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1. Introduction

Well known reactions of organometallic compounds with mercury metal,
e.g.:
2R,M+nHg=nR,Hg+2M : 1)
(M = Li, Na, Mg, Be, Zn, Cd, etc.)

are synthetic pathways in organometallic chemistry [1]. Exchange of mercury
for mercury is the result of reaction 1 when M = Hg (eqn 2a) and in eqn. 2b.

R,Hg + Hg* = R,Hg" +Hg : - (2a)
RHgX + Hg* = RHg*X + Hg . . (2b)

Mechamsms of reactions 2 have been studied by the use of radio isotope
‘ techmques [2-14] (see ref. 15 for a review of the papers published up to 1972).
As a result of kinetic, stereochemical and structural investigations of reactions 2
two alternative mechanisms were proposed for such processes of transmetalla-
tion. According to one [2-12], the transition state is four-centered, i.e. reactions
2 are of the Sgi type. Marshall and Pollard [12] proposed transition state I for
the exchange with diphenylmercury: :



172

Solv Solv

.<

—;777777777777// ///////////

metal surface

_ I . ,
Kreevoy and Walters [13] proposed the two-step transmercuration mecha-
nism. According to these authors adsorption of organomercury compounds on
the mercury surface is accompanied by electron transfer from the substrate to
mercury metal, and the adsorbed substrate partlcles are catlon radicals which
then turn into ‘‘organic calomels”
RHgX + *Hg —‘*Hg [RHgX], 4. @
*Hg" [RHgX] == (RHgHg"R)

ads.

ads.

The rate-determining step, according to eqn. 3, is electron transfer.

To choose between these one and two-step mechanisms, a number of
R,Hg/Hg and RHgX/Hg systems have been studied in our laboratory by pulse
galvanostatic techniques. This technique is a variation of chronopotentiometry.

“The pulse galvanostatic measurements allow one to detect and identify re-
ducible and oxidizable species of relatively low stabilities, species which might
arise during the transmetallation on a mercury surface. The data obtained lead
to the conclusion that the mercury exchange occurs via a two-step mechanism
with ‘“‘organic calomels” as metastable intermediates [15-18].

2. Evidences for formation of ‘“‘organic calomels’ on a mercury surface

At first, charging curves for a hanging mercury drop placed into solutions
of Et,Hg or EtHgBr in 10% aqueous methanol with 1 M concentrations of KOAc
were studied. At cathodic polarization chronopotentiograms of diethylmercury
show two Faradaic delays at the potential of about —1.2 V (SCE; delay 4 in Fig.
1, curve a) and —1.8 V (delay 5, Fig. 1, cruve a). Delay 5 is a Faradaic one, i.e,
it corresponds to the reduction of some electroactive particles. Diethylmercury
itself does not reduce at the potentials of delay 5. Consequently, delay 5 is due
to reduction of some kind of species arising from diethylmercury on the surface
of the mercury drop. Delay 4 is due to capacitive effects; this i is probably the
desorption of diethylmercury (from the mercury surface*).

Also, two delays, the capacitive (delay 3) and the Faradaic (delay 2; Fig. 1,
curve a) are observed at the anodic polarization from the same initial potential
(E;=-0.6 V). Dlethylmetcury itself is not oxidizable at the potentlal of delays
2 and 3. Therefore delay 2 is due to, the ox1dat10n of a species which was formed

* The appearance potential of delay 4 was pracuca].ly md.ependent of the current densities: such be-
havxor is'a characteristic of adsorphon and désorption delays.
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Fig. 1. Schematic representation of the charging curves of mercury for Et,Hg (curve a) and EtHgBr (curves
b and c). The full points indicate the instances at which the direction of the polarizing current was reversed
The left hand branches correspond to cathodic processes and the right hand branches correspond to anodic
processes: 1 M KOAc/90% H,0/10% MeOH at 25°C.

by interaction of Et,Hg with mercury during the time of the potentiostatic re-
gime (ca. 30 sec at —0.6 V without stirring the solution). ,

The curve for ethylmercuric bromide is very similar to the chronopotentio-
gram of diethylmercury (Fig. 1, curve b). The potential of —0.6 V corresponds
to the diffusion plateau of the first wave on polarograms of EtHgBr. Therefore,
during the potentiostatic regime, the one-electron reduction of EtHgBr already
has occurred. Thus, the one-electron reduction of EtHgBr and interaction of
Et,Hg with mercury (without current) result in the same electrochemically ac-
tive species. Let us denote, for the present, this species by the symbols [EtHg]
or [RHg].

