
Pure&Appl. Chern., Vol. 63, No. 7, pp. 1015-1080, 1991. 
Printed in Great Britain. 
@ 1991 IUPAC 

ADONIS 206922209100093Y 

INTERNATIONAL UNION OF PURE 
AND APPLIED CHEMISTRY 

ANALYTICAL CHEMISTRY DIVISION 
COMMISSION ON EQUILIBRIUM DATA* 

Critical Evaluation of 
STABILITY CONSTANTS FOR NUCLEOTIDE 

COMPLEXES WITH PROTONS AND 
METAL IONS 

and the Accompanying Enthalpy Changes? 

Prepared for publication by 
R. M. SMITH', A. E. MARTELL' and Y. CHEN2 

'Department of Chemistry, Texas A & M University, College Station, Texas 77843, USA 
*Department of Chemistry, Tongji University, Shanghai, People's Republic of China 

* Membership of the Commission during the period (1987-89) when this report was prepared 
was as follows: 
Chairman: L. D. Pettit (UK): Secretary: 0. Yamauchi (Japan); Titular Members: A. Braibani 
(Italy); D. G. Tuck (Canada); P. Valenta (FRG); Associate Members: A. C. M. Bourg (France); 
I. R. Grenthe (Sweden); B. Holmberg (Sweden), T. A. Kaden (Switzerland); T. Kiss (Hungary); 
P. A. Manorik (USSR); R. B. Martin (USA); P. Paoletti (Italy); R. Portanova (Italy); K. J. 
K. Powell (New Zealand); National Representatives: L. H. J. Lajunen (Finland); M. T. Beck 
(Hungary); P. K. Bhattacharya (India); H. Ohtaki (Japan); C. Luca (Romania); S. Ahrland 
(Sweden); G. R. Choppin (USA). 
t Series Title: Critical Evaluation of Stability Constants of Metal Complexes in Solution. 

Republication of this report is permitted without the need for formal IUPAC permission on condition that an 
acknowledgement, with full reference together with IUPAC copyright symbol (0 1991 IUPAC), is printed. 
Publication of a translation into another language is subject to the additional condition of prior approval from the 
relevant IUPAC National Adhering Organization. 



Critical evaluation of stability constants for 
nucleotide complexes with protons and metal ions 
and the accompanying enthalpy changes 

CONTENTS 
I. Introduction ........................................................................................................................................... 101 7 

11. Method of Evaluation ........................................................................................................................... 101 7 

111. Reported Values .................................................................................................................................. 1017 
101 8 
1023 
1031 

A. Nucleotide Enthalpy Changes Reported ............................................................................ 
B. Nucleotide Protonation Constants Reported ........................................... . ......................... 
C. Nucleotide Metal Ion Formation Constants Reported .................................................... 

IV. Discussion of Constants 
A. Enthalpy Changes Accompaning Complexation ............................................................... 

1. Protonation Enthalphy Changes ............................................................................ 
2. Alkali Metal Complex Enthalphy Changes .......................................................... 
3. Alkaline Earth Metal Complex Enthalphy Changes .......................................... 
4. Transition Metal Complex Enthalphy Changes .................................................. 
5. Other Metal Complex Enthalphy Changes ......................................................... . 

B. Protonation Constants ........................................................................................................... 
C. Metal Ion Complexation Constants 

1. Alkali Metal Constants ............................................................................................ 
2. Alkaline Earth Metal Constants ..................................................... . ........ .. ............ 
3. Transition Metal Constants .................................................................................... 
4. Other Metal Constants ............................................................................................ 

1057 
1057 
1058 
1058 
1059 
1059 
1059 

1061 
1063 
1067 
1072 

V. Recommended Values ......................................................................................................................... 1072 

Enthalpy Changes .......................................................................................................... 1073 
1074 
1076 

A. Recommended Nucleotide Protonation and Complexation 

B. Recommended Nucleotide Protonation Constants .......................................................... 
C. Recommended Nucleotide Metal Ion Complexation Constants .................................... 

VI. Bibliography ........................................................................................................................................ 1078 

ABBREVIATIONS USED IN THIS STUDY 

ADP = Adenosine 5'-diphosphate 
AMP-2 = Adenosine 2' -monophosphate 
AMP-3 = Adenosine 3 -monophosphate 
AMP-5 = Adenosine 5 -monophosphate 
AMPD = 2-Amino-2-methyl- 

AQP = Adenosine 5'-tetraphosphate 
ATP = Adenosine 5'-triphosphate 
Bar. = Barbiturate buffer 
BIS-TRIS = 2,2-Bis(hydroxymethyl)- 

Bu = butyl 
Cac. = Cacodylate buffer 
CDP 
CMP-3 = Cytosine 3 -monophosphate 
CMP-5 = Cytosine 5*-monophosphate 
const. = constant 
corr = corrected 
CTP = Cytosine 5 -triphosphate 
DP = Diphosphate 
Et = ethyl 
GDP = Guanosine 5 -diphosphate 
GMP-3 = Guanosine 3 -monophosphate 
GMPJ = Guanosine 5 ' -monophosphate 
GTP = Guanosine S'-triphosphate 

1,3-propanediol 

2,2,2~*-nitrilotriethanol 

= Cytosine 5 ' -diphosphate 

1016 

HEPES 

IDP 
Im 
IMP-5 
ITP 
M 
Me 
MES 

NEM 
PIPES 

Pr 
TAPS 

TEA 
TMP-5 
TP 
TRIS 
m 
UDP 
UMP-3 
UMP-5 
UTP 

= 4-(2-Hydroxyethyl)piperazine- 
1-ethanesulfonic acid 

= Inosine 51-diphosphate 
= Imidazole 
= Inosine 5'-monophosphate 
= Inosine 5'-triphosphate 
= Mol/dm3 
= methyl 
= 2-Morpholinoethane- 

sulfonic acid 
= N-Ethylmorpholine 
= Piperazine-N," -bis- 

(ethanesulfonic acid) 
= propyl 
= 3-[Tris(hydroxymethyI)methyl- 

amino]propanesulfonic acid 
= 2,2,2--NitriIotriethanol 
= Thymidine 5 I -monophosphate 
= Triphosphate 
= Tris(hydroxymethy1)amhomethane 
= Thymidine 51-triphosphate 
= Uridine 5 ' -diphosphate 
= Uridine 3 ' -monophosphate 
= Uridine 5 -monophosphate 
= 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 M$' 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. 

II. 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 76s. 
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 250C 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. 

Ill. 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 thymidine. Under each ligand in Table 1, the order is by year of reference while in Tables 2 and 3, the 
order is by supporting electrolyte or buffer salt (BqEtN', Pr4Nt, Me4N ', corr, NEM.HC1, TEA.HC1, 
TRIS.HC1, 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 protonation 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 +O, 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 a lower ionic strengths except in the 
presence of cations which form strong complexes with them, such as H&' with Cl-, 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) 

Protonation EnthalDv Chanw 

Ligand Temperature Ionic Background AH AH AH 
Metal Ion Method (deerees C) Strength Electrolyte H + L H + HL H + H7L Other AH P.ef. 

ITP 
TiT 

F 
F 

T 
C' 
C' 
C' 
T 
T 
T 
T 

T 
T 
T 
C 
T 
C' 

T 
T 

T 
T 

T 
T 

T 
T 

T 
C' 
C' 
C' 
T 
T 
T 
T 
T 
T 
C' 

gP T 
T 

IDP 
iF T 

T 
T 
T 

T 
T 

!F 
$ P T  

C' 
C' 
C' 
T 
C' 
T 
T 
T 
T 
T 
C' 
C 
C 

2 5 9 %  
25 
25 
25 
10,25,37 
o,W4a 
5,15,25,35,45 
5,15,25,35 

253 
SO,aO,70 
ww&x 
25 
10,25,35,45 
25 

10,25,37 
25,35,45 

2535,45 

25,3545 

25,35,45 

2 5 9 %  
25 
25 
25 
10,25,37 
o,1525,40 
5,15,25,35,45 
5,15,25,35 
5,15,25,35 
15,q25,3 
25 

10,25,37 
5,15,25,35 

10,2537 

10,25,37 

10,2537 

10,2537 

10,2537 

?,25,? 
5,15,25,35 

5,15,25,35 

2 5 9 %  
25 
25 
25 
10,25,37 
25 
0,1525,40 
6,14,24,31,39 
5,15,25,35,45 
5,15,25,35 
15,20,25,30 
25 
25 
25 

10,25,37 

0.15 
4 
0.02-0.07a 
0.10 

0.10 
0.20 
0.20 

0.10 
0.10 
0 corr 
0.10 
0.25 
0.10 

4 

4 
0.10 

4 
0.10 

4 
0.10 

4 
0.10 

0.15 
4 

4.10 
4 

0.10 
0.20 
0.10 
0.20 
0 corr 
0.10 

0.01-0.06a 

4 
0.10 

4 

4 
0.10 
0.10 

4 
0.10 

0.15 
4 

4.10 
4 
4 

0.01-0.06a 

0.10 
0.10 
0.20 
0.20 
0 corr 
0.10 
0.10 

NaCl 
Me4N' 
Me4N' 
Me4N' 
PrqNBr 

MeqNBr 
MeqNBr 

NaCl 
NaCl 
NaC104 
Et4NBr 
Pr4N' 
NaC104 

PrqNBr 

KNo3 

KNo3 

KNo3 

KNo3 

KN03 

PrqNBr 

PrqNBr 

PrqNBr 

NaCl 
MyN+ 
Me4N' 
MyN+ 
PrqNBr 

MeqNBr 

MeqNBr 
NaC104 
NaClO4 

PrqNBr 

KN03 

KNo3 

KNo3 

PrqNBr 

PrqNBr 
KNo3 
KNo3 

KNo3 
PrqNBr 

NaCl 
MyN+ 
Me4N' 
Me4N' 
PrqNBr 
Na+ 
mo3 
KNo3 
MeqNBr 
MeqNBr 
NaC104 
Naclod 
W%' 

4 NaCI 

( + 2.5) 
+5.0 
+ 5.0 
+5.0 

(+7.1) 
(-2.1) 

(+ 10.9) 

(+ 10.0) 
(+ 15.9) 
(+8.7) 

(+3) 

( + 7.5) 
(-U.O) 

( + 6.7) 
(-5.9) 

(+7.5) 
(-20.1) 

(-20.1) 

( + 9.6) 

-0.8 

+ 5.08 

(+8.4) 

(+ 1.3) 
+ 5.4 
+ 3.8 
+ 2.1 

( + 5.9) 
(-5.0) 

( i 7.9) 
(-l3.8) 
( + 8.8) 
( + 2.3) 
+ 2.35 

( + 6.3) 
(-10.9) 

( + 5.4) 

( + 5.4) 

(-9.2) 

( + 4.6) 
(-10.9) 

(+ 3.8) 
+ 7.5 
+ 4.2 

0.0 
( + 3.8) 

(-7.9) 

( + 8.8) 

(+ 1.5) 

( + 4.6) 

( + 6.3) 

+ 3.34 

(0.0) 
-15.5 
-17.6 
-18.8 

(-17.2) 

( + 6.3) 

(-27.2) 
(-9.6) 

-15.1 

-8.3 

(-14) 

(-U) 

(-18.0) 

(-9.6) 

(-17.2) 

(-18.4) 

(-3.8) 
-17.2 
-18.4 
-19.7 

(-20.1) 

( + 3.8) 
(-10) 
-14.1 

(-23.0) 

(-3.8) 
-17.6 
-16.7 
-15.9 

(-20.5) 

(+ 10.0) 
(-18) 

(-17.6) 

-11.9 
+2.1 -18.0 
+3.6 -15.0 

51a 
62C 
62C 
62C 
63P,65P 
66T 
77R 

(+7.1) H+H3L=(+7.1) 78G 
H+ H4L= (+7.9) 

79Mb 
79Mb 
80% 
81C 
86D 
875a 

65P 
73T 

65P 
73T 

65P 
(-18.4) 83R 

65P 
(-18.4) 83R 

51a 
62C 
62C 
62C 
63P,65P 
67T 
77R 
78D 

(+14.6) H+H3L=(+4.6) 78G 
80% 
875a 

65P 
78D 

65P 

65P 
73B 
78D 

65P 
78D 

51a 
62C 
62C 
62C 
63P,65P 

H+(H.lL)=-45.6 661a 
67T 
74B 
m 

( + 3.8) 78G 
m 
875a 
SaA 
88R 
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Table 1 (continued) 

Ligand Temperature Ionic Background AH AH AH 
Metal Ion Method (degrees C) Strength Electrolyte H + L H + HL H + HzL Other AH Ref. 

T 25.38 0.15 NaCl (-7.3 (-19.2) 51a 
T o,izzs,a 0.10 KNo3 (-6.3 (-19.2j 67T - 
T O,l2,25,40 0.10 KNo3 (-6.7) (-19.7) 

T 10.25.37 4 P r m r  (+6.3) . -  - . I  

T 10,25,37 4 P r w r  (+5.9) 

T 10,25,37 4 PrqNBr (+5.9) 
T 10-80 0 corr NaCl (-15.1'1 

, I  

T 10,25,37 4 Pr4NBr (+4.6) 
T 20,30,40,50 0.10 ? 

Metal Ion Comolexatlon Enthalov Changes 

67T 

65P 

65P 

65P 
70W 

65P 
H+(H-lL)=(-27.6) 67A 

Ligand Temperature Ionic Background AH AH AH 
Metal Ion Method (degrees C) Strength Electrolyte M + L M + HL M + HzL Other AH Ref. 

T 
C 
T 
T 

C 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 
C 
T 
T 
C 
C' 
T 
T 
T 
C'  
T 
T 

C 
T 
T 

C 
T 
T 

T 
T 

C 
T 
T 

10,25,35,45 
25 
10,25,35,45 
10-40 

25 
10,25,35,45 
10,25,35,45 
10,25,35,45 
10,25,35,45 

1,23,43 
25,@ 
10,25,37 
10,25,37 
0,12,25,40 
0 , l W  
12,25,40 
30 
10,20,30 
3,17,26,30,39 
37 
25 
1,23,43 
0,1525,40 
10,25,35,45 
25 
0,1525,40 
0,1525,40 

30 
2535,45 
25,35,45 

30 
2535,45 
25,35,45 

25,35,45 
25,35,45 

25,35,45 
2535,45 

30 

0.25 
0.10 
0.25 
0.10 

0.10 
0.25 
0.25 
0.25 
0.25 

0.10 
0.11 

0.10 
0.10 
0.10 
0.10 
0.20 
0.12 
0.20 
0.20 
0.10 
0.10 
0.10 
0.25 
0.10 
0.10 
0.10 

0.20 
0.10 
0.10 

0.20 
0.10 
0.10 

0.10 
0.10 

0.20 
0.10 
0.10 

4 

(-3) 

(-1) 
(0.0) 

-0.8 

+ 1.3 
(+4) 
(+5) 
(+8) 
(-2) 

(+ 19.2) 

(+ 10.9) 

(+ 17.2) 

( + 21.3) 
(+ 13.8) 

(+ 16.3) 

+ 18.70 

(+ 18.8) 
+ 18.3 
+ 18.08 

(+ 19.2) 

(+ 19.2) 

(-8) 
(-3.8) 

+ 13.45 
(-12.6) 
(-16.3) 

+ 18.0 
( + 3.8) 
(6.7) 

+ 18.8 
( + 6.3) 
(-4.6) 

(+ 10.0) 
(-12.1) 

+ 18.4 
(+ 17.2) 
(-17.2) 

(+4) 

(+5) 

(+8) 

(-1) 

( + 9.2) 
( + 7.9) 

(+ 10.0) 

(+ 14.2) 

+ 9.57 

(-1.3) 

+ 7.96 
(-6.7) 
(-8.8) 

(-13) 

(+ 11.7) 
(-13.0) 

M+ML=(+14) 86D 
81C 
86D 
66P + 
66T,73B 
81C 
86D 
86D 
86D 
86D 
57N 
59B 
66P 
66P 
66T 
66T 
66T 
69B 
71B 
735a 

M+ML= +7.2 8% 
875a 
57N 
66T 

(-16) M+ML=(d) 86D 
875a 
66T 
66T 

735 
73T 
73T 

735 
73T 
73T 

83R 
83R 

735 
83R 
83R 
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Table 1 (continued) 

Metal Ion Method (degrees C) Strength Electrolyte M + L M + HL M + H2L Other AH Ref. 
Ligand Temperature Ionic Background AH AH AH 

ca2 + 

sr2 + 

Ba2+ 

$+ 
2+ 
AMP4 
Mgrr 

Ca2+ 

Sr2+ 
Ba2+ 
A* 

MgL+ 

q,$ 
M!2+ 

Ba2+ 

Sr c9+ 

Sr cI+ 

3 
3 

Ba2+ 

ATP z+ 

co2+ 

cu2+ 
Ni2+ 

zn2+ 

GTP 7+ 

Ni2 + 

cu2+ 
zn2 + 

ITP 7+ 

Ni2' 

:c?+ 

3+ 
cu2+ 
zn2+ 

T 
T 
T 
T 
C 
C' 
T 
C' 
T 
T 

C 

C 

T 
C 
C' 
T 
C' 
T 
T 

T 
T 
T 
T 

T 
T 
T 
T 

C 

C 

T 
T 
T 
T 
C 
C 
C 
T 
T 
C 
T 
T 

C 

T 
C 

T 
T 
T 
T 
T 

T 
T 
T 
T 
T 

25,35,64 
10,25,37 
10,25,37 
O,Q25,40 
30 
25 
0,12,25,40 
25 
W525,40 
0 , W w J  

30 

30 

0,12,25,40 
30 
25 
0,12340 
25 
0,1525,40 
0,12,25,40 

0,12,25,40 
0,12,25,40 
0,12,25,40 
0,12,25,40 

0,12,25,40 
0,12,25,40 
os525,40 
0,1525,40 

30 

30 

0,12,25,40 
2,12,25,32,47 
26,41 

0.11 
0 corr 
0.10 
0.10 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 

0.20 

0.20 

0.10 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.10 

0.20 

0.20 

0.10 
0.01 
0.10 

1,5,10,15,25,35,43 0.20 
6 0.20 
15 0.20 
30 0.20 
OS5~,40 0.10 
5,15,25,30,36 0.20 
25 0.20 
0,~5~,40 0.10 
0,12,25,40 0.10 

25 0.10 

0,1525,40 0.10 
25 0.10 

25,3545 0.10 
25,35,45 0.10 
25,3545 0.10 
25,3545 0.10 
25,35,45 0.10 

25,3545 0.10 
259545 0.10 
2535,45 0.10 
25,3545 0.10 
25,3545 0.10 

( + 20.9) 
( + 18.0) 
(+ 15.1) 
(+ 15.1) 
+l3.18 
+ 17.53 
(-5.0) 

+ 13.80 
(-11.3) 
(-12.1) 

+ 14.2 

+ 13.4 

(+ 14.2) 
+ 7.45 
c5.71 
(-2.5) 
+ 4.23 

(-8.4) 
(-5.9) 

( + 14.6) 
(-2.5) 
(-3.8) 
(-7.9) 

(+ 14.6) 
(-2.5) 
(-4.2) 
(-8.4) 

+7.1 

+ 7.5 

(-12.6) 

(-10.5) 
(-20.5) 

( + 37.7) 
+ 13.4 
+ 15.5 
+ 19.2 
(-9.2) 

+ 18.8 
(-10.5) 

(t36.4) 

(-18.0) 

+ 3.3 

(-11.3) 
+ 16.3 

(-8.8) 

(-7.9) 

(-7.5) 

(-10.0) 

(-25.1) 

(-6.7) 

(-18.8) 

(-5.0) 
(-8.4) 

(-7.1) 

(+3.8) 

(+ 16.3) 

+ 7.66 
(-2.5) 
+ 6.27 
(-5.0) 

( + 4.2) 

(-7.5) 

(-9.6) 

(-8.8) 

(-10.0) 
(-12.6) 

-14.6 

(-10.0) 
+ 4.6 

59B 
66P 
66P 
67T 
69B 
875a 
67T 
875a 
67T 
67T 

735 

735 

67T 
69B 
875a 
67T 
875a 
67T 
67T 

67T 
67T 
67T 
67T 

67T 
67T 
67T 
67T 

735 

735 

66T 
70j 
705 
77R 
77R 
77R 
77R 
66T 
78Ga 
78Ga 
66T 

MLH=(-33.5), 66T 
MOHLH= (-50), 
2MOHL= (-26.8) 
ML+ L= -10.5, 
M+ML= +18.0 83A 

66T 
ML+L= -11.3, 83A 
M+ML= +12.6 

73T 
73T 
73T 
73T 
73T 

73T 
73T 
73T 
73T 
73T 
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Table 1 (continued) 
Ligand Temperature Ionic Background AH AH AH 
Metal Ion Method (degrees C) Strength Electrolyte M + L M + HL M + H2L Other AH Ref. 

q t  

Ni2 + 

C"2+ 
zn2 + 

M3+ co 

UTP 
MnL+ 
co2+ 
Ni2 + 

cu2+ 
zn2 + 

ADP z+ 

co2+ 

Ni2+ 

cu2+ 

Z 2 +  

co2+ 

Ni2+ 

cu2+ 

zn2+ 

co2+ 
Ni2+ 
cu2 + 

Zn2 + 

3 

AMP-2 
-zT 

Ni2 + 

E 2 +  

CU2+ 
Z I P  

~a~ + 

Nd3+ 
Eu3 + 

g; 

T 
T 
T 
T 
T 

T 
T 
T 
T 
T 

T 
T 
T 
T 
C 
C 
C 
T 
T 
T 
T 
C 
T 

T 

T 
T 
C 
C 
C 
T 
T 
T 
T 
T 
C 
T 
C 
T 

T 
T 
T 
T 
T 

T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 

T 

25,3545 
25,35,45 
25,35,45 
25,35,45 
25,3545 

25,35,45 
25,35,45 
25,35,45 
25,35,45 
25,3545 

0,12,25,40 
2,12,25,32,47 
26,41 
15,25,35,43 
6 
15 
30 
12,2540 
15,25,37 
0,12,25,40 
15,25,37 
25 
0,12,25,40 

0,12,25,40 

0,12,25,40 
15,25,35,45 
6 
15 
30 
0,12,25,40 
15,25,37 
0,12,25,40 
6,14,24,31,39 
15,25,37 
25 
0,1525,40 
25 
0,12,25,40 

0,12,25,40 
0,12,25,40 
0,12,25,40 
0,12,25,40 
0,12,25,40 

0,12,25,40 
0,12,25,40 
0,12,25,40 
0,12,25,40 
0,12,25,40 

9,17,25,32,41,50 
9,17,25,32,41,50 
9,17,25,32,41,50 
5,15,25,35 
9,17,25,32,41,50 
9,17,25,32,41,50 
9,17,25,32,41,50 

0.10 
0.10 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.10 
0.10 

0.10 
0.01 
0.10 
0.20 
0.20 
0.20 
0.20 
0.10 
0.20 
0.10 
0.20 
0.20 
0.10 

0.10 

0.10 
0.20 
0.20 
0.20 
0.20 
0.10 
0.20 
0.10 
0.10 
0.20 
0.20 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.20 
0.10 
0.10 
0.10 

(-18.8) 
(-20.1) 

(-20.9) 
(-16.3) 

(-18.0) 

(-27.6) 
(-20.1) 
(-20.9) 
(-20.9) 

(-10.0) 
(+ 10.9) 

(-19.2) 

(+ 15.1) 
(+ 14.6) 

+ 7.45 
+ 11.09 
t 14.73 
(-8.4) 

(+11.7) 
(-7.9) 

(+5.4) 
+6.3 

(-17.2) 

(-8.4) 

(-4.2) 
( + 4.2) 
+4.2 
t7.9 
t 9.6 

( t 4.6) 
(-0.4) 
(-4.2) 

(-13.0) 
(-8.8) 
-10.5 
(-8.4) 
-25.9 
(-5.0) 

(-3.8) 

(-4.2) 
(-7.1) 
(-4.6) 

(-4.2) 

(-4.2) 

(-5.0) 

(- 14.7) 

(- 16.7) 

(-16.6) 
(-11.8) 

( + 2.5) 

( + 2.9) 

(-7.9) 

(-9.7) 

( + 42.3) 

(-12.3) 

5,15,25,35 0.20 MeqNBr (t40.2) 
T 15,25,35 0.20 MeqNBr (+21) 

(-20.9) 

(-20.9) 
(-18.4) 

(-18.0) 
(-14.6) 

(-7.9) 

(-7.9) 

(-8.8) 

(-11.3) 

(-7.9) 

+ 13.0 

(-18.5) 
(-15.2) 
(-17.3) 

(-19.8) 
(-14.3) 
(-17.7) 

83R 
83R 
83R 
83R 
83R 

76T,83R 
76T,83R 
76T,83R 
76T,83R 
76T,83R 

67T 
705 
70J 
77R 
77R 
77R 
77R 
67T 
80M 
67T 
79M 
79M 

ML-H = (-37.7) 67T 
2MOHL=(-25.9) 
ML-H=(-41.4) 67T 
2MOHL= (-21.3) 

67T 
77R 
77R 
77R 
77R 
67T 
80M 
67T 

ML+L=(-l3.8) 74B 
79M 
79M 
67T 
88A 
67" 

67T 
67T 
67T 
67T 
67T 

67T 
67T 
67T 
67T 
67T 

875b 
875b 
875b 
78G 
875b 
875b 
875b 

18G 
text 
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Table 1 (continued) 

Metal Ion Method (degrees C) Strength Electrolyte M + L M + HL M t H2L Other AH Ref. 
Ligand Temperature Ionic Background AH AH AH 

T 9,18,25,33,41,50 0.10 NaC104 (t23.4) (-16.2) 87Sb 
La3 + T 9,18,25,33,41,50 0.10 NaC104 (+ 17.4) (-16.2) 87Sb 
Nd3 + T 9,18,25,33,41,50 0.10 NaC104 (+20.9) (-6.8) 87Sb 
Eu3+ T 5,l5,25,35 0.20 MeqNBr (+0.8) 78G 

T 9,18,25,33,41,50 0.10 NaC104 (+ 18.8) (-14.2) 87Sb 
T 9,18,25,33,41,50 0.10 NaC104 (+20.4) (43.1) 87Sb 

Tm T 9,18,25,33,41,50 0.10 NaC104 (+20.6) (-12) 87Sb 

Method: C = batch calorimetry, C' = titration calorimetry, T = temperature variation 
a 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 

Ligand Ionic Backgr. LogKcorr LogK corr LogK corr 
MetalIon Method T,"C. Strew. Electr. Type H+L 25',0.1 H+HL 25',0.1 H+H?L 25',0.1 Other equilibria Ref. 

