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Methylmercury (II) and Chloride Ions
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Complex formation between CH;Hg(II) and Cl” ions in the two-
phase system o-xylene/l M (Na,H)(ClO,,Cl) has been studied by
measuring the distribution of methylmercury(II) as a function of
chloride concentration. The distribution of CH;Hg(II) between the
two phases has been studied by a radiometric method using Hg-203
labelled CH;Hg(II) and also by a spectrophotometric titration method
for the analysis of non-radioactive methylmercury(II). The distribution
data have been analyzed with the computer program LETAGROP-
DISTR.}"® The results of the analysis give evidence to the formation
of the complex CH,HgCl in both the aqueous and organic phases
with the following equilibrium constants:

CH,Hg*(aq) + Cl == CH,HgCl(aq); log (K + 30)=5.32+0.09
CH,Hg*(aq) + Cl = CH,;HgCl(org); log (K + 35)=6.39+0.09

No extraction of CH,HgClO, into o-xylene was found. The ex-

tracted CH;HgCl was found predominantly as undissociated species.

Organic mercury compounds, e.g. methylmercury salts, being effective
pesticides, have been widely used for seed disinfection 6-1°. Great interest
has arisen in the solution chemistry of such organomercurial compounds during
the past few years because of their polluting effects in natural water. Micro-
biological processes are believed to lead to the formation of methylmercury(II)
from industrial waste containing inorganic mercury 1713, Numerous studies
have also been devoted to the clarification of their metabolism, since the or-
ganomercurials were found to be a hazard to the health of man and animals.14-20,

Organomercurials are normally found in natural waters in tracer concentra-
tions only. Studies of their chemical state at low concentration levels are
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1278 BUDEVSKY,INGMAN ANDLIEM

therefore of importance for the understanding of their distribution in nature.
Solvent extraction using radiometric techniques is quite appropiate for this
purpose, since it has proven to be a fruitful method for the study of chemical
equilibria at very low concentration levels.2!

In this paper we report solvent extraction studies of complex formation
between methylmercury(II) and chloride ions in the two-phase systems
CH,Hg(Il)-1 M (Na,H) (ClO,4,Cl)/o-xylene. The present work is part of a
larger project in this laboratory concerned with studies of the solution chem-
istry of methylmercury(II) in particular and other heavy metal ions in general,
primarily at the low concentration levels as found in natural waters.

The knowledge of the extraction properties of methylmercury(II)-chloride
complexes has subsequently been used in studies of the complex equilibria
between methylmercury(Il) and other ligands.22 This work also illustrates the
possibility and advantages of using solvent extraction techniques for accurate
studies of complex equilibria. The preliminary results have been reported else-
where.?8 The present studies were initiated by one of us (0.B.) who did the pre-
liminary work using spectrophotometric and titration methods. The work
has been continued and extended by F.I. and D. H. L. who applied both
radiometric and spectrophotometric methods to the distribution studies.

Previous work. The distribution of methylmercuric chloride between toluene and
water has previously been studied by Simpson ** who reported the following value for the
distribution constant Kp=[CH;HgCl],,[CH,HgCl]"?=11. However, this result may
not be taken as conclusive since for the calculatlon of Ky the-author has only a single
experimental point available and thus gives no evidences as to the CH,HgCl species
assumed to be formed.

Solubility studies as well as potentiometric studies on the formation of CH,HgCl
have previously been reported by Waugh et al.** However, their results are open to
question, since these authors did not use a defined ionic medium in their studies and thus
did not control the activity factors of the species studied. Results of potentiometric
studies on the formation of CH;HgCl in 0.1 M KCl medium have also been reported by
Schwarzenbach and Schellenberg % and in 0.1 M KNO; by Zanella et al.*® These au-
thors 2-2% g]] found evidence for the formation of CH;HgCl species in the aqueous solution.
However, the values given for the formation constant for CH,HgCl varied between
log K=4.90 and 6.60 for the various media studied. Moreover no detailed studies on the
possible formation of polynuclear methylmercuric species in two-phase systems have
been reported. Thus further studies in the solution chemistry of CH;Hg(II) species are
well motivated.

