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Report: 
 
This research was focused on detailed investigation of anisotropic lattice distortions found by us in 
biogenic aragonite and calcite crystals, the two most widespread polymorphs of calcium carbonate. These 
distortions (as compared to geological minerals) are caused by intra-crystalline organic macromolecules 
entering into the crystallites during bimineralization. We carried out the x-ray powder diffraction 
measurements in different mollusk shells annealed at  temperatures between 50 and 600 0C. We show that 
anisotropic lattice distortions, reaching in maximum a 0.1-0.2 %, are common  in the mollusk phylum. 
Heat treatment at elevated temperatures leads to the pronounced lattice relaxation due to degradation of 
organic molecules. The obtained results which shed an additional light on the biomineralization problem 
were summarized in two papers: 
 
1. B. Pokroy, A. Fitch, P. Lee, J. P. Quintana, E. N. Caspi, and E. Zolotoyabko. Anisotropic lattice 
distortions in the mollusk-made aragonite: A widespread phenomenon. J. Struct. Biology, v. 153, issue 2,  
pp. 145-150 (2006). 
 
2. B. Pokroy, A. Fitch, F. Marin, M. Kapon, N. Adir, and E. Zolotoyabko. Anistropic lattice distortions in 
biogenic calcite induced by intra-crystalline organic molecules. J. Struct. Biology (2006, submitted). 
 
Their abstracts are given below: 
 
 
 
 



 

 
 
1. Abstract 

 

In this paper, we present experimental results demonstrating systematic structural distinctions 

between biogenic and non-biogenic calcium carbonate. Specifically we show, by high-resolution X-ray 

powder diffraction on dedicated synchrotron beam lines, that the orthorhombic unit cell of the mollusk-

made aragonite is anisotropically distorted as compared with that one of geological aragonite. In all 

investigated shells, belonging to different classes (bivalve, gastropod, and cephalopod) and taken from 

different habitat origins (sea, fresh water, and land), the maximum elongation of about 0.1 - 0.2 % was 

found along the c-axis. The lattice distortions along the a-axis were also of the positive sign (elongation) 

but lower than those along the c-axis, whereas lattice distortions along the b-axis were always negative 

(contraction). Supporting experiments, including structural analysis after a bleach procedure, 

measurements of temperature-dependent lattice relaxation, measurements of the CO2 release at elevated 

temperatures, signify that the observed structural distinctions are most probably caused by the organic 

molecules intercalating into the aragonite lattice during biomineralization. Our findings show that in 

some sense organisms control the atomic structure of the crystals. Deeper understanding of this 

phenomenon will aid in the development of new approaches to grow biomimetic composites and tailor 

their properties on a molecular level. 

 
 
2. Abstract 

 

We have performed precise structural measurements on five different calcitic seashells by high-

resolution X-ray powder diffraction on a synchrotron beam line and by laboratory single crystal x-ray 

diffraction. The unit cell parameters, a and c, of biogenic calcite were found to be systematically larger 

than those measured in the non-biogenic calcite. The maximum lattice distortion (about 0.2%) was 

detected along the c-axis. Under heat treatment above 200 0C, a pronounced lattice relaxation was 

observed, which allowed us to conclude that anisotropic lattice swelling in biogenic calcite is induced by 

organic macromolecules incorporated within the single crystal calcitic prisms during biomineralization. 

This conclusion is supported by the results of crystallization experiments in the presence of the specific 

protein extracted from one of the shells.  

 
 
 
 
 
 