25 0.20 Pr@Cl con 7.27 
25 0.20 Et@Cl con 7.23 
25 0.20 Me4NCl con 7.06 
20 0.10 KCl con 6.79 
25 0.20 KCl con 658 
25 0.20 NaCl con 6.46 

10 -*o PrqNBr 
25 -4 PrqNBr 
37 -*o PrqNBr 
10 ~ c o r r  P r g +  
25 ~ c o r r  Pr@+ 
35 ~ c o r r  P r g +  
45 ~ c o r r  P r g +  
25 Ocorr NaCl 

act 7.62 
act 7.68 
act 7.73 
act 7.64 
act 7.65 
act 7.66 
act 7.66 
act 

25 Ocorr NaC104 act 7.26 
25 -4 NaC104 act 
10 0.04 P r g f  con 7.09 
25 0.04 P r g  con 7.11 
35 0.04 Pr4N' con 7.11 
45 0.04 Pr4N' con 7.12 
25 0.10 PrqNBr mix 7.10 
25 0.15 PrqNBr mix 7.07 
10 0.16 Pr@f con 6.90 
25 0.16 Pr@+ con 6.91 
35 0.16 Pr@ con 6.92 
45 0.16 Pr@+ con 6.94 
25 0.20 Pr4NCl mix 6.95 
25 0.20 PrqNBr mix 7.05 
10 0.25 Pr@f con 6.87 
25 0.25 Pr@ con 6.90 
35 0.25 Pr@+ con 6.91 
45 0.25 Pr@+ con 6.93 
10 0.49 Pr4N' con 6.88 
25 0.49 Pr@+ con 6.95 

35 
45 
10 
25 
35 
45 
10 
25 
35 
45 
30 
25 
25 
25 
10 
25 
35 
45 
25 
25 
10 
25 
35 
45 
25 
10 
25 
35 
45 
10 
25 

0.49 
0.49 
1.00 
1.00 
1.00 
1.00 
0.04 
0.04 
0.04 
0.04 
0.10 
0.10 
0.10 
0.15 
0.16 
0.16 
0.16 
0.16 
0.20 
0.20 
0.25 
0.25 
0.25 
0.25 
0.30 
0.49 
0.49 
0.49 
0.49 
1.00 
1.00 

Pr4N' con 7.00 
Pr4N' con 7.05 
P r g f  con 6.92 
Pr@ con 7.11 
Pr@+ con 7.24 

Et@ con 7.08 
E t a +  con 7.09 
Et4N' con 7.10 
Et4N' con 7.11 
EtqNBr con 6.97 
EtqNBr con 7.10 
Et4NC104con 6.93 
EtqNBr con 6.98 
Et4N' con 6.86 
Et4N' con 6.88 
Et4N' con 6.90 
Et4N' con 6.91 
EtqNBr mix? 6.90 
EtqNBr mix 6.91 
E t g '  con 6.82 
Et4N' con 6.85 
Et4N' con 6.87 
E4N' con 6.90 
EtqNBr con 6.85 
Et4N' con 6.82 
E4N' con 6.88 
E4N' con 6.92 
Et4N' con 6.% 
Et4N' con 6.85 
Et@+ con 7.00 

Pr@f con 7.37 

7.42 
7.38 
7.21 
6.80 
6.73 
6.61 

6.99 

6.96 

6.91 

6.97 
7.10 
6.93 

6.93 

6.86 
6.87 

4.09 4.05 

4.68 
4.53 
4.42 
4.32 
4.57 

3.98 

4.29 
4.12 
4.02 
3.92 

1.91 

4.u 
3.99 4.03 
3.90 
3.79 

4.11 
3.97 
3.89 
3.80 
4.16 
4.03 

3.95 
3.88 
4.19 
4.18 
4.17 
4.17 
4.23 
4.09 
3.99 
3.89 
3.93 3.98 
4.05 4.05 
4.00 4.00 

4.03 
3.89 3.93 
3.79 
3.70 

3.98 
3.84 
3.76 
3.66 

3.89 
3.78 
3.74 
3.62 

3.67 
3.77 

565 
565 
565 
575 
565 
565 

63P 
63P 
63P 
86D 
86D 
86D 
86D 

76K 
80tb 
835 
86D 
86D 
86D 
86D 
63P 
63P 
86D 
86D 
86D 
86D 
565 
63P 
86D 
86D 
86D 
86D 
86D 
86D, 
88G 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
640 
81C 
875a 
54M 
86D 
86D 
86D 
86D 
54M 
565 
86D 
86D 
860 
86D 
54M 
86D 
86D 
86D 
86D 
86D 
86D 

5 w  
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Table 2. (continued) 

Ionic Backgr. LogKcorr LogK corr h g K  corr 
Metal Ion Method T,'C. Streng. Electr. Type H+L 25",0.1 H+HL 25',0.1 H+H2L 25',0.1 Other equilibria Ref. 

d 35 1.00 
45 1.00 
25 0.04 
30 0.10 
25 0.16 
25 0.20 
30 0.20 

5 0.20 
15 0.20 
25 0.20 
35 0.20 
45 0.20 

5 0.20 

15 0.20 

25 0.20 

35 0.20 

70 0.20 
25 0.25 
25 0.49 
23 0.60 
25 1.00 
10 0.04 
25 0.04 
35 0.04 
45 0.04 
20 0.10 
25 0.10 
22? 0.10 
20 0.10 
0 0.10 
12 0.10 
25 0.10 

40 0.10 
15 0.10 
35 0.10 
25 0.10 
35 0.10 
25 0.10 
25 0.10 
30 0.10 
25 0.10 
25 0.10 
10 0.16 
25 0.16 
35 0.16 
45 0.16 
25 0.20 
22 0.25 
10 0.25 
25 0.25 
35 0.25 
45 0.25 
10 0.49 
25 0.49 
35 0.49 
45 0.49 
25 1.00 

10 1.00 
25 1.00 
35 1.00 
45 1.00 
10 0.04 

Et4N' con 7.10 3.60 
Et4N' con 7.20 3.53 
Me@+ con 7.06 4.09 
MeqNBr con 6.81 6.81 3.83 3.88 
Me4N' con 6.80 6.85 3.92 3.96 
MeqNBr mix 6.76 6.72 
MeqNBr mix 6.96 6.90 
MeqNBr mix 6.84 
MeqNBr mix 6.91 
MeqNBr mix 6.97 6.91 
MeqNBr mix 7.03 
MeqNBr mix 7.10 
MeqNBr mix 6.84 4.89 4.70(?) 

MeqNBr mix 6.90 4.93 4.11 

MeqNBr mix 6.97 6.91 4.% 4.87 4.16 

MeqNBr mix 7.01 5.01 4.20 

Me4NCI mix 7.32 7.3 4.3 3.8 

Me4N' con 6.71 3.85 
Me4NCI mix 7.0 7.1 

Me4N' con 6.75 3.88 

Me4N' con 6.74 3.79 
K+ con 6.81 4.26 

K+ con 6.82 4.10 
K+ con 6.82 4.10 

K+ con 6.82 4.91 
KCl con 6.50 6.50 4.05 4.00 
KCI mix 6.73 6.62 4.26 4.15 
KCI mix? 6.50 6.39 4.12 3.96 
KCI mix? 6.50 639 3.95 3.79 
KNO3 con 6.56 4.29 
KNO3 con 6.54 4.14 
KNO3 con 6.53 6.53 4.06 4.06 

KNo3 
KNo3 
KNo3 
KNo3 
KNo3 

KNo3 
KNo3 
KNo3 

K+ 
K+ 
K+ 
K+ 

KCI 

KNO3? 

KCI 

p 
K+ 
K+ 
K+ 
K+ 
K+ 
K+ 
K+ 
KNo3 

con 6.52 3.87 
con 6.57 6.56 4.18 4.09 
con 6.80 6.81 4.12 4.21 
mix 6.81 6.70 4.20 4.09 
con 6.67 6.68 3.90 3.99 
mix 6.72 6.61 4.38 4.27 
con 6.54 6.54 
mix 6.63 6.52 
mix? 6.86 6.75 4.05 3.94 
con? 6.63 6.63 4.09 4.09 
con 6.38 4.10 
con 6.39 6.44 3.95 3.99 
con 6.39 3.85 
con 6.40 3.75 
mix 6.48 6.44 
mix 6.9 6.9 4.34 4.35 
con 6.24 4.07 
con 6.25 3.92 
con 6.26 3.83 
con 6.27 3.73 
con 6.04 4.05 
con 6.07 3.92 
con 6.08 3.84 
con 6.10 3.75 
con 6.09 3.97 

K+ con s . . ~  4.03 
K+ con 5.94 3.93 

Na+ con 6.73 4.26 

K+ con 6.00 3.85 
K+ con 6.06 3.78 

H+H3L=3.90, 
H + H4L= 3.77 
H + H3L = 3.95, 
H + H4L = 3.82 
H + H3L = 3.99, 
H +H4L= 3.86 
H+H3L=4.02, 
H + H4L = 3.92 

86D 
86D 
86D 
66Pa 
86D 
565 
735a 
77R 
77R 
77R 
77R 
77R 
78G 

78G 

78G 

78G 

80R 
86D 
86D 
6% 
86D 
86D 
86D 
86D 
86D 
56M 
58Wa 
60B 
62H 
66T 
66T 
62T, 
66T 
66T 
72F 
72T 
78D 
79Mc 
SOD 
81C 
84P 
85M 
86C 
86D 
86D 
86D 
86D 
565 
&4G 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
71R, 
76R 
86D 
86D 
86D 
86D 
86D 
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Table 2. (continued) 

Metal Ion Method T,'C. Streng. Electr. Type H+L 25',0.1 H+HL 25",0.1 H+H2L 25',0.1 Other equilibria Ref. 
Ionic Backgr. LogKcorr LogK corr LogK corr 

ATp 
25 0.04 
35 0.04 
45 0.04 
20 0.05 
25 0.10 
20 0.10 
25 0.10 
25 0.10 
50 0.10 
60 0.10 
65 0.10 
70 0.10 
25 0.10 
25 0.10 

9 0.10 
17 0.10 
25 0.10 

32 0.10 
41 0.10 
50 0.10 
20 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 

25 0.10 
25 0.10 
25 0.12 
25 0.15 
38 0.15 
25 0.15 
25 0.15 
25 0.15 
25 0.15 
10 0.16 
25 0.16 
35 0.16 
45 0.16 
25 0.20 
10 0.25 
25 0.25 
35 0.25 
45 0.25 
25 0.34 
10 0.49 
25 0.49 
35 0.49 
45 0.49 
25 0.50 
32 0.50 
25 0.61 
25 0.86 
25 1.00 
10 1.00 
25 1.00 
35 1.00 
45 1.00 
2.5 1.00 
25 1.00 
25 1.12 
25 2.00 

Na' con 6.76 
Na+ con 6.77 
Na' con 6.79 
NaC104 mix 6.53 
NaCl mix 6.5 
NaC104 mix 6.47 
NaC104 mix 6.42 
NaCl mix 6.87 
NaCl mix 7.02 
NaCl mix 7.08 
NaCl mix 7.14 
NaCl mix 7.17 
NaC104 con 6.39 
NaC104 con 6.45 
NaC104 con 6.47 
NaC104 con 6.48 
NaC104 con 6.51 

6.1 
6.4 
6.36 
6.31 
6.76 

6.39 
6.45 

6.51 

4.10 
4.01 
3.90 
4.60 4.4 2.17 
4.1 4.0 
4.10 3.95 

4.47 4.36 2.0 
4.06 
4.00 
4.00 
3.97 
3.98 3.98 

4.18 
4.10 
4.03 4.03 

NaC104 
NaC104 
NaC104 
NaNO3 
NaC104 
NaN03 
NaNO3 
NaCl 

con 6.53 3.96 
con 6.56 3.26 
con 6.58 3.79 
mix 6.51 6.40 4.12 3.96 
mix 6.51 6.40 4.03 3.92 
mix 6.49 6.38 4.01 3.90 
mix 6.47 6.36 4.00 3.89 
con? 6.47 6.47 4.00 4.00 2.17 

NaNO3 mix 6.51 6.40 3.99 3.88 
NaNO3 mix 6.60 4.24 1.7 
NaCl con 6.51 6.52 4.02 4.03 
NaCl mix 6.48 6.41 4.00 3.91 
NaCl mix 6.50 4.00 
NaC104 con? 6.42 6.46 
NaCl con 6.39 6.43 4.05 4.07 
NaCl con 6.24 6.28 3.70 3.72 
NaC104 con 6.24 6.28 4.00 4.02 1.77 
Na' con 6.27 4.10 
Na' con 6.31 6.36 3.94 3.98 
Na' con 6.33 3.85 
Na' con 6.35 3.75 
NaCl mix 6.41 6.37 
Na+ con 6.12 4.07 
Na' con 6.16 3.92 
Na' con 6.19 3.83 
Na' con 6.21 3.74 

Na+ con 5.96 3.93 
Na' con 6.00 3.84 

NaC104 con 5.89 3.97 

Na$l mix 6.34 4.24 
Na con 5.91 4.05 

Na' con 6.03 3.76 

Na2L con 5.63 4.62 
NaCl mix 6.10 4.02 
NaCl mix 6.04 3.95 

Na' con 5.72 4.03 
NaC104 con 5.70 3.95 

Na' con 5.82 3.94 
Na+ con 5.89 3.88 

NaN03 mix 5.75 3.99 
Na' con 5.97 3.81 

NaNO3 mix 5.87 4.10 
NaCl mix 5.87 3.91 
NaC104 con 5.57 3.91 

2.1 

1.9 

2.17 

1.6 

1.8 

H + H3L = 1.0,0.9 

H+H3L=2.0,2.0, 
H+ (H.1L) = 11.78, 
H + (H.2L) = 15 
[L]= 0.25 mM 
[L]=M mM 

[L] = 0.50 mM 
[L]=200 mM 

86D 
86D 
86D 
75K 
56B 
645a 
675 
79Mb 
79Mb 
79Mb 
79Mb 
79Mb 
80tb 
81C 
825a 
825a 
825a, 
875a 
825a 
825a 
825a 
83W 
845a 
85T 
875 
875c 

88T 
88T 
78R 
51A 
51a 
71M 
835 
875 
88B 
86D 
86D 
86D 
86D 
565 
86D 
86D 
86D 
86D 
79Mb 
86D 
86D 
86D 
86D 
80tb 
85B 
79Mb 
79Mb 
80tb 
86D 
86D 
86D 
86D 
88T 
88T 
79Mb 
80m 
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Table 2. (continued) 

Metal Ion Method T,'C. Streng. Electr. Type H+L 25',0.1 H+HL 25',0.1 H+H2L 25",0.1 Other equilibria Ref. 
Ionic Backgr. LogKcorr LogK corr h g K  corr 

ITP 
3 

CTP 
3 

F 

lTP 
F 

ADP 
i7 

81 

2 5 4  
25 0.10 
25 0.10 
35 0.10 
45 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 

2 5 4  
25 0.10 
25 0.10 
35 0.10 
45 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 

25 0.10 

2 5 4  
25 0.10 
15 0.10 
25 0.10 
35 0.10 

45 0.10 
25 0.10 
25 0.10 

2.5 0.10 
25 0.10 
25 0.10 
2 5 4  
25 0.10 
25 0.10 
35 0.10 

45 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 

25 0.10 
25 0.10 

25 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 

10 4 
2 5 4  
37 4 
2 5 4  
25 ocorr 

25 ocorr 
25 0.10 
25 0.15 
25 0.20 
25 0.20 

PrqNBr act 7.65 
PrqNBr mix 7.06 6.95 
KNO3 con 7.10 7.10 3.0 
KNO3 con 7.04 2.9 

NaCl mix 6.5 6.4 3.3 
NaC104 mix 
NaC104 mix 
NaC104 mix 
NaC104 mix 6.45 6.34 

PrqNBr act 7.68 
PrqNBr mix 7.12 7.01 
KNO3 con 6.92 6.92 2.2 
KNO3 con 6.97(?) 2.3(?) 

NaC104 mix 
NaC104 mix 
NaC104 mix 
NaC104 mix 6.45 6.34 

NaC104 mix 6.50 6.39 

PrqNBr act 7.65 
PrqNBr mix 7.10 6.99 
KNO3 con 6.63 6.63 4.85 
KNO3 con 10.10 10.10(?)4.32 
KNO3 con 9.99 9.99(?)4.22 

KNO3 con 9.88 9.88(?)4.13 
KCl con? 6.46 6.46 4.15 
NaCl mix 6.6 6.5 4.8 

NaC104 mix 6.51 6.40 
NaC104 mix 6.54 6.43 4.53 
NaNO3 mix 6.55 6.44 4.55 
PrqNBr act 7.58 
PrqNBr mix 7.01 6.90 
KNO3 con 6.82 6.82 4.14 
KNO3 con 6.72 4.05 

KNO3 con 6.96 2.8 

KNO3 con 6.86 2.1 

KNO3 con 6.60 3.94 
NaCl mix 6.6 6.5 
NaC104 mix 
NaC104 mix 
NaC104 mix 
NaC104 mix 6.45 6.34 

NaNO3 mix 6.46 6.35 2.0 
NaNO3 mix 6.45 6.34 

NaC104 mix 
NaClOq mix 
NaC104 mix 
NaC104 mix 6.50 6.39 
NaNO3 mix 6.52 6.41 2.0 

PrqNBr act 7.15 
PrqNBr act 7.20 
PrqNBr act 7.24 

NaCl act 4.20 

NaC104 act 6.71 3.27 
PrqNBr mix 6.80 6.69 
PrqNBr mix 6.79 
PrqNBr mix 6.78 
PrqNCl mix 6.68 6.61 

Me4N' act 7.00 4.20 

3.0 

3.2 

2.2 

4.75 
4.32 

4.15 
4.7 

4.42 
4.44 

4.14 

1.9 

1.9 

H+(H-iL)= 9.3 
H + (H.1L) = 9.6 
H+(H-iL)= 9.5 
H + (H.1L) = 9.79 

H+(H-iL)= 9.2 
H +  (H.1L) = 9.0 
H+(H.iL)= 9.26 

2.71 2.71 83R 
2.62 75T, 

2.51 83R 

2.95 2.95 
2.2% 

2.75 
H + (H.1L) = 9.5 
H + (H-lL) = 9.5 
H + (H-iL) = 9.6 
H+(H.iL)= 9.70 

H + (H.1L) = 9.8 
H + (H-lL) = 10.1 
H + (H.1L) = 9.89 

65P 
65P 
73T 
73T 
73T 
56B 
685 
685 
755 
775 

65P 
65P 
73T 
73T 
73T 
685 
685 
755 
775a, 
77c 
775 

65P 
65P 
72F 

83R 

84M 
56B 

775 
M a  
87.5 
65P 
65P 
83R 
76T, 
83R 
83R 
56B 
685 
685 
755 

78F 
85T 
875 

685 
685 
755 

875 

63P 
63P 
63P 
621 

76K 
rn 
63P 
63P 
63P 
56s 

ns, 

ns 

5 w  
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Table 2. (continued) 

Um!l 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+H2L 25",0.1 Other equilibria Ref. 

30 0.10 
25 0.20 
25 0.22 
25 0.20 

15 0.20 
25 0.20 
35 0.20 
45 0.20 

5 0.20 
15 0.20 
25 0.20 
35 0.20 
20 0.10 
25 0.10 
0 0.10 
12 0.10 
25 0.10 

40 0.10 
15 0.10 

5 0.10 
15 0.10 
25 0.10 
35 0.10 
25 0.10 
30 0.10 
25 0.20 
22 0.25 
20 0.05 
25 0.10 
25 0.10 
25 0.10 
25 0.15 
38 0.15 
25 0.15 
25 0.15 
25 0.20 
25 0.50 
25 1.00 
25 2.00 

2 - 5 4  
25 0.10 

5 0.10 
15 0.10 
25 0.10 
35 0.10 
25 0.10 

2 5 4  
25 0.10 

2 5 4  
25 0.10 
15 0.10 
25 0.10 

5 0.10 
15 0.10 
25 0.10 
35 0.10 
25 0.10 
25 0.10 

5 0.20 

EbNBr con 6.65 6.66 
Et@r mix 6.68 6.61 
EtqNBr con 6.65 6.70 
MeqNBr mix 6.62 6.55 
MeqNBr mix 6.54 
MeqNBr mix 6.60 
MeqNBr m u  6.65 6.54 
MeqNBr mix 6.68 
MeqNBr mix 6.74 
MeqNBr mix 6.56 4.58 3.89 
MeqNBr mix 6.62 4.60 3.96 
MeqNBr mix 6.68 6.57 4.62 4.50 4.08 
MeqNBr mix 6.72 4.65 4.15 
KCl con 6.35 6.34 3.99 3.94 
KCl mix 6.61 6.50 4.21 4.10 
KNO3 con 651 4.20 
KNO3 con 6.48 4.09 
KNO3 con 6.44 6.44 3.93 3.93 

KNO3 con 
KNO3 con 
KNO3 mix 
KNO3 mix 
KNO3 mix 
KNO3 mix 
KCI mix 
KNO3 mix 
KCl mix 
KNO3 mix 
NaC104 mix 
NaCl mix 
NaC104 con 
NaC104 con 
NaCl mix 
NaCl mix 
NaC104 con 
NaCl con 
NaCl mix 
NaC104 con 
NaC104 con 
NaC104 con 

6.41 3.73 
6.41 6.39 4.05 3.95 
6.98 
6.98 
6.90 6.79 
6.82 
6.51 6.40 4.18 4.07 
6.66 6.56 
6.40 6.33 
6.72 6.66 
6.79 6.4 4.52 4.4 
6.3 6.2 3.9 3.8 
6.04 6.04 3.27 3.27 
6.41 6.41 3.95 3.95 
6.26 6.17 3.95 3.84 
6.27 3.92 
6.20 6.22 
6.08 6.10 3.81 3.81 
6.36 6.29 
5.62 3.28 
5.43 3.29 
5.26 3.30 

PrqNBr act 7.19 
PrqNBr mix 6.82 6.71 
KNO3 mix 7.03 
KNO3 mix 7.01 
K N e  mix 6.95 6.84 
KNO3 mix 6.88 
NaCl mix 6.3 6.2 2.9 2.8 

PrqNBr act 7.18 
PrqNBr mix 6.80 6.69 

act 7.18 
mix 6.79 6.68 
con 6.38 6.40 4.56 4.44 
con 4.46 4.46 
mix 6.51 
mix 6.50 
mix 6.45 6.34 
mix 6.39 
con 6.22 6.22 4.2 4.2 
mix 6.4 6.3 4.6 4.5 

640 
565 
54M 
565 
77R 
77R 
77R 
77R 
77R 

H+H3L=3.77 78G 
H+H3L=3.80 78G 

3.96 H+HsL=3.83,3.71 78G 
H+H3L=3.85 78G 

56M 
58Wa 
67" 
67T 
62Ta, 
67T 
67T 
72F 
78D 
78D 
78D 
78D 
80D 
84P 
565 
a4G 
75K 
56B 
m 
875a 
514 
514 
71M 
875 
565 
m 
m 
m 
65P 
65P 
78D 
78D 
78D 
78D 

H+(H.lL)= 9.6 56B 

65P 
65P 

65P 
65P 
72F 
73B 
78D 
78D 
78D 
78D 
84M 
56B 
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Table 2. (continued) 

Ionic Backgr. LogKcorr LogK corr LogK con 
Metal Ion Method T,'C. Streng. Electr. Type H+L 25',0.1 H+HL 25",0.1 H+H2L 25',0.1 Other equilibria Ref. 

25 4 PrqNBr act 7.16 
25 0.10 PrqNBr mix 6.79 6.68 

5 0.10 KNO3 mix 6.72 
15 0.10 KNO3 mix 6.71 
25 0.10 KNO3 mix 6.65 6.54 
35 0.10 KNO3 mix 6.58 
25 0.10 NaCl mix 6.5 6.4 

10 4 PrqNBr 
25 4 PrqNBr 
37 4 PrqNBr 
20 -0 ? 
25 -+o ? 
30 -0 ? 
25 Ocorr Na+ 
25 Ocorr NaCl 

act 6.64 
act 6.67 
act 6.70 
act 6.37 3.81 
act 6.54 3.79 
act 6.68 3.78 
act 
act 3.97 

25 
25 
25 
25 
25 
25 
25 
25 
25 

5 
15 
25 
35 
45 

5 
15 
25 
35 
20 
25 
0 
12 
25 

0 corr 
0.10 
0.15 
0.20 
0.20 
0.10 
0.20 
0.10 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 

40 0.10 
15 0.10 

5 0.10 
15 0.10 
25 0.10 
30 0.10 
40 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.20 
20 0.025 
20 0.05 

25 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 
9 0.10 
17 0.10 
25 0.10 
25 0.10 
33 0.10 
41 0.10 
50 0.10 
25 0.10 

NaC104 act 6.23 3.87 
PrqNBr mix 6.47 6.36 
PrqNBr mix 6.48 
PrqNBr mix 6.47 
Pr4NCI mix 6.45 6.34 
Et4NC1 con 6.46 6.46 3.86 3.86 
Et4NCl mix 6.45 6.34 
MeqNBr mix 6.40 6.29 
Me4NCl mix 6.40 6.29 
MeqNBr mix 6.28 
MeqNBr mix 6.33 
MeqNBr mix 6.39 6.28 
MeqNBr mix 6.44 
MeqNBr mix 6.48 
MeqNBr mix 6.30 3.78 3.70 
MeqNBr mix 6.34 3.84 3.72 
MeqNBr mix 6.41 6.30 3.91 3.79 3.75 
MeqNBr mix 6.45 4.03 3.81 
KC1 con 6.14 6.13 3.81 3.76 
KC1 mix 6.30 6.19 
KNO3 con 6.38 4.15 
KNO3 con 6.31 3.98 
KNO3 con 6.23 6.23 3.80 3.80 

KNO3 con 6.16 3.62 
KNO3 con 6.25 6.23 3.96 3.36 
KNO3 con 6.19 4.06 
KNO3 con 6.20 3.94 

KNO3 con 6.23 3.77 
KNO3 con 6.21 6.21 3.82 3.82 

KNO3 con 6.28 3.70 
KNO3 con 6.20 6.20 3.81 3.81 
KCl con 6.13 6.13 3.63 3.63 
KNO3 mix 6.30 6.19 3.84 3.73 
KNO3 con 6.19 6.19 3.78 3.78 
KC1 mix 6.32 6.21 
Na2HPOqcon 3.70 
NaC104 mix 6.60 6.4 3.86 3.8 
NaCl mix 6.1 6.0 3.7 3.6 
NaC104 mix 6.14 6.03 
NaCl con 3.84 3.84 
NaC104 con 6.10 6.10 3.73 3.73 
NaC104 con 5.93 5.93 3.87 3.87 
NaC104 con 6.20 4.03 
NaC104 con 6.22 3.98 

NaC104 con 6.29 6.29 3.93 3.93 

NaC104 con 6.34 3.78 
NaC104 con 6.37 3.71 
NaNO3 mix 6.22 6.11 3.84 3.73 0.4 

NaC104 con 6.27 3.90 

NaC104 con 6.31 3.84 

3.63 

0.3 

65P 
6%' 
78D 
78D 
78D 
78D 

H+(H.iL)= 9.4 56B 

63P 
63P 
63P 
88R 
88R 
88R 

H +  (H.1L) = 13.1 66Ia 

76K 
80% 
63P 
63P 
63P 
565 
875a 
565 
61T 
565 
77R 
77R 
77R 
77R 
77R 
78G 
78G 
78G 
78G 
56M 
61T 
67T 
67T 
62Ta, 
67T 
67T 
72F 
74B 
74B 
74B 
74B 
74B 
75B 
80D 
800 
88A 
565 
635 
75K 
56B 
645 
760 
76Ta 
80Tb 
825a 
825a 
825a 
875a 
825a 
825a 
825a 
87T 

5 w  



Critical evaluation of stability constants for nucleotide complexes 1029 

Table 2. (continued) 

!&ml Ionic Backgr. LogKcorr LogK corr LogK corr 
MetalIon Method T,OC. Streng. Electr. Type H+L 25",0.1 H+HL 25",0.1 H+H2L 25",0.1 Other equilibria Ref. 

25 0.10 
25 0.15 
38 0.15 
25 0.15 
25 0.20 
8 0.20 
25 0.20 
25 0.30 
25 0.50 
25 1.00 
25 2.00 

NaNO3 mix 621 6.10 3.84 3.73 
NaCl mix 6.05 5.95 3.74 3.63 
NaCl mix 6.08 3.71 
NaCl con 6.04 6.05 3.73 3.73 
NaCl mix 6.29 6.18 
NaC104 con 6.03 6.01 4.09 3.91 
NaCl mix 6.37 6.26 3.57 3.45 
NaC104 con 6.33 6.35 3.90 3.90 
NaC104 con 5.90 3.89 
NaC104 con 5.98 3.92 
NaC104 con 6.18 3.98 

25 0.10 KCI mix 6.55 6.44 3.93 3.82 
0 0.10 KNO3 con 5.93 3.95 

12 0.10 KNO3 con 5.88 3.80 
25 0.10 KNO3 con 5.83 5.83 3.65 3.65 

40 0.10 
15 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.10 
25 0.15 
38 0.15 

0 0.10 
12 0.10 
25 0.10 
40 0.10 
15 0.10 
15 0.10 
25 0.10 
25 0.10 

25 +o 
25 0.10 
20 0.15 
20 0.025 
25 0.10 
25 0.10 
25 0.10 
37 0.15 
25 0.20 

KNO3 con 5.78 3.49 
KNO3 con 5.79 5.76 3.74 3.64 
NaCl con 3.66 3.66 
NaC104 con 5.73 5.73 3.50 3.50 
NaNO3 mix 5.77 5.66 3.68 3.57 
NaNO3 mix 5.77 5.66 3.70 3.59 
NaCl mix 5.88 5.78 3.65 3.54 
NaCl mix 5.82 3.50 

KNO3 con 6.12 4.03 

KNO3 con 6.01 6.01 3.71 3.71 

KNO3 con 6.07 6.04 3..& 3.76 
KNO3 con 6.02 5.99 3.74 3.64 
NaNO3 mix 5.96 5.85 3.75 3.64 
NaNO3 mix 5.95 5.84 3.74 3.63 

PrqNBr act 6.66 
PrqNBr mix 6.50 6.39 
KCI mix 
Na2HP04 mix 
NaCl mix 6.1 6.0 2.4 2.3 
NaCl con 2.34 2.34 
NaNO3 mix 6.25 6.14 2.43 2.32 
NaCl con 6.19 6.21 235 2.48 
NaCl mix 6.37 6.26 227 2.16 

KNO3 con 6.07 3.88 

KNO3 con 5.95 3.54 

25 0.10 NaCl con 2.15 2.15 

2 5 4  
25 Ocorr 
25 0.10 
25 0.10 
15 0.20 
25 0.30 
25 0.97 
25 1.93 

PrqNBr act 6.66 
KCI act 6.62 
PrqNBr mix 6.45 6.34 
KCI con 6.19 6.19 
NaC104 con 5.93 5.92 
NaC104 con 5.91 5.93 
KCI con 5.91 
KCl con 5.93 

25 
25 
10 
20 
30 
40 
50 
60 
70 
80 
25 
15 

4 PrqNBr 
0.10 PrqNBr 
0 corr NaCl 
0 corr NaCl 
0 corr NaCl 
Ocorr NaCl 
Ocorr NaCl 
Ocorr NaCl 
Ocorr NaCl 
Ocorr NaCl 
0.10 KC1 
0.10 KNO3 

act 
mix 
con 
con 
con 
con 
con 
con 
con 
con 
mix 
con 

6.62 
6.42 6.31 

4.58 
4.48 
4.39 
4.31 
4.23 
4.16 
4.09 
4.02 

6.35 6.24 4.35 4.24 
6.27 6.26 452 4.40 

885a 
51A 
51A 
87J 
565 
77P 
79T 
87H 
m 
m 
80tb 

58Wa 
67T 
67T 
62Tq 
67T 
67T 
80Ta 
760 
76Ta 
87T 
89M 
51A 
51A 

67T 
61t 
67T 
67T 
72F 
80ta 
87T 
89M 

65P 
65P 

H + (H.1L) = 9.47 63s 
H+(H.lL)= 9.53 63s 
H+(H.lL)= 9.4 56B 

760 
88Ma 

H+(H.iL)= 9.17 83C 
79T 

760 

65P 
71Ma 
65P 
71Ma 

H+(H.lL)= 9.15 8lN 
H+(H.lL)= 8.89 87H 

71Ma 
71Ma 

65P 
65P 
70W 
70W 
70W 
70W 
70W 
70W 
70W 
70W 
58Wa 
72F 
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Table 2. (continued) 

k!g€lDd 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+H2L 25',0.1 Other equilibria Ref. 