Barbieri and Bjerrum,* using a polarographical method, studied the solubility of
organomonohalogeno and organomonothiocyanato mercury(II) complexes in 1 M salt
solution (NaX + NaClO,) or in a 50 vol 9% methanol-water solvent. They found evidence
for the formation of distinct negatively charged complexes RHgX,* (R=C,H; and 2-
butyl; n=1, 2, 3) only in the thiocyanate and iodide systems. Rizzardi et al. by ion-
exchange studles found indications of the formation of C,H ;HgCl and probably also
C,H,HgCl,~ and C,HHgCl*~ in aqueous solutions at high ligand concentrations. Eigen
et al.® studied the kinetics of the formation of CH,HgX'™* from CH;HgOH for
X" =CI", Br~, I7, SCN-, and SO4".

Symbolsandequilibrium constants

[ 1] = equilibrium concentration in the aqueous phase.
[ Jome = equilibrium concentration in the organic phase.
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Cu = initial total concentration of chloride ion in the aqueous and
organic phase.

Cuterg = initial total concentration of methylmercury(II) ion in the
organic phase.

Eppog = [(HY),(MeHg"),(CI), ], [H* ] #[MeHg*]4[CI ], formation
constant of the complex (H™),(MeHg"),(Cl"), in the organic
phase.

Kyma = L(H*),(MeHg*)(CI"),J[H* ] H{MeHg " [/[CI]™", _formation
constant of the complex (H"),(MeHg"),(Cl7),, in the aqueous
phase.

Tog, Lo = gamma-activity of Me?*3Hg in the aqueous and organic phase,
cpm for equal volumes of samples.

N, Ny = number of moles of MeHg(II) in equal volumes of equilibrated
aqueous and organic phases analyzed by spectrophotometric
titration.

MeHg],,
D = Z—[————g]og = I fl,q or N, /N, net distribution ratio

2[MeHg]

of CH Hg(II).
CH,Hg, methylmercury(II).
standard deviation in y (c¢f. Ref. 3, eqn. 17).

MeHg
o(y)

EXPERIMENTAL

Reagents. HCIO, (p.a. Merck, Darmstadt) was used without further purification.
NaClO, was prepared from Na,CO; (p.a. Merck, Darmstadt) and HCIO, (p.a.) as described
in Ref. 34. o-Xylene (puriss., Kebo) was purified by washing it with dilute NaOH solution,
distilled water, dilute mineral acid (e.g. HCIO,) solution and finally several times with
distilled water. Benzene (p.a. Merck, Darmstadt) was purified in the same way as o-xylene.
Chloroform (p.a. Merck, Darmstadt) was purified by washing it several times with an
equal volume of distilled water to remove any traces of ethanol. Dithizone (p.a. Merck,
Darmstadt) was purified according to a procedure described by Irving and Cox * and
the stock solution so prepared was stored under a layer of dilute sulfuric acid and kept
in a refrigerator.®®

Non-radioactive methylmercuric hydroxide solution was prepared by shaking an
aqueous suspension of methylmercuric bromide with freshly prepared Ag,O(s) at about
pH 12 for 10— 12 h, centrifuging the mixture and pipetting the clear CH,HgOH solution.
The CH;HgBr used was prepared from commercial methylmercuric bromide (Casco)
which had been recrystallized twice from absolute alcohol.

Radioactive CH,***Hg(II) was purchased from the Radiochemical Centre, Amersham,
England, in the form of (CH,**Hg),0 and from the Swedish Atomic Energy Company,
Studsvik, as CH,***HgNO; in aqueous solution. The Me**Hg(II) was purified from the
small amount of inorganic 2**Hg(II) present by the following procedure which is a some-
what improved modification of the method described by Ostlund:*® The radioactive
Me**Hg(II) was first converted into Me?***HgCl by the addition of an excess of HCl and
the solution obtained then evaporated nearly to dryness in order to decompose any HNO,
present. The residual solution was finally adjusted to 0.5 M with respect to HCl and was
shaken several times with equal volumes of benzene, which extracted MeHgCl into the
organic phase. Afterwards the benzene phase was shaken several times with 0.5 M HCl
solution to remove any coextracted HgCl,. The MeHgCl benzene solution obtained was
found to be free from inorganic Hg(II) as shown by the thin-layer chromatographic
analysis method described by Ostlund.? The purified MeHg(II) in the benzene phase
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was used as the stock solution for the distribution experiments. In those experiments in
which radioactive Me**HgCl was used, Cpe*pge1=8.2x107® M, the o-xylene solvent
contained 0.1 vol. 9% benzene. By comparison with the experiments in which pure o-
xylene was used this small percentage of benzene was found not to affect the distribution
of MeHg(II).