The charging curves for solutions of EtHgBr at different initial potentials
and different potentials of reverse, in the diraction of polarizing current, allow one
to identify each of the delays. With the current in reverse at a potential between
delays 4 and 5 delays 2 and 3 are observed (Fig. 1). Delay 6 is due to adsorption
of diethylmercury which had been desorbed before, at the cathodic pulse (delay
4). If the current is reversed at potentials more negative:than the reduction po-
tentials of [EtHg], delay 2, which corresponds to the oxidation of [EtHgl, is
absent (Fig. 1, curve c) because the process of the reduction of [EtHg] is irre-
versible.

Behaviour similar to that of diethylmercury, is shown by other organomer-
cury compounds, R,Hg. This was shown for R = Me, n-Pr, s-Bu, and PhC=C [19].
Thus, the interaction of organomercury compounds with mercury metal results
in formation of a sub-valent species [RHg] which may be both oxidized and re-

"duced at the appropnate potentials on a mercury electrode :
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“R.Hg+Hg=2 (RHg] | | B (4a)

: The same specues are formed also by one-electron reduction of organomercury
- RHgX +e™ - [RHg] + X~ : (4b)
It was shown that the transition of R,Hg into [RHg] is a reversible process

[17]. The galvanostatic method was applied to study the behaviour of the follow-
ing four systems on a mercury surface [17]: (i) EtHgCsF;

(ii) Et,Hg + (CsF5).Hg

(lll) EtHgC]. + (Cst)zHg

' (iv) EtHgCl + C F:.HgBr*

The initial potentials were carefully controlled in these experiments and were
such that no electrolysis of EtHgC:Fs, Et,Hg and (C.F;).Hg took place, but one-
electron reduction of the salts EtHgCl and C¢Fs;HgBr occurred. If the species
[RHg] were the respective organomercury radicals (EtHg and CsFsHg' for the
present case), then, because of the cross-dismutation of the radicals, in the gal-
vanostatic regime one could observe the same delays corresponding to the same
dismutation products in each of the four systems studied. However, Et,Hg and
(CsFs)-Hg in system i and C¢FsHgEt in systems ii and iii were not observed.

(i) 2EtHEC,F; + 2Hg > 2EtHg + 2C.FsHg" - Et,Hg + (CsFs ),Hg + 2Hg

(ii) Et,Hg + (CFs),Hg + 2Hg X 2EtHg' + 2C,Fs;Hg  — 2C;F;HgEt + 2Hg

(iii) (CsFs).Hg + (2EtHg" + 2¢7) + 2Hg X 2CF,Hg" + 2EtHg" - 2C,F,HgEt + 2Hg
Cross-dismutation occurred only in system zv | '

(zv) 3EtHg + 3C,;F5Hg + 6e¢” > 8EtHg + 3C.F;Hg" —
EtHgGCeFs + (C¢Fs),Hg + Et,Hg + 3Hg

In this case the chronopotentiograms, being recorded after the previous one-
electron reduction of a mixture of both organomercury salts in the potentio-
static regime, show four delays which correspond to reduction of (C¢Fs).Hg,
EtHgC.Fs, and [EtHgl, and desorption of Et,Hg.

. ‘¢lectrolysis Et}{g' very fast [RHg]
EtHg" — " unstable - metastable

-electrolysis CG Fng
unstable

The data given above show that, at least in the systems studied, the com-
pounds R'zHg and RHgR' are in equilibrium with species in which both groups,

. C6F5Hg

* The possible disproportionation of EtHgCgF5 to EtoHg and (CgF5)2Hg does not take place in
H20/MeOH solutions: the back reaction is very stow. Reaction EtHgGl + (CgF5)2Hg = EtHgCgsF5 +
: ,-CeFsHgCl as was shown, may also be neglected. Thus, the redistribution reactions betwem these
" organomercury compounds cannot d:sturb the results of the study of the adsorption layer on mer-
- cury surface. However, the system CgFsHgBr + Et,Hg could not be studied becanse of the fast re-
dxsu:ibutxon in this system leagding to CerﬂgEt and EtHgBr (the equilibrium constant is ca. 100). .
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Rand R, or R and R’, of the pa.rent molecules do not become kinetically inde- -
pendent. The s1mplest supposition is that R,Hg and RHgR' are in equlhbna
with “organic calomels’’, RHgHgR and RHgHgR'. :

The cross-dismutation is just possible in iv in which the smultaneous elec-
trolysis of EtHgCl and C¢FsHgBr was carried out under conditions of diffusion
control. In such conditions deliberately high concentrations of organomercury
radicals arise on the mercury surface and cross-dismutation is appreciable.

