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Abstract

The carbonaceous chondrites Tagish Lake and Murchison, which contain abundant
hydrous minerals, when pressed on aluminum plates and analyzed by micro FTIR, were
found to have been contaminated during brief (24 hours) storage. This contamination
occurred when the samples were stored within containers which included silicone
rubber, silicone grease or adhesive tape. Long-path gas cell FTIR measurements for
silicone rubber revealed the presence of contaminant volatile molecules having 2970
cm ' (CH3) and 1265 cm ™' (Si—CH3) peaks. These organic contaminants are found to be
desorbed by in-situ heating infrared measurements from room temperature to 200-300
°C. Careful preparation and storage are therefore needed for precious astronomical
samples such as meteorites, IDPs and mission returned samples from comets, asteroids

and Mars, if useful for FTIR measurements are to be made.

INTRODUCTION

Organic Components of Extraterrestrial Materials



Asteroids and comets could have provided the early Earth with life’s precursor
molecules, and studies of carbonaceous chondrite meteorites (presumably derived from
primitive asteroids) provide a record of organic prebiotic chemistry in the early solar
system (Pizzarello et al. 2006). Carbonaceous chondrites are known to contain up to a
few wt.% of indigenous organic matter. The largest fraction (70-99%) of this is present
as complex insoluble organic matter (IOM) (e.g., Pizzarello et al. 2006). In
carbonaceous chondrites, the classes of soluble organic compounds that have familiar
biochemical counterparts include amino acids, fatty acids, purines, pyrimidines and
sugars (Botta and Bada 2002; Sephton 2002; Pizzarello et al. 2006). In addition,
alcohols, aldehydes, amides, amines, mono- and di-carboxylic acids, aliphatic and
aromatic hydrocarbons, heterocyclic aromatics, hydroxyl acids, ketones, phosphonic
and sulfonic acids, sulfides as well as fullerenes have been reported (Botta and Bada
2002; Sephton 2002; Pizzarello et al. 2006).

IOM in chondrites is studied by numerous methods including solid state °C and '°N
nuclear magnetic resonance (NMR) (Cronin et al. 1987; Gardinier et al. 2000; Pizzarello
et al. 2001; Cody et al. 2002; Cody and Alexander 2005; Remusat et al. 2005a; Yabuta
et al. 2005), X-ray absorption near-edge structure (XANES) (Cody et al. 1999; Flynn et
al. 1999; Derenne et al. 2002), electron paramagnetic resonance (EPR) (Duchesne et al.
1964; Schulz and Elofson 1965; Binet et al. 2002, 2004a, b; Gourier et al. 2004),
chemical degradation (Bitz and Nagy 1966; Hayatsu et al. 1977, 1980; Remusat et al.
2005b), pyrolytic release studies (Studier et al. 1972; Levy et al. 1973; Bandurski and
Nagy 1976; Komiya et al. 1993; Komiya and Shimoyama 1996; Sephton et al. 1999,
2000, 2004, 2005; Remusat et al. 2005a; Oba and Naraoka 2006; Yabuta et al. 2007),
isotope studies (Naraoka et al. 1997; Alexander et al. 1998; Sephton et al. 1998, 2000,
2003; Becker et al. 1999; Sephton and Gilmour 2000; Wang et al. 2005; Oba and
Naraoka 2006; Remusat et al. 2006; Alexander et al. 2007; Huang et al. 2007), Raman

spectroscopy (Busemann et al. 2007) and Fourier transform infrared (FTIR)



spectroscopy (Hayatsu et al. 1977; Wdowiak et al. 1988; Ehrenfreund et al. 1991, 1992;
Murae 1994; Kissin 2003).

There are also organic studies of both hydrous and anhydrous chondritic
interplanetary dust particles (IDPs) (Sandford and Walker 1985; Bradley et al. 1992;
Clemett et al. 1993; Flynn et al. 1998, 2002, 2003, 2004; Aléon et al. 2001, 2003;
Matrajt et al. 2003, 2005, 2006; Keller et al. 2004; Quirico et al. 2005) as well coma
dust grains from comet 81P/Wild 2 recently returned to Earth by the Stardust Spacecraft

(Sandford et al. 2006; Keller et al. 2006; Cody et al., 2007).

Contamination Problemsfor Extraterrestrial Samples

A number of possible terrestrial contamination sources have already been suggested.
Volatile organic compounds may be adsorbed onto the surface of a meteorite in the
terrestrial environment (Murae 1995). The long chain n-alkanes that occured in some
meteorites extract were shown to be terrestrial contaminants by isotope analyses
(Sephton et al. 2001). The long chain fatty acids (C;5 to Cig) in pyrolysate from some
meteorites were suggested to be of biological origin, possibly from bacterial
contaminants (Remusat et al. 2005a; Yabuta et al. 2007). Isoprenoid hydrocarbons
reported in the Murchison meteorite were found to be terrestrial origin by means of
isotopic analyses (Krishnamurthy et al. 1992). Sulfonic acid esters were reported to be
identified by infrared spectra of solvent extracts of the Orgueil meteorite (Studier et al.
1965), but were subsequently suggested to be misidentified silicon oil contamination
(Burlingame and Schnoes 1966). Phthalate esters and diisopropylnaphthalenes reported
in Orgueil are known to be common laboratory contaminants (Watson et al. 2003).