Analysis of methylmercury(II). Non-radioactive methylmercury(II) was analyzed
using a spectrophotometric titration method developed for this purpose by Ingman.*

Distribution experiments. Equal volumes of aqueous and organic phases were equili-
brated for at least 2 h in glass-stoppered centrifuge tubes using a rotating shaker. The
two phases were afterwards separated from each other by centrifugation at approximately
3500 rpm. Samples of the solutions were pipetted out and the y-radioactivity of the **Hg
measured in a Tracerlab SC-57 low background well scintillation counter with a TIl-
activitated Nal crystal in conjunction with a Tracerlab SC-70 Compu/Matic V scaler.
In the case of non-radioactive methylmercury(IT) the amounts of MeHg(II) in the two
phases were analyzed as described by Ingman.¥ All experiments were carried out in
rooms thermostated at 25+ 0.3°C.

CHEMICAL MODEL

The methylmercury(II) species in the aqueous phase will be represented by
the general formula:
(H™),(MeHg"),(CI7),,

in which complex formation with other ions and molecules present in the ionic
medium, such as C10,~, Na™, and H,O has been disregarded. For example the
species CH,HgCl(aq) and CH;HgOH(aq) will be denoted as the (0,1,1) and
(—1,1,0) species in the aqueous phase. Similarly the general formula
(H+)p(MeHg+)q(Cl“), will be used to represent the extractable CH,Hg(II)
species in the organic phase, e.g. (0,1,1) species in the organic phase
for CH;HgCl(org). As usual we make the assumption that only uncharged
CH Hg(II) species are extractable into the organic phase. The calculated dis-
tribution ratio for CH,Hg(II) in the two-phase system may be expressed by
the following relationship:

ZQ[(H—‘ )p(MeHg+ )q(Cl~)r]org _ qupqr, org[H+ ]i) [MeHg+ ]q[CI—]'

SUHT)(MeHg™)(CI),] 31Ky, o[ H {MeHg " J[CI]"

For low values of Cy 4 (<9.5x10* M) we may make the reasonable as-
sumption that only mononuclear MeHg(II) species are formed in both the
organic and aqueous phases, 7.e. ¢ and ! may only have the values 0 or 1.
As will be shown later, some experimental evidence seems to support this
assumption for the extraction conditions used. Assuming the formation of

only mononuclear methylmercury(IT) species, D will be independent of
[MeHg*] and (1) may be written in the form:

2Ky, o[ HTPICITY
Dy = S K:Jm, a:[H+]k[Cl—]m (2)
The mass balances for CH;Hg(IT) and CI™ are given by the following equations:
Crerig= 20K por, xg H P[MeHg " F[CIY + 51K, oo[HF F[MeHg"F[CIT]™  (3)
Ocr=37K pgr, orgl H* P[MeHg " J[CIY + SmK y,, oo[H* F[MeHg Y[CIT]"  (4)
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Given the values of Cy g, Coy [H'] for each point and the equilibrium con-
stants K, ..., Ky, oo for the formation of the CH;Hg(II) species in the organic
and aqueous phase, we may calculate [CH,Hg"] and [CI"] from (3) and (4)
and D_, from (1) or (2).

cale

ANALYSIS OF THE DATA

The distribution data given in Table 1 were analyzed using the computer
program LETAGROP-DISTR,% which is a version of LETAGROP (= pit-
mapping) for the analysis of distribution data. This program is used to find
from the data the ‘“best” set of constants K,, K,...Ky for the formation
of the species (H*),(MeHg"),(Cl~), in both phases by, e.g., minimizing the

Np

error-square sum U= 3 (log D,.— log D)% where Np represents the num-
1

ber of experimental points available. The program also allows the choice of
minimizing the error-squares sums of other types of errors. i.e. Fel[2]=
(DegpDeaic™—1) or Fel[3]=(DeyD,,, 7t~ 1), (Fel=error). The results of the
computer analysis of the data in this work, assuming the same chemical model
but minimizing different types of error-squares sums, are given in Table 3.
Their comparison will be discussed further below. The input data for the com-
puter are: (1) I, I or Ny, Ny (2) Cype in mol/l; (3) €y in mol/l, and
(4) log [H*].

aq?

Table 1. The distribution of CH;Hg(II) between 1 M (Na,H)(ClO,,Cl) and o-xylene at
25°C. Data given as C¢y M, log Deyp, log[Cl7] and log (DgicDexp™?). — log [H*]=1.699.

