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在實驗室裡遇見彗星�

生命的起源�
-創造生命元素其實並不
難�
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什麼是實驗室天文學？�
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為什麼要有實驗室天文學？�
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1986 ESA 
Giotto mission 
Comet Halley

2005 NASA 
Deep Impact 
9P/Tempel 1

1997 ESA/NASA/ISA 
Cassini mission 
Saturn

2004 ESA 
Rosetta mission 
Churyumov–Gerasimenko

2013 ALMA 
Star and planet formation 
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Unidentified Infrared Bands 
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PAHs are among the most commonly proposed candidates for UIB
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Hudgins & Allamandola 2002, NASA LAW 
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Voyager 2 image of Enceladus (1981)

Cassini, Enceladus plumes (2005)
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Models for Interstellar Chemistry

Gas-Gas reaction
Processes are ion-molecule, neutral-neutral, charge exchange, radiative association, 
radiative recombination, dissociative recombination, CRP and FUV ionization and 
dissociation…etc. 
 

Gas-Surface reaction 
Assumes molecules/atoms tunneling through potential wells of the surface sites and 
reaction barriers. 
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Gas-Surface Chemistry
Atom Addition Reactions 

proposed by Tielens and Hagen (1982)
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Models for Interstellar Chemistry

Gas-Gas reaction 
Processes are ion-molecule, neutral-neutral, charge exchange, radiative association, 
radiative recombination, dissociative recombination, CRP and FUV ionization and 
dissociation…etc. 
 
Gas-Surface reaction  
Assumes molecules/atoms tunneling through potential wells of the surface sites and 
reaction barriers. 
 

Grain Surface reaction
Includes accretion of neutral molecules onto the surfaces of amorphous silicate grains, 
energetic sources irradiation induced molecule-radical, radical-radical, atom-radical, 
atom-molecule, ion-radical, ion-atom, ion-molecule interaction/recombination, as 
well as thermal, CRP-driven and UV-desorption.
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Grain Surface Chemistry
Energetic Sources Irradiation
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Dust Grain

Interstellar Ice

H2O	  
CO2	  

CH4	  

O2	  
N2	  

H2	  

Dust Grain

Interstellar Medium (ISM)
99% is gas, 1% is dust



http://pps.phy.ncu.edu.tw
光子作用與光譜分析實驗室�

H2O	  
CO2	  

CH4	  

O2	  
N2	  

H2	  

Dust	  Grain

PHOTONS

CO2	  

H2	  

Dust	  Grain
H2CO	  

HCN	  

CH3OH	  

Dust	  Grain

Photo-induced
chemical reaction

Photo-induced desorption
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How to Approach Interstellar Environment ?

Ø  Ultra High Vacuum

Ø  Extreme Low Temperature

Ø  Energy Source
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Base pressure ~ 1 × 10-10 torr 
Temperature 14‒300 K

QMS
Transmission FTIR

Laser 
Interference 
System

He Closed-Cycle Cryostat

Getter Pump
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Fourier Transform Infrared Spectrometry
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Fourier Transform Infrared Spectrometry
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Quadrupole Mass Spectrometer



http://pps.phy.ncu.edu.tw
光子作用與光譜分析實驗室�

Quadrupole Mass Spectrometer
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450

450

IR

VUV 
Photon

Transmission-FTIR + Quadrupole Mass Spectrometer
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Premixing Gas-line System
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Light sources

BL03A (4‒45 eV)

BL08B (80‒1200 eV)
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National Synchrotron Radiation Research Center, Taiwan
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Microwave-Discharge Gas-flow Lamp
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VUV Spectrum of Microwave-Discharge H2-flow Lamp
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Grain Surface
Photo-induced Chemistry
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The Origin of Prebiotic Molecules
 on Primitive Earth
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Cell

http://www.shfuke.com

Protein

http://www.unil.ch



http://pps.phy.ncu.edu.tw
光子作用與光譜分析實驗室�

2 %  C → amino acids

Miller-Urey exp. (1952)