Thus, the species which were denoted above as [RHg] may be identified
now as ‘““organic calomels”, and eqn.'4 should be re-written as follows:

] ‘
R,Hg + Hg = RHgHgR (5)

k_y

The formation of RHgHgR from R,Hg occurs, obviously, as a result of the
direct insertion of mercury atom into the R—Hg bond, but not via the adsorbed
radicals, RHg’, because in the latter case the products of the cross-dismutation
of the radicals EtHg" and C¢FsHg" should be observed in runs i, ii and iii*.

3. Properties of compounds of univalent mercury

In all inorganic compounds of mercury(I) whose structures are studied now-
adays two mercury atoms are directly bonded with each other. Therefore such
compounds may be pictured as Hg,X, or X—Hg—Hg—X but not as HgX [22 241].

The equilibrium constant for the reaction

Hg + Hg®* = Hg,** | T (8)

is 1.6 X 10? [24]; such a high value means that Hg,?* is a relatively stable cation.
Equilibrium 6 is.very sensitive to changes in environment, however, If the system
HgX,/Hg,X, involves anions X, which are able to give strong complexes with the
cation Hg?*, equilibrium 6 will be shifted on the left. And because there is a
large number of such particles, the number of the mercury(l) compounds is

very limited**. ]

Thus, addition of OH", S* or CN~ to solutions of Hg in water results in
the formation of the respective compounds of mercury(II). Concerning the force
of the disproportionation action on cations Hg,?*, the anions may be arranged in
the following sequence [25,26]:

Cl"<Br <I < CNS < CN~
and this sequence is practically the same as that of the formation constants of
the anion—Hg?** complexes:

ClI"<Brr < CNS"<I"<CN-

* It has been proposed [27] that the system 2RHgX + 2¢”— RoHga + 2X™ is completely reversible and
the apparent irreversibility of the one-electron reduction of RHgX is due to the irreversible demer-
curization of R2Hg2 to R2Hg. This viewpoint is obviously incorrect because “organic calomels™ are
in equilibrium with RoHg. Also, ‘“‘organic calomels™ can.not dxssocxate to give two organomercury
radicals {17] (cf. equilibrium constant for the reaction ﬁgz = 2Hg . less than 10 [21])

** Among compounds of mercury(l) only halides, nitrate(x2H,0), perchlorate(x4H20), sulfate, chlo-
rate, bromate, iodate and acetate are sufficiently stable at room temperature [24].
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‘ APPB.OXIMA’I‘E LIFETIMES“ OF “ORGANIC CALOMELS” ON MERCURY SURFACE AT 25°C [16,19]

- R m RHgHgR . . : fog tu:ne (sec) B
CAlkyls o R T t05X102
3-Pyridyl. . : 1073 2 t01072 [271°
 Aryls, CgFs, cuz—cn ~ 10%to2X 10‘4
CgHgCH2 "~ = . .. = .. TFarlessthan1l0?

CThe hfe tunes of Rzng were determmed as the time from the begmmng of delay 1 to the end of delay 2
_ (Fig.-1) at current densities at which the lengths of both delays are equal, see ref. 16 for details. b Estimated
.using cyclic voltammetry.

The extremely high affinity of carbanions for the Hg*" cation allows us to

- propose that equilibrium 5 must be shifted far to the left. This is in agreement

with the galvanostatic studies of organomercury compounds on a mercury sur-

- face [15-19]. The study of “organic calomels’’, RHgHgR (R = Me, Et, n-Pr,
n-C;H,,, cyclo-CsH,, Ph, S-naphthyl, mesityl, CH,=CH, C¢Fs, PhCH,), generated
on the mercury surface by one-electron reduction of the respective organomer-
cury salts (eqn. 4b), shows that these compOunds of mercury(I) have extremely
low stabﬂltles (Table 1), even on the mercury surface where a large excess of Hg

present-
The data of Table 1 show that alkyl derivatives of mercury(I) are more
stable than aryl derivatives.

