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Equilibrium constants as well as the rate and
mechanism of reactions of the type MY(H,0), +
L 2 MYL(H,0)p— + xH,0 have been studied. MY
denotes EDTA complexes of various lanthanoids,
while L is either pyridine-2-carboxylate (PIC) or 8-
hydroxyquinoline-5 sulfonate (0XS) The PIC
complexes were studied at 25°C in 0.5 M NaClO,,
while the experimental data for the OXS systems
were taken from Furrer and recalculated. The equilib-
rium constants were determined by a standard poten-
tiometric technique viz. the determination of the con-
centration of free hydrogen ion. The kinetic data
were obtained by using the T-jump technique, with
spectrophotometric detection. Two possible stoichio-
metric mechanisms were compared: (i) where the
rate of ring closure or opening is of about the same
magnitude as that of the other reaction steps, and (ii)
where the former rate is much more rapid than any
of the latter. Only the first mechanism, which
consists of two consecutive steps, each with two
parallel pathways, one of which is hydrogen ion
dependent, was in agreement with the experimental
observations. The rate constants for the unidentate
association of L to MY were nearly independent of
the entering ligand, indicating a dissociative inter-
change mechanism at least for the pre-Th elements.
The rate of chelate ring closure was dependent on
both the ligand and the size of the lanthanoid ion.

Introduction
A considerable amount of information about the

thermodynamics of rare earth complexation reac-

*To whom correspondence should be addressed.
**Now at the Royal Institution, 21 Albemarle Street,
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tions has been published over the last decades [1-4].
A popular theme among rare earth chemists has
been to study how the chemical properties of rare
earth complexes are influenced by the size of the
central ion and the geometry of the ligands. Both
thermodynamic and structural data have been used
in investigations of this type. The rates and mecha-
nisms of the complexation reactions are dependent
on the coordination geometry. Kinetic data may thus
be used to obtain additional information of this
kind.

There are comparatively few studies published
about the rates and mechanisms of ligand substitu-
tion reactions among the lanthanoids [5, 6]. Most
investigations have been confined to measurements
of rates of dissociation or rates of exchange of poly-
dentate ligands. These are conjugate bases of weak
acids, hence the rates are in general strongly pH
dependent. The occurrence of parallel pathways
in the substitution reaction and the fact that a
polydentate ligand is involved makes it difficult
to interpret the rate law in terms of elementary reac-
tions. These points have been elaborated by Ekstrom
[7] and Ryhl [8]. Consequently, uni- or bidentate
ligands with low basicity should be preferred, if
mechanistic information about lanthanoid(III) aquo
ions as reaction centra is desired. However, com-
plexes of this type are fairly weak and hence too
labile to study with the conventional temperature
jump equipment.

The kinetic and mechanistic data published are
not always consistent. However, most authors agree
that a complex formation reaction by a bidentate
ligand is best described by the following dissociative
or interchange mechanism, which was first suggested
by Eigen [9, 10].

fast equilibrium

M(aq) + A-B(aq) 2 M(H,0)A—B(aq) (1)
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M(H,0)A-B(eq) et M-A-Baq) @
ke /
M--A-B(aq) (—k—:-)—l M\T 3)

M(aq) denotes the hydrated lanthanoid(IIl) ion and
A-B a chelate forming ligand with A and B as donor
atoms. Charges have been omitted for brevity. The
reaction (1) is the fast formation of an outer sphere
ion pair. The reaction (2) is the replacement of a
coordinated water molecule by one of the donor
atoms in the ligand. Reaction (3) describes the ring
closure reaction when a chelate is formed. The stoi-
chiometric mechanism is more complicated if the
reactants are coupled to fast protolytic equilibria.

