(
 C

,)
%

 
b.

f 

m
al

 
L

i 
7 

0.
00

34
 

0.
00

49
 

0.
56

 
1.

92
 

4.
0-

7.
4 

0.
09

 
N

a 
10

 
0.

00
37

 
0.

00
29

 
0.

22
 

0.
71

 
4.

0-
6.

1 
0.

11
 

K
 

9 
0.

00
25

 
0.

00
19

 
0.

16
 

0.
53

 
4.

0-
6.

7 
0.

08
 

su
cc

 
L

i 
5 

0.
00

09
 

0.
00

09
 

0.
16

 
0.

40
 

4.
0-

5.
1 

0.
04

 
N

a 
10

 
0.

00
17

 
0.

00
08

 
0.

11
 

0.
33

 
3.

9-
5.

5 
0.

06
 

K
 

8 
0.

00
25

 
0.

00
12

 
0.

19
 

0.
62

 
4.

0-
6.

8 
0.

08
 

ox
 

L
i 

8 
0.

00
95

 
0.

81
 

2.
05

 
3.

6-
4.

0 
0.

24
 

N
a 

9 
0.

00
56

 
0.

39
 

1.
06

 
3.

6-
4.

1 
0.

15
 

K
 

9 
0.

00
58

 
0.

30
 

0.
99

 
3.

6-
4.

0 
0.

13
 

ph
t 

L
i 

5 
0.

00
32

 
0.

00
38

 
0.

53
 

0.
78

 
2.

3-
2.

4 
0.

08
 

N
a 

9 
0.

00
26

 
0.

00
32

 
0.

48
 

0.
68

 
2.

0-
2.

4 
0.

08
 

K
 

7 
0.

00
30

 
0.

00
46

 
0.

57
 

0.
83

 
2.

3-
2.

4 
0.

08
 

m
al

e 
L

i 
5 

0.
00

36
 

0.
59

 
1.

38
 

3.
9-

4.
1 

0.
09

 
N

a 
8 

0.
00

35
 

0.
44

 
1.

03
 

4.
0-

4.
1 

0.
06

 
K

 
8 

0.
00

28
 

0.
47

 
1.

08
 

3.
9-

4.
0 

0.
07

 

m
al

a 
K

 
7 

0.
00

44
 

0.
00

38
 

0.
83

 
2.

11
 

4.
1-

7.
5 

0.
21

 

N
o.

 
of

 i
nd

ep
en

de
nt

 
m

ea
su

re
m

en
ts

. 
A

ve
ra

ge
 

va
lu

es
 

fo
r 

n 
m

ea
su

re
m

en
ts

. 
H

am
ilt

on
 

fa
ct

or
, 

se
e 

re
f. 

11
. 

St
an

da
rd

 
de

vi
at

io
n 

in
 t

itr
e 

(c
m

3)
. 

A
na

ly
tic

al
 

co
nc

en
tr

at
io

n 
of

 
th

e 
ac

id
s 

in
 m

m
ol

e 
dm

- 
3;

 V
0 =

 5
0 

cm
3;

 
tit

ra
nt

 
K

[O
H

] 
1 

m
ol

e 
dm

-3
. 

St
an

da
rd

 
de

vi
at

io
n 

in
 

th
e 

an
al

yt
ic

al
 

co
nc

en
tr

at
io

ns
 

of
 

th
e 

ac
id

s.
 



T
A

B
L

E
 

2 

Pr
ot

on
at

io
n 

co
ns

ta
nt

s 
of

 d
ic

ar
bo

xy
lic

 
ac

id
s 

(w
ith

ou
t 

al
lo

w
in

g 
fo

r 
M

+
 

co
m

pl
ex

es
) 

an
d 

fo
rm

at
io

n 
co

ns
ta

nt
s 

fo
r 

M
+-

L
2-

 
sy

st
em

s,
 

ca
lc

ul
at

ed
 

us
in

g 
eq

n.
 

(2
),

 a
t 

37
’C

 

L
2-

 
M

+
 

lo
g 

K
,H

 
B

’ 
=

 
c 

-D
 

lo
g 

K
,M

 
lo

g 
K

p 
B

’ 
C

 
-D

 
K

Y
 

lo
g 

K
Y

 
(I

 
=

 0
.1

5)
 

(I
 

=
 0

.1
5)

 
(I

 
=

 0
.1

5)
 

(Z
=

O
.1

5)
 

ox
 

L
i 

3.
70

(3
) 

b 
1 .

o 
0.

