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Abstract

Protonation constants of oxalate (0x?~) were obtained, by potentiometric measurements,
in NaCl, KCI and tetraethylammonium iodide aqueous solutions in the ranges 5 < T < 50°C
and 0 < I <1 mol dm 3, The differences in protonation constant values were explained by a
complex formation model assuming the formation of M(ox)~ and MH(0ox)® (M = Na*, K*)
complexes. From the dependence on temperature of the protonation and formation con-
stants, A H° values were calculated. The dependence on ionic strength of the formation
thermodynamic parameters was obtained for each species. Consideration is given to the use
of different concentration scales, and comparison is made with literature findings. Recom-
mended values are given. Simulated protonation constants in sea water conditions are
reported.

INTRODUCTION

In the last decade we have dedicated much work to the study of the
protonation of low molecular weight ligands [1-4] in different salt media
with the aim of building up a simple model for the dependence of
protonation constants on ionic strength. It was found that differences in
protonation constants obtained in different media can be explained by
assuming the formation of weak complexes of the type O-ligand—alkali
metal ion [1,5] or N-ligand (protonated)-inorganic anion [6,7] (Cl10, , NO; ,
Cl7, I7). In this work we report a potentiometric study on the protonation
of oxalate in NaCl, KCl and tetraethylammonium iodide aqueous solution
at different temperatures and salt concentrations.
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Protonation constants of oxalate have been widely studied [8-10], but
their dependence on ionic strength and on media has been investigated
only at certain temperatures or ionic strengths. Here we give a full picture
of salt effects on protonation in the range 0 </ <1moldm™3and 5<T <
50°C in NaCl and KCl aqueous solution.

Particular attention has been paid to the possibility of using formation
thermodynamic parameters in the speciation of natural fluids.

EXPERIMENTAL
Reagents

Oxalic acid dihydrate (Fluka, biochemika) was used as received. Its
purity, as checked by alkalimetric measurements, was > 99.8%. Sodium
chloride and KCl (Fluka, biochemika) were dried in an oven at 110°C.
Tetraethylammonium iodide (Et,NI) and tetramethylammonium hydroxide
(Me ,NOH) (Fluka, puriss.) were purified as described by Perrin et al. [11].
Solutions of NaOH, KOH and Me,NOH were standardized against biph-
thalate, and HCI solution against sodium carbonate; cross titrations were
performed as a check. Twice distilled water and grade A glassware were
used to prepare all solutions. Thermal expansion of solutions was always
taken into account so as to calculate correct molar and molal concentra-
tions.

Apparatus

Three different sets of potentiometric equipment were employed: (1) a
Metrohm model E600 with manual addition of titrant; (2) a semiautomatic
homemade potentiometer built with Mosteck logic circuits, an Analog
Devices potentiometer and a Printel printer; this apparatus adds a pre-
established volume of titrant and prints the corresponding e.m.f. value; (3)
a Metrohm model E654 coupled with a Metrohm Dosimat 665 and with
appropriate software for fully computerized titrations. The potentiometers
were coupled with a variety of glass reference electrodes (Orion, Metrohm,
Ingold). The use of different equipment ensured the avoidance of system-
atic errors. In systems (1) and (2), the titrant solution was delivered by an
Amel model 882 dispenser with a minimum reading of 0.001 ml. In all cases
the instrumental resolution was +0.1 mV. The electrode couples were
calibrated in pH = —log{H*] units by titrating HCI (5 mmol dm~?) with
standard hydroxide (NaOH, KOH or Me,NOH for NaCl, KCl and Et,NI
media, respectively) under the same conditions (temperature, concentra-
tion and ionic strength) as for the solution under study. The titration cells
(50 ml) were thermostatted at 7 + 0.1°C. Purified nitrogen was bubbled
into the solutions during the titration and magnetic stirring was employed.
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Procedure

A volume of 25-50 ml containing oxalic acid (5-10 mmol dm~?) and the
necessary quantity of alkali chloride or Et,NI to give the required ionic
strength value (0 <7 < 1.00 mol dm~3) was titrated with standard NaOH,
KOH or Me,NOH (0.2-0.4 mol dm~3) to neutralization (35-40 experi-
mental points). An excess of HCl (5-10 mmol dm~3) was also added to all
solutions in order to complete the protonation of the oxalate anion and to
calculate directly the internal standard electrode potential ES , (we denote
by E°, the corresponding value calculated by separate calibration); if
| ESy — E% | > 1 mV, the titration was rejected. The reproducibility of
potentiometric systems (1) and (2) was +0.005 pH unit; that of system (3)
was +0.003 pH unit. The junction potential E; was always considered
when the pH was < 3.