The rate constants &, and %_ for the overall pro-
cess

M+A-B —:_(——:—') M(AB)
can be measured experimentally. They are equal to
ki = kok1Kos (1 + Ko i([M] + [A-B]))™? X
(ks + ko)™ = koky Kog(ky +Ko) 4
ko= kokoy(ky + ko) &)

if reaction (1) is much faster than the following reac-
tions. The validity of this assumption has been dis-
cussed by Petrucci et al, [11].

The outer sphere equilibrium constant, Kgg,
cannot be measured experimentally but can be
estimated for instance from the Fuoss equation[12].
For a number of metal ions, including the rare earths,
ko has been determined from the rate of water
exchange determined by NMR methods [13] and also
by other types of experiments [6]. The rate
constants for ring closure/opening can be estimated
from Eqns. (4) and (5) and from the known value of
Ky, (Ko = ko/k_g), which is the stability constant
where only one donor atom of the ligand is bound
to the complex (see Discussion).

One of the aims of the present investigation is to
decide if and when the chelate ring closure is of
importance for the overall rate of complex formation.
For purely geometrical reasons the probability of a
rate determining ring closure becomes larger the more
crowded the complex and the more sterically
demanding the ligand. This is the case in complexes
having several coordinated ligands or where the
ligands contain many donor atoms. The steric crowd-
ing in a complex is expected to increase as the size
of the central atom decreases. In this and a
subsequent study we have used lanthanoid EDTA
complexes, denoted MY, as substrates in order
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to study the rates and mechanism of reactions of the
type

MY(H,0), + L 2 MYL(H,0),— +xH,0 ©)

Reactions of this type have previously been studied
by Furrer [14] using 8-hydroxyquinoline-5-sulfonate
(OXS) or tetramethylmurexide as the ligand L. He
describes the rate data using a mechanism of the
Eigen type, where the rate determining step is the
rate of water exchange. We have extended these
studies to include two other bidentate ligands, viz.
pyridine-2-carboxylate (picolinate) and 5-sulfosalicy-
late. The experimental work was carried out at 25 °C
in solutions of constant ionic strength, / = 0.5 M,
using sodium perchlorate as the neutral salt. To cal-
culate the rate constant the stability constant of the
mixed complex must be known.

Determination of Stability Constants of Mixed Com-
Dlexes

The stability constants of the mixed MY picoli-
nate complexes were determined by a standard poten-
tiometric method viz. the determination of the free
hydrogen ion concentration. The stability constants
were calculated from corresponding values of the
average ligand number n, and the free ligand con-
centration using standard methods.

Experimental

Chemicals

All chemicals used were of analytical grade. The
lanthanoid oxides (Research Chemicals) had a purity
greater than 99.9%. The purity of the picolinic acid
(Fluka) was checked by an equivalent weight deter-
mination (found 123.0, calcd. 123.1). Stock solution
of the various lanthanoid EDTA complexes were
prepared in two ways, either by dissolving solid
NaMY or from mixing standardized solutions of
lanthanoid  perchlorate, Na,H,EDTA, sodium
hydroxide and sodium perchlorate.

Potentiometric Measurements

The protonation constant of the ligand and the
equilibrium constants of the mixed complexes were
determined by measuring the emf, E, of galvanic
cells of the following type.

0.490 M NaClO4 | CpsyMY

:ggél CL Na-picolinate glass-
0.010 M NaCl Cy picolinic acid electrode
0.500 M — (Cyy + CL)
NaClOg4
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Fig. 1. A »s. 1g[L7] for ErEDTA picolinate where the
symbols denote: o Cyy = 15 mM and Cp/Cy = 3:1, 2 Ciyy
=20 mM and C,/Cy = 3:1, 0 Cyqy = 20 mM and Cp/Cy =
1:1, + Cmy = 10 mM and C,/Cy =1:1.

TABLE I. The Stability Constants for the Lanthanoid EDTA
Picolinate Complexes. The protonation constant lg(Bo”/
M) = 525 + 0.01. All errors are equal to 30, where o is
the standard deviation determined in the least-squares refine-
ment.