25 0.10 
25 0.10 
35 0.10 
20 0.025 
25 0.10 
10 0.10 
20 0.10 
33 0.10 
35 0.10 
50 0.10 
57 0.10 
65 0.10 
80 0.10 
25 0.10 
25 0.10 
10 0.20 
20 0.20 
30 0.20 
40 0.20 
50 0.20 
60 0.20 
70 0.20 
80 0.20 
25 0.20 
20 1.00 
20 1.00 
35 1.00 
50 1.00 
65 1.00 
80 1.00 

25 0.10 

2 5 4  
25 0.10 
20 0.025 
20 0.015 
30 0.015 
40 0.015 
50 0.015 
25 0.10 
20 0.10 
30 0.10 
40 0.10 
50 0.10 
20 0.20 
30 0.20 
40 0.20 
50 0.20 
20 0.30 
30 0.30 
40 0.30 
50 0.30 
25 0.10 
25 0.10 
25 0.10 

25 0.10 

20 0.10 
25 0.10 
25 0.20 

KNO3 con 6.30 
KCI con 631 
KN% con 6.30 
Na2HPO4con 
NaCl mix 6.3 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaNO3 mix 6.19 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl mix 6.69 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 
NaCl con 

NaCl con 

PrqNBr act 6.63 
PrqNBr mix 6.45 
Na HP04con 
Na ? con 
Na'? con 
Na'? con 
Na'? con 
NaCl mix 6.4 
Na'? con 
Na'? con 
Na'? con 
Na'? con 
Na'? con 
Na'? con 
Na'? con 
Na'? con 
Na'? con 
Na'? con 
~ a + ?  con 
Na'? con 
NaCl con 
NaNO3 mix 6.15 
NaN% mix 6.15 

NaCl con 

NaC104 mix 6.57 
NaNO3 mix 6.36 
NaCl mix 6.15 

?+ 

630 4.36 4.36 
6.31 3.75 3.75 
6.29 4.27 4.39 

4.30 
6.2 4.5 4.4 

4.52 
4.42 4.37 
4.25 
4.24 
4.11 
4.00 
3.98 
3.91 
4.33 4.33 

6.08 4.33 4.22 
4.50 
4.37 
4.29 
4.18 
4.10 
3.99 
3.93 
3.89 

6.58 4.47 4.36 
4.21 
4.36 
4.20 
4.07 
3.95 
3.90 

4.24 4.24 

6.34 

6.3 

6.04 
6.04 0.7 0.6 

6.45 1.45 1.3 
6.25 
6.04 

H+(H.lL)= 9.44 
H+(H-iL)= 9.71 
H + (K1L) = 9.55 
H + (H-lL) = 9.38 
H + (H.1L) = 9.25 
H + (H.1L) = 9.5 
H+(H.iL)= 9.43 
H + (H.1L) = 9.28 
H+(H-iL)= 9.11 
H + (H.1L) = 8.95 
H+(H.lL)= 9.34 
H+(H.lL)= 9.18 
H+ (H.1L) = 9.01 
H+ (H.1L) = 8.85 
H+ (H.1L) = 9.24 
H+(H.iL)= 9.07 
H+(H.lL)= 8.91 
H+(H-iL)= 8.76 
H+ (H.1L) = 9.43 

H+ (H-iL) = 9.45 

H + (H.1L) = 9.23 

H + (H-lL) = 10.3 
H+(H.iL)= 9.90 

800 
84M 
85K 
635 
56B 
70W 
70W 
70W 
70W 
70W 
70W 
70W 
70W 
760 
88M 
70W 
70W 
70W 
70W 
70W 
70W 
70W 
70W 
79T 
635 
70W 
70W 
70W 
70W 
70W 

760 

65P 
65P 
635 
67A 
67A 
67A 
67A 
56B 
67A 
67A 
67A 
67A 
67A 
67A 
67A 
67A 
67A 
67A 
67A 
67A 
760 
845 
88M 

760 

68R 
88M 
79T 

Method 

Type of constant: act = activity, con =concentration, mix = mixed 

cal = calorimetric, gl = potentiometric with glass electrode, int = interferometer, 
nmr = nuclear magnetic resonance, sp = spectrophotometric 
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Table 3. Nucleotide Metal Ion Formation Constants Reported 

MetalIon Method 
Ionic Backgr. 

T,'C. Streng. Electr. 
LogK 
M+L 

gl 

91 
Na+ gl 

25 0.20 P r g C l  
25 0.20 EQNCl 
25 0.20 MegCI  
25 0.20 P r g C l  
25 0.20 EQNCl 
25 0.20 Me4NCl 
25 0.20 P r g C l  
25 0.20 Et4NCl 
25 0.20 Me4NCl 

10 Ocorr P r g +  

91 25 Ocorr 

gl 35 0 corr 

91 45 Ocorr 

gl 10 0.04 

gl 25 0.04 

gl 35 0.04 

gl 45 0.04 

91 10 0.16 

d 25 0.16 

gl 35 

gl 45 

gl 
91 
gl 25 

25 
10 

81 35 

81 45 

91 10 

91 25 

d 35 

gl 45 

91 10 

91 25 

gl 35 

gl 45 

gl 
€9 
91 
gl 
gl 
d 
t4 
t4 

25 
25 
25 

Na+ ise 25 
10 
25 
35 
45 
10 

0.16 Pr4N' 

0.16 P r g +  

0.20 Pr4NCl 
0.25 Pr4N' 

0.25 Pr4N' 

0.25 P r g +  

0.25 P r p +  

0.49 Pr4N' 

0.49 Pr& 

0.49 Pr4N' 

0.49 P r g +  

1.00 PrqN' 

1.00 P r g +  

1.00 P r g +  

1.00 P r d +  

0.20 Et4NCl 
0.20 Me4NCl 
0.05-0.12 LiCl 
Ocorr Na2H L 3 Ocorr P r g  
ocorr P r g +  
Ocorr Pr4N' 
ocorr Pr@+ 
0.04 P r g +  

1.90 
1.86 
1.68 
1.43 
1.38 
1.17 
1.29 
1.24 
1.00 

corr LogK corr LogK corn Other equilibria 
25',0.1 M+HL 25',0.1 M+H2L 25',0.1 Remarks 

1.78 

1.27 

1.10 

2.57 

2.53 

2.49 

2.47 

2.04 

1.99 

1.95 

1.93 

1.83 

1.79 1.84 

excess Li 
excess Li 
excess Li 
excess Na 
excess Na 
excess Na 
excess K 
excess K 
excess K 

0.4 ML+M= 0.0 

0.44 

0.45 

0.48 

0.02 

0.03 

0.05 

0.07 

-0.14 

-0.10 

1.77 -0.08 

1.74 -0.06 

1.57 
1.80 -0.15 

1.78 -0.11 

1.76 -0.08 

1.75 -0.08 

1.82 -0.1 

1.83 -0.05 

1.89 -0.02 

1.85 0.0 

1.86 -0.1 

1.99 0.09 

2.09 0.21 

2.2 0.3 

1.53 
1.35 1.42 
1.74 1.73 
2.36 1.56 
2.08 0.2 
2.06 0.2 
2.04 0.2 
2.03 0.3 
1.54 -0.2 

excess Li 
ML+M= 0.1 
excess Li 
ML+M= 0.2 
excess Li 
ML+M= 0.3 
excess Li 

excess Li 

excess Li 

excess Li 

excess Li 
ML+M= -0.5 
excess Li 
ML+M = -0.4 
excess Li 
ML+M=-0.4 
excess Li 
ML+ M = -0.3 
excess Li 
excess Li 

excess Li 

excess Li 

excess Li 

excess Li 

excess Li 

excess Li 

excess Li 

excess Li 

excess Li 

excess Li 

excess Li 
ML+M= 0.1 
excess Li 
excess Li 
excess Li 
excess Li 
pH=9.2 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 

ML+ M = -0.4 

ML+M=-0.28 

ML + M = -0.20 

ML+ M = -0.1 

ML+ M= -0.5 

ML+M = -0.43 

ML+M = -0.34 

ML+ M= -0.3 

ML+M= -0.5 

ML+M = -0.36 

ML + M = -0.31 

ML+M= -0.2 

ML+M =-OS 

ML+M=-0.21 

ML+ M=-0.1 

Ref. 

565 
565 
565 
565 
565 
565 
565 
565 
565 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

565 
86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

86D 

565 
565 
65B 
70M 
86D 
86D 
86D 
86D 
86D 



1032 COMMISSION ON EQUILIBRIUM DATA 

Table 3. (continued) 

Metal Ion Method T,'C. Streng. Electr. M+L 25",0.1 M+HL 25',0.1 MfH2L 25",0.1 Remarks Ref. 
Ionic Backgr. L o g K  corr L o g K  con L o g K  corr Other equilibria 

25 0.04 P r d +  
35 0.04 P r o +  
45 0.04 P r d I  
10 0.16 P r g +  
25 0.16 Pr@+ 
35 0.16 P r d  
45 0.16 Pr4Nf 
25 0.20 Pr@$I 
10 0.25 P r o +  
25 0.25 Pr@+ 
35 0.25 Pr4N 
45 0.25 P r d I  
10 0.49 P r d +  
25 0.49 P r d +  
35 0.49 P r d  
45 0.49 Pr@+ 
10 1.00 Pr4Nf 
25 1.00 Pr@+ 
35 1.00 Pr@+ 
45 1.00 Pr4N' 
25 0.10 Et4NCI 
25 0.10 Et4NCI 
25 0.20 Et4NCI 
25 0.22 EtqNBr 
25 0.30 EtqNBr 
30 0.10 NEM.HC1 
25 0.10 Me4NCI 
25 0.10 Me4NCI 
25 0.20 Me4NCI 
25 0.05-0.30 NaCl 
25 Ocorr K2H2L 
10 Ocorr Pr4Nf 
25 Ocorr Pr4Nf 
35 o corr Pr@+ 
45 Ocorr Pr4Nf 
10 0.04 P r d :  
25 0.04 P r d  
35 0.04 Pr4Nf 
45 0.04 P r d +  
10 0.16 Pr4Nf 
25 0.16 Pr@+ 
35 0.16 Pr4N' 
45 0.16 Pr4Nf 
25 0.20 P r d C I  
10 0.25 Pr@+ 
25 0.25 P q N +  
35 0.25 P r d +  
45 0.25 PqN: 
10 0.49 Pr@+ 
25 0.49 Pr@ 
35 0.49 Pr4N' 
45 0.49 Pr@+ 
10 1.00 Pr4N' 
25 1.00 Pr@+ 
35 1.00 Pr4N' 
45 1.00 Pr4N' 
25 0.10 Et4NCI 
25 0.20 Et4NCI 
25 0.20 Et4NCI 
25 0.30 Et4NCI 
30 0.10 NEM.HC1 
25 0.095 Me4NCI 
25 0.10 Me4NCI 
25 0.20 Me4NCI 

10 ocorr P r d +  
25 ~ c o r r  P r d +  

25 0.20-0.60 KCI 

1.52 
1.50 
1.44 
1.35 
1.32 1.37 
1.31 
1.30 
1.16 
1.32 
1.31 
1.30 
1.30 
1.32 
1.36 
1.38 
1.41 
1.4 
1.52 
1.64 
1.7 
1.57 1.57 
1.29 1.29 
1.04 
1.00 1.08 
0.85 
1.18 1.18 
1.23 1.23 
1.10 1.10 
0.80 0.87 
1.23 1.29 
2.34 1.54 
1.94 
1.95 
1.96 
1.97 
1.39 
1.41 
1.42 
1.43 
1.20 
1.21 1.26 
1.23 
1.24 
1.06 
1.17 
1.20 
1.22 
1.24 
1.18 
1.25 
1.30 
1.35 
1.22 
1.42 
1.55 
1.70 
1.42 1.42 
0.93 
0.99 1.06 
0.83 
1.15 1.15 
1.19 1.19 
0.98 0.98 
0.66 0.73 
0.95 1.16 
l.% 
1.98 

-0.20 
-0.2 
-0.2 
-0.4 
-0.33 
-0.31 
-0.3 

-0.4 
-0.34 
-0.3 
-0.3 
-0.4 
-0.29 
-0.2 
-0.2 
-0.3 
-0.13 
0.0 
0.1 

0.2 
0.2 
0.3 
0.3 

-0.2 
-0.17 
-0.1 
-0.1 
-0.36 
-0.30 
-0.26 
-0.2 

-0.4 
-0.32 
-0.3 
-0.2 
-0.4 
-0.26 
-0.2 
-0.1 
-0.3 
-0.11 
0.0 
0.1 

0.2 
0.4 
0.5 

excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 
excess Na 

excess Na 
excess Na 
excess Na 
pH=8.0, excess Na 
pH=8.5, excess Na 
excess Na, from H 
excess Na 
excess Na 
pH=9.2 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 
excess K 

excess K 
excess K 
excess K 
pH=8.0, excess K 
pH = 7.5, excess K 
excess K, from H 
excess K 
excess K 
excess Rb 
excess Rb 
excess Rb 

86D 
86D 
86D 
86D 
86D 
86D 
86D 
565 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
81C 
815a 
565 
54M 
54M 
640 
78A 
text 
565 
65B 
70M 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
565 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
81C 
565 
54M 
54M 
640 
70B 
text 
565 
65B 
86D 
86D 
86D 
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Table 3. (continued) 

Ligand Ionic Backgr. LogK corr LogK corr LogK corr Otherequilibria 
MetalIon Method T,'C. Streng. Electr. M+L 25',0.1 M+HL 25",0.1 M+H2L 25',0.1 Remarks Ref. 

45 Ocorr Pr@+ 
10 0.04 Pr@+ 
25 0.04 Pr@+ 
35 0.04 P r g ;  
45 0.04 Pr@+ 
10 0.16 Pr@+ 
25 0.16 Pr@+ 
35 0.16 Pr@ 
45 0.16 Pr4N' 
10 0.25 Pr4N' 
25 0.25 P r p ;  
35 0.25 Pr4N 
45 0.25 P r p f  
10 0.49 Pr@ 
25 0.49 Pr@+ 
35 0.49 Pr4N' 
45 0.49 Pr4N' 
10 1.00 Pr4N' 
25 1.00 Pr4N' 
35 1.00 Pr4N' 
45 1.00 Pr4N' 

10 0 corr Pr4N' 
25 o corr Pr@+ 
35 0 corr Pr@+ 
45 Ocorr Pr4N' 
10 0.04 Pr4N' 
25 0.04 PrqN' 
35 0.04 Pr4N' 
45 0.04 Pr4N' 
10 0.16 Pr& 
25 0.16 Pr4N' 
35 0.16 Pr@: 
45 0.16 P r o +  
10 0.25 P r p +  
25 0.25 Pr4N 
35 0.25 Pr@+ 
45 0.25 Pr4N' 
10 0.49 Pr4N' 
25 0.49 Pr4N' 
35 0.49 Pr4N' 
45 0.49 Pr4N' 
10 1.00 Pr4N' 
25 1.00 Pr4N' 
35 1.00 Pr@+ 
45 1.00 Pr4N' 
25 0.20-0.60 CSCl 
25 Ocorr Pr4N' 
25 0.04 Pr4N' 
25 0.16 Pr4N' 
25 0.25 P r p +  
25 0.49 Pr4N' 
25 1.00 P r p f  
10 0 corr Pr4N 
25 Ocorr Pr4N' 
35 Ocorr Pr4N' 
45 Ocorr Pr4N' 
10 0.04 P r p f  
25 0.04 Pr4N 
35 0.04 PrqN' 
45 0.04 Pr4N' 
10 0.16 PrqN' 
25 0.16 P r d f  
35 0.16 P q N +  
45 0.16 Pr4N' 
10 0.25 Pr@+ 
25 0.25 Pr@+ 
35 0.25 Pr@+ 

25 0.20-0.60 RbCl 

2.00 0.6 
1.42 -0.2 
1.44 -0.06 
1.45 0.1 
1.46 0.2 
1.21 -0.37 
1.24 1.29 -0.19 
1.26 -0.08 
1.27 0.0 
1.18 -0.4 
1.23 -0.21 
1.26 -0.1 
1.27 0.1 
1.17 -0.4 
1.28 -0.15 
1.32 0.0 
1.35 0.1 
1.25 -0.3 
1.44 0.00 
1.56 0.2 
1.66 0.4 
0.90 1.11 
1.89 0.2 
1.94 0.32 
1.97 0.4 
2.00 0.4 
1.35 -0.2 
1.40 -0.09 
1.43 0.00 
1.46 0.1 
1.15 -0.3 
1.20 1.25 -0.22 
1.24 -0.14 
1.28 -0.1 
1.12 -0.4 
1.19 -0.24 
1.23 -0.14 
1.28 0.0 
1.15 -0.3 
1.24 -0.2 
1.31 -0.1 
1.4 0.0 
1.2 -0.3 
1.40 -0.03 
1.56 0.1 
1.72 0.3 
0.85 1.06 
1.2 0.5 
0.68 0.09 
0.48 0.53 -0.05 
0.47 -0.06 
0.52 0.00 
0.7 0.1 
1.1 0.6 
1.05 0.70 
1.0 0.7 
1.0 0.7 
0.54 0.3 
0.51 0.29 
0.48 0.3 
0.5 0.3 
0.34 0.15 
0.31 0.36 0.16 
0.30 0.16 
0.3 0.2 
0.31 0.2 
0.30 0.14 
0.28 0.2 

excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Rb 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Cs 
excess Me4N 
excess Me4N 
excess Me4N 
excess Me4N 
excess Me4N 
excess Me4N 
excess Et4N 
excess Et4N 
excess Et4N 
excess Et4N 
excess EtqN 
excess Et@ 
excess Etfl  
excess Et4N 
excess Et4N 
excess Et@ 
excess Et4N 
excess Et4N 
excess Et4N 
excess Et@ 
excess E t O  

86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
65B 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
65B 
86D 
86D 
86D 
86D 
860 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
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Table 3. (continued) 

&& Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria 
MetalIon Method T,'C. Streng. Electr. M+L 25',0.1 M+HL 25',0.1 M+H2L 25',0.1 Remarks Ref. 

ATp 
Et4N' 

ADP 
9 

Na+ 

K +  

y 

Na+ 

K+ 

$+ 
ATP z+ 
Mg 

d 
81 
d 
91 
d 
d 
d 
gl 
d 

d 
gl 
d 
d 
gl 
gl 
gl 
gl 

d 
91 
91 
kin 

d 
91 

d 
d 
d 
ise 
d 
4 
d 
d 

g' 
d 

gl 
d 
4 
ise 

Ze 

ix 
ise 

kin 

ise 
ix 
ix 
SP 

SP 

SP 

SP 

SP 

ix 
ix 
ix 
ix 
ix 
ix 

45 
10 
25 
35 
45 
10 
25 
35 
45 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

20 

25 

25 
23 
25 
25 

25 

30 

25 

64 
25 
5 
25 
45 
65 
5 
25 

0.25 Pr4N' 
0.49 Pr@+ 
0.49 Pr@+ 
0.49 Pr@+ 
0.49 Pr@+ 
1.00 P r p +  
1.00 Pr4N' 
1.00 Pr@+ 
1.00 Pr4N' 

0.20 Pr4NCl 
0.20 Et4NCl 
0.20 Me4NCl 
0.20 Pr4NCl 
0.20 Et4NCl 
0.22 EtqNBr 
0.10 Me4NC1 
0.20 Me4NCI 
0.10 Me#NCl 
Ocorr Na corr 
0.20 Pr4NC1 
0.20 Et4NCl 
0.22 EtqNBr 
0.095 Me4NCI 
0.10 Me4NCl 
0.20 Me4NCl 

0.20 Pr4NC1 
0.20 Et4NC1 
0.20 MeqNCl 
Ocorr Na corr 
0.20 Pr@Cl 
0.20 Et4NCI 
0.10 Me4NC1 
0.20 Me4NCl 
0.25 MetNBr 
Ocorr Na corr 
0.20 Pr@C1 
0.20 Et4NC1 
0.095 Me4NC1 
0.10 MyNCl 
0.20 Me4NC1 

0.10 KCI 

0 corr Na' corr 

0 corr Na' corr 
0 corr Na+ corr 
Ocorr PrqNBr 
0 corr BugEtNBr 

0 corr BgEtNBr 

Ocorr EtqNBr 

0.11 Bu3EtNBr 

0.11 BgEtNBr 
0.22 BugEtNBr 
0.07 PrqNBr 
0.07 PrqNBr 
0.07 PrqNBr 
0.07 PqNBr 
0.10 PrqNBr 
0.10 PrdNBr 

0.3 
0.33 
0.35 
0.4 
0.4 
0.4 
0.51 
0.6 
0.7 

1.15 
1.15 
1.06 1.10 
0.83 
0.73 
0.65 0.70 
0.92 0.92 
0.62 0.66 
0.6 0.6 
2.18 1.56 
0.74 
0.65 
0.68 0.73 
0.77 0.77 
0.77 0.77 
0.53 0.57 

0.61 
0.61 
0.50 0.52 
1.9 1.5 
0.46 
0.34 
0.53 0.53 
0.15 0.17 
0.45 0.48 
1.9 1.5 

0.26 
0.63 0.63 
0.35 0.35 
0.00 0.02 

4.22 4.29 

6.06 4.83 

0.20(?) 

5.87 4.59 
4.76 
5.83 
5.70 

6.11 

4.58 4.60 

4.99 
4.35 
4.46 
4.60 
4.78 
4.96 
4.45 
4.63 

25 0.10 PriNBr 4.56 4.56 

0.2 
0.2 
0.20 
0.2 
0.2 
0.3 
0.4 
0.4 
0.6 

2.7 

3.6 

2.7 

2.7 

2.7 

excess Et@ 
excess Et@ 
excess Et@ 
excess Et@ 
excess Et4N 
excess E t g  
excess Et@ 
excess Et@ 
excess Et4N 

excess Li 
excess Li 
excess Li 
excess Na 
excess Na 
excess Na 
excess Na, from H 
excess Na 
pH = 8.5, excess Na 

excess K 
excess K 
excess K 
pH =7.5, excess K 
excess K, from H 
excess K 

excess Li 
excess Li 
excess Li 
pH=9.1 
excess Na 
excess Na 
excess Na, from H 
excess Na 

pH = 9.1 

pH = 9.1 
excess K 
excess K 
pH = 7.5, excess K 
excess K, from H 
excess K 

large [M]/[L]? 

MLtM =2.61 
pH-9.2 
large NaL const. 
extr. to [Na+]=O 
large [L] 

pH=8.8 

ML+ M = 2.5 
pH = 8.8 
pH = 8.0 

ML+ M = 1.8 
pH=8.8 
pH = 8.8 
pH = 8.8 
pH = 8.7 
pH = 8.7 
pH = 8.7 
pH=8.7 
pH = 8.7 
pH = 8.7 
average of 66P 

86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 

565 
565 
565 
565 
565 
54M 
text 
565 
78.4 
74F 
565 
565 
54M 
70B 
text 
565 

565 
565 
565 
76K 
565 
565 
text 
565 
61T 
76K 
565 
565 
70B 
text 
565 

575 

74M 

text 
57N 
66P 
59B/ 
63G 
59B/ 
74M 

74M 
59B 

59B 
59B 
66P 
66P 
66P 
66P 
66P 
66P 
text 

6401 
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Table 3. (continued) 

MetalIon Method T,'C. Streng. Electr. M t L  25',0.1 M+HL 25',0.1 MtH2L 25',0.1 Remarks Ref. 
Ionic Backgr. LogK corr LogK corr LogK corr Otherequilibria 

45 
65 
5 
25 
45 
65 
25 
25 
25 

25 
25 

30 
30 

25 

25 

25 
25 

30 

3 

17 

26 

30 

39 

70 

37 

30 

23 
23 
25 
25 
25 
25 
25 
25 
25 
25 
25 
30 
25 
30 
20 
20 

23 
25 

30 
25 

0.10 PrqNBr 
0.10 PrqNBr 
0.17 PrqNBr 
0.17 PrqNBr 
0.17 PrqNBr 
0.17 PrqNBr 
0.20 PrqNBr 
0.3 P r o t  
0.10 EtqNBr 

0.10 EtqNBr 
0.10 Et4NBr 

0.10 EtqNBr 
0.10 EtqNBr 

0.095 MyNCl 

0.10 Me4NCI 

0.20 Me4Nt 
0.20 MeqNBr 

0.20 MyNCl 

0.20 MeqNBr 

0.20 MeqNBr 

0.20 MeqNBr 

0.20 MeqNBr 

0.20 MeqNBr 

0.20 Me4NC1 

0.20 MyNCl 

0.30 Me4NCI 

0.12 Nat corr 
0.20 Na'corr 
0.50 Nat corr 
O.OOO6 TEA.HCI 
0.001 TEA.HC1 
0.002 TEA.HC1 
0.004 TEA.HCI 
0.005 TEA.HC1 
0.007 TEA.HC1 
0.009 TEA.HCI 
0.03 TEA.HCI 
0.04 TEA.HCI 
0.04 TEA.HCI 
0.02 NEM.HC1 
0.05 NEM.HCI 
0.003 TRIS.HC1 

0.03 TRIS.HC1 
0.04 TRIS.HC1 

0.05 TRIS.HCI 
0.05 TRIS.HCI 

4.81 
4.92 
4.38 
4.54 
4.70 
4.85 
3.47 
4.54 
4.43 

4.56 
4.35 

4.88 
4.94 

4.87 

4.85 

3.45 
4.30 

4.69 

4.34 

4.53 

4.62 

4.66 

4.75 

3.66 1.49 1.59 
4.71 2.00 2.13 

4.56 
4.35 

4.82 2.7 2.7 
4.94 

4.87 

4.85 

3.64 1.15 1.25 
4.49 

4.82 

4.79 

4.73 4.78 

4.6 4.9 

3.61 3.67 
3.59 
4.50 4.60 2.1 2.2 
5.74 4.65 
5.26 
5.22 
4.63 
5.21 
4.30 
4.90 4.56 
4.78 4.47 
4.89 4.60 
4.49 4.26 
4.89 4.39 
4.76 4.38 
4.68 3.85 

4.87 4.58 
4.72 4.49 

4.30 4.18 
4.51 4.39 

30 0.05 TRIS.HCI 4.24 4.12 

pH=8.7 66P 
pH = 8.7 66P 
pH=8.7 66P 
pH = 8.7 66P 
pH = 8.7 66P 
pH = 8.7 66P 
large "ALI 565a 
ML+M=1.5, 1.6 lit/MD 
pH-6.9, 
assume pH = pKa 
maxbum of 61N 
pH=7.0,8.7 
TRIS buffer 

NEM buffer 
pH=8.0 
pH=7.5, 
large MgCI2 const. 
TEA buffer 
pH = 9.0 

few details 

pH = 8.5, large [L], 
TEA buffer 
pH = 8.0 
assume [HI = [Mg] 
pH = 8.0, 
assume [HI = [Mg] 
pH = 8.0 
assume [HI = [Mg] 
pH = 8.0 
assume [HI = [Mg] 
pH = 8.0 
assume [HI = [Mg] 
ML+H =5.36 
MHLtH=3.9 
ML+M= 1.69 
pH = 8.0 

M L t  M= 1.6 
pH = 8.5 
few details 
pH=8.8, large [L] 
pH=8.6, large [L] 

1.7 1.7 MLtM=1.03,1.08 
pH = 9.0, buffer 
pH=9.0, buffer 
pH=8.5, buffer 
pH =8.0, buffer 
pH = 8.0, buffer 
pH = 7.5, buffer 
pH = 7.0, buffer 
pH = 8.1, buffer 
pH = 8.0, buffer 
pH=8.0, buffer 
pH = 8.0, buffer 
pH = 8.0, buffer 

pH=8.5 
buffer 
pH = 9.0, buffer 
ML t M= 1.52 
pH = 7.5 
buffer 
pH=8.0, buffer 
pH = 8.2, buffer 
pH = 7.5, buffer 

1.3 

large [MI" 

large [LI 

large [MI/[LI, 

61N 

text 
61N 

640 
640 

70B . 

