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Nanodiamonds are found in primitive meteorites that did not experience high degrees of thermal 

metamorphism on their parent asteroids [1]. Because of their resistance to acids, they can be extracted 

from meteorites by acid-dissolution [2]. Through mass spectrometric bulk analyses of acid residues, 

nanodiamonds were identified as the carriers of an isotopically anomalous xenon component and were 

therefore interpreted to have interstellar or circumstellar origins that predate the formation of the Solar 

System [2]. This presolar interpretation is supported by the discovery of isotopic anomalies of the trace 

elements palladium, tellurium and barium in nanodiamond-containing acid residues [3,4]. However, the 

carbon and nitrogen isotopic compositions of the acid residues are not anomalous and are consistent 

with formation of nanodiamonds in the Solar System [5]. To address these divergent genetic 

interpretations, which are based on mass spectrometric bulk analyses of a large number of 

nanodiamonds, isotopic analyses of individual nanodiamonds are needed. Such single particle analyses 

will reveal if there are different populations of nanodiamonds with different carbon isotopic 

compositions that would point to formation in different environments. Due to their small size (~2 nm in 

diameter [6]) single nanodiamond isotopic analyses have proven to be impossible with conventional 

mass spectrometry techniques. Atom-Probe Tomography (APT) has been identified as the only current 

technique that can obtain carbon isotopic compositions of individual meteoritic nanodiamonds [7]. In 

this paper I will review recent advances with the ultimate goal of constraining the origin of meteoritic 

nanodiamonds using on APT [e.g., 7–9]. 

 

Efforts to analyze meteoritic nanodiamonds with APT are lead by two groups in close collaboration with 

the Northwestern University Center for Atom-Probe Tomography (NUCAPT). One group is based at the 

Chicago Center for Cosmochemistry (The Field Museum of Natural History, The University of Chicago, 

Argonne National Laboratory) and the other one at Washington University in St. Louis. In collaboration 

the two groups developed three different methods that have been applied to prepare nanodiamonds for 

APT [7]. All methods used aliquots of the same sample: A nanodiamond-bearing acid residue prepared 

from the Allende meteorite [10] that was suspended in an isopropanol-water mixture. The first sample 

preparation method consists of drop-casting the sample with a micropipette directly onto a presharpened 

silicon microtip array (distributed by Cameca Inc.). After drying, open pore space was coated with 

alumina and tungsten by atomic layer deposition (ALD). This provided enhanced sample stability during 

APT analysis. Sample stability was highest with this method because it did not require the use of 

focused ion beam (FIB) milling. The FIB can create defects leading to less stable samples in APT. 

However, sample thickness is difficult to control with drop-casting directly onto microtips and therefore 

FIB-based methods were also used. These were two different methods where nanodiamonds were drop-

cast either directly onto a silicon wafer and then ALD coated and sputter coated with a protective 

conductive cobalt layer or drop-cast onto a sputter-deposited nickel and platinum layer and then coated 

again with platinum and nickel (sandwich method). Subsequently, using SEM and/or Auger Nanoprobe 
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an area of interest containing the thinnest identifiable layer was selected. A FIB microscope was then 

used to lift out wedges, attach them to prefabricated flattop arrays (distributed by Cameca Inc.) and 

sharpen them with annular milling to a tip radius of <50 nm. A laser-assisted local electrode atom probe 

Cameca LEAP 4000 X Si [e.g., 11,12] was used for the analyses of the samples. We used synthetic 

nanodiamonds (UNCD and detonation nanodiamonds) as reference materials [7–9].  

 

The tomographic datasets clearly reveal areas with high concentrations of carbon that are attributed to 

individual or small clusters of nanodiamonds with the meteoritic as well as the synthetic samples. This 

implies that nanodiamonds seem to be distinguishable based on density from other forms of carbon that 

are also present in the sample. TEM analyses confirmed the presence of disordered sp2 carbon (similar 

to glassy carbon) in the meteoritic acid residues besides the nanodiamonds [13].  

 

Analyses with APT of synthetic nanodiamonds revealed nominally anomalous 12C/13C ratios that were 

significantly lower than the expected terrestrial ratio. This was partly attributed to an isobaric 

interference of the (12C1H)+ hydride on 13C+ leading to an overestimate of 13C. In contrast to singly-

charged ions doubly-charged ions should not be significantly affected by hydrides. However, also the 
12C2+/13C2+ ratio was significantly lower than the terrestrial ratio expected for the synthetic reference 

materials [7]. This bias was explained by a strong detector dead time, undercounting effect: The burst-

like field evaporation of carbon from nanodiamonds (in contrast to many other materials) leads to too 

many simultaneous detector events that even the multi-delay line multichannel plate detector of the 

LEAP cannot keep up with [8]. Stephan et al. [8] developed a correction method based on Poisson 

statistics of correlated detection events from different isotopes of a single element. This correction was 

successfully applied to the tomographic dataset of synthetic nanodiamonds and resulted in correct 

carbon isotope ratios within 2σ uncertainty [8]. Lewis et al. [9] presented an alternative correction 

method based on iterative proportional fitting. Both correction methods were applied to obtain corrected 
12C/13C ratios of individual and small clusters of meteoritic nanodiamonds.  

Much of the effort went into optimization of sample preparation, analytical conditions and development 

of correction [7–9]. From the meteoritic nanodiamonds analyzed so far none of them contained 

significantly anomalous carbon isotopes. This implies that the fraction that carries the nucleosynthetic 

isotope anomalies is small. More meteoritic nanodiamonds will be analyzed with APT to quantitatively 

constrain the presolar fraction [14]. 
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