M 1gB101/M 1)
Pr 2.36 £ 0.01
Nd 2.53 £0.01
Sm 2.77 +0.01
Gd 2.68 +0.01
Dy 2.53 +0.01
Er 2.59 £ 0.01
Yb 2.84 + 0.02
Lu 3.11 £+ 0.01

The protonation constant of picolinate, f41;, Was
determined in solutions with Cyy = 0. The other
potentiometric titrations were made at two constant
values of Cyy usually 10 and 20 mM. The concentra-
tion of picolinate ions was varied by a titration proce-
dure using varying buffer concentrations (with ratios
C1,/Cy equal to 3:1,1:1, 1:3) for each value of Gyy.
The experimental data for the ErY picolinate system
in the form of n'ys. g [L7] are shown in Fig. 1. These
data and those for the other systems indicated that
only one mixed complex MYL was formed. Most of
the emf-titrations were made by using an automatic
titration system [15].

Results

The stability constant for the reaction MY + L 2
MYL is denoted by f,0:. The constant is evaluated
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from the_corresponding values of the average ligand
number 7 and the free ligand concentration L. The
result of a least-squares refinement (Leta U Grop) is
given in Table I. The protonation constant for pico-
linate is equal to 8o /M ! = (1.78 £ 0.03) 10°. All
errors limits are quoted to 3o, where o is the esti-
mated standard deviation in the least-squares refine-
ment.

Kinetic Studies

The complex formation reactions (6) are rapid.
Hence a relaxation method was used, viz. the
temperaturejump technique.

Experimental

The T-<ump equipment was the SBA-7 model
from Studiengesellschaft mbH Géottingen, Germany
with spectrophotometric detection. The observed rate
constants were evaluated from transmission vs. time
curves obtained on a storage oscilloscope (Tektronix,
Type 549). The main reaction was followed by using
a suitable indicator. Three different indicators were
used, methyl red, bromo cresol green, and bromo
phenol blue. The total concentration of the reactants
Cymy and Cy, was in the range 3-10 mM and 5-90
mM respectively. The concentration of the indicator
was 0.03-0.08 mM. The hydrogen ‘ion concentration
range was 3.5 < —lg(h/M) < 6. The hydrogen ion
concentration at equilibrium was measured using a
galvanic cell of the type described in the preceding
section.

Determination of Rate Constants for the Overall
Reaction

The stoichiometry of the overall reaction with the
coupled protolytic reactions and the indicator system
is

MYL=MY+L
L

+H=2HL Q)

B

H +In 2 Hln

where HIn/In is the indicator system with a protona-
tion constant fi,. The observed rate constant kgps
for the overall process can be written as [7]

kobs = ﬁ: .f k (8)

where f, is a function of the equilibrium concentra-
tions and the equilibrium constants, but independent
of the mechanism, while fi is a function not only
of the concentrations and the equilibrium constants
but also of the rate constants (¢f. eqn. 11 below).
Information about the reaction mechanism may
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therefore be deduced from fy. The experimental data
consist of values of ke from solutions where the
equilibrium concentrations #, [L], and [MY] have
been systematically varied. The rate of reaction is
much larger for the light lanthanoids than for the
heavy ones and approaches the time resolution of
the equipment for the Pr system. This results in
fairly large experimental errors in the values of kg pg
for the lighter lanthanoids.

Determination of the Function fy,

The function fi is calculated from eqn. (8). For
a series of coupled reactions of the type (7) the
function f; is equal to:

Je=1+[L]Bior + [MY]B101(1 +hBors)™ +
+[MY] [L]B1016 )

where & [(1Bo1)™ ' + 1]72[h + [L]hBoy +
[In]AB;a]™" and all concentrations are equilibrium
concentrations. fy, turned out to be a function of
h only. Plots of fy vs. h. are shown in Fig. 2. From
the function f the stoichiometric mechanism may be
deduced as follows:

Deduction of Reaction Mechanism

Two possible stoichiometric mechanisms will be
compared, (i) where the rate of ring closure/opening
is of about the same magnitude as that of the other
reactions and (i) where the ring closure/opening is
very rapid.