78.4 

565a 
58M/ 
59B 
69B 

735a 

735a 

735a 

735a 

735a 

80R 

825 

68N 

70Na 
571 
57N 
88G 
78A 
78A 
78A 
78A 
78A 
78A 
78.4 
63W 
640 
79Ma 
640 
74E 
731 

62A 
81B 

640 
63W 
m 
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Table 3. (continued) 

&& Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria 
MetalIon Method T,"C. Streng. Electr. M+L 25',0.1 M+HL 25',0.1 M+H2L 25',0.1 Remarks Ref. 

$+ sp 37 0.06 TRIS.HC1 4.79 pH = 8.4, buffer 70N 
SP 37 0.10 TRIS.HC1 4.46 4.33 pH = 8.4, buffer 70N 
SP 37 0.15 TRIS.HC1 4.11 pH = 8.4, buffer 70N 

37 0.24 TRIS.HC1 3.67 pH=8.4, buffer 70N 
20 0.10 KCI 4.00 4.06 2.0 2.0 large [MI/[Ll 56M 
25 0.10 KCI 4.04 4.04 2.16 2.16 large [MI/[Ll 58Wa 
20 0.10 KCI 3.84 3.90 2.09 2.12 1.58 large [MI/[Ll 62H 

2 
d 
d 
d 
d 
d 

d 
d 

d 

0 0.10 KNO3 3.97 1.95 66T 
12 0.10 KNO3 4.10 2.16 66T 
25 0.10 KNO3 4.22 4.22 2.24 2.24 62T, 

66T 
25 0.10 KNO3 3.99 1.89 large [MI/[Ll 62T 

d 15 0.10 KNO3 4.05 4.17 2.18 2.23 72F 
kin 15 0.10 KN% ML+M = 1.77 72Fa 

35 0.10 KNO3 4.50 4.38 2.77 2.71 HL 0.1 too large 79Mc 
? 0.10 K2PIPE.S 4.28 4.3 pH=6.95, T = ?  80V ? 

nmr 30 0.10 KNO3 4.7 4.6 2.8 2.8 large [L] 84P 
25 0.11 KCI 4.26 4.28 pH=8.8? 59B :: 37 0.15 KCI 4.08 4.15 0.02 M NaCl 73Ba 

40 0.10 KNO3 4.28 2.29 66T 

buffer 

epr 37 

SP 25 

d 
d 

SP 25 
25 
25 
25 d 

d 25 
kin 20 
id 25 
ix ? 

ix ? 

ix ? 

22 
25 
23 ix 

: 

ix 1 
ix 23 
ix 43 
ix ? 
ix ? 
nmr 25 

Ca2+ ise 25 

gl 25 

ise 25 

d 10 
d 25 
d 
.d 

d 
d 35 
91 45 

35 
45 
25 
10 
25 

f 

0.15 KCI 

0.15 KCI 

0.25 KNO3 
1.00 KNO3 
0.10 NaCl 

0.10 NaCl 
0.10 NaC104 
0.10 NaC104 
0.10 NaNO3 
0.10 NaC104 
0.12 NaCl 
0.12 NaCl 
0.12 NaCl 

0.12 NaCl 

0.12 NaCl 

0.15 NaCl 
0.15 NaCl 
0.15 NaCl 
0.25 NaCl 
dilute ? 
0.16 MgSO4 

0 corr Na+ corr 

0 corr Pr&CI 

0 corr Na+ w r r  

~ c o r r  Pr@+ 
~ c o r r  Pr@+ 
o corr Pr@ + 

o corr p r o  + 

0.11 BugEtNBr 
0.04 Pr@+ 
0.04 P r g +  
0.04 Pr@+ 
0.04 Pr@+ 

4.42 4.38 

3.99 4.16 

4.73 5.06 
3.22 
4.04 4.06 

4.36 4.36 
4.24 4.24 
4.37 4.37 
4.29 4.29 
4.03 4.03 
3.65 3.81 
4.01 4.04 
3.82 

3.95 4.0 

3.94 

3.06 
3.34 3.46 
3.50 
3.82 4.1 
3.9 

6.37 5.09 

1.94 
2.42 
2.12 

3.90 

6.56 5.28 

5.5 
5.26 
5.25 
5.38 
4.45 4.47 
4.4 
4.16 
4.16 
4.29 

3.0 
2.6 
2.6 
2.7 

2.1 
1.81 
1.8 
2.0 

1.94 
2.42 
2.12 

2.0 
1.6 
1.6 
1.9 

1.4 
1.1 
1.1 
1.4 

pH=7.2 
BIS-TRIS buffer 78Gb 
pH = 7.2 
HEPES buffer 81W 
pH = 7.1 
HL const. too large 84G 

76R 
TRIS buffer 58W 
pH=8.2 
pH=8.5,TEA buffer 78.4 

78M 
MHL+HL=3.13? 86C 

875 
875a 

pH = 7.2,buffer 71B 
large [MJ/[L]? 78R 
Im, T = ?  845 
pH-7.0, Sulfate 
TRB, T = ? 845 
pH-8.2, Sulfate 
AMPD, T = ? 845 
pH-9.0, Sulfate 
pH = 8.6, large [L] 57N 
pH=8.6, large [L] 57N 
pH = 8.6, large [L] 57N 
pH = 8.2, TRIS, T = ? 855 
pH=?, few details 80K 
ML + M = 1.52, 81B 
large [L] 
ML+ M = 3.04,2.51, 72M 
large NaL const. 
pH=9.1 

ML+M=2.89,2.36, 850 
ML+L=2.29, 
pH=9.1 
large NaL const. 
ML+M= 1.4 86D 
ML+ M= 1.2 86D 
ML+M= 1.3 86D 
ML+ M = 1.4 86D 
pH=9.0 59B 
ML+M=0.9 86D 
ML t M =0.7 86D 
ML+M =0.7 86D 
ML+M=OB 86D 
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Table 3. (continued) 

Meand Ionic Backgr. LogK con LogK corr LogK corr Other equilibria 
Metallon Method T,'C. Streng. Electr. M+L 25",0.1 M+HL 25',0.1 M+H2L 25',0.1 Remarks Ref. 

10 
25 
35 
45 
25 
10 
25 
35 
45 
10 
25 
35 
45 
10 
25 
35 
45 
25 
25 
25 

30 
23 

23 

25 
70 
25 
23 
25 
30 
20 
0 
12 
25 

25 
40 
35 
20 
22 
37 

23 

25 
25 
25 
25 
25 
25 
1 
23 
43 
? 

? 
25 
25 
25 
0 
12 
25 

40 
25 

0.16 Pr@f 
0.16 Pr@ 
0.16 Pr@+ 
0.16 Pr@+ 
0.20 Pr@C1 
0.25 Pr@: 
0.25 Pr@ 
0.25 Pr4N' 
0.25 Pr4N' 
0.49 Pr4N' 
0.49 Pr4N' 
0.49 Pr4N' 
0.49 Pr4N' 
1.00 Pr@+ 
1.00 Pr4N' 
1.00 Pr4N' 
1.00 Pr@+ 
0.10 Et4NCI 
0.10 Et4NCl 
0.10 EbNCl 

0.10 Et4NCI 
0.09 Me4NCI 

0.10 Me4NCI 

0.20 Me4NCl 
0.20 Me NCI 
0.10 Na corr 
0.15 Na+ corr 
0.50 Na+ corr 
0.02 NEM.HCI 
0.10 KCI 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.24 KCI 
0.25 KNO3 
0.10 NaBar. 

$ 

0.10 NaCl 

0.10 NaCl 
0.10 NaC104 
0.10 NaC104 
0.10 NaNO3 
0.10 NaC104 
0.12 NaCl 
0.15 NaCl 
0.15 NaCl 
0.15 NaCl 
0.25 NaCl 

dilute ? 
0.20 Pr4NCI 
0.10 EtqNBr 
0.10 EtqNBr 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaClOd 

25 0.15 NaCl 

4.0 
3.75 
3.76 
3.90 
3.29 
3.91 
3.70 
3.12 
3.87 
3.9 
3.77 
3.84 
4.03 
3.9 
4.02 
4.24 
4.6 
3.92 
3.96 
3.97 

1.8 
3.87 1.51 1.60 

1.51 
1.7 

3.48 1.61 
1.8 
1.47 
1.48 
1.7 
1.8 
1.5 
1.6 
1.8 
1.9 
1.8 
1.9 
2.2 

3.96 
3.97 

4.51 4.47 
3.89 3.89 

1.45 1.46 

3.09 3.28 1.08 1.18 

3.90 3.90 
3.14 3.26 
4.10 4.20 1.93 1.99 
4.49 4.01 
3.60 3.65 1.8 1.8 
4.10 2.34 
3.99 2.21 
3.97 3.97 2.13 2.13 

3.74 1.78 
3.94 2.13 
3.91 3.81 2.16 2.12 
2.60 2.92 
3.4 3.7 
4.06 3.96 

3.77 3.79 

3.60 3.60 
3.88 3.88 
4.03 4.03 2.31 2.31 
3.91 3.91 2.20 2.20 
3.70 3.70 2.04 2.04 
3.7 3.7 
2.65 
2.87 2.99 
3.12 
3.35 3.7 

3.5 
3.03 3.22 1.48 1.58 
3.60 
3.64 3.64 
3.80 2.17 
3.66 2.11 
3.54 3.54 2.05 2.05 

3.45 2.00 
3.66 3.66 2.36 2.36 
3.15 3.25 

1.3 
0.9 
0.9 
1.2 
1.71 
1.3 
0.9 
0.9 
1.2 
1.3 
0.9 
1.0 
1.3 
1.4 
1.1 
1.3 
1.6 

1.54 

ML+ M =0.7 
ML + M = 0.53,0.58 
ML+ M=0.5 
ML+M=0.6 

ML+M=Od 
ML+M=0.51 
ML+ M=0.5 
ML+ M=0.6 
ML+M=0.7 
ML+ M=0.6 
ML+M=0.6 
ML+ M=0.7 
ML+M=0.8 
ML+M=O.7 
ML+M=0.9 
ML+ M = 1.0 
assume pH=KHL 
maximum of 61N 
TRIS buffer 
pH = 7.0 

TRIS buffer 
pH=8.0 
acetate buffer 
pH=5.0 

ML+H=5.6 
pH = 7.0 
large [L] 
ML+ M = 0.82, 0.87 
pH =8.0, buffer 

0.9 

large [MI/[Ll 

large [MI/[Ll 

1.58 

large [MI/[Ll 

pH = 7.3 
large HL const. 
barbiturate buffer 
pH = 7.4 
TRIS buffer 
pH=8.2 
pH = 7.0 

MHL+ML=2.0 

l=ge [MI/[Ll? 
large [L] 
large [L] 
large [L] 
sulfate, buffer 
pH=7.5 
pH=?, few details 

assume H = KHL 
maximum of 61N 

large [MI/[Ll 

MHL + HL= 1.8 
pH=7.4, few details 

86D 
86D 
86D 
86D 
565a 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
86D 
61N 
text 
61N 

640 
6% 

6% 

6% 
80R 
61N 
57N 
88G 
640 
56M 
66T 
66T 
62T, 
66T 
62T 
66T 
79Mc 
79B 
84G 
53D 

58W 

61N 
78M 
86C 
875 
875a 
78R 
57N 
57N 
57N 
855 

80K 
565a 
61N 
tea 
66T 
66T 
62T, 
66T 
66T 
86C 
600 
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Table 3. (continued) 

Ionic Backgr. LogK con LogK corr LogK corr Otherequilibria 
MetalIon Method T,'C. Streng. Electr. M t L  25',0.1 M t H L  25",0.1 M+H2L 25',0.1 Remarks Ref. 

ca2 + 

g2+ 

ca2 + 

CTP 2. 

Ca2 + 

25 
0 
12 
25 

40 

30 

25 
35 
45 
23 

25 
25 
35 
45 
23 

25 

30 

25 
25 
25 
35 
45 
23 

25 
25 
35 
45 
23 

25 

15 
15 
25 
35 

45 
23 

25 
25 
25 
35 

45 
23 

25 
25 
30 

25 
35 

45 

0.10 EtqNBr 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 

0.20 MeqNBr 

0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaCl 

0.10 NaC104 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaCl 

0.10 NaClOq 

0.20 MeqNEtr 

0.03 TEA.HC1 
0.05 TRIS.HC1 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaCl 

0.10 NaC104 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaCl 

0.10 NaC104 

0.10 KNO3 

0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaCl 

0.10 NaC104 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 

0.10 m O 3  
0.10 NaCl 

0.10 NaC104 
0.10 NaN03 
0.20 MyNBr 

0.10 KNo3 

0.10 KNO3 
0.10 KNO3 

0.10 KNO3 

3.37 3.37 
358 2.02 
3.42 1.92 
3.29 3.29 1.85 1.85 

3.12 1.75 

3.93 4.06 2.23 2.31 

4.98 4.98 

5.03 
4.02 4.04 

5.20(?) 

4.13 4.13 
4.92 4.92 
5.01(?) 
4.85 
3.58 3.59 

3.73 3.73 

3.91 4.04 2.26 2.34 

5.00 4.69 
4.78 4.66 
3.76 3.76 

3.84 
4.04 4.06 

4.08 4.08 
3.41 3.41 

3.37 
3.76 3.77 

4.08(?) 

3.59(?) 

3.13 3.73 

4.03 4.15 2.18 2.22 

4.19 4.19 3.85 3.85 
4.21 3.93 

4.30 3.98 
4.01 4.03 

4.08 4.08 
4.20 4.20 2.3 2.3 
4.16 4.16 3.84 3.84 
4.13 3.81 

4.03 3.70 
3.81 3.82 

3.12 3.72 
3.91 3.91 2.21 2.21 
4.14 4.27 2.46 2.54 

5.42 5.42 
5.53 

5.61 

assumeH =KHL 61N 
66T 
66T 
6m, 
66T 
66T 

ML-H = -9.41 73s 
pH = 8.5, TEA buffer 
assume [HI = [Mg] 

73T 
73T 
73T 

large WI/[Ll, 58W 
pH=8.2, TRIS buffer 

77s 
73T 
73T 
73T 

large [Ml/[Ll 58W 
pH=8.2, TRIS buffer 

77s 

MLH = -9.03 73s 
assme [HI = [Mg] 
TEA buffer 
pH = 8.2 
pH = 8.1 63W 
pH = 8.2 63W 

73T 
73T 
73T 

large [MI/[Ll 58W 
pH = 8.2,TRIS buffer 

77s 
73T 
73T 
73T 

large [MI/[Ll 58W 
pH =8.2,TRIS buffer 

77s 

72F 
ML+M= 1.77 72Fa 

83R 
15T 
83R 
83R 

large [MI/[Ll, 58W 
pH = 8.2,TRIS buffer 

77s 
87s 
83R 
75T 
83R 
83R 

large [MI/[LI 58W 
pH=8.2,TRIS buffer 

77s 
87s 

assume [HI = [Mg] 73s 

TEA buffer, pH = 8.5 
ML-H = -9.31, 

83R 
16T 
83R 
83R 
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Table 3. (continued) 

ua!!!l Ionic Backgr. LogK WIT LogK corr LogK corr Otherequilibria 
MetalIon Method T,'C. Streng. Electr. M+L 25",0.1 M+HL 25',0.1 M+H2L 25',0.1 Remarks Ref. 

~ 

$+ 

ca2 + 

$+ 
Ca2 + 

Kip 
ADP 

23 

25 
25 
25 
35 

45 
23 

25 
25 

25 
25 
25 
25 

25 

25 

25 
25 

30 

25 
35 
64 
25 
5 
25 
45 
65 
25 
5 
25 
45 
65 
5 
25 
45 
65 
25 
25 

25 
25 
30 

23 
25 
25 
25 
25 
25 
25 
25 
25 
30 
20 
u)? 
30 
25 
30 
? 

0.10 NaCl 

0.10 NaC104 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaCl 

0.10 NaC104 
0.10 NaNO3 

0.10 NaC104 
0.10 NaNO3 
0.10 NaC104 
0.10 NaNO3 

0 corr Bu-jEtNBr 

0 corr BujEtNBr 

Ocorr PrqNBr 
0 corr Na' corr 

Ocorr NEM.HC1 

0.11 BqEtNBr 
0.11 Bu3EtNBr 
0.11 BgEtNBr 
0.22 BujEtNBr 
0.04 PrqNBr 
0.04 PrqNBr 
0.04 PrqNBr 
0.04 PrqNBr 
0.10 PrqNBr 
0.11 PrqNBr 
0.11 PrqNBr 
0.11 PrqNBr 
0.11 PrqNBr 
0.18 PrqNBr 
0.18 PrqNBr 
0.18 PrqNBr 
0.18 PrqNBr 
0.20 PrflCl 
0.095 Me4NCl 

0.10 Me4NC1 
0.20 Me4N' 
0.20 Me4NCI 

0.10 Na+ corr 
O.ooo6 TEA.HC1 
0.001 TEA.HC1 
0.002 TEA.HCI 
0.004 TEA.HC1 
0.004 TEA.HC1 
0.007 TEA.HC1 
0.009 TEA.HC1 
0.03 TEA.HCI 
0.02 NEM.HC1 
0.05 NEM.HC1 
0.011 TRIS.HCl? 
0.01 TRIS.HC1 
0.05 TRIS.HC1 
0.05 TRIS.HC1 
0.14 TRIS.HC1 

4.02 4.04 

4.00 4.00 
4.27 4.27 2.72 
5.20 5.20 
5.12 

5.01 
3.71 3.72 

3.66 3.66 
3.94 3.94 2.74 

4.18 4.18 
4.23 4.23 
3.78 3.78 
3.85 3.85 

4.10 

4.14 

4.27 2.5 
4.65 3.78 

439 

3.34 3.36 
3.48 
3.84 
3.23 
3.48 
3.65 
3.83 
4.00 
3.50 3.50 2.0 
3.24 
3.44 
3.60 
3.76 
3.14 
3.33 
3.46 
3.64 
3.00 3.14 1.45 
3.63 3.63 

3.90 3.95 
3.09 3.28 1.08 
3.69 3.79 

3.04 3.06 
4.61 3.88 
4.00 3.31 
4.19 
3.72 
3.90 
3.34 
3.60 
3.78 3.47 
3.61 3.34 
3.71 3.52 
3.10 2.03 
3.28 2.90 
3.54 3.42 
3.08 2.95 
3.30 3.4 

2.72 

2.74 

2.0 

1.50 

1.18 

large IMI/[Ll 58W 
pH = 8.2,TRIS buffer 

775 
875 
83R 
76T 
83R 
83R 

large [MI/[Ll 58W 
pH =8.2,TRIS buffer 

775 
875 

775 
875 
775 
875 

59B/ 
63G 
59B/ 
74F 

pH=8.7 66P 

pH = 8.0 640/ 

pH=9.1, ML+M=1.7, 
large NaL const. 74F 

74F 
pH=7.9 59B 
pH=7.9 59B 
pH = 7.9 59B 
pH=7.9 59B 
pH=8.7 66P 
pH = 8.7 66P 
pH = 8.7 66P 
pH=8.7 66P 
pH=8.7 66P 
pH=8.7 66P 
pH=8.7 66P 
pH=8.7 66P 
pH = 8.7 66P 
pH=8.7 66P 
pH = 8.7 66P 
pH=8.7 66P 
pH=8.7 66P 
large [MI/[Ll 565a 
large MgC12 const. 70B 
pH=7.5, 
pH =8.5, TEA buffer 78A 
large [MI/[Ll 565a 
TEA buffer, large [L] 69B 
pH = 8.5, 
large [LI 57N 
pH=9.0, buffer 78A 
pH = 9.0, buffer 78A 
pH 18.5, buffer 78A 
pH = 8.0, buffer 78A 
pH=8.0, buffer 78A 
pH = 7.5, buffer 78A 
pH = 7.0, buffer 78A 
pH=8.1, buffer 63W 
pH18.0, buffer 640 
pH=8.0, buffer 74E 
conditions uncertain 83Ca 
pH=7.5, buffer 82V 
pH=8.2, buffer 63W 
pH=7.5, buffer 77N 
pH=8.0, buffer, T = ?  83G 

? 0.14 TRIS.HCI 3.35 pH=7.4, buffer, T=?  83G 
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Table 3. (continued) 

Lieand Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria 
MetalIon Method T,"C. Streng. Electr. M+L 25",0.1 M+HL 25O,0.1 M+H2L 25',0.1 Remarks Ref. 

MgL + 

Ca2 + 

Sr2+ 

Ba2+ 

$+ 

20 
25 
0 
12 
25 

40 
15 
15 
30 
37 

22 
23 

25 
25 
? 
25 

25 

25 

30 

25 
25 
23 
23 
25 
23 
30 
? 

20 
0 
12 
25 

40 
20 

22 
37 

23 

25 
25 
0 
12 
25 

40 
0 
12 
25 

40 

30 

15 
15 

<~ 

0.10 KCl 
0.10 KC1 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 KNO3 

0.10 KNO3 

0.25 KNO3 
0.10 NaCl 

0.10 NaCl 
0.10 NaC104 
dilute ? 
0 corr Na+ corr 

0 corr Bu-jEtNBr 

0 corr Pr4NCI 

0 corr NEM.HCI 

0.11 Bu3EtNBr 
0.20 Pr4NCl 
0.09 Me4NCI 
0.10 Me4NC1 
0.20 Me4NCl 
0.10 Na corr 
0.02 NEM.HCI 
0.14 TRIS.HCI 

0.10 KNo3 

0.15 KCI 

0.10 KCl 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 

0.25 KNO3 
0.10 NaBar. 

0.10 NaCl 

0.20 KC1 

0.10 NaC104 
0.20 Pr4NCl 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 

0.10 KNO3 
0.10 KNO3 

0.10 KNO3 

0.20 MyNBr 

0.10 KNO3 

0.10 KNo3 

0.10 KNo3 

3.11 
3.23 
2.94 
3.05 
3.17 

3.30 
3.21 

4.1 
3.37 

2.53 
3.15 

3.90 
3.28 
2.9 
4.46 

3.70 

4.15 

2.89 
2.81 
2.93 

2.65 
2.84 
3.34 
2.78 

2.78 
2.91 
2.88 
2.86 

2.80 
2.60 

2.2 
3.74 

2.82 

2.90 
2.50 
2.70 
2.63 
2.54 

2.43 
2.53 
2.45 
2.36 

2.25 

3.4 

3.22 

3.15 
3.23 

3.17 

3.29 

4.1 
3.34 

2.60 
3.17 

3.90 
3.28 

3.59 

2.91 
2.91 
2.92 

2.84 
2.85 
3.08 
2.9 

2.81 

2.86 

1.54 
2.77 

2.4 
3.67 

2.83 

2.90 
2.60 

2.54 

2.36 

1.37 

3.5 

3.30 

1.5 
1.58 
1.39 
1.51 
1.64 

1.78 
1.55 

2.9 

1.90 

1.52 

1.36 
1.20 

1.61 
1.60 
1.58 

0.59 
1.34 
1.60 
1.57 
1.53 

1.48 
1.55 
1.50 
1.44 

1.60 

1.5 
1.58 

1.64 

1.60 

2.9 

1.90 

2.70 

1.57 

1.37 
1.30 

1.58 

0.59 
1.39 

1.53 

1.44 

1.62 

large [MI/[Ll 56M 
large [MI/[Ll 58Wa 

67T 
67T 
62Ta 
67T 
67T 
72F 

ML+ M = 1.0 72Fa 

BIS-TRIS buffer 78Gb 
pH=7.2 
large HL const. 84G 

pH=8.2,TRIS buffer 
pH=8.5,TEA buffer 78.4 

87Sa 
pH=?, few details 80K 
ML + M = 2.47,2.24, 74F 
pH=g.l,large NaL const. 
pH=8.8 59B/ 

large WI/[LJ S6Sa/ 

large [L] 84P 

large [MI/[Ll 58W 

74F 

74F 

74F 
pH=8.8 59B 

large [M]/[L] 56Sa 
pH = 8.0, buffer 6% 
pH = 5.0, buffer 62.4 
large [MI/[Ll 56Sa 
large [L] 57N 
pH=8.0, buffer 640 
buffer, T = ? 83G 
pH=8.0 

pH = 8.0 640/ 

large [MI/[LI 56M 
67T 
67T 
62Ta 
67T 
67T 

HEPES buffer 79B 
pH=7.3 
large HL const. 84G 
barbiturate buffer 53D 
pH=7.4 

pH =8.2,TRIS buffer 
87Sa 

large [MI/[Ll S6Sa 
67" 
67T 
62Ta 
67T 
67T 
67T 
67T 
62Ta 
67T 
67T 

large [MI/[Ll 58W 

assume [HI = [Mg] 73s 

72F 
M L t  M= 1.0 72Fa 
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Table 3. (continued) 

Lieand Ionic Backgr. 
Metal Ion Method T,'C. Streng. Electr. 

3' cal 30 0.20 MeqNBr 
ix 23 0.10 NaCl 

AMP-5 
ise 25 0 corr Na' corr 

gl 25 Ocorr PrPC1 

gl 25 Ocorr KNO3 

ix 23 Ocorr NaCl 

25 0.20 
25 0.20 

gl 
91 
cal , 30 0.20 

ix 23 0.10 
ix 30 0.01 

20 0.10 
25 0.10 
0 0.10 
12 0.10 
25 0.10 

: 
gl 
gl 
gl 

gl 40 0.10 
gl 15 0.10 
ix 23 0.10 

P r P C l  
Me4NCl 
MyNCl 

Na' corr 
TRIS.HC1 
KCl 
KC1 
KNo3 
KNO3 
KNo3 

KNo3 
KNo3 
NaCl 

gl 25 0.10 NaC104 
25 0.10 NaC104 
25 0.10 NaN03 
25 0.20 NaCl 
25 0 corr Na' corr 

: 
gl 

Ca2+ ise 

.gl 25 Ocorr Pr4NCI 

gl 25 Ocorr KNO3 

ix 23 0 corr NaCl 

gl 2s 0.20 

91 20 0.10 
gl 0 0.10 

gl 25 0.20 

12 0.10 : 25 0.10 

gl 40 0.10 
ix 23 0.10 

Pr4NCl 
Me4NCl 
KCl 
KNo3 
KNo3 
KNO3 

KNO3 
NaCl 

25 0.10 NaC104 
25 0.10 NaC104 
25 0.10 NaN03 
25 0.20 Pr4NC1 
0 0.10 KNO3 
12 0.10 KNO3 

gl 25 0.10 KNO3 

40 0.10 KNO3 
25 0.10 NaN03 

0 0.10 KNO3 
12 0.10 KNO3 

gl 25 0.10 KNO3 

40 0.10 KNO3 
25 0.10 NaC104 
25 0.10 NaNO3 

gl 

81 

gl 
gl 

gl 

$ Sr2' 

ix 25 0.15 NaCl 
Ba2' 91 

$ 
gl 

LogK corr LogK corr LogK 
M + L  25",0.1 M+HL 25",0.1 M+H2L 

corr Other equilibria 
25",0.1 Remarks Ref. 

