Metal Chelates

Introduction

Organic compounds that coordinate metal ions into circular
structures (chelate circles) are called chelating reagents. Most
chelating reagents include oxygen, nitrogen, or sulfur atoms in
their molecules. Chelate structures with five or six member rings
form the most stable chelate circle. In chelating reactions of typical
chelating reagents, such as ethylenediamine, acetylacetone,
and oxine, several molecules are coordinated with one metal
ion. Ethylenediamine tetraacetic acid (EDTA), which has many
coordinated atoms, forms a very stable chelate between one
molecule of EDTA and metal ion. Chelating reagents are used
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for chelate titration, isolation, and separation of metal ions. They
are also used to mask certain ions, to solubilize metals in organic
solvents, and for gas chromatography of metal ions. Metal
indicators are chelating reagents that can be used to colorimetrically
or fluorometrically determine metal ion concentration in solutions.
Acetylacetone (AA) and its analogs are used for solvent extractions
of metal ions from aqueous solutions. These metal complexes are
used as catalysts of polymerization, dryness, and combustion.
Chelating reagents, including EDTA, EDTA analogs, metal salts, and
others, are available in bulk quantities from Dojindo. The following
table indicates the stability constants of chelators with various metal
ions and chelate reagents.

Metal EDTA  NTA  CyDTA DTPA EDTAOH GEDTA  TTHA® DHEG  IDA  ©OTPAOH  NTP  MeEDTA HIDA  EDDP EDTPO NTPO  BAPTA
Agl) 732 516 815 870 671 688 867 (13.89)

Al 1613 950 1863 1840 1243 1390  19.7(28.90) 816 1440 - - - - - -
Am(ll)  18.16 1879 22.92 6.93 9.75 2247

Ball) 776 483 864 863 554 841  822(1163) 167 491 810 342 11.14 - 577
Be(l) 927 741 1081

Bi(l) 2790 3120 2970 2180 2380

Bk(ll) 1960 2279

Call) 1096 641 1250 1074 814 1100  10.06(14.16) 259 669 1040 530 100 693 668 697
cd(l) 1646 954 1923 1931 1360 1670  1865(26.85) 630 573 1210 340 1600 741 560 1653 - 12.20
Ce(ll) 1598 1083 1676 2050 1411 1570 19.20 750 618 1679 850 2110 -
Ce(lv) 2420 1097

ofiy  19.09 1942 2257 9.61
cm(ll)y 1845 1881 22.99 9.27 2189

Col) 1631 1038 1892 1840 1440 1250  17.1(2880) 610 695 1392 480 1440 900 730 1549 - 8.70
Co(lll)  40.60 2960

oy 1361 773

oy 2340 >10 254

Cs() 015

Cufly 1880 1296 2130 2153 1735 1780  192(3260) 860 1063 1721 910 1770 1338 1510  18.95 - 1.70
Dy(l) 1830 1174 1969 2282 1530 1742 2329 760 688 1909 888 - - -

Er(l) 1838 1203 2020 2274 1542 1740 1319(2692) 770  7.09 1961 924 - - -

Eul) 1735 1152 1877 2239 1535  17.10 2385 800 673 1826 899 - - -

Fe(l) 1433 884 1627 1655 1220  11.92 17.10 431 580 1290 1430 678 630 - -

Fe(lll 2510 1587 2805 2860 1980 2050 268 (40.50) 10.42 1164 1310 1960 -
Fm(ll) 2270
Ga(lll) 2027 1360 2291 2300 1690 9.01
Gd(ll) 1700 1154 1880 2246 1522 1694 2383 770 668 18.21 2180 -

Hi(V) 2050  20.34 3540 19.08 14.63

Hg(l) 2180 1460 2430 2700 2010 2312  268(39.40) 1447 1176 1840 270 548

Ho(ll) 1805 1190 1989 2278 1532  17.38 2359 760 697 1930 914 2185 -

In(lly 2495 1690 2874 2900  17.16 9.54 11.00

La(l) 1550 1036 1675 1948 1346 1579  2222(2562) 730 588 1642 800 580 2115 -

Li() 279 251 413 - - 117

Lully 1965 1249 2091 2244 1588  17.81 750 761 - - 2056 950 - - -

Mg(l) 869 546 1032 930 700 521  810(1438) 115 294 530 <1 880 350 160 569 649 177
Mn(l) 1404 744 1678 1560 1070 1230  1468(21.49)  3.90 9.06 1450 640 340 1270 - 873
Mn(ll)  24.80 28.90

* The data in parentheses are the stability constants of the 2:1 (metal:chelate) complexes




Metal Chelates

Table 1 Stability Constants (continued)

