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AMP-5 = Adenosine 5'-monophosphate Im = Imidazole
AMPD = 2-Amino-2-methyl- IMP-5 = Inosine 5'-monophosphate
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GMP-3 = Guanosine 3'-monophosphate UMP-3 = Uridine 3'-monophosphate
GMP-5 = Guanosine §'-monophosphate UMP-5 = Uridine 5’-monophosphate
GTP = Guanosine 5’ -triphosphate UTP = Uridine 5'-triphosphate
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I. INTRODUCTION

The nucleotides are very important in biological systems because they are components of nucleic acids
and are involved in many enzymatic reactions. The importance of adenosine-5’-triphosphate (ATP) in energy
storage, utilization, and release and its participation in metabolism has led to numerous studies of its properties
and functions. Biological reactions often require the presence of certain metal ions or are inhibited by them.
Therefore an accurate knowledge of the protonation and metal ion binding constants of the nucleotides is
essential for a through understanding of their reactions in biological systems.

Many (}eterminations of these metal ion complexation constants have been reported, especially the
binding of Mg=* with ATP, but the results are often rather contradictory. Most previous compilations of these
constants, such as those of Phillips, et. al. (66P) and of Izatt, et. al. (71I), are not critical but simply list the
reported constants. The selections in "Critical Stability Constants", Volumes 2 (76S) and 5 (81M), do not
involve many of the measurements reported in biological journals and specific reasons for the selections are
not given, This study attempts to evaluate all reported proton and metal ion binding constants of the
nucleotides in aqueous solution and to recommend a reasonable and internally consistent set of values for use
in quantitative assessment of their chemical and biochemical reactions.

The nucleotides consist of a purine (adenine, guanine, hypoxanthine, or xanthine) bound at the 9-
position or a pyrimidine (cytosine, thymine, or uracil) bound at the 1-position to a sugar (ribose or 2-
deoxyribose with thymine) to form a nucleoside (adenosine, guanosine, inosine, xanthosine, cytidine, thymidine,
or uridine) which is bound to a mono- or a polyphosphate, usually at the 5-position of the ribose.

. METHOD OF EVALUATION

Selection of the binding constants is most easily accomplished by comparing literature values which
were measured under identical conditions of temperature and ionic strength. Several closely agreeing values
from different research groups implies that the constant is well substantiated while differing values implies one
or more serious experimental or computational errors or perhaps that other variables are affecting the results.
Sometimes a careful reading of the paper will disclose an error or an unjustified assumption, but more often
there are insufficient details to identify the reason for the variation. If no such reason is apparent, the value
supported by the majority is accepted and variant values are assumed to involve some unidentified error.
Sometimes comparisons to values for similar complexes presents a choice between disparete values or imparts
support or mistrust to a single value.

A variety of temperatures and ionic strengths have been used for measurements and consequently it is
necessary to adjust these to the same conditions for comparison. A majority of measurements have been made
at 25°C and 0.10 M ionic strength and these conditions were selected as the comparison standard., The
temperature adjustment was made with the enthalpy values recommended in this paper as indicated in 768.
The ionic strength adjustment was made by comparison to values at different ionic strength reported in the
same paper or by trends in ionic strength differences with a change of ionic charges.

With papers that report values at two or more conditions, only the one with the least adjustment was
converted to 25°C and 0.10 M ionic strength. The ionic strength for measurements made in buffer solutions
without supporting electrolyte was calculated from the buffer molarity and the pH of the solution.

IIl. REPORTED VALUES

The enthalpy changes, protonation constants, and metal ion formation constants found in the literature
are listed in Tables 1, 2, and 3.

The order of arrangement is hydrogen ion, alkali metals, alkaline earth metals, transition metals, and
miscellaneous metals. Within each group the order is tetraphosphates, triphosphates, diphosphates, and
monophosphates. Within each phosphate group the order is adenosine, guanosine, inosine, cytosine, uridine,
and thymrdme Under each ligand in Table 1, the order is by year of reference while in Tables 2 and 3, the
order is by supportmg electrolyte or buffer salt (BusEtN*, PryNt, Me4N corr, NEM.HCI, TEA.HC],
TRIS.HCL, K*, Na*), ionic strength (smallest to largest except for zero ionic strength at start of metal ligand
complex), and year of reference.

Enthalpy values in Table 1, which were calculated by the temperature variation method, are enclosed in
parenthesis to emphasize their reduced accuracy.

Values of protonatlon constants measured in Li*, Rb*, and Cs™* background electrolytes (56S,86D)
have not been included in Table 2. :

Values extrapolated to zero ionic strength are indicated by -0, while those calculated to zero using a
formula are indicated by 0 corr. An entry with a ? indicates the original paper is not clear on that subject while
(?) indicates that something is obviously wrong with the reported value.

In some papers, the anion of the background electrolyte was not identified. The identity of the anion
should be insignificant in its effect on the magnitude of the constant af lower ionic strengths except in the
presence of cations which form strong complexes with them, such as Hg** with CI°, but would be important
above perhaps 1.0 M ionic strength.

The final recommended values are listed in Tables 4, 5, and 6 with an estimate of the uncertainty for
each value. Tentatively recommended values (T) are based on only one reported measurement or more than
one from the same research group, while recommended values (R) are based on two or more independent
measurements.
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Table 1. Nucleotide Enthalpy Changes Reported (kJ/mol)

nation En n
Ligand Temperature  Ionic Background AH AH AH
Metal Ion Method (degrees C) Strength Electrolyte H+L H+HL H+ H)L Other AH Pef.
ATP
HT T 2538 015 NaCl (+2.9) 0.0) 51A
c 25 -0 MegN*t +50 -155 62C
cr 25 002007 MegN* +5.0 -17.6 62C
c 25 0.10 MegN*t +50 -1838 62C
T 102537 -0 Pr4NBr (+7.) 63P,65P
T 0122540 0.10 KNO3 21) (172 66T
T 515253545 0.20 MesNBr  (+109) 77R
T 5152535 020 MegNBr  (+96)  (+63) (+71) H+HL=(+7.1) 78G
H+HgL=(+79)
T 2550 0.10 NaCl (+100)  (272) 79Mb
T  5060,70 0.10 NaCl (+159) (-9:6) 79Mb
T 15202530 0 corr NaClOy4 (+87) (14 80Tb
cC 2 0.10 EtyNBr -0.8 151 81C
T 10253545 025 PrgN*t (+3) (-13) 8D
c 2 0.10 NaClOy4 +508 -83 87Sa
P
H% T 102537 -0 Pr4NBr (+75) 65P
T 253545 0.10 KNO;3 (130)  (-180) 73T
ITP
HT T 102537 -0 Pr4NBr (+67) 65P
T 253545 0.10 KNO3 (-59) (9.6 73T
g!;; T 102537 -0 PryNBr (+75) 65P
T 253545 0.10 KNO;3 (201)  (172) (-18.4) 83R
P
g{‘_ T 102537 -0 Pr4NBr (+84) 65P
T 253545 0.10 KNO3 (201)  (-184) (-18.4) 83R
ADP
HT T 2538 015 NaCl (+13) (-38) 51A
c 25 +0 MegNt +54 172 62C
c' 25 0.01-0.062 MegN* +38 -184 62C
c 2 +0.10 MegN* +2.1 -19.7 62C
T 102537 -0 Pr4NBr (+59) 63P,65P
T 0122540 0.10 KNO;3 (-50)  (201) 67T
T 515253545 020 MegNBr  (+79) 7R
T 5152535 0.10 KNO;3 (-13.8) 78D
T 5152535 020 Me4NBr  (+88)  (+38)  (+146) H+HzL=(+46) 78G
T 15202530 0 corr NaClOy4 (+23)  (-10) 80Tb
c' 25 0.10 NaClOy4 +235  -141 878a
DP
%“_ T 102537 +0 Pr4NBr (+63) 65P
T 5152535 0.10 KNO;3 (-109) 78D
IDP
HY T 102537 -0 Pr4NBr (+5.4) 65P
DP
H T 102537 -0 Pr4NBr (+54) 65P
T 2252 0.10 KNO; (-23.0) 73B
T 5152535 0.10 KNO3 (92) 78D
D
H T 102537 -0 Pr4NBr (+4.6) 65P
T 5152535 0.10 KNO3 (-109) 78D
AMP-
H T 2538 0.15 NaCl (+38) (38 51A
c' 25 0 MegN*t +15 -17.6 62C
c' 25 001-006® MegN*t +42 -16.7 62C
c' 25 +0.10 MegN't 0.0 -159 62C
T 102537 -0 Pr4NBr (+38) 63P,65P
c' 25 -0 Na® H+(H.1L)=-456 661a
T 0122540 0.10 KNO;3 (190 (-209) 67T
T 614243139 010 KNO3 (+46)  (-176) 748
T 515253545 020 MesNBr  (+838) 7R
T 5152535 020 MegNBr  (+63)  (+100) (+38) 78G
T  1520,2530 0 corr NaClOg4 (+15)  (-18) 80Tb
c' 25 0.10 NaClOy4 +334  -119 87Sa
c 2 0.10 KNO3 +21 -180 88A
c 25 -0 NaCl +36 -150 88R
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Table 1 (continued)
Ligand Temperature  Ionic Background AH AH AH
Metal Ton Method (degrees C) Strength Electrolyte H+L H+HL H+ HpL Other AH Ref.
QL.FIIP.Q
H T 2538 0.15 NaCl 75  (-192) 51A
T  0,12,2540 0.10 KNO3 -63)  (-192) 67T
AMP-2
H T 0122540 0.10 KNO3 67 (197 67T
MP-
H T 102537 0 Pr4NBr (+63) 65P
IMP-
H T 102537 -0 Pr4NBr (+59) 65P
MP-
H T 102537 -0 Pr4NBr (+59) 65P
T 10-80 0 corr NaCl (-15.1) T0W
MP- .
H T 102537 -0 Pe4NBr (+4.6) 65P
T  203040,50 0.10 ? H+(H_1L)=(-276) 67A
Metal Ion Complexation Enthal han;
Ligand Temperature  Ionic Background AH AH AH
Metal Ion Method (degrees C) Strength Electrolyte M +L M+ HL M + HpL. Other AH Ref.
e
Li T 10253545 025 PrgNt (-3) (+4) M+ML=(+14) 86D
Nat c 25 0.10 Et4NBr -08 81C
T 10253545 0.25 PrgN*t &) (+5) 86D
K* T 1040 0.10 Me4NBr (0.0) 66P +
66T,73B
c 25 0.10 EtyNBr +13 81C
T 10253545 025 PrgN*t (+4) (+8) 86D
Rb* T 10253545 025 PrgN* (+5) 86D
cst T 10253545 025 PrgN*t (+8) 86D
EtyN* T 10253545 0.25 PegN*t -2) &) 86D
Mg?* T 12343 0.10 NaCl (+17.2) 5N
T 2564 o1 BusEtNBr (+19.2) 59B
T 102537 -0 PryNBr  (+213)  (+92) 66P
T 102537 0.10 PrsNBr  (+138)  (+79) 66P
T 0122540 0.10 KNO;3 (+109) (+142) 66T
T 01225 0.10 KNO;3 (+163) 66T
T 122540 0.10 KNO;3 (+10.0) 66T
c 3 0.20 Me4NCl +18.70 69B
T 102030 0.12 NaCl (+19.2) 71B
T  3,17,263039 020 MegNBr  (+188) 738a
c 3 0.20 MegNCI  +183 M+ML= +72 82§
cr 25 0.10 NaClog4 +18.08 +9.57 87Sa
ca?t T 1234 0.10 NaCl (+192) 5N
T  0,12,2540 0.10 KNOy (:38) (-13) 66T
T 10253545 025 PrgN (-8) (-13) (1) ~ M+ML=(-6) 8D
c' 25 0.10 NaClO,4 +13.45 +7.96 87Sa
sre¥ T 0122540 0.10 KNO3 ¢126)  (67) 66T
BaZ* T 0122540 0.10 KNO3 (-163) (-88) 66T
ﬁ%* cC 3 020 MeyNBr  +180 738
T 253545 0.10 KNO;3 (+38) 73T
ca?t T 253545 0.10 KNO3 (-6.7) 7T
ITP
Mg2* c 3 020 MesNBr  +188 78
T 253545 0.10 KNO;3 (+63) 73T
ca?t T 253545 0.10 KNO; (-46) BT
CIR
Mg2 T 253545 0.10 KNO3 (+100)  (+117) 83R
ca2t T 253545 0.10 KNO3 (121)  (-13.0) 83R
Mg** c 3 020 MegNBr  +184 738
T 253545 0.10 KNO3 (+172) 83R
Cca?* T 253545 0.10 KNO3 (17.2) 8R
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Table 1 (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Temperature  Ionic Background AH AH AH
Metal Ion Method (degrees C) Strength Electrolyte M +L M +HL M + HyL Other AH Ref.
DP
‘:F* T 253564 011 BusEtNBr  (+20.9) 59B
T 102537 0 corr PryNBr  (+180)  (+38) 66P
T 102537 0.10 PrNBr  (+151)  (+42) 66P
T 0122540 0.10 KNO; (+151)  (+163) 67T
c 30 0.20 MeyNBr  +13.18 69B
c 25 0.10 NaClog,  +17.53  +7.66 87Sa
Ca2*t T  0,12,2540 0.10 KNO3 (-50) (25 67T
c 2 0.10 NaClDy  +1380  +627 875a
st T 0122540 0.10 KNO; -113) (-50) 67T
Ba?*t T 0122540 0.10 KNO3 (121 (15 67T
GD
Mgt cC 30 0.20 MeyNBr  +142 738
DP
!MLgZ+ c 30 0.20 MesNBr  +134 738
AMP.5
Mg T 0122540 0.10 KNO3 (+142) 67T
c 30 0.20 Me4NBr +7.45 69B
c 25 0.10 NaClOy +571 878a
ca?t T 0,12,2540 0.10 KNO3 (-2.5) 67T
cr 25 0.10 NaClOy +423 87Sa
sr2* T 0122540 010 KNO3 (-59) 67T
Ba?* T 0122540 0.10 KNO3 (-84) 67T
AMP3
Mg T 0122540 0.10 KNO3 (+14.6) 67T
Cy + T  0,12,2540 0.10 KNO3 (-2.5) 67T
Se2t T 0122540 0.10 KNO3 (-38) 67T
BaZ*t T 0122540 0.10 KNO3 -79) 67T
AMP-2
Mg T 0122540 0.10 KNO; (+14.6) 67T
Cy + T 0122540 0.10 KNO; (-2.5) 67T
sré* T 0122540 0.10 KNO3 (-42) 67T
Ba2* T  0,12,2540 0.10 KNO3 (-84) 67T
GMP
Mg c 3 0.20 Me4NBr +7.1 738
UMP
Mg c 30 0.20 Me4NBr +7.5 738
ATP
Mn?* T 0122540 0.10 KNO (-12.6) (-9.6) 66T
T 212253247 0.01 NEM-HCl  (-205) 705
T 2641 0.10 NaCi (-10.5) 701
T  1,510,15253543 020 Me,NBr  (+37.7) 77R
c 6 020 Mey,NBr  +134 7R
c 15 0.20 MesNBr  +15.5 R
c 020 Me;NBr  +192 7R
Co?* T  0,122540 0.10 KNO3 (92)  (-88) 66T
T 515253036 0.20 MesNBr  (+364) 78Ga
c 2 0.20 Mey,NBr  +188 78Ga
Ni2* T 0122540 0.10 KNO3 (105)  (-100) 66T
cu?t T 0122540 0.10 KNO3 (180)  (-126) ML-H=(-335), 66T
MOHL-H=(-50),
2MOHL=(-26.8)
25 0.10 K* corr +33 -146 ML+L=-10.5,
M+ML= +180 83A
Zn?* T 0122540 0.10 KNO3 (113)  (-100) 66T
cC 2 0.10 K* corr +163 +46 ML+L=-113, 83A
GTP M+ML= +126
E;;“ T 253545 0.10 KNO3 (-8.8) 73T
Co** T 253545 0.10 KNO3 (-6.7) 73T
Ni2* T 253545 0.10 KNO3 (7.9 73T
cu* T 253545 0.10 KNO3 (-18.8) 7T
Za?* T 253545 0.10 KNO3 (75 7T
ITP
@* T 253545 0.10 KNO3 (-10.0) 73T
Co** T 253545 0.10 KNO3 -5.0) 73T
Ni2* T 253545 .10 KNO3 (-84) 7T
cu?? T 253545 0.10 KNO3 (-25.1) 73T
Za?t T 253545 0.10 KNO3 (1.1 73T
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Table 1 (continued)
Ligand Temperature  [onic Background AH AH AH
Metal Ion Method (degrees C) Strength Electrolyte M + L M+ HL M + HpL Other AH Ref.
&
M2t T 253545 0.10 KNO; (188)  (-209) 83R
Co®* T 253545 0.10 KNO3 (201)  (-184) 83R
Ni2* T 253545 0.10 KNO3 (-163)  (-209) 83R
cu* T 253545 0.10 KNO3 (209)  (-18.0) 83R
Za?* T 253545 0.10 KNO3 (-180)  (-146) 83R
UTP
Mn2* T 253545 0.10 KNO3 (-27.6) 76T, 83R
Co2* T 253545 0.10 KNO (-20.1) 76T,83R
NiZ* T 253545 0.10 KNO3 (-209) 76T,83R
cu?t T 253545 0.10 KNO (-209) 76T, 83R
Zn?* T 253545 0.10 KNO3 (-192) 76T, 83R
ADP
Mn2t T 0122540 0.10 KNO; (-10.0) 19 67T
T 212253247 0.01 NEMHCl (+109) 703
T 2641 0.10 NaCl (+15.1) 705
T 15253543 0.20 MegNBr  (+14.6) 7R
c 6 0.20 Me4NBr +7.45 7R
c 15 0.20 MesNBr  +11.09 7R
c 30 0.20 MesNBr  +1473 7R
Co?* T 122540 0.10 KNO3 (84) (79 67T
T 152537 0.20 MesNBr  (+117) 80M
Ni2* T 0122540 0.10 KNO (-19) (-88) 67T
T 152537 0.20 MeyNBr  (+54) 79M
c 2 0.20 Me4NBr +63 79M
cut T 0122540 0.10 KNO; (172)  (-113) ML-H=(-377) 67T
2MOHL=(-25.9)
Zn?* T 0122540 0.10 KNO; (-84) (-79) ML-H=(-414) = 67T
AMP. 2MOHL=(-21.3)
MnZ* T  0,122540 0.10 KNO3 (-42) 67T
T 15253545 0.20 MesNBr  (+42) 7R
c 6 0.20 Me4NBr +42 7R
c 15 0.20 Me4NBr +19 7R
c 3 020 Me4NBr +96 IR
Co?* T 0122540 0.10 KNO3 (+4.6) 67T
T 152537 0.20 Me4NBr (-0.4) 80M
Nizt T 0122540 0.10 KNO3 (-42) 67T
T 614243139 0.10 KNO3 (-13.0) ML+L=(-138) 74B
T 152537 0.20 Me4NBr (-88) 79M
c 25 0.20 Me4NBr -10.5 79M
cu?? T 0122540 0.10 KNO3 (-84) 67T
c 25 0.10 KNO3 259 +130 88A
Zo?* T 0122540 0.10 KNO3 (-5.0) 67T
AMP-3
Mn T 0122540 0.10 KNO3 (-38) 67T
Co?t T 0122540 0.10 KNO3 (+2.5) 67T
Ni2* T 0122540 0.10 KNO3 (-4.2) 67T
cu?* T  0,122540 0.10 KNO3 (-1.1) 67T
Zn?* T 0122540 0.10 KNO3 (-4.6) 67T
AMP-2
MqZZ* T 0122540 0.10 KNO3 (-42) 67T
Co*t T 0122540 0.10 KNO3 (+29) 67T
Ni2 T 0122540 0.10 KNO3 (42) 67T
cu?* T  0,122540 0.10 KNO3 (-19) 67T
Zn?t T  0,12,2540 0.10 KNO3 (-5.0) 67T
ATP
y3F T 91725324150 010 NaClOy4 (147)  (-185) 875b
La>* T 91725324150 0.10 NaClOg4 (97  (152) 875b
Nd>* T 9172532415 0.10 NaClOg4 (167 (173) 87Sb
Eut T 5152535 020 MegNBr  (+42.3) 78G
T 91725324150 0.10 NaClog  (-166)  (-19.8) 87Sb
Dyt T 91725324150 0.10 NaClOg  (118)  (-143) 87Sb
Tm3* T 91725324150 0.10 NaClog  (-123)  (-17.7) 87sb
AD
Ew’?t T 5152535 0.20 MegNBr  (+402) 78G
T 152535 0.20 MegNBr  (+21) text
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Table 1 (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Temperature  Ionic Background AH AH AH

Metal Ion Method (degrees C) Strength Electrolyte M+ L M +HL M + HpL Other AH Ref.

e¥p.5

Y T  9,18253341,50 0.10 NaClog  (+234)  (-162) 878b

L3t T  9,18253341,5 0.0 NaClog  (+174)  (-162) 87b

Na3t T 91825334150 010 NaClOg  (+209) (-6.8) 87sb

Eu3* T 5152535 020 MesNBr  (+08) 738G
T 91825334150 0.0 NaClo;  (+188)  (-142) 87Sb

Dyt T 91825334150 0.0 NaClog ~ (+204)  (-13.1) 875b

Tm3* T 91825334150 0.0 NaClog  (+206)  (-12) 875b

Method: C = batch calorimetry, C' = titration calorimetry, T = temperature variation
2 Average of values in the given range of ionic strength. () inclose less accurate temperature variation results.
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Table 2. Nucleotide Protonation Constants Reported

1023

Ligan Ionic  Backgr. LogKcorr LogK corr
MetalIon Method T,°C. Streng. Electr. Type H+L 25°,0.1 H+HL 25°0.1 H+HpL 25°0.1 Other equilibria  Ref.
AQP
H gl 25 020 PrgNCl con 727 742 568
gl 25 020 EtNCl con 723 738 568
gl 25 020 MegNCl con 706 721 568
gl 20 010 KCI  con 679 680 409 405 578
gl 25 020 KCI  con 658 673 568
g 25 020 NaCl con 646 661 568
ATP
HY g 10 -0 PrgNBr act 7.62 63P
gl 25 <0 PrgyNBr act 7.68 63P
8 10 e PNt sk 76 4 26D
gl 25  0corr Pr4NI act 765 453 86D
g 35 Ocorr PrgN”  act 7.66 442 86D
gl 45 Ocorr PrgN‘t  act 766 432 86D
gl 25 Ocorr NaCl act 4.57 51A/
76K
gl 25 Ocorr NaClO4 act 726 3.98 80Tb
gl 25 -0 NaClO4 act 191 83s
gl 10 004 PrNT con 7.09 429 8D
gl 25 004 Pr4N: con 7.11 412 86D
g 35 004 PrgNT con 711 402 86D
gl 45 004 PNt con 712 392 86D
g 25 010 PrgNBr mix 7.10 699 63P
3 ig gg £:4N§r mix 7.07 63P
) 4Nt con 690 413 86D
gl 25 016 Pr4NI con 691 696 399 403 86D
gl 35 016 PrgNT con 692 3.90 86D
gl 45 016 PrgNT con 694 379 86D
gl 25 020 PrgNCl mix 695 691 568
gl 25 020 PrgNBr mix 7.05 63P
g 10 025 Pr4N: con 6.87 411 86D
gl 25 025 PrgN con 6.90 397 86D
g 35 025 Pr4N: con 691 3.89 86D
gl 45 025 PNt con 693 3.80 86D
gl 10 049 PeyNT  con 688 416 86D
gl 25 049 PNt con 695 403 86D,
88G
gl 35 049 PrgNT con 7.00 395 86D
gl 45 049 PrgNT con 705 3.88 86D
gl 10 100 PN con 692 419 86D
g 25 100 PNt con 711 418 86D
gl 35 100 PrgN' con 724 417 86D
gl 45 100 PrgN' con 737 4.17 86D
g 10 004 Et4NI con 7.08 423 86D
g 25 004 EtgN con 7.09 4.09 86D
gl 35 004 EtN' con 7.10 3.9 86D
g 45 004 EyN' con 711 389 86D
g 30 010 EtNBr con 697 697 393 398 640
gl 25 010 Et4NBr con 710 710 405 405 81C
g 25 010 Et4NClO4con 693 693 400 4.00 87Sa
gl 25 015 EtNBr con 698 54M
gl 10 016 EyNT con 686 403 86D
g 25 016 Et4NI con 688 693 38 393 86D
gl 35 016 EtNT con 690 379 86D
gl 45 016 EyNt con 691 370 86D
gl 25 020 EtyNBr mix? 690 686 54M
gl 25 020 EyuNBr mix 691 687 568
gl 10 025 Et4N: con 682 398 86D
gl 25 025 EiN' con 685 384 86D
gl 35 025 EuN' con 687 376 8D
gl 45 025 EyNT con 690 3.66 86D
gl 25 030 EtyNBr con 685 54M
gl 10 049 Et4N: con 682 3.89 86D
5 3 o EN' mam 3 26D
g 45 049 EtNt  con 696 362 86D
g 10 100 EyN't con 685 377 86D
gl 25 100 EtN' con 7.00 367 86D
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Table 2. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Tonic  Backgr. LogKcorr LogK corr LogkK
Metal Ion Method T,°C. Streng. Electr. Type H+L 25°,01 H+HL 25°,01 H+HpL 25°,0.1 Other equilibria Ref.
ATP
HY g 35 100 EtNT con 7.10 3.60 86D
gl 45 100 EtNt con 7.20 353 86D
gl 25 004 MegNT con 706 4.09 86D
S| 30 010 MegNBr con 681 681 383 388 66Pa
gl 25 016 MegNt con 680 685 392 3% 86D
g 25 020 MeyNBr mix 676 6.72 568
gl 30 020 MeyNBr mix 696 690 738a
gl 5 020 MeyNBr mix 6.84 7R
gl 15 020 MegNBr mix 691 7R
gl 25 020 MeyNBr mix 697 691 7R
gl 35 020 MegNBr mix 7.03 77R
gl 45 020 MegNBr mix 7.10 7R
g 5 020 MeyNBr mix 6.84 489 470(2) H+H3L=3.90, 78G
H+HyL=377
g 15 020 MegNBr mix 690 493 411 H+HzL=395, 78G
H+HyL=382
gl 25 020 MegNBr mix 697 691 496 487 416 H+H3L=399, 78G
H+HL=386
gl 35 020 MegNBr mix 7.01 501 420 H+HzL=4.02, 78G
H+H L=392
gl 70 020 MegNCl mix 732 73 43 38 80R
gl 25 025 MegNT con 675 3.88 86D
gl 25 049 MegN* con 671 3.85 86D
int 23 060 MegNCl mix 70 71 62A
g 25 100 MeyN' con 674 379 86D
gl 10 004 KT con 681 426 86D
gl 25 004 KT con 6.82 410 86D
gl 35 004 + con 6.82 4.10 86D
gl 45 004 K? con 6.82 491 86D
gl 20 010 KCI  con 650 650 405 400 56M
gl 25 010 KCl  mix 673 662 426 415 58Wa
g 22?7 010 KCI  mix? 650 639 412 39 60B
gl 20 010 KCl  mix? 650 639 395 379 62H
gl 0 010 KNO3 con 656 429 66T
g 12 010 KNO3 con 654 414 66T
g 25 010 KNO3 con 653 653 406 406 62T,
66T
g 40 010 KNO3 con 6.52 387 66T
gl 15 010 KNO3 con 657 656 418 409 T2F
g 35 010 KNO3 con 680 681 412 421 72T
gl 25 010 KNO3 mix 681 670 420 409 78D
g 35 010 KNO3 con 667 668 390 399 79Mc
g 25 010 KCl  mix 672 661 438 427 80D
gl 25 010 KNO3 con 654 654 81C
nmr 30 010 KNO3 mix 663 652 84P
gl 25 010 KNO3 mix? 686 675 405 394 85M
g 25 010 KNO3? con? 663 663 409 409 86C
gl 10 016 K? con 638 4.10 86D
gl 25 016 KT con 639 644 395 399 86D
gl 3% 016 KT con 6.39 385 86D
gl 45 016 KT con 6.40 375 86D
g 25 020 KCl  mix 648 644 568
gl 2 025 KNO3 mix 69 69 434 435 84G
gl 10 025 K* con 6.24 407 8D
gl 25 025 K° con 6.25 392 86D
gl 35 025 KT con 6.26 3.83 86D
gl 45 025 Kk* con 627 373 86D
gl 10 049 K* con 6.04 4.05 86D
gl 25 040 K* con 607 392 86D
gl 35 049 K7 con 608 3.84 86D
gl 45 049 KT con 6.10 375 86D
gl 25 100 KNO3 con 6.09 397 7iR,
76R
g 10 100 K? con 5.86 4.03 86D
g 25 100 K* con 594 393 86D
gl 35 100 KT con 600 385 86D
gl 4 100 K con 6.06 378 8D
g 10 004 Nat  con 673 426 86D
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Table 2. (continued)
Ligan Ionic  Backgr. LogKcorr LogK corr  LogK  corr
Metal Ion Method T,°C. Streng. Electr. Type H+L 25°,0.1 H+HL 25°,0.1 H+HpL 25°,0.1 Other equilibria Ref,
ATP
HY gl 25 004 Nat  com 676 410 86D
gl 35 004 Nat  con 677 401 86D
gl 45 004 Nat  con 679 3.90 8D
? 20 005 NaClOog mix 653 61 460 44 217 2.1 75K
sp 25 010 NaCl mix 65 64 41 40 56B
g 20 010 NaClOo4 mix 647 636 410 395 64Sa
gl 25 010 NaClO4 mix 642 631 678
gl 25 010 NaCl mix 687 676 447 436 20 19 H+HzL=10,09 79Mb
gl 50 010 NaCl mix 7.02 4.06 79Mb
gl 60 010 NaCl mix 7.08 400 79Mb
gl 65 010 NaCl mix 7.14 4.00 79Mb
gl 70 010 NaCl mix 7.17 397 79Mb
gl 25 010 NaClO4 con 639 639 398 398 80Tb
gl 25 010 NaClO4 con 645 645 81C
gl 9 010 NaClO4 con 647 418 828a
gl 17 010 NaCiO4 con 6.48 4.10 82Sa
gl 25 010 NaClO4 con 651 651 403 403 828a,
878a
gl 32 010 NaClO4 con 6.53 396 82Sa
gl 41 010 NaClO4 con 6.56 3.86 825a
gl 50 010 NaClO4 con 6.58 379 828a
gl 20 010 NaNO3 mix 651 640 412 39 83W
gl 25 010 NaClO4 mix 651 640 403 392 84Sa
gl 25 010 NaNO3 mix 649 638 401 390 85T
gl 25 010 NaNO3 mix 647 636 400 389 878
g 25 010 NaCl  con? 647 647 400 400 217 217  H+H3L=20,20, 87Sc
H+(H.1L)=1178,
H+(HL)=15
gl 25 010 NaNO3 mix 651 640 399 388 [L]= 025 mM 88T
gl 25 010 NaNO3 mix 660 424 17 1.6 [L]=30 mM 88T
gl 25 012 NaCl con 651 652 402 403 78R
gl 25 015 NaCl mix 648 641 400 391 51A
gl 38 015 NaCl mix 6.50 400 51A
gl 25 015 NaClO4 con? 642 646 M
gl 25 015 NaCl con 639 643 405 407 83J
gl 25 015 NaCl con 624 628 370 372 871
gl 25 015 NaClO4 con 624 628 400 402 177 18 88B
gl 10 016 Na®  con 627 4.10 86D
gl 25 016 Na®  con 631 636 394 398 86D
gl 35 016 Na'  con 633 385 86D
gl 45 016 Nat  con 635 375 86D
gl 25 020 NaCl mix 641 637 568
gl 10 025 Nat  con 612 407 86D
gl 25 025 Nat  con 6.16 392 86D
gl 35 025 Nat  con 619 3.83 86D
gl 45 025 Na®  con 621 374 86D
gl 25 034 NaCl mix 634 424 79Mb
gl 10 049 Nat  con 591 405 86D
gl 25 049 Na®  con 59 393 86D
gl 35 049 Na®  con 600 3.84 86D
gl 45 049 Nat  con 603 376 86D
gl 25 050 NaClO4 con 5.89 397 80Tb
amr 32 050 NapgL con 563 462 85B
gl 25 061 NaCl mix 6.10 402 79Mb
gl 25 0.86 NaCl mix 604 395 79Mb
gl 25 100 NaClO4 con 5.70 395 80Tb
gl 10 100 Nat = con 572 4.03 86D
gl 25 100 Na¥  con 582 3.94 86D
gl 35 100 Na®  con 589 3.88 86D
gl 45 100 Nat  con 597 381 86D
gl 25 100 NaNO3 mix 575 3.9 [L]=0.50 mM 88T
gl 25 100 NaNOz mix 5.87 410 [L]=200 mM 88T
gl 25 112 NaCl ~ mix 587 391 79Mb
gl 25 200 NaClO4 con 5.57 391 80Tb
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Table 2. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligan Ionic  Backgr. LogKcorr LogK corr LogK  corr
Metal Ion Method T,°C. Streng. Electr. Type H+L 25°,0.1 H+HL 25°,0.1 H+HpL 25°,0.1 Other equilibria Ref.
ae
H gl 25 -0 PryNBr act 7.65 65P
gl 25 010 PrgNBr mix 7.06 695 65P
g 25 010 KNO3 con 710 710 30 30 73T
g 35 010 KNO3 con 7.04 29 73T
gl 45 010 KNO3 con 696 28 73T
sp 25 010 NaCl mix 65 64 33 32 H+(HL)=93 56B
g 25 010 NaClO4 mix H+(H. L)=96 688
sp 25 010 NaClOg mix H+(HL)=95 685
gl 25 010 NaClOog mix H+(H_L)=979 758
gl 25 010 NaClog mix 645 634 78
P
HY g 25 -0 PryNBr act 7.68 65P
gl 25 010 PrgNBr mix 712 701 65P
gl 25 010 KNO3 «con 692 692 22 22 73T
gl 35 010 KNO3 con 697(?) 23(2) 73T
gl 45 010 KNO3 con 686 21 73T
gl 25 010 NaClO4 mix H+(HL)=92 688
sp 25 010 NaClOoy mix H+(H1L)=90 68
gl 25 010 NaClOo4 mix H+(H.1L)=926 758
gl 25 010 NaClo, mix 645 634 77Sa,
7IC
gl 25 010 NaClOog mix 650 639 778
CTP
HY gl 25 -0 PrgNBr act 765 65P
g 25 010 PrgNBr mix 710 699 65P
g 15 010 KNO3 «con 663 663 485 475 72F
gl 25 010 KNO3 con10.10 10.10(?)432 432 271 271 &R
gl 35 010 KNO3 «con 999  9.99(2)4.22 262 75T,
83R
gl 45 010 KNO3 «con 988  9.83(%)4.13 251 8R
gl 25 010 KCl con? 646 646 415 415 84M
sp 25 010 NaCl mix 66 65 48 47 56B
P
%’ gl 25 010 NaCloy mix 651 640 778
gl 25 010 NaClO4 mix 654 643 453 442 84Sa
gl 25 010 NaNO3 mix 655 644 455 444 878
gl 25 +0 PrgyNBr act 7.58 65P
g 25 010 PrgNBr mix 701 690 65P
gl 25 010 KNO3 con 682 682 414 414 295 295 83R
gl 35 010 KNO3 con 6.72 4.05 2..86 76T,
83R
gl 45 010 KNO3 con 6.60 394 275 83R
sp 25 010 NaCl mix 66 65 H+(H.1L)=95 56B
gl 25 010 NaClOg mix H+(HL)=95 688
sp 25 010 NaClOg4 mix H+(H1L)= 96 685
g 25 010 NaClO4 mix H+(H.L)=970 758
gl 25 010 NaClog mix 645 634 778,
78F
gl 25 010 NaNO3 mix 646 635 20 19 85T
gl 25 010 NaNO3 mix 645 634 878
TTP
HY g 25 010 NaClOg mix H+(HqL)=98 685
sp 25 010 NaClo4 mix H+(H1L)=10.1 688
gl 25 010 NaClO4 mix H+(H.1L)= 989 758
gl 25 010 NaClOo4 mix 650 639 778
gl 25 010 NaNO; mix 652 641 20 19 878
ADP
HY g 10 +0 PryNBr act 715 63P
gl 25 -0 PryNBr act 7.20 63P
gl 37 40 PryNBr act 7.24 63P
g 25 40 MegN* act 7.00 420 621
gl 25 Ocorr NaCl  act 420 51A/
76K
gl 25 Ocorr NaClO4 act 6.71 327 80Tb
gl 25 010 PrgNBr mix 680 6.69 63P
gl 25 015 PrgNBr mix 6.79 63P
gl 25 020 PryNBr mix 678 63P
gl 25 020 PrgNCl mix 668 661 568