3.45 3.52 
3.17 3.19 

2.57 2.04 

2.62 

2.75 

2.73 

1.69 1.74 
1.53 1.58 
1.81 1.84 

2.0 2.0 
2.20 1.97 
1.69 1.71 
2.14 2.14 
1.75 
1.85 
1.97 1.97 

2.09 
1.80 1.85 
1.95 1.96 

1.63 1.63 
2.10 2.10 
1.60 1.60 
1.83 1.88 0.04 
2.59 2.06 

2.42 

2.68 

2.59 

1.43 1.48 
1.40 1.45 
1.41 1.42 
1.88 
1.87 
1.85 1.85 

1.83 
1.76 1.77 

1.39 1.39 
2.03 2.03 
1.46 1.46 
1.32 1.37 
1.88 
1.83 
1.79 1.79 

1.74 
1.24 1.24 
1.5 1.5 
1.85 
1.80 
1.73 1.73 

1.66 
1.14 1.14 
1.17 1.17 

assume [HI = [Mg] 73s 

pH = 8.2,TRIS buffer 

large NaL const. 76K 
DH = 9.1 

large [MI/[Ll 58W 

62Ta/ 
76K 

large [M]/[L] 58W/ 
76K 

large [MI/[Ll 56Sa 
large [MI/[Ll 56Sa 
TEA buffer, large [L] 69B 
pH=8.5 
large [L] 57N 
pH = 7.5, buffer 77N 
large [MI/[Ll 56M 
large [MI/[Ll 58Wa 

67T 
67T 
62Ta 
67T 
67T 
72F 

large [MI/[Ll 58W 
pH = 8.2,TRIS buffer 
large [MI/[Ll 64s 

87Sa 

large NaL const. 76K 
~ H = 9 . 1  
iarge [M]/[L] S6Sa/ 

76K 
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Table 3. (continued) 

Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria 
MetalIon Method T,"C. Streng. Electr. M+L 25O.0.1 M+HL 25',0.1 M+H?L 25O.0.1 Remarks Ref. 

Ca2 + 

Sr2+ 

Ba2+ 

AMP3 
K F  

Ca2 + 

Sr2+ 

Ba2+ 

GMP-5 
K F  
Ca2 + 

F 
Sr %++ 

p 
Ba2+ 

Ca2 + d 

25 0.10 KCl 
0 0.10 KNO3 
12 0.10 KNO3 
25 0.10 KNO3 

40 0.10 KNO3 
25 0.10 NaNO3 
0 0.10 KNO3 
12 0.10 KNO3 
25 0.10 KNO3 

40 0.10 KNO3 
25 0.10 NaN03 
0 0.10 KNO3 
12 0.10 KNO3 
25 0.10 KNO3 

40 0.10 KNO3 
25 0.10 NaNO3 
25 0.16 NaCl 

12 0.10 KNO3 
25 0.10 KNO3 

40 0.10 KNO3 
25 0.10 NaN03 

0 0.10 KNO3 
12 0.10 KNO3 
25 0.10 KNO3 
40 0.10 KNO3 
15 0.10 KNO3 
25 0.10 NaN03 
0 0.10 KNO3 
12 0.10 KNO3 
25 0.10 KNO3 
40 0.10 KNO3 
25 0.10 NaNO3 
0 0.10 KNO3 
12 0.10 KNO3 
25 0.10 KNO3 
40 0.10 KNO3 
25 0.10 NaNO3 
0 0.10 KNO3 
12 0.10 KNO3 
25 0.10 KNO3 
40 0.10 KNO3 
25 0.10 NaN03 

30 0.20 MeqNBr 
25 0.20 NaCl 
25 0.10 NaN03 

15 0.10 KNO3 
25 0.10 NaN03 
25 0.20 NaCl 
25 0.10 NaN03 
25 0.10 NaN03 
25 0.10 NaNQ 

25 0.16 NaCl 

0 0.10 KNQ 

30 0.20 MeqNBr 
23 0.10 NaCl 

25 0.10 NaN03 
25 0.10 NaN03 
25 0.10 NaN03 

1.73 1.73 
1.68 
1.78 
1.89 1.89 

2.01 
1.49 1.49 
1.86 
1.84 
1.80 1.80 

1.78 
1.36 1.36 
1.81 
1.75 
1.71 1.71 

1.68 
1.15 1.15 
1.4 1.4 
1.81 
1.75 
1.69 1.69 

1.62 
1.08 1.08 

1.71 
1.82 
1.93 1.93 
2.05 
1.75 1.80 
1.53 1.53 
1.87 
1.85 
1.83 1.83 
1.81 
1.43 1.43 
1.85 
1.79 
1.74 1.74 
1.71 
1.20 1.20 
1.82 
1.77 
1.71 1.71 
1.64 
1.12 1.12 

1.76 1.79 
1.81 1.86 -0.30 
1.53 1.53 

1.75 1.79 
1.54 1.54 
1.81 1.86 -0.29 
1.40 1.40 
1.17 1.17 
1.11 1.11 

1.6 1.6 

1.70 1.73 
2.25 2.26 

1.48 1.48 
1.56 1.56 
1.44 1.44 

58Wa 
67T 
67T 
62Ta 
67T 
67T 
89M 
67T 
67T 
62Ta 
67T 
67T 
89M 
67T 
67T 
62Ta 
67T 
67T 
89M 
545 
67T 
67T 
62Ta 
67T 
67T 
89M 

67T 
67T 
67T 
67T 
72F 
89M 
67T 
67T 
67T 
67T 
89M 
67T 
67T 
67T 
67T 
89M 
67T 
67T 
67T 
67T 
89M 

735 
79T 
88Ma 

72F 
88M 
79T 
88M 
88M 
88M 

545 

735 
58W 
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Table 3. (continued) 

corr LogK corr LogK corr Other equilibria 
25',0.1 M+HL 25',0.1 M+H2L 25",0.1 Remarks Ref. 

Ionic Backgr. 
Metal Ion Method T,'C. Streng. Electr. 

Log K 
M+L 

1.25 
1.13 

1.55 
1.76 
1.40 
1.19 
1.11 

25 
25 

0.10 NaN% 
0.10 NaN03 

0.10 NaNO3 
0.20 NaCl 
0.10 NaNO3 
0.10 NaNO3 
0.10 NaN% 

0 corr Na' corr 

0.20 Pr4NCI 
0.10 MeqNBr 
0.20 MeqNBr 

0.20 Me4NBr 

0.20 MeqNBr 

0.20 MeqNBr 

0.20 MeqNBr 

0.20 MeqNBr 

0.20 Me4NBr 

0.0085 NEM.HC1 
0.0085 NEM.HC1 
0.0085 NEM.HC1 
0.0085 NEM.HC1 
0.0085 NEM.HC1 
0.10 KCl 

1.25 
1.13 

1.55 
1.81 
1.40 
1.19 
1.11 

UMP-5 
i 7 -  gl 
Ba2+ el ., 
TMP-5 
Wgl 25 

25 0.63 
25 
25 
25 

25 

25 
30 
1 

6.49 

3.98 
5.19 
5.44 

5.21 

4.17 
5.15 

4.57 

1.57 
2.62 

3.70 

1.67 
2.59 

pH-7.2, ML+M=3 
large NaL const. 
large [MI/[Ll 

assume [HI = [Mn] 
pH = 7.5 
assume [HI = [Mn] 
pH = 7.5 
assume [HI = [Mn] 
pH = 7.5 
assume [HI = [Mn] 
pH = 7.5 
assume [HI = [Mn] 
pH=7.5 
assume [HI = [Mn] 
pH=7.5 
assume [HI = [Mn] 
pH=7.5 
pH = 8.0, buffer 
pH = 8.0, buffer 
pH = 8.0, buffer 
pH = 8.0, buffer 
pH = 8.0, buffer 

sulfate, large [L] 
ML-H= -10.4, 

2.03 1.37 ML+M=1.37 
large [MI/[Ll 

74M 

565a 
66Pa 
77R 

77R 5 5.45 

5.48 

5.54 

10 77R 

15 

25 

77R 

77R 5.71 

5.96 

6.18 

5.90 

35 

43 

2 
12 
25 
32 
47 
22 

77R 

77R 

5.87 
5.69 
5.52 
5.45 
5.34 
4.78 

705 
705 
705 
705 
705 
61B 

62H 

4.85 

4.80 

20 0.10 KCl 

0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KCI 
0.15 KCl 

4.52 

4.97 
4.82 
4.78 

4.56 

2.55 
2.48 
4.78 

2.61 2.64 

0 
12 
25 

66T 
66T 
62T 
66T 

2.39 2.39 

25 
40 

4.70 
4.63 
5.25 
4.85 
5.15 

2.18 
2.30 
5.17 
4.85 
5.15 

35 
25 

3.11 
2.93 

3.05 
2.93 

79Mc 
80Db 

BIS-TRIS buffer 78Gb 

large HL const. 84G 

pH =8.2,TRIS buffer 
cacodylate buffer 73V 
pH=6.0 
ML-H = -10.7 755 

pH=7.2 

large [MI/[LI 58W 

775a 
78M 

2.77 MHL+HL=2.35 86C 
ML+ M=2.11 

875 
NEM buffer 705 
pH = 8.0 
NEM buffer 705 
pH = 8.0 
NEM buffer 705 
pH = 8.0 
large [M]/[L]? 78R 

2.29 835 
buffer, sulfate, T = ? 855 
pH=7.5 
pH = ?, few details 80K 

37 

22 
23 

0.25 KNO3 
0.10 NaCl 

4.55 
4.75 

4.87 
4.77 

28 0.10 NaCac. 

0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 

0.10 NaC104 
0.11 NaCl 

0.11 NaCl 

4.49 4.45 

25 
25 
25 
25 

25 
25 

26 

4.70 
4.91 
5.32 

5.01 
4.75 

4.60 

4.70 
4.91 
5.32 

5.01 
4.77 

4.62 

3.20 

2.74 

3.20 

2.74 

ix 41 0.11 NaCl 

0.12 NaCl 
0.15 NaCl 
0.25 NaCl 

dilute ? 

4.52 

4.56 
4.72 
4.13 

4.23 

25 
25 
? 

4.60 
4.82 
4.4 

2.80 2.85 

ix ? 
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Table 3. (continued) 

Ligand Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria 
MetalIon Method T,'C. Streng. Electr. M+L 25",0.1 M+HL 25",0.1 M+H2L 25",0.1 Remarks Ref. 

25 1.00 KNO3 4.11 2.20 71R 
25 0.12 NaCl 5.1 5.1 78R 
30 0.10 MeqNBr 5.21 5.17 2.65 2.63 66Pa 
5 0.20 MeqNBr 5.59 assume [HI = [Co] 78Ga 

pH=7.1 
d 15 0.20 MeqNBr 5.74 assume [HI = [Co] 78Ga 

pH = 7.1 
assume [HI = [Co] 78Ga d 26 0.20 MeqNBr 5.92 6.12 
pH=7.1 
assume [HI = [Co] 78Ga d 30 0.20 MeqNBr 6.10 
pH = 7.1 

91 36 0.20 MeqNBr 6.25 assume [HI = [Co] 78Ga 
pH=7.1 

d 22? 0.10 KCl 4.53 4.51 sulfate, large [L] 60B 
d 22 0.10 KCl 4.71 4.73 ML-H = 9.4, sulfate 61B 

s+ 2 
co2+ d 

d 

large [L] 
kin 25 0.10 KNo3 4.66 4.66 64H 

0 0.10 KNO3 4.80 2.45 66T 
12 0.10 KNO3 4.69 2.39 66T 

91 
d 

d 
91 
gl 

d 25 0.10 KNO3 4.66 4.66 2.32 2.32 62T 
66T 

25 0.10 KNO3 4.58 2.14 large IMI/ILl 62T 

25 0.10 KC1 4.36 4.36 2.73 2.73 80Da 
ix 20 0.05 NaC104 6.80 6.72 large [L] 75K 
ix 23 0.10 NaCl 4.62 4.64 large [MI/[Ll 58W 

91 25 0.10 NaC104 4.86 4.86 67s 
25 0.10 NaC104 5.06 5.06 2.60 2.60 MHL + HL = 2.67 86C 
25 0.10 NaNO3 4.97 4.97 2.8 2.8 87s 
25 0.12 NaCl 4.54 4.58 large [M]/[L]? 78R 

ix ? 0.25 NaCl 3.74 4.0 sulfate, T = ? 855 

40 0.10 KNO3 4.55 2.24 66T 

pH = 8.2, TRIS buffer 

d 
d 
91 

pH = 7.5, buffer 
30 0.10 MeqNBr 5.32 5.30 2.98 2.97 66Pa 
22? 0.10 KCl 4.61 4.63 sulfate, large [L] 60B 
22 0.10 KC1 4.54 4.56 ML-H = -9.3, sulfate 61B 

Ni2+ d 
d 
gl 

kin 25 0.10 KNo3 5.0 5.0 64H 
0 0.10 KNO3 5.18 2.88 66T 
12 0.10 KNO3 5.05 2.80 66T 

d 
gl 

91 
d 
d 

large [L] 

d 25 0.10 KNO3 5.02 5.02 2.72 2.72 62T 

25 0.10 KNO3 4.83 2.31 large [MI/[Ll 62T 

15 0.10 KNO3 4.79 4.83 2.78 2.80 72F 
SP 15 0.10 KNO3 ML+M=2.40 72Fa 

25 0.10 KCI 4.57 4.57 2.61 2.61 80D 
25 0.10 NaC104 4.85 4.85 67s 

25 0.10 NaNO3 4.86 4.86 2.86 2.86 87s 
25 0.12 NaCl 4.50 4.54 large [MI/[Ll? 78R 
30 0.10 MeqNBr 6.83 6.82 3.79 3.79 &Pa 
25 0.10 K+ corr 6.50 6.50 2.92 2.92 M L t  L=2.0 83A 

66 

40 0.10 KNO3 4.90 2.59 66T 

25 0.10 NaC104 ML-H = -9.41 75s 
: 
: d 

cu2+ d 
d 

ML+M=2.26 
MHL + M = 2.1 
2MOHL= 1.8 
M L H  = -6.8 

22? 0.10 KCI 5.50 5.51 sulfate, large [L] 60B 
22 0.10 KCI 5.77 5.78 M L H  = -7.7, sulfate 61B 

d 20 0.10 KC1 5.82 5.83 3.25 3.25 1.94 1.88 ML+M=1.88 62H 

d 
gl 

large [L] 

b F [ M I /  P I  
91 0 0.10 KNO3 6.42 3.32 ML-H = -7.05 66T 

MOHL-H=-7.32 
2MOHL=3.10 

2MOHL = 2.80 66T 
91 12 0.10 KNO3 6.20 3.20 MI,-H 7 -6.74 



Critical evaluation of stability constants for nucleotide complexes 1045 

Table 3. (continued) 

Lieand Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria 
MetalIon Method T,"C. Streng. Electr. M+L 25',0.1 M+HL 25',0.1 M+H2L 25",0.1 Remarks Ref. 

ATP 
2+ d 25 0.10 KNO3 6.13 6.13 3.12 3.12 ML-H=-6.47 62T 

MOHL-H = -7.03 66T 

25 0.10 
40 0.10 

gl 
gl 

6.01 
5.97 

2.78 
3.01 

2MOHL = 2.59 
large [MI/[Ll 62T 
ML-H= -6.19 66T 
MOHL-H = -6.91 
2MOHL= 2.38 

79Mc 
80D 

ML+M= 2.36 83A 
MHL+M= 2.1 

2MOHL= 2.29 
M2L-H = -4.9 
ML+L=2.77 86C 
ML-H = -8.01 
MOHL+M= 5.09 

ML-H = -6.65 

large HL const. 84G 
76R 
64Sa 
67s 

ML-H= -7.9 68s 
78M 

ML-H= -8.09 83W 
2M + 2 L H  = -6.85 
M20Hk-H= -8.04 
ML+ L= 1.8 83W 
M b 3 H  = -30.9 
M(OH)~LQ-H=-~O.~ 
2M+2L-H= -6.9 
M2OHb-H = -8.6M 

d 35 0.10 
25 0.10 
25 0.10 

d 
d 

KNo3 

KNo3 
KCI 

6.34 
6.08 
5.83 

6.32 
6.08 
5.83 

3.59 
3.62 
2.91 

3.59 
3.62 
2.91 

gl 25 0.10 6.46 6.46 3.43 3.43 

KNo3 
KNo3 
NaC104 
NaC104 
NaC104 
NaC104 
NaNO3 

6.0 
5.17 
6.30 
6.38 

6.3 22 0.25 
25 1.00 
20 0.10 
25 0.10 
25 0.10 
25 0.10 
20 0.10 

d 
d 
d 
d 
d 

6.31 
6.38 

3.76 3.72 

6.03 
6.10 

6.03 
6.11 3.45 

3.4 

3.41 

epr 20 0.10 NaNO3 6.2 

M~(OH&-H= -10 
M2(OH)3k-H= -12 

85T 25 0.10 
25 0.10 
25 0.10 
25 0.12 
30 0.10 
25 0.10 

gl 
d 
gl 

d 
Zn2 + : 

NaN03 
NaC104 
NaN03 
NaCl 
MeqNBr 
K +  corr 

6.32 
6.51 
6.34 
6.0 
5.52 
5.23 

6.32 
6.51 
6.34 
6.0 
5.47 
5.23 

3.57 
3.61 
3.59 

2.91 
2.12 

3.57 
3.61 
3.59 

2.89 
2.12 

ML-H= -7.72 

large [M]/[L]? 

ML+L= 1.9 
ML+M= 1.85 
MHL+M=2.0 
ML-H = -8.4 
M2L-H = -7.0 
large [MI/[Ll 

large [LI 
ML-H = -8.5, sulfate 

2.09 2.03 ML+M=1.41 

86C 
87s 
78R 
66Pa 
83A 

25 0.10 
22 0.10 

d 
d 
d 20 0.10 

d 
d 
d 

d 
d 
91 
d 
gl 25 0.10 

0 0.10 
12 0.10 
25 0.10 

25 0.10 
40 0.10 
35 0.10 
25 0.10 

KC1 
KCl 

4.76 
4.80 

4.75 

5.00 
4.88 
4.85 

4.75 
4.71 
5.25 
4.92 
4.66 

4.76 
4.83 

4.80 

2.75 2.75 58Wa 
61B 

62H 2.78 2.09 

2.81 
2.73 
2.67 

2.23 
2.58 
2.68 
2.94 
2.08 

66T 
62T 
66T 

4.85 2.67 

[MI/[Ll 62T 
66T 

5.15 
4.92 
4.66 

2.64 
2.94 
2.08 

79Mc 
80Db 
83A ML+ M= 1.85 

MHL+ M=2.0 
ML-H=-8.5 

M2L-H = -7.0 

2.37 ML+L=2.46 
ML+M= 1.78 

large HL const. 
M2L-H = -5.94 

25 0.10 
25 0.10 

d 
d 

4.92 
5.44 

4.92 
5.44 

85M 
86C 3.12 3.12 

22 0.25 
25 1.00 
18 0.05 

d 
d 
d 25 0.10 
ix 

KNO3 
KNo3 
NaC104 
NaC104 

5.65 
3.2 
7.26 
5.21 

5.97 84G 
76R 
78K 
67s 

7.21 
5.21 
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Table 3. (continued) 

Lieand 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",0.1 M+H2L 25",0.1 Remarks Ref. 

ATP 
ZnL+ ML-H = -8.87 

Cd2+ 

GTP s+ 

co2+ 

Ni2+ 

cu2+ 

Zn2 + 

ITP 
MnL+ 

co2+ 

25 0.10 
25 0.10 
25 0.10 

25 0.10 
25 0.12 
? 0.25 

22? 0.10 
30 0.10 
30 1.00 
25 0.10 
25 0.10 
32 1.5 

25 0.10 
35 0.10 
45 0.10 
23 0.10 

25 0.10 

25 0.10 
25 0.10 
35 0.10 
45 0.10 
23 0.10 

25 0.10 
35 0.10 
45 0.10 
25 0.10 

25 0.10 
35 0.10 
45 0.10 
25 0.10 

25 0.10 
25 0.10 
25 0.10 
35 0.10 
45 0.10 
25 0.10 

25 0.10 

25 0.10 
35 0.10 
45 0.10 
23 0.10 

25 0.10 

25 0.10 
25 0.10 
35 0.10 
45 0.10 
23 0.10 

25 0.10 

NaC104 
NaC104 
NaC104 

NaNO3 
NaCl 
NaCl 

KC1 
KNO3 
KNo3 
NaN03 
NaN03 
CdC12 

KNo3 
KNo3 
KNo3 
NaCl 

NaC104 

NaC104 
KNo3 
KNo3 
KNo3 
NaCl 

KNo3 
KNo3 
KNo3 

KNo3 
KNo3 
KNo3 

NaC104 

NaC104 

NaC104 
NaC104 
KNo3 
KNo3 
KNo3 
NaC104 

NaC104 

*03 
KNo3 
KNo3 
NaCl 

NaC104 

NaC104 
KNo3 
KNo3 
KNo3 
NaCl 

NaC104 

5.10 5.10 
5.81 5.81 

5.16 5.16 
4.1 4.1 
3.68 4.0 

4.10 4.13 
4.4 
5.41 
5.31 5.31 
5.34 5.34 
5.19 

5.18 5.18 
5.29 
5.09 
4.13 4.75 

4.64 4.64 
5.57 5.57 
5.65 
5.50 
4.63 4.65 

5.78 5.78 
5.87 
5.70 

6.55 6.55 
6.66 
6.35 

5.93 5.93 
5.72 5.12 
5.16 
5.64 

4.96 4.96 

4.45 4.45 
4.62 
4.35 
4.51 4.59 

4.66 4.66 
4.97 4.91 
5.02 
4.92 
4.14 4.76 

4.81 4.81 

3.62 3.62 3.14 ML+L=2.46 
ML-H=-8.4 
ML+ M =2.45 
MHL+M= 1.8 
M2L-H = -6.70 

2.86 2.86 
large [M]/[L]? 
pH =IS, buffer 

sulfate, large [L] 
1.9 large [L] 
2.10 wrong HL const. 

3.04 3.04 
4.25 3.03 large [L] 

2.95 2.95 ML-H = -10.1 

TRIS buffer 

pH=8.2 
large [MI/[Ll 

ML-H = -9.36 
MOHL-H = -11.3 

TRIS buffer 

pH = 8.2 
large [MI/[Ll 

ML-H = -8.64 
MOHL-H=-10.57 

ML-H= -1.7 
MOHL-H= -9.3 
ML-H = -7.5 

ML-H = -8.39, 
MOHL-H= -9.48 

TRIS buffer 

pH=8.2 
large [MI/[Ll 

ML-H= -8.93 
MOHL-H = -11.2 

pH=8.2, TRIS buffer 
large [MI/[Ll 

75s 
78M 
86C 

81s 
78R 
855 

60B 
84P 
84C 
84Sa 
81s 
85B 

13T 
13T 
73T 
58W 

15s 

71s 
73T 
73T 
73T 
58W 

13T 
13T 
73T 
75s 

13T 
13T 
13T 
68s 

68s 
71s 
73T 
73T 
13T 
75s 

11s 

13T 
73T 
73T 
58W 

75s 

77Sa 
13T 
13T 
73T 
58W 

I I C  
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Table 3. (continued) 

Ligand Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria 
MetalIon Method T,"C. Streng. Electr. M + L  25',0.1 M+HL 25",0.1 M+H2L 25',0.1 Remarks Ref. 

w. 
NiLt 

cu2+ 

zn2  + 

CTP z+ 

CO2+ 

Ni2+ 

cu2+ 

zn2  + 

Cd2+ 

25 
35 
45 
25 

25 
25 
35 
45 
25 

25 
25 
25 
35 
45 
25 

25 

25 
35 

45 
25 
23 

25 
25 
25 
25 
35 

45 
25 
23 

25 
15 
15 
25 
35 

45 
25 
25 
25 
25 
35 

45 
25 
25 
25 
25 
25 
35 

45 
25 
25 
25 
25 
25 
25 

0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaC104 

0.10 NaC104 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaC104 

0.10 NaC104 
0.10 NaC104 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaC104 

0.10 NaC104 

0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 KC1 
0.10 NaCl 

0.10 NaC104 
0.10 NaCI04 
0.10 NaN03 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 KCI 
0.10 NaCl 

0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 KC1 
0.10 NaC104 
0.10 NaN03 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 KCl 
0.10 NaC104 
0.10 NaC104 
0.10 NaN03 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 KCI 
0.10 NaC104 
0.10 NaC104 
0.10 NaN03 
0.10 NaN03 
0.10 NaN03 

5.06 5.06 
5.12 
5.01 

4.13 4.13 
5.16 5.16 
5.92 
5.56 

5.99 5.99 
4.51 4.51 
4.11 
4.50 

5.02 5.02 

4.56 4.56 
4.43 

4.85 
4.63 4.63 
4.18 4.80 

4.14 4.14 
4.90 4.90 
5.01 5.01 
4.96 

4.32(?) 
4.69 4.69 
4.48 4.50 

4.18 4.18 
4.41 4.49 

5.69 5.69 
5.58 4.61 

5.51 4.51 
4.51 4.51 

4.52 4.52 
6.13 6.13 
6.61 

6.50 
5.64 5.64 

5.1 5.1 
6.03 6.03 
5.22 5.22 
5.12 

5.02 
4.19 4.19 

4.19 4.19 
5.03 5.03 
4.99 4.99 
5.05 5.05 

4.24 4.24 
4.10 

4.01 
2.5 2.5 

3.1 3.1 
4.45 4.45 
4.36 

4.25 
2.58 2.58 

3.0 3.0 
2.68 2.14 

4.14 4.14 

2.1 2.1 

2.1 2.1 
5.56 5.56 
5.45 

5.36 
3.42 3.42 

3.80 3.80 
4.56 4.56 
4.48 

4.40 
2.9 2.9 

3.05 3.05 
3.16 3.16 
3.15 3.15 

ML-H = -8.39, 
MOHL-H = -10.6 

ML-H= -1.5, 
MOHL-H= -9.2 
ML-H = -1.2 

ML-H = -8.31, 
MOHL-H= -9.4 

TRIS buffer, 

pH = 8.2 
ML-H = -10.9 

large [MI/[Ll 

TRIS buffer 

pH = 8.2 
large [MI/[Ll 

ML+ M =2.23 

ML-H = -9.6 

ML-H=-l.6 

ML-H=-8.19 

ML-H = -10.0 

13T 
13T 
13T 
155 

I IC 
13T 
13T 
13T 
685 

685 
I I C  
13T 
13T 
13T 
155 

nc 
83R 
15T 
83R 
83R 
84M 
58W 

155 
115 
81.5 
83R 
15T 
83R 
83R 
84M 
58W 

875 
12F 
18F 
83R 
15T 
83R 
83R 
84M 
155 
815 
83R 
15T 
83R 
83R 
84M 
685 
115 
815 
83R 
15T 
83R 
83R 
84M 
755 
115 
815 
845a 
815 
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Table 3. (continued) 

LInand Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria 
MetalIon Method T,"C. Streng. Electr. M+L 25',0.1 M+HL 25",0.1 M+H2L 25',0.1 Remarks Ref. 

