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In recent years the two phenolate-containing 
multidentate ligand with N】V'-ethylen아)is[2-(。- 

hydroxyphenyl)glycine] (EHPG), an EDTA-type 
framework has been developed as ligand having 
high affinities for Ga3+, In3+ and Gd3+, as well 
as Fe3+, as radiopharmaceuticals, and as magnetic 
resonance paramagnetic contrast imaging agents.12 
Recently EHPG was also used as an active site 
model of the iron transport protein transferrin,3 
and the stabilities of the complexes with variety 
of metal ions have been determined.4 Studies on 
the dissociation kinetics of lanthanide complexes 
of polyaza and polyaminopolycarboxylates demon
strated that the exchange occurs via both acid-de
pendent and acid- independent pathways.5~9 The 
rate-determining step in the acid-catalyzed me
chanism was assigned either to slow rupture of 
one of the metal-carboxylate bonds following the 
protonation of a carboxylate group or to slow tran
sfer of the hydronium ion from the protonated ca
rboxyl oxygen to the neighboring nitrogen site, 
causing the metal nitrogen bond to break. The 
acid-independent mode was assumed to proceed 
via a binuclear intermediate, LnYM, in which the 
lanthanide and the metal ion are bound to opposite 
ends of the ligand. The influence of metal ion, 
ligand topology, buffer anion and electrolyte on

the rate and mechanism of both dissociative and 
associative pathways has been also reported by 
our and other research groups.10'14 However, this' 
effect has not been studied systematically and 
there is no general explanation.

To further understand the factors involved in 
the chelating kinetics, we hereby report the result 
of the dissociation kinetics of Eu(III) and Yb(III) 
complexes of 2VJV'-ethyleriebis[2-(o-hydroxyphe- 
nyl)glycine] (EHPG) (Chart 1).

EXPERIMENTALS

Stock solutions of Eu34 and Yb3+ were prepared 
from EU2O3 and Yb2O3 (Aldrich, 99.99%) and their 
concentrations were determined by complexomet
ric titration using Xylenol Orange as an indicator. 
M^-ethylenebis^-Co-hydroxyphenyOglycine] 
(EHPG) was obtained from Aldrich and purified 
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by successive recrystallization from a hot basic so
lution by adding perchloric acid and cooling. The 
concentration of a EHPG stock solution was deter
mined by titration against a standard Cu(C104)2 
solution using murexide as an indicator. Complex 
solutions were made by mixing appropriate 
amount of lanthanide perchlorate and a slight ex
cess of ligand. All other chemicals used were of 
analytical grade without further purification. Disti
lled water was used for all solutions.

The ionic strength of the sample solution was 
adjusted to 0.10 M with NaC104 and sodium ace
tate was used as a buffer. The pH measurements 
were made by a Beckman Model 71 pH meter 
fitted with a Beckman combination electrode. The 
hydronium ion concentrations were established 
from the measured pH values by procedures pre
viously reported.6 Kinetic measurements were car
ried out on a Hi-Tech stopped-flow spectrophoto
meter interfaced with Scientific data acquisition 
system. The temperature of the reaction mixture 
was maintained at 25.0 ± 0.1 °C with the use of a 
Lauda RM 6 circulatory water bath. Since the Ln 
(EHPG)^ complexes do not show appreciable ab
sorption in the UV or visible region, Cu2+ was 
used as a scavenger of free ligand and the reaction 
kinetics was flowed by monitoring the growth 
in absorbance due to the formation of Cu(EHPG)2- 
complex at 285 nm. The concentration of the Ln 
(EHPG) was 1.0X10-4 M, while that of the ex
changing Cu2+ ion was either constant at 2.0X 10~3 
M or varied between 2.0X10-4 and 2.0X10*3M. 
The reaction was studied over the pH range of 
4.03-5.26.

RESULTS AND DISCUSSION

Since the stability constants of Ln(EHPG) com
plexes are much lower than that of the corres
ponding Cu(EHPG)2- complex,4 the displacement 
of Ln3+ ions from the Ln(EHPG)- complexes is 
complete in the presence of excess Cu2+ ions

Ln(EHPG)+Cu2+ -^Cu(EHPG)2 +Ln3+ (1)

The experimental data show excellent pseudo- 
first-order reaction rates. The rate of dissociation

Fig. 1. Plots of /*obs versus [H+] for the dissociation 
kinetics of Eu(EHPG)~ at different acetate buffer con
centrations ([Eu(EHPG)~] = 1.0X IO-4 M( [Cif+] = 
2.0X10~3M, T=25.0±0.11 = 0.10 M (NaC104); 
[Acetate] = 10 mM (O); 25 mM (□); 50 mM (▲); 75 
mM (•); 100 mM (■)).

of Ln(EHPG)~ was independent of [Cu2+1 sugge
sting no appreciable Cu2+ ion attack on the Ln3+ 
complex. The concentration of Cu2+ ion was varied 
by a factor of 10, and the observed rate constant 
(^obs) values were within 5% of the average value 
of 知脳 at a given pH. Such independence of LCu2+] 
in the dissociation kinetics of lanthanide comple
xes has been observed by other workers.5,7,12,13 
Plots of feobs versus [H*] at various acetate buffer 
concentrations as shown in Fig. 1 always deviated 
from linearity. The proton dependence upon the 
rate decreased reaching a saturation condition 
with a shift from first-to zero-order dependence. 
Eq (2) accounts

obs- i+이:HP (2)

for the experimental behavior which reduce to 
zero-order dependence when The ex
perimental data fitted with the linear functional 
form as shown in Fig, 2. The terms a and a/b from 
Eq. (3) could be obtained. In analogy with pre
vious
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Fig. 2. Plots of LH+]/^obS versus [H+] for the disso
ciation kinetics of Eu(EHPG)- at different acetate 
buffer concentrations ([Eu(EHPG)'] = 1.0X IO-4 M, 
[Cu"]=2.0X 1(厂3 m, T=25.0± 0.11, 1=0.10 M 
(NaC104); [Acetate] = 10 mM (O); 25 mM (□); 50 mM 
(▲); 75mM (•); 100 mM (■)).