Critical evaluation of stability constants for nucleotide complexes

Table 2. (continued)
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Ligand Ionic  Backgr. LogKcorr LogK corr  LogK  corr

Metal Ion Method T,°C. Streng. Electr. Type H+L 25°,0.1 H+HL 25°,01 H+HpL 25°,0.1 Other equilibria Ref.

D

%—;,2 gl 30 010 Et4NBr con 665 6.66 640
gl 25 020 Et4NBr mix 668 6.61 568
gl 25 022 Et4yNBr con 665 670 54M
gl 25 020 MeyNBr mix 6.62 655 568
g 5 020 Me4NBr mix 6.54 7R
gl 15 020 MeygNBr mix 6.60 3
g 25 020 MeyNBr mix 665 654 7R
gl 35 020 MeyNBr mix 6.68 7R
gl 45 020 MeyNBr mix 6.74 7R
gl S5 020 MeygNBr mix 6.56 4.58 3.89 H+H3L=3.77 78G
gl 15 020 MegNBr mix 6.62 4.60 3.96 H+H3L=3.80 78G
gl 25 020 MeygNBr mix 668 657 462 450 4.08 3.96 H+H3L=3.83,3.71 78G
gl 35 020 MeyNBr mix 6.72 4.65 4.15 H+H3L=385 78G
gl 20 010 KCl con 6.35 634 399 394 S6M
g 25 010 KCl mix 661 650 421 410 58Wa
gl 0 010 KNO3 con 651 420 67T
gl 12 010 KNO3 con 648 409 67T
gl 25 010 KNO3 con 644 644 393 393 62Ta,

67T

gl 40 010 KNO3 con 641 373 67T
gl 15 010 KNO3 con 641 639 4.05 395 T2F
gl 5 010 KNO3 mix 698 78D
gl 15 010 KNO3 mix 698 78D
gl 25 010 KNO3 mix 690 6.79 78D
gl 35 010 KNO3 mix 682 78D
gl 25 010 KCI mix 651 640 4.8 4.07 80D
nmr 30 010 KNO3 mix 666 656 84p
gl 25 020 KCl mix 640 633 568
gl 22 025 KNO3 mix 672 666 84G
? 20 005 NaClOg4 mix 679 64 452 44 75K
sp 25 010 NaCl mix 6.3 62 39 38 56B
g 25 010 NaClO4 con 604 604 327 327 80Tb
g 25 010 NaClO4 con 641 641 395 395 87Sa
gl 25 015 NaCl mix 626 617 395 384 51A
gl 38 015 NaCl mix 627 392 51A
g 25 015 NaClO4 con 620 622 71IM
gl 25 015 NaCl con 608 610 381 381 87
gl 25 020 NaCl mix 636 629 568
gl 25 050 NaClO4 con 5.62 328 80Tb
gl 25 100 NaClO4 con 543 3.29 80Tb
gl 25 200 NaClOg4 con 526 3.30 80Tb

DP

% g 25 -0 PryNBr act 719 65P
gl 25 010 PryNBr mix 682 671 65P
gl 5 010 KNO3 mix 7.03 78D
g 15 010 KNO3 mix 701 78D
gl 25 010 KNO3 mix 695 6.84 78D
gl 35 010 KNO3 mix 688 78D
sp 25 010 NaCl mix 63 62 29 28 H+(H.jL)=96  56B

IDP

H gl 25 -0 PryNBr act 7.8 65P
g 25 010 PrgyNBr mix 680  6.69 65P

DP

%"_ gl 25 -0 PryNBr act 7.18 65P
gl 25 010 PrgNBr mix 679  6.68 65P
gl 15 010 KNO3 «con 638 640 456 444 T2F
gl 25 010 KNO3 con 446 446 738
gl 5 010 KNO3 mix 651 78D
g 15 010 KNO mix 6.50 78D
gl 25 010 KNO3 mix 645 634 78D
gl 35 010 KNO3 mix 639 78D
gl 25 010 KcC con 622 622 42 4.2 M
sp 25 010 NaCl mix 6.4 63 46 45 56B
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Table 2. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Ionic  Backgr. LogKcorr LogK corr LogK  corr

Metal Ion Method T,°C. Streng. Electr. Type H+L 25°,01 H+HL 25°,01 H+HpL 25°,0.1 Other equilibria Ref.

e

H gl 25 -0 PrgyNBr act 7.16 65P
gl 25 010 PrgNBr mix 679 668 65P
g 5 010 KNO3 mix 672 78D
gl 15 010 KNO3 mix 671 78D
gl 25 010 KNO3 mix 665 6.54 78D
gl 35 010 KNO3 mix 658 78D
sp 25 010 NaCll mix 65 64 H+(H.qL)=94 5B

AMP-§

H gl 10 -0 PryNBr act 6.64 63P
gl 25 -0 PryNBr act 6.67 63P
gl 37 -0 PrgNBr act 6.70 63P
gl 20 -0 ? act 637 381 88R
gl 25 -0 ? act 6.54 3.79 88R
gl 30 -0 ? act 6.68 378 88R
cal 25 Ocorr Na¥  act H+(HL)=131 66la
gl 25 Ocorr NaCl act 397 S1A/

76K
gl 25 Ocorr NaClO4 act 623 3.87 80Tb
gl 25 010 PryNBr mix 647 6.36 63P
gl 25 015 PrgNBr mix 648 63P
gl 25 020 PrgNBr mix 647 63pP
gl 25 020 PrgNCl mix 645 6.34 568
gl 25 010 EtNCl con 646 646 386 386 875a
gl 25 020 Et4NCl mix 645 6.34 568
gl 25 010 MeygNBr mix 640 6.29 61T
gl 25 020 MegNCl mix 640 629 568
gl 5 020 MeyNBr mix 628 7R
gl 15 020 MeyNBr mix 6.33 7R
gl 25 020 MeygNBr mix 6.39 6.28 77R
gl 35 020 MegNBr mix 644 7R
gl 45 020 MeyNBr mix 6.48 77R
gl 5 020 MeyNBr mix 630 3.78 3.70 78G
gl 15 020 MeyNBr mix 6.34 3.84 3.72 78G
gl 25 020 MeyNBr mix 641 630 391 3.79 3.75 3.63 78G
gl 35 020 MeyNBr mix 6.45 4.03 381 78G
gl 20 010 KCi con 6.14 613 381 3.76 56M
gl 25 010 KcCi mix 6.30 6.19 61T
gl 0 010 KNO3 con 638 4.15 67T
gl 12 010 KNO3 con 6.31 3.98 67T
gl 25 010 KNO3 con 623 623 3.80 3.80 62Ta,
67T
gl 40 010 KNO3 con 6.16 3.62 67T
gl 15 010 KNO3 con 6.25 623 396 3.86 T2F
gl 5 010 KNO3 con 619 4.06 74B
gl 15 010 KNO3 con 620 3.94 74B
gl 25 010 KNO3 con 621 621 382 382 74B
gl 30 010 KNO3 con 623 3 74B
gl 40 010 KNO3z con 628 3.70 74B
gl 25 010 KNO3 con 620 620 381 381 75B
gl 25 010 Kl con 6.13 6.13 3.63 3.63 80D
gl 25 010 KNO3 mix 630 619 384 373 800
gl 25 010 KNO3 con 6.19 6.19 3.78 378 8A
25 020 KCI mix 632 621 568
p 20 0025 NayHPOgcon 370 638
? 20 005 NaClOo4 mix 6.60 64 386 38 75K
sp 25 010 NaCl mix 6.1 60 37 3.6 56B
gl 25 010 NaClO4 mix 6.14 6.03 64S
sp 25 010 NaCl con 384 384 760
gl 25 010 NaClO4 con 610 610 373 373 76Ta
gl 25 010 NaClO4 con 593 593 387 3.87 80Tb
gl 9 010 NaClO4 con 6.20 4,03 828a
g 17 010 NaClO4 con 6.22 3.98 828a
gl 25 010 NaClOg con 627 3.90 82Sa
gl 25 010 NaClOg4 con 629 629 393 393 878a
gl 33 010 NaClO4 con 631 3.84 828a
gl 41 010 NaClO4 con 634 3.78 828a
il 50 010 NaClO4 con 637 an 828a
g 25 010 NaNO3 mix 622 611 38 373 04 03 87T
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Table 2. (continued)

Ligand Tonic  Backgr. LogKcorr LogK corr LogK  corr

Metal Ion Method T,°C. Streng. Electr. Type H+L 25°,0.1 H+HL 25°,0.1 H+HoL 25°,0.1 Other equilibria Ref.

AMP-5

H g 25 010 NaNO3 mix 621 610 384 373 888a
gl 25 015 NaCl mix 605 595 374 363 S1A
gl 38 015 NaCl mix 6.08 37 51A
gl 25 015 NaCl con 604 605 373 373 87
gl 25 020 NaCl mix 629  6.18 568
gl 8 020 NaClOg4 con 603 601 409 391 77P
g 25 020 NaCl mix 637 626 357 345 79T
gl 25 030 NaClO4 con 633 635 390 390 87H
gl 25 050 NaClO4 con 590 3.89 80Tb
gl 25 100 NaClO4 con 598 392 80Tb
gl 25 200 NaClO4 con 6.18 398 80Tb

AMP-3

H gl 25 010 KCl mix 6.55 644 393 3.82 58Wa
gl 0 010 KNO3 con 593 395 67T
g 12 010 KNO3 con 588 3.80 67T
gl 25 010 KNO3 «con 58 583 365 3.65 62Ta,

67T

gl 40 010 KNO3 con 578 3.49 67T
gl 15 010 KNO3 con 579 576 374 364 80Ta
sp 25 010 NaCl con 366 3.66 760
gl 25 010 NaClOg4 con 573 573 350 350 76Ta
g 25 010 NaNO3 mix 577 566 368 3.57 87T
gl 25 010 NaNO3 mix 577 566 370 359 89M
gl 25 015 NaCl mix 588 578 365 354 S1A
gl 38 015 NaCl mix 5.82 3.50 S1A

AMP-2

H gl 0 010 KNO3 con 6.12 4.03 67T
gl 12 010 KNO3 con 6.07 3.88 67T
gl 25 010 KNO3 con 601 601 371 371 67T
g 40 010 KNO3 con 595 3.54 67T
gl 15 010 KNO3 con 607 604 3.8 3.7 T2F
gl 15 010 KNO3 con 602 599 374 364 80Ta
gl 25 010 NaNO3 mix 59 585 375 364 87T
gl 25 010 NaNO3 mix 595 584 374 363 89M

Q%P-S

H g 25 0 PryNBr act 6.66 65P
Pl 25 010 PryNBr mix 650 639 65P
sp 20 015 KCl mix H+(H.1L)=947 638
sp 20 0025 NapHPO4 mix H+(H.1L)= 953 638
sp 25 010 NaCl mix 6.1 60 24 23 H+(H_1L)=94 56B
sp 25 010 NaCl con 234 234 760
gl 25 010 NaNO3 mix 625 614 243 232 88Ma
gl 37 015 NaCl con 619 621 235 248 H+(H. L)= 917 83C
gl 25 020 NaCl mix 637 626 227 216 79T

P-3

H sp 25 010 NacCl con 215 215 760

IMP-5

H gl 25 -0 PryNBr act 6.66 65P
gl 25 Ocorr KCl act 6.62 71Ma
gl 25 010 PryNBr mix 645 634 65P
gl 25 010 KClI con 619 619 71Ma
gl 15 020 NaClO4 con 593 592 H+(H.1L)= 915 8IN
gl 25 030 NaClO4 con 591 593 H+(H_1L)= 889 87H
gl 25 097 KCi con 591 71Ma
gl 25 193 KcCi con 593 71Ma

Q%P—S

H gl 25 -0 PryNBr act 6.62 65P
gl 25 010 PrgNBr mix 642 631 65P
sp 10 0 corr NaCl con 4.58 70W
sp 20 Ocorr NaCl con 4.48 T0W
sp 30 Ocorr NaCl con 439 70w
sp 40 Ocorr NaCl con 431 70W
sp 50 Ocorr NaCl con 4.23 TOW
sp 60 Ocorr NaCl con 4.16 TOW
sp 70 Qcorr NaCl con 4.09 oW
sp 80 Ocorr NaCl con 4.02 70W
gl 25 010 KC mix 635 624 435 424 58Wa
gl 15 010 KNO3 con 627 626 452 440 72F
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Table 2. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Ionic  Backgr. LogKcorr LogK corr

Metal Ion Method T,°C. Streng. Electr. Type H+L 25°,0.1 H+HL 25°,0.1 H+HyL 25°,0.1 Other equilibria Ref.

CMP-5

H gl 25 010 KNO3 «con 630 630 436 436 800
gl 25 010 KQl comn 631 631 375 375 84M
gl 35 010 KNO3 con 630 629 427 439 85K
sp 20 0.025 NaoHPOycon 4.30 638
sp 25 010 NaCl mix 6.3 62 45 4.4 56B
sp 10 010 NaCl con 452 70W
sp 20 010 NaCl con 442 437 70w
sp 33 010 NaCl con 425 T0W
sp 35 010 NaCl con 424 T0W
sp 5 010 NaCl con 411 70W
sp 57 010 NaCl con 4.00 oW
sp 65 010 NaCl  con 398 70W
sp 80 010 NaCl con 391 70W
sp 25 010 NaCl con 433 433 760
gl 25 010 NaNO3 mix 619 608 433 422 88M
sp 10 020 NaCl con 4.50 70w
sp 20 020 NaCl con 437 70w
sp 30 020 NaCl con 429 0W
sp 40 020 NaCl con 4.18 ToW
sp 50 020 NaCl con 4.10 ToOW
sp 60 020 NaCl con 3.99 To0W
sp 70 020 NaCl con 3.93 70w
sp 80 020 NaCl con 3.89 70W
gl 25 020 NaCl mix 669 658 447 436 79T
sp 20 100 NaCl con 421 638
sp 20 100 NaCl con 436 oW
sp 35 100 NaCl con 4.20 T0W
sp 50 100 NaCl con 4.07 T0W
sp 65 100 NaCl con 395 70W
sp 80 1.00 NaCl con 3.90 T0W

MP-.
H sp 25 010 NaCl con 424 424 760
MP-

H gl 25 -0 PryNBr act 6.63 65P
gl 25 010 PryNBr mix 645 634 65P
sp 2 0025 NagHPOycon H+(H.1L)= 944 63§
g 20 0015 Na'? con H+(HL)=971 67A
gl 30 0015 Nat?  con H+(H L)= 955 67A
gl 40 0015 Na™?  com H+(HL)= 938 67A
gl 50 0015 Nat?  con H+(HiL)= 925 67A
sp 25 010 NaCl mix 64 63 H+(H.jl)=95 56B
gl 20 010 Na*?  con H+(HjL)= 943 67A
gl 30 010 Na*?  con H+(HL)= 928 67A
g 40 010 Na'? con H+(HjL)= 911 67A
gl 5 010 Nat? con H+(HjL)= 895 67A
gl 20 020 Na™?  con H+(HL)= 934 67A
gl 30 020 Na™?  con H+(H.L)= 918 67A
gl 40 020 Na™?  con H+(H.jL)= 901 67A
gl 50 020 Na’? con H+(HjL)= 885 67A
gl 20 030 Na™?  con H+(H.jL)= 924 67A
gl 30 030 Na*? con H+(HiL)= 907 67A
gl 4 030 Na'? con H+(HjL)= 891 67A
gl 5 030 Nat? con H+(HqL)=876 67A
sp 25 010 NaCl con H+(H.1L)= 943 760
gl 25 010 NaNO3 mix 615 6.04 84s
gl 25 010 NaNO3 mix 615 604 07 06 H+(H.qL)= 945 88M

H¥ sp 25 010 NaCl con H+(H.qL)= 923 760

TMP-§

H gl 20 010 NaClO4 mix 657 645 145 13 H+(H1L)=103 68R
gl 25 010 NaNO3 mix 636 625 H+(H3L)= 990 8M
gl 25 020 NaCl mix 615 604 79T

Method: cal = calorimetric, gl = potentiometric with glass electrode, int = interferometer,

nmr = nuclear magnetic resonance, sp = spectrophotometric

Type of constant: act = activity, con =concentration, mix = mixed
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Table 3. Nucleotide Metal Ion Formation Constants Reported

Ligand Ionic  Backgr. LogK corr LogK corr LogkK corr  Other equilibria
Metal Ion Method T,°C. Streng., Electr. M+L 25°01 M+HL 25°,01 M+HoL  25°,0.1 Remarks Ref.
AQP
Li g 25 020 PryNCl 1.90 excess Li 568
gl 25 020 EyNCl 1.86 excess Li 568
gl 25 020 MeyNCl 168 178 excess Li 568
Nat gl 25 020 Pr4NCl 143 excess Na 568
gl 25 020 EtyNCl 138 excess Na 568
gl 25 020 MeyNCl 117 127 excess Na 568
Kt gl 25 020 PrgNCl 129 excess K 568
gl 25 020 Et4NCl 1.24 excess K 568
gl 25 020 MeyNCl 100 110 excess K 568
ATP
Lit gl 10 Ocorr PrgN* 2.57 04 ML+M= 0.0 86D
excess Li
gl 25  Ocorr PryN” 253 0.44 ML+M-= 0.1 8D
excess Li
gl 35 Ocorr PrgyN + 249 045 ML+M= 02 86D
excess Li
gl 45 Ocorr PrgyN + 247 0.48 ML+M= 03 86D
excess Li
gl 10 0.04 PryN + 2.04 0.02 ML+M=-0.4 86D
excess Li
gl 25 0.04 PryN + 1.99 0.03 ML+M=-0.28 86D
excess Li
gl 35 004 PryN + 195 0.05 ML+M=-0.20 86D
excess Li
gl 45 0.04 Pr4N+ 193 0.07 ML+M=-01 86D
excess Li
gl 10 0.16 PryN + 1.83 -0.14 ML+M=-0.5 86D
excess Li
gl 25 0.16  PryN + 179 184 -0.10 ML+M=-0.4 86D
excess Li
gl 35 016 PrgNt 177 -0.08 ML+M=-04 86D
excess Li
gl 45 016 PryN + 1.74 -0.06 ML+M=-03 86D
excess Li
gl 25 020 PryNCl 1.57 excess Li 568
gl 10 025 PNt 1.80 -0.15 ML+M=-0.5 86D
excess Li
gl 25 025 PrgNT 178 011 ML+M=-0.43 86D
excess Li
gl 35 025 PryN + 1.76 -0.08 ML+M=-0.34 86D
excess Li
gl 45 025 PrgN + 175 -0.08 ML+M=-03 86D
excess Li
gl 10 049 PryN* 182 0.1 ML+M=-0.5 8D
excess Li
d 25 049 PrgN? 183 -0.05 ML+M=-0.36 86D
excess Li
gl 35 049  PryN t 1.89 -0.02 ML+M=-031 86D
excess Li
gl 45 049 PryN + 185 0.0 ML+M=-0.2 86D
excess Li
g 10 100 PrgN? 1.86 0.1 ML+M=-05 86D
excess Li
gl 25 100 PrgN?t 199 0.09 ML+M=-0.21 86D
excess Li
gl 35 100 PrgNt 2.09 021 ML+M=-0.1 8D
excess Li
g 45 100 PryNt 22 03 ML+M= 0.1 86D
excess Li
gl 25 020 EyNCl 153 excess Li 568
gl 25 020 MeyNCi 135 142 excess Li 568
gl 25 0.05-0.12 LiCl 174 173 excess Li 65B
Nat ise 25 0 corr NazH_zL 236 156 pH=9.2 70M
gl 10 Ocorr PrgN 2.08 0.2 excess Na 8D
gl 25 Ocorr PrgN? 2,06 02 excess Na 86D
gl 35  Ocorr PrgN?t 204 0.2 excess Na 86D
gt 45 Ocorr PrgN N 2.03 03 excess Na 86D
gl 10 004 PrgNt 1.54 02 excess Na 86D
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Ionic  Backgr. LogK corr LogK corr  LogkK corr Other equilibria

Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HpL 25°01 Remarks Ref.

ATP

Na¥ g 25 004 PrNY 152 020 excess Na 86D
gl 35 0.04 Pr4N 150 -0.2 excess Na 86D
gl 45 0.04 Pr4N 144 -0.2 excess Na 86D
gl 10 016 Pr4N 135 04 excess Na 86D
g 25 0.16 Pr4N 132 137 -033 excess Na 86D
gl 35 0.16 Pr4N 131 <031 excess Na 86D
gl 45 016 PrgNt 130 0.3 excess Na 86D
gl 25 0.20 Pr4NCl 1.16 excess Na 568
gl 10 0.25 Pr4N 132 -0.4 excess Na 86D
gl 25 0.25 Pr4N 131 -0.34 excess Na 86D
gl 35 025 Pr4N+ 130 03 excess Na 86D
gl 45 0.25 Pr4N 1.30 -0.3 excess Na 86D
gl 10 0.49 Pr4N 132 -04 excess Na 86D
gl 25 0.49 Pr4N 1.36 -0.29 excess Na 86D
gl 35 0.49 Pr4N 1.38 0.2 excess Na 86D
gl 45 0.49 Pr4N 141 -0.2 excess Na 86D
gl 10 100 Pr4N+ 14 -03 excess Na 86D
gl 25 1.00 Pr4N 152 -0.13 excess Na 86D
gl 35 1.00 Pr4N 164 0.0 excess Na 86D
g 45 1.00 PryN + 17 0.1 excess Na 86D
gl 25 010 EyNCl 157 157 81C
gl 25 010 Et4NCl 1.29 1.29 87Sa
gl 25 020 EtyNCl 1.04 excess Na 56S
gl 25 022 Et4NBr 1.00 108 excess Na 54M
gl 25 030 Et4NBr 0.85 excess Na 54M
sp 30 010 NEMHCI 118 118 pH=8.0, excess Na 640
sp 25 010 MeyNCi 123 123 pH=8S5, excess Na  78A
gl 25 010 MeyNCl 110 110 excess Na, from H  text
g 25 020 MegyNCl 080 087 excess Na 56
gl 25 0.05-0.30 NaCl 123 129 excess Na 65B

K* ise 25  Ocorr KoHpL 234 154 pH=92 70M
gl 10 0 corr Pr4N+ 194 0.2 excess K 86D
gl 25 0 corr Pr4N+ 195 0.2 excess K 86D
gl 35 0 corr Pr4N 1.96 03 excess K 86D
gl 45 0 corr Pr4N+ 197 0.3 excess K 86D
gl 10 0.04 Pr4N 1.39 -0.2 excess K 86D
gl 25 0.04 Pr4N 141 -0.17 excess K 86D
gl 35 004 Pr4N+ 142 -0.1 excess K 86D
gl 45 0.04 Pr4N 143 0.1 excess K 86D
gl 10 016 Pr4N+ 1.20 -0.36 excess K 86D
g 25 0.16 Pr4N 121 126 030 excess K 86D
gl 35 016 PrgNt 123 -0.26 excess K 86D
gl 45 016 PrgNt 124 02 excess K 86D
gl 25 0.20 Pr4N Cl 1.06 excess K 568
gl 10 025 PryNT 117 0.4 excess K 86D
gl 25 025 Pr4N+ 120 032 excess K 86D
gl 35 0.25 Pr4N 122 -03 excess K 86D
gl 45 025 Pr4N+ 124 02 excess K 86D
gl 10 0.49 Pr4N 1.18 -0.4 excess K 86D
g 25 0.49 Pr4N 1.25 -0.26 excess K 86D
gl 35 049 Pr4N+ 130 02 excess K 86D
gl 45 0.49 Pr4N 135 -0.1 excess K 86D
gl 10 100 Pr4N+ 122 03 excess K 86D
gl 25 1.00 Pr4N 1.42 -0.11 excess K 86D
gl 35 100 PrgNt 155 0.0 excess K 86D
g 45 100 PrgN*t 170 0.1 excess K 86D
gl 25 010 EtyNCl 142 142 81C
gl 25 020 EtyNCl 0.93 excess K 565
gl 25 020 EtyNCl 099 106 excess K 54M
gl 25 030 EtyNCl 0.83 excess K 54M
sp 30 010 NEMMHCI 115 115 pH=8.0, excess K 640
kin 25 0.095 MeyNCl 119 119 pH=75,excessK  70B
gl 25 010 MeyNCl 098 098 excess K, from H text
gl 25 020 MeyNCl 066 073 excess K 568
gl 25 0.20-0.60 KCI 095 116 excess K 65B

Rb* gl 10 Ocorr Pr4N 196 0.2 excess Rb 86D
gl 25 0 corr Pr4N 198 04 excess Rb 86D
gl 35  Ocorr PrgN‘t 1.99 0.5 excess Rb 86D
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Ligand Tonic  Backgr. LogK corr LogK corr LogkK corr Other equilibria

Metal Ton Method T,°C. Streng. Electr, M+L 25°01 M+HL 25°01 M+HyL 25°0.1 Remarks Ref.