UTP 
MnL+ 

co2+ 

Ni2+ 

cu2+ 

Zn2 + 

Cd2+ 
lTP s+ 
co2+ 
Ni2+ 

cu2+ 

Zn2 + 

Cd2+ 

25 
35 

45 
23 

25 

25 
25 
25 
35 

45 
23 

25 
25 
25 
35 

45 
25 

25 
25 
25 
35 

45 
25 

25 
25 
25 
25 
25 
35 

45 
25 

25 
25 
25 

25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaCl 

0.10 NaC104 

0.10 NaC104 
0.10 NaN03 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaCl 

0.10 NaC104 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaC104 

0.10 NaC104 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaC104 

0.10 NaC104 
0.10 NaC104 
0.10 NaN03 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaC104 

0.10 NaC104 
0.10 NaNO3 
0.10 NaN03 

0.10 NaC104 

0.10 NaNO3 
0.10 NaN03 
0.10 NaC104 

0.10 NaN03 
0.10 NaC104 
0.10 NaC104 

0.10 NaC104 
0.10 NaN03 
0.10 NaC104 

0.10 NaC104 
0.10 NaN03 
0.10 NaN03 

6.31 6.31 
6.21 

6.10 
4.78 4.80 

4.58 4.58 
4.91 4.91 
6.94 6.94 
6.84 

6.01(?) 
4.55 4.57 

4.53 4.53 
4.73 4.13 
7.67 1.61 
1.56 

7.44 

4.29 4.29 
4.41 4.47 
8.99 8.99 
8.88 

8.16 

5.53 5.53 
5.81 5.81 
5.81 5.87 
7.21 7.21 
7.10 

7.00 

4.75 4.75 
5.01 5.01 
5.10 5.10 

5.0 5.0 
4.78 4.78 

4.52 4.52 
5.70 5.70 

5.8 5.8 

4.89 4.89 
5.03 5.03 
5.09 5.09 

2.70 2.70 

2.6 2.6 

2.5 2.5 

2.8 2.8 
2.80 2.80 

2.13 2.73 
2.89 2.89 

TRIS buffer 

pH=8.2 
large [MI/[Ll 

ML-H = -9.45 
MOHL-H=-11.1 

TRIS buffer 

pH=8.2 
large [MI/[Ll 

ML-H= -9.10 
MOHL-H=-9.7 

ML-H = -7.8 
MOHL-H= -8.4 
ML-H=-I.8 

ML-H = -8.71 
MOHL-H= -9.24 

ML-H = -9.67 
MOHL-H= -11.2 

ML-H = -9.08 
MOHL-H= -9.9 

ML-H = -7.1 
MOHL-H= -8.2 
ML-H = -7.9 

ML-H=-8.35 
MOHL-H= -9.2 

83R 
76T 
83R 
83R 
58W 

155 

175 
815 
83R 
76T 
83R 
83R 
58W 

78F 
875 
83R 
16T 
83R 
83R 
155 

78F 
875 
83R 
16T 
83R 
83R 
685 

685 
78F 
85T 
875 
83R 
16T 
83R 
83R 
755 

78F 
875 
875 

755 

875 
875 
155 

875 
175 
685 

685 
815 
755 

715 
875 
875 
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Table 3. (continued) 

L!md Ionic Backgr 
Metal Ion Method T,'C. Streng. Electr. 

3+ d 25 0.20 PrYCl - 
d 0 0.20 Me4NBr 

91 8 0.20 MeqNBr 

91 15 0.20 MeqNBr 

d 25 0.20 MyNBr 

91 35 0.20 MeqNBr 

d 45 0.20 MeqNBr 

epr 2 
epr 12 
epr 25 
epr 32 
epr 47 
SP 30 

27 
0 
12 
25 

d 
d 
r 

0.0085 NEM.HC1 
0.0085 NEM.HCI 
0.0085 NEM.HCI 
0.0085 NEM.HC1 
0.0085 NEM.HC1 
0.02 NEM.HC1 
0.02 NEM.HC1 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

40 0.10 
25 0.10 

epr 37 0.15 

d 
d 

d 22 0.25 
ix 23 0.10 

epr 25 0.11 
1x 26 0.11 
ix 41 0.11 
ix ? dilute 

5 0.20 
15 0.20 d 
25 0.20 
37 0.20 

91 
25 0.20 

91 

0 0.10 
d 

12 0.10 
d 

25 0.10 
d 
l4 

40 0.10 
25 0.10 

91 
20 0.05 

d 
ix 
ix 23 0.10 

co2+ 91 

5 0.20 
15 0.20 
25 0.20 

d 
37 0.20 

d 
25 0.20 

d 
d 
cal 25 0.20 

0 0.10 
12 0.10 

d 
25 0.10 

d 
91 

Ni2 91 

KNo3 
KCI 
KCI 

KN03 
NaCl 

NaCl 
NaCl 
NaCl 
? 

MeqNBr 
MeqNBr 
MeqNBr 
MeqNBr 
MyNBr 
KNo3 
KNo3 
KNo3 

KNo3 
KC1 
NaCIO4 
NaCl 

40 0.10 KNO3 
15 0.10 KNO3 

d 
15 0.10 KNO3 

91 
d 
91 25 0.10 KNO3 

LogK 
M+L 

3.54 
4.24 

4.24 

4.23 

4.31 

4.40 

4.47 

4.91 
4.95 
4.98 
5.06 
5.17 
4.40 
4.48 
4.47 
4.24 
4.16 

4.06 
3.80 
4.05 

3.0 
3.94 

4.20 
4.15 
4.30 
3.28 

3.87 
3.88 
3.94 
4.02 
3.81 
4.63 
4.27 
4.20 

4.12 
3.51 
6.12 
3.68 

3.99 
3.98 
4.00 
4.04 
3.90 
4.2 
4.62 
4.57 
4.50 

4.42 
4.18 

3.71 

corr LogK con LogK 
25',0.1 M+HL 25',0.1 M+H$ 

3.64 1.49 1.53 

4.41 

4.31 

4.16 
4.22 

2.00 
1.95 

4.16 1.89 1.89 

1.81 
3.80 2.37 2.37 
4.02 

3.2 
3.96 

4.20 
4.15 

3.88 2.71 2.75 
2.12 
2.07 

4.20 2.01 2.01 

1.93 
3.51 1.87 1.87 
6.12 
3.70 

3.97 2.28 2.32 

2.43 
2.37 

4.50 2.30 2.30 

2.22 
4.22 2.30 2.32 

3.71 2.10 2.10 

corr Other equilibria 
25',0.1 Remarks Ref. 

565a 
assume [HI = [Mn] 77R 
pH = 7.5 
Hssume [HI = [Mn] 77R 
pH=7.5 
assume [HI = [Mn] 77R 
pH = 7.5 
assume [HI = [Mn] 77R 
pH=7.5 
assume [HI = [Mn] 77R 
pH=7.5 
assume [HI = [Mn] 77R 
pH = 7.5 
pH = 8.0, buffer 705 
pH = 8.0, buffer 705 
pH = 8.0, buffer 705 
pH = 8.0, buffer 705 
pH=8.0, buffer 705 
pH=8.0, buffer 640 
pH=8.0, buffer 640 

67T 
67T 
62Ta 
67T 
67T 
80Db 

BIS-TRIS buffer 78Gb 
pH = 7.2 
large HL const. 84G 
pH = 8.2, TRIS buffer, 58W 

pH = 8.0, NEM buffer 70J 
pH = 8.0, NEM buffer 705 
pH = 8.0, NEM buffer 7OJ 
few details, T=?  80K 
pH=? 
pH = 6.0 80M 
pH = 6.0 80M 
pH = 6.0 80M 
pH = 6.0 80M 
ML+ L= 2.18 80M 

67" 
67T 
62Ta 
6 T  
67T 
80Da 

l a w  P I  75K 

large [MI/ILl 

TRIS buffer, 58W 
large [MI/[Ll 
pH=8.2 
pH= constant 79M 
pH = constant 79M 
pH=constant 79M 
pH = constant 79M 
ML+ L=2.25 79M 

79M 
67T 
67T 
62Ta 
67T 
67T 

ML+ L = 2.30 72F 
M L t  M= 1.60 72Fa 

80D 
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Table 3. (continued) 

Ionic Backgr. LogK corr LogK corr LogK corr Other equilibria 
MetalIon Method T,'C. Streng. Electr. M+L 25',0.1 M t H L  25',0.1 M+H?L 25O.0.1 Remarks Ref. 

Zn2+ 

Cd2+ 

3. 
co2+ 

cu2+ 
2,2+ 

Ni2+ 

co2+ 

0 0.10 KNO3 

12 0.10 KNO3 

25 0.10 KNo3 

40 0.10 KNO3 

25 0.10 KCl 
22 0.25 KNO3 
25 0.10 KCl 
0 0.10 KNO3 

12 0.10 KNO3 

25 0.10 KNO3 

40 0.10 KNO3 

25 0.10 KCl 
22 0.25 KNO3 
30 0.10 KNO3 

25 0.10 KCI 
25 0.10 KCl 
15 0.10 KNO3 
15 0.10 KNO3 
25 0.10 KC1 
25 0.10 KCl 
25 0.10 KCl 

25 0.20 PrqNBr 
0 0.20 MeqNBr 

8 0.20 MeqNBr 

15 0.20 MeqNBr 

25 0.20 MeqNBr 

35 0.20 MeqNBr 

45 0.20 MeqNBr 

0 0.10 KNO3 
12 0.10 KNO3 
25 0.10 KNO3 

40 0.10 KNO3 
25 0.10 KNO3 
25 0.10 KCl 
23 0.10 NaCl 

25 0.10 NaEt2Bar. 

25 0.10 NaC104 
25 0.10 NaNO3 
5 0.20 Me4NBr 

15 0.20 MeqNBr 

25 0.20 MeqNBr 

37 0.20 MeqNBr 

25 0.20 MeqNBr 

6.16 2.80 

6.04 2.72 

5.90 5.90 2.63 2.63 

5.75 2.52 

5.38 5.38 2.94 2.94 
4.6 4.8 
4.13 4.13 2.34 2.34 
4.40 2.15 

4.35 2.11 

4.28 4.28 2.04 2.04 

4.20 1.96 

4.17 4.17 2.44 2.44 
4.4 4.6 
3.6 1.7 

3.82 3.82 1.8 1.8 
3.87 3.87 2.4 2.4 
3.48 3.52 1.87 1.89 

3.82 3.82 2.3 2.3 
4.89 4.89 2.1 2.7 
3.93 3.93 2.47 2.47 

2.19 2.23 
2.46 

2.35 

2.28 

2.33 2.37 

2.27(?) 

2.39 

2.46 
2.43 
2.40 2.40 

2.37 
2.35 2.35 
2.02 2.02 
2.31 2.32 

2.19 2.19 

2.14 2.14 
2.23 2.23 
2.46 

2.38 

2.35 

2.31 

2.32 2.36 

M L H  = -7.65 
2MOHL=3.85 
M L H  = -7.38, 
2MOHL = 3.65 

2MOHL=3.42 

2hIOHL=3.19 

MLH=-7.08 

ML-H = -6.76 

large HL const. 

ML-H = -9.14, 

M L H  = -8.83, 

ML-H= -8.51 

2MOHL = 3.66 

2MOHL = 3.50 

2MOHL=3.34 

2MOHL= 3.16 
ML-H= -8.18, 

large HL const. 
large [L] 

small HL const. 
small HL const. 
ML+L= 1.99 
ML+M = 1.70 
small HL const. 
small HL const. 
small HL const. 

assume [HI = [Mn] 
pH = 7.0 
assume [HI = [Mn] 
pH = 7.0 
assume [HI = [Mn] 
pH = 7.0 
assume [HI = [Mn] 
pH = 7.0 
assume [HI = [Mn] 
pH = 7.0 
assume [HI = [Mn] 
pH = 7.0 

TRIS buffer 

pH=8.2 
barbiturate buffer 
pH = 6.9 

large [MI/[Ll 

large [MI/[Ll 
large IMIALI 
assume [HI = [Co] 
pH = 7.0 
assume [HI = [Co] 
pH = 7.0 
assume [HI = [Co] 
pH=7.0 
assume [HI = [Co] 
pH=7.0 

67T 

67T 

62Ta 
67T 
67T 

80D 
84G 
58Wa 
67T 

67T 

62Ta 
67T 
67T 

80Db 
84G 
84P 

84M 
84M 
72F 
72Fa 
84M 
84M 
84M 

565a 
17R 

77R 

77R 

77R 

77R 

77R 

6TT 
67T 
62Ta 
67T 
67T 
66D 
80Db 
58W 

61T 

645 
885a 
80M 

80M 

80M 

80M 

80M 
25 0.20 Me@r 2.35 pH = 7.0 80M 
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Table 3. (continued) 

LIaand Ionic Backgr. LogK mrr LogK con LogK corn Otherequilibria 
MetalIon Method T,'C. Streng. Electr. M t L  25',0.1 M t H L  25',0.1 MtH2L 25',0.1 Remarks Ref. 

25 0.10 KNO3 2.57 2.57 66D 
0 0.10 KNO3 2.44 67T 
12 0.10 KNO3 2.49 67T 
25 0.10 KNO3 2.53 2.53 62Ta 

67T 
40 0.10 KNO3 2.57 67T 
25 0.10 KCl 2.30 2.30 80Da 

ix 
ix 23 0.10 NaCl 2.58 2.58 TRIS buffer 58W 

F g l  
91 
gl 
91 

gl 
gl 

20 0.05 NaClO4 3.33 3.31 large [LI 75K 

large [MI/[Ll 
pH=8.2 

25 0.10 NaC104 2.19 2.19 large [MI/[Ll 64s 

8 0.20 NaClO4 2.35 2.40 1.32 1.34 77P 
25 0.10 NaNO3 2.23 2.23 large [MI/[Ll 88Sa 

25 0.10 NaNO3 2.23 2.23 large [MI/[Ll 88Sa 
Ni2' gl 5 0.20 MeqNBr 2.67 assume[H] = [Nil 79M 

gl I5 0.20 MeqNBr 2.54 assume [HI = [Nil 79M 

gl 25 0.20 MeqNBr 2.46 assume [HI = [Nil 79M 

gl 37 0.20 MeqNBr 2.42 assume [HI = [Nil 79M 

Ld 25 0.20 MeqNBr 2.42 2.46 79M 
cal 25 0.20 MeqNBr 2.48 79M 

0 0.10 KNO3 2.90 67T 
12 0.10 KNO3 2.87 67T 
25 0.10 KNO3 2.84 2.84 62Ta 

67T 
40 0.10 KNO3 2.84 67T 
15 0.10 KNO3 2.59 2.53 MLtL=2.41, 2.38 72F 
25 0.10 KNO3 2.49 2.49 ML t L = 2.30,2.30 74B 
25 0.10 KCI 2.34 2.34 80D 

800 
15 0.10 KNO3 2.60 2.54 1.2 1.2 MLtL=2.20,2.17 72F 

80Ta 

25 0.10 NaC104 2.48 2.48 1.0 1.0 76Ta 
25 0.10 NaC104 2.52 2.52 1.2 1.2 76Ta 
25 0.10 NaNO3 2.49 2.49 large [Ml/[Ll 88Sa 
0 0.10 KNO3 3.30 67T 
12 0.10 KNO3 3.24 67T 

67" 
40 0.10 KNO3 3.12 67T 
25 0.10 KCI 2.88 2.88 SOD 
25 0.10 KNO3 3.6 3.6 2.1 2.1 88A 
25 0.10 NaC104 3.04 3.04 large [MI/[Ll 64s 

81 
gl 
gI 
gl 

pH = 7.0 

pH = 7.0 

pH = 7.0 

pH = 7.0 

25 0.10 KNO3 2.67 2.67 66D gl 
91 
91 
gl 

gl 
gl 
gl 
81 
gl 
gl 

91 25 0.10 NaC104 2.62 2.62 large Frl/[Ll 64s 

gl 

gl 

ML t L = 2.43, 2.43 25 0.10 KNO3 2.61 2.61 

; 
cu2+ gl 

gl 25 0.10 KNO3 3.18 3.18 62Ta 

$ 
gl 
91 
gl 

gl 
gl 

91 

gl 
gl 
gl 

25 0.10 NaNO3 3.14 3.14 large [Ml/Ll 88Sa 
0 0.10 KNO3 2.80 67T 
12 0.10 KNO3 2.76 67T 
25 0.10 KNO3 2.72 2.72 62Ta 

67T 
40 0.10 KNO3 2.68 67T 
18 0.05 NaC104 3.56 3.53 78K 

25 0.10 NaC104 2.34 2.34 [MI/[Ll 88Sa 
25 0.10 NaNO3 2.41 2.41 large [MI/[Ll 88Sa 

Cd2' gl 25 0.10 NaNO3 2.68 2.68 large FII/[Ll 88Sa 

zn2+ gl 

ix 
25 0.10 NaC104 2.23 2.23 large [MI/[Ll 64s 

25 0.10 MeqNBr 1.98 1.98 66D 
25 0.10 ~ ~ 1 0 4  1.86 1.86 66D 

Vgl 
ix 

0 0.10 KNO3 2.34 67T 
12 0.10 KNO3 2.31 67T 
25 0.10 KNO3 2.28 2.28 62Ta 

67T 
gl 40 0.10 KNO3 2.25 6" 

gl 
gl 
91 
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Table 3. (continued) 

MetalIon Method T,"C. Streng. Electr. M+L 25',0.1 M+HL 25',0.1 M+H2L 25',0.1 Remarks Ref. 
Ionic Backgr. LogK corr LogK corr LogK corr Otherequilibria 

$y9 

SP 

25 
25 
25 
25 
0 
12 
25 

40 
25 
0 
12 
25 

40 
15 
25 
25 
0 
12 
25 

40 
25 
25 
25 
0 
12 
25 

40 
25 
25 

0 
12 
25 
40 
25 
0 
12 
25 
40 
25 
0 
12 
25 
40 
15 
15 
25 
0 
12 
25 
40 
25 
0 
12 
25 
40 
25 
25 

37 

25 

15 

0.10 NaNO3 
0.10 MeqNBr 
0.10 KNO3 
0.10 K C I O ~  
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 KNO3 
0.10 NaC104 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaNO3 
0.10 KCl 
0.10 K C I O ~  
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 

0.10 KNO3 
0.10 NaNO3 
0.10 NaNO3 

0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 KNO3 
0.10 NaNO3 
0.10 NaNO3 

0.15 NaCl 

0.10 NaNO3 

0.u) NaC103 

2.06 2.06 
2.19 2.19 0.2 
2.10 2.10 
2.08 
2.11 
2.15 
2.20 2.20 

2.24 
1.80 1.80 
2.85 
2.82 
2.79 2.79 

2.75 
2.08 2.02 0.7 
1.98 1.98 1.1 
1.89 1.89 
3.06 
3.00 
2.96 2.96 

2.90 
2.75 2.75 
2.69 2.69 
2.48 2.48 
2.65 
2.62 
2.60 2.60 

2.56 
1.98 1.98 
2.32 2.32 

2.43 
2.41 
2.38 2.38 
2.35 
2.14 2.14 
2.15 
2.19 
2.24 2.24 
2.28 
1.93 1.93 
2.86 
2.84 
2.81 2.81 
2.78 
2.08 2.02 
2.18 2.12 0.7 
1.94 1.94 
3.28 
3.23 
3.16 3.16 
3.10 
3.01 3.01 
2.72 
2.68 
2.64 2.64 
2.60 
2.10 2.10 
2.41 2.41 

2.98 2.98 

2.96 2.91 1.88 

0.2 

0.7 
1.1 

0.7 

1.8 

89M 
66D 
66D 
66D 
67T 
67T 
62Ta 
67T 
67T 
89M 
67T 
67T 
62Ta 
67T 
67T 
80Ta 
76Ta 
89M 
67T 
67T 
62Ta 
67T 
67T 
89M 
58Wa 
66D 
67T 
67T 
62Ta 
67T 
67T 
89M 
89M 

67T 
67T 
67T 
67T 
89M 
67T 
67T 
67T 
67T 
89M 
67T 
67" 
67T 
67T 
72F 
80Ta 
89M 
67T 
67T 
67T 
67T 
89M 
67T 
67T 
67T 
67T 
89M 
89M 

2M+3H+2L=34.67 83C 
M2H3k + H = 3.15 
large wI/[Ll 88Ma 

MLH=-7.% 8 M  
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Table 3. (continued) 

Ionic Backgr. LogK corr LogK con LogK corr Otherequilibria 
MetalIon Method T,'C. Streng. Electr. M+L 25',0.1 M+HL 25',0.1 M+H;?L 25',0.1 Remarks Ref. 

v 
co2+ 

Ni2' 

cu2+ 

zn2+ 

Cd2+ 

co2+ 

cu2+ 

zn2 + 

Cd2+ 

Ni2 + 

p 
co2+ 
Ni2 + 

cu2+ 
Zn2+ 
Cd2+ 

sc3+ 
Y3+ 

$+ 

La3+ 

ce3 + 

~ r 3  + 

25 0.10 KCl 
35 0.10 KNO3 
25 0.10 NaNO3 
25 0.10 KCl 
35 0.10 KNO3 
25 0.10 NaNO3 
15 0.10 KNO3 

25 0.10 KNO3 
25 0.10 KCl 
35 0.10 KNO3 
25 0.10 NaNO3 
25 0.10 KCl 
35 0.10 KNO3 
25 0.10 NaNO3 

35 0.10 KNO3 
25 0.10 NaNO3 
25 0.10 NaNO3 

25 0.10 NaNO3 
25 0.10 NaNO3 
25 0.10 NaNO3 
25 0.10 NaNO3 
25 0.10 NaNO3 
25 0.10 NaNO3 
25 0.10 NaNO3 
25 0.10 NaNO3 
25 0.10 NaNO3 

25 0.10 NaNO3 
25 0.10 NaNO3 
25 0.10 NaNO3 
25 0.10 NaN03 
25 0.10 NaNO3 
25 0.10 NaN03 

22? 0.10 KC1 
25 0.05 TAPS.HC1 
9 0.10 NaC104 
17 0.10 NaC104 
25 0.10 NaC104 

32 0.10 NaC104 
41 0.10 NaC104 
50 0.10 NaC104 
25 0.15 NaCl 

25 0.10 KCl 
25 0.10 KCl 

2.4 2.4 
2.65 2.59 
2.10 2.10 
2.3 2.3 
3.50 3.50(?) 
1.86 1.86 
1.90 1.84 0.5 

2.00 2.00 
2.2 2.2 
2.36 2.42 
1.94 1.94 
3.2 3.2 

2.84 2.84 
2.54 2.54 
2.6 2.6 
2.25 2.27 
2.06 2.06 
2.40 2.40 

3.90 4.00(?) 

2.01 2.01 
2.11 2.11 
1.87 1.87 
1.97 1.97 
2.80 2.80 
2.77 2.77 
2.03 2.03 
2.02 2.02 
2.38 2.38 

2.11 2.11 
1.89 1.89 
1.92 1.92 
2.87 2.87 
2.10 2.10 
2.42 2.42 

5.01 
6.35 
6.44 3.88 
6.30 3.71 
6.29 6.29 3.64 

6.21 3.54 
6.18 3.42 
6.10 3.38 

25 0.05 TAPS.HC1 
25 0.10 KCl 

9 0.10 NaC104 
17 0.10 NaC104 
25 0.10 NaC104 

32 0.10 NaClO4 
41 0.10 NaC104 
50 0.10 NaC104 
25 0.05 TAF'S.HC1 
25 0.05 TAPS.HC1 
25 0.10 KCl 

6.48 
6.53 6.53 4.43 

6.07 3.66 
6.01 3.58 
5.97 5.97 3.52 

5.92 3.45 
5.88 3.35 
5.84 3.32 
6.46 
6.51 
6.53 6.53 4.31 

0.5 

3.64 

4.43 4.02 

3.52 

4.31 3.76 

M+2L=11.10 
few details 
pH=7.4 
pH =8.0, buffer 

ML+ OH=4.04 
4.02 M + 2L= 10.26, 

84M 
85K 
88M 
84M 
85K 
88M 
72F 
80T 
800 
84M 
85K 
88M 
84M 
85K 
88M 
58Wa 
84M 
85K 
88M 
88M 

845 
88M 
88M 
88M 
845 
88M 
845 
88M 
88M 

88M 
88M 
88M 
88M 
88M 
88M 

60B 
83M 
825a 
825a 
825a 
875a 
825a 
825a 
825a 
70B 

83M 
885 

M+(H.iL)+OH= 11.65 
825a 
825a 
825a 
875a 
825a 
825a 
825a 

pH = 8.0, buffer 83M 
pH = 8.0, buffer 83M 

3.76 M+2L=10.48 885 
ML+ OH=4.24 
M+(H.lL)+OH=11.98 
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Table 3. (continued) 

Metal Ion Method 
Ionic Backgr. LogK 

T,'C. Streng. Electr. M+L 
corr LogK corr LogK 
25',0.1 M+HL 25',0.1 M+H?L 

Other equilibria 
Remarks Ref. 

corr 
250,O.l 

25 0.05 TAPS.HC1 6.54 
25 0.10 KCl 6.47 

pH = 8.0, buffer 83M 
M+2L=10.47 88s 
ML t OH = 4.52 
M+(H.lL)tOH=12.22 

82Sa 
82Sa 
82Sa 
87Sa 
82Sa 
82Sa 
82Sa 

pH = 8.0, buffer 83M 
M + 2L = 10.53 88s 
ML+ OH =3.9 
M + (H.1L) +OH = 12.28 
assume [HI = [Eu] 78G 
pH=6.7 
assume [HI = [Eu] 78G 
pH=6.7 
assume [HI = [Eu] 78G 
pH=6.7 
assume [HI = [Eu] 78G 
pH = 6.7 
pH=7.0, buffer 74E 
pH=8.0, buffer 74E 
pH=8.0, buffers 80Ma 
ML+L=3.52, buffer 84E 
pH=6.0 
pH=8.0, buffer 83M 
M +2L= 10.52 88s 
ML+ OH=4.2 
M t (H-iL) + OH = 12.57 

82Sa 
82Sa 
82Sa 
8lSa 
82Sa 
82Sa 
82Sa 

cacodylate buffer 73V 
pH = 6.0 
pH=6.0, buffers 80Ma 
pH =8.0, buffers 80Ma 
pH =8.7, buffers 80Ma 
pH =8.9, buffers 80Ma 
pH =8.0, buffer 83M 
M t 2L= 10.57 88s 
ML+ OH =4.1 
M+(H.iL)+OH=12.71 
pH = 8.0, buffer 83M 
M + 2L= 10.39 88s 
ML+ OH = 4.3 
M+ (H.1L) + OH= 12.95 
pH=8.0, buffer 83M 
M+ 2L= 10.33 88s 
ML+ OH=4.4 
M+ (H.1L) +OH= 13.07 

82Sa 
82Sa 
82Sa 
87Sa 
82Sa 
82Sa 
82Sa 

pH=8.0, buffer 83M 
M+2L=10.35 88s 
ML+OH=4.5 
M+(H.lL)tOH=l3.27 

6.47 4.22 4.22 3.60 3.60 d 

d 
81 
d 

gl 
d 
d 

sm3+ kin 
d 

9 0.10 NaC104 6.40 
17 0.10 NaC104 6.31 
25 0.10 NaC104 6.23 

32 0.10 NaC104 6.16 
41 0.10 NaC104 6.09 
50 0.10 NaC104 6.00 
25 0.05 TAPS.HC1 6.66 
25 0.10 KCI 6.71 

3.81 
3.67 

6.23 3.63 3.63 

3.57 
3.43 
3.34 

6.71 4.51 4.51 3.95 3.95 

5 0.20 MeqNBr 6.92 

15 0.20 MeqNBr 7.08 

25 0.20 MeqNBr 7.26 

35 0.20 MeqNBr 7.64 

20 0.05 NEM.HC1 6.0 
20 0.05 NEM.HC1 5.9 
25 0.09 PIPES,TAPS 6.8 
21 0.10 MES.HC1 

d 
d 4.94 

d 

SP 
SP 
kin 
SP 

kin 
d 

25 0.05 TAPS.HC1 6.80 
25 0.10 KCl 6.63 6.63 4.36 4.36 3.75 3.75 

gl 
d 
d 

81 
d 
d 

Gd3+ ePr 

kin 
kin 
kin 
kin 
kin 
gl 

9 0.10 NaC104 6.48 
17 0.10 NaC104 6.38 
25 0.10 NaC104 6.31 

3.87 
3.75 

6.31 3.65 3.65 

32 0.10 
41 0.10 
50 0.10 
28 0.10 

25 0.09 
25 0.09 
25 0.09 
25 0.09 
25 0.05 
25 0.10 

NaC104 6.22 
NaC104 6.16 
NaC104 6.08 
NaCac. 7.0 

PIPES,TAPS 6.0 
PIPES,TAPS 7.1 
PIPES,TAPS 6.0 
PIPES,TAPS 6.0 
TAPS.HC1 7.06 
KCl 6.73 

3.58 
3.48 
3.38 

6.73 4.42 4.42 3.88 3.88 

3.44 

3.46 

Tb3+ kin 
gl 

25 0.05 TAPS.HC1 7.03 
25 0.10 KCl 6.52 6.52 4.17 4.17 3.44 

~ y 3 +  kin 
d 

25 0.05 TAPS.HCI 7.31 
25 0.10 KCI 6.44 6.44 4.16 4.16 3.46 

9 0.10 
17 0.10 
25 0.10 

32 0.10 
41 0.10 
50 0.10 
25 0.05 
25 0.10 

NaC104 
NaC104 
NaC104 

NaC104 
NaC104 
NaC104 
TAPS.HC1 
KCl 

6.47 
6.43 
6.37 

6.32 
6.26 
6.20 
7.00 
6.48 

3.81 
3.73 

637 3.66 3.66 

3.61 
3.53 
3.46 

6.48 4.12 4.12 3.39 3.39 
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Table 3. (continued) 