23
 

0.
30

 
0.

80
(7

) 

N
a 

3.
82

(2
) 

1.
0 

0.
63

 
0.

35
 

0.
5q

8)
 

K
 

3.
84

(2
) 

1.
0 

0.
70

 
0.

37
 

0.
44

(9
) 

E
t,N

 
3.

99
 

1.
5 

1.
12

 
0.

43
 

m
a1

 
L

i 
5.

16
 

1.
0 

0.
35

 
0.

30
 

0.
67

(9
) 

2.
56

(4
) 

1.
0 

0.
18

 
0.

15
 

3.
0(

9)
 

0.
48

( 
13

) 

N
a 

5.
25

( 
1)

 
1.

0 
0.

59
 

0.
30

 
0.

40
(8

) 
2.

61
(l

) 
1.

0 
0.

41
 

0.
15

 
1.

9(
4)

 
0.

28
(9

) 

K
 

5.
23

( 
1)

 
1.

0 
0.

67
 

0.
32

 
0.

47
(9

) 
2.

62
(2

) 
1 .

O
 

0.
32

 
0.

15
 

1.
7(

5)
 

0.
23

(1
3)

 

E
t,N

 
5.

39
 

1.
5 

1.
02

 
0.

30
 

2.
72

 
1.

5 
0.

47
 

0.
15

 

m
al

e 
L

i 
5.

76
(2

) 
1.

0 
0.

36
 

0.
24

 
0.

74
(7

) 

N
a 

5.
79

(2
) 

1.
0 

0.
58

 
0.

30
 

0.
67

(9
) 

K
 

5.
86

(3
) 

1.
0 

0.
44

 
0.

30
 

0.
47

( 
12

) 

E
t,N

 
6.

02
 

1.
5 

1.
35

 
0.

39
 

su
cc

 
L

i 
5.

14
(2

) 
1.

0 
0.

60
 

0.
30

 
04

4(
9)

 
3.

94
(5

) 
1.

0 
0.

22
 

0.
15

 
1.

5(
8)

 
0.

18
(2

3)
 

N
a 

5.
22

(2
) 

1.
0 

0.
66

 
0.

30
 

0.
07

( 
15

) 
3.

97
(2

) 
1 .

O
 

0.
32

 
0.

15
 

1.
0(

4)
 

O
.O

O
( 1

7)
 

K
 

5.
20

(3
) 

1.
0 

0.
86

 
0.

38
 

0.
2(

2)
 

3.
97

(2
) 

1.
0 

0.
30

 
0.

07
 

1.
0(

4)
 

O
.O

O
( 1

7)
 



m
al

a 

ph
t 

m
a1

 ’
 

m
al

e 
’ 

W
C

C
 c 

ph
td

 

E
t,N

 
5.

29
 

1.
5 

0.
92

 
0.

35
 

K
 

4.
67

(3
) 

1.
5 

0.
39

 
0.

2 
E

t,N
 

4.
76

 
1.

5 
1.

06
 

0.
44

 

L
i 

4.
87

(2
) 

1.
0 

0.
47

 
0.

30
 

N
a 

4.
92

(2
) 

1.
0 

0.
56

 
0.

30
 

K
 

4.
96

( 
3)

 
1.

0 
0.

52
 

0.
30

 
E

t,N
 

5.
09

 
1.

5 
1.

35
 

0.
37

 

N
a(

C
1)

 
5.

20
 

1.
0 

0.
30

 
0.

05
 

K
(C

1)
 

5.
25

 
1.

0 
0.

36
 

0.
06

 

N
a(

C
1)

 
5.

81
 

1.
0 

0.
19

 
0.

01
 

K
(C

1)
 

5.
80

 
1.

0 
0.

24
 

0.
01

 

N
a(

C
1)

 
5.

23
 

1.
0 

0.
44

 
0.

09
 

K
(C

1)
 

5.
22

 
1.

0 
0.

50
, 

0.
11

 

N
a[

C
lO

,]
 

4.
88

 
1.

0 
0.

65
 

0.
25

 

4.
03

 

0.
2(

2)
 

3.
21

(3
) 

3.
26

 

0.
64

(7
) 

2.
74

(2
) 

0.
50

(8
) 

2.
75

(2
) 

0.
37

( 
12

) 
2.

76
(3

) 
2.