ATP

Rb* gl 45 Ocorr PryNt 2,00 06 excess Rb 86D
gl 10 004 PrgNt 142 02 excess Rb 86D
gl 25 004 PrgNT 144 -0.06 excess Rb 8D
gl 35 004 PrgNt 145 0.1 excess Rb 86D
gl 45 004 PrgN? 1.46 02 excess Rb 86D
gl 10 016 PryN N 121 -0.37 excess Rb 86D
gl 25 016 PrgNt 124 129 -019 excess Rb 86D
gl 35 016 PrgNT 1.26 -0.08 excess Rb 86D
gl 45 016 PrgN‘ 127 0.0 excess Rb 86D
gl 10 0.25 Pr4N+ 118 -0.4 excess Rb 86D
gl 25 025 PrgNt 123 021 excess Rb 86D
gl 35 025 PrgNT 1.26 -0.1 excess Rb 86D
gl 45 025 PNt 127 01 excess Rb 86D
gl 10 049 PNt 117 04 excess Rb 86D
g 25 049 PrgN?t 128 -0.15 excess Rb 86D
gl 35 049 PrgNT 132 0.0 excess Rb 86D
gl 45 049 PrgNT 135 0.1 excess Rb 86D
gl 10 100 PrgNt 125 03 excess Rb 86D
g 25 100 PrgNt 144 0.00 excess Rb 86D
g 35 100 PrgNt 1.56 02 excess Rb 86D
gl 45 100 PNt 1.66 04 excess Rb 86D
gl 25 0.20-0.60 RbCl 050 L1t excess Rb 65B

cs* gl 10 Ocorr PrgNt 1.89 02 excess Cs 86D
gl 25 Ocorr PrgN* 194 032 excess Cs 86D
g 35 Ocorr PrgN + 1.97 0.4 excess Cs 86D
gl 45 0 corr 13'1'4N+ 2.00 0.4 excess Cs 86D
gl 10 004 PrgN? 135 02 excess Cs 86D
gl 25 004 PryN N 1.40 -0.09 excess Cs 86D
g 35 004 PrgNt 143 0.00 excess Cs 86D
g 45 004 PrgNt 146 0.1 excess Cs 86D
gl 10 016 PrgN? 115 -03 excess Cs 86D
gl 25 0.16  PrgN + 120 125 022 excess Cs 86D
gl 35 016 PrgNt 1.24 -0.14 excess Cs 86D
gl 45 016 PryNT 128 0.1 excess Cs 86D
gl 10 025 PrgNT 112 04 excess Cs 8D
gl 25 025 PrgNT 119 024 excess Cs 86D
gl 35 025 PrgNT 123 -0.14 excess Cs 86D
gl 45 025 PryN + 1.28 0.0 excess Cs 86D
gl 10 049 PrgN? 115 03 excess Cs 86D
g 25 049 PrgNt 124 -0.2 excess Cs 86D
gl 35 049 PrgNT 131 0.1 excess Cs 86D
gl 45 049 PrgNT 14 0.0 excess Cs 86D
gl 10 100 PNt 12 -03 excess Cs 86D
gl 25 100 PrgNTt 140 -0.03 excess Cs 86D
g 35 100 PrgNt 1.56 0.1 excess Cs 86D
gl 45 100 PrgNTt 172 0.3 excess Cs 86D
g 25 0.20-0.60 CsCl 085 106 excess Cs 65B

MegNt gl 25 Ocorr PrgN* 12 05 excess MegN 86D
gl 25 004 PrgNt 0.68 0.09 excess MegN 86D
g 25 016 PrgNt 048 053 -005 excess MegN 86D
gl 25 025 PrgNt 0.47 -0.06 excess MegN 86D
gl 25 049 Pr4N: 0.52 0.00 excess MegN 86D
gl 25 100 PrgN 0.7 01 excess MegN 86D

EyNt g 10 Ocorr PrgN* 11 06 excess Et4‘1t1 86D
g 25  Ocorr PrgNT 105 0.70 excess EyyN 86D
gl 35 Ocorr PryNT 1.0 0.7 excess BtyN 86D
gl 45 0 corr Pr4N+ 1.0 0.7 excess Et4N 86D
gl 10 004 PrgNT 0.54 03 excess EtgN 8D
gl 25 004 PryN + 0.51 0.29 excess EtyN 86D
g 35 004 PrgNT 048 03 excess EtgN 86D
gl 45 004 PrgNT 05 03 excess EtyN 86D
gl 10 016  PrgN + 034 0.15 excess Et4N 86D
gl 25 016  PryN * 031 036 016 excess EtgN 86D
g 35 016 PNt 0.30 0.16 excess Et4N 86D
gl 45 016 PrgN*t 03 02 excess Ef4N 8D
g 10 025 PrgNt 031 02 excess Et4N 86D
g 25 025 PNt 030 0.14 excess Et4N 8D
g 35 025 PrgNt 028 02 excess EtgN 86D
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Ionic  Backgr. LogK corr LogK corr LogkK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HpL 25°,0.1 Remarks Ref.
ATP
EyNt g 45 025 PryNT 03 02 excess EtyN 86D
| 10 049 PNt 033 02 excess BtyN 86D
gl 25 049 PrgNT 035 020 excess EtyN 86D
g 35 049 PrgNt 0.4 02 excess BtyN 86D
gl 45 049 PryN + 04 0.2 excess EtyN 86D
gl 10 100 PrgN’ 04 03 excess EtyN 86D
gl 25 100 PrgNT 0.51 0.4 excess EigN 86D
gl 35 100 PrgNT 0.6 04 excess EtgN 86D
gl 45 1.00 Pr4N+ 0.7 0.6 excess Et4N 86D
ADP
Lit gl 25 020 PryNCl 115 excess Li 568
gl 25 020 EtyNCl 115 excess Li 568
gl 25 020 MeyNCl 1.06 110 excess Li 568
Nat gl 25 020 PryNCl 0.83 excess Na 568
gl 25 020 ENCl 0.73 excess Na 568
gl 25 022 EtyNBr 065 070 excess Na 54M
gl 25 010 MeyNCl 092 092 excess Na, from H  text
gl 25 020 MeyNCl 062 066 excess Na 568
sp 25 0.10 MeyNCl 0.6 0.6 pH=85, excessNa 78A
K* ise 25 Ocorr Na™ corr 218 156 pH=9.1 74F
g 25 020  PryNCl 0.74 excess K 568
gl 25 020 EtyNCl 0.65 excess K 568
gl 25 022  Et4NBr 068 073 excess K 54M
kin 25 0.095 MeyNCl 077 077 pH=75,excessK  70B
gl 25 0.10 MeyNCl 077 077 excess K, from H text
¢ 25 020 MeyNCl 053 057 excess K 565
AMP-5
Li g 25 020 PrgNCl 0.61 excess Li 568
gl 25 020 EtNCl 0.61 excess Li 568
gl 25 0.20 MciNCl 050 052 excess Li 56S
Nat ise 25  Ocorr Natcor 19 15 pH=9.1 76K
gl 25 020  PryNCl 0.46 excess Na 568
gl 25 020 EyNCi 0.34 excess Na 568
gl 25 010 Me4NCl 053 053 excess Na, from H  text
gl 25 020 MeyNCl 015 017 excess Na 568
ix 25 025 MeyNBr 045 048 61T
'S ise 25  Ocorr Na¥corr 19 15 pH=9.1 76K
gl 25 020 PryNCl 0.20(?) excess K 568
gl 25 020 Et4NCl 0.26 excess K 56S
kin 25 0.095 MeyNCl 0.63 0.63 pH=75,excessK  70B
gl 25 010 MeyNCl 035 035 excess K, from H text
gl 25 020 MeyNCl 000 0.02 excess K 568
AQP
Mg?t g 20 010 KCl 422 429 27 27 large [M]/[L]? 578
ATP
Mg?t  ise 25 Ocorr Natcorr 606 483 ML+M=261 74M
pH~9.2
large NalL const.
ise 25 0corr Na't corr 5.87 4.59 extr, to [Na * 1=0 text
ix 23 Ocorr Natcorr 476 large [L] 5N
ix 25 0 corr PrgNBr 583 3.6 66P
sp 25 Ocorr BuzEtNBr 5.70 pH=838 59B/
63G
sp 25 0 corr BusEtNBr ML+M=25 59B/
pH=838 74M
sp 30 0corr Et4yNBr 6.11 pH=80 640/
74M
sp 25 011 BuzEtNBr 458 4.60 ML+M=18 59B
pH=88
p 64 011 BugEtNBr 499 pH=88 59B
sp 25 022 BugEtNBr 435 pH=88 59B
ix 5 0.07 PryNBr 4.46 pH=8.7 66P
ix 25 0.07 PryNBr 4.60 pH=8.7 66P
ix 45 007 PrygNBr 4.78 pH=8.7 66P
ix 65 007  PryNBr 4.96 pH=8.7 66P
ix 5 010  PryNBr 4.45 pH=8.7 66P
ix 25 010 PrgNBr 4.63 2.7 2.7 pH=87 66P
ix 25 010 PryNBr 456  4.56 average of 66P text
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Table 3. (continued)
Ligand Tonic  Backgr. LogK corr LogK corr LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HpL 25°,01 Remarks Ref.
ATP
Mg?t i 45 010 PryNBr 481 pH=87 66P
ix 65 010 PryNBr 4.92 pH=87 66P
ix 5 0.17  Prg4NBr 438 pH=87 66P
ix 25 0.17  PryNBr 4.54 pH=87 66P
ix 45 017  PrgNBr 4.70 pH=87 66P
ix 65 017  PryNBr 485 pH=87 66P
gl 25 020 PrgNBr 347 366 149 159 large [M]/[L] 568a
lit 25 025 PrgN + 454 47 2.00 213 ML+M=15,16 lit/86D
gl 25 010 Et4NBr 443 pH~6.9, 61N
assume pH=pKa
gl 25 010 EtgNBr 456 456 maximum of 61N text
ix 25 0.10 EyNBr 4.35 4.35 pH=70,8.7 6IN
TRIS buffer
30 010 Et4NBr 4388 4.82 27 27 13 640
sp 30 010 Et4NBr 494 494 NEM buffer 640
pH=80
kin 25 0.095 Me4NCl 487 487 pH=175, 70B |
large MgCl const.
sp 25 010 MeyNCl 485 485 TEA buffer T8A
pH=9.0
gl 25 020 MegN?t 345 364 115 125 large [M]/[L] 568a
? 25 020 MeyNBr 4.30 4.49 few details 58M/
59B
cal 30 020 MeyNCl 469 482 pH=85,large [L], 69B
TEA buffer
gl 3 020 Mey4NBr 434 pH=8.0 738a
assume [H] = [Mg]
gl 17 020 MeyNBr 453 pH=80, 738a
assume [H] = [Mg]
gl 26 020 MeyNBr 462 479 pH=80 73Sa
assume {H] = [Mg]
gl 30 020 MeyNBr 4.66 pH=80 73Sa
assume {H] = [Mg]
gl 39 020 Me4NBr 475 pH=8.0 73Sa
assume [H] = [Mg]
gl 70 020 MeyNCl ML+H=5.36 80R
MHL+H=39
cal 37 020 MeygNCl 4.73 4,78 ML+M=1.69 828
pH=8.0
large [L]
sp 30 030 MeyNCl 4.6 4.9 ML+M=16 68N
pH=8.5
few details 70Na
ix 23 012 Na't corr 361 367 pH=88,large {L] 57L
ix 23 020 Na’ corr  3.59 pH=86,large [L] 57N
g 25 050 Na™ corr 4.50 4.60 21 22 1.7 17 ML+M=1.031.08 88G
sp 25 0.0006 TEA.HCI 574 4.65 pH=9.0, buffer TBA
ise 25 0.001 TEAHCI 526 pH=9.0, buffer T8A
sp 25 0.002 TEA.HCI 522 pH=8.5, buffer 78A
sp 25 0.004 TEAHCI 463 pH=8.0, buffer 78A
ise 25 0005 TEAHCI 521 pH=8.0, buffer 78A
sp 25 0.007 TEAHCI 430 pH="17.5, buffer 78A
ise 25 0.009 TEAHCI 49 4.56 pH=7.0, buffer 78A
sp 25 003 TEAHCI 478 447 pH=8.1, buffer 63W
sp 30 0.04 TEAHCI 4.89 4.60 pH =8.0, buffer 640
sp 25 004 TEAHCI 449 426 pH =80, buffer 79Ma
sp 30 002 NEMHClI 489 4.39 pH=8.0, buffer 640
sp 20 005 NEMHCI 476 438 pH=8.0, buffer T4AE
kin 20 0003 TRISHCI 468 385 large [M]/[L}, 73L
pH=85
buffer
int 23 003 TRISHCI 487 4.58 pH=9.0, buffer 62A
sp 25 004 TRISHCI 472 449 ML+M=152 81B
pH=175
buffer
sp 30 005 TRISHCI 430 418 pH=8.0, buffer 640
sp 25 005 TRISHCI 451 439 pH=8.2, buffer 63W
ix 30 005 TRISHCl 424 412 pH=7.5, buffer TIN
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligan Ionic  Backgr. LogK corr LogK corr Logk corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HpL 25°0.1 Remarks Ref.
ATP
Mgt sp 37 006 TRISHCl 479 pH=84, buffer 70N
sp 37 010 TRISHCI 446 433 pH=8.4, buffer 70N
sp 37 015 TRISHCI 411 pH=84, buffer 70N
sp 37 024 TRISHClI 367 pH=8.4, buffer 70N
gl 20 010 KCl 400 406 20 20 large [M]/[L] S6M
gl 25 010 KcCl 404 404 216 216 large [M]/[L] 58Wa
| 20 010 KCl 384 390 209 212 158 large [M]/[L] 62H
g 0 010 KNOj3 397 195 66T
gl 12 0.10 KNOj 4.10 2.16 66T
gl 25 010 KXNO3 422 422 224 224 62T,
66T
gl 25 010 KNOg 3.9 1.89 large [M}/[L] 62T
gl 40 0.10 KNOj3 4.28 2.29 66T
gl 15 010 KNOj | 4.05 417 2.18 223 72F
kin 15 010 KNO3 ML+M=177 72Fa
gl 35 010 KNOj3 4.50 438 2.77 271 HL 0.1 too large T9Mc
? ? 010 KoPIPES 428 43 pH=695T="? 80V
buffer
nmr 30 010 KNOj3 4.7 4.6 2.8 28 large [L] 84P
sp 25 011 KCl 4.26 4.28 pH=8.8? 59B
ise 37 015 KCl 4.08 415 0.02 M NaCl 73Ba
pH=72
epr 37 015 KCl 442 438 BIS-TRIS buffer 78Gb
pH=7.2
sp 25 015 KCl 3.99 4.16 HEPES buffer 81w
pH=71
gl 22 025 KNO3 473  5.06 HL const. too large  84G
gl 25 1.00 KNO 322 76R
ix 23 0.10 NaCl3 4.04 4.06 TRIS buffer 58W
pH=82
sp 25 010 NaCl 4.36 4.36 pH=8.5TEA buffer 78A
gl 25 010 NaClO4 424 424 78M
gl 25 010 NaClOy4 437 437 1.94 1.94 MHL+HL=313? 86C
gl 25 010 NaNOj3 4.29 4.29 242 242 878
gl 25 010  NaClO4 403 403 212 212 87Sa
kin 20 012  NaCl 3.65 381 pH=7.2,buffer 71B
gl 25 012  NaCl 401 404 large {M}/[L)? 78R
ix ? 012 NaCl 3.82 Im, T=? 84]
pH~7.0, Sulfate
ix ? 012 NaCl 3.95 4.0 TRIS, T=? 84]
pH~8.2, Sulfate
ix ? 012 NaCl 394 AMPD, T=? 84J
pH~9.0, Sulfate
ix 1 015 NacCl 3.06 pH=86, large [L] SN
ix 23 015 NaCl 334 346 pH=86, large [L] 57N
ix 43 015 NaCl 3.50 pH=86,large [L] 57N
ix ? 025 NaCl 3.82 4.1 pH=82, TRIS, T=? 85J
ix ? dilute ? 39 pH=7, few details 80K
nmr 25 016 MgSOy4 ML+M=1.52, 81B
large [L]
Ca2+ ise 25 Ocorr Na* corr 637 509 ML+M=3.04,2.51, 72M
large NaL const.
pH=9.1
gl 25 Ocorr PryNCl 3.90 large [M]/[L] 56Sa/
74F
ise Ocorr Na‘corr 656 528 ML+M=289,236, 850
ML+L=2.29,
pH=9.1
large NaL const,
gl 10 Ocorr PrgN + 55 3.0 2.0 ML+M=14 86D
gl 25  Ocorr PrgNt 5.26 26 16 ML+M=12 86D
gl 35  Ocorr PryN? 525 26 16 ML+M=13 86D
gl 45 Ocorr PrgN + 538 2.7 19 ML+M=14 86D
sp 25 011 BujEtNBr 445 447 pH=9.0 59B
gl 10 004 PrgNt 44 21 14 ML+M=09 8D
gl 25 004 PrgNt 416 181 11 ML+M=0.7 86D
g 35 004 PNt 416 18 11 ML+M=0.7 86D
gl 45 004  PrgN + 4.29 2.0 14 ML+M=038 86D
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Table 3. (continued)

Ligan Tonic  Backgr. LogK corr LogK corr LogK corr Other equilibria
Metal JTon Method T,°C. Streng. Electr. M+L 25°01 M+HL 25°,01 M+HL 25°0.1 Remarks Ref,
ATP
ca?t g 10 016 PNt 40 18 13 ML +M=07 86D
gl 25 0.16  PrygN + 375 3.87 151 1.60 0.9 0.9 ML+M=0.53,0.58 86D
gl 35 016 PrgNt 3.76 1.51 0.9 ML+M=05 86D
gl 45 016 PrgNt 390 17 12 ML+M=0.6 86D
gl 25 020 PrgNCl 329 348 161 171 large [M]/[L] 565a
g 10 025 PrN* 391 18 13 ML+M=0.6 86D
gl 25 025 PryN + 3.70 147 0.9 ML+M=0.51 86D
gl 35 025 PryN + 372 148 0.9 ML+M=0.5 86D
gl 45 0.25 Pr4N+ 3.87 1.7 12 ML+M=0.6 86D
gl 10 049  PryN + 39 18 13 ML+M=0.7 86D
gl 25 049 PNt 37 15 09 ML+M=06 86D
gl 35 049  PryN + 384 1.6 1.0 ML+M=0.6 86D
gl 45 0.49 Pr4N+ 4.03 18 13 ML+M=0.7 86D
gl 10 100 PrNt 39 19 14 ML+M=08 86D
gl 25 1.00 Pr4N+ 4.02 18 11 ML+M=0.7 86D
gl 35 100 PrgNt 424 19 13 ML+M=09 86D
gl 45 100 PryNt 46 22 16 ML+M=10 86D
gl 25 0.10  EtyNCl 3.92 assume pH=KHL.  6IN
gl 25 0.10  EtyNCl 39 39 maximum of 61N text
ix 25 010 EyNCl 397 3.97 TRIS buffer 61N
pH=7.0
gl 30 0.10  Et4yNCl 4.51 4.47 640
int 23 009 MeyNCl 3.89 3.89 TRIS buffer 62A
pH=8.0
int 23 010 MeyNCl 145 146 acetate buffer 62A
pH=50
g 25 020 MegNCI 309 328 108 118 large [M)/[L] 62A
gl 70 0.20 MeﬁNCI ML+H=5.6 80R
sp 25 010 Na"corr 390 390 pH=7.0 61N
ix 23 015 Na+corr 314 326 large [L] 57N
gl 25 050 Na* corr 4.10 4.20 193 1.99 1.54 158 ML+M=0.82,087 838G
sp 30 002 NEMHCI 449 4.01 pH=8.0, buffer 640
gl 20 010 KCl 3.60 3.65 1.8 18 large [M]/[L}] 56M
gl 0 010 KNO 4.10 234 66T
gl 12 0.10 KNO; 3.99 221 66T
gl 25 010 KNOj 3.97 3.97 213 213 62T,
66T
g 25 010 KNO3 3.74 178 large {M]/[L] 62T
gl 40 010 KNO 3.94 213 66T
gl 35 0.10 KNOg 391 3.81 2.16 2.12 79Mc
ise 20 024 KCI 2.60 292 pH=73 79B
gl 22 025 KNOj 34 3.7 large HL const. 84G
ix 37 0.10 NaBar. 406 396 barbiturate buffer 53D
pH=74
x 23 010 NaCl 3.77 3.79 TRIS buffer 58w
pH=82
sp 25 010 NaCl 360 360 pH=70 61N
gl 25 0.10 NaClOg4 3.88 3.88 78M
gl 25 0.10 NaClO4 4.03 4.03 231 231 MHL+ML=2.0 86C
gl 25 010 NaNOj3 391 391 220 220 878
gl 25 0.10 NaClO4 3.70 3.70 204 2.04 87Sa
g 25 012 NaCl 37 37 large [M)/[L]? 78R
ix 1 0.15 NaCl 265 large [L] 5TN
ix 23 0.15 NaCl 287 299 large [L] SIN
ix 43 015 NaCl 312 large [L] SN
ix ? 025 NaCl 335 37 sulfate, buffer 85
pH=175
2+ ix ? dilute ? 35 pH=7?, fewdetails 80K
Sr gl 25 020  PrgNCl 3.03 322 148 158 large [M]/[L] 56Sa
gl 25 010  Et4NBr 3.60 assume H = KHL 61N
gl 25 010 Et4NBr 364 364 maximum of 61N text
gl 0 010 KNO 3.80 217 66T
gl 12 0.10 KNO; 3.66 211 66T
gl 25 010 KNO3 354 354 205 205 62T,
66T
g 40 010 KNO3 345 2,00 66T
gl 25 010 NaClO4 366 366 236 236 MHL+HL=18 86C
ix 25 015 NaCl 315 325 pH=74, few details 600



1038

Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligan Ionic  Backgr. LogK corr LogK corr LogK corr Other equilibria
Metal Ion Method * T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HpL 25°,01 Remarks Ref.

AT]

Ba‘*t gl 25 010 EtyNBr 337 337 assume H = KHL 61N
gl 0 010 KNO 3.58 2,02 66T
gl 12 010 KNOj3 342 1.92 66T
gl 25 010 KNOj3 3.29 329 1.85 185 62T,

66T
gl 40 010 KNOj 312 175 66T

%'* cal 30 020 MeyNBr 393 4.06 223 231 ML-H=-9.41 738

pH=8.5, TEA buffer
assume [H]=[Mg]
gl 25 010 KNOj3 498 4.98
gl 35 010 KNO3 5.20(7) 73T
gl 45 0.10 KNO3 5.03 ) 73T
ix 23 010 NaCl 402 404 large {M]/[L}, 58W
pH=8.2, TRIS buffer
gl 25 0.10 NaClO4 413 413 778
ca?t g 25 010 KNOj3 492 492 73T
gl 35 010 KNO3 501(?) 73T
gl 45 0.10 KNOg3 4.85 73T
ix 23 010 NaCl 358  3.59 large [M]}/[L] 58W
pH=8.2, TRIS buffer
gl 25 010 NaCloy 373 373 778
ITP
Mg*t cal 30 020 MeyNBr 39 4.04 2.26 234 ML-H=-9.03 738
assume [H] = [Mg]
TEA buffer
pH=82
sp 25 003 TEA.HCI 5.00 4.69 pH=8.1 63W
sp 25 005 TRISHC! 478 4.66 pH=82 63W
gl 25 0.10 KNOj3 3.76 3.76 73T
gl 35 010 KNO3 4.08(7) 73T
gl 45 010 KNOj3 3.84 73T
ix 23 010 NacCl 404 406 large [M]/[L] 58W
pH=8.2,TRIS buffer
gl 25 0.10 NaClOy4 4.08 4.08 718
ca?t g 25 010 KNO3 341 341 73T
gl 35 010 KNOj3 3.59(7) 73T
gl 45 0.10 KNOj3 337 73T
ix 23 010 NacCl 37 377 large [M]/[L] 58W
pH=8.2,TRIS buffer
gl 25 0.10 NaClOy4 373 37 778

CTP

Mgt g 15 010 KNO3 403 415 218 222 T2F
kin 15 010 KNOs ML+M=177 72Fa
gl 25 0.10 KNOg3 4.19 4.19 3.85 3.85 83R
g 35 016 KNOj 421 393 75T

83R
gl 45 010 KNOj 4.30 3.98 83R
ix 23 010 NaCl 401 4.03 large [M]/[L], 58W
pH=8.2,TRIS buffer
gl 25 0.10 NaClO4 4.08 4.08 778
gl 25 0.10 NaNOj 4.20 420 23 23 878
ca?t g 25 010 KNOj3 416 416 384 384 83R
gl 35 010 KNOj 4.13 3.81 5T
83R
gl 45 010 KNO3 4.03 3.70 83R
ix 23 010 NaCl 381 38 large [M])/[L] 58W
pH=82,TRIS buffer
g 25 010 NaClO4 372 372 778
gl 25 010 NaNOj3 391 391 221 221 878
cal 30 020  MeyNBr 414 427 246 254 assume [H] = [Mg] 738
ML-H=-9.31,
TEA buffer, pH=8.5
gl 25 0.10 KNOj3 5.42 542 83R
gl 35 0.10 KNOj3 553 76T
83R
gl 45 010 KNOj3 5.61 83R
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Table 3. (continued)

Ligand Ionic  Backgr. LogK corr LogK corr LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HL 25°,01 Remarks Ref.
UT]
Mgt i 2 010 NaCl 402 404 large [M]/[L] S8W
pH=8.2,TRIS buffer
gl 25 010 NaClO4 400 4.00 ] 78
gl 25 010 NaNOj 427 427 272 272 878
catt g 25 010 KNOj 520 520 83R
gl 35 0.10 KNOj3 512 76T
83R
gl 45 010 KNOj3 5.01 83R
ix 23 010 NaCl 371 3m large [M]/[L] SBW
pH=8.2,TRIS buffer
g 25 016 NaClog 366 366 778
gl 25 0.10 NaNOj 3.94 3.94 2.74 274 878
P
1\%‘7* gl 25 010 NaClog 418 4.8 778
gl 25 0.10 NaNOj3 423 423 878
ca?t g 25 010 NaClog 378 378 77
g 25 0.10 NaNOj3 385 385 878
ADP
W+ sp 25 Ocorr BugEtNBr 4.10 59B/
63G
sp 25 Ocorr BusEtNBr 4.14 59B/
74F
ix 25 0corr PryNBr 427 25 pH=8.7 66P
ise 25  Ocorr Na'corr 465 378 pH=9.1 ML+M=17,
large NaL const. 74F
sp 30 Ocorr NEM.HCl 4.39 pH=8.0 640/
T4F
sp 25 011 BugEtNBr 334 336 pH=79 59B
sp 35 0.11 BugEtNBr 348 pH=79 59B
sp 64 011 BugEtNBr 3.84 pH=79 59B
sp 25 022 BugEtNBr 3.23 pH=79 59B
ix 5 0.04  PryNBr 3.48 pH=8.7 66P
ix 25 0.04  PryNBr 3.65 pH=8.7 66P
x 45 004  PryNBr 3.83 pH=8.7 66P
ix 65 004  PryNBr 4.00 pH=8.7 66P
ix 25 010  PryNBr 3.50 3.50 2.0 20 pH=8.7 66P
ix 5 011  PryNBr 324 pH=8.7 66P
ix 25 0.11  PryNBr 3.44 pH=87 66P
ix 45 011 PyNBr 360 pH=87 66P
ix 65 0.11  PryNBr 3.76 pH=87 66P
ix 5 0.18  PryNBr 3.14 pH=8.7 66P
ix 25 0.18  PryNBr 333 pH=87 66P
ix 45 0.18  PryNBr 3.46 pH=8.7 66P
ix 65 0.18  PryNBr 3.64 pH=87 66P
g 25 020 PryNCl 300 314 145 150 large [M]/[L] 56Sa
kin 25 0.095 MeyNCl 363 363 large MgCly const.  70B
pH=175,
sp 25 010 MeyNCl 3.90 3.95 pH=85, TEA buffer 78A
gl 25 020 MegNt 309 328 108 118 large [M]/[L] 565a
cal 30 020 MeygNCl 369 379 TEA buffer, large [L] 69B
pH=85,
ix 23 010 Natcorr 304 306 large [L] SIN
sp 25 0.0006 TEAHCI 461 388 pH=9.0, buffer T8A
ise 25 0.001 TEA.HCI 4.00 331 pH=9.0, buffer T8A
sp 25 0.002 TEA.HCI 4.19 pH=8.5, buffer T8A
sp 25 0.004 TEAHCI 372 pH=8.0, buffer 78A
ise 25 0004 TEAHCI 390 pH=8.0, buffer 78A
sp 25 0007 TEAHCI 334 pH=17.5, buffer 78A
ise 25 0009 TEAHCI 360 pH=17.0, buffer 78A
sp 25 003 TEAHCI 3.78 3.47 pH=8.1, buffer 63W
sp 30 002 NEMHCI 361 334 pH=8.0, buffer 640
sp 20 005 NEMHCl 371 352 pH=8.0, buffer T4E
ix? 30?7 001? TRISHCI? 310 2.03 conditions uncertain 83Ca
ix 30 001 TRISHCI 328 290 pH=7.5, buffer 82v
sp 25 005 TRISHCI 354 342 pH=82, buffer 63W
ix 30 005 TRISHCI 308 295 pH =175, buffer 7N
sp ? 014 TRISHCI 330 34 pH=8.0, buffer, T=? 83G
sp ? 014 TRISHCI 3.35 pH=7.4, buffer, T=? 83G
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Ionic  Backgr. LogK corr LogK corr  LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°01 M+HL 25°,01 M+HsL 25°,0.1 Remarks Ref.
ADP
Mg?t g 20 010 KCl 311 315 15 1S5 large [M]/[L] 56M
gl 25 010 KcCi 323 323 158 158 large [M]/[L] 58Wa
gl 0 010 KNOj3 2.94 139 67T
g 12 010 KNOj3 3.05 1.51 67T
gl 25 010 KNOj3 3.17 3.17 1.64 1.64 62Ta
67T
g 40 010 KNOj3 330 1.78 67T
g 15 010 KNOj 321 329 155 160 T2F
kin 15 010 KNOj3 ML+M=10 72Fa
nmr 30 0.10 KNOj 4.1 4.1 29 29 large [L] 84P
epr 37 015 KCl 337 334 BIS-TRIS buffer 78Gb
pH=72
gl 22 025 KNOj 253 260 large HL const. 84G
x 23 010 NaCl 315 317 large [M]/[L] S8W
pH=8.2,TRIS buffer
sp 25 0.10  NaCl 390 39 pH=85TEA buffer 78A
gl 25 010 NaClO4 328 328 190 190 87Sa
ix ? dilute ? 29 pH=?, few details 80K
ca?* ise 25 Ocorr Na¥ corr 4.46 3.59 ML+M=247,224, 74F
pH=9.1,large NaL const.
sp 25 Ocorr BugEtNBr 3.70 pH=838 598/
74F
gl 25 Ocorr PrgNCl 270 large [M]/[L] 56Sa/
74F
sp 30 Ocorr NEMHCl 415 pH=8.0 640/
74F
sp 25 0.11  BugEtNBr 289 291 pH=88 59B
g 25 020 PrgNCl 281 291 152 157 large [M]/[L] 5652
int 23 009  MeyNCl 293 292 pH=8.0, buffer 62A
int 23 010 MeyNCl 136 1.37 pH=5.0, buffer 62A
gl 25 020 MegNCl 265 284 120 130 large [M]/[L] 56Sa
ix 23 010 Na' corr 284 285 large {L] SIN
sp 30 002 NEMHCl 334 3.08 pH=8.0, buffer 640
sp ? 0.14 TRISHCI 278 29 buffer, T=? 83G
pH=8.0
gl 20 010 K 278 281 large [MJ/[L] 56M
gl 0 010 KNOj3 291 161 67T
gl 12 010 KNOj 2.88 1.60 67T
gl 25 010 KNOj3 2.86 2.86 1.58 158 62Ta
67T
gl 40 010 KNOj3 2.80 1.54 67T
ise 20 020 KCl 2.60 277 HEPES buffer 79B
pH=173
gl 22 025 KNOj3 22 24 large HL const. 84G
ix 37 0.10 NaBar 374 367 barbiturate buffer 53D
pH=74
ix 23 010 NaCl 282 283 large [M]/[L] S8W
pH=8.2,TRIS buffer
gl 25 010 NaClO4 290 290 059 059 87Sa
se2t gl 25 020 PrgNCl 250 260 134 139 large [MJ/[L] 565a
gl 1] 010 KNOj3 270 1.60 67T
gl 12 010 KNOj 2.63 157 67T
gl 25 010 KNOj3 254 254 153 153 62Ta
67T
gl 40 0.10 KNOj 243 148 67T
Ba?t g 0 010 KNO3 253 155 67T
gl 12 010 KNOj3 245 1.50 67T
gl 25 0.10 KNOj3 2.36 2.36 1.4 1.4 62Ta
67T
gl 40 0.10 KNO3 225 137 67T
DP
Mg®t cal 30 020 MeyNBr 34 35 assume [H] = [Mg] 738
DP o
Mg*t gh 15 0.10 KNO3 322 3.30 1.60 162 72F
kin 15 010 KNO3 ML+M=10 72Fa
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Table 3. (continued)
Ligand Ionic  Backgr. LogK corr LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HL 25°,01 Remarks Ref.
DP
Mg*t cal 30 020 MegNBr 345 352 assume [H] = [Mg] 73S
ix 23 0.10 NaCl 317 319 large {M]/[L} 58W
pH=82TRIS buffer
AMP-§
M;z ise 25 Ocorr Natcorr 257 204 large NaL const. 76K
pH=9.1
gl 25 Ocorr PrgNCl 2.62 large [M]/[L] 568a/
76K
gl 25 Ocorr KNOj 275 62Ta/
76K
ix 23 0 corr NaCl 2.73 large [M]/[L}] 58w/
76K
gl 25 020 PryNCl 169 174 large [M]/[L] 56Sa
gl 25 020 MeygNCl 153 158 large [M]/[L} 56Sa
cal | 30 020 MeyNCl 181 184 TEA buffer, large [L} 69B
pH=85
ix 232 010 Natcorr 20 20 large [L] 5N
ix 30 001 TRISHCI 220 197 pH=7.5, buffer 7N
gl 20 010 KClI 169 171 large [M]/[L] 56M
gl 25 010 KCl 214 214 large [M]/[L} 58Wa
gl 0 010 KNOj3 175 67T
gl 12 010 KNOj3 1.85 67T
gl 25 010 KNOj3 197 197 62Ta
67T
gl 40 010 KNOj3 2.09 67T
gl 15 010 KNOj3 180 185 72F
ix 23 010 NaCl 195 19 large [M]/[L] 58W
pH=8.2,TRIS buffer
gl 25 0.10  NaClO4 163 163 large [M]/[L] 64S
gl 25 010 NaClO4 210 210 878a
gl 25 0.10 NaNOj 160 160 large [M}/[L} 88Sa
gl 25 020 NaCl 183 1.8 004 79T
Ca2* ise 25 Ocorr Natcorr 250 206 large NaL const. 76K
pH=9.1
gl 25 0corr PryNCl 242 large [M]/[L] 56Sa/
76K
gl 25 Ocorr KNOjg 2.68 62Ta/
76K
ix 23 0 corr NaCl 2.59 large [M]/[L} 58W/
pH=82 76K
gl 25 020  PryNCl 143 148 large [M]/[L] 56Sa
gl 25 020 MeyNCl 140 145 large [M]/[L] 56Sa
gl 20 010 Xcl 141 142 large [M]/[L] 56M
g 0 0.10 KNOj3 1.88 67T
gl 12 0.10 KNOj3 1.87 67T
gl 25 0.10 KNOj3 185 185 62Ta
67T
gl 40 010 KNOj 1.83 67T
ix 23 010 NaCl 176 177 large [M]/[L], 58W
pH=8.2,TRIS buffer
gl 25 010 NaClO4 139 139 large [M]/[L} 64S
gl 25 010 NaClOy4 203 203 87Sa
gl 25 010 NaNOj3 146 146 large [M]/[L] 88Sa
sr2t gl 25 020 PryNCl 132 137 large [M]/[L] 56Sa
gl 0 010 KNOj 1.88 67T
gl 12 0.10 KNOj3 1.83 67T
gl 25 0.10 KNOj 179 179 62Ta
67T
gl 40 0.10 KNOj3 1.74 67T
gl 25 0.10 NaNOj3 124 124 large [M}/[L] 88Sa
ix 25 015 NaCl 15 15 pH=74, few details 600
Bt g 0 010 KNO3 185 67T
gl 12 0.10 KNOj3 1.80 67T
gl 25 0.10 KNOj 173 173 62Ta
67T
gl 40 010 KNOj3 1.66 67T
gl 25 010 NaClOg4 114 114 large [M]/[L] 648
gl 25 0.10 NaNOj3 117 117 large [M}/[L] 888a
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Ionic  Backgr. LogK corr LogK corr LogkK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HsL 25°01 Remarks Ref.
AMP-3
Mg g 25 010 KCl 173 173 large [M]/[L] 58Wa
gl 0 010 KNOj3 1.68 67T
gl 12 0.10 KNOj 1.78 67T
gl 25 010 KNO3 1.89 1.89 62Ta
67T
gl 40 0.10 KNOj 2.01 67T
gl 25 010 NaNO3 149 149 large [M]/[L] 89M
ca?t gl 0 010 KNOj 186 67T
gl 12 0.10 KNO3 1.84 67T
gl 25 0.10 KNO3 1.80 1.80 62Ta
67T
gl 40 010 KNOj3 1.78 67T
gl 25 010 NaNO3 136 136 large [M]/[L] 89M
sr2t g 0 010 KNO3 181 67T
gl 12 010 KNOj3 175 67T
gl 25 010 KNOj3 171 171 62Ta
67T
gl 40 0.10 KNOj3 1.68 67T
g 25 010 NaNO; 115 115 large [M]/[L] 80M
ix 25 016 NaCl 14 14 pH=72 548
Ba?t gl 0 010 KNO3 181 67T
gl 12 0.10 KNOj3 1.75 67T
gl 25 0.10 KNOj 1.69 1.69 62Ta
67T
gl 40 0.10 KNO3 1.62 67T
gl 25 010 NaNOj 108 108 large [M)/[L] 89M
AMP-2
MgZT g 0 010 KNOjz 17 67T
gl 12 0.10 KNOj 1.82 67T
gl 25 010 KNOj3 193 1.93 67T
gl 40 010 KNOj 2.05 67T
gl 15 010 KNOj3 175 1.80 T2F
g 25 010 NaNOj 153 153 large [M]/[L] 89M
ca?t g 0 010 KNO3 187 67T
gl 12 0.10 KNOj 1.85 67T
gl 25 010 KNO3 1.83 1.83 67T
gl 40 010 KNOj3 1.81 67T
gl 25 010 NaNO3 143 143 large [M]/[L] 89M
sr2t gl 0 010 KNO3 1.85 67T
gl 12 010 KNOj3 1.79 67T
gl 25 0.10 KNO3 1.74 174 67T
gl 40 010 KNOjz 17 67T
gl 25 010 NaNO3 120 120 large [M]/[L] 89M
B2t gl 0 010 KNO3 182 67T
gl 12 010 KNO3 177 67T
gl 25 010 KNOj3 171 1.71 67T
gl 40 0.10 KNO3 1.64 67T
gl 25 010 NaNOs3 112 112 large [M]/[L] 8OM
GMP-5
Mgz cal 30 020  MeyNBr 1.76 179 assume [H] = [Mg] 73S
gl 25 020 NaCl 181 186 -0.30 79T
ca?* gl 25 010 NaNOj 153 153 large [M]/[L] 88Ma
CMP-5
Mg2 gl 15 010 KNOj3 1.75 1.79 T2F
gl 25 0.10 NaNOj 154 154 large [M]/[L] 88M
gl 25 020 NaCl 1.81 186 -0.29 79T
ca?t gl 25 010 NaNO3 140 140 large [M]/[L] 88M
sr2t gl 25 010 NaNOj 117 117 large [M]/[L] 88M
BaZ* gl 25 010 NaNO3 111 11 large [M]/[L] 88M
CMP-3
Sr ix 25 0.16 NaCl 1.6 1.6 pH=72 548
UMP-5
M cal 30 020 MeNBr 170 173 assume [H] = [Mg] 73S
ix 23 0.10 NaCl 225 226 large [M}/[L] 58W
pH=8.2, TRIS buffer
gl 25 010 NaNOj 148 148 large [M]/[L] 84S
gl 25 010 NaNO3 156 156 large [M]/[L] 88M
ca?t g 25 010 NaNO3 14 144 large [M]/[L] 88M