Calculations

Calculations relating to the determination of oxalate purity, to the
evaluation of E° and E; and to standardizing the sodium, potassium and
tetramethylammonium hydroxide solutions were carried out by means of
the computer program ESAB2M [12]. For the evaluation of protonation
and stability constants, the computer programs STACO [13] and ES2WC
[14] were used. Distribution diagrams were calculated by the program
ES4EC [15].

As regards the ionic strength, since Cl~ associates weakly with Na™ and
K*, we considered in the calculations the effective ionic strength I, by
using the following degrees of dissociation (C = salt concentration)

a=1-C¥[0.033 -9 x107%T - 25)]

~ Craca0:219 — 4 X 10~4(T — 25)] +0.079C3(2,
a=1-CY2[0.027~5x 10-4T - 25)|

— Cga[0.246 — 1.5 X 10~4(T - 25)] + 0.059C32

These degrees of dissociation were obtained in previous work [16] from a
careful analysis of literature data; the error arising from the use of « in
calculating the real ionic strength is about 0.05C. The ionic strength,
calculated by considering this association, was indicated by I,, i.e. the
effective ionic strength. Protonation and formation constants are expressed
as (charges omitted)

KH= [H}-(ox)]/{[H] [Hj_l(ox)]}
BJH = TrKjH

K} =[MH,_(ox)] /{[MI[H]'[ox]}  BM=KMK}
('K, B) = lim (K, B)



136

89'% oLy 65°€ 09°€ o' 00’1 (A LTT Sy
VLY SL'Y €9°¢ 19°€ 99°0 9°0 SL0 €L0 Sp
€8y 8y we e LEO 9€°0 00 6€°0 S¥
86'Y 867 8°€ ¥8'€ 91°0 91°0 91°0 91’0 Sp
§TS §T'S PO’y oY 00 ¥0°0 0°0 00 sy
222 €9 LS'E LS'E €0’ 00'T wi 61T L€
89y oLy 19°€ 79°€ §9°0 90 VL0 €L°0 L€
8Ly 8Ly 69°€ 69°€ LEO 9¢'0 0v'0 6€°0 LE
€6 €6y 08°€ 18°€ 910 91°0 LT0 LT'0 LE
61'S 61'S 00'Y 00y 0'0 ¥0°0 00 700 LE
85y 65y bS'E $S°€ £0'1 00’1 €1 0T'T 4
9y o'y 86°€ 65°€ $9'0 ¥9°0 L0 €L°0 ¥4
€LY VLY $9'¢ S9'¢ 9€°0 90 6£°0 6€°0 4
LSY LS 9L'E 9L'€ 910 910 LT0 LT'0 34
s s S6'¢ $6'¢ #0'0 00 Y00 100 [/
s 397 0S°€ IS¢ 201 00'T sT1 YA ot
657 65y $6°€ $6°¢ $9'0 90 9L°0 SL'O o1
9% 89 9°€¢ 79°€ 9€°0 9€°0 00 0v'0 o1
1£:27 18y £L'€ €L'€ 910 91°0 LT0 LT0 ot

2 50'S 2 S0'S a16°€ A 16°€ 00 00 00 10°0 o1 DeN

e 30 g 30 ) 301 X 8o oy > “r ° o) I e

suonnos snoanbe [)3 pue [JEN UI , 2JB[EXO JO SHUBISUCD Uoheuojoid yuareddy

1 HI9V.L



137

‘1'0-50'0 ufwu fopse ,

"10°0—500°0 = (

H/

Y 3op)sg 4

*SUOIIB[NO[ED PI[IIUI UONIAS YY) 995 ‘3[qe) SIY] UT PIsn S[OqUIAS aY) 10 ,

wy
8L¥
98y
00°¢
9T's
69y
SLY
1384
9%'v
0TS
oLy
SLy
8y
w6y
1459
oLy
Ly
6LV
88y
80°S