Oerrg(n = 2358 x 10~ M@

6.916 x 1075, —0.407, —6.809, —0.025; 1.089x10"% —0.038, —6.495, —0.094;
1.333 x 1074, 0.101, —6.315, —0.068; 1.582x 107¢, 0.244, —6.123, —0.039; 1.831 x 107¢,
0.434, —5.898, —0.044; 2.089x 1074, 0.667, —5.581, —0.047; 2.363x 107%, 0.891,
—5.023, 0.002; 2.588x 10~%, 0.982, —4.580, 0.017; 3.107x107% 1.039, —4.119,
0.006; 3.627x107%, 1.053, —3.894, 0.002; 4.627x10~*, 1.080, —3.643, —0.018;
7.547 x 1074, 1.055, —3.285, 0.012; 1.282x 1073, 1.064, —2.980, 0.005; 6.356x 1073,
1.102, —2.213, —0.031; 1.000, 1.082, —0.000, —0.010.

Cyerrg(rn = 5.900 x 10~ M2
1.383x 104, —0.578, —6.961, —0.003.

Onergn = 9-432 x 107 M?

5.638x 1075, —1.212, -7.623, —0.022; 1.589x10"*, -—0.699, —7.119, —0.037;
2.596 x 10~%, —0.437, —6.847, —0.032; 3.589 x 10~%, —0.282, —6.638, 0.014; 4.836 x 107*,
—0.061, —6.404, 0.012; 5.635 x 10~%, 0.087, —6.255, 0.000; 6.656 x 10~*, 0.250, — 6.048,
0.018; 7.685 x 1074, 0.474, — 5.787, 0.002; 8.704 x 10~%, 0.734, — 5.375, 0.008; 1.016 x 102,
1.013, —4.112, 0.033; 1.524 x 1073, 1.018, —3.236, 0.049.

2 Distribution of CH;Hg(1I) measured by a radiometric method. Initial total concentration
of radioactive CH,2**HgCl in the organic phase was 8.2x 107¢ M.
b Distribution of CH;Hg(II) measured by a spectrophotometric method.

Acta Chem. Scand. 27 (1973) No. 4



1282 BUDEVSKY,INGMAN ANDLIEM

RESULTS

The data given in Table 1 are represented as log D versus log C, in Fig. 1.
The distribution curve obtained shows clearly the following characteristics
for the extraction system studied. The levelling of the curve to a limiting value
of log D (= +1.06) with increasing total concentration of chloride indicates
the formation of MeHg(II) species with the same chloride composition in both
the aqueous and the organic phase for C., > 3.107 x 10~4 M.

The results of the Letagrop analysis of the data (Np=27 points) are
summarized in Table 2. Assuming the formation of only mononuclear

Table 2. Equilibrium constants ¢ log f,4, for the formation of (H*),(MeHgt),(Cl7),
species in the system MeHg(II) —1 M (Na,H)(C10,,Cl)/o-xylene for various assumptions

of chemical models which minimize the error-square sum U= f(logDmk—log Deyp)?
1

Model (H™),(MeHg™),(CI),(aq) (HY),(MeHg),(Cl),(org) U min a(log D)
I (0,1,1) 4.18, max. 4.58 13.672 0.725
184 (0,1,1) 5.32, max. 5.65 (0,1,1) 6.39, max. 6.71 0.029 0.034
II1 (0,1,2) 3.64, max. 4.19 (0,1,1) 4.54, max. 4.80 2.953 0.344
Iv (0,1,1) 5.32, max. 5.66; (0,1,1) 6.39, max. 6.72 0.029 0.034
(0,1,2) B=0, max. 4.58

A% (0,2,2) 14.17, max. 14.66 (0,1,1) 6.02, max. 6.29 0.443 0.133

VI (0,1,1) 5.32, max. 5.51 (0,1,1) 6.39, max. 6.61; 0.029 0.033

(0,2,2) B=0, max. 14.72

VII (0,1,1) 5.26, max. 5.56; (0,1,1) 6.37, max. 6.65 0.024 0.031
(0,2,2) 13.67, max. 14.19

VIII (0,1,1) B=0, max. 5.40; (0,1,1) 5.80, max. 6.05; 0.021 0.030
(0,2,2) 15.99, o(B) undetd.  (0.2,2) 15.94, o(f) undetd.

