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The Electromagnetic
Spectrum

103 106 10° 102 1015 1018 102
frequency

In each part of the electromagnetic spectrum
we ‘see’ objects differently
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Molecular Motion

Study of how molecules absorb and emit EM radiation (like light)
called SPECTROSCOPY
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Absorption

An INFRARED WATER SPECTRUM
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IR observations of a molecular cloud with cold (1_(; ;K) dust
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Complex molecules such as amino acids (the building
blocks of life), have also been found in space
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8: The spatial separation of 440 pc between parent and daughter molecules in circumstellar envelopes
: : : of cool stars. These are emission maps of the circumstellar envelope around the C-star CITG for the
f;mt‘:fm";";“ﬂ%fﬂﬂf_"ﬂﬁ parent molecule HCN (J= 1—0) on the left, and the daughter molecule CN (N = 1—~0) on the right.
molecular outflow m__m The N The maps show that HCN is concentrated in the photosphere of the central star, whereas CN (the

i —2°4230" " photodissociation product of HCN) is concentrated in a shell around the star.
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How does

CHEMISTRY

happen?
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*THERMODYMANICS

we need enough energy for the Q
reactants to form products

093

*KINETICS

We have many millions of years in space
but we need the reactions to occur within
the lifetime of the astronomical object
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» T too low to overcome activation energy barrier

SIETVA T=10-200K

‘No barrier chemistry’

reactants

products

* Molecular density so low that 3 body collisions are rare

(108 (m) ys, 1021 molecules cm3)
— “all’ collisions should be effective collisions!!
o 0 o
®-0
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http://antwrp.gsfc.nasa.gov/apod/image/0108/ipd_nasa.jpg

Solid-State Chemistry of
Star-Forming Regions

Grain provides a
“catalytic’ surface

Chemistry @
bare grain surface
e.g. H, H,0
formation

Chemistry @
“ice" surface
e.g. CO, CH;,0OH
formation

- aarbon@
~ ilicate ¢
Heating -2 )

effects

Shocked regions (HH objects)
Collapsing Dense Clouds
Turbulent disks
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Forming interstellar ice:

e o @ ..“ H, + O Atoms and molecules stick
f:'. -y B OH + H onto the cold dust,
or __ 5 H,0 reacting to form H, and H.O
o e - or freezing to form “solids”.
€O o# '\ i
@ ice VY photons
co

AnICY GRAIN of i, =% [ s
INTERSTELLAR DUST: |

| H.CO
: : H.O o Z
A ‘crust’ of ice entirely covers the dust. £ Y.. _NH;
Dominated by H.,O, the ice ice CO B+ @

: . . - o83 CO+H
contains many different chemicals - the processing O + N * . HCO
least volatile molecules in the top layers. 5 OCN- .

desorption

Processing interstellar ice:

Atoms and molecules react at the ice
surface to form new, more complex
molecules. UV photons and electrons from
cosmic rays also "kick start” chemical
co reactions in the ice. When the ice is
heated, many molecules are desorbed.

CH,




Key to
large molecule
formation

ICE & DUST
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Surface Science

Surface Science paints a picture of gas-
grain interactions on an

atomic level

How might surface reactions lead to
complex molecules?

19

Stockholm Astrobio seminar
Dr Helen J Fraser
h.fraser@phvs.strath.ac.uk



Solid-State AsTrochemlsTry

107 presstellar
107 star for
10¢ - 107 planet
.then we have a

4 4
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Image Credit: A. Caulet(ST-ECF, ESA) and NASA

Astronomy Surface Science

small grains To date = flat surfaces

P < 10-10 - 10-15 mbar S P < 10-1° mbar

(dominated by H, then CO) jas (also dominated by H, then CO)
T, an = 10 - 300 K D T, = 10 - 450 K
= 10 - 1000 K [R T, = 100 - 300 K
1 Lyman o / Lyman-Werner band UV photon 1 Lyman o / Lyman-Werner band UV photon
per 10% years per grain per molecule per second!! (~ 5 sec = ISM)

1 atom / molecule - grain collision per 10* years @ 1 L (Langmuir) dose = 105 molec cm-2 s-!

1 X-Ray / CR 'direct hit' per 10° years TJO*; 1 X-Ray / CR ... %
Fraser, Collings & McCoustra, Rev. Sci. Inst. 73, no.5, 2161 (ZOQ‘Zf}aggwsvgfamy@&kn AOK, 00, 14 (cUu+t) =



From
molecule
to life...
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These complex molecules are important for
forming the molecules of Life...

Simple Complex
Molecules > Molecules &

. t:“ - POIYmer‘s"”
5_.7. b
a 1 f.'l
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SRECTRT
Cell Membranes &5 ¥ molecule of

/ Life

Protocells

. N LIFE




So, do we make the building blocks of life in space...
and then transport them to planets?
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