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Introduction: Primitive meteorites contain a wide
variety of organic molecules, which have been general-
ly identified using mass spectrometry (MS) with gas or
liquid chromatography (GC or LC). Recently, high-
mass resolution chemical analyses on the solvent ex-
tracts from Murchison meteorite found various CHO,
CHNO, CHNOS [1] and CHN compounds [2].

In-situ chemical analyses with MS have currently
been performed on primitive meteorites using two-step
laser desorption/photoionization mass spectrometry
(L*MS) [3, 4] or matrix assisted laser desorption ioni-
zation (MALDI) [5]. The in-situ investigations of spa-
tial distribution of the organic species are necessary to
understand evolution of organics in extraterrestrial ma-
terials because the extraterrestrial organic species
should have evolved by complex interaction with min-
erals and water through interstellar medium to early
solar system [6, 7].

Desorption electrospray ionization (DESI) is a
spray based ionization technique [8, 9]. The ionization
is carried out by directing electrosprayed charged drop-
lets and the impact of the charged particles on the sur-
face produces gaseous ions of material on the surface.
By motorization of sample stage, in-situ two (2D) di-
mensional chemical analysis can be achieved using the
DESI [e.g. 9]. In this study, the 2D DESI with high-
resolution MS analysis on carbonaceous chondrites
were performed to reveal spatial distribution of the
organic compounds on surface of the meteorites.

Experimental: Murray (CM2) and Murchison
(CM2) meteorites were used in this study. A few mm
sized fragments of these meteorites were obtained by
chipping. For only Murchison sample, surface of the
fragment was polished with alumina polishing film
without water and any solvent. Then a fragment with
flat surface of each meteorite were embedded in indium
or alloy with low melting point. For Murchison sample,
a few points (~100 um) on metal around the fragments
were marked using rhodamine B (C,3H;3;CIN,O3) to
comparison of analyzed area of sample surface and
obtained DESI images. The in-situ chemical analysis
was performed using a 2D DESI ion source (Omni
Spray Source 2D, Prosolia) equipped with a hybrid
quadrupole-Orbitrap mass spectrometer (Q-Exactive
Plus, Thermo Scientific). Electrospray voltage were set
at 3 kV. A spray solvent is methanol (100%) and flow
rate is 1 pl/min flow rate. The nebulizer N, gas pres-
sure was 100 psi. DESI images were acquired by con-
tinuously moving the surface beneath the spray at a
constant velocity. The positive ions were collected in a

full scan mode (m/z=100-500 for Murray or 70-700 for
Murchison) with mass resolution of 70,000 or 140,000
(m/Am at m/z 200) on ~1 x 1 mm for Murray and ~ 10
x 10 mm for Murchison by motorized x-y stage.

In these experiments, mass spectral data files are
converted into the cube format using the FireFly™
(Prosolia Inc.) software then DESI MS spectra images
were reconstructed using BioMap (free software,
www.maldi-msi.org).

Results and Discussion: Numerous ion peaks were
detected from both Murray and Murchison. Figure la
shows high-resolution spectra obtained from surface of
Murchison. Among these numerous peaks, alkylated
imidazole homologues and alkylated piperidine homo-
logues detected from Murchison (Figures 1b and Ic).
Figure 2 indicates stereomicroscope image and spatial
distribution of Rhodamine B, alkylated imidazole and
alkylated piperidine detected from Murchison, respec-
tively. The signal of rhodamine B positive ion
(C28H31N203+) were clearly detected from marked re-
gion on Al around Murchison embedded alloy (Figure
2b). The marked region was very useful to compare the
DESI images using stereomicroscope image. Alkylated
imidazole homologues (C“Hzn_1N2+) and alkylated pi-
peridine homologues (CHH2H+2N+) were clearly detected
from the surface of Murchison (Figures 2c and 2d).
Similarly, the alkylated imidazole homologues and
alkylated piperidine homologues were also identified
from the Murray meteorite. Furthermore, alkylated
pyridines (CnH2,1_4N+) was also found but they were not
detected from Murchison. The identification of such
CHN compounds was consistent with compound analy-
sis for the methanol extract of the Murchison sample
using high-performance LC-MS [2, 10]. Lack of detec-
tion of alkylated pyridine homologues from Murchison
sample in this study possibly be result from loss of the
species by dry polishing of the surface. Intriguingly,
spatial distribution of alkylated pyridine homologues in
Murray were very similar to that of alkylated piperidine
homologues but different with alkylated imidazole
homologues. In Murchison, no clear difference of spa-
tial distribution between alkylated imidazole and alkyl-
ated piperidine was found in this study, although inten-
sity of signals of those CHN compounds were variable.
Although the difference of spatial resolution is possibly
attributed to water activity on parent body, further in-
vestigations are needed for more detailed discussions.

This study suggests usefulness of the DESI-MS
analysis for understanding of spatial distribution of
polar organic compounds in primitive meteorites. Par-
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ticularly, CHN compounds such as alkylated pyridine
found in this study may have escaped chemical oxida-
tion during parent-body aqueous alteration and may be
primitive compounds [e.g. 2]. We plan further investi-
gation, such as comparison of spatial distribution of the
organic compounds with mineralogy using SEM obser-
vations. It should provide us important insight of the
evolution of the extraterrestrial organic materials.
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Figure 1. High-resolution spectra obtained from
surface region of Murchison meteorite. (a) Mass spec-
tra of m/z 70-400. Example of spectra of (b) alkylated
imidazole homologues (C,Ha,./N,"; n=7-9) and (c)
alkylated piperidine homologues (CnH2n+2N+; n=9, 10).
Note that these alkylated imidazoles and alkylated pi-
peridines were protonated as [M+H]". The observed
exact mass matched with the corresponding calculated
mass value within ~2 ppm in mass precision.
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Figure 2. (a) Stereomicroscope image of the Mur-
chison meteorite embedded in alloy surrounding by
aluminum ring. (b-d) combined DESI-MS spectra im-
ages of (b) Rhodamine B positive ion (C28H31N203+;
443.233 m/z) (c) Alkylated imidazole (n=7) (C;H3N,";
125.107 m/z) and (d) Alkylated piperidine (n=9)
(C9H20N+; 142.159 m/z). Note that the mass resolution
of these DESI images are within m/z ~ 0.001. All white
scale bars indicate 1 mm. Color bars correspond
intensity of these signals.
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