Table 3. (continued)
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Ligand Ionic  Backgr. LogK corr LogK corr LogkK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HpL 25°,01 Remarks Ref.
UMP-5
srét gl 25 010 NaNOj3 125 125 large [M]/[L] 88M
Ba?* gl 25 010 NaNO3 113 113 large [M]/[L] 88M
TMP-5
Mg gl 25 010 NaNO3 155 155 large [M]/[L] 88M
gl 25 020 NaCl 1.76 1.81 0.63 9T
c?t g 25 010 NaNO3 140 140 large [M]/[L] 88M
sret gl 25 010 NaNO3 119 119 large [M]/[L] 88M
Ba?t gl 25 010 NaNO3 11 111 large [M]/[L] 88M
ATP
Mot ise 25  Ocorr Natcorr 649 521 457 370 pH~72, ML+M=3 74M
large NaL const.
gl 25 020  PrygNCl 3.98 417 1.57 1.67 large [M]/[L] 56Sa
gl 30 0.10  MeyNBr 519 515 2.62 2.59 66Pa
gl 1 020 MeyNBr 5.44 assume [H] = [Mn] 77R
pH=75
gl 5 020  MeyNBr 5.45 assume [H] = [Mn] 77R
pH=7.5
10 020 MeyNBr 5.48 assume [H] = [Mn] 77R
pH=75
gl 15 020 MeyNBr 5.54 assume [H] = [Mn] 77R
pH=75
gl 25 020 MeyNBr 571 590 assume [H] = [Mn] 77R
pH=175
gl 35 020 MeyNBr 5.96 assume [H] = [Mn] 77R
pH=75
gl 43 020  Me4NBr 6.18 assume [H] = {Mn] 77R
pH=75
epr 2 0.0085 NEM.HCl 587 pH=8.0, buffer 703
epr 12 0.0085 NEM.HCl 5.69 pH=8.0, buffer 703
epr 25 0.0085 NEM.HCl 552 4385 pH=8.0, buffer 70J
epr 32 0.0085 NEM.HCl 545 pH=8.0, buffer 70J
epr 47 0.0085 NEM.HCI 534 pH=8.0, buffer 701
gl 22 010 KCl 4,78 4.80 ML-H=-104, 61B
sulfate, large [L]
gl 20 010 KCl 4.52 4.56 2.61 2.64 2.03 137 ML+M=137 62H
large [M]/[L]
gl 0 010 KNOj3 497 2.55 66T
gl 12 010 KNO3 482 248 66T
gl 25 0.10 KNOj3 4,78 4,78 2.39 2.39 62T
66T
gl 25 010 KNOj 470 218 large [M]/[L] 62T
gl 40 010 KNOj3 4.63 2.30 66T
gl 35 010 KNOj 525 517 1 3.05 T9Mc
gl 25 010 KCI 4.85 4.85 293 2.93 80Db
epr 37 015 KCl 515 5.15 BIS-TRIS buffer 78Gb
pH=72
gl 22 025 KNOj3 455 487 large HL const. 84G
ix 23 010 NaCl 475 47 large [M]/[L] 58W
pH=82,TRIS buffer
epr 28 010 NaCac. 449 445 cacodylate buffer 73V
pH=6.0
gl 25 010 NaClOg4 ML-H=-10.7 758
gl 25 010 NaClOg4 4.70 4.70 77Sa
gl 25 0.10 NaClO4 491 491 78M
gl 25 010 NaClOy4 532 532 3.20 3.20 277 MHL+HL=235 86C
ML+M=211
gl 25 010 NaClOg4 5.01 5.01 2.74 2.74 878
epr 25 0.11  NaCl 4.75 4.77 NEM buffer 707
pH=80
ix 26 0.11  NaCl 460 462 NEM buffer 703
pH=80
ix 41 011 NaCl 4.52 NEM buffer 70]
pH=8.0
gl 25 012 NaCl 456 460 large [M]/[L]? 78R
gl 25 0.15 NaCl 472 482 280 285 229 83J
ix ? 025 NaCl 413 44 buffer, sulfate, T=? 85J
pH=75
ix ? dilute ? 423 pH=?, fewdetails 80K
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Tonic  Backgr, LogK corr LogK corr LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°01 M+HL 25°,01 M+HpL 25°,01 Remarks Ref.
ATP
et g 25 100 KNOj 411 220 7IR
gl 25 0.12 NaCl 51 51 78R
Co?t gl 30 0.10 MeyNBr 521 517 265 263 66Pa
gl S 020  MeygNBr 5.59 assume [H] = [Co] 78Ga
pH=71
gl 15 020 Mey4NBr 5.74 assume [H] = [Co] 78Ga
pH=71
gl 26 020  Mey4NBr 592 612 assume [H} = [Co] 78Ga
pH=7.1
gl 0.20  MeyNBr 6.10 assume [H] = [Co] 78Ga
pH=71
gl 36 020 Me4NBr 6.25 assume [H] = [Co] 78Ga
pH=71
gl 22? 010 Kd 453 457 sulfate, large [L}] 60B
g 22 010 KCl 471 473 ML-H=94, sulfate  61B
large [L]
kin 010 KNOj 466  4.66 64H
gl 0 0.10 KNOj3 4.80 2.45 66T
gl 12 010 KNOj 4.69 239 66T
gl 25 010 KNOj3 466 466 232 232 62T
66T
gl 25 0.10 KNO3 4.58 2.14 large [M]/[L] 62T
gl 40 010 KNOj3 4.55 224 66T
gl 25 010 K 436 436 273 273 80Da
ix 20 005 NaClOy 680  6.72 large [L] 75K
ix 23 010 NaCl 462 464 large [M]/[L] 58W
pH=8.2, TRIS buffer
gl 25 0.10 NaClOy4 486  4.86 678
gl 25 0.10 NaClOy 506 506 260 260 MHL+HL=2.67 86C
gl 25 010 NaNOj 497 497 28 28 878
gl 25 012 NaCl 454 458 large [M]/[L]? 78R
ix ? 025 NaCl 3.74 4.0 sulfate, T=? 85J
pH=17.5, buffer
NiZ* gl 30 0.10 Me4NBr 532 530 298 297 66Pa
gl 22?7 010 KCi 461 463 sulfate, large [L] 60B
gl 22 010 KCl 454 456 ML-H=-93, sulfate 61B
large [L]
kin 25 0.10 KNO3 5.0 50 64H
gl 0 0.10 KNOg3 5.18 2.88 66T
gl 12 0.10 KNO3 5.05 2.80 66T
gl 25 010 KNOj 502 502 272 272 62T
66
gl 25 010 KNOj 4.83 231 large [M]/[L] 62T
g 40 0.10 KNOj3 490 2.59 66T
gl 15 0.10 KNOj3 479 483 278 280 72F
sp 15 010 KNOj ML+M=2.40 72Fa
gl 25 010 KCl 457 457 261 261 80D
gl 25 0.10 NaClO4 485 485 67S
gl 25 0.10 NaClOy4 ML-H=-9.41 758
g 25 0.10 NaNOj3 48 486 28 286 878
gl 25 012 NaCl 450 454 large [M]/[L]? 78R
cu?* gl 30 010 Mey4NBr 683 682 379 379 66Pa
gl 25 010 K7 corr 650 650 292 292 ML+L=20 83A
ML+M=2.26
MHL+M=21
2MOHL=1.8
ML-H=-6.8
gl 22? 010 K 550 551 sulfate, large [L] 60B
gl 22 010 KCl 577 578 ML-H=-77, sulfate 61B
large [L]
gl 20 010 KCl 582 583 325 325 194 188 ML+M=1.88 62H
large[M]/[L]
gl 0 010 KNOj3 6.42 332 ML-H=-7.05 66T
MOHL-H=-7.32
2MOHL=3.10
gl 12 010 KNOj3 6.20 320 ML-H=-6.74
2MOHL=2.80 66T
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Ligand Tonic  Backgr. LogK corr LogK corr LogkK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°01 M+HL 25°,01 M+HpL 25°0.1 Remarks Ref.
ATP
a’t g 25 010 KNO3 613 613 312 312 ML-H=-6.47 62T
MOHL-H=-7.03 66T
2MOHL=2.59
g 25 010 KNOj 6.01 278 large [M]/[L] 62T
gl 40 010 KNOj3 597 3.01 ML-H=-6.19 66T
MOHL-H=-6.91
2MOHL=2.38
gl 35 0.10 KNOj 6.34 632  3.59 3.59 T9Mc
gl 25 010 KCl 6.08 6.08 3.62 3.62 80D
gl 25 0.10 KNO3 5.83 5.83 291 291 ML+M= 236 83A
MHL+M= 2.1
ML-H=-6.65
2MOHL= 2.29
M,L-H=-49
gl 25 010 KNO3 6.46 6.46 343 343 ML+L=277 86C
ML-H=-8.01
MOHL+M= 5.09
gl 22 025 KNOj 6.0 63 large HL const. 84G
gl 25 1.00 KNOj3 517 76R
gl 20 010 NaClO4 6.30 6.31 3.76 372 648a
g 25 010 NaClog 638 638 67S
gl 25 0.10 NaClO4 ML-H= -79 68S
gl 25 010  NaClOg4 6.03 6.03 78M
gl 20 0.10 NaNOj 6.10 6.11 3.45 341 ML-H= -8.09 83W
2M+2L-H= -6.85
M,OHL,-H= -8.04
epr 20 0.10 NaNOj 62 34 ML+L=18 83w
ML,-3H=-309
M(OH)3L,-H=-10.5
2M+2L-H= -6.9
MOHL,-H= -8.6M
Mj(OH),L,-H=-10
Mjy(OH)3L,-H=-12
gl 25 0.10 NaNOj3 6.32 6.32 3.57 3.57 85T
gl 25 010  NaClOg4 6.51 6.51 3.61 3.61 ML-H= -7.72 86C
gl 25 0.10  NaNOjy 634 634 3.59 3.59 878
gl 25 012 NaCl 60 60 large [M/[L]? 78R
2t gl 30 010 MeyNBr 552 547 291 289 66Pa
gl 25 010 K" corr 523 523 212 212 ML+L=19 83A
ML+M= 185
MHL+M=20
ML-H=-8.4
M,L-H=-7.0
gl 25 010 KCl 476 476 275 275 large [M]/[L] 58Wa
gl 22 010 KcCl 4.80 4.83 ML-H=-8.5, sulfate 61B
large [L]
gl 20 010 KCi 4.75 4.80 2.78 2.09 2.09 203 ML+M=141 62H
large [M]/[L]
gl 0 0.10 KNOj 5.00 281 ’ 66T
gl 12 0.10 KNO3 4.88 273 66T
gl 25 010 KNOj3 4.85 4.85 2.67 2.67 62T
66T
gl 25 010 KNO3 475 223 large [M]/[L] 62T
gl 40 010 KNOj 471 2.58 66T
gl 35 0.10 KNOs3 5.25 5.15 2.68 2.64 T9Mc
gl 25 010 KCl 492 492 2.94 2.94 80Db
gl 25 010 KNOj 4,66 4.66 2.08 2.08 ML+M=185 83A
ML-H=-8.5
MHL+M=2.0
M,L-H=-70
gl 25 0.10 KNOg 492 4.92 85M
gl 25 0.10 KNOj 5.44 5.44 312 312 237 ML+L=2.46 86C
ML+M= 178
M,L-H=-594
g 22 025 KNOj 565 597 large HL const. 84G
gl 25 100 KNO3 32 76R
ix 18 005 NaClO4 7.26 721 78K
gl 25 010 NaClO4 521 521 678
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Tonic  Backgr. LogK corr  LogK corr  LogkK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HpL 25°,0.1 Remarks Ref.
ATP
zn?t g 25 010 NaClOg ML-H=-887 758
gl 25 010 NaClO4 510 5.10 78M
25 010 NaClO4 5.81 5.81 3.62 3.62 314 ML+L=246 86C
ML-H=-84
ML+M=245
MHL+M= 18
M,L-H=-6.70
gl 25 0.10 NaNO3 5.16 5.16 2.86 2.86 878
gl 25 012 NaCl 41 41 large [M]/[L]? 78R
ix ? 0.25 NaCl 3.68 4.0 pH=7.5, buffer 85J
cd?* gl 22? 010 K 470 473 sulfate, large [L}] 60B
nmr 30 010 KNO3 44 19 large [L] 84P
gl 30 1.00 KNOj3 5.41 2.70 wrong HL const. 84C
gl 25 0.10 NaNOj 531 531 295 295 ML-H=-10.1 84Sa
gl 25 0.10 NaNOj3 534 534 3.04 3.04 878
nmr 32 1.5 CdCly 519 425 3.03 large [L) 85B
GTP
Mn?t g 25 010 KNO3z 518 518 73T
gl 35 0.10 KNOj3 5.29 73T
gl 45 0.10 KNOj3 5.09 73T
ix 23 010 NaCl 4.73 475 TRIS buffer 58w
large [M]/[L]
pH=82
gl 25 0.10 NaClOy4 ML-H=-9.36 758
MOHL-H=-11.3
gl 25 010 NaClOy4 4.64 4.64 778
Co?t gl 25 010 KNOj 557 557 73T
gl 35 0.10 KNO3 5.65 73T
gl 45 0.10 KNO 5.50 73T
ix 23 0.10 NaCl 4.63 4.65 TRIS buffer 58w
large [M]/[L]
pH=82
N2t gl 25 010 KNOj 578 578 73T
gl 35 0.10 KNOj3 5.87 73T
gl 45 010 KNOj 5.70 73T
gl 25 0.10  NaClO4 ML-H=-8.64 758
MOHL-H=-10.57
alt g 25 010 KNOj3 655 655 73T
gl 35 010 KNOj 6.66 73T
gl 45 010 KNOj 6.35 73T
gl 25 010 NaClOg4 ML-H=-7.7 688
MOHL-H= -93
sp 25 010 NaClO4 ML-H=-7.5 688
gl 25 010 NaClOg4 593 593 778
2t gl 25 010 KNOj 51 5T 73T
gl 35 0.10 KNO3 5.76 73T
gl 45 0.10 KNO3 5.64 73T
gl 25 0.10  NaClO4 ML-H=-839, 758
MOHL-H= -9.48
gl 25 010 NaClOy4 4.96 4.96 778
ITP
M2t gl 25 010 KNOg 445 445 73T
gl 35 010 KNOj3 4.62 73T
gl 45 010 KNOj3 4.35 73T
ix 23 010 NaCl 4.57 4.59 TRIS buffer 58W
large [M]/[L]
pH=82
gl 25 0.10 NaClO4 ML-H=-8.93 758
MOHL-H=-11.2
gl 25 0.10 NaClO4 4.66 4.66 778a
Co?t gl 25 010 KNOj3 497 497 73T
gl 35 0.10 KNOj 5.02 73T
gl 45 0.10 KNOj 4.92 73T
ix 23 010 NaCl 474 476 pH=8.2, TRIS buffer 58W
large [M]/[L]
gl 25 010 NaClO4 481 481 77C
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Table 3. (continued)
Ligand Ionic  Backgr. LogK corr LogK corr LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°0.1 M+HL 25°,01 M+HsL 25°0.1 Remarks Ref.
IT
Ni¢t gl 25 010 KNOj3 506 5.06 73T
gl 35 0.10 KNO3 512 73T
gl 45 0.10 KNO3 5.01 73T
gl 25 010 NaClO4 ML-H=-8.39, 758
MOHL-H=-10.6
gl 25 010 NaClO4 4.73 4,73 71C
c?t g 25 010 KNOj 576 576 73T
gl 35 010 KNOj 592 73T
gl 45 010 KNOj3 5.56 73T
gl 25 010 NaClOy4 ML-H=-75, 688
MOHL-H= -9.2
sp 25 010 NaClO4 ML-H=-72 68S
gl 25 0.10 NaClOy4 599 5.99 77C
m?t g 25 010 KNOj3 457 457 73T
gl 35 0.10 KNOj3 477 73T
gl 45 0.10 KNOj 4.50 73T
gl 25 010 NaClO4 : ML-H=-831, 758
MOHL-H= -94
gl 25 0.10  NaClO4 5.02 5.02 77C
CTP
Ma?t gl 25 010 KNOj 456 456 424 424 83R
gl 35 010 KNOj 443 4.10 75T
83R
gl 45 0.10 KNOj 4.85 4,01 83R
gl 25 010 KCl 4.63 4.63 25 25 84M
ix 23 010 NaCl 4.78 4.80 TRIS buffer, 58w
large [M]/[L]
pH=82
gl 25 0.10 NaClOy4 ML-H=-109 758
gl 25 010 NaClO4 4.74 474 78
gl 25 010 NaNOj 4.90 4.90 31 31 878
co?t gl 25 010 KNOjz 507 507 445 445 83R
gl 35 0.10 KNOj3 4.96 436 75T
83R
g 45 010 KNO3 432(7) 425 83R
gl 25 010 KCl 4.69 4.69 2.58 2.58 84M
ix 23 0.10 NaCl 4.48 4.50 TRIS buffer 58w
large [M]/[L]
pH=82
gl 25 0.10 NaNOj 4.78 478 3.0 3.0 878
N2t gl 15 010 KNOj3 441 449 268 274 72F
sp 15 0.10 KNOj3 ML+M=223 78F
gl 25 0.10 KNO3 5.69 5.69 4,74 4,74 83R
gl 35 010 KNOj3 5.58 4.61 75T
83R
gl 45 010 KNOj3 5.51 4.51 83R
gl 25 010 KCl 4.51 4.51 2.7 27 84M
gl 25 0.10 NaClOg4 ML-H=-9.6 758
gl 25 0.10 NaNOj 4.52 4.52 2.7 2.7 878
a?t g 25 010 KNO3z 673 673 556 556 83R
gl 35 0.10 KNOj 6.61 5.45 75T
83R
gl 45 0.10 KNOj3 6.50 5.36 83R
gl 25 010 KCl 5.64 5.64 3.42 3.42 84M
gl 25 010 NaClO4 ML-H=-7.6 688
g 25 010 NaClo, 57 57 778
gl 25 0.10 NaNOj3 6.03 6.03 3.80 3.80 878
2t g 25 010 KNO3 522 522 456 456 83R
gl 35 010 KNOj 512 448 75T
83R
gl 45 010 KNOj3 5.02 4.40 83R
gl 25 010 KCl 4.79 4.79 29 29 84M
gl 25 010 NaClO4 ML-H=-8.79 758
gl 25 010 NaClOy4 479 479 778
gl 25 0.10 NaNOj3 5.03 5.03 3.05 3.05 878
Ccl2 + gl 25 0.10  NaNOj3 499 4.99 3.16 3.16 ML-H=-10.0 84Sa
gl 25 0.10 NaNOj 5.05 5.05 3.15 3.15 878
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Ionic  Backgr. LogK corr LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HpL 25°,0.1 Remarks Ref.
UTP
Mn?t gl 25 010 KNO3 631 631 83R
g 35 010 KNOj 621 76T
83R
g 45 010 KNOj 6.10 83R
ix 22 010 NaCl 478 480 TRIS buffer 58W
large [M]/[L}
pH=82
g 25 010 NaClO4 ML-H=-9.45 758
MOHL-H=-11.1
g 25 010 NaClog 458 458 778
gl 25 010 NaNO3 491 491 270 270 878
co?t g 25 010 KNO3 694 694 83R
gl 35 010 KNOj3 6.84 76T
83R
gl 45 010 KNOj 6.01(2) 83R
ix 23 010 NaCl 455 457 TRIS buffer 58W
large [M]/[L]
pH=82
gl 25 010 NaCloy 453 453 78F
g 25 010 NaNO3 473 473 26 26 878
N2t gl 25 010 KNO3 767 167 83R
gl 35 010 KNOj 7.56 76T
83R
gl 45 010 KNOj 7.44 83R
g 25 010 NaClO4 ML-H=-9.10 758
MOHL-H=-9.7
gl 25 010 NaClO; 429 429 78F
g 25 010 NaNO3 447 447 25 25 875
c?t g 25 010 KNO3 899 899 83R
g 35 010 KNOj 8.88 76T
83R
gl 45 010 KNOj 8.76 $3R
gl 25 010 NaClOg ML-H=-738 68S
MOHL-H= -8.4
sp 25 010 NaClog ML-H=-738 685
g 25 010 NaClog 553 553 78F
g 25 010 NaNO3 581 581 28 28 85T
g 25 010 NaNO3 587 587 280 280 878
m?t g 25 010 KNO; 721 721 83R
gl 35 010 KNOj3 7.10 76T
83R
gl 45 010 KNO3 7.00 83R
gl 25 010 NaClOg ML-H=-8.71 758
MOHL-H= 924
gl 25 010 NaClog 475 475 78F
gl 25 010 NaNO3 501 501 273 273 878
ci?t gl 25 010 NaNO3 510 510 289 289 875
TTP
Mn?* g 25 010 NaClog ML-H=-9.67 758
MOHL-H=-112
gl 25 010 NaNO3 50 50 878
cZt gl 25 010 NaNO3 478 478 878
Nt g 25 010 NaClOg ML-H=-9.08 758
MOHL-H= 9.9
gl 25 010 NaNO3 452 452 878
c?t gl 25 010 NaClOg 570 570 778
gl 25 010 NaClog ML-H=-77 685
MOHL-H= 82
sp 25 010 NaClOg ML-H=-79 685
gl 25 010 NaNO3 58 58 878
Za?* g 25 010 NaClO4 ML-H=-835 758
MOHL-H= 9.2
g 25 010 NaClog, 489 489 71
gl 25 010 NaNO3 503 503 878
cdé?* g 25 010 NaNO3 509 509 878
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Ligand Ionic  Backgr. LogK corr LogK corr  LogkK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HaL 25°,01 Remarks Ref.
Al
Mot gl 25 020 PryNCl 354 364 149 153 56Sa
gl 0 020 MeyNBr 4.24 assume [H] = [Mn] 77R
pH=175
g 8 020 MeyNBr 424 assume [H] = [Mn] 77R
pH=75
g 15 020 MeyNBr 423 assume [H] = [Mn] 77R
pH=75
g 25 020 MeyNBr 431 441 assume {H] = {Mn] 77R
pH=75
gl 35 020 MeyNBr 4.40 assume {H] = [Mn] 77R
pH=17.5
g 45 020 MeyNBr 4.47 assume [H] = [Mn] 77R
pH=175
epr 2 0.0085 NEMHCI 491 pH=8.0, buffer 70J
epr 12 0.0085 NEM.HCI 495 pH=8.0, buffer 701
epr 25 00085 NEMHCI 498 431 pH=8.0, buffer 703
epr 32 0.0085 NEM.HC! 5.06 pH=8.0, buffer 701
epr 47 0.0085 NEM.HCl 517 pH=8.0, buffer 703
sp 30 002 NEMHCI 440 416 pH=8.0, buffer 640
epr 27 002 NEMHClI 448 422 pH=8.0, buffer 640
gl 0 010 KNOj 4.47 2.00 67T
g 12 010 KNOj3 4.24 1.95 67T
g 25 010 KNOj3 416 416 189 1.89 62Ta
67T
g 40 010 KNO3 4.06 1.81 67T
gl 25 010 KCl 380 380 237 237 80Db
epr 37 015 KcCl 405  4.02 BIS-TRIS buffer 78Gb
pH=72
gl 22 025 KNOj3 30 32 large HL const. 84G
ix 23 010 NaCl 394 396 pH=8.2, TRIS buffer, 58W
large [M]/[L]
epr 25 0.11 NaCl 420 420 pH=8.0, NEM buffer 70J
ix 26 0.11  NaCl 4,15 415 pH=8.0, NEM buffer 70J
ix 41 011 NaCl 4.30 pH=8.0, NEM buffer 70J
ix ? dilute ? 3.28 few details, T=? 80K
pH="?
co?t gl 5 020 MegNBr 387 pH=6.0 80M
gl 15 020 MeyNBr 3.88 pH=6.0 80M
gl 25 020 MeyNBr 3.94 pH=6.0 80M
g 37 020 MegNBr 402 pH=60 80M
g 25 020 MeyNBr 3.81 38 2Mm 275 ML+L=2.18 80M
gl 0 010 KNOj3 4.63 212 67T
gl 12 010 KNOj3 427 207 67T
gl 25 010 KNOj3 420 420 201 2.01 62Ta
67T
g 40 010 KNOj3 4.12 193 67T
gl 25 010 KCi 351 351 187 187 80Da
ix 20 005 NaClO4 612 612 large [L) 75K
ix 23 010 NaCl 368 370 TRIS buffer, 58W
large [M}/[L]
pH=82
N2t g 5 020 MegNBr 399 pH = constant 79M
gl 15 020 Mey4NBr 398 pH = constant M
gl 25 020 MeyNBr 4,00 pH=constant 79M
gl 37 020 MeyNBr 4.04 ; pH =constant M
gl 25 020 MeyNBr 390 397 228 232 ML+L=225 9M
cal 25 020 MeyNBr 42 9M
g 0 010 KNOj3 462 243 67T
gl 12 010 KNOj 457 237 67T
gl 25 010 KNOj 450 450 230 230 62Ta
67T
gl 40 010 KNOj 442 222 67T
gl 15 010 KNOj3 418 422 230 232 ML+L=230 72F
g 15 010 KNOj3 ML+M=1.60 72Fa
g 25 010 KNOg 371 371 210 210 80D
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligand Tonic  Backgr. LogK corr LogK corr LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°01 M+HsL 25°,01 Remarks Ref,
AD
g 0 010 KNOjz 6.16 2.80 ML-H=-7.65 67T
2MOHL=3.85
g 12 010 KNO3 6.04 272 ML-H=-7.38, 67T
2MOHL=3.65
gl 25 010 KNOj3 590 590 263 263 ML-H=-7.08 62Ta
2MOHL =342 67T
gl 40 010 KNOj 575 2.52 ML-H=-6.76 67T
2MOHL=3.19
gl 25 010 KCl 5.38 5.38 2.94 294 80D
gl 22 025 KNOj3 4.6 48 large HL const. 84G
za?*t g 25 010 KCl 413 413 234 234 58Wa
gl 0 010 KNOj3 4.40 2.15 ML-H=-9.14, 67T
2MOHL =3.66
gl 12 010 KNOj3 435 211 ML-H=-883, 67T
2MOHL=3.50
gl 25 0.10 KNOj3 4.28 428 204 204 ML-H=-851 62Ta
2MOHL=3.34 67T
gl 40 0.10 KNOj 420 1.96 ML-H=-818, 67T
2MOHL=3.16
gl 25 010 KQ 417 417 2.4 244 80Db
gl 22 025 KNOg3 44 4.6 large HL const. 84G
cd®*  nmr 30 010 KNO3 36 17 large [L] 84P
DP
Mn** gl 25 010 KCl 3.82 3.82 18 18 small HL const. 84M
co?t g 25 010 KCl 387 387 24 24 small HL const.  84M
Nt gl 15 010 KNO3 348 352 187 189 ML+L=199 72F
sp 15 010 KNOj3 ML+M=170 72Fa
gl 25 010 KCI 3.8 3.82 23 23 small HL const. 84M
ca?t g 25 010 KCl 489 48 27 27 small HL const. 84M
Zn?t g 25 010 KCl 393 393 247 247 small HL const. 84M
AM P-§
Mn gl 25 020 PrgNBr 2.19 223 568a
gl 0 020 MeyNBr 2.46 assume [H] = {Mn] 77R
pH=70
gl 8 020 MeyNBr 235 assume [H] = [Mn] 77R
pH=7.0
gl 15 020 MeyNBr 228 assume [H] = [Mn] 77R
pH=7.0
gl 25 020 MeyNBr 233 237 assume [H] = [Mn] 77R
pH=70
gl 35 020 MegNBr  227(?) assume [H] = [Mn] 77R
pH=7.0
gl 45 020 MeyNBr 239 assume [H] = [Mn] 77R
pH=7.0
gl 0 0.10 KNOj3 2.46 67T
g 12 010 KNO3 243 67T
gl 25 0.10 KNOj 240 240 62Ta
67T
gl 40 010 KNOj3 2.37 67T
gl 25 010 KNOj3 235 235 66D
gl 25 010 K 2.02 2,02 80Db
ix 23 010 NaCl 231 232 TRIS buffer S58W
large [M]/[L]
pH=82
ix 25 010 NaEtpBar. 219 219 barbiturate buffer 61T
pH=69
gl 25 010 NaClO4 214 214 large [M]/[L] 64S
gl 25 010 NaNOs 223 223 large [M]/[L] 88Sa
c?t g 5 020 MeyNBr 246 assume [H] = [Co]  80M
pH=70
gl 15 020 MeyNBr 238 assume [H] = [Co] 80M
pH=70
gl 25 020 MeyNBr 235 assume [H] = [Co] 80M
pH=70
gl 37 020 MeyNBr 237 assume [H] = [Co] 80M
pH=70
gl 25 020 MeyNBr 232 236 80M
cal 25 020 MeyNBr 235 pH=70 80M
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Table 3. (continued)
Ligand Tonic  Backgr. LogK corr  LogK cor LogkK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°01 M+HL 25°,01 M+HsL. 25°,0.1 Remarks Ref.
g
Co gl 25 010 KNOj3 257 257 66D
g 0 010 KNO; 244 67T
gl 12 010 KNOj3 249 67T
gl 25 010 KNOj 253 253 62Ta
67T
gl 40 010 KNOj 2.57 67T
gl 25 010 Kcl 230 230 80Da
ix 20 005 NaClO4 333 331 farge {L] 75K
ix 23 010 NaCl 2.58 2.58 TRIS buffer 58w
large [M]/[L]
pH=82
gl 25 010 NaClog 219 219 large [M]/[L] 64S
gl 25 010 NaNOj3 223 223 large [M]/[L] 88Sa
gl 8 020 NaClOg4 235 240 132 1.34 77P
g 25 010 NaNOj3 223 223 large [M]/[L] 88Sa
Nt g 5 020 MegNBr 267 assume [H] = [Ni]  79M
pH=7.0
g 15 020 MesNBr 254 assume [H] = [Ni] 79M
pH=7.0
g 25 020 MeyNBr 246 assume [H] = [Ni] 79M
pH=70
gl 37 020 MeyNBr 242 assume [H] = [Ni]  79M
pH=7.0
gl 25 020 MeyNBr 242 2.46 79M
cal 25 020  MeyNBr 248 9M
gl 25 010 KNOj 267 267 66D
gl 0 010 KNO3 2.90 67T
gl 12 010 KNOj3 2.87 67T
gl 25 010 KNOj3 284 284 62Ta
67T
gl 40 010 KNOj3 2.84 67T
gl 15 016 KNOj3 2.59 2.53 ML+L=241,238 72F
gl 25 010 KNO3 249 2.49 ML+L=230,230 74B
gl 25 010 Kl 234 234 80D
gl 25 010 KNO3 2,61 2,61 ML+L=243,243 800
gl 15 010 KNOj3 2.60 2.54 12 12 ML+L=220,217 72F
80Ta
gl 25 010 NaClog 262 262 large [M]/[L] 648
sp 25 0.10 NaClO4 248 248 1.0 1.0 76Ta
gl 25 010 NaClO4 252 252 12 1.2 76Ta
gl 25 010 NaNO3 249 249 large [M}/[L] 88Sa
c?t g 0 010 KNO3 330 67T
gl 12 010 KNO3 3.24 67T
gl 25 0.10 KNOg3 318 318 62Ta
67T
gl 40 0.10 KNOj 312 67T
gl 25 010 KcCi 288 288 80D
gl 25 010 KNOj3 3.6 36 21 2.1 8A
gl 25 010 NaClog 304 304 large [M}/[L] 648
gl 25 010 NaNO3 314 314 large [M]/[L] 88Sa
zn®*t gl 0 010 KNOj 2.80 67T
gl 12 010 KNOj3 2.76 67T
gl 25 010 KNO3 272 272 62Ta
67T
gl 40 010 KNO; 268 67T
ix 18 005 NaClO4 356 353 78K
gl 25 010 NaClog 223 2.3 large [M]/{L] 648
gl 25 010 NaClog 234 234 large [M]/[L] 88Sa
gl 25 010 NaNO3 241 241 large [M]/[L]} 88Sa
ciZt g 25 010 NaNO3 268 268 targe [M]/[L} 88Sa
Mn%‘é el 25 010 MeyNBr 198 198 66D
ix 25 010 KClO4 1.86 1.86 66D
gl 0 010 KNOj3 234 67T
gl 12 0.10 KNOj3 231 67T
gl 25 010 KNO3 2.28 228 62Ta
67T
gl 40 010 KNOg 225 67T
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Table 3. (continued)