' The kinetic data for reaction 5 are given in Table 2. For R = n-Pr and
PhG=C the k; values were obtained from direct electrochemical measurements

~[19,281, but for R = Ph and Et these values were estimated indirectly [16,19]
from data on mercury exchange of Ph,Hg and Et,Hg with mercury [10,14]. It
follows from Table 2-that both the mercuration of R,Hg and the demercuration
of R,Hg, are the fast processes on the mercury surface, but equilibrium 5 is
shifted far on the left (T'able 1). For this reason ‘“organic calomels” cannot be
1solated as md1v1dual substances at room temperature.

TABLE 2

APPROXIMATE KINETIC PARAMETERS FOR EQUILIBRIUM 5 (Interface: mercury/1 M aqueous
KOAc, 25°C) ’

R 131 k_y __ ky Ref.
(sec™) (sec™h) =% ' '
PhC=C ca. 50 .19
 Ph . . ca. 40 [ - . - - 19
: " ca.60 Coe : 18
Et - S . €a.0.15. . - - S - 19
‘ca. 0.6 . . ' . .18

nPr - <os Y earsa6. . <axi0? .28
B 10%05)(10‘2 . ;.16
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4. The rate-determining step
The short-lived “orgamc calomels” are appa:ently the mtermedlate spe01es
which are responsible for the occurrénce of mercury isotopic exchange between

organomercury compounds and 2°*Hg. The exchange involves the kinetic steps
(M = Hg) [8,14,18] shown in Scheme 1. In this scheme step a; and a_, correspond

SCHEME 1
R,M (soiv) RoHg (solv)

RoM (surf) ) RoHg(surf.)

\\b1 S o b_,

MRy (ads.)

7770977 7777777777 777777754 sy 7777 77 M T 77777 T

c B ’ c.
RHgMR (ads.)

HgR, (ads.)

to diffusion of R,M to and R,Hg from the mercury surface, steps b, and b_, to
the adsorbtion R,M and desorbtion of R,Hg, and steps ¢, and c_; to formation
and demercuration of “‘organic calomel”.

In principle, any of these steps-may limit the exchange rate. However, under
the usual conditions, diffusion, adsorption and desorption are the fast steps.[8-
10, 14,18,19]. Thus, the rate determmmg step is the chemlcal reaction of RzHg
on the mercury surface which results in “organic calomels™ .

. k_ )

The klne_tlc equatlon for reaction 7 may be written as
Rate = kl PRzHg - k-l PRzng

where ',y and 'y, g, are the surface concentrations of R,Hg and Rzng
» dI’ ‘RaHe; _

Under steady-state condltlons, when dt

Rate = k1 I‘RzHg = k.l FRzng s

i.e., the rate. of ‘“‘organic calomel” formatlon is equal to the rate of its demercu—
ratlon The steady-state conditions may be reached on the quiet surface of mer-:
cury rather rapldly (after several seconds) and therefore the rates of mercuratmn
of R,Hg or demercuration of “‘organic calomels” may be considered as a measure .
of the reactivity of different-organomercury compounds in the mercury ex-
change reaction [16,18]. The data of Table 3 show that rates of demercuration

of “aryl calomels” are higher than those for “alkyl calomels”. Rates of mercury -
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" TABLE 3
ESTIMATION OF DEMERCURATION RATES OF “ORGANIC CALOMELS" [18]

. RinK,Hg, . RateX108 ' R in R,Hg, Rate X108
) ) (mol cm’? sec 1) (mol cm 2 sec’))
~.PhCH, 200) cyelo-CsHg ~ 3.4
Ph 160 i-Pr 1.3
f-Naphthyl 100 n-Pr 21
Mesityl 70 Et 1.6
nCsHy; ’ 6.8 Me 1.1

~exchange are also higher for arylmercurials than for alkylmercury compounds [4,
5,14].

The data of Table 3 are in extremely good agreement with Heitz’s data [14]
on the exchange of organomercury compounds at a radioactive mercury dropping
electrode in benzene: .