SL'Y
08’y
L8Y
10°S
9T’s
wy
Ly
8y
96t
0TS
€Ly
Ly
[4: 24
W'Y
1489
wy
9Ly
6LV
88t
80°¢

65t
9’
eL'e
s8¢
SOy
65t
122
e
€8¢
10v
19¢
9t
e
08¢
96°¢
£9e
L9
ILe
8LE
t6't

09°¢
$9°¢
eL'e
98¢
SOy
09'¢
9t
e
13:2%
10%
£9°¢
99°¢
e
08¢
96°¢
9t
L9t
IL'e
6Lt
£6'e

S0t
99°0
LE°0
91'0
¥00
S0l
99°0
LEO
91°0
00
0’1
990
LE0
910
¥0°0
Y01
$9°0
9t0
910
00

001
90
9¢°0
910
¥0°0
001
¥9°0
90
91’0
¥0°0
00’1
¥9°0
9t0
910
¥0°0
001
9°0
90
910
00

67’1
9.0
ov'o
L1'o
¥0°0
oel
LLo
o
L1o
00
0c'l
LL'o
o
L1
¥0°0
(4"
LLO
oro
LT0
00

Vel
vL0
6£0
Lro
00
§T1
SL'0
ov'o
L1ro
¥0°0
91
SL'0
0¥'0
LT0
¥0°0
8CT
9L0
ov0
L1o
Y00

194
154
194
194
194
L
Le
LE
Le
Le
14
Y4
Y4
ST
14
01
01
01
01
01

9): |



138

TABLE 2

Thermodynamic parameters for the protonation of oxalate ®

j T (°C) log '8} log T8}%, AG° AH° AS° AC°,

1 5 4.224° 4.224° -22.49 1.1° 85 0.25°
10 4.230 4.230 -2293 2.4 90 0.27
15 4.240 4.240 ~23.39 3.8 94 0.28
20 4.255 4.254 —23.88 52 99 0.30
25 4.273 4.272 —24.38 6.8 105 0.32
30 4.296 4.294 —24.92 8.4 110 0.34
35 4.322 4.319 —25.48 10.2 116 0.36
40 4.353 4.350 —26.07 12.1 122 0.38
45 4.388 4.384 —26.69 14.0 128 0.40
50 4.427 4.422 —27.36 16.1 134 0.42

2 5 549°¢ 5.49°¢ -29.25 5¢ 124 0.2°
10 5.51 5.51 —29.88 6 128 0.2
15 5.54 5.54 —30.53 8 132 0.3
20 5.56 5.56 -31.21 9 137 0.3
25 5.59 5.59 —31.89 10 141 0.3
30 5.62 5.62 —32.62 12 146 0.3
35 5.66 5.65 —33.35 13 151 0.3
40 5.70 5.69 -34.13 15 156 0.3
45 5.74 5.73 —34.92 17 162 0.4
50 5.78 5.78 —35.74 18 167 0.4

2 For the symbols used in this table, see the section entitled Calculations. Units: AG® and
AH° kI mol™1; AS° JK~! mol™%; AC®, kJ K™! mol~'.

® 35(log "811) = 0.002-0.005; 3s(AH°)=0.15-04; 3s(AC°,,l) =0.01-0.02.

¢ 3s(log 831 = 0.04-0.07; 3s(A H°,) = 3-5; 3s(AC°,,2) =0.1-0.2.

In this paper, subscripts ¢ and m indicate molar and molal scales, respec-
tively, and primes indicate apparent or conditional quantities. Throughout
the paper the uncertainties in the parameters are three times the standard
deviation.

RESULTS AND DISCUSSION

In Table 1 we report the apparent protonation constants of oxalate in
aqueous NaCl and KCl media. A series of experiments was performed also
at 1 <0.04 mol dm™3 in order to obtain protonation constants at infinite
dilution, which are reported in Table 2. Protonation constants in tetraeth-
ylammonium iodide solutions are reported in Table 3. In these tables the
protonation constant values are given on both the molar and the molal
scale, in order to calculate the correct thermodynamic parameters [18].
From the dependence of log K¥ on T, the thermodynamic parameters
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AH°, AS° and AC°, were calculated using the equation proposed by Clarke
and Glew [17]

1 1 (0 T
log K(7,=log Kg,+ AH?G)(E - ?) + AC;«»(? +in o — 1)]

X(R In 10)”" (1)