80
 

2.
62

 
2.

63
 

3.
99

 
1.

0 
0.

22
 

0.
02

 

4.
00

 
1.

0 
0.

24
 

0.
02

 

0.
52

 
2.

69
 

1.
0 

0.
62

 
0.

24
 

1.
5 

0.
64

 

1.
5 

0.
29

 
1.

5 
0.

62
 

1.
0 

0.
31

 
1.

0 
0.

40
 

1.
0 

0.
16

 
1.

5 
0.

66
 

1.
0 

0.
23

 
1.

0 
0.

24
, 

0.
15

 

0.
1 

0.
8(

5)
 

-0
.1

0(
27

) 
0.

20
 

0.
04

 
1.

0(
4)

 
O

.O
O

( 1
7)

 
0.

15
 

0.
8(

4)
 

-0
.1

0(
22

) 
0.

05
 

0.
6(

5)
 

- 
0.

22
(3

6)
 

0.
10

 

0.
03

 
0.

03
 

a 
Fo

r 
th

es
e 

da
ta

 
(f

or
 

w
hi

ch
 

th
e 

fo
rm

at
io

n 
of

 a
lk

al
i 

m
et

al
 

co
m

pl
ex

es
 

is
 n

ot
 

ta
ke

n 
in

to
 

ac
co

un
t)

 
a 

va
lu

e 
B

’ 
<

 B
 w

as
 

us
ed

 
in

 o
rd

er
 

to
 h

av
e 

a 
be

tte
r 

fi
t 

of
 

th
e 

da
ta

. 
b 

3a
 

in
 p

ar
en

th
es

es
. 

’ 
R

ef
. 

14
, 

18
°C

 
I 

=
 0

.1
-3

 
m

ol
e 

dm
W

3.
 

d 
re

f. 
15

, 
35

T
, 

I 
=

 0
.0

5-
2 

m
ol

e 
dm

-‘
. 



106 

calculate the parameters for the dependence on ionic strength of the forma- 
tion and protonation constants [ 131 *. 

Some experimental details of potentiometric measurements are reported in 
Table 1. The protonation constants in tetraethylammonium 
ground salt were studied previously [ 131. 

iodide back- 

RESULTS AND DISCUSSION 

Table 2 gives the protonation constants calculated without allowing for 
alkali metal complexes. The equation ** 

logKJI(~)=logK,H(I’)-Az~G(I,I’)+C,(~-I’)+D,(I3’2-1’3’2) (1) 

was used in order to fit the protonation constants at different ionic strengths 
(0 < I < 1 mole dme3). Table 2 also shows the values of log KjM at I = I’, 
calculated by means of the equation ** 

K,Y= (10 ArogK,W _ 1) c;t (i=j) (2) 

Figure 1 shows the dependence of protonation constants on I (when alkali 
metal complexes are neglected) for oxalate. The protonation of malonate, 
maleate and succinate was studied by Adell [ 141 in NaCl and KC1 (0.1 < I< 3 
mole dme3) at 18°C while the protonation of phthalate was studied by 
Lumme and Kari [ 151 in Na[ClO,] (0.05 < I < 2 mole dm-3) at different 
temperatures. Some of these data were fitted by eqn. (1) and the calculated 

* Potassium nitrate is not completely dissociated; its degree of dissociation (using literature 
data, see ref. 5 and refs. therein) can be expressed by the equation 

(Y = l-O.35 CKNO, +0.003 CKNO,I 

The formation of undissociated [K(NO,)]” was taken into account in the calculations. 

** Symbols I = Ionic strength in mole dme3 
I’ = reference ionic strength, chosen in the range experimentally studied 

K,” = c,,,/(c,c,,_,~) 

KM = c M”,_,L/(W”,_,L) 

G(~,1’)=[~/(1+BJ7)-JT;/(l+B\/7;)] 

A=0.511+8.89 10-4(t-25)+2.95 10-6(t-25)2 
B = 1.489+8.77 10-4(t -25)+4.69 10-6(r -25)’ 
z) = 2( I - z - j); z is the charge of anion 
Cj and Dj are empirical parameters to be determined 
c = free concentrations, C = analytical concentrations (in mole dmm3). 

A log K,” = log K,” -log KJ1’ 

log KJ1’ is the conditional protonation constant calculated without allowing for alkali metal 
complex formation. The use of eqns. (I) and (2) was carefully discussed in previous papers 

[&lll. 
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3.01 ) 

a2 0.6 1.0 

fi 

Fig. 1. Protonation constant values (log KF) of oxalic acid, in Et,N 
\/7. A, n , v Experimental points. 

