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CRITICAL EVALUATION:

Although gold has several oxidation states, the only oxide or hydroxide for which
solubility data are reported is Au(OH)3. There are only three papers reporting
solubility data for this hydroxide. Two of these report data for 298 K, one in HNO5
solutions (1), and the other in NaOH solutions (2). The third paper (3) reports
solubility values in sulfuric acid solutions in the temperature range 291-303 K. A few
solubility data for Au(OH), in a dilute HNO, solution (4) are rejected because the average
uncertainty in the values is about 2/3 of tae value reported. Because no two papers report
data for the same system all these data can only be classified as tentative.

One of these reports (2) gives solubility data for Au(OH)3 in water at 298 K. The
value is 3.1 x 107° mol kg'l. The average uncertainty in the values reported to give this
average is about 10%.

The solubility of Au(OH). in aqueous NaOH passes through a maximum in a MNaOH
concentration of about 0.45 mdl kg~l, followed by a minimum in a NaOH concentration of
about 1 mol kg'l, Figure 1. The peak in solubility was a result of a change in the solid
phase. This change in the solid phase was determined by chemical analysis as well as by
microscopic examination. The originally brownish hydroxide changed to a needle-like green
solid at the solubility peak. The composition of this new solid phase corresponded to
NaZHAuO . The solubility values up to NaOH concentrations of 0.5 mol kg'l can be explained
by the following equilibria:

Au(0H) , + O™ = H,Au0j + H,0 (1)
Au(om), + 208" = HAu0§— + 21,0 (2)

with equilibrium constant values of

'o = - . - - -4
kl (aH Au03) (aHZO )/(aOH-) = 5,25 x 10

(3)
2 4

2
= 2 Y. -

5 = (aHAu0§ ) (aHZO) /(aOH ) = 23,0 x 10 . (4)

To account for the decrease in solubility in NaOH concentrations of 0.5 to 1 mol kg"1 it

is necessary to assume an additional equilibrium, perhaps equation (5).

K

NaHAu0, = 2Na® + HAu0§ (5)
For NaOH concentrations larger than 1 mol kg—l other equilibria are involved, perhaps
resulting in the formation of AuD3-,

Figure 2 combines data for atid and alkaline solutions (1, 2) at 298 K. The point of
minimum solubility is difficult to determine. Johnston and Leland (2) suggest that this
minimum is on the acid side of neutral, i.e., the water solubility does not represent the
minimum solubility. From this it follows that a saturated solution of Au(OH)3 in water
contains Au(Oi),(sln) plus another species, perhaps HZAuO'.

The solubiiity data reported for acid solutions do ndot agree well with each other,
Figure 3. The solubilities are plotted as a function of the hydrogen ion concentration.
The difference may be a result of the amlytical method used in each case. Of the three
papers reporting solubility data, the analytical method for determining the gold content
was different for each investigation.

It is difficult to make a further evaluation because of the sparsity of data and the
very small values of solubility.
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Figure 2. Solubility of Au(OH)3 at 298 K in HNO
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