MetalIon Method T,"C. Streng. Electr. M+L 25",0.1 M+HL 25',0.1 M+H2L 25",0.1 Remarks Ref. 
Ionic Backgr. LogK corr LogK WIT LogK con Other equilibria 

Tm3+ 

Yb3+ 

LU3+ 

v o 2 +  

TI + 

Al3+ 

s+ 

v o 2 +  

TI + 

Al3+ 

$P 

La3+ 

Nd3 + 

kin 
d 

kin 
gl 

d 
d 
d 

d 
d 
gl 

d 
kin 

kin 
d 

kin 

kin 
kin 
d 
kin 
d 

d 
91 

d 

gl 

SP 
SP 
kin 

kin 
d 
gl 

ix 

91 
sl 
d 
d 
gl 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
sl 
91 
gl 
d 

25 
25 

25 
25 

9 
17 
25 

32 
41 
50 
25 
25 

25 
25 

25 

25 
25 
25 
25 
25 

5 

15 

25 

35 

20 
20 
25 

25 
25 
25 

25 

9 
18 
25 
25 
33 
41 
50 
9 
18 
25 
25 
33 
41 
50 
9 
18 
25 
25 
33 

0.05 TAPS.HCI 
0.10 KCI 

0.05 TAPS.HCI 
0.10 KCI 

0.10 NaC104 
0.10 NaC104 
0.10 NaC104 

0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.05 TAPS.HCI 
0.10 KCl 

0.05 TAPS.HC1 
0.10 KCI 

0.20 KCl 

0.20 KCI 
0.20 KCl 
0.15 NaC104 
0.09 ? 
0.15 NaCl 

0.20 MyNBr 

0.20 MyNBr 

0.20 MeqNBr 

0.20 MeqNBr 

0.05 NEM.HCI 
0.05 NEM.HCI 
0.20 KC1 

0.20 KCl 
0.15 NaC104 
0.15 NaCl 

0.15 NaCl 

0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 

7.07 
6.47 6.47 4.04 4.04 3.27 

7.42 
6.50 6.50 4.09 4.09 3.47 

6.58 3.90 
6.51 3.76 
6.45 6.45 3.67 3.67 

6.40 3.59 
6.36 3.49 
6.28 3.43 
7.62 
6.44 6.44 3.96 3.96 3.20 

7.36 
6.34 6.34 3.88 3.88 3.06 

3.72 

3.97 
4.11 
2.0 
6.2 

6.23 

6.76 

6.74 

6.85 4.69 

7.05 

5.75 
4.89 
3.56 

3.81 
1.3 

10.03 

pH=8.0, buffer 83M 

ML+ OH=4.4 
M + (H-iL) + OH = 13.54 
pH = 8.0, buffer 83M 

3.27 Mt2L=10.47 885 

3.47 M+2L=10.56 885 
ML+ OH = 4.5 
M+(H.iL)+OH=13.64 

825a 
825a 
825a 
875a 
825a 
825a 
825a 

pH=8.0, buffer 83M 

ML+OH=4.6 
M + (H.1L) +OH = 13.77 
pH=8.0, buffer 83M 

ML+ OH =4.8 
M+ (H.1L) +OH= 13.68 
varies with pH 71K 
pH=1.5 
pH=1.8 71K 
pH = 2.5 71K 

71M 
pH=7.0 80V 

875 

3.20 M+2L= 10.56 885 

3.06 M+2L=10.47 885 

assume [HI = [Eu] 
pH = 6.7 
assume [HI = [Eu] 
pH=6.7 
assume [HI = [Eu] 
pH=6.7 
assume [HI = [Eu] 
pH=6.7, buffer 
pH= 7.0, buffer 
pH = 8.0, buffer 
varies with pH 
pH = 1.8 
pH=2.6 

ML-H = -5.85 

78G 

78G 

78G 

78G 

74E 
74E 
71K 

71K 
71M 
815 

4.09 
4.22 
4.28 
4.35 
4.41 
4.56 
4.63 
3.59 
3.68 
3.76 
3.78 
3.84 
3.91 
4.02 
3.89 
3.99 
4.05 
4.09 
4.16 

2.56 
2.78 
2.78 

4.35 2.76 2.76 
2.73 
2.77 
2.74 
2.66 
2.81 
2.78 

3.78 2.76 2.76 
2.74 
2.69 
2.69 
2.83 
2.84 
2.76 

4.09 2.74 2.74 
2.77 

M+ 2L=5.7, 70B 
pH=7.4, few details 

825a 
825a 
825a 
875a 
825a 
825a 
825a 
825a 
825a 
825a 
875a 
825a 
825a 
825a 
825a 
825a 
825a 
875a 
825a 
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Table 3. (continued) 
~~ 

Linand Ionic Badcgr. LogK corr LogK WIT LogK corr Otherequilibria 
MetalIon Method T,"C. Streng. Electr. M t L  25',0.1 M t H L  25',0.1 MtH2L 25',0.1 Remarks Ref. 

41 
50 
5 

15 

25 

35 

9 
18 
25 
25 
33 
41 
50 
9 
18 
25 
25 
33 
41 
50 
9 
18 
25 
25 
33 
41 
50 
25 

25 

20 

0.10 NaC104 
0.10 NaC104 
0.20 MeqNBr 

0.20 MeqNBr 

0.20 MeqNBr 

0.20 MeqNBr 

0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.10 NaC104 
0.30 NaC104 

0.30 NaC104 

0.10 NaC104 

4.26 2.74 
4.39 2.74 
572 

5.58 

5.62 3.59 

5.62 

4.31 2.70 
4.42 2.87 
4.47 2.74 
4.50 4.50 2.72 2.72 
4.57 2.80 
4.67 2.80 
4.75 2.83 
436 2.76 
4.46 2.89 
4.49 2.73 
4.57 4.57 2.71 2.71 
4.64 2.85 
4.74 2.86 
4.83 2.82 
4.32 2.52 
4.37 2.86 
4.46 2.72 
4.46 4.46 2.70 2.70 
4.55 2.70 
4.64 2.72 
4.82 2.62 
3.31 1.59 

2.52 

8.60 

assume [q = [Eu] 
pH=6.7 
assume [HI = [Eu] 
pH = 6.7 
assume [HI = [Eu] 
pH = 6.7 
assume [HI = [Eu] 
pH = 6.7 

MLtL=  1.42 

MLt  M= 2.85 

ML-H = -2.59 

825a 
825a 
78G 

78G 

78G 

78G 

825a 
825a 
825a 
875a 
825a 
825a 
825a 
825a 
825a 
825a 
875a 
825a 
825a 
825a 
825a 
825a 
825a 
875a 
825a 
825a 
825a 
87H 

87H 

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, 661: -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 5 1 4  
66T, and 86D, is recommended for the first protonation constant of ATP. The difference between the 81C and 
87Sa 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, SOTb, 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, CT", 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 ATF' 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 enthaipy 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 



1058 COMMISSION ON EQUILIBRIUM DATA 

more than d 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 k0.8 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 AMP3 
and those for ADP is 2 -11 kJ/mol. Therefore the ADP value adjusted by this amount to -4.2 kJ/mol is 
recommended for adding the first proton to AMPJ. 

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 5 1 4  67T, and 80T, is recommended for the second protonation enthalpy of AMP- 
5. 

The values of 67T, adjusted relative to the AMPJ value, are tentatively recommended for the 
protonation enthalpy values of AMP3 and AMP-2. The 51Avalue for AMP3 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 Li+, Rb', and Cs+ are tentatively recommended after rounding to 
the nearest !d/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 Li2ATP 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 M 2 +  + ATP with temperature. A linear extrapolation to 25°C indicates + 19.01 kJ/mol 
which is in approximate agreement with the results 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 
W/mol is recommended for MgATP. The temperature variation results of 57N, 59B, 66P, 66T (when the 40'C 
Val e is omitted), 71B, and 73B show good agreement. This value is also supported by the results of 65A for 
M%+ with TP (+ 18.0 kJ/mol). 

For M 8 '  + 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 calorimet ic value of 87Sa, corrected for the background electrolyte to +14.2 kJ/mol, is 
recommended for Cai+ + 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 agre ment at + 13.8 M/mol which 
strongly suggests that the CaATP complex should be similar unless the Ca5+ is not complexed to the 
tri hosphate portion. It would be expected that the triphosphate group would be a stronger coordinator for 
C$+ 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 AMP4 (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 Ca2ATP by 86D are ot recommended. 

The endothermic value of S$+ with TP (72s) suggests that the reported S?+ 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 Mg2+ 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 

disagreement. trends from ATP to ADP to AMPd 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. 

83R with CTP and with UTP do not agree the other triphosphates and are not recommended. 
+ with ADP reported by 69B and 87Sa are in considerable The two calorimetric results for 

+ 
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The MgHADP value of 87Sa at +7.5 kJ/mol is tentatively recommended. The temperature variation 
value of 66P is 'n approximate agreement. 

The Caif + ADP value of 87Sa seems much too endothermic relative to the CaATP and CaAIbP-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 CaAMF'-5 is also tentatively recommended. The Ca2+, S?+, and 
Ba2+ values for complexes with ADP, AMP-3, A 

The calorimetric values of 73s for MgEwith GDP, UDP, GMPJ ,  and UMPd 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 87 a 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-5 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 calori etric value of 77R, 78G, and 83A are tentatively recommended for the complexation of 
Mn2+, Co2+, Cuy+, and ZnJ+ with ATP. For Mn2+ with ATP, a 25'C value was estimated by assuming a 
linear change between the 15" and 300 values. The value for Ni2+ 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. 

y i h  ADP a d with AMP-5, the calori etric values of 77R and 79M are tentatively recommended for 
the Mn and Ni" complexes. With Cog, the temperature v 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-5 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 0 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 8OTa 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 25OC 
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 EtqNBr was not 
used even though their values for the second protonation constant and those in KNO3 and in NaC104 were 
used because it does not agree with the mutually consistent values of 54M, 56S, 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 

-2 of 67T are not recommended. 
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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 56S, 63P, and 86D) to EQN' (6.93 from 54M, 56S, 640, 86D, and 87Sa) to 
Me4N' (6.79 from 56S, 66Pa, and 86D) to K' (6.50 from 56M, 56S, 62T, 72F, 81C, and 86D) to Na' (6.44 
from 51A, 56B, 56S, 64Sa, 71M, 78R, SOTb, 81C, 835, 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 EQNATP 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 hydrophobic 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 probabl only 
valid in the specific background electrolyte and the increasing trend above 0.25 M Pr4N', 0.25 M EQN', and 
0.49 M Me4N' is erhaps dominated by the increasing non-aqueous nature of the solvent. The trends with 
ionic 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 8OTb 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 Pr4N' media show a larger increase with ionic strength which may indicate an additional non-aqueous 
effect and are tentatively recommended. The values in EQN' and in Me4N' 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 A M P 3  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 Kwith 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. 
Thisis 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 TIT 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 

-P 
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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 Pr4N' (based on 56s and 63P), 6.63 in Et@+ (based on 54M, 56S, 
and 640), 6.55 in Me4N' (based on 56S, 77R, and 78G), 6.36 in K+ (based on 56M, 56S, 72F, and 80D) and 
6.31 in Na+ (based on 56B, 56S, 71M, 7% 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 Pr4N+ 
from 56s and 63P; of 6.34 in 0.10 M EQN+ from 56s; of 6.29 in 0.10 M Me4N' from 56S, 61T, 77R, and 78G; 
of 6.21 in 0.10 M K+ from 56S, 61T, 62T, 72F, 74B, 75B, and 88A; and of 6.18 in 0.10 M Na' from 56S, 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, 884 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 5 1 4  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 GMPd, to IMP-5, to CMPJ, and to UMP-5 at zero 
ionic strength and in tetrapropylammonium ion background; of 79T, 83C, and 88Ma to G M P J  in sodium ion 
media; of 58Wa, 72F, 800, 84M, and 85K to CMPJ  in potassium ion media; of 56B and 88M to CMP-5 in 
sodium ion media; and of 84s and 88M to U M P J  in sodium ion media are all recommended. Values for 
adding the second proton to GMPd by 56B, 760, and 88Ma; to GMP-3 by 760; to C M P J  by 56B, 58Wa, 70W, 
72F, 760, 79T, 800, 85K, and 88M; 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, 63S, and 83C with GMPd, 81N and 87H with IMP-5 , and 68R 
with TMP-5 are not recommended. The average of 56B, 635, 67A, 760, and 88M at 9.39 k0.05 for U M P J  is 
recommended and the value of 88M at 9.79 for TMP-5 is tentatively recommended. 

The recommended protonation constants are collected in Table 5 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 Me4N') - LogK (H' in K+ or Na') = Log (1 + 0.10 KML). 
The order of magnitude of stability constants for the alkali metal complexes from the majority of 

workers is: Li+ > Na' > 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 ion 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 difference 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 M e o '  are not given in the paper but were calculated from their data (in Table I of 56s) and by 
use of the above equation (with 0.20 instead of 0.10). The constants were measu ed with a large excess of 
alkali metal ions and since it was shown by 62T that the use of an excess of M a +  lowers the magnesium 
stability constant with ATP, it is concluded that these constants are probably low. Using the same correction 
(0.22)+as discussed and used with ATP and with ADP below, the values of 2.22 for Lit, 1.71 for Na', and 1.54 
for K are tentatively 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 ion. 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, which 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 potentiometric 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 
370C 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 potassium 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 7 8 4  1.07 for 54M, 1.10 for 56S, 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 tetramethylammonium 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 
56S, 0.88 from the protonation constants, and 1.5 for 76K. The value of 0.88 is recommended for the Na' 
complex with AMPJ. 

A similar adjustment for the potassium complex gives 0.70 from the protonation constants, 0.72 for 56S, 
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 56s 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 2 5 T ,  
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 MgC12 which is about 0.3 units larger than published values, (see 89s). Here the use of the proper chloride 
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 (5mM) 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 82s 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 I1 of that paper the value of 
4.63 is listed as the average of three separate determinations at 250C 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 I1 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 k0.04 would best 
represent their results and this value is included as the selected constant in Table 3. 

The ion exchange values of 57N 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, 58Wa, 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, 845, 855) 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 64O(gl) at 4.82,78Gb(4.67), 86C(4.72), and 87S(4.64) averaging to 4.68 kO.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 MG(4.60) agreeing at 4.55 kO.05, 72F(4.46) and 87Sa(4.38) $freeing at 4.42 
kO.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 
Pr4N' to Me4N' 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 CaE 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 855 because 
of competition from sulfate ions; that of 640(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 MG(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 k0.08. This comparison predicts 4.55 - 0.33 = 4.22 k0.08, which is in agreement with 
average of 62T, 78M, 87S, and 88G at 4.24 k0.02 and therefore 4.24 is recommended for the value of the Ca 
complex with ATP. 

the 0.50 M ionic strength value of 88G is tentatively recommended. 

P: 
The higher ionic strength values of 84G and 86D are apparently low relative to the 0.10 M values but 

Strontium and Ba 'urn Comp exes of ATP 
For the Sry+ and B$+ 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 MAW 
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 87S, 62T, 
72F, and 88G at 2.32 kO.10 's recommended for the complex of M 2 +  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 *OM, 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 k0.06 hich 
predicts 2.32 - 0.17 = 2.15 kO.10. This agrees with the majority average and 2.16 is recommended for Cay+ + 
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 di ference between its MgHATP value and the recommended value, are tentatively 
recommended for the S J + ,  and Ba2+ complexes with HAW. 

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, MgzATP, 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 kO.1 is 
recommended for adding a second M 3 +  to MgATP. 

Two of the three papers that report values for the binuclear complex, Ca2ATP, have high values for 
CaATP and would be expected to be high here while 88G is low for Mg2ATP and appears to be low here too. 
Therefore these values are not recommended. 
Magnesium Complexes of AQP 

The values for the M 8 +  complexes with AQP by 57s were apparently determined in an excess of 
magnesium 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 58W 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 72F4$44), 778(4.43), and 87s adjusted to the recommended ATP value (4.46) at 
4.44 is recommended for the Mg c mplex with CTP. The values of 77S, 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 
77s adjusted a d 87s adjusted are tentatively recommended for MgUTP(4.43) and for MgTTP(4.50). 

For Ca" + CTP, the average of 77S(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 
k0.2) is recommended for Mg2+ + HCTP. The values of 73s for MgHGTP(2.31) and for MgHITP(2.34) are 
tentatively recommended. The average of 738(2.54) and adjusted 87s (2.61) at 2.58 is recommended for 
MgHUTP. 

The 87s values adjusted to the recommended H A W  value are tentatively recommended for 
CaHCTP(2.17) and for CaHUTP(2.70 . 

The MHL value of 72F for M&+ with CTP is tentatively recommended. The 83R values for M 3 +  and 
Ca2+ with CTP seem much too large compa ed to those of other nucleotide triphosphates and are not 
recommended. The MHL values of 73s for M$+ with GTP, ITP, and UTP are not recommended because of 
the assumption that the protons released are 

The binuclear complex of 72Fa for M2' with MgCTP rounded off to 1.8 is tentatively recommended. 

Alkaline Earth Metal Complexes of ADP 
The formation constant for the M$+ 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 ion. The values of 57N, 640,74E, and 77N are low for MgATF' 
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 re aining values, 59B(3.36), 62T(3.31), 66P(3.50), 72F(3.43), and 87Sa(3.54), at 
3.43 is recommended for the M$+ 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 kO.1 which predicts 4.55 - 1.1 = 3.45 k0.1 nd 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 

uivalent to the magnesium ions bound. 
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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 56M is probably low since the corresponding values for ATP and AMP4 are low. 

The average of the remaining values, 58W(3.09), 62T(3.00), 640(3.08), and 87Sa(3.16) at 3.08 k0.08 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 ltO.l which predicts 3.40 - 0.3 = 3.10 kO.1 and 
supports the recommended value. 

The values of 62T, adjusted the same as the difference between heir CaADP value and the 
recommended CaADP value, are tent tively recommended for the S?+ and B&+ 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 Y P  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 recomm nded. 

For the MHL complex of M$+ with HADP, after omission of 84P because of high values for MgADP 
and MgHATP; of 66P because of a high value with MgHATP; 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 k0.03. The latter average is recommended for MgHADP. The value of 72F(1.62) for 
MgHCDP is tentatively recommended. 

The values of 6 T af er adjust ent to the average of the MgHADP values, are tentatively 
recommended for the C$+', S$+,  and B?+ 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 M 2 +  with MgADP. The value of the binuclear 
complex of 72Fa for MgzCDP, 1.0, is also tentatively recommended. The value of 74F for Ca2ADP is not 
recommended because of the large NaADP constant used. 

Alkaline Earth Metal Complexes of AMP 
Values for the alkaline earth metal complexes of AMPS 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 MgAMPJ, 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 SrAMP-5 appears to be low and has too 
few details for eval ation. 

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 MgAMPJ 
values, after omission of a very large difference (69B) and of the smallest difference (57N), is 1.4 kO.1 which 
predicts 3.43 - 1.4 = 2.03 ltO.1, which is in agreement with the majority and 2.02 is therefore recommended. 

The average o 58W 1.90 and 62Ta(1.94) at 1.92, after correction for Na+ or K+ complexes, is 
recommended for C&+ + hi-5. The value of 87Sa is higher (2.26) and their value is also high with 
MgAMP-5. For the Sr2+, and Ba2+ complexes with AMP-5, the values of 62T adjusted relative to the 
magnesium value are tentatively recommended. The trend from MgAMPJ 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 SrAMP-5 
conforms to that expected from ionic size, that of 89M is inconsistent. 

Since 62Ta values were used for the AMPJ values and the 58Wa and 89M (same workers as 88Sa) 
Val es wer not the 62Ta alues adjusted to the MgAMPJ average are tentatively recommended for the 
M 2 + ,  Ca", Si2+, and Ba3+ complexes with AMP-3. 

For AMP-2, the average of 67T(2.02) and 72F(1.89) at 1.96 i recommended f r the Mg2+ complex and 
the adjusted values of 67T are tentatively recommended for the Caj', Sr2+, and B$+ complexes for internal 
consistency. The trend from AMP-3 to AMP-2 to AMP-5 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, 
84S,88M,88Ma on 88Sa), gives values in close agreement. Therefore the average of 73S(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), 84S( 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 MgTMPJ are recommended. 

The values of 88M, adjus ed in the same manner as was employed for the magnesium complexes, are 
tentatively recommended for Ca", S?+, and Ba2+ complexes with CMPd, UMPJ,  and TMP-5. The value 
of 88Ma for CaGMP-S(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 Mg2+ with AMP-5, with GMPJ,  with TMPJ, and with CMPJ  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(I1) 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 855 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 705 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 58W(5.12), 61B(5.09), 
62T(5.07), 66Pa(5.15), 77Sa(5.05), 80Db(5.14), and 835(5.16) agreeing at 5.11 k0.06. The average of seven of 
twelve differences between MgATP and MnATP values of those who measured both is 0.57 20.1 which pred'cts 

complex with ATP in 0.10 M Me4N' 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 835 at 2.85, 87s at 
2.74, 62H(2.64) and 66Pa(2.59) agreeing at 2. 2 and 62T at 2.39. The average of 62H, 66Pa, and 87s at 2.65 
k0.09 is recommended for the complex of M J '  with HATP. Four of six differences between MgHATP and 
MnHATP average to 0.2 kO.1 which predicts 2.31 + 0.2 = 2.7 kO.1, five of ten differences between MnATP, 
with no sodium or potassium complexes, and MnHATP averages to 2.5 kO.1 which predicts 5.11 - 2.5 = 2.6 kO.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 77S(4.99) for the Mn2+ complexes with GTP at 5.05 k0.06, 
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 58W(5.14), 778(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 20.07, the average of 
58W(5.15) and adjusted 87s (5.01) with UTPat 5.08 k0.07, and that of adjusted 87s at 5.1 for lT' are 
recommended. The values of 58W 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 k0.3) and 
for MnHUTP(2.62) are tentatively re ommended. 

Values for the complex of M>+ 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 MnATF' 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 705 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 k0.07. The average of four out of six differences between the MgADP and the 
MnADP values is 0.84 kO.10 which predicts 3.43 + 0.84 = 4.27 kO.10 and the average of nine out of eleven 
differences between the MnATP and MnADP values is 0.8 k0.2 whic redicts 5.11 - 0.8 = 4.3 k0.2. These 
differences support 4.29, which is recommended for the complex of Ma'with ADP in 0.10 M Me4N' media. 

The values of 56Sa are too low for MgHADP and for SrHADP 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 recomme ded for Mn2+ + HADP. 

The value of 84M for the Mnf+ complex with CDP is probably low because of the use of a protonation 
constant that is 0.2 units low and is not recommended. 

4.55 + 0.57 = 5.12 kO.1 in agreement with the majority and therefore 5.11 is recommended for the Mn !2+ 
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Values for the Mn2+ complex with AMP-5 have been reported in nine papers with a range from 2.49 to 
2.11 after conversion to 2 5 ~ 2 ,  0.10 M ionic strength, and correction for sodium or potassium complex 
formation. 

The values of 56Sa, 64S, 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 58W(2.45), 62Ta(2.49), and 66D(2.44) is 2.46 k0.03. The 
average of four differences between MgAh@-5 and MnAMP-5 is 0.45 k0.06 which predicts 2.02 + 0.45 = 2.47 
k0.06 and the average of three out of four differences between MnADP and MnAMP-5 is 1.84 k0.05 wh'ch 

complex with AMP-5 in 0.10 M 
For the complexes of M F '  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. 

predicts 4.29 - 1.84 = 2.45 k0.05. These support the value of 2.46 which is recommended for the Mn it 
N+ media. 

Iron (11) 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 (111). The 71R value at 1.00 M ionic strength seems to be high relative to those 
at 0.10 M for the other transition metal complexes. Therefore no iron (11) values are recommended. 

Cobalt Complexes 
Values for the complex of Co2' with ATP have been reported in fourteen papers with a range from 

7.07 to 4.4 after conversion to 25OC, 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 678(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 kO.09 which predicts 5.11 - 0.06 = 5.05 kO.09. The average of five differences between 
MgATP and CoATP is 0.56 kO.1 which predicts 4.55 + 0.56 = 5.11 kO.1. These differences are between the two 
groups and suggest that the e is a rather large uncertainty with this complex and an overall average of 5.1 kO.1 
is recommended for the Co" complex with ATP in 0.10 M Me4N' 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 kO.1 which predicts 2.65 
t 0.0 = 2.65 kO.1. 'I;his agrees with the average of 80Da, 66Pa, and 86C at 2.66 k0.07 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 CoITP; the average value of adjusted 58W(4.96), 84M(4.98), and adjusted 878(4.91) at 
4.95 for CoCTP; the average value of adjusted 58W(5.03), 78F(4.88), adjusted 878(4.86) at 4.95 for C o w ;  
and adjusted 87s at 4.91 for ColTP are recommended. The average value of 87S, adjusted by the difference 
between their C o y T P  value and the recommended CoHATP value, (2.9) and 84M(2.58) at 2.8 is 
recommended for Co + with HCTP, while that of adjusted 87s at 2.5 is tentatively recommended for Co2+ 
with HUTP. 

The complex of Co2+ 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 
form at i o n . 

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 58W 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 AMP4 differences and is v 
unlikely. Therefore the remaining value of 62Ta at 4.40 is tentatively recommended for the complex of Co $7 
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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 

For the MHL complex of Coy+ with HADP, the value of 62Ta at 2.01 is tentatively recommended 
because of the uncertainty of the 80Db and OM 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 ot recommended. 

The values of the C$+ complex with AMP4 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 SODb), and 88Sa are low for MnAMP-5 and are probably low here as well. The 
value of 80M is low for CoADP and is low here too. The remaining values of 58W(2.71), 62Ta(2.62), 
66D(2.66), and 77P(2.53) agree at 2.62 k0.09. The five differences between MnAMP-5 and CoAMP-5 average 
0.19 kO.08 which predicts 2.46 + = 2.65 kO.08, in agreement with the average. Therefore 2.62 is 
recommended for the complex of C$"with AMP4 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 SgM(2.32) at 2.32 is 
recommended for CoAMP-2. The values of 88M for CoCMP-5, CoUMP-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 CoCMP-5. The MHL value 
of 66D for CoHAMP-3 is too small for accurate measurement by potentiometry and is not recommended. 

d CoADP. 

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 25OC, 0.10 M ionic strength, and correction for sodium or potassium complex 
formation. 

The values of 60B, 78R, and SOD 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), 61H(5.3), 
66Pa(5.31), 67S(5.20), 72F(5.12), and 87S(5.21), at 5.21 kO.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 kO.1 which predicts 4.55 + 0.68 = 5.23 kO.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 SOD at 2.61. The three 
differences between MgHATP and NiHATP average to 0.50 k0.07 which predicts 2.31 + 050 = 2.81 kO.10 
which supports the average of 87S, 72F, and 62T at 2.79 k0.07 and that is recommended for Ni2+ t HATP. 

The values of 77C at 5.08 for NiITP; 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 N i r r P  at 4.87 are recommended. The values of 73T and of 83R are 
not recomme ded. The average of the MHL values of 72F, 84M, and 87s at 2.7 is recommended for the 
complex of N?+ with HCTP and that of adjusted 7s at 2.4 is tentatively recommended for NiHUTP. 

NiAMPJ 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 kO.1 is 
recommended for the complex of N$+ with ADP in 0.10 M tetramethylammonium medium. 

After eliminating the SOD 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 AMPJ 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-S(SOM), and NiADP and those 
of SOD 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 NiAMP-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 Z a p - 5  is 0.14 kO.1 which suggests 2.62 + 
0.14 = 2.76 k0.1 for NiAMP-5. The three differences between CuAMP-5 and NiAMP-5, where both were 
reported in the same paper, average to 0.44 kO.10 which predicts 3.22 - 0.44 = 2.78 kO.10 and the three 
differences between NiATP and NiAMP-5, with no sodium or potassium complexes, average to 2.44 kO.06 
which predicts 5.21 - 2.44 = 2.78 kO.10. These differences support 2.76 and this is recommended for NiAMP-5 
in 0.10 M tetramethylammonium medium. 

Four papers have reported values for Ni 2+ with ADP. The values of 79M and SOD are low with 
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For NiAMP-3 and NiAMP-2, the values of 62Ta are close to those for NiAMP-5 while the values of 72F, 
76Ta, 80Ta, and 89 show a decrease of about 0.6 to NiAMP-3 and about 0.5 to NiAMP-2. The trend of these 
differences for MnE and for Co2+ in 62Ta sh ws an increasing difference from AMP-5 to AMP-3 of 0.12 and 
0.33, which supports the 0.6 difference for Nif+. 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 Co2+-Nib+ 
differences are similar to those between the recommended values. 