COMMISSION ON EQUILIBRIUM DATA

Ligan Ionic  Backgr. LogK corr LogK corr LogkK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°01 M+HL 25°,01 M+HpL 25°,01 Remarks Ref.
AMP3
Co gl 25 010 NaNO3 206 206 large [M]/[L] 89M
gl 25 010 MeNBr 219 219 02 02 66D
g 25 010 KNOj3 210 210 66D
ix 25 010 KCIO4 2,08 66D
gl 0 010 KNO3 211 67T
g 12 010 KNOj3 2.15 67T
gl 25 010 KNO; 220 220 62Ta
67T
gl 40 010 KNO; 224 67T
gl 25 010 NaNO3 180 180 large [M]/[L] 89M
N2t gl 0 010 KNOj 285 67T
gl 12 010 KNO3 282 67T
g 25 010 KNOj 279 279 62Ta
67T
gl 4 010 KNO3 275 67T
gl 15 010 KNO3 208 202 07 07 80Ta
g 25 010 NaCloy; 198 198 11 11 76Ta
gl 25 010 NaNO3 189 189 large [M]/[L] 89M
c?t g 0 010 KNOj 3.06 67T
g 12 010 KNO3 3.00 67T
gl 25 010 KNO3 29 29 62Ta
67T
gl 0 010 KNO3 2.90 67T
g 25 010 NaNO3 275 275 large [M]/[L] 89M
Z?* g 25 010 KCl 269 269 58Wa
ix 25 010 KCIO4 248 248 66D
gl 0 010 KNOj 265 67T
gl 12 010 KNO3 262 67T
gl 25 010 KNOj3 260 260 62Ta
67T
gl 4 010 KNO3 2.56 67T
g 25 010 NaNO3 198 198 large [M]/[L] 89M
ca?t g 25 010 NaNO3 232 232 large [M]/[L] 89M
AMP-2
Mn g 0 010 KNOj 243 67T
gl 12 010 KNOj3 241 67T
gl 25 010 KNOj3 238 238 67T
g 4 010 KNO3 235 67T
gl 25 010 NaNO3 214 214 targe [M]/[L] 89M
co?t g 0 010 KNOj 2.15 67T
g 12 010 KNOj3 2.19 67T
gl 25 010 KNOj3 224 224 67T
gl 40 010 KNO3 2.28 67T
gl 25 010 NaNO3 193 193 large [M]/[L}] 89M
N2t gl 0 010 KNO3 2.86 67T
gl 12 010 KNO3 2.84 67T
g 25 010 KNO; 281 281 67T
gl 40 010 KNO3 278 67T
gl 15 010 KNOj 208 202 ML+L=2.20 T72F
g 15 010 KNO3 218 212 07 07 ML+L=1.40 80Ta
gl 25 010 NaNO3 194 194 large [M]/[L] 89M
c?t g 0 010 KNO3 328 67T
gl 12 010 KNO3 323 67T
gl 25 010 KNOj3 316 316 67T
gl 4 010 KNO3 3.10 67T
gl 25 010 NaNO3 301 301 large [M]/[L] 89M
z?t gl 0 010 KNO; 272 67T
gl 12 010 KNO3 2.68 67T
g 25 010 KNOj3 264 264 67T
g 49 010 KNOj 2.60 67T
g 25 010 NaNO3 210 210 large [M]/[L] 89M
ci?t g 25 010 < NaNO3 241 241 large [M]/[L] 8M
GMP-5
Cu gl 37 015 NaCl 2M+3H+2L=3467 83C
MyH3L, +H=3.15
ci?t g 25 010 NaNO3 298 298 large [M]/[L] 88Ma
P..
Nil” sp 020 NaClO3 29 291 18 18 ML-H=-7.9 8IN
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Ligan Ionic Backgr. LogK corr LogK corr LogkK corr Other equilibria
Metal Ion Method T,°C. Streng., Electr. M+L 25°0.1 M+HL 25°,0.1 M+HpL 25°,0.1 Remarks Ref.
P-.

Mn[” g 25 010 KCl 24 24 84M
g 35 010 KNOj 265 259 85K
gl 25 010 NaNO3 210 210 large [M]/[L] 88M

co?t g 25 010 KC 23 23 84M
gl 35 010 KNOj 350 3500 85K
g 25 010 NaNO3 186 186 large [M]/[L] 88M

Ni2* g 15 010 KNOj3 19 18 05 05 1F

80T
g 25 010 KNOj 200 200 800
g 25 010 KCl 22 22 84M
g 35 010 KNOj 236 242 85K
gl 25 010 NaNO3 194 194 large [M]/[L] 88M

c?t g 25 010 K 32 32 84M
gl 35 010 KNOj 390 4.0002) 85K
gl 25 010 NaNOj 284 284 large [M]/[L] 88M

z?*t g 25 010 Kl 254 254 58Wa
gl 25 010 Kl 26 26 84M
gl 35 010 KNOj 225 227 85K
gl 25 010 NaNO3 206 206 large [M]/[L] 88M

c?t g 25 010 NaNO3 240 240 large [M]/[L] 88M

UMP-§

Mn gl 25 0.10 NaNOj3 201 201 large [M]/[L] 84S
g 25 010 NaNO3 211 211 large [M]/[L] 88M

c2t g 25 010 NaNO3 187 187 large [M]/[L] 88M

Nig* g 25 010 NaNO3 197 197 large [M]/[L] 88M

at g 25 010 NaNO3 280 280 large [M]/[L] 84S
g 25 010 NaNO3 277 277 large [M]/[L] 88M

z?t gl 25 010 NaNO3 203 203 large [M]/[L] 848
gl 25 010 NaNO3 202 202 large [M]/[L] 88M

cd?t g 25 010 NaNO3 238 238 large [M]/[L] 88M

IMP-;

Mn g 25 010 NaNO3 211 211 large [M]/[L] 88M

c2t g 25 010 NaNO3 180 189 large [M]/[L] 88M

NiZ* g 25 010 NaNO3 192 192 large [M]/[L] 88M

at g 25 010 NaNO3 287 287 large [M]/[L] 88M

n?*t g 25 010 NaNO3 210 210 large [M]/[L] 88M

ca?t g 25 010 NaNO3 242 242 large [M]/[L] 88M

TP

BeZt gl 22?7 010 KCl 5.01 sulfate, large [L]  60B

st kin 25 005 TAPSHCI 635 pH =80, buffer 83M

y3+ gl 9 010 NaClo, 644 388 825a
gl 17 010 NaClog 630 371 82Sa
gl 25 010 NaClog 629 629 364 364 828a
87Sa
gl 32 010 NaClog 621 3.54 825a
gl 41 010 NaClog 618 342 82Sa
g 50 010 NaClog 610 338 82Sa
ix 25 015 NaCl M+2L=1110 708

few details

pH=7.4
L2t kin 25 005 TAPSHCl 648 pH=8.0, buffer 83M
g 25 010 Kl 653 653 443 443 402 402 M+2L=10.26, 88$
ML +OH=4.04
M+(H_ L)+ OH=11.65
g 9 010 NaClo, 607 3.66 828a
gl 17 010 NaClog 601 3.58 828a
gl 25 010 NaClo, 597 597 352 352 82Sa
87Sa
g 32 010 NaCloy 592 345 828a
g 41 010 NaClog 588 335 828a
g 50 010 NaCloy 584 332 82Sa
cet  kin 25 005 TAPSHCI 646 pH=8.0, buffer 83M

Pt kin 25 005 TAPSHCI 651 pH=8.0, buffer 83M

g 25 010 Kl 65 653 431 431 37 376 M+2L=1048 888
' ML+OH=424

M+(H.;L)+OH=11.98
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Ligand Ionic Backgr. LogK corr LogK corr  LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°01 M+HL 25°,01 M+HpL 25°,0.1 Remarks Ref.
AT]
Ng>t kin 25 0.05 TAPSHCl 654 pH=8.0, buffer 83M
gl 25 010 KCl 647 647 422 422 3.60 3.60 M+2L=1047 88S
ML +OH=4.52
M+(H.1L)+OH=12.22
gl 9 010 NaClog 640 381 82Sa
gl 17 010 NaClO4 631 367 828a
gl 25 010 NaClO4 6.23 6.23 3.63 3.63 82Sa
87Sa
g 32 010 NaClog 616 357 828a
gl 41 010 NaClOg4 6.09 343 82Sa
gl 50 010 NaClog 600 334 825a
sm3*  kin 25 005 TAPSHCl 666 pH=8.0, buffer 83M
gl 25 010 KCl 6.71 6.71 4.51 4.51 3.95 395 M+2L=10.53 888
ML+OH=3.9
M+ (H.1L)+O0H=12.28
B3t g 5 020 MegNBr 692 assume [H] = [Eu] 78G
pH=6.7
gl 020  MeyNBr 7.08 assume [H] = [Eu] 78G
pH=67
gl 020 MeyNBr 7.26 4.94 assume [H] = [Eu] 78G
pH=6.7
gl 35 020 MeyNBr  7.64 assume [H] = [Eu] 78G
pH=6.7
sp 20 005 NEMMHCI 6.0 pH=7.0, buffer 74E
sp 20 005 NEMHCI 59 pH=8.0, buffer T4E
kin 25 0.09 PIPES,TAPS 6.8 pH=8.0, buffers 80Ma
sp 21 010 MES.HCI ML+L=3.52, buffer 84E
pH=6.0
kin 25 0.05 TAPSHCI 6.80 pH=8.0, buffer 83M
gl 25 010 KCi 6.63 6.63 4.36 4.36 375 375 M+2L=10.52 88S
ML+OH=42
M+ (H.1L)+OH=12.57
g 9 010 NaClog 648 3.87 825a
gl 17 0.10 NaClOg4 6.38 3.75 828a
gl 25 010 NaClO4 6.31 6.31 3.65 3.65 82Sa
87Sa
gl 32 010 NaClO4 6.22 3.58 828a
gl 41 010 NaClOy4 6.16 348 828a
gl 50 010 NaClOg4 6.08 3.38 828a
Gt epr 28 010 NaCac. 70 cacodylate buffer 73V
pH=6.0
kin 25 0.09 PIPES,TAPS 6.0 pH=6.0, buffers 80Ma
kin 25 0.09 PIPES,TAPS 7.1 pH=8.0, buffers 80Ma
kin 25 0.09 PIPES,TAPS 6.0 pH=8.7, buffers 80Ma
kin 25 0.09 PIPES,TAPS 6.0 pH=8.9, buffers 80Ma
kin 25 005 TAPSHCI 7.06 pH=8.0, buffer 83M
gl 25 010 KCl 673 673 442 442 388 388 M+2L=10.57 888
ML+OH=4.1
M+(H.1L)+0OH=1271
o+ kin 25 005 TAPSHCl 703 pH=8.0, buffer 83M
gl 25 010 KCl 652 652 417 417 3.4 344 M+2L=1039 888
ML+OH=43
M+ (H.1L)+OH=1295
Dyt kin 25 005 TAPSHCl 731 pH=8.0, buffer 83M
g 25 0.10 KCl 64 64 416 4.16 346 346 M+2L=1033 888
ML+OH=44
M+(H.1L)+OH=13.07
gl 9 0.10 NaClO4 6.47 3.87 82Sa
gl 17 010 NaClOg4 6.43 373 828a
gl 25 010 NaClOg4 6.37 637  3.66 3.66 828a
87Sa
gl 32 010 NaClOy4 6.32 3.61 828a
gl 41 010 NaClOy4 6.26 353 828a
g 50 010 NaClO4 6.20 3.46 828a
Ho3* kin 25 005 TAPSHCI 7.00 pH=8.0, buffer 83M
g 25 010 KCl 648 648 412 412 339 339 M+2L=1035 888
ML+OH=4.5

M+(H_1L)+OH=1327
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Table 3. (continued)

Ligand Tonic  Backgr. LogK corr LogK corr  LogkK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr. M+L 25°,01 M+HL 25°,01 M+HpL 25°0.1 Remarks Ref.
=
Er7 kin 25 005 TAPSHCI 707 pH=8.0, buffer &M
gl 25 010 KCl 647 647 404 404 327 327  M+2L=1047 88S
ML+OH=44
M+(H_{L)+OH=1354
Tm3*  kin 25 005 TAPSHCl 742 pH =80, buffer 83M
gl 25 010 KCl 650 650 409 409 347 347  M+2L=10.56 888
ML+OH=45
M+(H_jL)+OH=13.64
gl 9 010 NaClog, 638 390 825a
g 17 010 NaClog 651 3.76 825a
g 25 010 NaClo; 645 645 367 367 825a
87Sa
d 32 010 NaClog 640 3.59 828a
gl 41 010 NaClog 636 3.49 82Sa
gl 5 010 NaClog 628 343 82Sa
o>t kin 25 005 TAPSHCI 762 pH=8.0, buffer &M
g 25 010 KCl 644 644 39 396 320 320 M+2L=10.56 888
ML+OH=46
: M+(H_{L)+OH=13.77
L3t ki 25 005 TAPSHCI 736 pH =80, buffer 83M
gl 25 010 KCl 634 634 388 38 306 306 M+2L=1047 888
ML +OH=438
M+(H.1L)+OH=13.68
vo?t  kin 25 020 KCl 372 varies with pH 71K
pH=15
kin 25 020 KCl 397 pH=18 71K
kin 25 020 KCl 411 pH=25 71K
! gl 25 015 NaClog 20 M
AB* kin 25 009 ? 62 pH=7.0 80V
g 25 015 NaCl 6.23 871
AD
Euw ' gl 5 020 MegNBr 676 assume [H] = [Eu] 78G
pH=6.7
gl 15 020 MeyNBr 6.74 assume [H] = [Eu] 78G
pH=6.7
gl 020 MeyNBr 685  4.69 as;un;e [H} = [Eu] 78G
pH=6.7
gl 35 020 MeyNBr 7.05 assume [{H] = [Eu] 78G
. pH=6.7, buffer
sp 20 005 NEMHCl 575 pH=17.0, buffer 74E
sp 20 005 NEMHCI 489 pH=8.0, buffer 74E
vo?t  kin 25 020 Kl 3.56 varies with pH 7K
pH=18
kin 25 020 KCI 381 pH=26 71K
Tt d 25 015 NaClog 13 M
APt g 25 015 NaCl 10.03 ML-H=-585 87
AM g.§
Y ix 25 015 NaCl M+2L=57, 70B
pH =174, few details
S| 9 010 NaClog 409 2.56 825a
g 18 010 NaClog 422 278 82Sa
gl 25 010 NaClog 428 278 825a
gl 25 010 NaClog 435 435 276 276 875a
gl 33 010 NaClog 441 273 825a
| 41 010 NaClog 456 2.77 82Sa
d 50 010 NaClog 463 2.74 828a
L3t gl 9 010 NaCloy 359 2.66 825a
gl 18 010 NaCloy, 368 281 828a
gl 25 010 NaClog 376 2.78 825a
gl 25 010 NaClog 378 378 276 276 87sa
gl 33 010 NaClo;  3.84 2,74 828a
gl 41 010 NaClog 391 2.69 825a
gl 50 010 NaClog 402 . 269 828a
Nt g 9 010 NaClog 389 283 825a
gl 18 010 NaClog 39 2.84 825a
gl 25 010 NaClog 405 2.76 828a
g 25 010 NaCloy 409 409 274 274 875a
gl 33 010 NaClog 416 2.7 828a
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Ligand Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria
Metal Ion Method T,°C. Streng. Electr, M+L 25°01 M+HL 25°,01 M+HoL 25°0.1 Remarks Ref.
AMP-5
gl 41 0.10 NaClO4 426 274 828a
gl 50 010 NaClog 439 274 82Sa
Eu3* gl 5 020 MeyNBr 572 assume [H] = [Eu] 78G
pH=6.7
gl 15 020 MeyNBr 5.58 assume [H] = [Eu] 78G
pH=6.7
gl 25 020 MeyNBr 5.62 3.5 assume [H] = [Eu] 78G
pH=6.7
gl 35 020 MeyNBr 5.62 assume [H] = (Eu] 78G
pH=6.7
gl 9 010 NaClOg4 431 2.70 828a
gl 18 0.10 NaClOg4 442 2.87 82Sa
gl 25 0.10 NaClO4 447 274 82Sa
gl 25 010 NaClO4 4.50 4.50 272 272 87Sa
gl 33 0.10 NaClO4 4.57 2.80 828a
gl 41 010 NaClO4 467 2.80 82Sa
gl 50 010 NaClO4 475 2.83 82Sa
Dyt g 9 010 NaClOg 436 276 82Sa
gl 18 010 NaClOg4 4.46 2.89 82Sa
gl 25 010  NaClOy4 4.49 273 82Sa
gl 25 010 NaClO4 4.57 4.57 271 271 87Sa
gl 33 0.10 NaClO4 4.64 2.85 828a
gl 41 010 NaClO4 4.74 2.86 828a
g 50 010 NaClog 483 282 82Sa
Tm3t g 9 010 NaClog 432 2.52 825a
gl 18 0.10 NaClO4 4.37 286 828a
gl 25 0.10 NaClO4 446 272 82Sa
gl 25 010 NaClO4 4.46 4.46 270 270 87Sa
gl 33 010 NaClO4 455 270 828a
gl 41 010 NaClOg4 4.64 272 82Sa
gl 50 0.10 NaClO4 482 262 82Sa
(CH3)35n " gl 25 030 NaClog 331 1.59 ML+L= 142 87TH
IMP-§
(CH3)3snt gl 25 030 NaClog 252 ML+M= 2.85 87TH
IMP-§
Fe red 20 0.10 NaClOg4 8.60 ML-H=-2.59 68R
Method:  cal = calorimetric, epr = electron paramagnetic resonance, gl = potentiometric using glass electrode,

int = interferometric, ise = potentiometric using ion selective electrode, ix = ion exchange,
kin = kinetic, lit = literature survey, nmr = nuclear magnetic resonance,
red = potentiometry using redox electrode, sp = spectrophotometric, ? = not given in paper.
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IV. DISCUSSION OF CONSTANTS

Enthalpy Changes Accompanying Complexation

Before evaluating complexation constants, it was necessary to make a critical evaluation of the enthalpy
changes that accompany complexation in order to correct reported constants to 25°C so that direct
comparisons may be made.

The reported enthalpy values are listed in Table 1. The units kJ/mol are employed. These may by
converted to kcal/mol by dividing the values by 4.184. The final recommended values are listed in Table 4 with
an estimate of the uncertainty for each value.

Batch calorimetry, in which the metal ion solution and the ligand solution are rapidly combined and the
heat change measured directly, is the most reliable and precise method for obtaining enthalpy changes but
results from this method are not available for all complexes. Titration calorimetry, in which heat change is
measured as increments of solution are added, is less precise and has greater chance of misinterpretation of
results but usually gives satisfactory values. Enthalpy changes can also be calculated from complexation
constants measured at several temperatures. If the complexation constants are measured carefully in cells
without liquid junction potentials, at small temperature intervals over a large temperature range, with
consideration of heat capacity changes, the precision is similar to that from titration calorimetry. However with
junction potentials and fewer temperature measurements the precision is much less and at best gives only an
order of magnitude. At worst it gives completely misleading results. Therefore temperature variation of
potentiometric data involving liquid junction potentials were selected cautiously only when no other values
were available. In a few cases, the enthalpy change was calculated from data in the paper although the authors
did not report a value.

Protonation Enthalpy Changes

For the first protonation of ATP, two of the calorimetric results agree closely but the third is
considerably more exothermic than the others. The agreement of the first two is apparently fortuitous since
their ADP, AMP-5, and second protonations do not show this agreement. In reference 62C, results for the first
protonation of triphosphate (TP) and diphosphate (DP) are also considerably more endothermic than two
other calorimetric results with each ligand. In addition, the two more exothermic results for TP (65A: -0.4
kJ/mol at 0.1 ionic strength, 66I: -0.4 at 0.65 ionic strength) are almost identical with the more exothermic
result with ATP (-0.8 kJ/mol) as would be expected if the first protonation involves the triphosphate portion of
ATP. Protonation at the triphosphate moiety would be expected, rather than at the adenosine moiety, because
the protonation constant of ATP (6.53) is much closer to that of TP (7.97) than to that of adenosine (3.55).
Therefore the value of 81C (-0.8 kJ/mol), supported by the less accurate temperature variation values of S1A,
66T, and 86D, is recommended for the first protonation constant of ATP. The difference between the 81C and
878a values is about the same as the difference in the second protonation constants which suggests that 87Sa
has a calibration error. There are insufficient data to determine the effect of ionic strength and background
electrolyte on the enthalpy value. The available data suggest that the effect of these variables is less than the
estimated uncertainty of the measurements from zero to 0.2 M ionic strength and perhaps beyond.

The second protonation enthalpy values of 81C and 62C at zero ionic strength are in excellent
agreement and in close agreement with the calorimetric protonation enthalpy value of adenosine (70C: -16.3
kJ/mol at near zero ionic strength and 60R: -15.9 kJ/mol at 0.1 M ionic strength). The recommended value for
adding the second proton to ATP is that of 81C (-15.1 kJ/mol) supported by 62C, 66T, 80Tb, and 86D. The
sign and magnitude of the enthalpy values show that the second proton coordinates to the purine ring rather
than the triphosphate group.

The other nucleotide triphosphates, GTP, ITP, CTP, and UTP, have only been reported in two papers in
which the temperature variation method was employed. There is no agreement for the first protonation
enthalpy value. The value of 65P shows only a small change from its ATP value which is what would be
expected if the first proton coordinates to the triphosphate and therefore 65P is probably the more reliable.
However the magnitude for the ATP value is somewhat different from the recommended value and suggests an
experimental error. If the suspected error is common to all of the measurements, such as a change in junction
potential with temperature, then the relative values could still be accurate because of error cancellation upon
subtraction. Therefore tentative values for the first protonation enthalpies were obtained by adjusting the
values of 65P so that the value for ATP agrees with the recommended value for ATP selected above.

The first protonation enthalpy values for the corresponding mono- and diphosphates were evaluated in
the same way as the triphosphates based on the values of 65P relative to the recommended value of ATP and
are tentatively recommended.

The enthalpy values of 73T and 83R for the second protonation of the nucleotide triphosphates are near
the values for ATP and are probably approximately correct since the second proton would be expected to
involve a ring nitrogen as with ATP. Calorimetric values for guanosine (70C: -13.4 kJ/mol at near zero ionic
strength and 60R: -4.2 at 0.1 M ionic strength) suggest a value near -13 kJ/mol instead of the -17 value of 73T
for GTP and for cytosine (67C: -21.3 kJ/mol at near zero ionic strength and 60R: -18.8 kJ/mol at 0.1 M ionic
strength) suggest a value near -21 kJ/mol instead of the -17 value for CTP. Therefore the uncertainty of the
measurements appears to be at least four kJ/mol and perhaps slightly more.

The second protonation enthalpy values of adenosine and its phosphate derivatives determined
calorimetrically are all about the same (-16 +1 kJ/mol) and the less precise values with cytosine and its
phosphate derivatives are also in agreement (-20 +4 kJ/mol). Therefore the other nucleotides should not vary
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more than +4 kJ/mol as the number of phosphates changes. Estimates based on the 73T and 83R values are
tentatively recommended for adding the second proton to the mono-, di-, and triphosphates.

The enthalpy value for the first protonation of ADP cannot be based upon 62C or 87Sa since those
papers reported values which were too endothermic for ATP. The temperature variation values do not show
good agreement but the differences between the ATP and the ADP enthalpies of each paper that measured
both values show much better agreement. If the zero ionic strength value of 62C and the value of 80T are
omitted, the ADP enthalpy is -2.1 +0.8 kJ/mol relative to the ATP value for the eight other comparisons.
Therefore the ATP value adjusted by this amount to -2.9 kJ/mol is recommended for adding the first proton to
ADP.

For the second protonation of ADP, the differences between the ATP and ADP values for 51A, 66T-
67T, and 78G adjusted to the ATP value are in good agreement with the zero ionic strength value of 62C and
since the 62C value for ATP is in excellent agreement with the recommended value for that ligand, its value
-17.2 kJ/mol) is recommended for adding the second proton to ADP,

The average of seven out of ten differences between the first protonation enthalpy values for AMP-5
and those for ADP is 2 +1 kJ/mol. Therefore the ADP value adjusted by this amount to -4.2 kJ/mol is
recommended for adding the first proton to AMP-5.

The calorimetric value of 62C for zero ionic strength (-17.6 kJ/mol), supported by 74B and 88A and by
the differences from ADP of 51A, 67T, and 80T, is recommended for the second protonation enthalpy of AMP-
5.

The values of 67T, adjusted relative to the AMP-5 value, are tentatively recommended for the
protonation enthalpy values of AMP-3 and AMP-2. The 51A value for AMP-3 is in approximate agreement.

The few enthalpy values reported for the third and fourth protonations of the nucleotides are not
recommended.

