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Stellar Nursery 
in the Eagle 

Nebula



WHY spectroscopy?

► Identification of species

►Abundances of species



Fraunhofer lines of the sun

Joseph von Fraunhofer katalogisierte 1815 mehr als 500 dunkle Linie 



Fraunhofer lines of the sun



Kirchhoff Bunsen



Warm 
dust particles
300-1000 K

gas-phase 
molecules
20-200 K

Cold 
dust particles 
(covered with 

Icemantle)

Need for Spectroscopy
Bunsen & Kirchhoff

150 years ago
Source

Absorption /
Emission

Detection



SourceAbsorptionDetection

Idea for a laboratory experiment



Radiosources and their  electromagnetic Spectrum

Radiosignals are very weak:

A Jansky is an intensity of 10-26 Watt/Meter2 Hz

      = 0,00000000000000000000000001W/m2 Hz

Frequenz (Hz)



Detection of Molecules by Radiotelescopes

100 m 
dish 

Effelsberg



Interstellar Extinction

Extinction = 
Absorption + Scattering

Spectral Overview 



Optical Depth: 1 kpc column of dust 0.2 µm homogeneous Solid

(1 kpc = 3 103 light years)

Average Interstellar Extinction

DIBs
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How do you know there is DUST?
Why are your backlights RED?
Why is the sky blue?  



a = 250 nm
x (λ=600nm) = 2.6



a = 250 nm
x (λ=600nm) = 2.6



Control experiment



25 nm < a < µm

Finest Polishing 
Powder

Optics School Leiden



H.C. van de Hulst (Leiden 1957)
Light Scattering by small particles

θ

I

m: refractive index
x=2a/: Mie-Parameter

Mie-Scattering: a ~
Extinction Q-2

Rayleigh-Scattering: a << 
Extinction Q ~ -4

x ~ a

Q



Optical Depth: 1 kpc column of dust   0.2 µm homogeneous Solid

(1 kpc = 3 103 light years)

Average Interstellar Extinction
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Interstellar Extinction

Dust Absorption Features 



Solid State Features from ISO



Comparing ISO Observations with Laboratory Results

TiC



Interstellar Extinction

217 nm feature
UV - bump 



Mathis, Rumpl, and Nordsieck (1977) P(a)~a-3.5



carbon: graphite, amorphous and graphitic carbons, coals, quenched 
carbonaceous composites, PAHs, carbonaceous (amorphous/glassy) particles 

Normalized extinction efficiencies for graphite 
spheres. The calculations were made for 
homogeneous particles (upper panel) and 
hollow particles with a different fraction of 
vacuum (middle panel). The curve marked as 
``observations'' corresponds to the wavelength 
dependence of the UV bump given by the 
mean galactic extinction curve (see,e.g., 
Sect. 3.1.2 in Voshchinnikov [2002]). The 
central position of the observed UV bump and 
its range of variations are marked. The lower 
panel shows the summary extinction of two 
graphite spheres with radii   and   (from upper 
panel) taken in equal proportions. 

E





* Transition in Carbonaceous Material

http://www.astro.spbu.ru/DOP/8-GLIB/ASTNOTES/node4.html



http://www.astro.uni-jena.de/Laboratory/Speclab/martin_results.html
http://www.astro.uni-jena.de/Laboratory/Database/carbon.html

Electron Energy Loss Spectroscopy performed at the Fritz-Haber-Institut Berlin 



Interstellar Extinction

Diffuse Interstellar Bands
A long standing hunt for 
interstellar molecules 



The first DIBs observed were those at wavelengths 5780 and 5797 Å. 
Other strong DIBs are seen at 6284, 6614 and 4430 Å. The 4430 Å DIB 
is particularly broad at about 60  Å across - typical intrinsic stellar absorption features 
are 1Å or less across.



NASA Ames group: Louis Allamandola et al. 



Formation of Small Hydrocarbons under Interstellar 
Conditions

D. Gerlich and S. Horning, Chem. Rev. 92, (1992) 1509



Production and Detection of Transient Species
Martix-isolation Technique in Basel (John Maier)



Martix-isolation Technique in Basel (John Maier)



Cavity Ring Down Spectroscopy CRDS in Basel





ISOCAM picture of the rho Ophiuchi cloud 









Interstellar Extinction

Unidentified Infrared Bands 
and

PAH Hypothesis









S0

S1

S2

UV 
Star Light

Polycyclic Aromatic Hydrocarbons
PAH – UIR Hypothesis

ISC
Triplettsystem

IVR

IR fluorescence







Problems

3. Fluorescence outside 
UIR bands

2. Inverse intensity 
ratio 3.3 vs.6.7 µm



The search for PAH Ions



Problems

No mass selection

signal from 

Parent, 
hydrogenated 
Dehydrogenated, 
Cluster?
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