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The hypothetical diaquagold(I) and tetraaqua-
gold(III) ions do not exist even in strong per-
chloric acid solution, and their standard elec-
trode potentials are therefore not accessible to
direct measurements. However, information
about these potentials can be obtained by
utilizing the knowledge of the standard poten-
tials for a series of gold(I) and gold(III) com-
plexes. A number of such potentials are tabu-
lated in Table 1.

Some authors have assumed that linear
relationships exist between these potentials
and analogous potentials for other d** and d®
metal ions for which the potentials of the aqua
ions are known.'®* However, standard poten-
tials obtained by such correlations are open to
criticism.* More reliable results might be ex-
pected with the use of Edward’s four-param-
eter equation ®

(1/N) log BN’ =cky,+ BH
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In this equation « and # are parameters for the
metal ion and E, and H parameters for the
ligand. E,, is related to the oxidation potential
of the ligand: E,=E°(X"~,3X,®-2-)— E°(ref.),
and H is related to pK, for the corresponding
Breonsted acid: H=pK,—pK,(ref.). Both of
these parameters as well as the relative overall
stability constants Sy’ are usually defined with
water and the aqua complex as reference. It
then follows that: log By’ =log By + N log 55.
In order to use the equation for Au(I) and
Au(III) complexes By’ were defined relative
to the relevant chlorido complexes and E, and
H relative to E°(Cl,iCl,)=—1.36 V and
pKy(HCl)= — 6.1.° The necessary ligand param-
eters were estimated from literature data ® and
are tabulated in Table 2. A certain arbitrari-
ness in the choice of the K, and H parameters is
apparent. The lack of spread in the Edwards
plots, shown in Fig. 1, which is based partly
on parameters resulting from accurate experi-
ments and partly on rough estimates, provides
some justification for the E, and H values
proposed in Table 2. Values for log By’ are
given in Table 1. The upper part in Fig. 1 is
a plot of tlog B,'/H wversus E,/H for Au(I),
and the lower part a plot of } log B,//H versus
E,/H for Au(IlI). Straight lines are obtained
in both cases, « being equal to the slope of the
lines. E,/H for water has the value —0.28
(see Table 2), corresponding to % log B,'/H=
—1.70 for Au(I) and } log B,//H=—1.90
for Au(III). Inserting H=4.40 for water, one
calculates on this basis log f;=~<11.5 for Au(I),

Table 1. Standard electrode potentials at 25 °C of Au(I) and Au(III) complexes and their stability

constants in aqueous solution.’

Ligand E° log By log B.¢ E°y, log B/ log B.%
Cl~ +1.154 0 11 + 1.002 0 26
Br~ +0.959 3.29 15 +0.854 7.50 34
SCN~ +0.662 8.31 20 +0.636 18.55 45
I- +0.578 9.73 21 (+0.56) 22.4 49
NH, +0.563 10.0 21 +0.3256 34.3 60
(NH,),CS +0.380 13.1 24

205%™ +0.153 16.9 28
Dpm ¢ +0.053 18.6 30
CN- —0.48 27.6 39 (—0.10) 56 82
OH- (+0.48) 26.4 53

@ Caloulated with E°[Au(H,0),+,Au]=+1.83 V.

¢ Diphenylphosphinobenzene-m-sulfonate.
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b Caleulated with E°[Au(H,0)2+Au]=+152 V.
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Table 2. Ligand parameters to Edwards’ equa-
tion defined relative to the chloride ion.

Ligand H E, E, /H
Br- -1.1 +0.27 —-0.25
SCN™ +5.3 +0.59 +0.11
I -3 +0.82 —0.27
NH, +15.3 +0.60 +0.04
(NH,),C8 +5.2 +0.94 +0.18
2057 +1.8 +1.28 +0.16
CN~ +15.5 +1.56 +0.10
OH~ +21.9 +0.36 +0.02
H,0 +4.4 -1.24 —0.28

Table 3. Softness parameter for some heavy
metals.

R
Q
R

Cd(II) 2.2 2.0
Cu(I) 3.4 2.3
Ag(I) 3.5 2.8
TI(IIT) 4.6 3.4
Au(I) 6.5 44
Hg(II) 6.8 4.6
Au(III) 7.4 -

and log B,~~26.4 for Au(III). These values
combined with the standard electrode poten-
tials for the relevant chlorido complexes yield
the following estimate for the two aqua gold

otentials: E°[Au(H,0);+,Au]=1.83 V and

°[Au(H,0)2+,Aul=1.62 V.

Previous estimates of the aqua gold(I) elec-
trode potential range from 1.67 to 2.12 V.1,8,%8
The present value of 1.83 V is further sup-
ported by other evidence which will be dis-
cussed in a forthcoming paper.® The value of
1.62 V found for the aqua gold(III) electrode
potential deviates less from values in the
literature »»'®* and is in good agreement with
Latimer’s 7 estimate of 1.50 V. We therefore
suggest that the stability constants given in
Table 1 calculated on the basis of the present
new values should replace constants already
published by one of the present authors.®

The o coefficient in Edwards’ equation is a
measure of the softness!! of the metal; in
Table 3 the values for Au(I) and Au(III) ob-
tained from Fig. 1 are compared with values
of o for other metals!! as well as with Klop-
man’s 12 softness parameter gg which is derived
from polyelectronic perturbation theory. The
most remarkable result is that Au(IIT) is softer
than Au(I) with Hg(II) having an intermediate
softness.
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Fig. 1. Edwards’ plots for Au(I) and Au(III).
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