Alkali Metal Complex Enthalpy Changes

The calorimetric results of 81C, supported by 86D, are tentatively recommended for the enthalpy
changes accompanying the formation of the Na* and K* complexes with ATP at -0.8 and +1.3 kJ/mol. The
temperature variation results of 86D for Lit, Rb*, and Cst are tentatively recommended after rounding to
the nearest kJ/mol because of the expected lower precision. The reported enthalpy changes for the
complexation of the alkali metal ions with mono-protonated ATP to form MHATP and of Li* with LiATP to
form LipATP are not recommended. They depend upon minor variation of approximate values and may be
completely in error.

Alkaline Earth Metal Complex Enthalpy Changes

The calorimetri¢ results of 69B and 82S from the same research group show the variation of the
enthalpy change of Mgé™ + ATP with temperature. A linear extrapolation to 25°C indicates +19.01 kJ/mol
which is in approximate agreement with the resuits of 87Sa (+18.07). When the 87Sa value is corrected for the
background electrolyte using the NaATP value (-0.8), the result (+18.8) is in excellent agreement and +18.8
kJ/mol is recommended for MgATP. The temperature variation results of 57N, 59B, 66P, 66T (when the 40°C
vahie is omitted), 71B, and 73B show good agreement. This value is also supported by the results of 65A for
Mg#? with TP (+18.0 kJ/mol).

For Mgz"' + HATP, the calorimetric results of 87Sa, rounded to +9.6 and supported by 66P and 66T
(when the 0°C value is omitted), is recommended.

The calorimetiic value of 87Sa, corrected for the background electrolyte to +14.2 kJ/mol, is
recommended for Ca* + ATP. The temperature variation result of 57N is in approximate agreement. For
the CaTP complex, the calorimetric results of 65A and 77R show very good agregment at + 13.8 kJ/mol which
strongly suggests that the CaATP complex should be similar unless the Ca** is not complexed to the
tripzhosphate portion. It would be expected that the triphosphate group would be a_stronger coordinator for
Ca“* than the adenosine portion as indicated by the stability constant trend of Ca2* with TP (6.35)(65A),
ATP (4.25), ADP (3.08), and AMP-5 (1.80). If CaATP has the same relationship to CaTP as MgATP has to
MgTP then the enthalpy change for the formation of CaATP should be about +14.6 kJ/mol and supports the
value of 87Sa recommended above (+14.2).

For CaHATP, the value of 87Sa rounded to +7.9 kJ/mol is tentatively recommended. The values for
CaH2ATP and CapATP by 86D are pot recommended. :

The endothermic value of Sr%* with TP (72S) suggests that the reported Sr2*t and Ba2* values with
ATP are in error and are not recommended. The less certain MHL values are not recommended.

The calorimetric results of 73S for Mgz"' with GTP, ITP, and UTP show only small variations from that
of ATP as would be expected from the similarity of the primary coordinating group and are tentatively
recommended. The temperature variation results of 73T are too uncertain to be of any value. The results of
83R with CTP and with UTP do not agree with the other triphosphates and are not recommended.

The two calorimetric results for Mg®* with ADP reported by 69B and 87Sa are in considerable
disagreement. e trends from ATP to ADP to AMP-5 for protonation, for transition metal complexes, and
for 73S with Mg“* + guanosine and uridine phosphates are in uniform steps to more exothermic values as the
number of phosphates decreases. This supports the 69B trend and puts doubt on the 87Sa value. Therefore
the 69B value at +13.4 kJ/mol, supported by the temperature variation values of 66P and 67T, is
recommended for MgADP.
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The MgHADP value of 87Sa at +7.5 kJ/mol is tentatively recommended. The temperature variation
value of 66P is é'n approximate agreement.

The Ca** + ADP value of 87Sa seems much too endothermic relative to the CaATP and CaAMP-5
values in the same paper and is not recommended.

The CaHADP value of 87Sa is the approximate magnitude that would be expected by the trend from
CaHATP and is tentatively recommended.

The calorimetric value of 87Sa for CAAMP-5 is also tentatively recommended. The Ca2+, Sr2+, and
Ba2+ values for complexes with ADP, AMP-3, AMP-2 of 67T are not recommended.

The calorimetric values of 73S for Mg * with GDP, UDP, GMP-5, and UMP-5 are tentatively
recommended.

For Mg2+ with AMP-5, the two calorimetric results are in approximate agreement, but for consistency
with the other recommended values, +7.5 kJ/mol from 69B is tentatively recommended.

The CaAMP-5 value of 87Sa at +4.2 kJ/mol is tentatively recommended.

The values of 67T for Mg“* with AMP-3 and with AMP-2, after they are adjusted by the same amount
as is necessary to change the MgAMP-S value in the same paper to the recommended MgAMP-5 value, are
tentatively recommended at +7.9 kJ/mol.

Transition Metal Complex Enthalpy Changes

The calorixgetric values of 77R, 78G, and 83A are tentatively recommended for the complexation of
Mn2+, C02+, Cu +, and Zn“* with ATP. For Mn“t with ATP, a 25°C value was estimated by assuming a
linear change between the 15° and 30° values. The value for Ni“* with ATP was estimated by comparing the
Mn to Co to Cu trend with ATP to the Mn to Co to Ni trend with ADP,

The enthalpy changes for the transition metals with the other nucleotide triphosphates would be
expected to be similar to those with ATP and therefore the highly uncertain temperature variation values of
73T, 76T, and 83R are not recommended.

ith ADP aéld with AMP-5, the calori&netric values of 77R and 79M are tentatively recommended for
the Mn®* and Ni¢* complexes. With Co*¥, the temperature va&riation values_of 80M seem to fit the
observed trend and are tentatively recommended. Estimates of Cu¢* and of Zn2* values were made by
comparison to the Mn to Zn trend with ATP.

The temperature variation values of 67T for AMP-3 and for AMP-2, adjusted in the same manner as the
variation between their AMP-5 values and the recommended AMP-S values, are tentatively recommended.
The values of 88A for CuAMP-5 appear to be too exothermic, the experimental uncertainty is rather large, and
they are not recommended.

Other Metal Complex Enthalpy Changes

The temperature variation values of 78G and of 87Sb for Eu3* + ATP and AMP-5 are in complete
disagreement. The trend of 78G from EuATP to EuAMP-5 is much more similar to the trend with protonation
and metal complex enthalpy changes with these ligands than is the trend of 87Sb. Therefore the results of 78G
for EuATP, EuADP, and EuAMP-5, rounded to the nearest kilojoule, are tentatively recommended. The
value with ADP fits the trend from ATP to ADP to AMP-5 better, in comparison to the complexes of Mg2+
with the same ligands, if the 5°C value is omitted and a linear trend is assumed for the other temperatures.

Protonation Constants
ATP

The reported log K’s for adding the first proton to ATP, listed in Table 2, range from 7.70 to 5.47 but
when ionic strength, temperature, and the cation of the background electrolyte are taken into consideration,
the majority of values are in good agreement. Consequently the values in the table are grouped firstly
according to the cation of the background electrolyte and secondly according to ionic strength.

Mixed protonation constants (also known as Bronsted or as practical constants), involving both
hydrogen ion activity and ligand concentration terms, were converted to concentration constants by using
hydrogen ion activity coefficients. Usually the conversion was necessary at 0.1 to 0.2 ionic strength where the
activity coefficient is essentially independent of the background electrolyte and 0.78 was used. After
correction, the logarithm of the mixed constant is 0.11 lower. In some papers it was not clear which type of
constant was calculated. Comparison of the reported values with those known to be concentration constants
frequently gave an indication of the type of constant reported.

The zero ionic strength value of 63P appears to be accurately measured and is tentatively
recommended. The calculated value of 86D, based on measurements at higher ionic strength, is in very good
agreement but the calculated value of 80Ta does not agree and probably involves a computational error.

The reported values for the first protonation constant near 0.1 M ionic strength were converted to 25°C
by using the aH value selected in this paper, to 0.10 M ionic strength by using the observed changes with ionic
strength of 63P and 86D, and to concentration constants (76S), and the new value listed in the next column of
the table. The values at 0.10 M ionic strength were selected for each background electrolyte and the average of
the majority that showed good agreement are listed in Table 5. Minority values with poor agreement are
assumed to involve some unknown experimental or computational error. The 81C value in Et4NBr was not
used even though their values for the second protonation constant and those in KNO3 and in NaClOy4 were
used because it does not agree with the mutually consistent values of 54M, 568, 63Pa, and 640. The values of
73Sa, 77R, and 78G are in good agreement with each other but are from the same research group. They are
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higher than what would be expected based on the majority of other values and 78G is also larger than the
majority for the second protonation constant. Therefore their values were not used in the selection of the
recommended constants.

There is a decreasing magnitude of the recommended values for the first protonation constant of ATP
from that in Pr4N+ (6.96 from 568, 63P, and 86D) to Et4N+ (6.93 from 54M, 568, 640, 86D, and 87Sa) to
MegN™ (6.79 from S6S, 66Pa, and 86D) to K* (6.50 from 56M, 568, 62T, 72F, 81C, and 86D) to Na*t (6.44
from 51A, 56B, 56S, 64Sa, 71M, 78R, 80Tb, 81C, 83J, 83W, 84Sa, 85T, 86D, 87S, 87Sa, and 87Sc). This
progression suggests NaATP and KATP complexes which compete with the protonation and perhaps also
Me4NATP and Et4yNATP complexes as suggested by 85D and 86D. However a more likely explanation of the
latter trend is that as the background electrolyte changes to larger, more hydrophaobic groups, the hydration
layers around the ions are decreased, there is less disruption upon adding a proton, and the solvent becomes
more non-aqueous in nature,

The recommended value for biological conditions (37°C and 0.15 M ionic strength with sodium ions)
was calculated from the recommended value at 25°C and 0.10 M sodium ions, the enthalpy change, and the
expected change with a change of ionic strength. Values for the first protonation constant in other background
electrolytes can be estimated by subtracting 0.04 from the recommended value at 25°C and 0.10 M ionic
strength.

For values at higher ionic strength, the trends of 86D in tetraalkylammonium salts are probablz only
valid in the specific background electrolyte and the increasing trend above 0.25 M PrgN*+, 0.25 M E4yN 7, and
049 M MegN* is perhaps dominated by the increasing non-aqueous nature of the solvent. The trends with
jonic strength in K¥ or Na* salts are almost identical, which would be expected if the charge of the reactants
is the predominant factor. The trend of 54M from 0.15 to 0.3 M Et4N™ and the value of 76R in 1.00 M K*
are in agreement with the values of 86D, adjusted in the same manner as the differences between their 0.10 M
value and the recommended 0.10 M values, but the trends of 79Mb and of 80Tb in Na* media do not agree
with 86D or each other. The values of 86D to 1.00 M ionic strength, after adjusting to the recommended 0.10
M values, are tentatively recommended.

The second protonation values of ATP seem to be independent of the background electrolyte at about
4.00. This would be expected since the sign and magnitude of the enthalpy change are consistent with nitrogen
bonding and nitrogen would be expected to have no or extremely weak Na™ or K* bonding. The value under
biological conditions would be expected to be about 3.88.

Adding a second proton at higher ionic strength seems to indicate an independence of background
electrolyte for 0.25 M and for Na* and K* media through 1.00 M ionic strength. Values based on 86D,
76R(K), 80Tb(Na), and 79Mb(Na, 0.5 M) are recommended in Table 5. The values are compatible with a
small increase from 0.25 to 1.00 M ionic strength which would be expected with nitrogen bonding. The values
in PrgyN* media show a larger increase with ionic strength which may indicate an additional non-aqueous
effect and are tentatively recommended. The values in Et4N* and in MegN* media show a decrease which is
not expected and they are not recommended.

The value of 83S of 1.91 for adding the third proton to ATP at zero ionic strength is tentatively
recommended. The average value of 79Mb, 88B and 88T after rounding to 1.8 because of expected lower
accuracy is recommended for 0.10 M ionic strength.

"AQP

The protonation constants for AQP have been reported at 20°C or at 0.20 M ionic strength and no
direct information is available for the enthalpy change or the change with ionic strength. Based on the trend
from AMP-5 to ADP to ATP, the enthalpy change for AQP is estimated as +1.7 kJ/mol for the first
protonation and -13.0 kJ/mol for the second protonation; while the change of log K with 0.10 M change in ionic
strength is estimated as 0.15 for the first protonation and 0.07 for the second protonation for values near 0.1 M
ionic strength. These values were used to convert the reported values to 25°C and 0.10 M ionic strength. The
two reported values have good agreement for a potassium ion background at 6.77 which is recommended for
the first protonation constant of AQP. The tentatively recommended constants for other background
electrolytes are based on that average and the differences between values measured in different background
electrolytes by 56S. The adjusted second protonation constant of 57S at 4.05 is also tentatively recommended.
This.is almost the same as that for ATP which is expected because the second proton involves the adenosine
portion of the molecule.

Other Nucleotide Triphosphates

For the other nucleotide triphosphates, there are only a few values and evaluation must be made on
isolated values or between disparete values. Values from 65P show that the triphosphates are almost identical
for the first protonations at zero ionic strength and strongly indicates that they should be almost identical under
other conditions. Therefore ATP values were used as a guide to recommend 65P values for zero ionic strength
and with a tetrapropylammonium ion background with GTP, ITP, CTP, and UTP; the average of 56B and 77S
for GTP with a sodium ion background; the average of 77S and 77Sa for ITP with sodium ions; the average of
72F and 84M for CTP with potassium ions; the average of 77S, 84Sa, and 87S for CTP with sodium ions; the
average of 77S, 85T, and 87S for UTP with sodium ions; and 77S and 87S for TTP with sodium ions.

The second protonation values for the other nucleotide triphosphates would be different from those of
ATP because of the involvement of a different nitrogen base but comparisons may be made with the
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corresponding- diphosphates and monophosphates after adjusting the values to correspond to the differences
between ATP and ADP and AMP. The values of 73T for GTP and ITP, of 84Sa for CTP, and of 85T for UTP
are tentatively recommended.

The loss of a proton at high pH has been reported for GTP, ITP, and UTP. The log protonation
constants of 75S at 9.68, 9.15, and 9.59 are tentatively recommended for GTP, ITP, and UTP. The value of
83R for UTP is completely different from the other values and is not recommended.

ADP

The recommended protonation constants of ADP were selected in a manner similar to the selection of
the ATP constants. The values of 6.65 in PrgN* (based on 56S and 63P), 6.63 in Et4N* (based on 54M, 568,
and 640), 6.55 in Me4N* (based on 565, 77R, and 78G), 6.36 in K* (based on 56M, 56S, 72F, and 80D) and
6.31in Na* (based on 56B, 568, 71M, 75K, and 87Sa) are recommended. At 37°C and 0.15 M, this becomes
6.27 in the presence of sodium ion.

For adding a second proton to ADP, the value 3.94 based on 56M, 62Ta, 72F, and 87Sa is
recommended. At 37°C and 0.15M, this constant becomes 3.82. The second protonation value of 78G is
considerably higher than the other values as it is with ATP and so its second, third, and fourth protonation
values are not recommended.

Other Nucleotide Diphosphates

The other nucleotide diphosphate protonation constants were selected in the same way as were the
triphosphate values. The values of 65P for the first protonation of GDP, IDP, CDP, and UDP for zero ionic
strength and in tetrapropylammonium ion background, of 56B for the first and second protonations of GDP, of
56B(Na*) and 72F(K ™) for the first protonation of CDP, of 72F and 73B(same research group as 72F) for the
second protonation of CDP, and of 56B for the first protonation of UDP are tentatively recommended. The
56B values for the loss of a proton at high pH were not recommended with the triphosphates and are not
recommended for GDP and UDP.

AMP

With AMP-5, the recommended protonation constants were selected in much the same manner as that
employed for ATP and for ADP. The values of 6.67 at zero ionic strength from 63P; of 6.35 in 0.10 M PryN+
from 56S and 63P; of 6.34 in 0.10 M Et4N+ from 56S; of 6.29 in 0.10 M Me4,N+ from 568, 61T, 77R, and 78G;
of 6.21in 0.10 M K™ from 56S, 61T, 62T, 72F, 74B, 75B, and 88A; and of 6.18 in 0.10 M Na* from 568, 76Ta,
79T, 87T, and 88Sa were selected for adding the first proton to AMP-5. For biological conditions this becomes
6.14, Adding the second proton appears to be independent of background electrolyte with a value of 3.80 from
56M, 62Ta, 66R, 72F, 74B, 75B, 760, 76T, 78G, 800, 80Tb, 87T, 88A, and 88Sa, and becomes 3.67 at 37°C and
0.15 M ionic strength. The values of 78G for the first and second protonation constants show excellent
agreement with the other values in contrast to ATP and ADP but their value for the third protonation constant
seems to be too large and is not recommended.

For AMP-3, the value of 5.80 from the average of 62Ta and 80Ta in potassium ion media and 5.72 from
the average of 51A, 76Ta, 87T and 89M in sodium ion media are recommended. Adding the second proton has
the value 3.60 based upon 51A, 62Ta, 760, 76Ta, 87T, and 89M.

For AMP-2, the median of values from 67T, 72F, and 80Ta at 6.01 and 3.70 for the first and second
protonations in potassium ion media are recommended. The average values of 87T and 89M from the same
research group at 5.85 and 3.64 are tentatively recommended for sodium ion media.

Other Nucleotide Monophosphates

The values of 65P for adding the first proton to GMP-5, to IMP-5, to CMP-5, and to UMP-5 at zero
ionic strength and in tetrapropylammonium ion background; of 79T, 83C, and 88Ma to GMP-5 in sodium ion
media; of 58Wa, 72F, 800, 84M, and 85K to CMP-5 in potassium ion media; of 56B and 88M to CMP-5 in
sodium ion media; and of 84S and 88M to UMP-5 in sodium ion media are all recommended. Values for
adding the second proton to GMP-5 by 56B, 760, and 88Ma; to GMP-3 by 760; to CMP-5 by 56B, 58Wa, 70W,
72F, 760, 79T, 800, 85K, and 83M; to CMP-3 by 760; and to TMP-5 by 88M are also recommended. The
values for removing a proton at high pH by 56B, 638, and 83C with GMP-5, 81N and 87H with IMP-5 , and 68R
with TMP-5 are not recommended. The average of 56B, 63S, 67A, 760, and 88M at 9.39 +0.05 for UMP-5 is
recommended and the value of 88M at 9.79 for TMP-5 is tentatively recommended.

The recommended protonation constants are collected in Table S with an estimate of the uncertainty for
each value,

Alkali Metal Constants ,

In addition to the reported log K values for alkali metal complexes in Table 3, there are values
calculated from the change of protonation constants as the media is changed from tetramethylammonium ion
to potassium ion or to sodium ion. Since the protonation constants have been measured more often and can be
measured with greater accuracy than the alkali metal constants, these values should be more accurate for the
conditions of measurement, i.e., 25°C and 0.10 molar in alkali metal ion concentration. They were calculated
from the expression:

LogK (H* in MegN*)-LogK (H* inK* orNat) = Log (1 + 0.10 KML).

The order of magnitude of stability constants for the alkali metal complexes from the majority of
workers is: Li* > Nat > K* > Rb* > Cs* as would be expected from ion size. However a few (54M,
59W, 640, 70M, 76K) report very little or no difference between sodium jon and potassium ion values.
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Constants calculated from protonation constants in the two media agree with the majority and show a
significant dlfference between Na+ and K¥ values.

The Li*, Na*, and K* complexes with AQP have been measured only by 56S and show a relatively
large difference between the alkali metal constants as would be expected from the large charge on the ligand.
The values in Me4N* are not given in the paper but were calculated from their data (in Table I of 56S) and by
use of the above equatlon (w1th 0.20 instead of 0.10). The constants were measu, Eed with a large excess of
alkali metal ions and since it was shown by 62T that the use of an excess of Mgt lowers the magnesium
stability constant with ATP, it is concluded that these constants are probably low. Usmg the same correction
(0. 22) as discussed and used with ATP and with ADP below, the values of 2.22 for Li*, 1.71 for Na™, and 1.54
forK* are tentatxvely recommended for AQP in 0.10 M Me4N+ media.

The Na* complex with ATP is the most studied of the alkali metal constants. The reported values
range from 2.36 at zero ionic strength to 0.80 at 0.20 M ionic strength. The work of 56S and that of 86D show a
dependance upon the background electrolyte which suggests that the values need to be adjusted to the same
background electrolyte for comparison. Tetramethylammonium ion seems to be the logical choice because of
its less hydrophobic nature. After adjusting to tetramethylammonium ion media by the use of the relative
values of 56S and to 0.10 M ionic strength as with the protonation constants, a trend is apparent from 0.75
(54M at 0.30 M ionic strength) to 0.87 (56S at 0.20 M ionic strength) to 1.10 (from average of protonation
values at 0.10 M ionic strength). This suggests that correction can be made for the excess sodium ions by
extrapolating to 0.00 M ionic strength. The difference between the 0.10 M values from the average of the
protonation constants to 0.20 M values is 0.23 for 56S with sodium ions, 0.25 with potassium ions, 0.22 for 54M
with sodium ions, and 0.19 with potassium ions, for an average of 0.22. Adjusting the value from protonation
constants by this amount gives 1.32 which agrees with 1.33 from 81C, 1.29 from 65B and 1.29 from 87Sa. The
result of 640, where 0.02 M N-ethylmorpholine and 0.08 M NaCl were used, also agrees at a value of 1.34 if it
is assumed that N-ethylmorpholine has half the effect of tetraethylammonium ion because it is intermediate
between tetraethylammonium and tetramethylammonium in the number of carbon atoms. The value of 56S
becomes 1.31 and that of 54M becomes 1.32 after adjusting for the excess sodium jon. The values of 78A at
1.45 and 70M at 1.56 are considerably higher. The value of 86D at 1.37 is based on tetrapropylammonium ion
rather than tetramethylammonium ion media and if the differences between the protonation values of these
two ions is used, the constant corrects to 1.26, which is somewhat lower than the other values. The average of
the majority of the reported constants, 1.31, is recommended for the Na™* complex with ATP in 0.10 M tetra-
methylammonium ion media, Wthh is adjusted to 0.95 at 37°C and 0.15 M sodium ion media.

The MHL values of Na* with HATP as well as those for the other alkali metal ions reported by 86D
are insignificant as would be expected from nitrogen coordination. Since such small values cannot be
measured accurately by the potentlornetrlc method, these constants are not recommended.

The values of the K* complex of ATP treated as with the Na¥ complex gives adjusted values of 1.15 for
81C, 1.15 for 86D, 1.16 for 65B, 1.17 from the protonation constants, 1.20 for 56S, 1.25 for 54M, 1.27 for 640,
1.41 for 70B, and 1.54 for 70M. Since 54M, 640, and 70M have almost identical values for the sodium and
potassium ion complexes, contrary to the results of the majority of the workers, the lower values would be
preferred and the average of 1.17 is recommended for 0.10 M tetramethylammonium ion media and 0.81 at
37°C and 0.15 M sodium ion media.

Since the values of 65B for the sodium and potassium complexes agree with the recommended values,
their Rb* and Cs* values at 1.11 and 1.06 are tentatively recommended for tetramethylammonium media.
The values of 86D for these ions do not fit the expected trend based on ionic size.

The value of 1.78, with greater uncertainty than with the sodium and potassmm values, is recommended
for the Li* complex with ATP in 0.10 M tetramethylammonium media. This is the average of the 56S value
adjusted to 1.86 as above, the adjusted 86D value (1.73), and the 65B value (1.73).

With ADP, the average difference between the 0.10 M values for NaADP and KADP from the
protonation constants and those of 54M and 56S at 0.20 M adjusted to 0.10 M is 0.22 which is the same as with
ATP. By the use of an adjustment for excess alkali metal ions as with ATP, the adjusted values for NaADP are
0.8 for 78A, 1.07 for 54M, 1.10 for 568, and 1.14 for the value from the protonation constants. Since the values
of 54M show KADP > NaADP, the average of the two largest values at 1.12 is recommended for the complex
of Na* with ADP in 0.10 M tetramethylammomum media.

Treating the values for the K* complex with ADP in the same way as NaADP gives adjusted values of
0.99 from the protonation constants, 0.99 from 70B, 1.01 from 56S 1.09 from 54M, and 1.56 from 74F. The
average of the lower three at 1.00 M is recommended for the K* complex with ADP in 0.10 M tetramethyl-
ammonium media.

The adjusted value of 56S at 1.32 is tentatively recommended for the complex of Li* with ADP in 0.10
M tetramethylammonium media.

The difference between the 56S values and those from the protonation constants for NaAMP-5 and
KAMP-5 is 0.35. Use of this value to adjust for excess alkali metal ion gives values of 0.48 for 61T, 0.87 for
568, 0.88 from the protonation constants, and 1.5 for 76K. The value of 0.88 is recommended for the Na
complex with AMP-5.

A similar adjustment for the potassinm complex gives 0. 70 from the protonation constants, 0.72 for 568,
0.98 for 70B, and 1.5 for 76K. The value recommended for the K* complex with AMP-5 is 0.70.
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The adjusted value of S6S to 1.22 is tentatively recommended for the complex of Li* with AMP-5.

The alkali metal complexes of the other nucleotides have not been measured but since they likely
involve only the phosphate portion of the molecule as with the adenosine phosphates, the constants are
probably very similar to those of the corresponding adenosine-5"-phosphates.

Alkaline Earth Metal Complexation Constants
Magnesium Complexes of ATP

The formation constant of Mg2+ with ATP has been measured many times with rather discordant
results. About fifty papers have reported values which range from 5.35 to 3.62 after being converted to 25°C,
0.10 M ionic strength, and after correction for sodium or potassium complex formation.

The potentiometric results of 84G are higher than all other values but the protonation constant reported
by that paper is about 0.5 units higher than the recommended value and if the recommended value had been
used in the calculation, the magnesium constant would be much lower. Similarly the protonation constant of
79Mc is about 0.1 units too large and recalculation would give a lower value.

The high results of 70B were corrected for chloride ion by the use of an unpublished complexation value
for MgCly which is about 0.3 units larger than published values (see 89S). Here the use of the proper chioride
complexation constant would produce a lower value.

The results of 74M are high because of the use of a large constant for the sodium complex with ATP to
correct for sodium ions present in the measured solutions. A plot of the formation constant against sodium ion
concentration from Table I of that paper shows a definite trend. Extending the trend of twelve closely agreeing
values by the least squares procedure to zero sodium ion concentration while ignoring five high scattered
values gives a log K of 5.87 which is in good agreement with the value of 66P at zero ionic strength.

The nmr measurements of 84P were made at a rather large ligand concentration (SmM) which makes
the results questionable because of the expected ligand stacking and intermolecular metal complex bonding.

The calorimetric results of 69B, and presumably also those of 828 from the same research group, used a
rather large ligand concentration (2.5mM) and values calculated from the difference with two different metal
ion concentrations would also be questionable because of intermolecular bonding. The intermolecular bonding
would be expected to be considerably changed when the metal ion concentration is doubled for the second part
of the measurement.

There is some question as to the precision of the values of 66P. In Table II of that paper the value of
4,63 is listed as the average of three separate determinations at 25°C and 0.10 M ionic strength but the value
listed in Table VI is 4.60. Moreover use of their zero ionic strength value adjusted to 0.10 M with their
equation gives 4.55, and the values in Table II for 0.065 and 0.17 M ionic strength adjusted to 0.10 M agree at
4.53. It would seem that the average of the experimental values adjusted to 0.10 M at 4.56 +0.04 would best
represent their results and this value is included as the selected constant in Table 3.

The ion exchange values of S7TN were determined at a ligand concentration too high for this method
(see 58W) and the same worker obtained a higher value after remeasurement at a lower concentration (61N).

The potentiometric values of 62T and of 66Pa showed that use of a ten-fold excess of metal ion
concentration would lower the formation constants with ATP. Consequently values based on excess metal ion
(56M, 56Sa, S8Wa, and 62H) were not further considered. No information about metal ion concentration was
given in 76R and 78R but since their values agreed with those having excess metal ion, it was presumed that
excess metal ion was used there also.

The spectrophotometric work of 640 involving the use of three different buffers gave three different
values after conversion to 0.10 M ionic strength, which suggests that the amine type buffers complex
magnesium ion more strongly than has been thought or that the protonated buffer complexes with the
deprotonated ligand (see 77N). Therefore the reported constants involving the use of a large concentration of
NEM or TRIS in measuring this complex (61N(ix), 63W, 640, 70N, 73L, 74E, 77N, 81B, 84], 85]) were not
further considered.

Insufficient experimental details are given in 58M, in 68N, in 80K, or in 80V to evaluate the reported
values and they were not further considered.

The results of 73Sa are based upon the addition of magnesium ion to ATP and assuming that the
protons released are equivalent to the amount of magnesium ion bound but at the pH values employed, only a
fraction of the ligand is protonated and the assumption is not correct.

The potentiometric results of 61N are similar to the above in that magnesium ion is added to ATP and
the pH change is used to calculate the constant. The assumption is made that the measured pH is equal to the
protonation constant but this becomes less accurate as the pH differs from the mid-point of the buffer region
and all of the experimental results in the paper obtained by this method show an increase in the constant to a
maximum and then a decrease. The low and high values were then averaged but the maximum near 4.56 is
probably the more precise result where the assumption made is justified. This result agrees with the selected
values given below.

The spectophotometric values of 78A are dependent upon the pH employed, with decreasing values as
the pH is lowered. Use of the protonation equilibrium of ATP does not correct for the pH dependence, which
indicates that additional factors change as the pH changes. The results of 71B, 79M, 81B, and 81W are
probably low because of the low pH used. The authors of 78A feel that their spectrophotometric results are in
error because of the large pH variance and prefer their ion selective electrode (ise) values. Their ise value for
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pH 7.0 agrees with their value at pH 8.0 after converting to 0.10 M ionic strength and correcting for pH but
their value at pH 9.0 does not agree.

The remaining values are 640(gl) at 4.82, 78Gb(4.67), 86C(4.72), and 87S(4.64) averaging to 4.68 +0.04,
59B(4.58), 61N(max)(4.56), 62T(4.51), 63W(TEA)(4.54), 640(TEA)(4.60), 66P(4.56), 73Ba(4.50),
78A(ise)(4.56), 78M(4.59), and 88G(4.60) agreeing at 4.55 +0.05, 72F(4.46) and 875a(4.38) i’\greeing at 4.42
+0.04, and 79M at 4.26. The greater agreement is at 4.55 and this is recommended for the Mg“™ complex with
ATP. The value of 86D(4.60) calculated from the literature is in approximate agreement after converting from
PraN"* to MegN* medium.

The average of the 66P value and the recalculated 74M value at 5.85 is recommended for MgATP at
zero ionic strength.

The value at 1.00 M ionic strength by 76R appears to be low relative to the 0.10 M values. The value of
88G for 0.50 M ionic strength is tentatively recommended.

Calcium Complexes of A’

Values for the Ca** complex with ATP have been reported in twenty three papers with a range from
5.28 to 3.21 after conversion of the published values to 25°C, 0.10 M ionic strength, and correction for sodium
or potassium complexes.

The values of 72M were corrected for sodium ion by the use of a large constant for the NaATP complex
and are probably over-corrected. Consecutive values in Table I of that paper seem to show a dependence upon
sodium ion concentration, especially points 11,12,13,14,15 and 17,18,19. There is too much scatter in the plot
against sodium ion concentration to get a meaningful extrapolation to zero. The value of the NaATP complex
used for correction in 850 is that of 72M and led to over-correction since the calcium complexation constant is
higher than all other calcium values.

The values of 56Sa, 56M, and 78R are probably low because of excess metal ion concentration; those of
57N because the ligand concentration was too large for the method used as with MgATP; that of 85] because
of competition from sulfate ions; that of 64O(sp) because of buffer complexation; those of 61N(sp,ix) and of
79B because of the low pH used; and that of 61N(gl) because of the assumption that the hydrogen ion
concentration is the same as the protonation constant. There are too few details in 80K to evaluate the
constant and therefore it is considered doubtful.