@ The equilibrium constant B, = [(H"),(MeHg™),(CI"),],[H*]"?[MeHg+]~¢[CI"]~’, where
the lower index ¢ indicates the phase referred to in the reaction. The limits given (=max.)
correspond approximately to log (84 3a(8)).

The “best’”” model assumed.

CH Hg(II) species in both the aqueous and organic phase and minimizing the
square-sum of the error Fel[l1]=log (D.,.D.,, ), model II clearly gives the
lowest value for the minimized error-square sum U (U,;,=0.029 and
o(log D)=0.034) compared with the other chemical models tried. A slight
improvement of U_, and o(log D) is obtained when additional dimeric
CH4Hg(II) species in the aqueous phase or in both phases are assumed to be
formed (cf. models VII and VIII). However, for these latter models the stan-

dard deviations found for the formation constant B are greater than those
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Fig. 1. Distribution of MeHg(II) between
o-xylene and 1 M (Na,H)(Cl0,,Cl) aqueous
solutions as a function of the initial total
concentration of chloride, O« M, for
—log [H*]1=1.699 and different constant
values of initial total concentration of
MeHg(II), Chrpe=2.358x10~* (O) and
9.432x10* M (@). The full-drawn lines
have been calculated using the equilibrium
constants given in model II (Tables
2 and 3) for the formation of the
(H*),(MeHg™),(Cl7); species: MeHg™(aq),
MeHgCl(aq) and MeHgCl(org). The data
are given in Table 1.

1283
+2
+1} logD at .
CMeng M
0 02358 x 1074

© 5900 x 1074
A 09432x 1074

—calc curve log [Cl‘]
-2 1 1 1 1 1 1 1. —L

-4 ~7 -6 -5 -4 -3 -2 -1 0

Fig. 2. The distribution of MeHg(II) in the
gystem 1 M (Na,H) (Cl10,,Cl)/o-xylene as a
function of the equilibrium concentration
of chloride ions in the aqueous phase,
[CI"1M, for —log [H*]=1.699 and different
constant values of initial total concentra-
tion of MeHg(II), Cyepg=2.358x10"*
(0); 5.900x107* (D) and 9.432x10~* M
(@). The full-drawn line has been cal-
culated assuming the set of MeHg(II)—Cl™
species and the equilibrium constants given
in model II (Tables 2 and 3). The data are
given in Table 1.

Table 3. Comparison of equilibrium constants # log B4, for the formation of (H+)p(MeHg+)q(Cl'), species
in the two-phase system MeHg(II) —1.0 M (Na,H)(ClO,,Cl)/o-xylene which minimize the error-square sum

27
U=3 Felli?, where Fel[l]=1log(DeiPexp™); Feli2]=(DexpDeate—1) and  Fel[3]= (DegteDexp ™ — 1)-
1
Model (H+)ﬁ(MeHg+)q(Cl_),(aq) (H+)P(MeHg+)q(Cl'),(org) Choice of ) Uin a(y)
‘cf. Table 2) error Fel[i)
II (0,1,1) 5.32, max. 5.65 (0,1,1) 6.39, max. 6.71 Fel (1] 0.029 0.034
(0,1,1) 5.32+0.09 (0,1,1) 6.40+0.09 Fel (2] 0.171 0.083
(0,1,1) 5.32+0.09 (0,1,1) 6.39+0.09 Fel 3] 0.138 0.074
v (0,1,1) 5.32, max. 5.66; (0,1,1) 6.39, max. 6.72 Fel [1] 0.020  0.034
(0,1,2) f=0, max. 4.58
(0,1,1) 5.33, max. 5.66; (0,1,1) 6.40, max. 6.73 Fel [2] 0.171  0.084
(0,1,2) B=0, max. 4.72
(0,1,1) 5.32, max. 5.69; (0,1,1) 6.39, max. 6.75 Fel (3] 0.138 0.076
(0,1,2) f=0, max. 4.81