Protonation constants show the trend (see Fig. 1) Et,NI > KCL > Na(l,
which can be explained, as done already [1,9,10,19], by assuming that
Et,N* (or Me,N7, arising from the titrant) does not form any complex
species with oxalate and that Na* and K* form weak complexes. For both
alkali metal ions the species M(ox)~ and MH(ox)° can be hypothesized.
Calculations performed with the computer programs ES2WC and STACO
showed that this hypothesis is very consistant with experimental data. In
Table 4 we report the formation thermodynamic parameters for
Na(ox)~, NaH(0x)°, K(ox)~ and KH(ox)? species. In Fig. 2, a distribution
diagram for the Na*-H*—o0x?~ system is reported. In Table 5 we report
some comparisons with literature findings. The protonation of oxalate has
been widely studied and thermodynamic parameters have been obtained by
potentiometry (glass and hydrogen electrode, with or without liquid junc-
tion) and by calorimetry. Reported log KjH and A H¢ values are generally
in good agreement with our findings for j = 1, but for j = 2 the literature
data seem to be quite inaccurate. As concerns sodium and potassium
unprotonated complexes, few data are available; by considering that for

‘H
log K,
—~4.5

NaCi

35 neel as

1 1 1 ] 1 1
o 2 4 .6 8y-10 2 4 .6

ec ’ IO.C

Fig. 1. Ionic strength dependence of protonation constants.
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TABLE 4
Thermodynamic parameters for the formation of Na* and K*-oxalate complexes *
Species I, TCC) logBM loggM AG AH® AS°  AC,
(NaCl)
Na(ox)~  0.04 10 0.57°% 0.57 -3.1 1° 16 02°
0.04 25 0.60 0.60 —~3.4 5 27 0.2
0.04 37 0.64 0.64 -38 8 37 0.3
0.04 45 0.68 0.68 -41 10 44 0.3
0.16 10 0.48 0.48 -2.6 1 14 0.2
0.16 25 0.50 0.50 -29 4 24 0.2
0.16 37 0.54 0.54 -3.2 7 34 03
0.16 45 0.58 0.58 -35 10 41 0.3
0.36 10 0.48 0.48 -2.6 1 14 0.2
0.36 25 0.51 0.51 -2.9 5 25 0.2
0.36 37 0.55 0.55 -33 7 35 0.3
0.36 45 0.59 0.58 -35 10 41 0.3
0.64 10 0.54 0.54 -29 2 18 0.2
0.64 25 0.57 0.57 -33 5 28 0.2
0.64 37 0.62 0.62 -3.7 8 38 03
0.64 45 0.66 0.66 —-4.0 10 45 0.3
1.00 10 0.62 0.61 -33 4 24 0.2
1.00 25 0.67 0.66 -3.8 7 36 0.2
1.00 37 0.73 0.72 -43 10 46 0.3
1.00 45 0.78 0.77 -47 12 53 0.3
NaH(ox)° 0.04 10 3.68° 3.68 -19.9 7°¢ 94
0.04 25 3.74 3.74 —-214 7 96
0.04 37 3.80 3.80 —22.5 8 98
0.04 45 3.83 383 —-233 8 99
0.16 10 3.55 3.54 —-19.2 6 90
0.16 25 361 3.61 -20.6 7 92
0.16 37 3.66 3.65 -21.7 7 94
0.16 45 3.69 3.68 —-224 8 95
0.36 10 3.57 3.56 -19.3 6 90
0.36 25 3.63 3.62 —20.7 7 92
0.36 37 3.67 3.67 —-21.8 7 93
0.36 45 3.71 3.70 —-22.5 7 94
0.64 10 3.67 3.67 —19.9 7 94
0.64 25 3.74 373 -21.3 7 96
0.64 37 3.79 3.78 —225 8 98
0.64 45 3.83 3.82 —-23.2 8 99
1.00 10 3.82 3.81 —20.6 8 102
1.00 25 3.90 3.89 —-222 9 105
1.00 37 3.97 3.95 -235 10 107
1.00 45 4.01 3.99 -243 10 109
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TABLE 4 (continued)

