Cosmic Evolution, Part Il

Heavy Elements to Molecules




Heavy elements — molecules

First a review of terminology:

Element Compound

! !
Atom Molecule

Electro-

magnetic / \ Electromagnetic

Electrons Nucleus

/ \ Strong Nuclear

Protons Neutrons

Neutral atom: # Electrons = # protons
lon:

e.g. C* Carbon nucleus + 4 (6-2) electrons



Forces

9\

Molecule C\ XD/

Attractive Repulsive

Molecule: Repulsive ~ Attractive

More delicate than atoms,
can be much more complex




“Bond” is sharing of electrons
Is molecule stable?
Yes, If EM potential energy less than separate atoms

Activation Energy

EM Separate Atoms
Potential
Energy

Molecule

1 Optimum Sep.
Separation

Activation energy lower — T ~ 100 - 1000 K
(Room Temperature)




Questions

 Why Is room temperature around 300 K?

« How commonly is this temperature found In
the Universe?




Conventions:

H, H-H CO,
Bgnd

Maximum # of Bonds:

Carbon very versatile
— Complex chemistry

O=C=0
NS
Double Bonds




Interstellar Molecules

Exist as gas (individual molecules)
A few known in 1930’s
Many more since 1968 - Radio astronomy
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How we detect Interstellar Molecules
Radio Spectroscopy (Mostly A ~ 1- 3 mm)

1263; 1 ORIA CH3CN CIT Supmm  0O: 9-NOV-1989 R: 9-NOV-1989
RA: 5:32:47.000 DEC: -5:24:25.00 (1950.0) Offs: 0.0 0.0 Eq
Unknown Tau: O.0000E+00 Tsys: 447.7 Time: 0.6471 El: 55.02
N: 512 10: 256.0 VO: 79.00 Dv: 1.327 Unkn
FO: 220650.000 Df: -0.9766 Fi: 223450.000
Rest Frequency (MHz)
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Appendix 2

Interstellar Molecules

Species Name Species Species Species Name

H molecular b ioxi HC cyanodiacetylene
o r -l g
methylidyne . oy CaSi C/H
Cs P HCOOCH;
CH3C3N

CsH i

CsN H,C¢
CoHy CH20HCHO glycolaldehyde
H>CCCC ienyli

CH30H

CH3;CN

CH3NC

CH3SH

NH,CHO

HC3HO

HC3NH'

CeH
CH2CHCN
CH3CoH
CH3CHO
CH3NH3
CoH40
CH2CHOH

* Detected in circumstellar envelopes only
t tentative

Molecular
lons

oo D Look at Appendix 2

CHy

— Discovered in Infrared

= Discovered in UV
- Relevant to the Origin of Life

—— |Important Probe
of conditions




Important Examples:

Water H->O

Ammonia NigE

Formaldehyde H,CO

Others of Note: CO Most common after Ho

HCN, HC3N, ... HC11N - Carbon chains
CHs (Methane)

PAHs (Polycyclic aromatic hydrocarbons)




3 Lessons

Complexity (Up to 13 - atoms) is extraterrestrial
May be more complex (Hard to detect)

Glycine ? 1994

Polycyclic Aromatic Hydrocarbons (PAHS)
(Infrared evidence)

Dominance of Carbon
Carbon Chemistry not peculiar to Earth

Formation & Destruction  Analogous to early Earth

Destruction: . .
Ultraviolet light breaks bonds
\/ PN g

N K

/|\

Massive Stars O\

— s O

Protection by dust grains: scatter and absorb ultraviolet




Dust

Studies of how they scatter and absorb light
(Ultraviolet - Visible — Infrared)

= Two types, range of sizes up to 10°° m

Carbon Silicates
PAHs - Graphite Si+ 0O + Mg, Fe, ...
~ Soot




Formation of Interstellar Molecules

H>

Must lose the potential energy difference
before it falls apart (~ 1014 s)

Collisions: OK in lab, too slow Iin space

Emit photon: very slow for H, (107 s)
H + H + catalyst = H, + catalyst

I

surface of dust grain / H,




Formation of Interstellar Molecules

More complex molecules

Problem Is activation energy barrier

T ~ 10 K << Barrier

Use reactions without activation energies
e.g. Molecular ions, like HCO*

: Energy + simple mol.
Cosmic Ray Iy TSI

> Hx - Hy?
H* + Hb - His® + H
Hs:* + CO - HCO* + H,
XH* +e~ - X + H

— Reactive mol.

!

More complex




lon - Molecule Reactions

Molecule
or atom
Neutral
Molecule

Electromagnetic No Barrier!
Potential i
Energy

Separation of
lon and Molecule




Molecules on Dust Grains

H,0 NH;
2 \ /'

b

CH,

Infrared observations s

Vibrate, absorb infrarec

e.g. H,O absor

Stick on grains
Hice”

now this: as molecules

psat 3 x10°m

CHy4 absor

ps at 8 x 105 m




lces on Dust Grains
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Molecules on Dust Grains

lcy “mantles” contain H, O, C, N
Further reactions possible — more complex

molecules (e.g. Ethanol)

Building blocks of life ?

Life ??? Hoyle and Wickramasinghe

New stars and planets form in same regions




Implications
Similar (Carbon-Dominated) Chemistry

Direct Role in Origin of Life?

Formation + Destruction
Analogous to Early Earth

Roles of Dust
Protection from UV
H, Formation
Depletion — Mantles of Ice
H,O, NH3, CH,4, CO,, HCOOH, ...
!

Methane




Star Formation

Current Star Formation




Molecular Clouds

Composition

— H, (93%), He (6%)

— Dust and other molecules (~1%)
« CO next most common after H,, He

Temperature about 10 K

Density (particles per cubic cm)

— ~100 cm=3to 10% cm=3

— Air has about 101° cm=3

— Water about 3 x 10%2cm3

Size 1-300 ly

Mass 1 to 10° M,




A Small Molecular Cloud

The "Black Cloud" B6
(VLT ANTU + FORS1)




Next Class

Detalls of Star Formation and Rate




