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Introduction & Motivation:  Nanodiamond is the 

most abundant and the first discovered phase thought 
to be presolar in unequilibrated meteorites, based on 
highly anomalous Xe isotopes [1] and small Ba, Pd, 
and Te isotopic anomalies [2,3,4]. In contrast, the 
12C/13C and 14N/15N ratios are close to solar [5,6]. This 
observation supports another hypothesis that most of 
the diamonds formed in the Solar System [7]. Stroud et 
al. [8] observed that nanodiamonds in meteoritic acid 
residues are associated with glassy C. This was ex-
plained by the transformation of organics to nanodia-
monds and glassy C by supernova shockwaves in the 
interstellar medium [8]. The different hypotheses re-
flect that nanodiamonds are still one of the least under-
stood refractory phases in meteorites. Because of their 
small sizes (avg. diameter ~3 nm [9]) it has not been 
possible to analyze the isotopic compositions of indi-
vidual nanodiamonds, which would help to constrain 
their origins. It is not known, therefore, if some of the 
diamonds have anomalous 12C/13C ratios. Atom-probe 
tomography (APT) is currently the only technique that 
has the spatial resolution and sensitivity to analyze 
isotopes of individual nanoparticles [10]. During the 
last three years, we developed sample preparation 

techniques and analytical protocols to analyze individ-
ual nanodiamonds with APT. First results on mass 
spectrometric APT analyses of individual nanodia-
monds were presented recently [11–13]. Here, we re-
port on our progress toward determining 12C/13C ratios 
of individual nanodiamonds.  

Samples & Methods:  We used aliquots of the Al-
lende DM nanodiamond acid residue [14]. Detonation 
and ultrananocrystalline diamond (UNCD) films 
served as synthetic analytical standards. Sample prepa-
ration is most critical for successful APT analysis. Pre-
viously, most samples failed mechanically during APT 
analysis. Our new sample preparation approach aims at 
improving sample stability by minimizing weak inter-
faces. It consists of direct deposition of a nanodiamond 
residue onto presharpened and flat-top Si microtips. To 
enhance sample stability we filled open pore space 
with atomic layer deposition of Al2O3 and W [15]. A 
protective Co layer was sputter-deposited onto the flat-
top microtips before shaping them by focused ion-
beam milling. Samples were analyzed with a Cameca 
Instruments LEAP4000XSi tomograph, equipped with 
a focused picosecond ultraviolet (wavelength = 355 
nm) laser [10].  

Figure 1. Time-of-flight mass spectrum of Allende DM nanodiamond sample integrated for one microtip. Note the 
sharp peaks and low background. The mass-to-charge state ratio range was selected to show peaks of C ions. 
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Results & Discussion:  The new sample prepara-
tion approach resulted in highly improved sample sta-
bility. Analyses of both types of tips are usually 
stopped manually after the exposed Si tip itself com-
pletely fills the field-of-view of the detector. Time-of-
flight mass spectra (Fig. 1) of both types usually exhib-
it sharp peaks and low background noise, which per-
mits us integrate peaks of ions of 12C, 13C, 27Al, 28Si, 
29Si, 30Si. Subsequent tomographic reconstructions 
reveal the differences between the two microtip types: 
The flat-top microtips show a thick, rather homogene-
ous, low-contrast layer of nanodiamond sandwiched 
between the Si flat-top and the sharpened Co cap at the 
tip apex. Alternatively, the presharpened Si microtips 
exhibit a very heterogeneous distribution of C on their 
surfaces, corresponding to individual and clusters of 
nanodiamonds. We, therefore, prepared and analyzed 
more samples on presharpened microtips. 

We determined preliminary raw peak ratios of 
12C+/13C+ for integrated tips of synthetic and Allende 
nanodiamonds, in addition to a small number of re-
gions of interest (ROIs) in Allende samples. The ROIs 
were of the same volume as average Allende nanodia-
monds and were centered on C concentration hotspots, 
Fig. 2. The ROIs contain ~1000 detected C atoms, cor-
responding to ~2000 C atoms with the LEAP’s 50% 
yield, the same number that is expected for individual 
nanodiamonds. We found the 12C+/13C+ ratios of the 
ROIs and the integrated tips to be identical, within 
experimental uncertainties. All these ratios are uncor-
rected for any instrumental bias. We will systematical-
ly investigate the instrumental bias by analyzing a suite 
of synthetic, UNCD films standards with varying C 

isotopic compositions. Once we can correct for instru-
mental bias, we will be able to determine C isotope 
ratios of individual nanodiamonds. Analyzing a large 
number of individual nanodiamonds will provide the 
distribution of 12C/13C ratios and will help to constrain 
their origins. 
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Figure 2. Left-hand side: Tomographic reconstruction of Allende DM sample on the surface of a presharpened mi-
crotip. Only C atoms are shown. Right-hand side: Color-coded concentration C hotspots on the sample. 
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