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abstract

The microscopic properties of biomineral hydrozincite [Zn5(CO3)2(OH)6] from Naracauli Creek 
(SW Sardinia) were investigated by using X-ray diffraction (XRD), nuclear magnetic resonance 
spectroscopy (NMR), scanning electron microscopy (SEM), and high-resolution transmission electron 
microscopy (HRTEM). Because the biomineral hydrozincite turned out to significantly deviate from 
the ideal structure of hydrozincite, synthetic and geologic hydrozincite samples were also investigated 
for comparison.

SEM imaging shows that biomineral hydrozincite is made of small platelet-shaped crystallites 
having a 20–50 nm long side at the shortest and other sides measuring hundreds of nanometers long. 
These are interlaced to form sheaths several micrometers long. HRTEM analysis of the biomineral 
samples shows an imperfectly oriented aggregation of the nanocrystals that is discussed in terms of 
mesocrystals. Transmission electron microscopy (TEM) and XRD analysis indicate a progressive 
decrease in the size of the particles in the biomineral compared to the synthetic and geologic hydro-
zincite samples, with coherent diffraction domains in the biomineral hydrozincite that are smaller by 
30–50% than in the other samples investigated in this study. 13C magic angle spinning (MAS) and 
cross polarization magic angle spinning (CPMAS) NMR spectra show more than one peak for all the 
investigated samples, despite the fact that carbon atoms have a unique crystallographic position in 
the hydrozincite structure. The additional peaks can reflect the presence of lattice defects typical of 
nanocrystals as indicated by the HRTEM images, where high concentration of lattice defects, such 
as grain boundaries and stacking modes, can be observed both in the biomineral and in the synthetic 
samples. Further additional peaks in the NMR spectra of biomineral samples are attributed to organic 
molecules, relicts of the biomineralization process, in agreement with the filaments observed in SEM 
images of biomineral samples. 
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introDuction

In the last several years, interactions between microbes and 
minerals have attracted the interest of the scientific community. 
The pioneering work of Lowenstam (1981) identified two types 
of biomineralization: (1) biologically induced mineralization 
(BIM) with minerals forming as a by-product of the cell’s 
metabolic activity and (2) biologically controlled mineralization 
(BCM), a regulated process allowing the organism to precipitate 
minerals that serve some physiological purpose. Such a distinc-
tion is based on the causative effect that microorganisms have 
on mineralization and is commonly accepted (see Skinner 2005, 
and references therein). Almost all biominerals are composite 
materials that consist of both mineral and organic components 
(Weiner and Dove 2003). Furthermore, the crystals of biominer-
als are nanosized and their surface energy is often biologically 
controlled via adsorption-desorption reactions of molecules 
typically related to biological activity (namely aspartate, acetate, 
citrate, etc.). This affects nucleation and growth and leads to 

surface features that are significantly different from the inor-
ganically formed counterpart (De Yoreo and Vekilov 2003). In 
addition, the crystal structures of biominerals can be affected by 
many defects, such as point defects and dislocations, twinning, 
and other lattice defects, which cause low crystallinity of the 
mineral (Weiner and Dove 2003). 

A zinc carbonate, hydrozincite [Zn5(CO3)2(OH)6], in associa-
tion with cyanobacteria (Scytonema sp.) and algae (Chlorella) 
(Podda et al. 2000), has been found in a mine environment at 
Naracauli Creek (Sardinia, Italy).

The crystal structure of hydrozincite was first studied in a 
geologic sample by using single-crystal X-ray diffraction (Ghose 
1964). This author also found that synthetic crystals of hydro-
zincite have low crystallinity and speculated that plane defects 
are the likely cause of the observed decrease in crystal order. 
Infrared spectra from several hydrozincite specimens can differ 
significantly and show peak broadening (Jambor 1966; Zabinsky 
1966). This difference was explained as the contributions of dif-
ferent plane defects. Jambor (1964) and, more recently, Hales and 
Frost (2007) proposed that hydrous zinc carbonate could have * E-mail: gbgiudic@unica.it