The Origin of Life on Earth
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Production CN-bearing molecules is 
difficult in an oxidating atmosphere

Argument
There is an absence of oxygen and nitrogen 

which are the main elemental constituents of 
our present environment
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Murchison meteorite (1969)

High-performance  
liquid chromatography 

Gas chromatography–
mass spectrometry
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Kvenvolden et al. 1970, Nature, 228, 923 

Over 15 amino acids have been identified
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Contamination ?
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Engel et al. 1997, Nature 389, 265

Isotope Fractionation
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A possible scenario of the origin of life
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What can we do for the hypothesis
Origin of Life Came From Outer Space?�
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a. Crovisier et al. 1998, Faraday Discussion, 109, 437 
b. Gibb et al. 2000, ApJ, 536, 347

Species Comet Hale-Bopp a NGC 7538 IRS 9 b W33A b 

H2O 100 100 100 
CO 20 16 9 
CO2 6 22 14 
NH3 0.6 13 15 

CH3OH 2 5 22 
H2CO 1 4 1.7-7 

HCOOH 0.05 3 0.4-2 
CH4 1 2 2 
C2H2 0.5 … … 
C2H6 0.5 … … 
OCN - 0.37 1 3 

OCS,XCS 0.7 … 0.3 
SO2 0.15 … … 
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After broad band VUV/EUV irradiation (4-20 eV) and warmed up (15-300 K)

20 µm 

×  200 

Residue of H2O+CO2+NH3 ice mixture
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High-performance liquid chromatography
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> 9 amino acids have been identified 

Nuevo et al. 2007, Adv. Space Res., 40, 1628  
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It seems that amino acids are not 
difficult to be produced !

But the problems is How amino acids 
be produced ?
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Contained  
N 

Contained only 
One C 
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After UV/EUV irradiation, ice mixture warmed up to 250K
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Chen et al. 2007, A&A, 464, 253-257. 
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 It is technically the simplest  amino acid

A Molecule called carbamic acid

m/z = 61
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Besides amino acids, Uracil was also 
discovered in Murchison meteorite  

Murchison meteorite (1969)
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Ribonucleic acid (RNA) 核糖核酸�

Adenine
腺嘌呤�

Uracil
尿嘧啶�

Cytosine�
胞嘧啶�

Guanine�
鳥嘌呤�
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Pyrimidine
嘧啶�

Uracil
尿嘧啶�
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Irradiation and deposition simultaneously for 24 hr

H2O:C4H4N2 = 20:1
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High-Performance Liquid Chromatography
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HPLC GC-MS
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Nuevo et al. 2010, JCP, 133, 104303 
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Various astrophysical environments have various UV fields
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Sample 4(3H)-Pyrimidone /Uracil
0th Order Beam 4.4
He I Line 254
He II Line 36.5
H2 Lamp 13.9

Nuevo et al. 2014, Astrobiology, 14, 119

(40.78 eV)

(21.23 eV)

(4-45 eV)

(7.3-10.9 eV)
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Soft X-ray Irradiation
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Ø  Break bond 
Ø  Eject electron from inner shell

X-ray irradiation study (200 – 1200 eV)

Young solar type stars emit X-rays at a level 
3-4 orders of magnitude higher than the 
present-day Sun.! Feigelson et al. 2003, ApJ, 84, 911 !

Favata et al. 2005, ApJS, 160, 469
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Photoelectron & Auger electron



http://pps.phy.ncu.edu.tw
光子作用與光譜分析實驗室�

High energy electrons 
Degrade energies in multiple ionization events!
!
Low energy electrons
Dissociative  electron attachment (DEA) !


Eject electron from inner shell
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Chen et al. 2013, ApJ, 778, 162 
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Chen et al. 2013, ApJ, 778, 162 
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Summary
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Thank you for your attention