Possible sources of terrestrial contaminants have been discussed by a number of
authors. Studier et al. (1968) proposed automobile exhaust products as a source of
contamination of aromatic compounds in meteorites. Plows et al. (2003) suggested that

much of the atmospheric PAH pollution emitted from sources such as internal



combustion engines contains a large proportion of alkylated PAHs (Kawamura et al.
1994; Gingrich et al. 2001). Cronin and Pizzarello (1990) proposed possible airborne
source of terrestrial contamination including petroleum distillates such as vacuum pump
oils, lubricating fluids for rock saws for cutting meteorites, and plasticizers. The
sesquiterpenoid derivatives detected in the Orgueil meteorite are essentially plant
oil-derived terrestrial contaminants (Watson et al. 2003). The 8“C values for the
n-alkanes from carbonaceous chondrites are identical to those of petroleum-based
products and other mixtures of fossil hydrocarbons (Sephton et al. 2001). The
compounds pristane and phytane, found in some chondrites, are thought to be biological
contaminants partly due to their structural specificity which is unlikely to be produced
by abiotic processes (Cronin and Pizzarello 1990). Han et al. (1969) concluded that the
Allende meteorite picked up a significant quantity of terrestrial biological contamination
between its fall on February 8, 1969 and its collection on February 15, 1969, despite its
falling into an arid environment in northern Mexico. Carbonaceous chondrites which
have long terrestrial ages, such as Orgueil, can provide valuable evidence of the effects
of long term exposure to potential terrestrial contaminants (Watson et al. 2003).

Despite these contamination problems, majority of chondritic organic matter can be

assumed indigenous due to some evidences such as isotopic composition.

Infrared Spectroscopic M easurements

Fourier transform infrared (FTIR) spectroscopy is a non-destructive technique for
organic components and minerals, and has been successfully applied to chondritic
organic matter (Hayatsu et al. 1977; Wdowiak et al. 1988; Ehrenfreund et al. 1991,
1992; Salisbury et al. 1991; Murae 1994; Raynal et al. 2000; Flynn et al. 2001; Keller
and Flynn 2001; Nakamura et al. 2002, 2003a; Kissin 2003; Matrajt et al. 2004) and
hydrous and anhydrous chondritic IDPs (Sandford and Walker 1985; Bradley et al.
1992; Clemett et al. 1993; Flynn et al. 1998, 2002, 2003, 2004; Keller et al. 2004;



Matrajt et al. 2005), mainly based on aliphatic stretching features in the region
3000-2800 cm .

Thermal stabilities of organic matter of carbonaceous chondrites also have been
studied by FTIR spectroscopy. Nakamura et al. (2003a) conducted preliminary in-situ
FTIR heating experiments of organic matter in the Tagish Lake meteorite and found
varying thermal stabilities of different organic functional groups. Flynn et al. (2001)
reported that the 3000-2800 cm™' region of the infrared spectrum of Tagish Lake is
similar to Orgueil and Murchison but that Tagish Lake contains an organic component
that is lost on heating to 100 °C for 1/2 hour. Wdowiak et al. (1988) reported infrared
spectra of an acid insoluble residue of Orgueil heated in vacuum up to 500°C which
showed an increase of aromatic features at higher temperatures and a simultaneous
decrease for aliphatic features.

The organic features of both bulk chondrites and IOM observed by FTIR have
typically been considered to be of indigenous origin, since terrestrial contaminants are
likely to be found in the free fraction (which is relatively susceptible to contamination)
but not within the organic macromolecular component (which is less prone to
contamination) (Watson et al. 2003), and the majority of organic matter (over 70 wt.%)
in carbonaceous chondrites consists of IOM (e.g., Pizzarello et al. 2006). Furthermore,
infrared spectra show similarities between interstellar carbonaceous grains and IOM, an
equivalent intensity of the aliphatic C—H stretching absorptions for CHz (2960 cm™")
and CH, (2920 cm™"), and a lack of aromatic C—H stretching absorption (3040 cm™")
(Ehrenfreund et al. 2002).

However, the C—H bands of infrared spectra taken from the surfaces of meteorites
may arise at least in part from pollution of the laboratory environment with vacuum
pump oils (Salisbury et al. 1991). Raynal et al. (2000) and Flynn et al. (2003, 2004)
discuss the possibility of contamination of C—H stretching bands of IDPs due to the

silicone oil which is used to capture IDPs. Infrared spectra of recently-investigated



comet Wild 2 coma grains showed organic features at ~2900 cm ' due to aliphatic C—H
and 1706 cm ™' due to C=0, however aliphatic C—H features contain some contributions
from the aerogel capture media (Sandford et al. 2006).

Here, we report a new type of rapid contamination (occurring within one day) due to
volatile organic compounds from some laboratory materials commonly used for sample

preparation and storage.

SAMPLESAND EXPERIMENTAL METHODS
Sample Preparation for Micro FTIR Spectroscopy

For the present Fourier transform infrared (FTIR) spectroscopic measurements, the
sample powders were pressed between two aluminum plates (0.08 mm thick) using an
oil pressure pump at about 100 kgw/cm’ to make the sample flat and fixed on the
aluminum plate. The two aluminum plates were then separated and the resultant
flattened grains on an aluminum plate were used for infrared spectroscopy. In addition,
sample powders were pressed between a KBr plate (~1 mm thick) and a platinum plate
using an oil pressure pump at about 100 kgw/cm?, after which the platinum plate was

removed. The samples fixed on the KBr plates were then used for infrared spectroscopy.