Elimination of the above values leaves 59B(4.47) and 640(4.47) in agreement, 86C(4.38) somewhat
lower, 62T(4.26), 78M(4.23), 87S(4.26), and 88G(4.20) in agreement, 87Sa at 4.05, and 58W(3.79) and
86D(3.76) agreeing much lower but the agreement between the groups is not very good. The average of the ten
of sixteen differences between the MgATP and CaATP values for those who measured both under the same
conditions is 0.33 +0.08. This comparison predicts 4.55 - 0.33 = 4.22 0.08, which is in agreement with the
average of 62T, 78M, 87S, and 88G at 4.24 +0.02 and therefore 4.24 is recommended for the value of the Ca +
complex with ATP.

The higher ionic strength values of 84G and 86D are apparently low relative to the 0.10 M values but
the 0.50 M ionic strength value of 883G is tentatively recommended.

Strontium and Bafium Comp%exes of ATP

For the Sr* and Ba“t complexes of ATP, after exclusion of 56Sa because of the large metal ion
concentration used, 61N because of the assumption that hydrogen ion concentration is the same as the
protonation constant, 600 because of lack of experimental details, and 86C because of high constants for
MgATP and for CaATP, the values of 62T, adjusted by the same amount as the difference between its CaATP
value and the recommended value, are tentatively recommended.

Protonated Complexes of MATP .

The MHL complex of Mg2+ with HATP has been reported in fourteen papers. The work of 62T shows
that excess metal ion would produce low results and those who used excess magnesium ion (56M, 56Sa, 58Wa,
and 62H) are probably low because of this. The ML values of 640, 79Mc, and 84P are higher than the
recommended value and MHL values would be expected to be high also. This leaves 66P at 2.7, 87S at 2.42,
62T(2.24), 72F(2.23), and 88G(2.2) agreeing at 2.22, 87Sa at 2.12, and 86C at 1.94. The average of 878, 62T,
72F, and 88G at 2.32 +0.10 i‘s recommended for the complex of Mgz"' with HATP.

The complex of Ca** with HATP has been reported in nine papers. The value of 56Sa is low with
MgHATP and is probably low here. The use of a buffer and the low pH in 62A would give a low value. This
leaves 86C at 2.31, 62T(2.13), 79Mc(2.12), and 87S(2.20) agreeing at 2.16 +0.04, 87Sa at 2.04, 88G at 1.99, and
86D at 1.61. The average of three of six differences between MgHATP and CaHATP is 0.17 +0.06 %fhich
predicts 2.32 - 0.17 = 2.15 +0.10. This agrees with the majority average and 2.16 is recommended for Ca t 4
HATP.

Since the values of 56Sa are low with MgHATP and with CaHATP, 86C is low for MgHATP and high
with CaHATP, and the values of 62T agree with the recommended values, the values of 62T, adjusted by the
same amount as the difference between its MgHATP value and the recommended value, are tentatively
recommended for the S +, and Ba¢t complexes with HATP.

The values of 88G at 0.50 M ionic strength are tentatively recommended for MgHATP and for
CaHATP.
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Binuclear Complexes of ATP

The binuclear complex, MgoATP, is needed to explain the kinetic results of 72Fa and others. After
excluding the value of 74M because of the use of a high NaATP constant to correct for sodium ion, and 88G
with a very low value, the average of the other five values of 59B, 70Na, 72Fa, 81B, and 82S at 1.7 0.1 is
recommended for adding a second Mgz"' to MgATP.

Two of the three papers that report values for the binuclear complex, CapATP, have high values for
CaATP and would be expected to be high here while 88G is low for Mgo ATP and appears to be low here too.
Therefore these values are not recommended.

Magnesium Complexes of AQP,

The values for the Mgz"' complexes with AQP by 57S were apparently determined in an excess of
magnesjum ion and since an excess with ATP gives a low value (62T) and there is a greater charge on AQP,
these values are probably low and are not recommended. Also the MgAQP-MgHAQP difference (1.5) does
not fit the trend of MgADP-MgHADP difference (1.6) to MgATP-MgHATP (2.0).

Alkaline Earth Metal Complexes of Other Nucleotide Triphosphates

For magnesium and calcium complexes with nucleotide triphosphates other than ATP, the values of 73S
were not used because of the assumption that protons released were equivalent to magnesium ions bound; the
values of S8W because of being low with ATP; and those of 73T and 83R because of the large variations with
different nucleotide triphosphates while similar values would be expected because of the common triphosphate
group.

The average value of 72F£4.44), 775(4.43), and 87S adjusted to the recommended ATP value (4.46) at
4.44 is recommended for the Mg+ Cé)mplex with CTP. The values of 775, adjusted to the MgCTP value, are
tentatively recommended for the Mg+ complex with GTP(4.49) and with ITP(4.44). The average values of
778 adjusted agd 87S adjusted are tentatively recommended for MgUTP(4.43) and for MgTTP(4.50).

For Ca** + CTP, the average of 775(4.07) and 87S, adjusted to the ATP value, (4.18) at 4.13 is
tentatively recommended. The average values of 77S and 87S, both adjusted to the CaCTP value are
tentatively recommended for CaUTP(4.14) and for CaTTP(4.16). The 77S values, adjusted to CaCTP, are
tentatively recommended for CaGTP(4.14) and for CaITP(4.14).

The MHL value of 72F(2.22) supported by that of 87S adjusted to the recommended HATP value (2.2
$0.2) is recommended for Mg2+ + HCTP. The values of 73S for MgHGTP(2.31) and for MgHITP(2.34) are
tentatively recommended. The average of 73S(2.54) and adjusted 87S (2.61) at 2.58 is recommended for
MgHUTP.

The 87S values adjusted to the recommended HATP value are tentatively recommended for
CaHCTP(2.17) and for CaHUTP(2.7Q).

The MHL value of 72F for Mg2 *+ with CTP is tentatively recommended. The 83R values for Mg2+ and
Ca?* with CTP seem much too large compared to those of other nucleotide triphosphates and are not
recommended. The MHL values of 73S for Mg=™ with GTP, ITP, and UTP are not recommended because of
the assumption that the protons released are q_'v:livalent to the magnesium ions bound.

The binuclear complex of 72Fa for M with MgCTP rounded off to 1.8 is tentatively recommended.

Alkaline Earth Metal Complexes of ADP

The formation constant for the Mg2+ complex with ADP has been reported in twenty four papers and
after conversion to 25°C, 0.10 M ionic strength, and correction for sodium or potassium complexes, the range
of values is from 4.2 to 2.74.

The values of 69B, 70B, 78A(sp), 78Ga, and 84P are high for MgATP and are probably high with ADP
for the same reasons. The value of 74F is probably high because of the use of a large constant for the NaADP
complex to correct for the presence of sodium jon. The values of 57N, 640, 74E, and 77N are low for MgATP
and are probably low with ADP for the same reasons. The values of 56M and 56Sa are low for MgATP and
MgAMP-5 and are probably low with ADP also. The value of 82V is probably low because of the low pH and
the use of a TRIS buffer. The values of 84G are higher for some complexes than those of most other workers
and lower for other complexes, which suggests that this work contains experimental or computational errors.
The conditions used in 83C are uncertain and the value appears to be low. No temperature is given in 80K and
in 83G and their values were not considered. The values of 58W and 58Wa are low with MgATP but agree
with the recommended values with ADP,

The average of the five remaining values, 59B(3.36), 62T(3.31), 66P(3.50), 72F(3.43), and 87Sa(3.54), at
3.43 is recommended for the Mg®* complex with ADP. The average of the remaining thirteen differences of
the values of MgATP and MgADP after disregarding the five lowest differences for those who measured both
equilibria is 1.1 £0.1 which predicts 4.55 - 1.1 = 3.45 0.1 fnd supports the recommended value.

Thirteen papers have reported values for the Ca** complex with ADP which range from 3.93 to 2.54
after conversion to 25°C, 0.10 M ionic strength, and correction for sodium or potassium complexes.

The value of 74F is probably over-corrected because of the use of a large constant for NaADP; that of
57N is low because of the use of a too high ligand concentration for the method used; that of 84G is based on a
very large protonation constant and its MgADP value is too low; that of 83G may be low because of the low
pH, the TRIS buffer, and a possible tertiary complex involving the metal ion indicator; that of 79B may be low
because of the low pH, the buffer used, and the competing chelator; that of 62A is probably low because of the
low pH, the buffer used, and the low CaATP value; that of 56Sa is probably low since the MgADP value is very
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low; that of 59B is probably low since it agrees with two others that are expected to be low (56Sa, 62A); and
that of S6M is probably low since the corresponding values for ATP and AMP-5 are low.

The average of the_remaining values, 58W(3.09), 62T(3.00), 640(3.08), and 87Sa(3.16) at 3.08 +0.08 is
recommended for the Ca2* complex with ADP. The nine differences between the MgATP and MgADP
values, for those who measured both, have an average of 0.3 +0.1 which predicts 3.40 - 0.3 = 3.10 £0.1 and
supports the recommended value.

The values of 62T, adjusted the same as the difference between iheir CaADP value and the
recommended CaADP value, are tentatively recommended for the Sr2+ and Ba?*t complexes with ADP.

The values of 72F for the Mg+ complex with CDP and of 58W, adjusted_the same as the difference
between their MgADP value and the recommended WP value, for the Mg2+ complex with UDP are
tentatively recommended. The 73S values for the Mg+ complex with GDP and with UDP are too large
relative to the recommended ADP value and if adjusted to the MgADP value from the same research group
(69B) are too small and not recomminded.

For the MHL complex of Mg#* with HADP, after omission of 84P because of high values for MgADP
and MgHATP; of 66P because of a high value with MgGHATP; of 56M and 56Sa because of low values with
MgADP and MgHATP; the remaining values are 87Sa at 1.90 and 58Wa(1.58), 62T(1.64), and 72F(1.60)
agreeing at 1.61 +0.03. The latter average is recommended for MgHADP. The value of 72F(1.62) for
MgHCDP is tentatively recommended.

The values of 62T, after adjustr%ent to the average of the MgHADP values, are tentatively
recommended for the Ca*, Sr**, and Ba®* complexes with HADP. The value of 87Sa for CaHADP (0.59)
seems much too low.

After omitting the value of 74F because of the use of a large NaADP constant, the value of 72Fa, 1.0, is
tentatively recommended for the binuclear complex of Mgt with MgADP. The value of the binuclear
complex of 72Fa for MgoCDP, 1.0, is also tentatively recommended. The value of 74F for CajADP is not
recommended because of the large NaADP constant used

Alkaline Earth Metal Complexes of AMP

Values for the alkaline earth metal complexes of AMP-5 have been reported in fourteen papers. Those
of 56M and 56Sa are low with ATP and with ADP and are probably low here. The values of 64S and 88Sa are
about the same magnitude as these two and therefore probably too small. The large NaAMP-5 value used by
76K to correct for sodium ions and the obtaining of a larger value for CAAMP-5 than for MgAMP-5, contrary
to all other comparisons, make the reported values suspect. The too large ligand concentration of 57N for the
method used makes the reported constant suspect. The assumption that the protons released are equivalent to
the magnesium ion bound makes the value of 69B questionable. The value of 77N is also probably in error
because of the low pH and TRIS buffer used. The value of 600 for StAMP-5 appears to be low and has too
few details for evalpation.

For the Mg®* complex with AMP-5, the above considerations leave 58Wa and 87Sa agreeing at 2.23,
and 58W(2.09), 62Ta(2.06), 72F(1.94), and 79T(2.01) agreeing at 2.02 after conversion from a potassium or
sodium ion background. The average of the six remaining differences between the MgADP and MgAMP-5
values, after omission of a very large difference (69B) and of the smallest difference (57N), is 1.4 +0.1 which
predicts 3.43 - 1.4 = 2.03 +0.1, which is in agreement with the majority and 2.02 is therefore recommended.

The average 05 58W(1.90) and 62Ta(1.94) at 1.92, after correction for Nat or K* complexes, is
recommended for Ca®* + AMP-5. The value of 87Sa is higher (2.26) and their value is also high with
MgAMP-5. For the Sr2*, and Ba?* complexes with AMP-S, the values of 62T adjusted relative to the
magnesium value are tentatively recommended. The trend from MgAMP-5 to CaAMP-5 and from SrAMP-5
to BaAMP-5 is about the same for 62Ta and for 89M but while that of 62Ta from CaAMP-5 to STAMP-5
conforms to that expected from ionic size, that of 89M is inconsistent.

Since 62Ta values were used for the AMP-5 values and the S8Wa and 89M (same workers as 88Sa)
vahies werf not, the 62Ta Ealues adjusted to the MgAMP-5 average are tentatively recommended for the
Mg+, Ca?*, $r2*, and Ba%+ complexes with AMP-3.

For AMP-2, the average of 67T(2.02) and 72F(1.89) at 1.96 is recommended for the Mg2+ complex and
the adjusted values of 67T are tentatively recommended for the Ca%*, Sr¢*, and Ba?*t complexes for internal
consistency. The trend from AMP-3 to AMP-2 to AMP-S is linear with similar differences for both 62Ta-67T
and for 89M.

Adjustment of the other monophosphate values to the recommended value of MgAMP-5, based on
values in the same paper (72F,79T) or by the same method from the same research group (73S on 69B,
845,88M,88Ma on 88Sa), gives values in close agreement. Therefore the average of 735(1.97) and 79T(2.00) at
1.99 for MgGMP-5; of 72F(1.96), 79T(1.89), and 88M(1.92) at 1.93 for MgCMP-5; of 73S(1.91), 845(1.90), and
88M(1.98) at 1.94 for MgUMP-5; and of 79T(1.95) and 88M(1.97) at 1.96 for MgTMP-5 are recommended.

The values of 88M, adjus%ed in the same manner as was employed for the magnesium complexes, are
tentatively recommended for Ca +, Sr2+, and Ba%* complexes with CMP-5, UMP-5, and TMP-5. The value
of 88Ma for CaGMP-5(1.99) seems a little too large relative to MgGMP-5 and to CaAMP-5 and is not
recommended. .

The MHL values of 79T for Mgz"" with AMP-5, with GMP-5, with TMP-5, and with CMP-5 are not
recommended because of the inaccuracy of measuring such small constants by the potentiometric method,
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Transition Metal Complexes

Manganese Complexes

Values for the stability constant of the Mn(II) complex of ATP have been reported in twenty three
papers with a range from 5.90 to 4.17 after conversion to 25°C, 0.10 M ionic strength, and correction for
sodium or potassium complex formation.

The values of 77R are considerably larger than all of the other values, probably because of the
assumption that the quantity of protons released when metal ions are added is equivalent to the metal ions
bound to the ligand, which would not be true at the pH employed. The same method also gave high values for
the MgATP constant (73S).

The values of 74M, 78Ga, 79Mc, and 86C are high for MgATP and are probably high for Mn(II) for the
same reasons. There are too few experimental details in 80K to evaluate the constant and it was not further
considered. The values of 56Sa, 62H, 78R, and 85J are low for MgATP and are probably low here for the same
reasons. The value of 73V is probably low because of competition for the manganese ion by the relatively high
concentration of the sodium cacodylate buffer used. The value of 84G is questionable because of the large
protonation constant used in the calculations. The ion exchange and electron paramagnetic resonance results
of 70J are probably low because of the use of a NEM buffer. The results of 640 with MgATP were low with
this buffer and a greater effect would be expected here because of the stronger bonding of the manganese ion.

The remaining values are 78M(5.26) and 87S(5.36) agreeing at 5.31 +0.05, and S8W(5.12), 61B(5.09),
62T(5.07), 66Pa(5.15), 77Sa(5.05), 80Db(5.14), and 83J(5.16) agreeing at 5.11 +0.06. The average of seven of
twelve differences between MgATP and MnATP values of those who measured both is 0.57 +0.1 which predigts
455 + 0.57 = 5.12 0.1 in agreement with the majority and therefore 5.11 is recommended for the Mn
complex with ATP in 0.10 M MegN*t media.

The ten MHL values range from 3.70 to 1.67 after adjusting to 25°C and 0.10 M ionic strength. The
value of 74M is probably overcorrected for sodium ions; that of 79Mc is probably high because of the large
protonation constant used; that of 86C is probably high since their values are also high for CaATP and
ZnATP; that of 56Sa is probably low for the same reason that the MgATP and MnATP values are low; and
that of 80Db is probably high because of the high value reported for ZnATP. This leaves 837J at 2.85, 87S at
2.74, 62H(2.64) and 66Pa(2.59) agreeing at 2.%24_ and 62T at 2.39. The average of 62H, 66Pa, and 87S at 2.65
+0.09 is recommended for the complex of Mn“™ with HATP. Four of six differences between MgHATP and
MnHATP average to 0.2 +0.1 which predicts 2.31 + 0.2 = 2.7 0.1, five of ten differences between MnATP,
with no sodium or potassium complexes, and MnHATP averages to 2.5 0.1 which predicts 5.11 - 2.5 = 2.6 +0.1,
and support the selected value.

With other nucleotide triphosphates, the values of 73T and 83R fluctuate from high values with some
complexes compared to other workers to low values with other complexes which suggests that there are
experimental or computational errors in these reports. The value of 84M with MnCTP is probably low because
of the use of a too small protonation constant.

The average of the values of 58W(5.10) and 775(4.99) for the Mn2+ complexes with GTP at 5.05 0.06,
that of 77Sa, adjusted by the same amount that is necessary to change their MnATP value to the recommended
value for MnATP, with ITP (5.07), the average of S8W(5.14), 775(5.09), and 87S, adjusted by the difference
between their MnATP value and the recommended value of ATP, (5.00) with CTP at 5.07 +0.07, the average of
58W(5.15) and adjusted 87S (5.01) with UTPat 5.08 +0.07, and that of adjusted 87S at 5.1 for TTP are
recommended. The values of S8W for MnITP(4.94) and 77S for MnUTP(4.93) seem low relative to the other
Mn values in the same papers and to the recommended Mn values. The values of 87S, adjusted by the
difference between their MnHATP value and the recommended MnHATP value, for MnHCTP(3.0 +0.3) and
for MnHUTP(2.62) are tentatively recommended.

Values for the complex of Mn“* with ADP have been reported in nine papers and range from 4.41 to
3.42 after conversion to 25°C, 0.10 M ionic strength and correction for sodium or potassium complex
formation.

The value of 77R is high with MnATP and is probably high here for the same reason. Likewise 56Sa is
low with MnATP and probably low here. The values of 80Db and 84G are based upon high protonation
constants and are questionable. The value of 84G is low with MgADP and probably low here. The ion
exchange constant of 70J agrees with the high value of 77R and is therefore questionable.

The remaining values of 58W(4.22), 62Ta(4.36), 640(sp)(4.22), 640(epr)(4.26), 70J(epr)(4.31), and
78Gb(4.22) agree at 4.29 +0.07. The average of four out of six differences between the MgADP and the
MnADP values is 0.84 +0.10 which predicts 3.43 + 0.84 = 4.27 £0.10 and the average of nine out of eleven
differences between the MnATP and MnADP values is 0.8 +0.2 whicEn _Predicts 5.11- 0.8 = 43 £0.2. These
differences support 4.29, which is recommended for the complex of Mn®* with ADP in 0.10 M Me4N* media.

The values of 56Sa are too low for MgHADP and for STHADP and the MnHADP value appears to be
low. The 80Db value appears to be high relative to most other MHL values with ADP. Therefore the MHL
value of 62Ta is tentatively recommepded for Mn** + HADP.

The value of 84M for the Mn®* complex with CDP is probably low because of the use of a protonation
constant that is 0.2 units low and is not recommended.
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Values for the Mn?* complex with AMP-5 have been reported in nine papers with a range from 2.49 to
2.11 after conversion to 25°C, 0.10 M ionic strength, and correction for sodium or potassium complex
formation.

The values of 56Sa, 645, and 88Sa are low for the MgAMP-5 complex and are probably low here for the
same reasons. The value of 80Db is low for MnADP and is lower than all other values here. The value of 77R
is questionable because of the assumption that the protons released are equivalent to the manganese bound,
The value of 61T is probably low because of the large quantity of buffer used, which could complex with the
manganese ions.

The average of the remaining values of S8W(2.45), 62Ta(2.49), and 66D(2.44) is 2.46 +0.03, The
average of four differences between MgAMP-5 and MnAMP-S is 0.45 +0.06 which predicts 2.02 + 0.45 = 247
+0.06 and the average of three out of four differences between MnADP and MnAMP-5 is 1.84 +0.05 w i(:h
predicts 4.29 - 1.84 = 2.45 10.05. These support the value of 2.46 which is recommended for the Mn®*
complex with AMP-5 in 0.10 M MfiN media.

For the complexes of Mn“" with AMP-3 and with AMP-2, the average of values of 62Ta and 67T,
adjusted by the difference between their MnAMP-5 value and the recommended MnAMP-5 value, (2.34, 2.44)
and 89M adjusted the same way (2.29, 2.37) are recommended. The value of 66D for MnAMP-3 seems much
too low.

The 88M values for MnCMP-5, MnUMP-5, and MnTMP-5, adjusted the same as the difference between
the 89M values and the recommended values with MnAMP-3 and with MnAMP-2, are tentatively
recommended. The values of 84M and 85K for MnCMP-5 seem high and that of 84S for MnUMP-5 seems low
compared to the recommended MnAMP-5 value.

Iron (II) Complexes

The values of 78R are low with MgATP, MnATP, CoATP, NiATP, CuATP, and ZnATP but the FeATP
value is much higher than would be expected compared to the other transition metal complexes and may
involve partial oxidation to iron (III). The 71R value at 1.00 M ionic strength seems to be high reiative to those
at 0.10 M for the other transition metal complexes. Therefore no iron (II) values are recommended.

Cobalt Complexes

Values for the complex of Co?* with ATP have been reported in fourteen papers with a range from
7.07 to 4.4 after conversion to 25°C, 0,10 M ionic strength, and correction for sodium or potassium complex
formation.

The ion exchange results of 75K are considerably larger than all of the other values and may be in error
because of the very large ligand concentration relative to the metal ion concentration, The results of 78Ga are
probably high because of the assumption that the protons released are equivalent to the amount of cobalt ion
bound. The results obtained with this method were also high with MnATP(77R) and with MgATP(73S). The
values of 86C are high for the other transition metal complexes with ATP and is probably high here also. The
values of 78R and 85J are low with MnATP and are probably low here for the same reasons. The values of
60B and 61B may be low because of complexation by sulfate ions. The value of 80Da is based on an incorrect
protonation constant and appears to be too low.

The remaining values are 87S at 5.32, 66Pa(5.17) and 67S(5.21) agreeing at 5.19 and 58W(4.97),
62T(4.95), and 64H(4.95) agreeing at 4.96. The average difference between MnATP and CoATP of six out of
nine differences is 0.06 +0.09 which predicts 5.11 - 0.06 = 5.05 £0.09. The average of five differences between
MgATP and CoATP is 0.56 +0.1 which predicts 4.55 + 0.56 = 5.11 £0.1. These differences are between the two
groups and suggest that the ege is a rather large uncertalnty with this complex and an overall average of 5.1 0.1
is recommended for the Co*™ complex with ATP in 0.10 M MegNt media.

For the MHL complex, the values are 87S at 2.8, 80Da at 2.73, 66Pa at 2.63, 86C at 2.60, and 62T at
2.32. The average of three of five differences between MnHATP and CoHATP is 0.0 +0.1 which predicts 2.65
+ 0.0 = 2.65 +0.1. 'Ehls agrees with the average of 80Da, 66Pa, and 86C at 2.66 +0.07 and therefore 2.66 is
recommended for Co“™ + HATP. ,

With the other nucleotide triphosphates, the value of 58W, adjusted by the difference between their
CoATP value and the recommended CoATP value, at 5.11 for CoGTP; the average of 58W(5.11) and
77C(5.16) at 5.13 for ColTP; the average value of adjusted S8W(4.96), 84M(4.98), and adjusted 875(4.91) at
4.95 for CoCTP; the average value of adjusted S8W(5.03), 78F(4.88), adjusted 875(4.86) at 4.95 for CoUTP;
and adjusted 87S at 4. 91 for CoTTP are recommended. The average value of 87S, adjusted by the difference
between their CoHATP value and the recommended CoHATP value, (29) and 84M(2.58) at 2.8 1s
recommended for Co** with HCTP, while that of adjusted 87S at 2.5 is tentatively recommended for Co?+
with HUTP.,

The complex of Co?* with ADP has been measured in five papers and the values range from 6.12 to
3.71 after adjustment to 25°C, 0.10 M ionic strength, and correction for sodium or potassium complex
formation.

The value of 75K was high for CoATP and is very high here. The value of 80Db was low for MnADP
and appears to be too low here as well. The values of S8W and of 80M agree at 3.94 but this would give a large
drop from the recommended MnADP value which is contrary to the ATP and AMP-5 differences and is very
unlikely. Therefore the remaining value of 62Ta at 4.40 is tentatively recommended for the complex of Co
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with ADP in 0.10 M Me4N* media. The difference of 84M between MnCDP and CoCDP agrees with the
difference of 62Ta between MnADP gnd CoADP.

For the MHL complex of Co** with HADP, the value of 62Ta at 2.01 is tentatively recommended
because of the uncertainty of the 80Db and §0M values.

The value of 84M at 4.07 for the Co“* complex with CDP appears to be low and the MHL value at 2.4
appears to be high and are rkot recommended.

The values of the Co=* complex with AMP-5 have been reported in nine papers and range from 3.44 to
2.32 after adjustment to 25°C, 0.10 M ionic strength, and correction for sodium or potassium complex
formation.

The value of 75K is high with CoATP and with CoADP and appears to also be high here. The results of
64S, 80Da (same workers as 80Db), and 88Sa are low for MnAMP-S and are probably low here as well. The
value of 80M is low for CoADP and is low here too. The remaining values of S8W(2.71), 62Ta(2.62),
66D(2.66), and 77P(2.53) agree at 2.62 +0.09. The five differences between MnAMP-5 and CoAMP-5 average
0.19 +0.08 which predicts 246 + (.19 = 2.65 +0.08, in agreement with the average. Therefore 2.62 is
recommended for the complex of Co** with AMP-5 in 0.10 M Me4N* media.

The MHL value reported by 77P for COHAMP-5 seems high and is not recommended.

The average of 62Ta(2.29), 66D(2.15)(adjusted the same as the difference between their CoAMP-5
value and the recommended value), and 89M(2.19)(adjusted the same way) at 2.22 is recommended for
CoAMP-3 in 0.10 M Me4N™* media. Similarly, the average of 67T(2.33) and adjusted 89M(2.32) at 2.32 is
recommended for CoAMP-2. The values of 88M for CoCMP-5, CoOUMP-5, and CoTMP-5, adjusted the same
as the difference between the 89M values and the recommended values with CoAMP-3 and with CoAMP-2,
are tentatively recommended. The values of 84M and 85K appear to be high for CoOCMP-5. The MHL value
of 66D for COHAMP-3 is too small for accurate measurement by potentiometry and is not recommended.

Nickel Complexes

Values for the complex of Ni2* with ATP have been reported in ten papers with a range from 5.31 to
4.85 after conversion to 25°C, 0.10 M ionic strength, and correction for sodium or potassium complex
formation.

The values of 60B, 78R, and 80D are low for the CoATP complex and are probably low here also. The
value of 61B is lower than these and must be too low. The median of the other values, 62T(5.31), 6%H(5.3),
66Pa(5.31), 675(5.20), 72F(5.12), and 87S(5.21), at 5.21 £0.10 is recommended for the complex of Ni* with
ATP in 0.10 M tetramethylammonium medium. The average of three of four differences between MgATP and
NiATP for those who measured both is 0.68 +0.1 which predicts 4.55 + 0.68 = 5.23 0.1 and supports the value
of 5.21.

The MHL values are 66Pa at 2.97, 87S at 2.86, 72F at 2.80, 62T at 2.72, and 80D at 2.61. The three
differences between MgHATP and NiHATP average to 0.50 +0.07 which predicts 2.31 + 0,50 = 2.81 +0.10
which supports the average of 87S, 72F, and 62T at 2.79 +0.07 and that is recommended for Niz"' + HATP.

The values of 77C at 5.08 for NilTP; the average value of 72F, adjusted by the difference between their
NiATP value and the recommended ATP value, (4.88), 84M(4.80), and 87S(4.82) at 4.84 for NiCTP; and the
values of 87S for NiUTP at 4.82 and for NiTTP at 4.87 are recommended. The values of 73T and of 83R are
not recommexided. The average of the MHL values of 72F, 84M, and 87S at 2.7 is recommended for the
complex of Ni * with HCTP and that of adjusted §7S at 2.4 is tentatively recommended for NiHUTP.

Four papers have reported values for Ni* with ADP. The values of 79M and 80D are low with
NiAMP-5 and appear to be low here also. The average of 62Ta (adjusted by the difference between their
MnADP value and the recomme&ded MnADP value to become 4.63), and 72F(4.42) at 4.5 0.1 is
recommended for the complex of Ni** with ADP in 0.10 M tetramethylammonium medium,

After eliminating the 80D value which appears to be much_too low, the average of 62Ta(2.30),
72F(2.32), and 79M(2.32) at 2.31 is recommended for the complex of Ni2* with HADP.

The values of 72F, adjusted to the recommended NiADP value, at 3.82 for NiCDP and at 1.89 for
NiHCDP are tentatively recommended.

Eleven papers have reported values for Ni2*+ with AMP-5 with values from 2.93 to 2.43 after correction
to 25°C, 0.10 M ionic strength, and adjustment for sodium or potassium complex formation. The same workers
as those in 79M, with the same method are low with MnAMP-5(77R), CoAMP-5(80M), and NiADP and those
of 80D are low with MnAMP-5(80Db), CoAMP-5(80Da), CuAMP-5, NiADP, and NiATP and are probably low
with NiAMP-5 for the same reasons. The values of 62Ta are 0.09 higher than the recommended value for
NiATP and 0.13 higher than NiADP, which suggests that NJAMP-5 should be about 2.93 - 0.11 = 2.82. The
values of 72F are 0.10 lower than NiATP and 0.08 lower than NiADP which suggests that NiAMP-5 should be
about 2.62 + 0.09 = 2.71. The median of 2.82 and 2.71 is about the same as the 64S(2.75) and the 66D(2.76)
values and suggest 2.76 for NiAMP-5. The average of the differences between the 88Sa values and the
recommended values for MnAMP-5, CoAMP-5, CuAMP-5, and ZnAMP-5 is 0.14 +0.1 which suggests 2.62 +
0.14 = 2.76 0.1 for NiAMP-5. The three differences between CuAMP-5 and NiAMP-5, where both were
reported in the same paper, average to 0.44 +0.10 which predicts 3.22 - 0.44 = 2.78 10.10 and the three
differences between NiATP and NiAMP-5, with no sodium or potassium complexes, average to 2.44 10.06
which predicts 521 - 2.44 = 2,78 £0.10. These differences support 2.76 and this is recommended for N;AMP-5
in 0.10 M tetramethylammonium medium.
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For NiAMP-3 and NiAMP-2, the values of 62Ta are close to those for NIJAMP-5 while the values of 72F,
76Ta, 80Ta, and 89M show a decrease of about 0.6 to NLAMP-3 and about 0.5 to NIAMP-2, The trend of these
differences for Mn?* and for Co?* in 62Ta shfws an increasing difference from AMP-5 to AMP-3 of 0.12 and
0.33, which supports the 0.6 difference for Ni“*, Therefore the values of 80Ta, adjusted by the difference
between their NIAMP-5 value and the recommended value of NIAMP-5, are recommended for NIAMP-3(2.24)
and NiAMP-2(2.34). The value of adjusted 76Ta is in excellent agreement with the former and that of adjus&ed
72F is in approximate agreement with the latter. The values of 89M are slightly lower but their Co?*-Nj¢*
differences are similar to those between the recommended values.

The values of 85K are high for MnCMP-S, CoCMP-5, and CuCMP-5 and the NiCMP-5 ¥alue is higher
than the other three values. The value of 81N for NiIMP-5 seems high relative to the other Ni** complexes.
The MHL values reported for AMP-5, for AMP-3, for AMP-2, and for CMP-5 are too low for accurate
determination by the potentiometric method and are not recommended.