+, K+, Na+ and Li+, vs. 

parameters are shown in Table 2. These results are in agreement with ours. 

The calculation of log KM was also carried out by the computer programs 
ACBA and MINIQUAD 76A using primary potentiometric data. By consid- 
ering all ionic strengths together, the parameters for the dependence on 1 
were obtained. Table 3 shows log KIM (at I’ = 0.15 mole dmP3), C, and D, 
values for the alkali metal-dicarboxylate complexes, together with some 
values at fixed ionic strengths. Although a reliable, even if only approximate, 
value can be calculated for log KzM *, its dependence on ionic strength 
cannot be obtained due to the low formation percentages. 

The literature provides a number of data pertaining to protonation at 
various ionic strengths and temperatures, obtained in ionic media containing 
Na+ and K+ ions [2, 14-201. These have enabled us to obtain the constants 
KN” and K,K, for the ligands studied here, at various temperatures. The 
foimation constants were. fitted by the equation 

logKr(l,t)=logK,M(0.15,25)-4A(fi/(l +Bfi)-0.39/(1 +0.39B)) 

+C,(I-0.15)+0,(13’2-0.06) 

+a,(+25)+a,(t-25)* (3) 

where 

a log K,M 
a, = 

[ I 8T 1=0.15.t=25 

* Although the values of log KzM are very low, it can be affirmed that these complexes are 
formed, even if in low percentages, since 34 KY) < KY. 
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From (3) it is possible to obtain the values of AG, AH, AS and AC, as a 
function of t and I. Table 4 shows some of these values. 

By developing eqn. (2) for several alkali metal ions, once the M+-di- 
carboxylate ligand formation constants are known, for any mixture of alkali 
metal ions and tetraethylammonium salts, the conditional protonation con- 
stant can be obtained through the relation 

logKH’=logKH- log( 1 + KL’CLi + KNaCNa + KKCK) (4) 

We have experimentally verified the validity of this equation by measuring 
the protonation constant log K,“’ of oxalate for two different mixtures: 

(a) CLi = C,, = C, = 0.2, CE,,N = 0.1, I = 0.7 mole dm-’ 

(b) CLi = C,, = C, = 0.3, CE,,N = 0.1, I = 1 mole dm-’ 

The protonation constants obtained are 

(a) log KF’ = 3.59 + 0.01, A log KY = 0.53 + 0.02 

(b) log K,H’ = 3.54 + 0.01, A log K,H = 0.68 + 0.03 

Using eqn. (4) one obtains (also considering the formation of undissoci- 

ated ]K(NO, )I) 

(a) A log KF = 0.54 + 0.05 

(b) A log K,H = 0.71 f 0.07 

The agreement between the two groups of values can be considered very 
good, provided the high ionic strengths investigated are taken into account, 
and confirms the reliability of the chemical model here proposed. 

From the results obtained in our study we can observe the following. 

Stability of complexes 
The stability of the alkali metal complexes with dicarboxylate ligands is: 
with respect to the metal Li+ > Na+ 3 K+; 
with respect to the ligand C, = C, > C,. 

(C, indicates the size of the chelate ring). The stability in relation to the 
metal is that obtained so far in the case of all organic ligands [ 11. As 
previously suggested [4], the order in relation to the ligand may indicate a 
probable chelation. 

AH, AS, ACP values 
For both Na+ and K+ complexes, the values of AH at 25°C and I = 0 are 

all slightly endothermic (- 1 kcal mole-‘), and are all practically equal 
(taking into account the errors). The values of AS, all of which are positive, 
show that these complexes are mainly stabilized entropically. The values of 
AC, (20-40 cal mole-’ deg-‘) are similar to those relating to the protona- 
tion [20]. 