(i): The first mechanism can be written as

koo 10

PIC OXS
ol £, 30"4/57 1 F 1 10°2/571 5 1
[ ] [ ]
| 3 ] b
4 : °f 1
L 1 1
Pr A 3 Pr ]
of ]
0 ) {1 ot
—p——t —
" £, 102767
2L ]
Sm | 1 Sm ]
0 i of
——— 4+ + +— ——
I 10737571 . [ s
2t L
| 1k ]
L Lu
W+
ol hotM | of nto7/m |
0 1 2 3 [} 2 3

Fig. 2. The experimental data of fj vs. h for some lanthanoid
EDTA picolinates (PIC) to the left and some for OXS
systems to the right. The full-drawn curves represent the
calculated function fj vs. A using mechanism i.

and one pH independent. This point will be further
discussed in the following.

If the intermediates in (10) are in a steady state
then the function fi calculated from eqn. (8) for the
above mechanism can be written as (¢f.) [7]

fid = (koo + ko h) 1 + (ko +kiy B 11

where kgo = Koo, kio = Kk10Koo, k11 = k11KooKn,
kg1 = ko1. Koo denotes the equilibrium constant for

the ring opening.
(it) The second mechanism has been used by Furrer
[14] to describe the kinetics of the lanthanoid EDTA

MY=L MY-L MY(aq)L MY(ag) + L
o 1o (aq) ‘?}gyn (ag)
H
k—o ko1 (10)
MY-LH MY(aq)LH MY(aq) + HL
KMYHL
os
Step I Step II

where the vertical arrows denote fast protonation
reactions, the first one with an equilibrium constant,
Ky. The formation of outer-sphere complexes
MY(a L and MY(aq)HL are denoted by KMYL
and KMYHL respectively. A rate constant in the stoi-
chlometnc mechanism is denoted by k; whence kjj in
eqn. (11) below denotes the corresponding formal
rate constant calculated from the experimental
rate equation. The mechanism in (10) consists of two
consecutive steps, I and II, each of which contains
two parallel reaction paths, viz. one pH dependent

OXS and tetramethylmurexide systems. Using the
notations of Furrer the mechanism can be written:

k
LoY(OXS)*~ ——*k" LnY™ +0XS*™
A

Rap, kac || kea
+ +H,,

LnYHOXS?™ ——Ebi'—’——\ LnY™ + HOXS™

cb
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TABLE II. Values of b @ ! for the OXS and the PIC Sys-
tems. Data for the OXS systems are from Ref. [14].

OXS PIC
M ga /MY lgGa ™
La 6.9
Pr 1.6 5.0
Nd 73 5.3
Sm 7.3 5.0
Eu 7.0
Gd 7.0 4.0
Dy 72 438
Er 1.6 5.0
Yb 7.7 5.1
Lu 8.0 5.6

This mechanism leads to the following expression
for the observed rate constant for the association
reaction.

71 = kovs = felka/Kinyoxs +
(k"Kuoxs/KrnyoxsW)

where k™ = kepkia (Fva + e )

The equation shows a linear relationship between
fk*(= kons/fe) and h from which the constant k, and
k™ may be determined. k, is the product of an outer
sphere equilibrium constant and the rate constant for
water exchange, if the Eigen mechanism is valid. In
the present case where both the reactants have nega-
tive charges, it might be expected that outer sphere
complexes are of minor importance. If so, k, may
be regarded as a direct measure of the water exchange
rate without any significant correction for individual
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K, values, cf. the following discussion of the rate
constants.