Table 1. Values of kd and ArH for dissociation reactions 
of Ln(EHPG) at 25.0± 0.11 and 1=0.10 M (NaClOJ

Ln3+ l^EOAc-l M kd, s-1 kH,

Eu3+ l.O 5.02 2.73 X105
2.5 5.59 2,74 X105
5.0 6.60 2.71 X105
7.5 7.70 2.76 X105

10.0 8.96 2.69 X105
Yb3+ 1.0 2 쇼6X1(L 5.93 X103

2.5 2.52X10-' 6.01 X103
5.0 2 쇼2X10 t 5.86 X103

10.0 2.48 X10-1 5.97 X103

[H+]
血〉bs 土喚 (3)

investigation,15 the terms a/b and a represent kd 
and kn respectively. Where ka and 为h are acid-in
dependent and acid-catalyzed rate constant. These 
values are listed in Table 1. Both kd and 如 of 
Yb(EHPG)- are independent of acetate buffer con
centration and 为h of Eu(EHPG)~ is al옹o indepen
dent whereas kd of Eu(EHPG)- shows a linear

102[oAc']/m

Fig. 3. Plots of 知 versus [OAc-] for the dissociation 
kinetics of Eu(EHPG厂([Eu(EHPG)-] = 1.0X 10~4 M, 
[Cu2+>2.0X10^3 M, T=25.0±0.11, 1=0.10 M 
(NaC104)).

dependence. This fact may be attributed to the 
increase in coordination site of Eu3+ compared to 
that of Yb" w The dependence of 如 on the acetate 
buffer concentration can be given by

kA=ka + kd . oacCOAc-] (4)

Fig. 3 shows that the straight line was obtained 
by plotting versus [OAc~l which indicates a 
first-power dependence on acetate buffer concent
ration. The values of the specific rate constant (kd\ 
kd • oac and 如)calculated from the data are given 
in Table 2. The mechanism of the dissociation of 
Ln(EHPG)- complexes seems to be simliar to that 
of the dissociation of other polyaminopolycarboxy- 
late complexes previously reported.15 In these me
chanisms, the Ln-carboxylate bonds are rapidly 
formed and broken, allowing attachment of H+ or 
Cu2+ to dissociated carboxylate. Presumably, the 
slow step involves the rupture of a Ln-N bond 
subsequent to the formation of a protonated LnLH 
intermediate.

The effect of the metal and ligand on the dis
sociation rate constant can be considered by com
paring the values in Table 2 along with the other 
lanthanide polyaminopolycarboxylate complexes.17~19
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Table 2. Rate constants for dissociation reactions of lanthanide complexes of polyaminopolycarboxylate at 25.0± 
0.11： and 1=0.10 M (NaC104)

Complex kd, L . OAC. M_1S-1 kUt M-Vl Ref.

EuCEHPG)- 4.51+0.08 (4.35± 0.13)X10* (2.73+ 0.03) X105
Yb(EHPG)- (2.47± 0.04)X10-' a (5.94 ± 0.06) X103
Eu(EDTA) a a (2.28±0.05)X102 17
Yb(EDTA)- a a 7.60± 0.80 18
Eu(ENDPDA) (3.60± 0.50)X10-' 5.80± 0.60 (4・26± 0.10)X104 19

"Not observed. In this Table 臨 and 如 are rate constants of acid-independent and acid-catalyzed dissociation 
rates of the Ln3+ complexes.

The consistent decrease in the acid-independent 
and acid-catalyzed dissociation rates of the Ln 
(EHPG)- complexes from Eu3+ to Yb3+ parallels 
the thermodynamic stability of these complexes 
with decreasing ionic size or increasing charge de
nsity of Ln3+ ion. This fact may be 간tributed to 
decreasing metal-nitrogen bond lability. The acid- 
catalyzed rate constant of Eu(EHPG)- was found 
to be about two orders of magnitude larger than 
that for the analogous dissociation of the Eu 
(EDTA) complex. This fact may be interpreted 
as reflecting the 6-membered rings for chelation 
of Eu3+ to an oxygen of the phenolate groups and 
나le neighboring nitrogen in EHPG. Meanwhile, the 
acid-catalyzed rate of Eu(EHPG厂 dissociates 
about six times faster than that of Eu(ENDPDA) 
(ethylenedinitrilo-A^^-dKS-propanoi^-A^^-dia- 
cetic acid), even though EHPG as well as END
PDA has the same 6-membered chelate ring size 
(O-Eu-N). This indicates that the chelate ring co
nformation of the 6-membered phenolate in Eu 
(EHPG) may be somewhat different from that 
of Eu(ENDPDA)-. This conformation may allow 
easier dissociation of one of the phenolate oxygens 
from the Eu3+ coordination sphere.
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