R Ph Et Me
Relative rate 112 1 0.7 (Ref. 14)
’ 100 1 0.7 (Table 3)

Thus, it is very possible that ‘‘organic calomels® are intermediates in the mercury
isotope exchange. The amounts of R,Hg, depend on the position of equilibrium
5 on the mercury surface. With diarylmercury compounds this equilibrium is
shifted more to the left than with Alk,Hg, i.e. the stability of R,Hg,, as referred
to stability of R,Hg, is higher for R = Alk than for R = Ar.
The mechanism of the mercury exchange via ‘“organic calomel”’ intermedi-

ates has been proposed originally by Kreevoy and Walters [13]. However these

. authors have postulated a cation-radical, RHgHgR" as being an intermediate in
the exchange. Kreevoy and Walters considered organomercury compounds acting
as cation-radicals to be adsorbed on mercury. But it is hardly possible that the
adsorption of organomercury compounds on mercury should be accompanied

by an appreciable charge transfer across the interface. According to our galvano-
static measurements, the limiting values of adsorption of (CsFs).Hg and §-C,cH4-
‘HgOAC are 32 and 40 uC cm™2, respectively. Assuming that during reduction

one electron is consumed per RHgX molecule and two electrons per R,Hg mole-
cule, by means of the Faraday law one can calculate the limiting values of ad-
sorption of these compounds. We obtained the values 1.6 X 107!° and 2.5 X 107'°
.mol cm™2, respectively, which are in agreement with the model for the plane-
parallel orientation of the molecules on the surface (90 and 60 A? per molecule,
respectively). If, instead, we assume these molecules to be adsorbed as the cation-
radicals, it is necessary to increase the electron consumption in the reduction of the
molecule to two-and three electrons, respectively. Then, according to the Faraday .
law; the experimental values of the adsorption extent (32 and 40 uC em™2) will
correspond to 180 and. 90 A? of electrode surface per molecule Such large areas
are at variance with the model estimates.

Furthemlore, in contrast with ref. 13, we thmk that organomercury com--
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pounds are acceptors while mercury metal is a donor of electrons in the mer-
cury exchange reaction (see Section 7).

5. Solvent effect

Solvent effect on rates of the mercury isotope exchange appear mainly to
be due to a variation in the extent of adsorption on the mercury/solvent inter-
face. Such a conclusion is inferred from the plot of Fig. 2, which shows that the
exchange rate decreases with an increase in the solubility of phenylmercuric
bromide. The most rapid exchange was observed in water and i-octane, the sol- -
vents with poor solvating ability with respect to PhHgBr. A decrease in solubil-
ity leads to an increase of adsorption on the interface, i.e., to an increase in the
surface concentration of the substrate. This should lead to an increase of the
exchange rate. Also, to provide the high rate of the exchange, the solvent must
not compete with the substrate for a place on the mercury surface, or else the
surface substrate concentration will be decreased and the observed rate constant
(which is the apparent rate constant because it is measured from a kinetic law
of the accumulation of radioactivity in the reaction solution) will be lowered.
Furthermore, the solvent molecules which give strong complexes with the or-
ganomercury substrate will decrease the exchange rate because the substrate ad-
sorption from the solution should be accompamed by desolvation, and this proc-
ess needs additional energy.

The high adsorption ability of hexamethylphosphortriamide on mercury
and its high tendency for specific solvation of organomercury compounds is the
probable reason for a low exchange rate in this solvent; the rate constant is
lower by an order of ca. ten than that in benzene (Fig. 2), in spite of the same
dissolving ability of both solvents with respect to phenylmercuric bromide.

41 log k(sec™)
i-octane
10F
® H0 MeOH
o5} A
benzene
toluene ®acetone
or anisole nitrobenzene
—-0.5+
o HMPT
—-1.0 1 1 1 ) oo
-20 -10 o 1.0 log S(maf)

Fig. 2. The dependence between logs of rate cdnstants of the exchange of PhHgBr with mercury-203 and
logs of solubilities of this compound in a number of solvenis. Data from refs. 12 and 14.
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) 6. Exchange of organotha]llum compounds with mercury -

. Gﬂman and Jones [29] were the first to observe exchange between dlphenyl-
, tha]llum bromlde and mercury metal in pyndme-

- thTlBr + Hg = Ph,Hg + TIBr - (8)

' It may be supposed that dlorganothalhum cations, Rle which are iso-

" electronic with the respective organomercury compounds, R,Hg, will interact
with mercury metal via intermediates of the type of RTI'HgR. Evidence for the
-formation of such organobimetallic cations were obtained from the galvano- -

_static study of dlalkyl- and diaryl thallium halides in 1 M- aqueous solutions of
potassium acetate [30,31].