The equilibrium constant f,q,= [(H+)p(MeHg+)q(Cl'),],[H+]‘ﬁ [MeHgt]79[CI"]"?, where the lowerindex
indicates the phase referred to in the reaction. The limits given correspond approximately to log (8+ 3 o(8))
nd if g(f) > 0.28, the maximum value log (84 35(f)) is given.
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found for model II. Within the experimental accuracy these three models all
give a satisfactory description of the available data. Since in these experiments
the total concentration of MeHg(II) was always kept rather low (Cy ., <
9.432 x 10-* M), it seems reasonable to assume the formation of only mononuclear
MeHg(IT) species in both phases. This assumption is supported by the fact
that the experimental points describing the extraction of MeHg(II) for
different initial total concentrations of methylmercury (Cye,=2.358x 104
—9.432x 107t M) as a function of [Cl7] (¢f. Fig. 2) practically all fall on the
same line. From Table 3 it can be seen that practically the same values for
the formation constant of f,,, are found for the set of (H+)P(MeHg+)q(Cl‘),
species in model IT and model IV even if other types of error square sums are
minimized, 7.e. the square sums of the errors Fel[2]= (D, D, t—1) or Fel[3]

exp’~ calc

= (DgieDexp * = 1). This indicates that for the set of data available, the assump-
tion made in the data analysis that equal weight may be given to the different
experimental points, i.e. weight factor =1, is not unreasonable.

In Fig. 3 are illustrated some data from Ref. 22, which show the distribution
of MeHg(Il) at C,=1.27x10" M with varying values of [H"] (pH=
=1.26—2.55). The practically constant value of log D as a function of log
[H*] indicates that the hydrolysis of MeHg(II) is negligible in the pH range
studied. This agrees with the results reported by Schwarzenbach and Schellen-
berg.26-28

TEST FOR THE EXTRACTION OF METHYLMERCURIC PERCHLORATE

To test whether MeHgClO, species may also be extractable in o-xylene the
following two sets of experiments were performed:

(a) The distribution of MeHg(II) was studied at constant values of
Clresrg=5.90x 107 M and log [H"]= —1.699, while varying the concentra-
tion of the perchlorate ions (O, =2.5, 1.0 and 0.5 M). Within this series of
experiments the distribution of MeHg(II) increased with increasing [Cl0,~]
(¢f. Fig. 4). This effect may be interpreted as being due to the extraction of
either MeHgClO, or of MeHgCl complex due to the presence of chloride ion
impurities in the NaClO, medium used.

(b) Five solutions, each containing 1 M (Na,H)ClIO, and 1.18x 104 M,
2.36x107* M, 4.72x10% M, 590 x 104 M, and 9.34 x 10-* M CH,Hg(II) (added
as non-radioactive CH,HgOH), respectively, were equilibrated with equal
volumes of o-xylene. The organic phases were then analyzed for CH,Hg(II)
using the photometric titration method. In all cases, the organic phase was
found to contain the same concentration of methylmercury(II), namely
Cgerrglorg = 470 x 1078 M.

Table 4. The distribution of methylmercury(Il) between NaClO, solutions and o-xylene
at 25°C. —log [H*]=1.699.

(8) Oyerrgiy = 5-895x 1074 M
Ce0. M (log D): 0.50 (—2.407); 1.00 (— 2.095); 2.0 (— 1.690).

(b) Ceio,=1.0 M.
Operigly M (log D): 1.18 x 107 (— 1.381); 2.36 x 10~ (— 1.691);)
£72% 1074 (—1.998); 5.90 x 107* (—2.095); 9.43x 10~* (—2.300).
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Fig. 3. The distribution of MeHg(II) in
the system MeHg(II)-1 M (Na,H)
(CL,C10,)/o-xylene as a function of [HT]
for CC1= 1.27x 102 M and CMEHS(II)=
4.15 x 107%— 5.349 x 10~* M. The full-drawn
line has been calculated assuming the for-
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Fig. 4. The distribution of CH,Hg(II)

between (Na,H)Cl0, solutions ( —log [H*] =

1.699) and o-xylene as a function of [C10,~]

The initial total concentration of

MeHg(II), Cpepg=>5.895x10"° M. The
data are given in Table 4.

mation of the species MeHg"(aq),
MeHgCl(aq) and MeHgCl(org) with equi-
librium constants given in Table 2 (model
II). The data are taken from Ref. 25.