Infrared Microspectroscopy

A ceramic infrared light source, a Mercury-Cadmium-Telluride (MCT) detector and a
x16 Cassegrain mirror were used for the FTIR spectroscopy (JASCO
FT-IR-620+IRT30). The background spectra were collected on the aluminum plate or
the KBr plate.

Transmission-reflection spectra (transmission spectra in the case of samples on KBr
plates) were collected at room temperature in the range 4000700 cm ', with a 100 x
100 um® aperture. Infrared incident light was first transmitted through the sample,

which was typically a few tens of micrometers thick, then reflected off from the surface



of aluminum plate, and again transmitted through the sample. In the case of the samples
fixed on the KBr plate transmission spectra were collected with infrared incident light
passing through KBr and then the samples. In this instance the background spectra were

collected on the sample-free area of the same KBr plate.

Contamination Char acterization Experimental Procedures
Samples

The following samples were pressed on aluminum plates and stored in polystyrene
trays with silicone rubber mats.

Carbonaceous chondrites: (1) Tagish Lake (ungrouped type 2 chondrite) fell in
January of 2000 onto a frozen lake in Canada. Its matrix consists mainly of saponite,
serpentine, Fe-Ni sulfides, carbonates, olivine and magnetite (Brown et al. 2000;
Zolensky et al. 2002; Nakamura et al. 2003b). (2) Murchison (CM2) fell in 1969 in
Australia. Its matrix consists mainly of serpentine, tochilinite, Fe-Ni sulfides,
carbonates, olivine and Fe-Ni metal (Zolensky and McSween 1988; Zolensky et al.
1993). (3) Moss (CO3) fell in 2006 in Norway, and consists mainly of olivine, troilite
and kamacite (Bischoff and Schmale 2007; Greenwood et al. 2007). Moss has an
unusually low matrix-to-chondrule ratio (Greenwood et al. 2007).

Natural and synthetic minerals used were as follows. (1) Fine-grained antigorite
(Mg, Fe*")3Si,05(0OH);) monoclinic, Nichika Corp., No. #14-4-12-1 from
Nakanochaya, Miyatsu, Kyoto, Japan. (2) Muscovite (KAly(Si3Al)O;9(OH),) from
Ishikawa, Fukushima, Japan. Several small muscovite fragments were crushed to a fine
powder using an alumina mortar and pestle. (3) Synthetic montmorillonite powder (pure
(99%) sodium montmorillonite Nag 33(Al,Mg),S140;9(OH),'nH,0), called Kunipia F ®,
obtained from Kunimine Industries Co., Ltd.

Chemical regents were as follows. (1) Silica gel, Wakosil C-300, 40-64 um
(spherical) from Wako Pure Chemical Industries, Ltd. (2) Silicon dioxide (SiO;) from



Wako Pure Chemical Industries, Ltd. (3) Potassium bromide (KBr), from JASCO
International Co., Ltd. A cubic crystal of KBr (~5 mm) was crushed to a fine powder
using an alumina mortar and pestle.

Infrared spectra were collected immediately after sample preparation and then stored
in a polystyrene tray with a silicone rubber mat for 14-30 hours in a desiccator. After

this storage, infrared spectra of the same sample positions were measured again.

Contamination experiments with the silica gel

The silica gel samples were pressed on (1) an aluminum plate and (2) a KBr plate by
the above methods. Infrared spectra were collected immediately after the sample
preparation then stored in polystyrene trays with silicone rubber mats for 24-26 hours in
a desiccator. After this storage, infrared spectra of the same sample positions were
measured again.

In order to verify the contamination from storage containers, the silica gel samples
pressed on aluminum plates were stored in the following five different ways: (1) in a
glass petri dish wrapped in aluminum foil, (2) in an antistatic polystyrene case, (3) fixed
with adhesive tape in a glass petri dish, which were then wrapped in aluminum foil, (4)
fixed with silicone grease in glass petri dishes, which were then wrapped in aluminum
foil, (5) in a polystyrene tray with a silicone rubber mat. All these sample storage
containers were stored in a desiccator. After 16-26 hours of storage, infrared spectra of

the same sample positions were measured.

Sep Heating Experiments

Tagish Lake and antigorite on aluminum plates were set onto a heating stage
(LINKAM FTIR 600) and placed into the micro FTIR. After measuring the sample
spectra at room temperature, the samples were heated at 10 °C/min from room

temperature up to 500°C using the heating stage. During the heating, sample spectra



were collected from the same location at every 10°C step. The temperature was kept

constant during the collection of the sample spectra.

Microscopic ATR-IR and Gas Cell FTIR Analyses

Microscopic infrared attenuated total reflection (ATR-IR) analyses were performed
using a JASCO MFT 2000 spectrometer using a microscopic ATR system (Jasco x20
Micro ATR-VZ) equipped with an ATR crystal of ZnSe. Reflection spectra were
obtained at a resolution of 4 cm™ with 100 scans for 240 x 240 pm regions. A silicone
rubber mat and adhesive tape, which seemed to be contamination sources, were directly
touched to the ATR crystal and then analyzed.