- Chronopotentiograms of Et,TICl (Flg 3) show thrEe Faradaic delays at all
current densities studied (1072 to 2 mA cm?). The first delay, which appears at the

- potential of about —0.5 V (SCE), is rather short; it corresponds to the reduction
of thallous ions, T1". The second delay at —1.00 to —1.15 V corresponds to the
main wave on the polarogram of Et,TICl; it is the three-electron reduction of
diethylthallium cations. The third delay appears at —1.45 to —1.60 V. These are
the potentials of reduction of Et,Hg, (Fig. 1). Thus, contact of Et,T1" with the

“mercury surface results in formation of at least three particles on the surface:
diethylmercury, and the Tl and Ef,T1" cations, while the solution contains only
diethylthallium cations. This indicates that diethylthallium cations take part in
the following equilibrium on the mercury surface:

Et,TI' + 2Hg = TI' + Et,Hg, (+ Et,Hg + Hg)

However if EtHgHgEt alone was reduced during the third delay, the length of
this delay would not have been more than twice that of the first delay, which
corresponds to the reduction of T1, since the concentrations of T1* (one-electron
acceptor) are equal or more than the concentrations of Et,Hg, (two-electron
acceptor). This indicates that other species, besides Et,Hg,, are reduced at po-
tentials corresponding to the third delay. It is possible that the length of the
third delay increases due to the reduction of some species which precedes the
formation of Et,Hg, in reaction 2. These species may include the organobimetal-
lic cation EtHgTI'Et which is an isoelectronic analogue of the “organic calomel”

- —E(V)(SCE)

20

5
(3)EtoHg2 _fpotiEt
154 -

E4,TIT (2)

10

osl/T1t (1) B

. 00%
: time (msec)

L Fxg 3 Chronopotenuogmm of EtzTICl
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EtHgHgEt:

Et,T1" + Hg = EtTI'HgEt = TI' + Et,Hg He EtHgHgEt

More direct evidence for ArHgTI"Ar spec1es ona mercury surface was ob-
tained from the study of diarylthallium chlorides by galvanostatic techniques
[31]. The substituted diphenylthallium chlorides, (XC¢H,),TICl, where X = p-
OMe, p-Me, m-Me, H and p-Cl,-have been studied in 1 M KOAc/90% H,0/10%
MeOH solutions. The measurements were carried out at current densities of
1.5 X 1072 to 5 mA cm™?; the electrode was a hanging mercury drop. At current
densities higher than 0.4 mA cm™2, chronopotentiograms of all compounds show
two Faradaic delays at potential of about —0.6 to —0.7 and —1.0 to —1.2V
(SCE) (Fig. 4, curve a). With a lowering of current density, besides these Fara-
daic delays, one more delay of a capacitive nature, appears at potentials of
about —1.3 V (Fig. 4, curve b). With increase of current density, the lengths of
both Faradaic delays increase while the capacitive delay becomes shorter and
disappears at all current densities higher than 0.4 mA em™2. If was shown [31]
that the capacitive delay corresponds to desorption of Ar,Hg from the mercury
surface, and the most anodic delay corresponds to simultaneous two-electron
reduction of ArHgT1'Ar and one-electron reduction of thallous cations. The lat-
ter occurs because the first delay for substituted diarylthallium chlorides de-
pends on the nature of substituents. The plot of appearance potentials vs. Ham-
mett o-constants shows a linear dependence with p = +0.042 V. We think that
intermetallic cations RHgTI'R are intermediates in transmetallation reaction.8.

—E(V)(SCE)

5~ = 048 mA cm2

10l— RHQTIR + 2¢ — g
. : HGTIR + 26—

+
RHGTIR + e —m
OS5

- 20 msec 100 msec
A :

time (msec)

Fig. 4. Schematic representation of charging curves of mercury electrode for galvanoetatxc reductlon of
(m-CH3CgHg)2TIClin1 M agueous KOAc at 25 C. - -
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' 7 Cn the mechamsm of the Iate-determuung step