Assuming the extraction of both MeHgCl and MeHgClO, in o-xylene we
may write the following expression for the distribution ratio D:

[MeHgClO,],,, + [MeHgCl]
T [MeHg*]+[MeHgCl]
*K 011, org[ClO4 7]+ Kp1 o[C17] _
14+ Koy, o[C17] -
~ *Ko11, orgl ClOg ]+ Ky, orgl C17] (5)

since for the low concentration range of [CI7]<10-7 M, K11, 2g[CIT]<L1.
From the equation for the mass balance of C1~ we find the following ex-
pression for [CI7]:

O =[CI"]+ [MeHgCl] + [MeHgCl],, ~ [MeHgCl] + [MeHgCl],,, = (K oy, oq+
Koll,org)[MeHg+ ][Cl_]’ and thus [Cl_] = OC](KOIL aq + KO]I, org)_l [MeHg+ ]——1 =
Ocl(Koll, aq + KOII, Otg)—l C'MeHg(aq)n1 (6)

Substituting (6) and the value [ClO,~]=1 M into (5) gives the following rela-
tionship:

org

D=*Kg1, org+ Ko11, org(Ko11, aq + Ko11, org) "CeiCrentgraay ™ (7)

According to (7) the plot log D wersus log Cterrqaqy™ Will give two straight
lines with limiting slopes equal 0 and +1 in the case when both MeHgClO,
and MeHgCl species are extracted. As seen in Fig. 5 this plot gives only one
straight line with a slope of +1, indicating that for the concentration of
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ol
logD
-1k
-2t Fig. 6. The distribution of CH Hg(II)
between 1.0 M (Na,H)ClO, solutions
4 (—log [H*t]=1.699) and o-xylene as a
109 Citetglaq) function of the total concentration of
-3 ! 1 1 CH,Hg(1I) in the aqueous phase, Cyexrglaq)

3 4 5 M. The data are given in Table 4.

Cl0 4 studied (C,,=1.0 M) no detectable extraction of MeHgClO, in o-xylene
occurred. Goggin and Woodward 38 from Raman spectra studies found no
evidence for the formation of a MeHgClO, complex in aqueous solution, which
is not surprising in view of the present results.

Using the values found for D, Ky 4q=10%3 M, Ko,y . =108.30 M-,
*Ko11,0=0 for the formation of MeHgC1O4 (org), and the given values of

Megs Uhe background concentration of Cl™ for the 1.0 M NaClO; medium

used was calculated to be C;=5.1x10"8 M. The values of C, given in Table
1 have been corrected for with this background chloride concentration.

Concluston. We thus conclude that the simplest chemical model which gives
a satisfactory description of the available data is the assumption of the forma-
tion of CHyHgCl(aq) and CH;HgCl(org) with the following equilibrium con-
stants:

CH,Hg" + CI"=CH,HgCl(aq); log (K + 30) =5.32 + 0.09 (8)
CH Hg" + CI"=CHHgCl(org); log (K + 80)=6.39 + 0.09 (9)

-1
+01 1 109 (DcatcDexp™ )

10 L MsHg*(aq) MeHgClt(org)

0
\r—“"‘ocﬁoﬂg M *
0 2358 x 10-‘ 05
-01}f © 5900 x w*:
el 9.432x 10
1

MeHgCl(aq) tog Cgy
1

s 1 L ‘0 L
-5 -4 -3 -2 -1 0 -5 -4 -3 -2 -1

Fig. 6. The error log (D.ycDesp™?) 88 a
function of log C¢ for the two-phase sys-
tem MeHg(II)—1.0 M (Na,H)(Cl0,,Cl)/o-
xylene, assuming the (H*),(MeHg%),(Cl7),
species and equilibrium constants given
in model IT (Tables 2 and 3). The distri-
bution data are given in Table 1.

Fig. 7. The mol fraction of different
MeHg(II) species in the two-phase system
MeHg(II)-1.0 M (Na,H)(C10,,Cl) as a
function of C¢ for COpyeyy=2.36x107*
M and —log [H*]=1.699. The curves have
been calculated assuming the formation
of MeHg(IT)—Cl™ species with the equi-
librium constants given in model IT (Tables
2 and 3).
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and from (8) and (9) one finds for the distribution equilibrium of CH,HgCI:
CH;HgCl(aq) = CH3HgCl(org); log (K +30)=1.07+0.13.

In Fig. 6 the error, log (D yDe,p ), found for the different experimental
points when model II is assumed has been plotted as a function of log C.
Fig. 7 shows the mol fraction of the different MeHg(II) species as a function
of Oy for Cy.p,=2.836x10"* M, calculated using the HALTAFALL pro-
gram % and the values of the constants for model II.

The results of the present work have been used in studies of the complex
formation of CH,Hg(II) with other inorganic ligands,?? e.g. OH™ and HPO 2.
These have been carried out by studying the extraction of CH;Hg(II) as a
function of the concentration of the ligand in question at different constant
values of chloride concentration.