T
A

B
L

E
 

4 

A
H

, 
A

S 
an

d 
A

C
, 

va
lu

es
 

fo
r 

th
e 

fo
rm

at
io

n 
of

 
N

a+
 

an
d 

K
+-

di
ca

rb
ox

yl
at

e 
co

m
pl

ex
es

 
at

 
va

ri
ou

s 
te

m
pe

ra
tu

re
s 

an
d 

io
ni

c 
st

re
ng

th
s 

t 
I 

A
H

” 
A

Sb
 

A
C

r 
’ 

A
H

 
A

S 
A

C
r 

A
H
 

A
S 

A
C

, 
A

H
 

A
S 

A
C

,, 

[K
(o

x)
l 

0 25
 

50
 0 

0.
0 

0.
1 

0.
2 

0.
5 

1.
0 

0.
0 

0.
1 

0.
2 

0.
5 

1.
0 

0.
0 

0.
1 

0.
2 

0.
5 

1.
0 

0.
0 

0.
1 

0.
2 

0.
5 

1.
0 

0.
4 

5.
1 

28
 

0.
3 

4.
5 

25
 

0.
0 

3.
6 

25
 

0.
3 

2.
8 

24
 

0.
1 

2.
3 

21
 

-0
.1

 
1.

3 
22

 
0.

2 
2.

5 
24

 
0.

1 
1.

9 
21

 
- 

0.
2 

1.
0 

21
 

0.
2 

2.
5 

23
 

0.
0 

1.
9 

20
 

-0
.2

 
1.

0 
20

 
0.

1 
2.

9 
22

 
0.

0 
2.

2 
19

 
- 

0.
3 

1.
6 

20
 

1.
2 

7.
9 

37
 

1.
0 

7.
0 

34
 

0.
8 

6.
2 

35
 

1.
0 

5.
4 

33
 

0.
8 

4.
5 

30
 

0.
5 

3.
6 

31
 

0.
9 

5.
0 

32
 

0.
7 

4.
1 

29
 

0.
5 

3.
2 

30
 

0.
8 

4.
8 

31
 

0.
6 

3.
9 

27
 

0.
4 

3.
1 

29
 

0.
8 

5.
2 

30
 

0.
6 

4.
2 

26
 

0.
3 

3.
7 

28
 

2.
3 

11
.4

 
49

 
2.

0 
10

.2
 

44
 

1.
8 

9.
5 

46
 

1.
9 

8.
4 

44
 

1.
6 

7.
2 

39
 

1.
4 

6.
6 

41
 

1.
9 

8.
0 

42
 

1.
5 

6.
7 

38
 

1.
3 

6.
1 

40
 

1.
7 

7.
7 

41
 

1.
4 

6.
4 

36
 

1.
2 

5.
8 

39
 

1.
7 

8.
0 

40
 

1.
3 

6.
6 

35
 

1.
2 

6.
3 

38
 

[N
a(

su
cc

)]
 

W
(s

uc
c)

l 
0.

6 
3.

7 
25

 
0.

3 
3.

2 
0.

4 
1.

5 
21

 
0.

1 
0.

9 
0.

4 
1.

2 
21

 
0.

1 
0.

6 
0.

3 
1.

2 
20

 
0.

0 
0.

3 
0.

3 
1.

6 
19

 
0.

0 
0.

3 

25
 

21
 

21
 

20
 

19
 

[W
ph

tN
 

0.
3 

4.
7 

0.
1 

2.
6 

0.
1 

2.
4 

0.
0 

2.
8 

0.
0 

3.
8 

25
 

21
 

21
 

20
 

19
 

0.
3 

4.
7 

0.
1 

2.
4 

0.
1 

2.
1 

0.
0 

2.
0 

0.
0 

2.
4 

1.
0 

7.
2 

0.
8 

4.
6 

0.
7 

4.
2 

0.
6 

4.
0 

0.
6 

4.
4 

2.
0 

10
.3

 
1.

6 
7.

4 
1.

5 
6.

9 
1.

4 
6.

6 
1.

3 
6.

8 

W
bW

l 
0.

3 
4.

4 
0.

2 
2.

3 
0.

1 
2.

1 
0.

1 
2.

6 
0.

0 
3.

9 

- 

25
 

21
 

21
 

20
 

19
 

34
 

30
 

29
 

27
 

26
 

44
 

39
 

38
 

36
 

35
 

19
 

15
 

15
 

14
 

13
 



25
 

0.
0 

0.
1 

0.
2 

0.
5 

1.
0 

50
 

0.
0 

0.
1 

0.
2 

0.
5 

1.
0 

0 
0.

0 
0.

1 
0.

2 
0.

5 
1.

0 
25

 
0.

0 
0.

1 
0.

2 
0.

5 
1.

0 
50

 
0.

0 
0.

1 
0.

2 
0.

5 
1.

