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ABSTRACT

New values are reported for the Gibbs energies of formation from the elements for
hydrocerussite Pb(OH)2·(PbCO3)2 and hydrozincite [Zn(OH)2]3·(ZnCO3)2. These D values0Gf

were obtained from electrochemical cells without liquid junction. We determined D 0Gf

[Pb(OH)2·(PbCO3)2(s)] 5 21699.8 6 1.6 kJ/mol for hydrocerussite and D 0Gf

{[Zn(OH)2]3·(ZnCO3)2} 5 23163.3 6 4 kJ/mol for hydrozincite. These results allow future
electrochemical cell experiments to be performed to determine the D values of other0Gf

hydroxycarbonate minerals using either the Pb amalgam-hydrocerussite or the Zn amal-
gam-hydrozincite as reference electrodes. These reference electrodes provide a strategy for
establishing Gibbs energies for phases with two different anions, which are geochemically
interesting but difficult to study experimentally.

INTRODUCTION

Garrels (1957) noted that the paragenesis of some hy-
droxycarbonate minerals, such as hydrocerussite
[Pb(OH)2·(PbCO3)2(s)], was inconsistent with the contem-
porary thermodynamic data. Hydrocerussite is rare in
soils relative to the mineral cerussite [PbCO3(s)], and
Garrels adjusted the experimental Gibbs energy of hydro-
cerussite accordingly. This adjustment remained in the
literature for many years until the original results of
Randall and Spencer (1928) were augmented by other
careful solubility experiments (see Bilinski and Schindler
1982; Taylor and Lopata 1984). Solubility experiments
on these solids, however, are enormously difficult because
the results are sensitive to the speciation model chosen to
interpret the data (see discussion by Bilinski and Schin-
dler 1982). In this paper, we employ an electrochemical
cell method to determine the Gibbs energies of formation
of hydroxycarbonate minerals simply and directly. The
cell method is applied to the environmentally significant
mineral hydrocerussite and verified using hydrozincite
{[Zn(OH)2]3·(ZnCO3)2(s)}, but the method can be extend-
ed to other hydroxycarbonates, allowing relatively simple
Gibbs energy of formation determinations to be made for
many of these complex double-anion minerals.

Although hydrocerussite is rare in soils relative to ce-
russite, hydrocerussite is found to be a weathering prod-
uct of native Pb (Jørgensen and Willems 1987), which is
a potentially enormous environmental hazard. The esti-
mated domestic use of Pb in 1992 was 1 220 000 metric
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tons (Smith et al. 1995) with over 80% of this Pb used
for lead-acid batteries. However, only about 760 000 met-
ric tons of Pb was recovered from such batteries in 1992.
The unaccounted Pb was presumably lost to the environ-
ment. The dispersion of metallic Pb is going to increase
if current zero-emission vehicle policies are enacted in
California, Michigan, and Massachusetts. This policy re-
quires that an appreciable fraction (1–2%) of the new
vehicles sold in a state must have no detectable emission
of air pollutants from the tailpipe (Sperling 1995; Brady
et al. 1998). A leading technology proposed to satisfy this
policy requires electric cars with lead-acid storage batter-
ies. In addition, hydrocerussite is a surprisingly common
precipitate in experimental Pb-Na2SO4-NaHCO3 solutions
(Marani et al. 1995). In this paper, we return to Garrels’
conjecture and use the new thermodynamic data to pro-
vide a geochemical explanation for the relative distribu-
tion of hydrocerussite and cerussite in soils.

EXPERIMENTAL METHODS

Solid samples

The hydrocerussite used was a synthetic powder pur-
chased from Mallinckrodt (Lot KMME no. 5709). The
hydrozincite used was identified as ‘‘zinc carbonate ba-
sic’’ by Fluka Chemika (no. 96466, Analysis no. 323007).
In one cell (cell D), a sample of natural hydrozincite from
Hayden, Arizona, which was purchased from Ward’s Nat-
ural Science Establishment, Inc., was used rather than
commercial hydrozincite. All samples were used in the
form in which they were purchased without crushing or
acid pretreatment. The mineralogical purity of the mate-
rials was confirmed by comparing X-ray diffraction


