
Motivation and Background

The origins of meteoritic nanodiamonds (NDs), first separated from 
meteorites in 1987  by acid dissolution and size separation [1], 
remains an enigma:
• Isotopic anomalies in trace elements Xe [1], Te [2], Pa [3], and Ba 
[4] suggest a Type II supernova origin for at least a subpopulation of 
the NDs.
• However, the bulk measured C [5] and N [6] are consistent with 
formation in the Solar System.
To resolve this conundrum, we are measuring the 12C/13C ratio of 
individual ND grains using atom-probe tomography (APT).

Conclusions and Future Work

We conclude that little if any of the carbonaceous material from the 
Allende residue we have analyzed to date is presolar.
However, given our current sample size, the presence of non-diamond 
carbonaceous material in the residue, and remaining instrumental 
artifacts, this conclusion is preliminary.

Correlated transmission electron microscopy and APT of nanotips will 
allow us to compare the crystal structure of the C residue with the 
reconstructed m/n data, and allow us to distinguish between 
nanodiamond and amorphous C phases.
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Discussion of Ratios and Artifacts

Nanodiamond Analysis Methods Compared for Consistency

Experimental Method

Fig. 6 Mean C isotopic ratios for 24 terrestrial 
detonation ND standards and 18 Allende DM ND 
data sets.
• The mean Allende ratio is, within uncertainties, 
the same as the mean standard ratio
• The scatter in the ADMs is not significantly 
greater than for the standards, consistent with 
isotopically normal grains
• The mean ratio of 12C/13C in charge state + is 
significantly greater than in charge state ++, 
suggesting an experimental artifact that increases 
the measured 12C+ and/or 13C++ or possibly 
decreases the measured 12C++ and/or 13C+. 

Comparison of Data Reduction Methods

Defining peak widths in APT is a subjective process, potentially introducing unquantified uncertainty in the results 
[10]. Peak shapes are affected by thermal pulse width, measured material, local nanotip shape, isobaric 
interferences such as 12CH+ at 13 amu, and tail interferences from slightly lighter ions such as 12C+ at 13C+. 
Background is a time-constant process, meaning that S/N is affected by the rate at which ions are collected. Figs. 
3 and 4 describe two methods for peak width definition. Fig. 5 compares a set of standards reduced using both 
methods.
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Fig. 3 S/N threshold method (old)

• C isotopic ranges are defined 
based on a 2× background 
threshold

• 0.01 amu bin size

• Noise is calculated using 
windows on either side of each 
peak

Advantage: Maximizes counts

Fig. 4 FWHM method (new)

• Noise is first subtracted using a 
linear fit to the baseline of the 
time-of-flight spectrum

• C isotopic ranges are defined 
based on FWHM with bin size that 
gives 5 bins for the range

• Minor isotopes in the same 
charge state are given the same 
range width as the major isotope

Fig. 1 APT is a combination of point-projection microscopy and time-
of-flight mass spectrometry, yielding the 3D position and mass-to-
charge state (m/n) ratio of approximately 50% of the atoms in a 
~1x106 nm3 volume with sub-nm spatial resolution and ~500 m/Δm 
for full width half max (FWHM). We conduct APT on the nanotips 
with a Cameca LEAP 4000X Si [7, 9], which employs a combination of 
high voltage and thermal pulsing from an ultraviolet laser to field 
evaporate nanotips ion by ion.

Fig. 5 Mean C isotopic ratios for 16 terrestrial 
detonation ND standard data sets. Small  ovals  
represent ±2× the standard error of the mean. 
Large ovals represent ±2× the standard deviation 
of a datum from the mean. The diagonal line is 
the line of equal  ratio for isotopes at the two 
different charge states.
The new, FWHM method gives larger uncertainty 
in and scatter about the mean value, but both 
reproduce the same mean value well within 
uncertainty

Fig. 2 NDs from the Allende DM residue are embedded between 
sputter-deposited Pt layers (1), lifted out (2-3), and sharpened by 
focused ion beam microscopy (4-6). The top ~100 nm of each 
sharpened nanotip (7) is analyzed by APT. The reconstructed volume 
(8-9) contains individual detected C ions (black dots), and can be 
thresholded to find clusters (black shapes).

Advantages: preserves peak shape between the isotopes, excludes low S/N tails, is reproducible and less 
subjective
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Fig. 7 Cross sections of the deposition layer reveal individual NDs and 
larger clusters. Isotopic ratios are calculated in regions of interest such 
as these. Orange dots are Pt. Ions. Scale bars are 20 nm.

The standard data are compared to Allende data in Fig. 6. The standard 
error of the mean is representative of the uncertainty in the 
determination of the mean value, while the standard deviation 
represents the scatter of the data. The standards reproduce the 
significant instrumental artifacts, noted in prior work, which lead to an 
underestimation of 12C/13C ratios [7,9]. The discrepancy could be 
explained if 12C++ is preferentially affected by deadtime effects 
compared to 12C+. Iterative proportional fitting of detected multiple 
isotope pairs [11], or Poisson statistics [12] can be used to generate a 
correction for signal loss due to detector deadtime. To date, however, 
such methods have generated only small changes to the measured 
ratios. Alternatively, a 12C2

++ interference at 12 amu could account for 
the observed effect.
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