A choice between the two mechanisms can be
made by plotting fi vs. h. Such plots are given in Fig.
2 both for MY(PIC) and MY(OXS). The experimental
errors in f; are fairly large at the higher values of A
but nevertheless the first mechanism (7) seems to be
in closer agreement with the experimental observa-
tions in both cases, since all the plots are distinctly
nonlinear (with the possible exception of SmY(0XS)).

Determination of Rate Constants
The experimental function f;, can be described in
the form

fic= (@ +bh)1 +ch)™! (12)

The constant & has been determined as the intercept
in plots of fi vs. A in a fairly small A-region, 107°—
107*5 M, (PIC), where the function does not deviate
too much from a straight line. By rearranging eqn.
(12) into

h(fe —a) '=(b —ac)™ +he(b — ac)™ (13)

one can evaluate the constants b and ¢. This method
was also used to determine a4, b and c¢ in the
MY(OXS) systems from data in ref [14].

In the MY(PIC) systems the constant a could be
obtained with a reasonable degree of accuracy,
5-10% only for M = Yb. The constant ¢, which is
responsible for the non linear shape, could in general
only be obtained with rather low accuracy. The
experimental error is due to the high rates of
reaction. This limited precision of the rate data for
the PIC system makes it difficult to determine all
three parameters a, b and c, especially for the lighter
lanthanoids. However, the ratio b/a was found to be
approximately constant throughout the lanthanoid

TABLE IIL. Values of the Parameters a, b and ¢ for the OXS Systems and the PIC Systems.

0XS PIC
10 afs 1072 55 ! 10 ¢ c/m! 103 a/s7! 107887 M 10t e/
La 210+ 8 17+ 0.7 0.66 + 0.34
Pr 7.7+ 0.1 2.9+ 0.1 1.8 £ 0.4 313 363 5705
Nd 9.2:0.2 1.9 0.1 0.250.18 1333 15+ 3 31409
Sm 2.2: 01 044+ 0.01 0.19 £0.12 6.7+ 1.1 7913 1103
Eu 3.9: 0.1 0.35+ 0.01 1.3£0.5
Gd 24201 0.21 £ 0.01 049 0.14 7.5 1.0 8.8+ 1.1 45407
Dy 0.52+ 0.02 0.089 + 0.004 1304 3.3 05 3.8+ 0.6 3.0+ 0.6
Er 0.080 + 0.002 0.047 +0.001 3.2+05 0.61 £ 0.07 0.72 £ 0.09 1.6+ 0.3
Yb 0.010£0.001  0.0056 * 0.0004 20:1.0 0.095 + 0.006 0.11% 0.01 0.14 £0.02
Lu 0.0050 £ 0.0003  0.0054 +0.0003 1.840.2 0.047:0.002  0.055:0.002  0.25 £0.03
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series, see Table II. Hence, we preferred to use a two-
parameter approxXimation in which the ratio b/a was
assumed to be constant (equal to the value found in
the Yb-system) for all lanthanoids in order to
describe the rate data. A similar approximation has
been used by Ekstrom [7] in his study of rare earth
dipicolinates.
Rearrangement of eqn. (13) gives

(1 +(B/a)yph)fy! = 1/a + (c/a)h (14)

By plotting the left hand side of (14) vs. & one can
determine the constants @ and ¢, while the constant
b is calculated from the known ratio (b/a)yy,. The
values of g, b and c are given in Table III.

The reason for the large uncertainty in ¢ is that
one of the consecutive steps, I or I in (10) has a
much larger rate of reaction than the other. This
makes it difficult to determine the rate constants for
the rapid step. However, since plots of f vs. h are
non linear there must be two consecutive steps in
the mechanism. At least one of these steps must
contain two parallel pathways, one of which is hydro-
gen ion dependent. The fi vs. / plots have a non zero
intercept for # = 0, which indicates that the proto-
nated pathway does not exist in isolation. We also
assume that the only measurable part of the rapid
step is the non-protonated path and even this is
determined with rather low accuracy.