Marshall and Pollard [12] have reported the data which are of interest for

an elucidation of the mechanism of the organometallic compound—mercury ex-

changes. These authors have investigated the exchange between mercury metal
and aryl derivatives of dlf:ferent metals. The data obtained show that only the
‘compounds with sp- or.sp?- hybridization of the bonding orbitals of the metal
atom (e.g., Ph,Hg, P Ph,Cd, thZn, Ph,Mg-OEt,;, Ph,T1", Ph;Bi) undergo the ex-
change. Compounds of sp>-type (PhaSn, PhsPb) did not react with mercury over
3 days. The galvanostatic study of tetramethyltln (10% MeOH/90% H,O; 1 M
KOACc) carried out in our laboratory, is in agreement with these results. At all
current densmes (1.5 X 10°2 to 7 mA cm™?) chronopotentiograms did not show
delays corresponding to Me,Hg, Me,Hg,, or any other delays which might be
ascribed to particles other than Me,Sn. ' ‘

_ The rate of the exchange decreases sharply in the sequence: Ph,Hg >
Ph,Cd > Ph,Zn [12]. This sequence corresponds to a decrease in electronegativ-
ity of the metals (Hg 1.9, Cd 1.7, Zn 1.6), and hence the stability of the respec-
tive cation radicals will be increased from mercury to zinc derivatives: PhHg" <
Ph,Cd* < Ph,Zn®. Therefore the mechanism which has been postulated by
Kreevoy and Walters (eqn. 3) appears to be invalid. The oxidation level of the
metal in Ph,,M molecules should probably decrease in the transition state of the
mercurization reaction. We may suppose that formation of organobimetallic
compounds occurs via direct insertion of mercury into the carbon—metal bond
involving intermediate compounds of the fellowing types:

R

M R R M——R

or Y
Hg

Hg

For organomercury compounds the mechanism of mercury—mercury ex-
change may be schematically written as in Scheme 2. In this scheme the rate

SCHEME 2
1
R Hg R _ ,
R— Hg R slow - )
+ —_— l ———™ R-—HgQ—Hg—R
Hg' '
o 9
Hg

determining process is a migration of the anionic group, R, to the-positively
charged mercury atom. R groups more reactive towards electrophilic agents
should migrate with higher rate (as in pinacol—pinacoline and other electrophilic
‘rearrangements). Such a mechanism is in agreement with substituent effects on
the mercury exchange rates; it has been shown that electron-releasing substitu-
ents increase and electron-withdrawing substltuents decrease the reaction rate
[7,12]. ‘
: Nekrasov [23] cons1ders the calomel molecule, ngclz, to have a T-shaped
‘ structu:e,_CI—IiIgf—Cl rather than a linear, Cl—Hg—Hg—Cl, structure in gas phase.
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According to this author, calomel is a compound of the complex ion, Hg(Hg?*),
with two chloride anions. If this is really so, the R,M—Hg species may also be
imagined as complexes of organometallic compounds W1th mercury(()) in whlch
Hg® plays a role of a donor ligand.

Substituent effects on the diarylthallium chlondes/mercury exchange are
the same as those for organomercury compounds: electron-releasing substituents
increase and electron—wﬂ:hdrawmg substituents decrease the exchange rates. The
following data were obtained in our laboratory for the exchange of (XC¢H,;),TICl
with mercury in DMF at 60°C {32]:

X in (XC¢H,),T1" p-OMe p-Me m-Me H - pCl
Kps. (X 10° sec™) 14.7 7.6 4.5 2.2 0.6

The Hammett op-analysis gives a p value of about —2.8. This conforms to the
redox mechanism of thallium—mercury exchange shown in Scheme 3.

SCHEME 3
Ar Ar—yTi Ar

fast slow

Hg Ar—H4g
Hgo
metastabie
- species
2

slow T ' Tl+

fast
— +

Ar Ar

Similar T-shaped or tack-shaped structures for the Group IVb organometallic
compounds, e.g.: IT and III are, probably, 1mposs1ble because of significant de-
formation of the bond angles. -

Solv. R
R———————= R R_—l—-——"tR
// . /// ; \Sn//
7 N 7 or _ -
/ / 4 //’
Rl/___ ——\R RZ |/
Hg
Hg
(I : (DH)

Perhaps, the reaction of platinum(0) triphenylphosphine complexes with
organomercury compounds, recently reported from our laboratory [33], occurs
via intermediates with Pt—Hg bonds (Scheme 4). The p0551ble reverse reaction:

R _ - :
(PPh3)2PtR2+Hg—>'(PPh3)2Pt\ S o S
is not studied noﬁadays._ -
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'SCHEME 4

PPhs

|

Pt{PhsP)y; + Ph2 g ——— = Phy? + Ph——HQ——Pt— PR

PPh,

stow

PPh,
Ph——Pt——Ph 4+ Hg

PPh,
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