A long path gas cell (Infrared Analysis Inc., 10-PA) was used to measure infrared
spectra of volatile compounds emitted from the silicone rubber mat. The infrared light
pass length was 10m by 40-fold reflection and the volume was 2.3 L. The gas cell was
attached to an FTIR spectrometer (Bomem MB154). Infrared spectra were measured at
room temperature with an infrared light source, a MCT detector, and a Csl beam splitter
(Ishikawa et al. 2007). The silicone rubber mat (10 x 10 cm) was placed into the gas cell.
Then infrared spectra of the volatiles from the silicone rubber mat in the atmosphere
(air) at room temperature were collected. Infrared spectra were first collected
immediately after placing the silicone rubber mat in the gas cell, then every 10 minutes
for a total of 26 hours. 128 scans were stacked at 1 cm™' resolution in the 7000-500

cm’ range.
RESULTS
Organic Contamination of Various Materials Stored in the Polystyrene Tray with a

Silicone Rubber M at

Samples pressed on aluminum plates stored in the polystyrene tray with the silicone



rubber mat were (1) Tagish Lake, (2) Murchison, (3) Moss, (4) antigorite, (5) muscovite,
(6) montmorillonite, (7) silica gel, (8) silicon dioxide and (9) KBr.

Tagish Lake and Murchison samples show weak infrared absorption bands around
2900 and 1260 cm . The height of these absorption bands increased after 24-30 hours
of storage in the polystyrene tray with the silicone rubber mat (Figs. 1a, b and 2a, b).
The organic features observed in the spectra and their possible interpretations are
summarized in Table 1. The bands around 2963, 2940 and 2875 cm ! are considered to
be due to aliphatic C—H groups. The 2963 and 2875 cm ' peaks are due to asymmetric
and symmetric stretching vibrations of CHs, respectively, while the 2940 cm ™' peak is
due to CH, vibrations. The 1262 cm ' band can be assigned to C—O and/or Si—CHj3
bending vibrations. These organic features appeared to have increased for Tagish Lake
and Murchison after storage. On the other hand, no organic features are detected on the
Moss meteorite even after 24 hours of storage (Figs. 1¢ and 2c).

The infrared absorption spectra of Tagish Lake show a shoulder around 3650 cm '
due to structural hydroxyl (O-H) (Fig. 1a). A broad O—H stretching band around 3400
cm ' and an H-O—H bending band around 1630 cm™' (Figs.la and 2a) are probably due
to water molecules loosely adsorbed to minerals (Murae 1994) and as interlayer
molecular water in phyllosilicates (Keller and Flynn 2001). Serpentine and saponite
present in the matrix of Tagish Lake (Zolensky et al. 2002; Nakamura et al. 2003b), and
3650 and 3400 cm™' bands correspond to these minerals. The absorption feature at 1450
cm ' can be due to carbonates. The 1450 cm ' band shows a slight increase after storage.
This band might include contributions from aliphatic C—H bending vibration modes.

The infrared absorption spectra of Murchison show a broad O-H stretching band
around 3400 cm ' and an H-O-H bending band around 1640 cm ' due to water
molecules (Figs.1b and 2b). The 1530 and 1460 cm ™' band appeared after storage. The
1530 cm ' band is plausibly due to overtone or combination of Si—O stretching and

bending vibrations. The 1460 cm ' band is probably due to aliphatic C—H bending.
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The infrared absorption spectra of Moss do not show particular bands at 4000-2500
cm ' and 1800-1200 cm™' region (Figs.lc and 2c). Noise at 4000-3500 cm™' and
1800—1500 cm™ were due to atmospheric water vapor. No significant spectral changes
were observed following storage for 24 hours.

Some organic features appeared in the spectra of antigorite, muscovite,
montmorillonite after 14-25 hours of storage (Figs. 1d, e, f and 2d, e, f) and silica gel,
pressed on aluminum plates and stored in a polystyrene tray with silicone rubber (Figs.
lg and 2g). No organic features appeared in the spectra of silicon dioxide and KBr (Figs.
1h and 2h).

The infrared absorption spectra of antigorite show features at 3670 and 3570cm '
due to structural O—H. A broad O—H stretching band around 3440 cm ' and an H-O-H
bending band around 1640 cm™ is due to adsorbed water molecules (Figs.1d and 2d).
Infrared spectra of antigorite after 14 hours of storage show some organic absorption
features. The 2963 and 2878 cm ' peaks are due to asymmetric and symmetric
stretching absorptions of CHs, respectively. The 2938 cm ™' peak is due to CH, groups.
The 1260 ¢cm™! band is due to C—O and/or Si—CHs;. A band around 1540 cm! might be
due to overtone or combination of Si—O stretching and bending vibrations. The 1405
cm ' band is probably due to Si-CHj3 and/or O—H. The 1470 cm ' and 1370 cm ™' bands
are probably due to aliphatic C—H bending.

The infrared absorption spectra of muscovite show features at 3640 cm™' due to
structural O—H. A broad O-H stretching band around 3400 cm ' and an H-O—H bending
band around 1640 cm™ is due to adsorbed water molecules (Figs.le and 2e). The 1260
cm ' band can be due to C—O and/or Si-CH; which might represent contamination
before our present sample preparation, because the muscovite sample was natural and
not cleaned. Infrared spectra for muscovite after 25 hours of storage show some organic
absorption features. The 2963 and 2873 cm™' peaks are due to asymmetric and

symmetric stretching absorptions of CHs, respectively. The 2938 cm ™' peak is due to
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CH, groups. The 1545 c¢m™' band might be due to overtone or combination of Si—-O
stretching and bending vibrations. The 1400 c¢cm™' band is probably due to Si—CHj
and/or O—H. The 1465 cm ™' band is probably due to aliphatic C—H bending.