Identification of the Experimental Paraneters a, b
and ¢

It remains to find out how 4, b and ¢ are coupled
to the two consecutive steps in the mechanism. We
tried to solve this problem by comparing the OXS
and the PIC systems. The expression (11) can be
written

Ji = [k8okfoD + (k8o ki, + k81kTH)Dh] X

[1+ (ko +k$)DH]™

(1s)

where D = (k& + kf5)™" and the term kg khA? is
neglected. This means that only one of the two proto-
nated paths could be determined, i.e. one of the
terms k§; or kfy is much smaller than the other.
From a comparison of (12) and (15) it follows that
bjc = koo or kjo, a(1 — ac/b)™ =kl or k% and
b(1 — ac/b)™ = k¥, or k&,. In each of these three
pairs of alternatives the first one is true if k¥, <<
kf; and the second one if k¥ << k#,. In order to
make a choice between the two alternatives we com-
pared the magnitude of the quantities 8o (b/c)
and Byo; a(1 — ac/b)™! and their variation through
the lanthanoid series for both the PIC and the OXS
systems. For a dissociative interchange (Eigen)
mechanism we expect step II in (10) to be largely
independent of the entering ligand, while the ring
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closure, step I, ought to be ligand dependent. This is
only compatible with model 1, k¥, << k¥, for the
PIC systems and model 2, k¥, << k&, for the OXS
systems.

The rate constants for the complex formation for
the two alternatives of the mechanism (10) are given
in Table IV, where 1g k2o = 18(B101"k00), I K=o1 =
1g(B101 ko1), Ig k2o = lg(Kg'iY k_i0) and lg k2%, =
lg(K¥YHIE_y,).

Reassessment of the Reaction Mechanism of the
MY{OXS) Systems

Furrer [14] has studied the rate and mechanism
of the MY(OXS) systems and interpreted his data
according to the mechanism #i. He has used an expres-
sion for the observed rate constant derived by Karlen.
This expression does not seem to be quite correct
but the error has only a small influence on the rate
constants calculated. Figure 2 shows some of the
experimental values of fi obtained by Furrer and
curves calculated by using the mechanism i with the
rate constants given in Table IV (both alternatives
in mechanism i discussed above give identical values
of fi). The rate data in Figure 2 indicate that mecha-
nism | is to be preferred to mechanism ii.

We suggest that a choice between models 1 and 2
(Table IV) in mechanism i can be made by the follow-
ing reasoning: The association rate constants in
model 1 differ substantially, up to 1.6 lg units
between the OXS ligand and its protonated form. We
do not think it likely that such large differences are
due to differences in K, Furthermore model 1
results in values of the association rate constant
(k%o and k%) which differ substantially between
the OXS and the PIC systems, while on the other
hand the rate constants for ring closure (k%) for the
two ligands are approximately the same. One expects
a difference in geometry between the two ligands to
cause differences in the rate constant for ring closure,
(k*,o) rtather than for the first step of complex
formation (k#*;4 and k*;,). Model 2 on the other hand
results in a value of k*,, for OXS which is in fairly
good agreement with the values found in the PIC
systems, while the rate of ring closure differs
considerably between the two systems.

It is true that the experimental conditions of
temperature and ionic strength are not the same in
the two systems, nevertheless we feel that the facts
above clearly indicate that model 2 should be prefer-
red to model 1 in the OXS system.

Discussion
The largest equilibrium constants for the forma-
tion of MYPIC complexes are found for the smallest

