
 

 

 

      *e-mail:   katja.eder@sydney.edu.au 
†e-mail: laura.otter@hdr.mq.edu.au 

Overcoming challenges associated with the analysis of nacre in 

the atom probe 

Katja Eder*1, Laura M. Otter†2, Limei Yang1, Dorrit E. Jacob2 and Julie M. Cairney1 

1Australian Centre for Microscopy and Microanalysis, The University of Sydney, 

Australia 
2 Department of Earth & Planetary Science, Macquarie University, Sydney, Australia 

 

 

Keywords: atom probe tomography (APT), material characterization, sample preparation, correlative 

microscopy, biocomposite  

 

Summary: In this work the nacre layer of black mussels Mytilus galloprovincialis (Lamarck, 1819) 

was examined via atom probe tomography. This paper describes the approaches that were used to 

overcome challenges that were encountered during sample preparation and analysis, which mainly arise 

from the insulating and heterogeneous nano-scale properties of nacre.  

 
1. INTRODUCTION 

 
Atom probe tomography (APT) is a powerful technique that is able to determine the distribution of single 
atoms in three dimensional space with sub-nanometer resolution and a chemical sensitivity in the range of 
parts-per-million (ppm) [1, 2]. Previously it was only possible to analyse metals and alloys using APT, but 
with the development of laser-assisted atom probe and repproducable focused ion beam (FIB) based 
preparation techniques, insulating materials such as ceramics and geological samples can now be analysed. 
Recent applications of APT include the analysis of biominerals, such as bone and teeth [3, 4].  
 
Nacre, also known as mother of pearl, is a biomineral consisting of aragonite (CaCO3) pseudo-hexagonal 
lamellae that are enveloped by organic membranes (see Figure 1 a and b) [5]. In marine environments the 
processes of biomineralisation play an essential part in the survival of marine organisms and yet the 
mechanisms of growth dynamics and resulting shell architecture are still poorly understood. 
 
In this study nacre was analysed via APT, in order to provide atomic scale information about the complex 
microstructure of organic and inorganic interfaces at the atomic scale, and simultaneously yield information 
about the distribution of minor elements, such as C, Na and Sr. 

 

2. EXPERIMENTAL METHOD 

 
To ensure that the organic-inorganic interface was present within the APT tip, site-specific FIB sample 
preparation methods were required [6]. For this a Zeiss Auriga dual beam FEG SEM was used. A JEOL 2100 
transmission electron microscope (TEM) with an acceleration voltage of 200 kV was then used to locate the 
exact position of the organic membranes (see Figure 1 c), as charging of the non-conductive nacre affected the 
image quality during the final stages of annular milling and therefore made it impossible to determine the exact 
position of the interface. The atom probe experiments were performed using a LEAP 4000Si, in laser mode, with 
a pulse rate below 200 kHz, pulse energies of 50 – 200 pJ, a target evaporation rate of 0.5 % and temperatures 
ranging from 38 – 51 K. The obtained data was reconstructed using IVAS v3.6.8 from CAMECA Scientific 
Instruments. 
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3. RESULTS 

 

Throughout the course of sample preparation and APT data analysis, it was found that the FIB parameters play a 

crucial role in the success or failure of the atom probe experiments. In order to avoid damage of the extremely 

intricate organic inclusions and membranes, a very low voltage (< 5 kV) and current (≤ 50 pA) had to be used to 

view and sharpen the sample. During the atom probe analysis further challenges were encountered regarding the 

materials complex mass spectrum and the variable field evaporation characteristics between organic and inorganic 

regions. Optimisation of the preparation parameters led to several successful atom probe experiments, with one of 

the datasets containing part of an organic membrane (see Figure 1 d) and others showing organic inclusions within 

the aragonite matrix. The correlation between sample preparation parameters and the collection of good quality 

atom probe data are believed to enhance the applicability of APT to the investigation of biomineralisation. 
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Figure 1: (a) STEM image of nacre microstructure. The light grey areas are the organic membranes that 
surround the aragonite tablets (dark grey). The inset (b) shows the microstructure at a higher magnification, 
with the small white areas being organic inclusions within the aragonite matrix. (c) Bright field TEM image 
of an atom probe tip after FIB sample preparation. The white arrows highlight the organic membranes. (d) 
Atom probe reconstruction, showing the Ca atoms in grey, a Na cluster (green) and an organic membrane 
(orange and brown).  
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