The infrared absorption spectra of montmorillonite show features at 3630 cm ™' due
to structural O—H. A broad O-H stretching band around 3430 c¢cm™' and an H-O-H
bending band around 1650 cm ' due to interlayer water molecules (Figs.1f and 2f).
Infrared spectra for montmorillonite after 25 hours of storage showed some organic
absorption features. The 2965 and 2875 cm ' peaks are due to asymmetric and
symmetric stretching absorptions of CHs, respectively. The 2938 cm ™' peak is due to
CH, groups. The 1525 c¢cm™' band might be due to overtone or combination of Si—-O
stretching and bending vibrations. The 1375cm ' band is probably due to aliphatic C—H
bending.

The infrared absorption spectra of silica gel show a broad O—H stretching band
around 3400 cm ' and an H-O—H bending band around 1630 cm ' due to adsorbed
water (Figs.lg and 2g). Infrared spectra for silica gel after 26 hours of storage show
some organic absorption features. The 2963 and 2880 cm™' peaks are due to asymmetric
and symmetric stretching absorptions of CHs, respectively. The 2940 cm ™' peak is due
to CH, groups. The 1465 and 1385 cm™' bands are probably due to aliphatic C—H
bending. The 1700 cm™' bands is probably due to C=0. The 1520 cm™' band might be
due to overtone or combination of Si—O stretching and bending vibrations. The 1410
cm ' band is probably due to Si-CHj; and/or O—H. The 1262 c¢m™' band is due to C—O
and/or Si—CHs.

The infrared absorption spectra of silicon dioxide show bands at 2000—1000 cm '
region due to Si—O stretching absorption within silicates. A broad O—H stretching band
around 3400 cm ™' was due to adsorbed water molecules (Figs.1g and 2g). No significant
spectral change was observed after storage for 25 hours.

The infrared absorption spectra of KBr show only interference fringes except a

12



broad O—H stretching band around 3450 cm™' due to water molecules (Figs.1h and 2h).
No significant spectral change was observed after 25 hours of storage.

The spectra of Tagish Lake, Murchison, antigorite, muscovite, montmorillonite and
silica gel showed organic features after storage while Moss, silicon dioxide and KBr did
not. Table 1 shows the organic features observed in the spectra and their possible

interpretations.

Contamination experimentswith silica gel

Silica gel pressed on a KBr plate was stored in a polystyrene tray with a silicone
rubber mat for 24 hours and on an aluminum plate for 26 hours. After storage some
organic absorption features appeared for both of these silica gel samples (Figs. 1g, 2g
and 3).

The infrared absorption spectra of silica gel pressed on KBr plate show a broad
O-H stretching band around 3400 cm™' and an H-O-H bending band around 1630 cm™'
due to adsorbed water molecules (Fig. 3). After 26 hours of storage on the aluminum
plate the silica gel sample showed some organic absorption features. The 2965 and 2880
cm ' peaks are due to asymmetric and symmetric stretching absorptions of CHs,
respectively. The 2940 cm ' peak is due to CH, groups. The 1705 cm ™' band is probably
due to C=0. The 1530 cm' band might be due to overtone or combination of Si-O
stretching and bending vibrations. The 1470 cm™' band is probably due to aliphatic C—H
bending. The 1410 cm ™' band is probably due to Si—-CH; and/or O-H. The organic
bands observed in the spectra and their possible assignments are listed in Table 1.

No organic features appeared on the spectra of silica gel pressed on aluminum
plates stored in (1) a glass petri dish for 26 hours (Figs. 4a and 5a), or (2) an antistatic
polystyrene case for 25 hours (Figs. 4b and 5b). The spectra of (3) the silica gel sample
pressed on the aluminum plate, which was fixed with adhesive tape in a glass petri dish

and stored for 25 hours show some organic absorption features (Figs. 4c and 5c). The
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2957 and 2870 cm™' peaks are due to asymmetric and symmetric stretching absorptions
of CHj, respectively. The 1480, 1470, 1455, 1395 and 1367 cm™' bands are probably
due to aliphatic C—H bending (Table 1). The spectra of (4) the silica gel sample pressed
on the aluminum plate, which was fixed with silicone grease in a glass petri dish and
stored for 16 hours show some organic absorption features (Figs. 4d and 5d). The 2967
cm ' peak is due to stretching absorptions of CHs. The 1410 cm™' band is probably due
to Si—CHj3 and/or O—-H. The 1266 cm ! band is due to C—O and/or Si—CHj; (Table 1).

Changeswith Time of the Organic Features of Silica Gel Samples

Fig. 6 shows changes with time of aliphatic C—H stretching peaks at 2965 cm™ with
3000-2890 cm ' baseline of silica gel stored in the polystyrene tray with a silicone
rubber mat. The peak intensities for one sample position steadily increased during 50
hours of storage, and the other increased up to 28 hours, then leveled off. These results

indicate the distinct possibility of saturation of organic adhesion within a few days.

Sep Heating Experiments

In order to analyze quantitatively infrared spectral changes upon heating of Tagish
Lake contaminated by silicone rubber, the following peak heights were determined with
corresponding baselines; 2963 cm ™' peak with 3000-2950 cm ' baseline and 1265 cm™'
peak with 1280-1255 cm™' baseline. Changes in these organic peak heights during
heating are presented in Fig. 7a, b (thick curves).