lanthanoids viz. Yb and Lu, indicating the absence
of steric effects in the formation of mixed com-
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g & plexes [16]. This conclusion is further corroborated
S5 by stability constants for the M—PIC systems [18].
bt g We have used the data published to calculate a value
=g of 8, = (2.86 * 0.15) 10" M™, for the formation
5 g of the HoPIC, complex (the authors have reported
= s values for only three stability constants, even
2% though their experimental data clearly indicate
é _E that four complexes are formed). If charge and
§ 2 steric effects are absent, the fourth stepwise stability
ot g constant K,, for the formation of HoPIC,4, should
_6;3 3 —Q o be smaller than the corresponding constant fiq,
@ %‘ b _"E for the formation of the mixed HoYPIC complex
2.3 1y [ NN by a statistical factor of four. The ratio f01/Ks
g2 & oF o3 <99 <9999 is equal to 360/45 = 8, where B0, is estimated from
g B & S| 282 ggoee the values of the corresponding Dy and Er stability
- 8 constants given in Table I. The mixed MYPIC com-
58 plexes seem to be formed more easily than the cor-
o & _ _ responding MPIC, complexes, indicating that the
gé T T steric hindrance of EDTA is smaller than that of
- T 7 three bidentate PIC ligands. On the other hand
g 2 3 3 228 33332 data published fo.r the format19n of the MYOXS
2 B W 'j RN . [19, 20] systems indicate a steric hindrance to the
8 % ~AF] A2 EYe Vowew formation of complexes with the smallest lantha-
E; °-\"f '55 noid ions. The kinetic data to be discussed below are
ST v v also consistent with this interpretation.

5;3 Al %A From the experimental kinetic data we can con-
5% . [ clude that both the PIC and the OXS systems are best
Q ? T T, NN described by a two-step reaction mechanism which
o _": 3.5 3 '73 S8 SS9 takes the rate of chelate ring closure/opening into
55 o) gg g*' Ade onman account.

2 ol Bl = Tee meve From data in Table IV and estimated [12] values
228 of K., one finds that ko and k_,; are nearly
= t constant for a given lanthanoid, indicating a disso-
8 _;T ~ ~ ciative interchange (or Eigen) mechanism. The only
= o S s rates of water exchange known from the literature
b -é T, To | o m e (e.g. see Refs. 6, 13) refer to lanthanoid aquo ions.
gy = ::I: G| ScSssscesse It is interesting to note that the values of the
2o 3 Tl ga2evwaa=acqg constants k¥, and k*;; do not differ much from
@ |/ - SleTTYISsIass these rates for the light lanthanoids (approx. a
é.f‘: factor of ten). However, for the heavy elements, the
8 : rate of substitution is approximately three orders of
é 8 -~ o magnitude smaller in MY than in M(aq). A possible
8,5 = _E explanation for this finding might be the change of
3 'ﬂ Te R [ structure of the MY complexes indicated by several
3 g 3 .j P A A db i other types of measurements [21, 22]. A decrease in
g2 - | Ga35383%23 the number of coordinated water molecules in the
g8 heaviest EDTA complexes thus results in a decreased
g E lability of the remaining water molecules and possibly
< . also to a charge in mechanism from dissociative to
23 R -g associative [14]. - .

55 g Sy ':31“,, The rati constant for the rmg-closu.re, ko0 is
g E g Y \$ v } 333332333323 gql.lal to k*y0/(Kos*K_10), whe.re K_io 1s'the equil-
S 2 RO R B P AT S ibrium constant for the formation of a mixed com-
> o8 SR I R R plex where L is -bonded through only one of its
> j§ g donor atoms. An estimate of the magnitude of
a 8 - ~ Kos'K o and its variation throu_gh the rare earth
CR- .g 2 § '.§ series may be obtained from stability constants for
~ES[18l]% = Sc2 8838823 the formation of mixed MY-acetate complexes.



98

Reuben [22] et al. have reported values for the
reaction

MY + Ac 2 MY(Ac)

which are equal to 5, 10 and 2.5 M* for M =Pr, Gd,
and Yb, respectively. These data together with the
values of k*,, indicate that ko, is considerably
lower for the smaller lanthanoids than for the larger
ones, presumably due to steric crowding in the
mixed complex. Some additional information will
be reported in a subsequent paper, dealing with the
rates and mechanism for the formation of mixed
complexes between MY and 5S-sulfosalicylate.
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