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The kinetics of ligand exchange reaction of mercury-aminopolycarboxylates (Hg-Y)
with monothiodibenzoylmethane (SBB) is studied by solvent extraction method. EDDA,
NTA, EDTA-OH, DPTA-OH, EDTA, methyl-EDTA, GEDTA and DTPA are used as
aminopolycarboxylic acid. The reaction rate is determined by the measurements of the
radioactivity of ?0%Hg in the aqueous phase. From the respective dependencies of the
rate constant on the concentrations of hydrogen ion, SBB and Y, the formation of the
mixed ligand complex was approved in the reaction mechanism. The values of the rate
constants and stability constants of Hg-Y are found to be correlated each other with a few
exceptions such as the cases of EDTA-OH and DPTA-OH, and the rate determining step
is considered to be involved in the step of the dissociation of aminopolycarboxylic acid.
The usefulness of the solvent extraction method for the kinetic study of complex formation
was proved through the result presented here.

Monothiodibenzoylmethane (abbreviated as SBB hereafter) is regarded as the most
advantageous reagent for the solvent extraction of some metal ions among various monothio-
B-diketones, its high partition coefficient,®% and the high stability of some metal complexes
being considered. Previously, we established a radioisotope dilution method® for the deter-
mination of trace amount of mercury, applying SBB as an extractant, and determined® the
stability and extraction constants of mercury complex of SBB. Recently, monothio-g-
diketones have been actively studied from various points of view,® however the detailed infor-
mation of the complex formation of SBB is scarce. In an attempt to get some information
on the complex formation of SBB with various metal ions in the presence of other chelating
agents, we investigated the mechanism of the complex formation of SBB with mercury in the
presence of aminopolycarboxylic acid through the kinetic study by the use of the solvent
extraction method.”

Experimental

Materials Reagent grade Hg(OAc), was used to prepare approximately 1.0 x 10-2 m solution, which
was standardized by EDTA titration. When this solution was diluted to a proper concentration, trace amount
of 203Hg in the form of Hg(OAc), purchased from The Radio Chemical Center was added. SBB was synthe-
sized and purified by the method reported previously.® Aminopolycarboxylic acids listed in Chart 1 were
obtained from Dojindo Co. Ltd.. Acetate and borax-mannitol buffer solutions were used. Theionicstrength
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EDDA NTA
H JH ,CH-COOH
NCH:>CH.N N-CH>COOH
HOOCCHy” - “CH:COOH “CH:COOH
. EDTA-OH DPTA-OH .
HOOCCH-:. ,CH:CH.OH HOOCCHa. _CH,COOH
NCH:CH: NCH;-CH-CH:N
HOOCCHY” NCHCOOH HOOCCHy” (I)H “CH2.COOH
EDTA met-EDTA
HOOCCHa. _,CH,COOH HOOCCHS;. ,CH>COOH
NCH:CH:N NCH-CH:
HOOCCHy” NCH:COOH HOOCCHy” CH “CH:COOH
GEDTA DTPA
"HOOCCH.. ,CH.COOH HOOCCH; ,CH,COOH
NCH:CH>0OCH2:CH>OCH2CH.N NCH.CH:NCH.CH:2N
HOOCCHY” NCH.COOH HOOCCHy” (|:H2COOH “CH,COOH

Chart 1. Structure of Aminopolycarboxylic Acid ‘

-of the solution was adjusted to 0.1 by NaNO,. CHCI,; was shaken with water, distilled and saturated with
“buffer solution before use. Distilled and deionized water was used.

Apparatus Solvent extraction was carried out in a 500 ml three necked flask which was dipped in a
water bath thermostated at 25.04+0.5° by Yamato Labo Stirrer with Tokyo Rika Kikai Vacuum Stirrer.
‘Measurement of radioactivity was made with a Fujitsu well type scintillation counter Model ATS-121 for a
-period of time necessary to obtain total counts of at least 10000. A Hitachi-Horiba Model F-5 type pH

meter was used for the pH measurements.

Procedure A 100 ml aliquot of a solution containing radioactive Hg(OAc),, aminopolycarboxylic
-acid and buffer solution was placed in a 500 ml three necked flask and stirred vigorously with an equal volume
-of CHCI, solution of SBB. At proper time interval, 3 ml of aqueous phase was taken and allowed to stand

for 10 min, and a 2 ml aliquot of the solution was taken into a plastic tube for the counting of the radioactivity,
{Ang}s. Finally pH of the aqueous phase was measured. The concentration of mercury in the aqueous
phase is shown as follows.