Species I, TCC) logBM logBM AG° AH® AS®  AC,
(KCD
Kox)~  0.04 10 0.324 0.32 -1.7 104 42 0.34
0.04 25 0.43 0.43 -25 14 56 0.3
0.04 37 0.54 0.54 -32 18 68 03
0.04 45 0.62 0.62 ~-38 21 77 0.4
0.16 10 0.22 0.22 ~12 10 40 0.3
0.16 25 033 0.33 -19 14 54 0.3
0.16 37 0.44 0.44 ~-26 18 66 0.3
K(ox)~  0.16 45 0.52 0.52 ~-32 21 75 4
0.36 10 0.23 0.22 ~-12 10 40 0.3
0.36 25 0.34 0.33 -19 14 54 03
0.36 37 0.45 0.44 -26 18 66 03
0.36 45 0.53 0.53 -32 21 75 0.4
0.64 10 0.29 0.28 ~-15 11 43 0.3
0.64 25 0.41 0.40 ~-23 15 58 0.3
0.64 37 0.52 0.51 -30 19 70 0.3
0.64 45 0.61 0.60 -36 21 79 04 .
1.00 10 0.37 0.36 -19 12 50 0.3
1.00 25 0.50 0.49 ~-28 17 65 0.3
1.00 37 0.63 0.61 -36 21 78 0.3
1.00 45 0.72 0.71 —-43 2 87 0.4
KH(ox)® 0.04 10 3.52°¢ 3.52 -19.1 7€ 94
0.04 25 3.60 3.59 -205 8 9%
0.04 37 3.65 3.65 -21.7 9 98
0.04 45 3.69 3.69 -225 9 100
0.16 10 3.39 3.38 —183 7 90
0.16 25 3.46 3.45 -19.7 8 92
0.16 37 3.51 3.51 -20.8 8 94
0.16 45 3.55 3.54 —21.6 9 95
0.36 10 3.41 3.40 —18.4 7 90
0.36 25 3.48 3.47 -19.8 8 92
0.36 37 3.53 3.52 —-20.9 8 94
0.36 45 3.57 3.56 -21.7 8 95
0.64 10 3.52 3.50 -19.0 7 93
0.64 25 3.59 3.57 -204 8 96
0.64 37 3.65 3.63 -216 9 98
0.64 45 3.69 3.67 -224 9 99
1.00 10 3.66 3.64 -19.7 9 102
1.00 25 3.75 3.73 -213 10 105
1.00 37 3.82 3.80 -225 11 108
1.00 45 3.87 3.84 -234 11 109

2 For the symbols used in this table see the section entitled Calculations. Units: AG® and
AH° kI mol~!; AS°J K~ mol™}; AC, kI K~ ! mol~!

3s(log B)) = 0.025-0.07; 3s(AH®) = 2-5.

3s(log B}M)=10.1-0.2.

3s(log BM) = 0.04-0.08; 3s(A H°) = 3.5-7.

3s(log ) =0.1-0.3.

o Qo o o
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Fig. 2. Distribution of species, vs. pH, in the system H*-Na*-o0x?~. T = 37°C; Cna=1=
0.36 mol dm~3; C, =0.001 mol dm™> Curve 1, H,(0x)°; curve 2, NaH(ox)’; curve 3,
H(ox)~; curve 4, Na(ox)~.

TABLE 5

Comparison with literature findings

T I log K log KX Notes

25 0 4.28440.017(m)?* 1.2940.05 Average literature value, ref. 8

25 0 4.266 (m) Pinching and Bates, ref. 20

25 0 4.27240.001 (m) 1.31740.015 (m) This work

25 0.1 (NaClO,) 3.831+0.02(c)® 1.2+02 () Average literature value, ref. 8

25 1(NaClO,) 3.56+0.01(c) 1.05+0.04 (¢) Average literature value, ref. 8

25 1(Na‘) 3.60+0.01 (c) 1.104+0.05 (¢) This work

37 0 4.34+0.01 (¢) Average literature value

T I AH° AH°, Notes

25 0 6.55+0.28 Average literature value, ref. 8

25 0 6.491+0.17 33+1 Daniele et al., ref. 9

25 0 6.8+0.1 3441 This work

T I log KN2® log KX® Notes

18 0 0.8 Banks et al., ref. 21

25 0 0.86 Daniele et al., from a literature

350 0.91 analysis, ref. 9

37 0.1 0.53 0.43 Daniele et al., ref. 9

25 0 0.88 0.71 This work

37 0 0.92 0.83 This work

38 0 1.12 Finlayson et al., ref, 22

25 0 AH°=44 Daniele et al., from a literature
analysis, ref. 9

25 0.25 AH°=4.4 14.2 This work

25 0 AH°=1 This work

25 0 AH°=1.7 Daniele et al., from a literature

analysis, ref. 23

2 (m) = molal scale; (c) = molar scale; A H® in kJ mol 1.
® Formation constants in the molar scale.
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these species the error must be higher with respect to protonation, the
agreement is satisfactory; no data are available for protonated complexes.

