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Introduction: HCN is one of most important

molecules in the origin of life. For example, concen-

trated solutions of HCN can produce amino acids and

nucleic acid bases [1]. Although a number of different

mechanisms of HCN formation on the early Earth have

been studied [2-6], HCN formation due to large im-

pacts is particularly important because it produces a

large amount of HCN in a short period of time. Previ-

ous studies show that a large amount of HCN is

formed by pure gas-phase chemical reactions due to

impact shocks in strongly reducing atmosphere [6].

However, widely accepted early Earth’s atmosphere is

mildly reducing or neutral [7]. In this case, HCN pro-

duction efficiency is greatly reduced [6]. Thus it is

important to investigate if there is a more efficient

mechanism to produce HCN in a mildly reducing or

neutral atmosphere.

Recent impact experiments show that a large amount

of CN radicals may be produced by chemical reaction

between carbon-rich meteoritic material and an ambi-

ent nitrogen-rich atmosphere [8, 9]. Although it was

inferred that the CN radicals may react with water va-

por in an ambient atmosphere to generate HCN, it has

not been investigated experimentally.

Thus in this study, we conduct laser ablation ex-

periments using a gas chromatograph-mass spectrome-

ter (Shimadzu Corp., QP2010) to investigate whether

impact-induced hot CN radicals are converted to HCN

in a neautral (i.e., CO2 rich) atmosphere.

Experiments: A Nd:YAG laser was used to gener-

ate high-temperature CN radicals. We irradiated a

graphite target in a model atmosphere to simulate

chemical reactions between hot CN and an ambient

atmosphere, and the final product gas of chemical reac-

tions was measured using a GCMS.

The experimental system is shown schematically in

Fig. 1. The laser wavelength is 1064 nm, and the pulse

width is ~13 ns. The energy of laser pulse is fixed at

~380 mJ/pulse. The diameter of laser beam on the sur-

face of targets is ~2 mm. The intensity of laser corre-

sponds to ~1 x 10
9

W/cm
2
. This intensity is high

enough to evaporate graphite. The irradiation frequen-

cy of laser pulse is fixed at 2 Hz. The vacuum chamber

was evacuated to a residual pressure of ~10
-6

mbar

before each experimental run. During the experiments,

temperature of the wall of the vacuum chamber was

kept at 80˚C to prevent water condensation. The

volume of the vacuum chamber is about 900ml.

Water vapor, CO2, N2, and Ar was introduced into

the vacuum chamber after evacuating air. The partial

pressures of N2 and H2O were fixed at 380 and 20 Torr,

respectively. We also conducted experiments with no

water vapor as blank experiments. The partial pressure

of CO2 was varied from 0 to 400 Torr. We use Ar to

adjust the total pressure in the chamber to be 800 Torr.

The number of laser pulse irradiations was ~ 300.

During the laser irradiation, the spectroscopic obser-

vation of laser-induced high-temperature gas using a

spectrograph and ICCD camera was conducted to con-

firm whether the thermal and chemical state of vapor

clouds by laser abration is similar to that by hyperve-

locity impacts. Emission spectra were observed 0.2 �s

– 10 �s after the irradiation of a laser pulse.

After laser irradiation, one milliliter of the final pro-

duct gas was sampled using a syringe and was ana-

lyzed with the GCMS. A gas chromatograph column

suitable for inorganic and light-organic gas analysis

(Agilent Technologies, GS-Q) was used for the analy-

sis in this study.
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Figure 1. A schematic diagram of our experimental

system

Analysis: To estimate temperature and the col-

umn number density of CN radical, spectral form in-

version analysis was carried out. This method is de-

scribed in detail by [9]. The computer software pack-

age SPRADIAN (Structured Package for Radiation

Analysis) [10] was used to calculate theoretical spec-

trum. We assume that laser-induced high-temperature

vapor is thermal equilibrium because the relaxation

time of excited state may be shorter than observed time

in this total pressure. In other words, all temperatures,

such as electron, vibrational, and rotational tempera-

tures, are assumed to be equal.
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The GCMS was calibrated using standard HCN gas.

Note that caliblation curve of HCN is not linear under

our experimental condition, because HCN has strong

polarity. However, the accuracy of the calibration is

about 6% over the range of 15 ppm to 87 ppm of HCN.

The detection limit of HCN is about 4 ppm under our

experimental condition.

Results and Discussion: The result of spectro-

scopic observation is shown in Fig. 2. Swan band sys-

tem of C2 and Violet band system of CN are observed.

Thus, CN radical was formed under our experimental

condition. The best fit spectrum is shown in Fig. 3.

Temperature and the culumn number density of CN

radical are 6800 - 7600 K and 15 - 70 nmol/cm
2
, re-

spectively. These results indicate that the thermal and

chemical state of laser-induced vapor cloud is similar

to impact-induced one by high-speed impact experi-

ments [8, 9].

To estimate the amount of hot CN, we assume that

the shape of laser-induced plume is hemispherical and

that a vapor plume expands adiabatically; the Sedov–

Taylor solution was used. The cross section of laser-

induced vapor cloud is 1.1 cm
2

at 10 �s after the laser

pulse irradiation under experimental condition. This

assumption provide an upper estimate for the plume

size.

The result of GCMS measurements is shown in Fig.

4, which shows HCN production as a function of par-

tial pressure of CO2. Increase in partial pressure of CO2

leads to decrease in HCN production. The total amount

of HCN in the chamber after laser irradiation per pulse,

energy yield of HCN, and a lower limit of conversion

ratio HCN/CN are shown in Table 1.

It is important that 1 - 100 ppm of HCN was formed

in ambient atmospheres contained as much as a few

hundred Torr of CO2. Chemical equilibrium calcula-

tion by [6] indicate that mole fraction of HCN in shock

heated neutral atmosphere is < 10 ppb. Our experimen-

tal result clearly indicates that this HCN formation

mechanism is more efficient than pure shock heating

of a neutral atmosphere.

Conclusions: We experimentally confirmed HCN

formation by the chemical reactions between high-

temperature CN and a CO2–H2O-rich ambient atmos-

phere. This mechanism is more efficient than pure

shock heating of a neutral atmosphere. Thus, carbona-

ceous chondrite impacts may produce a large amount

HCN on early Earth.
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Figure 2. An emission spectrum of laser-induced

high-temperature vapor. The exposure time is 0.2�s –

10�s after the laser irradiation.
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Figure 3. Comparison between an obserbed and theo-

retical synthetic spectra. This observed spectrum is

obtained under the same condition as Figure 2.

Figure 4. HCN yield as a function of CO2 partial pres-

sure.

Table 1. HCN production, energy yield , and conver-

sion ratio HCN/CN.
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