{4ug}a
{Aug}r
[Hgla: concentration of mercury in the aqueous phase
[Hglr: total concentration of mercury
{Agg}a: radioactivity of 2¥Hg in the aqueous phase
{Agg}r: initial radioactivity of 203Hg in the aqueous phase

[Hele = [Hglr

The speed of the stirring was adjusted to achieve the constant extraction rate, by the check of the relation
“between the radioactivity in the aqueous phase and the stirring speed.

Results

‘Dependence of the Concentration of Mercury in the Aqueous Phase

A linear correlation was found between log[Hg], and time, when the concentration of SBB
“in the organic phase and that of aminopolycarboxylic acid in the aqueous phase, and pH
~were kept constant. Some of the results cbtained are shown in Fig. 1 and 2. The reaction
“is first order with respect to concentration of mercury. Pseudo first order rate constant,
ks, was determined from the slope of the line.

pH Dependence

Between pH 8 and 5, Fig. 8 shows the relationship between k., and [H*], in which the

-straight line intercepts the %, axis. On a pH range from 6 to 8, as shown in Fig. 4, k&, vs.

1/[H+*] plot gives also a straight line which intercepts the %, axis at the same value as observed
-in Fig. 3, but never through the origin.
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Dependence on the Concentration of SBB in the Organic Phase

The concentration of SBB in the organic phase being varied, pseudo first order rate con-
stants were determined in both acid and alkaline solutions. The plots of kg, vs. [SBB], are
shown in Fig. 5 and 6, which give a straight line through the origin.

Dependence on the Concentration of Aminopolycarboxylic Acid

The concentration of aminopolycarboxylic acid (Y) in the aqueous phase being varied,
pseudo first order rate constants were determined in both acid and alkaline solutions. The
plots of log &gy, vs. [Y] are shown in Fig. 7 and 8, which are parallel to the [Y] axis.
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and Reaction Time at Acidic Region and Reaction Time at Alkaline Region
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A: EDTA-OH SBB=5.0x10-"x pH 4.86 A: EDTA-OH SBB=>5.010-%u pH 7.06
S NTA SBB—5.0X 10~ WH 4,89 A:DPTA-OH SBB=1.0x10-4u pH 7.30
®:EDDA  SBB=2.5x10-5u pH 4.92 x : NTA SEB=5.0 x10~* pH 7.53
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Fig. 3. Relationship between Zobs
Acidic Region

and [H*] at
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x : NTA SBB=5.0x10~m x: NTA SBB=5.0x10"°M
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Fig. 7. Relationship between log kovs and Fig. 8. Relationship between log %obs and
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@: DPTA-OH SBB=1.0x10-%m pH 4.37 x : NTA SBB=5.0x10-5y pH 7.53
x : NTA SBB==5.0x 10~ pH 4.89 @: DPTA-OH SBB=1.0%x10"*m pH 7.30
O:EDTA-CH SBB=5.0x10"*m pH 4.86 O: EDTA-OH SBB=5.0x10-°u pH 7.06
A: EDTA SBB=1.0x10-*m pH 4.22 A:EDTA SBB=1.0x10"*M pH 7.71
[]: met-EDTA SBB=1.0x10"*mu pH 4.44 A:DTPA SBB=3.0x10~*m pH 7.80
A: DTPA SBB=3.0x10~%m pH 4.21 M: GEDTA SBB=1.0x10~*m pH 8.35
B: GEDTA  SBB=1.0x10-*u pH 3.85 []: met-EDTA SBB=1.0x 10-%n pH 7.75
(Hgr=2.5Xx10"*n) (Hgr=2.5 X 10~%u)
Discussion

From above results, the rate of the decrease of the concentration of mercury in the aqueous
phase is expressed as equation (1).

_ d[Hg] a
d¢

= 1 +
- {ku TGRS }}[Hg]a[RSH]o )
[RSH],: total SBB concentration in the organic phase &y, %, k,: observed rate constants

Further, the reaction rate is independent of the concentration of aminopolycarboxylic
acid,[Y]. Intheaqueous phase, mercury is considered to be present in the form of the complex
of aminopolycarboxylic acid completely under the experimental condition, that means [Hg]<
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[Y], their high stability constants, kg,y,%® shown in Table I being taken into account. Thus
[Hg], is considered to be equal to [HgY], and the equation (1) is expressed as equation (2).

_d[HgY] _
dt

1 +
{ ] +hi+ko[H ]} [HgY][RSH]o 2

[HgY]: total mercury aminopolycarboxylate concentration in the aqueous phase.
Equation (3) can be derived from equation (2),

_ d[HgY]
dt

Py

A [HgY][RS"] &)

= {ko+ki[H*]+ ko[H*]?}

where

K.[RSH]p

[RS-] = P.[H*]

F,, partition coefficient and K,, acid dissociation constant, are expressed as follows. The
value of log P,/K, was found to be 13.0.9

p, - [RSH]
[RSH]

X, = IRSTIH]
[RSH]

[RSH]: SBB concentration in the aqueous phase
The value of log K, log K, and log K, are shown in Table I, together with those of log
Ky, v.