The aliphatic C—H absorption bands at 2963 cm ' decreased rapidly from 100 to
300°C, and finally disappeared at 310-320°C. The 1265 cm ' peak (Si—CH; and/or
C-0) decreased gradually from 25°C up to approximately 200°C.

The following peak heights of contaminated antigorite were determined with
corresponding baselines; 2963 cm ™' peaks with 3000-2950 cm ™' baseline and 1262 cm™
peak with 12751255 cm ' baseline. The aliphatic C—H absorption bands at 2963 cm™
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decreased from 50 to approximately 300°C, and finally disappeared at 330-340°C. The
1262 cm ' peak (Si-CH; and/or C—O) decreased gradually from 40°C up to

approximately 300°C (Fig. 7c, d; thin curves).

TheATR-IR and the Gas Cell FTIR Measurements

The ATR-IR spectra of the silicone rubber mat show asymmetric and symmetric
stretching absorptions of CH; bands at 2962 and 2905 cm ', respectively (Fig. 8). The
1415 cm ™' band is due to Si-CH;. The 1257 cm ™' band is due to Si-CH;. 1060 and 1007
cm ' bands are due to Si-O. 864 and 785 cm™' bands are due to Si—C. The 2360 cm™'
band is due to atmospheric CO,.

The ATR-IR spectra of the adhesive tape show asymmetric and symmetric stretching
absorptions of CH; bands at 2958 and 2872 cm ', respectively (Fig. 9). The 2931 cm™'
band is due to stretching of CHa. The 1455, 1395 and 1376 cm ' bands are probably due
to aliphatic C-H bending. The 1729 cm ' band is due to C=0. The 1237, 1157, 1117,
1063, 1023, 940, 840 and 758 cm ' bands are due to C-O. The 2360 cm ' band is due to
atmospheric COs.

The volatiles from the silicone rubber mat were measured by the gas cell FTIR.
Infrared spectra were first collected immediately after placing the silicone rubber mat in
the gas cell, then every 10 minutes for 26 hours. Fig. 10 shows a spectrum for volatiles
from a silicone rubber mat in the atmosphere (air) of the gas cell after 3 hours. The 3250
cm”' band is due to O—H stretching of water molecules. The 2970 and 2905 cm ' bands
are due to asymmetric and symmetric stretching absorptions of CHs, respectively. The
1265 cm ™ band is due to Si-CHs. The 1080 cm ' band is due to Si—O. The 900, 850 and
810 cm' bands are due to Si—C. Absorption intensities of these organic features rapidly

increased within approximately one hour then increased slowly (Figs. 11 and 12).

DISCUSSION
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Contamination from silicone rubber mat and adhesive tape

The hydrated carbonaceous chondrites Tagish Lake and Murchison were found to
adsorb volatile organic compounds during storage with a silicon rubber mat after
approximately one day. Organic contamination was also recognized on antigorite,
muscovite, montmorillonite and silica gel following storage with a silicone rubber mat,
silicone grease or adhesive tape. These samples were never directly in contact with a
silicone rubber mat, silicone grease or adhesive tape. Therefore, organic volatile
molecules from these latter materials must have been adsorbed on the samples. Only
hydrated carbonaceous chondrites and hydrous minerals showed organic adsorption,
suggesting the importance of surface OH groups of minerals for this process. The Moss
meteorite, for example, which is completely anhydrous and thermally metamorphosed -
Bischoff and Schmale (2007); Greenwood et al. (2007), showed no such contamination.
One result of metamorphism is that Moss has distinctly lower porosity and permeability
than the unmetamorphosed chondrites Murchison, Tagish Lake and Orgueil. These
results are consistent with our micro FTIR mapping which showed that organic rich
areas were included in the mineral OH rich areas of Tagish Lake (Kebukawa et al. 2007).
Since the samples pressed on both aluminum and KBr plates were contaminated, the
transmission-reflection measurement on aluminum plates is not the origin of the
contamination.

The gas cell FTIR absorption bands of the volatile from the silicone rubber (Fig. 10)
are similar to those in the ATR-IR spectrum of silicone rubber (Fig. 8), with some
differences in peak positions. Degradation products of silicone rubber are reported to be
primarily cyclic oligomers (Deshpande and Rezac 2001), particularly methylsiloxane
oligomers which are decomposed and vaporized from polydimethylsiloxane, which is
the major constituent of silicone rubber. Therefore, the infrared absorption bands at
1410-1400 cm ' and ~1260 cm™' for the contaminated chondrites and mineral samples

are considered to be due to Si—CHs.
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The spectral features of the volatile compounds from the silicone rubber (~2965
and ~1260 cm ™' from Si—CH; groups) are similar to the contamination organics from the
silicone rubber mat and silicone grease, except for the absence of a ~1260 cm™' band for
montmorillonite (Fig. 2f). However, the 1545-1520 cm ' band found on the samples
stored with the silicone rubber mat was not found in either the gas cell spectrum or in
the ATR-IR spectrum of the silicone rubber. Therefore these might be due to overtone or
combination of Si—O stretching and bending vibrations which appears after adsorption
of methylsiloxane, or another unknown organic contamination.

The organic contamination for the samples stored with adhesive tape can be
explained primarily by the volatiles from the adhesive tape.