Metal EDTA NTA CyDTA DTPA  EDTAOH  GEDTA TTHA* DHEG IDA DTPA-OH NTP Me-EDTA  HIDA EDDP  EDTPO NTPO  BAPTA
Mo(V)  6.36 - 17.68 - - - - - - - - - - - - - -
Mo(Vl) 1950 - - - - - - - - - - - - - - - -
Na(l) 1.66 215 2.70 - - 1.38 - - - - - - - - - - -
Nb(Y) 4078 - - - - - - - - - - - - - - -
Nd(l11) 16.61 11.26 17.69 21.60 14.86 16.28 22.82 (26.75) 7.60 6.50 - - 17.54 8.80 - 21.47 - -
Ni(ll) 18.62 11.54 19.40 20.32 17.00 13.60 18.1(32.40) 7.70 8.90 16.63 5.80 14.20 10.20 9.30 15.30 - -
NpO2(l)  9.70 - - - - - - - 6.27 - - - 6.08 - - - -
Pa(V)  8.19- - - - - - - - - - - - - - - - -
Pb(l) 1804 1139 1968 1880 1550 1471  17.1(28.10)  7.50 745 14.40 - 17.30 9.41 - - - 11.30
Pd(l)  26.40 - - - - - - - - - - - - - - - -
Pm(lll) 16.75 - 18.71 - - - - - - - - - 8.97 - - - -
Pr(lll) 16.40 11.07 17.23 21.07 14.61 16.50 23.45 7.70 6.44 - - 1717 8.64 - - - -
Pu(lly  18.12 - - - - - - - - - - - - - - - -
Pu(lv)  17.66 - - - - - - - - - - - - - - - -
Pu(Vl)  16.39 - - - - - - - - - - - - - - - -
Sb(lll)  24.80 - - - 20.20 - - - - - - - - - - - -
Sc(lll) 23.10 12.70 2540 - - 25.40 - 8.00 - - - - - - - - -
Sm(lll) 16.70 11.53 18.63 22.34 15.28 23.85 23.81 7.80 6.64 - - 17.97 9.10 - 22.39 - -
Sn(ll) 18.30 - - - - 23.85 - - - 15.20 - 15.10 - - - - -
Sr(ll) 8.63 4.98 10.54 9.68 6.92 8.50 9.26 (12.70) - 2.23 5.33 - 10.70 3.77 - 541 - 5.13
To(l) 1781 1159 1930 2271 1532 1727 2361 8.00 6.78 - - 1864  9.08 - - - -
Th(lV) 2320 1240 2925 2878 1850 - 31.90 7.80 9.32 - - - 10.70 - - - -
Ty 1730 - - - - - - - - - - - - - - - -
Tio(ll) 17.30 12.30 19.90 - - - - - - - - - - - - - -
Ti(l) 6.53 4.75 5.33 5.97 545 - - - 132 4.40 - - - - - - -
TI(I) 22.50 18.00 38.30 48.00 - - - - - - - - - - - - -
Tm(lll) 18.62 12.20 20.46 22.72 15.59 17.48 - - 722 - - 20.08 9.35 - 2141 - -
u(v) 25.80 - 26.90 - - - - - - - - - - - - - -
uo2(lly 1040 9.56 - - - - - - 8.93 - - - 8.32 - - - -
v(Ily 12.70 - - - - - - - - - - - - - - - -
vo(ly  18.77 - 19.40 - - - - - 9.01 - - - - - - - -
V(V) 18.05 - - - - - - - - - - - - - - - -
Y(I) 1809 1148 1941 2205 1465  16.82 - 7.20 6.78 - - 1878 9.2 - 15.06 - -
Ybo(Ill) 18.88 12.40 20.80 2262 15.88 17.78 23.58 7.70 742 - - 20.25 9.38 - - - -
pA()] 16.50 10.66 18.67 18.75 14.50 14.50 16.65 (28.70) 6.50 721 13.70 5.30 16.20 8.33 7.60 17.05 - 9.38
Zr(lv) 29.90 20.80 20.74 36.90 - - 19.74 - - - - - - - - - -
* The data in parentheses are the stability constants of the 2:1 (metal:chelate) complexes
Table 2 Acid Dissociation Constants
pKa EDTA NTA CyDTA  DTPA  EDTA-OH GEDTA TTHA* DHEG IDA DTPA-OH NTP Me-EDTA  HIDA EDDP  EDTPO  NTPO  BAPTA
al 1.99 1.89 243 2.14 251 2.00 242 8.14 2.58 1.60 3.62 2.60 2.25 6.87 1.46 0.30 -
a2 267 249 3.52 2.38 5.31 2.68 2.95 - 9.33 2.60 424 3.03 8.75 9.60 272 1.50 -
a3 6.16 9.73 6.12 4.26 9.86 8.85 4.16 - - 6.96 9.30 6.20 - - 5.05 4.64 5.47
a4 0.26 - 11.70 8.60 - 1.38 6.16 - - 9.49 - 10.84 - - 6.18 5.86 6.36
ab - - - 10.53 - 9.46 9.40 - - - - - - - 6.63 7.30 -
a6 - - - - - - 10.19 - - - - - - - 743 1210 -
a7 - - - - - - - - - - - - - - 9.22 - -
a8 - - - - - - - - - - - - - - 10.60 - -