TasLe I.  Rate Constants and Stability Constants for Mercury-Aminopolycarboxylates

log &, log &% log £, log %, log Keg_v
EDDA —4.1 4.6 4.6 9.4 10.16
NTA —4.56 3.6 3.5 8.53 14.6
EDTA-OH —4.11 3.0 3.0 7.31 20.1
DPTA-OH —4.95 2.9 2.9 8.70 20.17
EDTA —5.14 2.0 2.0 6.08 21.80
Met-EDTA  —5.43 1.9 2.0 6.24 21.70
GEDTA —5.63 1.9 1.9 5.65 23.12
DTPA —5.53 1.0 1.1 5.74 27.0

(Hgr=2.5 x10~%m, Y1==1.0 X 10~3m)
@) data from Fig. 8
b) data from Fig. 4

The equation (3) expresses that the ligand exchange reaction can proceed via three
pathways which depend on the hydrogen ion concentration with zero, the first and the second
order, respectively. Furthermore, independency of the concentration of aminopolycarboxylic
acid on the reaction rates excludes the possibility of the dissociation of mercury aminopoly-
carboxylate complex before SBB coordinates with mercury. In other words, it is expected that
this ligand exchange reaction proceeds through the formation of the mixed ligand complex.
In fact, the formation of the mixed ligand complex involving mercury, SBB and other complex-
ing agent such as aminopolycarboxylic acid was confirmed spectrophotometrically.®

9) L.G. Sillen and A.E. Martell, “Stability Constants of Metal Ion Complexes,” Supple .1, the Chemical
Society, London, 1971,
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With respect to the structure of mercury
aminopolycarboxylate complex, the structure of

10} mercury complex of CyDTA investigated by Mar-
gerum, et al.'® can be referred. In this complex,

o mercury was not completely surrounded by the
& 8F coordination cage of ligand molecule, but as in
0 lanthanum-EDTA, it can have an exposed coordina-
< 7 tion side. The reaction mechanism which involves
6L the coordination of SBB with mercury through the
exposed side in the aminopolycarboxylate complex

55 before the dissociation of aminopolycarboxylic

Fig. 11. Relationship between log %,
and log Kug-v

®: EDDA A:DPTA-OH M:GEDTA
@: NTA A: EDTA [J: DTPA

acid seems to be reasonable by considering the

similar structure in the mercury aminopolycar-

boxylates presented here to that of lanthanum-
EDTA. The rate determining step may be involved
in the step of the dissociation of aminopolycarbo-

O: EDTA-OH  x : met- EDTA xylic acid, which is made easier through the forma-

tion of the coordination between SBB and mercury.

The value of the rate constants and stability constants of mercury aminopolycarboxylate
complexes were found to be correlated each other a few exceptions such as the values of %,
and %, in the cases of EDTA-OH and DPTA-OH, respectively. A close concern of the rate
determining step to the dissociation of aminopolycarboxylic acid from the SBB-aminopoly-
carboxylate-mercury mixed ligand complex is suggested from the results in Fig. 9—11, which
show the increase of the stability constant leads to the decrease of the reaction rate, except
for the cases of EDTA-OH and DPTA-OH. The exceptional results in EDTA-OH and DPTA-
‘OH can not be clearly interpreted in this study.

Thus, the present results suggest that the dissociation of aminopolycarboxylic acid from
the mixed ligand complex is an important step in this ligand exchange reaction. The forma-
tion of the mixed ligand mercury complex'® which involves protein, mercury and a complexing
agent has been discussed in vivo transport of mercury in connection with the use of aminopoly-

12) D.L. Janes and D.W. Margerum, Inorg. Chem., 5, 1135 (1966).
13) J.L.Sudmeier and J.]. Pesek, Anal. Biockem., 41, 39 (1971); J.L. Sudmeier and J.J. Pesck, Inorg. Chem.,
10, 860 (1971).
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carboxylic acid as an antidote against the poisoning caused by mercury'® and also as a radio-
pharmaceutical.’® The present results may add some basic informations for the discussion
of the behavior of mercury complex of aminopolycarboxylic acid in the biological system.

14) E.D. Weinberg, ‘“Metal-Bindine in Medicine,” T.ippincott, Philladelphia, 1960.
15) H. Ueda and M. Iio, “Kakuigaku,’” Ishiyaku-Shuppan Co., Tokyo, 1971.
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