Volatile materials were detected immediately (within a few tens of minutes) after
the placement of the silicone rubber mat in the gas cell (Fig. 11), indicating rapid release
of significant amounts of volatiles from the silicone rubber. They were subsequently
rapidly adsorbed on samples with hydrous minerals within a few hours (Fig. 6). The
sample-containing polystyrene tray can be rapidly filled with volatile materials such as

siloxane oligomers, which contaminate the samples during storage.

Heating Behavior of Contaminated Tagish L ake Meteorite and Antigorite

The IR observation of step heating behavior of Tagish Lake and antigorite samples
(Fig. 7) should be evaluated by considering their contamination by volatile organic
compounds from the silicone rubber. The 2963 cm™' (CH;) and ~1265 cm™' (Si—CHs)
peak heights of antigorite (Fig. 7¢c, d) showed a similar behavior - decreasing from room
temperature to about 300°C. These results can be understood as arising from desorption
of methylsiloxane-like contaminants. The departure of these contaminants up to 300°C
is in agreement with the suggestion of Sephton et al. (2003) that the first release peak at
300°C of hydrous pyrolysis products of IOM is probably due to isotopically light

terrestrial contamination. Nakamura et al. (2003a) reported that peaks at 2952, 2925 and
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2854 cm ' due to aliphatic C—H bands began to decrease upon heating to 160°C, and
disappeared at 320°C. The aliphatic C—H stretch at 2940 cm™' of the acid insoluble
residue of Orgueil remained after heating at 300°C in vacuum, but did not appear after
heating at 415°C (Wdowiak et al. 1988). Therefore it is difficult to distinguish whether
aliphatic features are indigenous or not.

The Si-CH; band at ~1265 cm™ of Tagish Lake (Fig. 7b) and antigorite (Fig. 7d)
showed a similar behavior - rapidly decreasing upon heating from room temperature.
However, the disappearance of this band occurred at approximately 200°C for Tagish
Lake and 300°C for antigorite. Since Tagish Lake contains clay minerals such as
saponite in addition to serpentine minerals (Zolensky et al. 2002), this difference can be
due to adsorption of methylsiloxane-like contaminants by the different clay mineral
assemblage.

The CH; band at 2963 cm™ of Tagish Lake (Fig. 7a) showed a different thermal
behavior than the above results due to methylsiloxane-like contaminants. This band was
more thermally stable than the contaminants, especially from room temperature to
around 100°C. These results suggest the presence of other contaminants and/or
indigenous organic compounds in the Tagish Lake meteorite, in accord with previous

analyses (Pizzarello et al. 2001).

CONCLUSIONS

We examined organic contamination by micro FTIR measurements of

carbonaceous chondrite samples, reaching the following critical conclusions.

1. The carbonaceous chondrites containing hydrous minerals (Tagish Lake and
Murchison) pressed on  aluminum  plates and measured by
transmission-reflection micro FTIR measurements were found to be
contaminated during storage after only one day, as revealed by an increase of

~2965 cm' and ~1260 cm™' peaks. The Moss meteorite which contains no
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hydrous minerals, did not show an increase of these peaks, indicating no
organic contamination. This difference is probably related to the differing
mineralogy and physical properties (including porosity and permeability) of
these chondrites.

2. Hydrous minerals such as antigorite, muscovite, montmorillonite and silica gel
showed organic contamination by the same infrared measurements, while
anhydrous materials such as SiO, and KBr showed no contamination. These
results indicate importance of surface OH groups for the organic
contamination.

3. This contamination occurred when the samples were stored within containers
which included silicone rubber, silicone grease or adhesive tape.

4. Long path gas cell FTIR measurements for silicone rubber revealed the
presence of volatile molecules having 2970 and 2905 cm™' (CH3) , 1265 cm
(Si—-CH3), 1080 cm™' (Si—0) and 900, 850 and 800 cm ™' (Si—C) peaks. These
are considered to be methylsiloxane oligomers released from the silicone
rubber.

5. In-situ heating infrared measurements on the contaminated antigorite showed a
similar decrease of the 1262 cm™ (Si—CH3) and 2963 cm ' (CHs) peaks from
room temperature to 300°C indicating desorption of volatile contaminants. On
the other hand, the 2963 cm™' (CHs) peak of the contaminated Tagish Lake
meteorite showed more thermal stability (300°C) than the 1265 cm ™' (Si—~CH3)
peak from room temperature to 200°C. This result suggests the possibility of
other contamination and/or indigenous organic compounds in the Tagish Lake
meteorite.

These results indicate that careful preparation and storage are essential if one is to
make FTIR measurements for precious astromaterial samples such as meteorites, IDPs

and samples returned from comets, asteroids and Mars. Every possible contamination
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source should be evaluated before anything is done to these samples. Very short
exposure times are all that are needed to compromise valuable, and often irreplaceable

samples.
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Table 1. Infrared absorption peak positions in the contaminated samples and some

simulated materials with their possible assignments.

Fig. 1. Infrared transmission-reflection spectra of 4000-2500 cm ' regions of the
samples pressed on aluminum plates before (thin curves) and after (thick curves) storage
in the polystyrene tray with the silicone rubber mat for 14-30 hours. (a) Tagish Lake
meteorite, (b) Murchison meteorite, (¢c) Moss meteorite, (d) antigorite, (€) muscovite, (f)

montmorillonite, (g) silica gel and (h) silicon dioxide and KBr.