The values of 85K are high for MnCMP-5, 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 Ni3+ complexes. 
The MHL values reported for AMP-5, for AMP-3, for AMP-2, and for CMPJ  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 2 5 T ,  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(I1) 
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, 64Sa(6.66), 66Pa(6.82), 678(6.73), 85T(6.67), and 878(6.69) 
agreeing at 6.74 k0.08, and 62T(6.42), 78M(6.38), and 83W(6.46) agreeing at 6.42 k0.04. Seven out of nine 
differences between MgATP and CuATP, for those who measured both, average to 1.9 k0.1 which predicts 4.55 
+ 1.9 = 6.45 kO.1 and seven of eleven differences between MnATP and CuATP average to 1.3 kO.1 which 
predicts 5.11 + 1.3 = 6.41 kO.1. The two sets of differences a ree with the group reporting the lower constants 
and therefore 6.42 is recommended for the complex of Cu4+ 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 k0.02, 83W(3.45) and 86C(3.43) agreeing at 3.44 kO.01, 62H at 3.25, and 62T at 3.12. Four of five 
differences between MgHATP and CuHATP have a median of 1.03 kO.1 which predicts 2.31 + 1.03 = 3.34 
kO.l. Four of seven differences between MnHATP and CuHATP have a median of 0.73 kO.1 which predicts 
2.65 + 0.73 = 3.38 kO.l. The median of 62H, 83W, and 86C(K+) at 3.35 kO.10 agrees with these differences 
and is recommended for Cu2+ + HATP. 

For the other nucleotide triphosphates, the values of 77s at 6.28 for CuGTP; of 77C at 6.34 for CuITP; 
of the average of 77S(6.1), 84M(5.93), and 87S, adjusted by the difference between their W T P  value and the 
recommended CuATP value, (6.11) at 6.02 for CuCTP; of the average of adjusted 87S(3.56) and 84M(3.42) at 
3.49 for CuHCTP; of 78F(5.88), 85T(6.16), and adjusted 878(5.95) at 6.0 for CuUTP; of 85T at 2.8 for 
CuHUTP; and of the average of 778(6.05), and adjusted 878(5.9) at 6.0 for C u m  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 v 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 Cu2+ with AMP-5 but the values from the 
researchers of 80D (80Da, 80Db) are low with MnAMP-5, CoAMP-5, and NiAMP-5 and appear to be low 
here. This leaves 88A at 3.7 and 62Ta(3.27), 643(3.17), and 88Sa(3.27) agreeing at 3.22 k0.05. The later value 
of 3.22 is recommended for CuAMP-5. 

The average of 62Ta(3.05) and tlgM(2.88) is recommended for CuAMP-3 and that of 67T(3.25) and 
89M(3.14) at 3.20 k0.06 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 C u m - 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 Zn2+ 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 855 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), 678(5.56), 78M(5.45), and 878(5.51) 
agreeing at 5.50 k0.06 and 61B(5.12), 62T(5.14), 80Db(5.21), and 85M(5.21) agreeing at 5.16 k0.05. Eight of 
fourteen differences between CuATP and ZnATP, for those who measured both, average to 1.25 kO.10 which 
predicts 6.42 - 1.25 = 5.17 k0.10 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 k0.06. Three differences 
between NiHATP and ZnHATP average to 0.04 i O . 0 4  which predicts 2.79 - 0.04 = 2.75 50.07 and six of nine 
differences between CuHATP and ZnHATP average to 0.7 k0.2 which predicts 3.35 - 0.7 = 2.65 i0.2. These 
values support the average of 58Wa, 62T, and 79Mc at 2.69, which is recommended for Zn2+ + HATP. 

For the other nucleotide triphosphates, the average values of 778(5.14), 84M(5.08), and 87S, 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 87S(2.88) at 2.88 for ZnHCTF'; of 78F(5.10) adjusted 878(5.01) at 5.06 for ZnUTP and 
at 2.56 for ZnHUTP; of 778(5.24) and adjusted 87S(5.03) at 5.1 for Z n m ;  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 CoADP and appears to be low here 
als%+ Therefore the average of SSWa(4.33) and 62Ta(4.48) at 4.41 kO.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 Val es are recommended for MnHADP, CoHADP, NiHADP, and CuHADP the value of 62Ta at 
2.04 for the Z>+ 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 AMPJ constants with metal ions. The 64s value is very low 
for CoAMP-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 Zn2+ 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 i0.04 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 
Zn2+ 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 alue is even lower, the 84C value involved a wrong protonation constant, and 85B used a 
large excess of Cd5+. Therefor the average of 84Sa and 87s (from the same research group) at 5.68 is 
tentatively recommended for Cd5+ + ATP at 250C, 0.10 M ionic strength, and corrected for sodium or 
potassium complex formation. 



1072 COMMISSION ON EQUILIBRIUM DATA 

The average of 84Sa p d  87s at 3.00 is tentatively recommended for Cd2+ + HATP as well as for 
Cd2+ + Cl'P at 5.33 and Cd + + HCTP at 3.16. The values of 87s at 5.41 for CdUTP, at 2.89 for CdHUTP, 
and at 5.34 for CdlTP are tentatively recommended. 

The 84P values for CdATP are low and the CdADP values appear to be low nd are not recommended. 
The values of 88M, 88Sa, and 89M, after adjusting the same as the Z>+ values differ from the 

recommended Zn2+ values, are tentatively recommended for CdCMP-5, for CdUMPd, and for CdTMP-5. 
The value of 88Ma for CdGMPd is much larger than the above values and is not recommended. 

Other Metal C mplexes 
The Be" Val e with ATP is not recommended because other values from the same paper are low. 
With S$+, Yy+, 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 Eu4+ 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 odium complex formation, are tentatively recommended. 

The Fe5+ values of 68R are based on high protonation constants and are not recommended. 
The V02+ 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 

Na+( +0.11), as discussed under the alkali metal constants, and then to 0.10 M Me4N+(+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 AMPJ  value which would not 
be expected an therefore these values are not recommended. 

With A$+ there are not enough etails in 80V for proper evaluation, the results of 875 indicate a much 
larger value for A13+ + ADP than for A$+ + 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. 0. Yamauchi for reading the manuscript and making useful suggestions. 
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Table 4. Recommended Nucleotide Protonation and Complexation Enthalpy Changes 
(ZS'C, 0.10 M, kJ/mol) 

~~~ ~~ 

AH AH AH AH 
Ligand Equilibrium H +  + L  ~ g 2 +  + L Ca2+ + L Eu3+ + L 

ATP 

GTP 

m 

CTP 

m 

ADP 

GDP 

IDP 

CDP 

UDP 

AMP-5 

AMP-3 

AMP-2 

GMP-5 

IMP-5 

CMP-5 

UMPd 

ML/M.L -0.8 f 0.8(R) 
MHL/M.HL -15.0 f 0.8(R) 
ML/M.L -0.4 f 2 (T) 
MHL/M.HL -l3 f 4 0  
ML/M.L -1.3 f 2 (T) 
MHL/H.HL -8 f 4 (T) 
ML/M.L -0.4 f 2 (T) 
MHL/M.HL -21 f 4 (T) 
ML/M.L +0.4 f 2 (T) 
MHL/M.HL -21 f 4 (T) 
ML/M.L -2.9 f 2 (R) 
MHL/M.HL -17.2 f 1 (R) 
ML/M.L -1.7 f 2 (T) 
MHL/M.HL -l3 f 4 (T) 
ML/M.L -2.5 f 2 (T) 
MHL/M.HL -8 f 4 (T) 
ML/M.L -2.5 f 2 (T) 
MHL/M.HL -21 f 4 (T) 
ML/M.L -3.3 f 2 (T) 
MHL/M.HL -21 f 4 (T) 
ML/M.L -4.2 f 2 (R) 
MHL/M.HL -17.6 f 1 (R) 
ML/M.L -2.9 f 2 (T) 
MHL/M.HL -16.3 f 2 (T) 
ML/M.L -3.3 f 2 (T) 
MHL/M.HL -16.7 f 2 (T) 
ML/M.L -1.7 f 2 (T) 
MHL/M.HL -l3 f 4 (T) 
ML/M.L -2.1 f 2 (T) 
MHL/M.HL -8 f 4 (T) 
ML/M.L -2.1 f 2 (T) 
MHL/M.HL -21 f 4 (T) 
ML/M.L -3.3 f 2 (T) 
MHL/M.HL -21 f 4 (T) 

+18.8 f 0.8(R) 
+9.6 f 0.8(R) 

+18.0 f 0.8(T) 

+18.8 f 0.8(T) 

+18.4 f 0.8(T) 

+l3.4 f 0.8(T) 
+7.5 f 1 (T) 

+14.2 f 0.8(T) 

+U.4 f 0.8(T) 

+7.5 f 0.8(T) 

+7.9 f 2 (T) 

+79 f 2 (T) 

+7.1 f 0.8(T) 

+7.5 f 0.8(T) 

+14.2 f 0.8(T) +42 f 4(T) 
+79 f 0.8(T) 

+21 f 4(T) 
+6.3 f 1 (T) 

+4.2 f 1 (T) 0 f 4(T) 

AH AH AH AH AH 
Ligand Equilibrium Li+ + L Na+ + L K+ + L  Rb+ + L  c s +  + L 

ATP ML/M.L -4 f 4 (T) -0.8 f 0.8(T) +1.3 f O.S(T) +4 f 4 (T) +8 f 4 (T) 
~~ ~~~ 

AH AH AH AH AH 
Ligand Equilibrium Mn2+ + L co2+ + L Ni2' + L cu2+ + L 22' + L  
~ ~~ 

ATP ML/M.L + N O  f 0.2(T) +18.8 f 0 . 8 0  [+12] f 3 (T) +3.3 f 0.8(T) +16.3 f 0.8(T) 
MHL/M.HL -14.6 f O.S(T) +4.6 f 0.8(T) 
M2L/ML.M +NO f 0 . 8 0  +l2.6 f 0.8(T) 

ADP ML/M.L +l3.4 f 0.8(T) +11.7 f 2 (T) +6.3 f 0.8(T) [-1.31 f 3 (T) [+lO.S] f 3 (T) 
AMP-5 ML/M.L +9.2 f 0 . 8 0  -0.4 f 2 (T) -10.5 f 0.8(T) [-17] f 4 (T) [-41 f 4 (T) 
AMP-3 ML/M.L +9.6 f 2 (T) -25 f 3 (T) -10.0 f 2 (T) [-17] f 4 (T) [-41 f 4 (T) 
AMP-2 ML/M.L +9.2 f 2 (T) -21 f 3 (T) -10.0 f 2 (T) [-17] f 4 (T) [-41 f 4 (T) 

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

LogKin Log Kin LogKin * K i n  LogKin 
Ligand Equilibrium 0.10 M Pr4N' 0.10 M E t g '  0.10 M MyN' 0.10 M K' 0.10 M Na' 

AQP 

ATP 

GTP 

ITP 

CTP 

UTP 

'ITP 

ADP 

GDP 

IDP 
CDP 

UDP 
AMP-5 

AMP-3 

AMP-2 

GMP-5 

GMP-3 
IMP-5 
CMP-5 

CMP-3 
UMP-5 

TMP-5 

HL/H.L 
HzL/H.HL 
HL/H.L 
HzL/H.HL 
H3L/H.H2L 
L/H.(H.iL) 
HL/H.L 
HzL/H.HL 
L/H.(H.lL) 
HL/H.L 
HzL/H.HL 
HL/H.L 
HzL/H.HL 
L/H.(H.+) 
HL/H.L 
HzL/H.HL 
L/H.(H.&) 
HL/H.L 
HL/H.L 
H2L/H.HL 
HL/H.L 
H2L/H.HL 
HL/H.L 
HL/H.L 
HzL/H.HL 
HL/H.L 
ML/H.L 
H2L/H.HL 
ML/H.L 
H2L/H.HL 
ML/H.L 
HzL/H.HL 
ML/H.L 
HzL/H.HL 
M2L/H.HL 
ML/H.L 
ML/H.L 
HzL/H.HL 
MZL/H.HL 
L/H.(H.lL) 
HL/H.L 
L/H.(H.+) 
HL/H.L 

7.46 f O.O5(T) 7.42 f O.OS(T) 

6.% f O.O5(R) 
4.03 f O.OS(T) 

6.93 f 0.07(R) 
3.99 f 0.06(T) 

7.25 f 0.05(T) 

6.79 f 0.07(R) 
3.96 f 0.08(T) 

6.77 f 0.05(R) 
4.05 f 0.05(T) 
6.50 f 0.06(R) 
4.02 f 0.08(R) 

6.95 f O.OS(T) 
3.0 f 0.1 (T) 

7.01 f O.O5(T) 

6.99 f 0.05(T) 

6.90 f O.O5(T) 

6.65 f 0.05(R) 6.63 f 0.05(R) 

6.71 f O.O5(T) 

6.69 f 0.05(T) 
6.68 f O.OS(T) 

6.68 f O.O5(T) 
6.35 f 0.05(R) 6.34 

6.39 & O.OS(T) 

6.34 f 0.05(T) 
6.31 f O.OS(T) 

6.34 f 0.04(T) 

0.05(T) 

2.2 f 0.1 (T) 
6.55 f 0.09(R) 

6.55 f 0.05(R) 6.36 f 0.05(R) 
3.95 f O.O5(T) 

6.29 

6.40 f 0.05(T) 
4.45 f 0.05(T) 

0.02(R) 6.21 f 0.02(R) 
3.80 f 0.07(R) 
5.80 f 0.05(R) 
3.64 f 0.05(R) 
6.01 f 0.05(R) 
3.70 f 0.06(R) 

3.79 f O.O7(T) 

6.19 f O.OS(T) 
6.27 f 0.04(R) 
4.32 f 0.08(R) 

6.65 f 0.05(T) 

6.44 f 0.08(R) 
3.98 f O.lO(R) 
1.8 f 0.1 (R) 
9.68 f 0.05(T) 
6.37 f 0.08(R) 

9.15 f O.OS(T) 
6.37 f 0.05(R) 

6.45 f 0.05(R) 
4.43 f 0.05(T) 
9.59 f 0.05(T) 
6.42 f 0.08(R) 
1.9 f 0.1 (T) 
9.78 f 0.05(T) 
6.40 f 0.05(T) 
6.31 f 0.09(R) 
3.94 f 0.05(R) 
6.2 f 0.1 (T) 
2.8 f 0.1 (T) 

6.3 f 0.1 (T) 

6.4 f 0.1 (T) 
6.18 f 0.08(R) 
3.80 f 0.07(R) 
5.72 f 0.06(R) 
3.60 f 0.06(R) 
5.85 f 0.06(T) 
3.64 f 0.06(T) 
6.20 f 0.06(R) 
2.32 f 0.06(R) 
2.15 f 0.06(T) 

6.15 f O.M(R) 
4.31 f 0.09(R) 
4.24 f 0.09(T) 
9.39 f 0.08(R) 
6.04 f 0.09(T) 
9.79 & 0.08(T) 
6.24 f 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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Table 5 (continued) 
~ ~~ 

LogKat LogKat 
Ligand Equilibrium So, -4 37', 0.15 M Na' 

ATP HL/H.L 
H2L/H.HL 
H3L/H.H2L 

GTP HL/H.L 
ITF' HL/H.L 
CTF' HL/H.L 
UTP HL/H.L 
ADP HL/H.L 

GDP HL/H.L 
IDP HL/H.L 
CDP HL/H.L 
UDP HL/H.L 

HzL/H.HL 

AMPJ ML/H.L 
H2L/H.HL 

GMP-5 ML/H.L 
IMP-5 ML/H.L 
CMP-5 ML/H.L 
UMPJ ML/H.L 

7.68 f O.OS(T) 

1.91 f O.OS(T) 
7.65 f O.O5(T) 
7.68 f O.O5(T) 
7.65 f O.OS(T) 
7.58 f O.OS(T) 
7.20 f O.O5(T) 

7.19 f O.OS(T) 
7.18 f O.OS(T) 
7.18 f 0.05(T) 
7.16 f O.OS(T) 
6.67 f O.O5(T) 

6.66 f O.OS(T) 
6.66 f O.OS(T) 
6.62 f 0.05(T) 
6.63 f 0.05(T) 

6.40 f O.O8(R) 
3.92 f O.OS(R) 

6.27 f O.OS(R) 
3.82 f O.OS(R) 

6.14 f 0.05(R) 
3.67 f 0.06(R) 

Log K at Log K at Log K at 
Ligand Equilibrium 25', 0.25M (Medium) 25', 0.50M (Medium) So, 1.00M (Medium) 
ATP HL/H.L 6.93 f O.O5(T) (Pr4N') 6.98 f O.OS(T) (Pr4N') 7.14 f O.O5(T) (Pr4N') 

6.88 f 0.05(R) (Et4N') 
6.73 f O.OS(T) (Me4N') 
6.34 f 0.05(T) (K'j 
6.27 f O.OS(T) (Na )+ 

3.96 f O.OS(T) (MyN ) 
3.98 f 0.05(T) ("'1 3.98 f O.O5(T) (K'L 
3.98 f 0.05(T) (Na ) 3.99 f 0.05(R) (Na ) 4.00 f 0.05(R) (Na ) 

6.91 f O.OS(T) (Et4N') 
6.69 f 0.05(T) (Me4N ) 6.72 f O.OS(T) (Me4N ) 
6.16 f O.O5(T) (K'j 
6.07 f O.OS(T) (Na ) 

7.03 f O.OS(T) (Et4N') 

6.03 f 0.06(R) (K'J 
5.93 f O.OS(T) (Na ) 

H2L/H.HL 3.98 f O.O5(T) (Pr4N ) 4.04 f 0.05(T) (Pr4N') 4.19 f O.OS(T) (Pr4N') 
3.95 f O.OS(T) (EL,N+) 

3.99 f O.OS(R) (K'j 

(R) = recommended value. (T) = tentatively recommended value. f = estimated uncertainty of recommended value. 
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Table 6. Recommended Nucleotide Metal Ion Complexation Constants (log K, 2S°C, 0.10 M Me4N') 

Ligand Equilibrium Li + Na+ K+ Rb+ Cs + 

AQP ML/M.L 2.22 f O.O5(T) 1.71 f 0.05(T) 1.54 f 0.05(T) 
ATP ML/M.L 1.78 f 0.08(R) 1.31 f 0.03(R) 1.17 f 0.03(R) 1.11 f 0.05(T) 1.06 f 0.05(T) 
ADP ML/M.L 1.32 f O.O5(T) 1.12 f 0.04(R) 1.00 f 0.05(R) 
AMP-5 ML/M.L 1.22 f 0.05(T) 0.88 f 0.07(R) 0.70 f 0.06(R) 

Ligand Equilibrium Mk?+ ca2 + S?+ Ba2+ 

ATP 

GTP 

m 

m 

UTP 

l T P  
ADP 

CDP 

UDP 
AMP-5 
AMP-3 
AMP-2 
GMP-5 
CMP-5 
UMP-5 
TMP-5 

ML1M.L 
MHL/M.HL 
MZL/M.ML 
ML/M.L 
MHL/M.HL 
ML/M.L 
MHL/M.HL 
ML/M.L 
MHL/M.HL 
MZL/M.ML 
ML/M.L 
MHL/M.HL 
ML/M.L 
ML/M.L 
MHL/M.HL 
M2L/M.ML 
ML/M.L 
MHL/M.HL 
M2L/M.ML 
ML/M.L 
ML/M.L 
ML1M.L 
ML/M.L 
ML/M.L 
ML/M.L 
ML/M.L 
ML/M.L 

4.55 f 0.07(R) 
2.32 f 0.10(R) 
1.7 f 0.1 (R) 
4.49 f O.O7(T) 
2.31 f O.O5(T) 
4.44 f 0.07(T) 
2.34 f O.lO(T) 
4.44 f 0.07(R) 
2.22 f O.lO(T) 
1.8 f 0.1 (T) 
4.43 f 0.07(T) 
2.58 f 0.10(R) 
4.50 f 0.07(T) 
3.43 f O.lO(R) 
1.61 f 0.03(R) 
1.0 f 0.1 (T) 
3.44 f O.lO(T) 
1.62 f 0.10(T) 
1.0 f 0.1 (T) 
3.35 f O.lO(T) 
2.02 f O.lO(R) 
1.94 f O.lO(T) 
1.98 f O.lO(R) 
1.99 f O.lO(R) 
1.93 f O.lO(R) 
1.94 f 0.10(R) 
1.96 f 0.10(R) 

4.24 f O.M(R) 
2.16 f O.M(R) 

4.14 f O.O7(T) 

4.14 f O.O7(T) 

4.U f 0.07(T) 
2.17 f 0.10(T) 

4.14 f 0.07(T) 
2.70 f O.lO(T) 
4.16 f O.O7(T) 
3.08 f 0.08(R) 
1.65 f O.lO(T) 

1.92 f 0.10(R) 
1.85 f O.lO(T) 
1.88 rt O.lO(T) 

1.86 f O.lO(T) 
1.90 f 0.10(T) 
1.86 f O.lO(T) 

3.82 f O.M(T) 
2.08 f O.lO(T) 

3.57 f 0.07(T) 
1.88 f 0.10(T) 

2.76 f 0.08(T) 
1.60 f O.lO(T) 

2.58 f 0.08(T) 
1.51 f O.lO(T) 

1.84 f O.lO(T) 
1.76 f O.lO(T) 
1.79 f O.lO(T) 

1.78 f O.lO(T) 
1.74 f O.lO(T) 
1.76 f O.lO(T) 

1.77 f O.lO(T) 
1.85 f O.lO(T) 
1.79 f 0.10(T) 

1.72 2 0.10(T) 
1.74 f 0.10(T) 
1.72 f O.lO(T) 

ATP 

GTP 
ITP 
CTP 

UTP 

m 
ADP 

AMP-5 
AMP-3 
AMP-2 
CMP-5 
UMP-5 
TMP-5 

ML/M.L 
MHL/M.HL 
ML/M.L 
ML/M.L 
ML1M.L 
MHL/M.HL 
ML/M.L 
MHL/M.HL 
ML/M.L 
ML/M.L 
MHL/M.HL 
ML/M.L 
ML/M.L 
ML/M.L 
ML/M.L 
ML1M.L 
ML/M.L 

5.11 f 0.07(R) 
2.65 f 0.09(R) 
5.05 f 0.07(R) 
5.07 f 0.07(T) 
5.08 f 0.08(R) 
3.0 * 0.3 (T) 
5.08 f 0.07(R) 
2.62 f 0.09(T) 
5.1 f 0.1 (T) 
4.29 f 0.07(R) 
1.89 f O.lO(T) 
2.46 f 0.07(R) 
2.32 f O.M(R) 
2.41 f O.M(R) 
2.36 f O.O7(T) 
2.37 f 0,07(T) 
2.37 f 0.07(T) 

5.1 f 0.1 (R) 
2.66 f 0.07(R) 
5.11 f 0.07(T) 
5.U f 0.07(R) 
4.95 f 0.07(R) 
2.8 f OZ(T) 
4.95 f 0.09(R) 
2.5 f 0.2 (T) 
4.91 f 0.07(T) 
4.40 f 0.07(T) 

2.62 f 0.07(R) 
2.22 f 0.07(R) 
2.32 f 0.07(R) 
2.28 f 0.07(T) 
2.29 f 0.07(T) 
2.31 f O.O7(T) 

2.01 f O.lO(T) 

5.21 f O.lO(R) 
2.79 f 0.07(R) 

5.08 f O.M(T) 
4.84 f 0.07(R) 
2.7 f 0.1 (R) 
4.82 f O.O7(T) 
2.4 f 0.1 (T) 
4.87 f 0.07(T) 
4.5 f 0.1 (R) 
2.31 f 0.05(R) 
2.76 f 0.07(R) 
2.24 f 0.07(R) 
2.34 f O.O7(T) 
2.34 f 0.07(R) 
2.37 f 0.07(R) 
2.32 f 0.07(R) 

6.42 f 0.07(R) 
3.35 f O.lO(R) 
6.28 f 0.07(T) 
6.34 f 0.07(T) 
6.02 f 0.07(R) 
3.49 f 0.07(R) 
6.0 f 0.1 (R) 
2.8 f 0.1 (T) 
6.0 f 0.1 (R) 
6.03 f 0.07(T) 
2.63 f 0.10(T) 
3.22 f 0.07(R) 
2.97 f 0.09(R) 
3.20 f 0.07(R) 
2.97 f 0.07(T) 
2.90 f O.O7(T) 
3.00 f O.O7(T) 

5.16 f 0.07(R) 
2.69 f 0.06(R) 

5.09 f 0.07(R) 
2.88 f 0.07(R) 
5.06 f 0.07(R) 
2.56 f 0.07(T) 
5.1 f 0.1 (R) 
4.41 f 0.07(R) 
2.04 f O.lO(T) 
2.76 f 0.07(T) 
2.61 f 0.07(R) 
2.69 f O.O7(T) 
2.42 f 0.07(T) 
2.38 f O.O7(T) 
2.46 f 0.07(T) 
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Table 6 (continued) 

Ligand Equilibrium Cd2+ TI+ Y3+ 

ATF' ML/M.L 5.68 f 0.07(T) 2 5  f 0.1 0 6.64 f O.O7(T) 
MHL/M.HL 3.00 f 0.07(T) 3.64 f O.O7(T) 

CTP ML/M.L 5.29 f O.M(T) 
MHL/M.HL 3.16 f 0 . 0 7 0  

ADP ML/M.L 1.7 f 0.1 (T) 
AMP-5 ML/M.L 3.04 f 0.07(T) 4.48 f O.O7(T) 

MHL/M.HL 2.76 f O.O7(T) 
CMP-5 ML/M.L 2.53 f O.M(T) 
UMP-5 ML/M.L 2.51 f 0.07(T) 
TMP-5 ML/M.L 2.55 f 0.07(T) 

Ligand Equilibrium La3+ Nd3 + Eu3+ D3+ Tm3' 
~~~ ~~ 

ATP ML/M.L 6.32 f O.O7(T) 6.58 f O.M(T) 6.66 f O.07(T) 6.72 f 0 . 0 7 0  6.80 f O.O7(T) 
MHL/M.HL 3.52 f O.O7(T) 3.63 f 0.07(T) 3.65 f 0.07(T) 3.66 f O.O7(T) 3.67 f O.O7(T) 

AMP-5 ML/M.L 3.91 f 0.07(T) 4.22 f O.O7(T) 4.63 f 0.07(T) 4.70 +- 0.07(T) 4.59 f O.O7(T) 
MHL/M.HL 2.76 f 0.07(T) 2.74 f 0.07(T) 2.72 f 0.07(T) 2.71 f 0.07(T) 2.70 f 0.07(T) 

(log K, 37'C, 0.15 M Na+) 
~~ 

Ligand Equilibrium Na + Mg2 + Ca2+ 
~~ ~ ~ 

ATP ML/M.L 0.83 f 0.10(R) 4.34 f 0.07(R) 3.99 f 0.07(R) 
MHL/M.HL 2.39 f O.O7(R) 2.21 f O.M(T) 

ADP ML/M.L 0.71 f O.lO(R) 3.22 f 0.07(R) 2.85 f 0.07(R) 
MHL/M.HL 1.57 f 0.07(R) 1.52 f 0.07(T) 

AMP-5 ML/M.L 0.36 f O.lO(R) 1.92 f O.lO(R) 1.68 f 0 . 1 0 0  

Ligaud Equilibrium Mn2+ co2+ Ni2 + cu2+ zn2 + 

ATF' ML/M.L 4.79 f 0.07(R) 4.8 f 0.1 (R) 4.86 f 0.07(R) 5.99 f 0.07(R) 4.83 f 0.07(R) 
MHL/M.HL 2.90 f 0.07(R) 2.61 f 0.07(R) 

ADP ML/M.L 4.08 f 0.07(R) 4.18 f 0.07(T) 4.2 f 0.1 (R) 5.71 rt O.O7(T) 4.18 f 0.07(R) 
AMP-5 ML/M.L 2.38 f 0.07(R) 2.48 f 0.07(R) 2.6 f 0.1 (R) 2.94 f 0.07(R) 2.58 f O.O7(T) 

(log K, 25'C, corrected for background electrolyte) 

Ligand Equilibrium M 2 + ,  4 M ~ + , O S O M  c a 2 + , o S ~  

ATP ML/M.L 5.85 f O.M(R) 4.50 f 0 . 0 7 0  4.10 f 0 . 0 7 0  
MHL/M.HL 2.1 f 0.1 (T) 1.93 f O.lO(T) 

(R) = recommended value. (T) = tentatively recommended value. f = estimated uncertainty of recommended value. 
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