0 

1.
3 

6.
2 

1.
0 

3.
1 

1.
0 

3.
3 

0.
9 

3.
2 

0.
8 

3.
5 

2.
2 

9.
2 

1.
8 

6.
3 

1.
8 

5.
9 

1.
6 

5.
6 

1.
6 

5.
9 

[N
a(

m
al

e)
] 

0.
3 

5.
3 

0.
1 

3.
1 

0.
1 

2.
9 

0.
0 

3.
1 

0.
0 

4.
1 

1.
0 

7.
8 

0.
8 

5.
4 

0.
7 

5.
1 

0.
6 

5.
2 

0.
6 

6.
1 

2.
0 

10
.9

 
1.

6 
8.

1 

1.
5 

7.
7 

1.
4 

I.
7 

1.
3 

8.
5 

33
 

29
 

28
 

21
 

26
 

42
 

37
 

36
 

34
 

33
 

25
 

0.
3 

4.
6 

25
 

21
 

0.
1 

2.
5 

21
 

21
 

0.
1 

2.
3 

21
 

20
 

0.
0 

2.
7 

20
 

19
 

0.
0 

3.
9 

19
 

34
 

1.
0 

7.
1 

34
 

30
 

0.
8 

4.
1 

30
 

29
 

0.
7 

4.
5 

29
 

27
 

0.
6 

4.
8 

27
 

26
 

0.
6 

5.
9 

26
 

44
 

2.
0 

10
.2

 
44

 
39

 
1.

6 
1.

4 
39

 
38

 
1.

5 
7.

1 
38

 
36

 
1.

4 
7.

3 
36

 
35

 
1.

3 
8.

3 
35

 

1.
0 

5.
8 

0.
8 

3.
2 

0.
7 

2.
7 

0.
6 

2.
3 

0.
6 

2.
2 

2.
0 

8.
9 

1.
6 

5.
9 

1.
5 

5.
4 

1.
4 

4.
8 

1.
3 

4.
1 

[K
(m

al
e)

l 

34
 

30
 

29
 

21
 

26
 

44
 

39
 

38
 

36
 

35
 

1.
0 

7.
3 

0.
8 

4.
8 

0.
7 

4.
6 

0.
6 

4.
8 

0.
6 

5.
8 

2.
0 

10
.4

 
1.

6 
7.

6 
1.

5 
7.

2 
1.

4 
7.

4 
1.

3 
8.

2 

W
(m

al
a)

l 
0.

3 
2.

9 
0.

1 
0.

8 
0.

1 
0.

7 
0.

0 
1.

1 
0.

0 
2.

3 
1.

0 
5.

4 
0.

8 
3.

0 
0.

7 
2.

8 
0.

6 
3.

1 
0.

6 
4.

2 
2.

0 
8.

5 
1.

6 
5.

8 
1.

5 
5.

5 
1.

4 
5.

7 
1.

3 
6.

7 

34
 

0.
9 

6.
3 

25
 

30
 

0.
6 

3.
9 

21
 

29
 

0.
6 

3.
6 

20
 

21
 

0.
5 

4.
0 

19
 

26
 

0.
4 

5.
3 

18
 

44
 

1.
6 

8.
6 

33
 

39
 

1.
2 

5.
8 

28
 

38
 

1.
1 

5.
5 

26
 

36
 

1.
0 

5.
8 

25
 

35
 

0.
9 

7.
0 

24
 

25
 

21
 

21
 

20
 

19
 

34
 

30
 

29
 

27
 

26
 

44
 

39
 

38
 

36
 

35
 

’ 
A

H
 

in
 k

ca
l 

m
ol

e-
’ 

, 
+

0.
3;

 
b 

A
S 

in
 c

al
 

m
ol

e-
’ 

de
g-

‘, 
+

 1
; 

’ 
ca

l 
m

ol
e-

’ 
de

g-
‘, 

f 
10

. 



112 

Dependence on ionic strength 
As can be seen from Table 3, the parameters relating to the dependence 

on ionic strength (i.e. C and D) show closely similar values. The average 
values of C, and D, are 0.98 and -0.3, respectively, with a mean error of 
f 0.09 in the term C, ( > 95% confidence limits), in the range 0 G I G 1 mole 
dmP3. This confirms that, having taken into account all interactions among 
the components of the solution, the dependence on ionic strength is the same 
when the same charges are involved in the formation reaction, for I G 1 mole 
dmP3, as previously reported for other systems [7,8,13]. 
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