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Recent discoveries of ignition and reconstruction of nanostruc-
tured materials such as catalyst-containing single-walled carbon
nanotubes (raw SWNTS)3 silicon nanowires, and polyaniline

OQMS

nanofibers _by exposing to a camera flashlig_h_t hav_e suggested that :[b Gauges 1]: (,I:::l‘l;“
nanomaterials could enormously absorb visible-light photons and i

instantly release huge energy in local spots. More recently, Manaa OF ﬁ" i

et aI: r_e_pqrted that raw SWNTs _could be used as optical ignition I U P —I1

and initiation materials of explosivésand we also demonstrated J‘li? v —"-Q\HU'M i aaeao i

that water confined in the channels of SWNTSs could be photolyzed o | R ey

to form hydrogen-rich gasésHere we will give a further  Figure 1. Schematic of the experimental setup.
investigation of the methane synthesis in the channels of SWNTs
under a visible-light exposure, demonstrating a new possible origin
of methane, which is one of the most important starting materials : cH,
for the primordial life.

In general, natural methane is largely formed by the thermal
decomposition of organic matter or by microbial procesdesth
of which could be named as biogenic methane origin. It is also i ‘I 1
well-known that methane can be synthesized from inorganic carbon m AA o, ]
sources such as CO and €@ases by hydrogen reduction on I L J
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catalyst surfaces under high pressure (tens of MPa) and high © 4 B 12 16 20 24 28 32 36 40 44 48 52 56 60
Atomic Mass Unit (AMU)

temperature (hundreds of celsius degree) conditions, famed as
Fischer-Tropsch (FT) syntheskln recent years, some geophysical
discoveries also provided evidence of the occurrence of an abiogenic
(inorganic) source of methane synthesized from mineral water
interaction in the ocean bé#.?> Moreover, methane has been
discovered in the atmosphere of the planet NMfaesmd Saturn’s
largest moon, Titak? leading to a much more complicated
understanding of the methane orighhOur results presented here
will show that methane can be inorganically synthesized at room
temperature even in an ultrahigh vacuum (UHV) environment, 250 300 350 400 450 500 550 600 650 700 750 800 850
providing an alternative explanation of abiogenic methane origin Wavelength (nm)
and, moreover, implying a novel possibility of prebiotic hydrocar- Figure 2. Analysis of the gases released from the flash-irradiated raw
bons photosynthesized from inorganic materials. SWNTS: (a) a typical mass spectrum (thg base 'da_ta obtained before
The experiments were carried out in a conventional metallic UHV sampling have been subtracted); (b) an optical emission spectrum under
. . . . DC discharge. Note the amu 15 and 16 peaks in (a) and CH peaks in (b).
system, mainly pumped with a sputter-ion pump (Figure 1). The
total and partial pressure of the UHV chamber was measured with
a B-A gauge and a quadrupole mass spectrometer (QMS, Inficon
Transpector 2-H200M), respectively. A glass chamber containing
~17 mg of SWNT raw materials (homemade) was connected to
the UHV chamber through a valve. The SWNT sample was
synthesized by using a DC arc discharge method with Wi
particles as the cataly&t, without any post-treatment. After
sufficient heating and evacuating, an ultrahigh vacuénx(5 x
107 Pa) was achieved in both chambers. Then, under room

temperature, the SWNT sample was exposed to a conventlonalpressure (within 1 s, Up t0 tens of Pa) in the glass chamber was

photographic flash (0:20.2 J/cnd, ~8 ms) from the outside of . . .
the glass chamber when the valve was closed. The released gaseobserved. A typical mass spectrum obtained with the QMS was

: Shown in Figure 2a; here the base data collected before sampling
were then sampled through the valve and analyzed by using thehave been subtracted. The peaks at atomic mass unit (amu) 15 and

* Department of Electronics. 16 could ggnerally be seen as the eX|§t|ng evidence of methane,
*College of Chemistry and Molecular Engineering. corresponding to Ckt and CH™, respectively. We noted that the
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QMS. For verification, an optical fiber spectrometer (OFS, Ocean
Optics, HR-4000) was also used to detect the emission light from
the glass chamber when the accumulated gases were discharged
between two electrodes (5 mm spacing) under—-Q.&V DC
voltage. For a comparison purpose, we also us&b mg of
graphite powder~{20um in diameter) containing the same catalyst
(Ni—Y particles) and the catalyst-removed SWNTSs, respectively,
as the sample to do the same experiments described above.

After the pulsed-light exposure, a sharp increase of the total
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C and H sources should be clarified. In the raw SWNT sample,
there are many carbon nanoparticles accompanying the SWNTs,
both of which could possibly provide active C atoms once they
are irradiated. As for hydrogen, it might come either from the
adsorbed hydrogen existing in the residual atmosphere of the UHV
system or from the photolyzed hydrogen from the adsorbed water
confined within the channels of the SWNTs (the water adsorbed
on the outside surfaces has been mostly removed during the
e e heating-pumping process). Second, taking into account the un-
50 100 150 200 250 300 350 400 450 500 R )
Time (s) precedented photothermal effect of nanomaterials and observing
Figure 3. Signals of amu 15 and 16 versus time when the raw SWNTs Iocally in ‘?”e nanotube a catalyst pé,“’tid? rgsiding on its er,]d’ one
were flashed in consequence. Inset: signal intensities and their ratios.  €a&n imagine that, under a flash irradiation, the local instant
temperature of the nanotube and the catalyst would be dramatically
increased, releasing some free C and H atoms in the nanotube, so
that a local instant high-pressure environment could also be formed.
Such a scenario means that all the necessary conditions in the FT
synthesig$, namely, free C and H atoms, magnetic catalyst, high
temperature, and high pressure, all are possibly ready for the
generation of methane. However, for the two comparison experi-
ments, one has difficulty forming a local high-pressure environment
and the other lacks catalyst, so there is nearly no methane signal
detected.
We conclude that methane can be synthesized in the channels
. ) of raw SWNTs even under the UHV and room temperature
Figure 4. TEM images of the raw SWNT sample before (a) and after (b) onqitions. The keys of such a process are the ultra-photothermal
the fast light exposure experiment. . . .
effect of nanomaterials, the existence of the catalyst nanoparticles,
and the confinement of hydrogen-containing adsorbates in the
SWNT channels, supposing the FT mechanism holds true. Our
results provide a special example of the transformation of inorganic
materials into simple organic molecules just with visible light as
the input energy.
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peak-height ratio (Pkhu1dPHamuis ~ 80%) is in good agreement
with the standard QMS data of metharén order to exclude the
other possibilities (NH, NH,™, etc.) of the peaks at amu 15 and
16, an optical emission spectrum (OES) was also shown in Figure
2b, in which a distinct peak at 390 nm of CH radicals can be seen,
with other CH and CH peaks as labeled. However, no peaks Acknowledgment. D.Z.G. thanks Dr. M. S. Wang and Prof. S.
about NH and NH" were observed. These results definitely M. Hou for technical help. This work was supported by the NSFC
indicate that methane has been released from the raw SWNT samplgGrant Nos. 60231010, 60471008, and 60571003).

after a fast light exposure.

In order to investigate the reproducibility of the methane Supporting Inform_ation Available: Comparison of ex_periment_al _
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