Fig. 2. Infrared transmission-reflection spectra of 1800-1200 cm ' regions of the
samples pressed on aluminum plates before (thin curves) and after (thick curves) storage
in the polystyrene tray with the silicone rubber mat for 14-30 hours. (a) Tagish Lake
meteorite, (b) Murchison meteorite, (¢c) Moss meteorite, (d) antigorite, (€) muscovite, (f)

montmorillonite, (g) silica gel, and (h) silicon dioxide and KBr.

Fig. 3. Infrared transmission spectra of silica gel pressed on a KBr plate before (thin
curves) and after (thick curves) storage in a polystyrene tray with silicone rubber mat

for 26 hours. (a) 4000—2500 cm ' regions, and (b) 1800—1200 cm ' regions.

Fig. 4. Infrared transmission-reflection spectra of 4000-2500 cm ' regions of silica gel
pressed on aluminum plates before (thin curves) and after (thick curves) the following
storage conditions for 16-26 hours: (a) in a glass petri dish wrapped by an aluminum
foil, (b) in an antistatic polystyrene case, (c) fixed with adhesive tapes on a glass petri
dish, which were then wrapped in aluminum foil, and (d) fixed with silicone grease on a

glass petri dish, which were then wrapped in aluminum foil.

Fig. 5. Infrared transmission-reflection spectra of 1800—1200 cm ' regions of silica gel
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pressed on aluminum plates before (thin curves) and after (thick curves) the following
storage conditions for 16-26 hours: (a) in a glass petri dish wrapped by an aluminum
foil, (b) in an antistatic polystyrene case, (c) fixed with adhesive tapes on a glass petri
dish, which were then wrapped in aluminum foil, and (d) fixed with silicone grease on a

glass petri dish, which were then wrapped in aluminum foil.

Fig. 6. Changes with time of aliphatic C—H peak heights at 2965 cm™ of silica gel
stored in the polystyrene tray with a silicone rubber mat. The two different symbols

represent different parts of the silica gel samples.

Fig. 7. Changes in organic peak heights upon heating of the Tagish Lake meteorite
(thick curves) and antigorite (thin curves) samples contaminated by silicone rubber. (a)
CHj; peak at 2963 cm ' and (b) Si—CHj peak at 1265 cm ™' of Tagish Lake (c) CH; peak
at 2963 cm' and (d) Si—CHj peak at 1262 cm™' of antigorite.

Fig. 8. The attenuated total reflection infrared (ATR-IR) spectra of the silicone rubber
mat: 2962 and 2905 cm ' bands are considered to be due to aliphatic C—H stretching
vibration of CHj3 group; 1415 cm ! band to Si—CHj; 1257 cm ' band to Si—CHs;; 1060
and 1007 cm™!' bands to Si—-O; 864 and 785 cm ! bands to Si—C. The 2360 cm ' band is

due to atmospheric CO,.

Fig. 9. The attenuated total reflection infrared (ATR-IR) spectra of the adhesive tape:
2958 and 2872 cm' bands are considered to be due to aliphatic C—H stretching
vibration of CH;3 group; 2931 cm ' band to aliphatic C—H stretching vibration of CHy;
1455, 1395 and 1376 cm ! bands to aliphatic C—H bending; 1729 cm ! band to C=0;
1237, 1157, 1117, 1063, 1023, 940, 840 and 758 cm ' bands to C—O. The 2360 cm’

band is due to atmospheric CO,.
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Fig. 10. The infrared spectrum of volatiles from the silicone rubber mat in the air of the
gas cell after 3 hours: 3250 cm™ band is due to O—H stretching of water molecules,
2970 and 2905 cm ' bands are due to CHs;, 1265 cm ! band to Si—CHj;, 1080 cm ' band
to Si—0, and 900, 850 and 810 cm ! bands to Si-C.

Fig. 11. The infrared spectra of 1300700 cm' regions of volatiles from the silicone
rubber mat in the air of the gas cell, immediately after the placement of the silicone

rubber mat in the gas cell (0 hour), after 1 hour and 3 hours.

Fig. 12. Changes with time in infrared absorption peak heights of volatiles from the
silicone rubber in the long path gas cell. (a) 2970 cm ' peak due to CHs, 1265 cm ™ peak
due to Si—-CHs, 1080 cm 'peak due to Si—O, and 850 cm™' peak due to Si—C for 3.5
hours. (b) 850 cm™' peak due to Si—C for 26 hours.

35



Aliphatic C-H Cc=0 Overtone or Aliphatic C-H Si—CH,
stretching combination bending
CH; CH, CHs of Si-0?

Silicone rubber mat  Tagish Lake 2963 2940 2875 1450 1262
Murchison 2963 2940 2872 1530 1460 1262
Antigorite 2963 2938 2878 1540 1470 1370 1405 1260
Muscovite 2963 2938 2873 1545 1465 1400 1260

Montmorillonite 2965 2938 2875 1525 1375
Silica gel 2963 2940 2880 1700 1520 1465 1385 1410 1262
Silica gel on KBr 2965 2940 2880 1705 1530 1470 1410 1262

Adhesive tape Silica gel 2957 2870 1480 1470 1455 1395 1367
Silicone grease Silica gel 2967 1410 1266
ATR-IR spectrum of silicone rubber 2962 2905 1415 1257

ATR-IR spectrum of adhesive tape 2958 2931 2872 1729 1455 1395 1376
Volatiles from silicone rubber (gas cell IR) 2970 2905 1265

Kebukawa et al. Table 1
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