The values of 88M, adjusted according to the difference between their 89M value with NIAMP-2 and
the recommended value, are tentatively recommended for NiCMP-5(2.34), for NiUMP-5(2.37) and for NiTMP-
5(2.32). The 800 value for NiCMP-5, from the same research group, is in good agreement while the 72F value
is lower,

Copper Complexes

Stability constants for the cu2* complex of ATP have been reported in seventeen papers which range
from 6.86 to 5.80 after conversion to 25°C, 0.10 M ionic strength, and correcting for sodium or potassium
complex formation.

The values for 60B, 61B, 78R, and 80D are low for CoATP and NiATP and are probably low for Cu(II)
also. Those for 62H are low for MgATP and MnATP and appear to be low here also. The value of 83A agrees
with the low values and also appears to be low with ZnATP while the constant corrected for potassium
complexes in the paper is probably over-corrected because of the use of a constant good for small amounts of
potassium ion but not for the large excess employed during the measurements (see Alkali Metal Complexes
discussion). The use of large protonation constants in 79Mc and in 84G probably mean that these constants
are too large. The values of 86C were too large with the other transition metals and appear to be too large
here as well.

The remaining constants are in two groups, 645a(6.66), 66Pa(6.82), 675(6.73), 85T(6.67), and 875(6.69)
agreeing at 6,74 +0.08, and 62T(6.42), 78M(6.38), and 83W(6.46) agreeing at 6.42 +0.04. Seven out of nine
differences between MgATP and CuATP, for those who measured both, average to 1.9 £0.1 which predicts 4.55
+ 1.9 = 6.45 £0.1 and seven of eleven differences between MnATP and CuATP average to 1.3 0.1 which
predicts 5.11 + 1.3 = 6.41 £0.1. The two sets of differences aéree with the group reporting the lower constants
and therefore 6.42 is recommended for the complex of Cu®* with ATP in 0.10 M tetramethylammonium
medium.

The MHL values from eleven papers range from 3.79 to 2.91 after conversion to 25°C and 0.10 M ionic
strength. The values for 66Pa, 85T, 86C, and 87S are high for CuATP and would be expected to be high here
while that of 83A is low and would be expected to be low here. This leaves 79Mc(3.59) and 80D(3.62) agreeing
at 3.60 +0.02, 83W(3.45) and 86C(3.43) agreeing at 3.44 +0.01, 62H at 3.25, and 62T at 3.12. Four of five
differences between MgHATP and CuHATP have a median of 1.03 +0.1 which predicts 2.31 + 1.03 = 3.34
+0.1. Four of seven differences between MnHATP and CuHATP have a median of 0.73 +0.1 which predicts
2,65 + 0.73 = 3.38 +0.1. The median of 62H, 83W, and 86C(K™*) at 3.35 £0.10 agrees with these differences
and is recommended for Cu®t + HATP.

For the other nucleotide triphosphates, the values of 77S at 6.28 for CuGTP; of 77C at 6.34 for CulTP;
of the average of 77S(6.1), 84M(5.93), and 878, adjusted by the difference between their CuATP value and the
recommended CuATP value, (6.11) at 6.02 for CuCTP; of the average of adjusted 875(3.56) and 84M(3.42) at
3.49 for CuHCTP; of 78F(5.88), 85T(6.16), and adjusted 87S(5.95) at 6.0 for CuUTP; of 85T at 2.8 for
CuHUTP; and of the average of 775(6.05), and adjusted 87S(5.9) at 6.0 for CuTTP are tentatively
recommended.

The 84G values for MgADP, CaADP, and MnADP are low and CuADP appears to be low also. With
80D, the NiADP, NiATP, NiAMP-5, and CuAMP-5 values are low and the CuADP value is probably low.
Therefore the only other value (62Ta), adjusted by the difference between their MnADP value and the
recommended MnADP value, is tentatively recommended. The CuCDP value of 84M seems low and the
CuHCDP value of 84M seems high relative to the recommended CuADP values and are not recommended.

Only two MHL values have been reported for ADP but the 80D value is not dependable since the
values from this group range from very high to very low and therefore the value of 62Ta at 2.63 is tentatively
recommended for the complex of Cu“™ with HADP.

Five values have been reported for the complex of Cu* with AMP-5 but the values from the
researchers of 80D (80Da, 80Db) are low with MRnAMP-5, CoAMP-5, and NiAMP-5 and appear to be low
here. This leaves 88A at 3.7 and 62Ta(3.27), 645(3.17), and 88Sa(3.27) agreeing at 3.22 +0.05. The later value
of 3.22 is recommended for CuAMP-5.

The average of 62Ta(3.05) and 89M(2.88) is recommended for CuAMP-3 and that of 67T(3.25) and
89M(3.14) at 3.20 +0.06 for CuAMP-2. The values of 88M for CuCMP-5, the average of 84S and 88M for
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CuUMP-5, and of 88M for CuTMP-5 are tentatively recommended. The values of 58Wa and 84M for CuCMP-
5 seem high relative to the CuAMP-5 value and are therefore not recommended.

The higher ionic strength value of 84G(0.50 M) seems high and that of 76R(1.00 M) seems low relative
to the 0.10 M ionic strength values and are not recommended.

Zinc Complexes

Seventeen papers have reported values for the Zn?* complex with ATP which range from 7.56 to 4.4
after conversion to 25°C, 0.10 M ionic strength, and correction for sodium or potassium complex formation.

The value of 78K is much larger than all of the other values and must be too large. The values of 84G
and of 86C are too large for MgATP and CuATP and also appear to be too large here. The values of 78R and
of 85J are too small with MgATP, MnATP, and CoATP and are much too small here. The value of 83A is low
for CuATP and appears to be low here while the corrected value is probably over-corrected as with CuATP.
Because of a large protonation constant, the 79Mc values are high with MgATP, MnATP, and CuATP, and
would be expected to be high here. The values of 58Wa and of 62H are based upon the use of a large excess of
zinc ions and would be expected to be low. This leaves 66Pa(5.47), 675(5.56), 78M(5.45), and 87S(5.51)
agreeing at 5.50 +0.06 and 61B(5.12), 62T(5.14), 80Db(5.21), and 85M(5.21) agreeing at 5.16 +0.05. Eight of
fourteen differences between CuATP and ZnATP, for those who measured both, average to 1.25 +0.10 which
predicts 6.42 - 1.25 = 5.17 £0.10 and supports the smaller constant at 5.16 which is recommended for ZnATP.

At higher ionic strengths, the value of 84G at 0.50 M seems high and that of 76R at 1.00 M seems very
low compared to the values at 0.10 M ionic strength and are not recommended.

The eleven MHL values range from 3.62 to 2.08 after conversion to 25°C and 0.10 M ionic strength.
After eliminating 66Pa, 86C, and 87S for being high with ML and 62H and 83A for being low with ML, the
others are 80Db at 2.94, and 58Wa(2.75), 62T(2.67), and 79Mc(2.64) agreeing at 2.69 +0.06. Three differences
between NIHATP and ZnHATP average to 0.04 +0.04 which predicts 2.79 - 0.04 = 2.75 +0.07 and six of nine
differences between CuHATP and ZnHATP average to 0.7 +0.2 which predicts 3.35 - 0.7 = 2.65 +0.2. These
values support the average of 58Wa, 62T, and 79Mc at 2.69, which is recommended for Zn?t + HATP.

For the other nucleotide triphosphates, the average values of 77S(5.14), 84M(5.08), and 878, adjusted by
the difference between their ZnATP value and the recommended ATP value, (5.03) at 5.09 for ZnCTP; of
84M(2.9) and adjusted 87S5(2.88) at 2.88 for ZnHCTP; of 78F(5.10) adjusted 87S(5.01) at 5.06 for ZnUTP and
at 2.56 for ZnHUTP; of 77S(5.24) and adjusted 87S(5.03) at 5.1 for ZnTTP; are recommended.

Four papers report values for ZnADP but the value of 84G is very low for MnADP and for CuADP and
appears to be high here and the value of 80Db is low for MnADP and for CoOADP and appears to be low here
als%. Therefore the average of 58Wa(4.33) and 62Ta(4.48) at 4.41 +0.08 is recommended for the complex of
Zn** with ADP.

Three values for ZnHADP have been reported but the 80Db value is undependable since the MnHADP
value is very high and the CoHADP value is very low. The two remaining values have poor agreement but
since 62Ta valyes are recommended for MnHADP, CoHADP, NiHADP, and CuHADP the value of 62Ta at
2.04 for the Zn** complex with HADP is tentatively recommended for consistency.

The 84M value for ZnCDP is based on a small protonation constant, appears to be low, and is not
recommended. The MHL value of 84M appears to be high relative to that of ZnADP and is not
recommended.

Five values with no agreement have been reported for ZnAMP-5. The value of 78K is very high for
ZnATP and is very high here relative to the other AMP-5 constants with metal ions. The 64S value is very low
for CoOAMP-5 and this value seems much too low relative to the recommended CoAMP-5 and NiAMP-5
values. The 88Sa values are low for MnAMP-5, NiAMP-5, and CoAMP-5 and are low here relative to the
recommended values of MnAMP-5, CoAMP-5, and NiAMP-5. Therefore the 62Ta value, adjusted to the
average difference between the 62T values and the recommended values for MnAMP-5, COAMP-5, NiAMP-5,
and CuAMP-5, to become 2.77, is tentatively recommended for the complex of Zn *+ with AMP-5.

The complex of ZnAMP-3 has been reported in four papers but the agreement is not good. The
average of the two middle values of 66D(2.57) and 62Ta(2.65)(adjusted by the difference between their
ZnAMP-5 value and the recommended ZnAMP-5 value) at 2.61 +0.04 is recommended for the complex of
Zn2* with AMP-3. The value of 67T, adjusted to become 2.69, is tentatively recommended for the complex of
Zn?* with AMP-2.

The values of 88M for ZnCMP-5, 84S and 88M for ZnUMP-5, and 88M for ZnTMP-5, adjusted the
same as the difference between the 89M value for ZnAMP-2 and the recommended value for ZnAMP-2, are
tentatively recommended. The value of 85K for ZnCMP-5 is in good agreement. The values of 58Wa and 84M
seem too high for ZnCMP-5.

Cadmium Complexes

The values of 60B are low for CoATP, NiATP, and CuATP and would be expected to be low for
CdATP. The 84P Xalue is even lower, the 84C value involved a wrong protonation constant, and 85B used a
large excess of Cd**. Therefors the average of 84Sa and 87S (from the same research group) at 5.68 is
tentatively recommended for Cd + + ATP at 25°C, 0.10 M ionic strength, and corrected for sodium or
potassium complex formation.
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The average of 84Sa %nd 87S at 3.00 is tentatively recommended for Cd2* + HATP as well as for
Cd2* + CTPat 5.33 and Cd** + HCTP at 3.16. The values of 87S at 5.41 for CAUTP, at 2.89 for CAHUTP,
and at 5.34 for CdTTP are tentatively recommended.
The 84P values for CAATP are low and the CdADP values appear to be low 3nd are not recommended.
The values_of 88M, 88Sa, and 89M, after adjusting the same as the Zn** values differ from the
recommended Zn?* values, are tentatively recommended for CdCMP-5, for CAUMP-5, and for CdTMP-5.
The value of 88Ma for CAGMP-5 is much larger than the above values and is not recommended.

Other Metal Cfmplexes

The Be<* valge with ATP is not recommended because other values from the same paper are low,

With S¢ *,Y3* and lanthanide ions, some formation constants were measured in buffers wh:};ch would
give low values (73V, 74E, 80Ma, 83M), assume that hydrogen ions released are equivalent to the Eu®* bound
(78G), or give too few details for evaluation (70B). The trends with atomic number of the 87Sb values are
more similar to those observed with other ligands than are the 88R values. Therefore the 87Sb values, after
correction for godium complex formation, are tentatively recommended.

The Fe” ¥ values of 68R are based on high protonation constants and are not recommended.

The VO2* values with ATP and with ADP varied with pH, which shows that they are not properly
defined and are not recommended.

The TI* values with ATP and with ADP are tentatively recommended after adjustment to 0.10 M
Nat(+ 0.11), as discussed under the alkali metal constants, and then to 0.10 M M<=,4N+ (+0.35 for ATP, +0.26
for ADP), as discussed under the protonation constants and with the assumption that the effect is the same
because of identical charges.

The (CH3)3Sn+ values for AMP-5 and for IMP-5 are described by different sets of equilibria and the
one common equilibrium (ML) lists the IMP-5 value as much smaller than the AMP-5 value which would not
be expected ang therefore these values are not recommended.

With Al°*,_there are not enough getails in 80V for proper evaluation, the results of 87J indicate a much
larger value for Al?’ + + ADP than for AI°* + ATP, and consequently no values are recommended.

V. RECOMMENDED VALUES

The recommended metal formation constants are collected in Table 6 with an estimate of the
uncertainty for each value.

The nucleotide formation constants, especially with transition metals, presented difficulties in the
selection process which suggests that other variables are affecting the results. One possibility is that the metal
ions catalyze the hydrolysis of the ligands. Therefore the use of fresh ligand solutions and expeditious
measurements after the addition of metal ions may be important. Ligand and metal ion concentrations may be
significant in the variability of results. Higher concentrations give ligand stacking and intermolecular metal
complex bonding while excessive metal ions may give polynuclear complexes. Therefore concentrations below
one millimolar may be necessary for unambiguous determination of mononuclear complex stability constants.
Impurities in the nucleotides, such as hydrolysis products, which vary with preparation and time since
preparation, may contribute to the variability. Analysis and purification of the ligand before use should reduce
this uncertainty.

Evaluation of minor species, which are especially important with CuATP and with ZnATP, was not
attempted because of the difficulties in selecting major species and the expected variation of their magnitudes
with the particular set of equilibria chosen.

The authors would like to thank Prof. A. Braibanti, Prof. T.A. Kaden, Prof. R.B. Martin, Dr. L.D. Pettit,
Prof. H. Sigel, and Prof. O. Yamauchi for reading the manuscript and making useful suggestions.
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Table 4. Recommended Nucleotide Protonation and Complexation Enthalpy Changes

1073

(25°C, 0.10 M, kJ/mol)
AH AH AH AH
Ligand  Equilibium H* +L Mgt + L Ca®* +L Evt +L
ATP ML/M.L 08 * 08(R) +188 + 08(R) +142 % O8(T) +42 % 4(T)
MHL/MHL -150 + 08(R) +96 + 08(R) +79 * 08(T)
GTP  ML/ML 04 % 2(T) +180 #+ 08(T)
MHL/MHL -13 % 4 (T)
ITP ML/M.L A3 2 (T) +188 + 08(T)
MHL/HHL -8 % 4 (T)
cTP ML/M.L 04 £ 2(T)
MHL/MHL -21 + 4 (T)
UTP  ML/ML  +04 % 2 (T) +184 = 05(T)
MHL/MHL 21 + 4 (T)
ADP  ML/ML 29 % 2 (R) +134 + 08(T) +21 £ 4(T)
MHL/MHL -172 + 1 (R) +75 % 1(T)  +63 % 1 (T)
GDP  ML/ML 47 £ 2(T) +142 + 08(T)
MHL/MHL -13 + 4 (T)
IDP ML/M.L 25 % 2(T)
MHL/MHL -8 % 4 (T)
CDP  ML/ML 25 + 2(T)
MHL/MHL 21 % 4 (T)
UDP  ML/ML 33 t 2(T) +134 £ 08(T)
MHL/MHL -21 + 4 (T)
AMP-5  ML/ML 42 £ 2(R) +75 £08T) +42 t1(T) 0 = &T)
MHL/MHL -176 % 1 (R)
AMP3  ML/ML 29 £2(T) +19 £ 2 (T)
MHL/MHL -163 + 2 (T)
AMP2 ML/ML 33 £2(T) +719 £ 2(T)
MHL/MHL -167 # 2 (T)
GMP5 ML/ML 47 t2(T) 471 % 08(T)
MHL/MHL -13 % 4 (T)
IMP-5  ML/ML 21 1 2(T)
MHL/MHL -8 £ 4 (T)
CMP-5 ML/ML 21 % 2(T)
MHL/MHL 21 % 4 (T)
UMP5 ML/ML 33 1 2(T) +75 £ 08(T)
MHL/MHL 21 + 4 (T)
AH AH oH AH AH
Ligand  Equilibrium  Li* + L Nat + L K* +L Rb* +L cst+L
ATP ML/M.L 4 +4(T) 08 +08T) +13 + 08(T) +4 = 4(T) +8 = 4 (T)
AH AH AH AH AH
Ligand  Equilibium  Mn?* + L Co?t +L NiZt 4L cu?t +L Zn?* +L
ATP ML/ML  +180 + 02(T) +188 + O8(T) ([+12] + 3 (T) +33 # 08(T) +163 + 08(T)
MHL/M.HL 146 + 08(T) +46 + 08(T)
M2L/MLM +180 + 08(T) +126 + 08(T)
ADP  ML/ML  +134 + 08(T) +117 % 2(T)  +63 + 08(T) [13] £ 3 (T) [+105] £ 3 (T)
AMP-5 ML/ML  +92 £ 08(T) -04 + 2(T)  -105 + 08(T) [17] + 4(T) [4] £ 4 (T)
AMP3 ML/ML  +96 £ 2(T) 25 +3(T) 100 + 2(T) [17 + 4 (T) [4] £ 4 (T)
AMP2 ML/ML  +92 #£2(T) 21 +3(T) 100 £ 2(T) [17] + 4(T) [4] £ 4 (T)

[] = estimated value based on trends. (R) = recommended value. (T) = tentatively recommended value.
+ = estimated uncertainty of recommended value.
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Table 5. Recommended Nucleotide Protonation Constants* (log K, 25°C)

LogKin LogKin LogKin LogKin Log Kin

Ligand  Equilibium  010MPrgN*  010MEtN* 010MMegNt  o10MK?* 0.10MNa*

AQP HL/HL 746 + 005(T) 742 £ 005(T) 725 % 005(T) 677 + 005(R) 665 = 0.05(T)
HoL/H.HL 405 = 0,05(T)

ATP HL/HL 696 + 0OSR) 693 + 007(R) 679 * 007(R) 650 = 0.06(R) 644 + 0.08(R)
HoL/HHL 403 + 005(T) 399 + 006(T) 396 + 0.08(T) 402 + 0.08(R) 398 + 0.10(R)
HsL/HH,L 18 % 01(R)

GTP L/H.(H.4L) 968 = 0.05(T)
HL/HL 695 £ 0.05(T) 637 + 0.08(R)
HoL/HHL 30 % 0.1(T)

ITP L/H.(H L) 915 = 0.05(T)
HL/HL 701 = 0.05(T) 637 £ 0.05(R)
H,L/H.HL 22 + 01(T)

CTP HL/HL 699 + 0.05(T) 655 + 0.09(R) 645 = 0.05(R)
H,L/H.HL 443 = 0.05(T)

UTP L/H.(H.1L) 959 + 0.05(T)
HL/HL 690 + 0.05(T) 642 * 0.08(R)
HoL/HHL 19 £ 01(T)

TTP L/H.(H_1L) 978 = 0.05(T)
HL/HL 640 £ 0.05(T)

ADP HL/HL 665 + 005R) 663 £ 005(R) 655 £ 0.05(R) 636 + 0.05(RR) 631 = 0.09(R)
H,L/HHL 395 + 005(T) 394 = 0.05(R)

GDP HL/HL 6.71 = 0.05(T) 62 + 0.1(T)
HoL/HHL 28 + 0.1(T)

IDP HL/HL 669 = 0.05(T)

CDP HL/HL 6.68 + 0.05(T) 640 + 005(T) 63 = 0.1(T)
HpL/HHL 445 + 0,05(T)

UDP HL/HL 668 £ 0.05(T) 64 % 0.1(T)

AMP-5  ML/HL 635 + 005(R) 634 + 005(T) 629 + 002R) 621 + 0.02(R) 618 = 0.08(R)
H,L/H.HL 379 + 007(T) 380 £ 0.07(R) 380 + 007(R)

AMP3  ML/HL 580 * 0.05(R) 572 + 0.06(R)
H,L/HHL 364 + 005(R) 360 £ 0.06(R)

AMP-2  ML/HL 601 & 005R) 585 £ 0.06(T)
H,L/H.HL 370 + 006(R) 3.64 £ 0.06(T)

GMP-5 ML/HL 639 = 0.05(T) 620 = 0.06(R)
H,L/HHL 232 + 0.06(R)

GMP3 M2L/HHL 215 = 0.06(T)

IMP-5  ML/HL 634 £ 0.05(T) 619 = 0.05(T)

CMP-5 ML/HL 631 = 0.05(T) 627 £ 0.04(R) 6.15 + 0.06(R)
H,L/HHL 432 + 008(R) 431 % 0.09(R)

CMP-3  M2L/HHL 424 + 0.09(T)

UMP-5  L/H.(H.1L) 939 + 0.08(R)
HL/HL 634 + 0.04(T) 6.04 + 0.09(T)

TMP-5  L/H.(H4L) 979 + 0.08(T)
HL/HL 624 + 0.09(T)

* These are concentration constants using hydrogen ion concentration. Mixed constants may be obtained from these values by using an
activity coefficent of 0.78 which increases them by 0.11 units.
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Log K at Log K at
Ligand  Equilibrium  25°, -0 37°,015M Na*
ATP HL/HL 768 * 005(T) 640 £ 0.08(R)
HpL/HHL 392 + 0.05(R)
HsL/HHL 191  0.05(T)
GTP HL/HL 7.65 = 0.05(T)
ITP HL/HL 768 + 0.05(T)
CTP HL/H.L 765 £ 0.05(T)
UTP HL/HL 758 + 0.05(T)
ADP HL/HL 720 = 005(T) 627 + 0.05(R)
HoL/HHL 382 = 0.05(R)
GDP HL/HL 7.19 £ 0.05(T)
IDP HL/HL 7.18 = 0.05(T)
CDP HL/H.L 7.18 + 0.05(T)
UDP HL/HL 7.16 + 0.05(T)
AMP-5  ML/HL 667 £ 005(T) 614 + 0.05(R)
H,L/HHL 367 £ 0.06(R)
GMP-5 ML/H.L 6.66 + 0.05(T)
IMP-S  ML/HL 6.66 = 0.05(T)
CMP-5 ML/HL 6.62 = 0.05(T)
UMP-5 ML/HL 6.63 t 0.05(T)
) Log K at Log K at Log K at
Ligand Equilibrium 25°, 0.25M (Medium) 25°, 0.50M (Medium) 25°, 1.00M (Medium)
ATP HL/HL 693 + 0.05(T) (PryN" T 688 % 005(T) (PrgNT)  7.14 £ 0.05(T) (Pr4N+)
6.88 = 0.05(R) (Et4N ) 691 + 0.05(T) (Et4N+ 7.03 = 0.05(T) (Et4N
6.73 = 0.05(T) (Me4N ) 669 + 005(T) (MegN™) 672 + 0.05(T) (MegN™)
634 + 0.05(T) (X 2 6.16 + 0.05(T) (K _2 6.03 £ 0.06(R) (K _2
627 = 0.05(T) (Na™) 6.07 £ 0.05(T) (Na™) 593 = 0.05(T) (Na™¥)
H,;L/H.HL 398 + 0.05(T) (Pr4N ) 4,04 £ 0.05(T) (Pr4N ) 4.19 + 0.05(T) (Pr4N )
395 £ 0.05(T) (EtyN 2
396 + 0.05(T) (MegN")
398 = 005(T) (K 2 398 + 0.05(T) (K+l 399 = 005(R) (K 2
398 + 0.05(T) (Na™) 399 £ 0.05(R)(Na™) 400 £ 0.05(R)(Na™)

(R) = recommended value. (T) = tentatively recommended value. + = estimated uncertainty of recommended value.
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Table 6. Recommended Nucleotide Metal Ion Complexation Constants (log K, 25°C, 0.10 M Me4N+)

Ligand Equilibrium Lit Na*t Kk* Rb* cst
AQP ML/ML 222 + 005T) 171 + 005T) 154 = 0.05(T)
ATP ML/ML 178 £ 008(R) 131 % 003(R) 117 * 0.03(R) 111 # 005(T) 106 + 0.05(T)
ADP ML/M.L 132 + 005(T) 112 + 0.04R) 100 + 005(R)
AMP-5  ML/ML 122 + 005(T) 088 % 007(R) 070 + 0.06(R)
Ligand  Equilibrium Mg2* ca?* st Ba?t
ATP ML/M.L 455 £ 007(R) 424 £ 007(R) 382  007(T) 357 & 0.0%T)
MHL/MHL 232 + 010(R) 216 + 007(R) 208  010(T) 188 % 0.10(T)
M2L/MML 17 % 01(R)
GTP ML/M.L 449 + 007(T) 414 + 007%(T)
MHL/MHL 231 + 0.05(T)
ITP ML/M.L 444 + 007(T) 414 £ 0.0%(T)
MHL/MHL 234 + 0.10(T)
CTP ML/M.L 444 £ 007(R) 413 £ 0.07(T)
MHL/MHL 222 + 010(T) 217 % 0.10(T)
M2L/MML 18 % 01(T)
UTP ML/M.L 443 & 00%(T) 414 £ 0.0%T)
MHL/MHL 258 + 010R) 270 + 0.10(T)
TTP ML/M.L 450 + 007(T) 416 + 0.0%(T)
ADP ML/M.L 343 £ 010(R) 308 + 008(R) 276 + 008(T) 2.58 + 0.08(T)
MHL/MHL 161 £ 003(R) 165 + 010(T) 160 + 010(T) 151  0.10(T)
M2L/MML 10 % 0.1(T)
CDP ML/M.L 344 £ 0.10(T)
MHL/MHL 162 + 0.10(T)
M2L/MML 10 % 01(T)
UDP  ML/ML 335 + 0.10(T)
AMP-5  ML/ML 202 + 010(R) 192 + 0.10(R) 184 + 010(T) 178 + 0.10(T)
AMP-3  ML/ML 194 + 010(T) 185 + 010(T) 176 £ 010(T) 174 % 0.10(T)
AMP2  ML/ML 198 + 010(R) 188 + 010(T) 179 + 010(T) 176 + 0.10(T)
GMP-5  ML/ML 199 + 0.10(R)
CMP-5 ML/ML 193 + 010(R) 186 * 0.10(T) 177 £ 010(T) 172 = 0.10(T)
UMP-5 ML/ML 194 + 010(R) 190 + 010(T) 185 £ 010(T) 174 % 0.10(T)
TMP-5  ML/ML 19 + 010(R) 186 + 010(T) 179 + 0.10(T) 172 + 0.10(T)
Ligand  Equilibrium Mn?* Co?* Niz* cu?* Zntt
ATP ML/M.L 511 £ 007(R) 51 + 01(R) 521 % 010(R) 642 + 007(R) 516 + 0.07(R)
MHL/MHL 265 + 009(R) 266 + 007(R) 279 £ 007(R) 335 £ 0.10(R) 269 + 0.06(R)
GTP ML/M.L 505 + 007(R) 511 + 0.07%(T) 628 £ 0.07(T)
ITP ML/ML 507 + 007(T) 513 + 007(R) 508 = 0.0%T) 634 + 0.07%(T)
CTP ML/M.L 508 + 008(R) 495 + 007(R) 484 + 007(R) 602 + 007(R) 509 + 0.07(R)
MHL/MHL 30 # 03(T) 28 # 02(T) 27 + 01(R) 349 + 007(R) 288 + 0.07(R)
UTP ML/ML 508 + 007(R) 495 + 009(R) 482 + 007(T) 60 + 01(R) 506 £ 0.07(R)
MHL/MHL 262 + 009T) 25 % 02(T) 24 + 01(T) 28 + 01(T) 256 £ 0.0%T)
TTP ML/M.L 51 % 01(T) 491 + 00%(T) 487 + 007(T) 60 * 01(R) 51 + 0.1(R)
ADP ML/ML 429 + 007(R) 440 + 007(T) 45 % 01(R) 603 + 00%T) 441 + 0.07R)
MHL/MHL 189 + 010(T) 201 # 0.10(T) 231 £ 005(R) 263 £ 0.1(T) 204 + 0.10(T)
AMP-5  ML/ML 246 £ 007(R) 262 + 007(R) 276 + 007(R) 322 + 007(R) 276 £ 0.0%T)
AMP-3  ML/ML 232 £ 007(R) 222 + 007(R) 224 + 007(R) 297 £ 009R) 261 * 0.07(R)
AMP2 ML/ML 241 £ 007(R) 232 + 007(R) 234 + 007(T) 320 + 007(R) 269 + 0.0%T)
CMP-5  ML/ML 236 £ 007(T) 228 + 007(T) 234 + 007(R) 297 + 007(T) 242 £ 0.0%T)
UMP-5 ML/ML 237 + 00UT) 229 + 007(T) 237 £ 007(R) 290 £ 00%(T) 238 £ 007(T)
TMP-5  ML/ML 237 £ 00%T) 231 + 007(T) 232 + 007(R) 300 t 0.0%(T) 246 + 0.0%(T)
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Table 6 (continued)
Ligand  Equilibrium cd?t m* Y3+
ATP ML/M.L 568 + 0.07(T) 25 £ 01(T) 664 £ 0.0U(T)
MHL/M.HL  3.00 £ 0.0%(T) 364 £ 0.07%T)
CTP ML/M.L 529 + 0.07(T)
MHL/MHL  3.16 + 0.07(T)
ADP ML/M.L 17 % 0.1(T)
AMP-5 ML/ML 304 + 0.0%(T) 448 + 007(T)
MHL/M.HL 276 + 0.0%T)
CMP-5  ML/ML 253 £ 0.07(T)
UMP-5 ML/ML 251 £ 0.07(T)
TMP-5 ML/ML 2.55 £ 0.0%(T)
Ligand  Equilibrium La3*t Nd&3* Eut Dyt Tm3t
ATP ML/ML 632 = 00%(T) 658 £ 0.07(T) 666 £ 007(T) 672 £ 0.0XT) 680 + 0.07(T)
MHL/MHL 352 + 00%(T) 363 £ 0.07(T) 365 £ 007(T) 366 + 0.07(T) 3.67 £ 0.07(T)
AMP-5 ML/ML 391 + 00WT) 422 + 00%T) 463 £ 007(T) 470 £ 0OWT) 459 + 007(T)
MHL/MHL 276 £ 007%(T) 274 £ 0.0%T) 272 £ 00T) 271 = 0.0UT) 270 £ 0.07(T)
(log K, 37°C, 0.15M Na+)
Ligand  Equilibrium Na* M2t Ca*
ATP ML/M.L 083 £ 0.10(R) 434 = 007(R) 399 £ 0.07(R)
MHL/M.HL 239 + 0O0T(R) 221 = OOKT)
ADP ML/M.L 071 * 0.10(R) 322 + 0.07(R) 285 + 0.07(R)
MHL/M.HL 157 £ 007(R) 152 £ 0.07(T)
AMP-5  ML/M.L 036 + 0.10R) 192 = 0.10(R) 168 + 0.10(T)
Ligand  Equilibrium MnZ* Co?t Ni2+ cu?t Zn?t
ATP ML/M.L 479 £ 007(R) 48 £ 01(R) 48 + 007(R) 599 £ 0.07(R) 483 £ 0.07(R)
MHL/M.HL 290 £ 007(R) 261 = 0.07(R)
ADP ML/M.L 408 + 0.07(R) 418 + 0.0%(T) 42 £ 01(R) 571 & 00WT) 418 £ 0.07(R)
AMP-5  ML/ML 238 + 007(R) 248 + 007(R) 26 = 01(R) 294 + 0.07(R) 258 £ 0.07(T)
(log K, 25°C, corrected for background electrolyte)
Ligand  Equilibrium  Mg2*, +0 Mg2*, 050 M cat,0.50 M
ATP ML/ML 585 + 007(R) 450 + 0.07(T) 410 + 0.07(T)
MHL/M.HL 21 % 0.1(T) 193 £ 0.10(T)

(R) = recommended value. (T) = tentatively recommended value.

+ = estimated uncertainty of recommended value.
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