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Investigation of the hydrozincite structure by infrared and solid-state NMR spectroscopy
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abStRact

To better understand lattice disorder in hydrozincite, natural hydrozincite samples and synthetic 
analogues were investigated by XRD, FTIR, 13C MAS, and 13C CPMAS NMR. The size of coherent 
diffraction domains ranges between ~10 nm (Synth1) and ~30 nm (Synth2). FTIR peaks from the 
antisymmetric CO3

2– stretching n3 mode were observed at 1383 and 1515 cm–1 in all samples. Peaks 
due to OH vibrations were observed for all the samples at 3234, 3303, and 3363 cm–1, and were sharp 
only for the samples having larger crystal domains. The 13C MAS and CPMAS NMR spectra showed 
a main carbon signal at 164 ppm in the Synth2 sample, while two main signals were observed at 
~164 and ~168 ppm in the Synth1 sample. The intensity ratio of the latter signals were found to be 
independent of contact time, in the investigated range between 0.2 and 30 ms.

In addition, 13C CPMAS dynamics indicates that the Synth1 sample has shorter T1r with respect 
to Synth2. This indicates a more effective process of spin diffusion of proton magnetization in the 
former due to different structural properties of Synth1 and Synth2 samples. In addition, chemical shift 
anisotropy analysis was attributed to a structural change in the carbonate group or hydrogen bonding 
for Synth1 and Synth2. This was interpreted as a deviation from the ideal structure generated by linear 
and planar lattice defects and/or grain boundaries.
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intRoDuction

Hydrozincite, [Zn5(CO3)2(OH)6], is a mineral commonly 
occurring in the oxidized zones of zinc ores. It is often found 
as masses or crusts associated with other secondary minerals 
such as smithsonite, hemimorphite, and aurichalcite (Anthony 
et al. 2003). Hydrozincite can also precipitate during processes 
controlled by cyanobacteria (Podda et al. 2000; De Giudici et al. 
2009; Medas et al. 2012a, 2012b). More recently, hydrozincite 
was found to precipitate with hydrocerussite in filamentous fungi 
(Słaba and Długoński 2011).

The crystal structure of hydrozincite was first studied in a 
highly crystalline sample by Ghose in 1964 using single-crystal 
X-ray diffraction. The structure is monoclinic with a0 = 13.62, b0 
= 6.30, c0 = 5.42 Å, β = 95°50'. The space group is C2/m. Zinc 
occupies two different octahedral sites and one tetrahedral site. 
The octahedral and tetrahedral sites are in a 3:2 ratio. Zinc atoms 
in tetrahedral coordination occur above holes that are present in 
the sheets of octahedral zinc atoms.

CO3
2– groups bind these sheets parallel to (100). An oxygen 

atom for each CO3 group is shared with an octahedrally coordi-
nated Zn, a second oxygen atom is shared with a tetrahedrally 
coordinated Zn, and the third oxygen atom is hydrogen bonded 
to three OH groups.

Ghose (1964) found also that synthetic crystals of hydroz-
incite have low crystallinity, and speculated that replacement 
of some carbonate groups holding tetrahedral-octahedral-

tetrahedral (T-O-T) groups together would result in stacking 
disorder. Jambor (1966) and Zabinsky (1966) found that in-
frared spectra from different hydrozincite specimens differed 
significantly and showed peak broadening. Such a difference 
was explained invoking contributions of different plane defects. 
Conversely, Jambor (1964) and, more recently, Hales and Frost 
(2007) interpreted IR peak broadening of hydrous zinc carbon-
ate as due to the formation of polymorphs. Lattanzi et al. (2007) 
and De Giudici et al. (2009) investigated the crystallinity of 
biologically produced hydrozincite in comparison with synthetic 
and geologic reference standards. As pointed out by Medas et 
al. (2012b), high-precision synchrotron-based X-ray powder 
diffraction (XRPD) patterns of hydrozincites collected in the 
Rio Naracauli, Sardinia, do not match any known structures 
of this mineral. In fact, a fairly large difference was recorded 
for the a0 cell parameter of the geologic hydrozincite (13.59 ± 
0.03 Å) and the biologically produced Naracauli hydrozincite 
(13.832 ± 0.006 Å).

Hydrozincite has been the subject of many studies because 
of its role in the corrosion of Zn-rich materials (Stoffyn-Egli et 
al. 1998; Morales and Borges 2006; Ghosh and Singh 2007), 
and its involvement in controlling the mobility of zinc both in 
soils (Uygur and Rimmer 2000) and waters (Mercy et al. 1998; 
Zuddas and Podda 2005; Wanty et al. 2013). The occurrence of 
hydrozincite in Zn-contaminated calcareous soils was recently 
documented by Jacquat et al. (2008). Hydrozincite is a precur-
sor for the preparation of ZnO (Music et al. 2002 and references 
therein) and it was recently found to be a by-product of Zn-mine-* E-mail: gbgiudic@unica.it