DISCUSSION

The value found for the formation constant of CH;HgCl(aq) is comparable
with that reported by Waugh et al.25 (log K=5.38—6.06, proposed mean
value 5.45) in chloride medium and by Schwarzenbach and Schellenberg 26-28
at ionic strength I=0.1 (log K=5.25). This latter value was found
by potentiometric titration of CH;Hg(II) solution with HCI solution and thus
the chloride and the hydrogen ion concentration of the solution varied. (Cy=
=0.1005—-0.1019 M and —log[H"]=9.35-8.17.) Since the titration was
performed for only one value of the total concentration of methylmercury
(Crreng=2.34x 107 M) Schwarzenbach and Schellenberg’s data cannot be
used to test the possibility of the formation of polynuclear CH Hg(II)-Cl
species. Zanella et al.?® reported the value K =10%9 M-! for the formation of
MeHgCl in 0.1 M KNO; solution. Compared with the results found by the
other authors this value is definitely too low, especially since no complex
formation between CH,Hg* and NO,~ is expected.3 In Table 5 we summarise

Table 6. Distribution constant Kp and equilibrium constant ¢ K,, for formation of
CHHgCl complex in various systems.

System log Kp log K, Experimental Ref.
method

Water/toluene 1.04 Distr. Simpson **

0-7 mM CI” 5.45 EMF Waugh et al.®®

0.1 M KCl 5.25 EMF Schwarzenbach
and Schellen-
berg 26-28

0.1 M KNO, 4.90 EMF Zanella et al.*®

1.0 M (Na,H)CIO,/ 1.07+0.13 5.32+0.09 Distr. This work

o-xylene

% The distribution constant KD=[CHaHgCl]m.g[CI-I:,HgCl]‘1 and equilibrium constant
K,,,=[CH,HgCl][CH,Hgt]1[CI"]"’. The limits given correspond approximately to log
(K + 30(K)).
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the results of work on the distribution and formation of CH;HgCl species in
various systems reported previously.

Test for the dissociation of €H,HgCl in o-xylene. An interesting question
which may be raised is whether or not the available data can indicate the
formation of dissociated CHHgCl species in the organic phase. Assuming this
to be the case the following additional equilibrium reaction must be taken into
account:

CH, HgCl(org)=CH,Hg" (org) + Cl (org); K, (10)

The condition for electroneutrality in the organic phase requires that
[CH Hg" ], =[Cl"],,, assuming that no other charged species are extracted.
From (9) and (10) the following relationship may be obtained:

is, org

[CH3Hg+]org = (Kgis, orgK o1, aq[Cﬁng+][Cl_])§ (11)
The distribution ratio D for CH,Hg(IT) may now be expressed as follows:
p_ MeHgOl,,, + [MeHg ', _
[MeHg*]+ [MeHgCl]

Ko11, org[ MeHg " [CI] + (K gig, orgKo11,09[MeHg " J[CI7])?
KOll, aq[MeHg+ ][Cl_] + [MeHg+]

(12)

From (12) we now may derive the expression for D for the following two
limiting cases when [CI'] is varied:

lOg D[Cl_]-)o = ].Og (KOII, org[Cl‘] + (Kdis, orgKoll, aqOMeHg_l)%[Cl—P (13)
lOg D[Cr]“) o = IOg (‘Kl)ll, ox'gI{'OII,aq.—1 + Kdis, org%KOI 1,aq : ( [MeHg+ ][Clm})—* ( 1 4)

From eqn. (13) it follows that a plot of log D versus log [C1™] will give a straight
line with a limiting slope of +1 in the region where undissociated CH,HgCl
predominates and the limiting slope + } in case dissociated species of MeHg(IT)
predominate. Furthermore from eqn. (14) we will expect a limiting value of
—1 with increasing value of [C]7] for the extraction at a constant value of
MeHg(II) concentration. The distribution data available, as seen in Fig. 2
where log D is plotted as a function of log [Cl7] indicates only a limiting slope
of +1 with decreasing [Cl"] and a limiting slope of 0 with increasing [C]7].
This gives evidence that under the condition of experiments the extracted
MeHgCl species are predominantly in the undissociated form. This fact is not
surprising considering the low value found for the dissociation constant in the
aqueous solution Ky ,,=Ko11, oq 1 =107%-32 M. The formation of dissociated
MeHgCl in nonaqueous solvent thus may only be expected in rather polar
solvents.
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