The dependence on ionic strength of the protonation constants and
formation constants was calculated according to the equation

log K(I)=1log K(0.25) —z*4[VT /(1 + BVI) — V025 /(1 + BYO.Z5 )|
+C(I-0.25)+D(I**—0.25%?%) (2)
4 *= EZ rzeactants - EZ groducts

A=05115+7.2 X 10~4(T — 25) + 9.5 X 10~5(T — 25) (molar scale)

A=05108 + 7.1 X 10~4(T — 25) + 6.9 X 10~5(T — 25)* (molal scale)

where B, C and D are empirical parameters, and A is the Debye—Hiickel
parameter.

In Table 6 we report these parameters calculated from experimental
data. As one can see, the parameters C and D (eqgn. (2)) which define the
dependence on ionic strength show different values for apparent protona-
tion constants, whilst having the same value for protonation constants
obtained in Et,NI and for formation constants of Na* and K* complexes.

Errors reported for all the thermodynamic parameters are quite low and
allow us to estimate the concentrations of various species with an accuracy
compatible with a correct speciation of natural fluids containing oxalate in
the investigated I,T range. As an example, in Table 7 we report some
percentages of formation together with the errors arising from uncertain-
ties in formation parameters. As one can see, errors in percentages for the
main species are quite low, and the picture of solutions containing sodium
and potassium species is satisfactory.

In Table 8, some recommended formation thermodynamic parameters
values are reported for protonated and Na* complex species only, for
which comparisons with literature findings can be made.

Thermodynamic formation values from this work can be used to simulate
the conditions of all natural fluids containing oxalate and alkali metal ions.
By using sufficiently accurate Ca?* and Mg?*-oxalate formation constants
and Na*, K*—oxalate formation data here reported we were able to
simulate also the protonation constants of oxalate in synthetic sea water, as
reported in Table 9.
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TABLE 7

Formation percentages and errors (% +3s ®)

pH H(ox)~ H,(ox)" Na(ox) - NaH(ox)°
1.5 60.412.5 276124 - 11.4+24
2 73.5+25 10.6+1.1 - 13.9+2.8
25 75.8+2.5 35+04 34403 143428
3 68.0+2.1 - 9.71+0.7 12.8+2.6
35 49.1+13 - 222413 9.3+1.9
4 26.0+£0.8 - 37.211.7 49+1.1
4.5 104104 - 471117 -

2 Errors in percentages were calculated assuming that 3s(log BH) = 1.2%; 3s(log Bi) =
12%; 3s(log KN®) = 7%; 3s(log BY?) = 23%; 35(Cy) = 35(C ;) = 0.1%.

TABLE 8

Some recommended values

T I Recommended value

25 0 log ki =4.270+£0.005 AH® =6.65+£0.2

log K3 =1.31+0.02 AH®, =34+1

37 0.16 (Et,NI) log Kf!=3.96+0.02

37 0 log Ki1=4.34+0.01

25 0 log Kfc“‘ =(0.88+0.05

37 0 log KN*=0.95+0.1

TABLE 9

Protonation constants of oxalate at 25°C in synthetic sea water (20%, 35% and 45%)
20% 35% 45%

log K{! 2.8610.05 2.7310.05 2.6840.07

log B3t 39 +0.1 38 +0.1 3.7 £0.2

Mg?™ and Ca®* formation constants used in the simulation
log K& =2.99+0.1+ f(I, T)?

log K =1.0+02+g(°

log K}M&=346+0.07+ f(1,T)°

log KM8=1.0+02+ g(I)®

(I, T)= —8VI /(2+3YT)+1.941 —0.8013/% +0.005(T —25)
gD =—4yT /Q+3VI)+1.01-041%?

2 log KM has the same dependence on temperature for both Ca®* and Mg?*.
® log KM is fairly independent of temperature.
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