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Periodic table

Periodic Table of the Elements

3 [ | h',rdrl.]gen B poor metals 3 = = 3 5
Li alkali metals O nonmetals B C N O F
[0 alkali earth metals B noble gases

0 transition metals 0 rare earth metals




Astronomer's periodic table
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Solar elemental abundances
(Anders & Grevesse 1989)
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Solar System abundances

m log A A
Element 7 (g mol—1) Ny = 1{112} (ppm)
H | 1.01 12.00 100
C 6 12.01 8.36 360
N 7 14.01 7.97 03
O 8  16.00 8.83 676
Na 1 22.99 6.31 2
Mg 12 2431 7.59 39
Al 13 26.98 6.48 3
Si 14 28.09 7.55 35
P 15 3097 5.57 0.4
S 16 32.06 7.27 19
Ca 20 40.08 6.34 2
Cr 24 52.00 5.68 0.5
Fe 26 55.85 7.51 32
Ni 28  58.71 6.25 2
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b =i Mt | Depletions
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TC (K} {Standard = Solar) (Standard = 63% Solar)
flguh'
Element  (ppm) D i) Adust D i} Adust
C 140 —041 061 220 —0.21 0.38 87
D ( X) —_ IO ( N / N ) . N 75 —0.09  0.19 17 0 (0 (0)
- g 0] 320 —0.32 052 356 —0.12 024 106
X H Na 0.6 —0.50  0.68 1 —0.30  0.50 0.7
Iog (N /N ) Mg 3.1 —1.10 092 36 —0.90 087 21
Al 0.01 —2.50  1.00 3 ~2.30  0.99 2
X H” ISM Si 0.9 —160 097 34 —1.40 096 21
P 0.07 —0.74 0.82 03 —-0.54 0.71 0.2
S 19 0.00  0.00 0 0 (0 (0)
Ca 0.0005 —=3.60 1.00 2 —3.40 100 1
Cr 0.04 —2.10 099 0.5 —1L90 0.99 0.3
Fe 0.32 —2.00 099 —1.80 098 20

L
|

N1 0.01 =230  1.00 =2.10  0.99 1




Fractional masses depleted into dust
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Grain models

 Fit all observables

* (Thermal) emission in IR (continuum and features)

* Absorption/scattering in UV/optical (extinction
curve/DIBS)

* Polarization
 Anomalous dust emission (~30 GHz)
* Fit abundance/depletion constraints

Draine et al. 2003, ARA&A



A grain model

 Main components: graphite and silicate

 dn/da oc a**for silicates, more complicated for
carbonaceous grains

* Polycyclic Aromatic Hydrocarbons (PAHS)
contain ~15% of C

(Draine 2003, ARA&A)

This works to fit Spectral Energy Distributions,
but not detailed spectral features
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NF, (107 Watt m™)

25

20

15

10

40

30

20

10

60

40

20

IR spectral features

HD 1617986

T 1osterite

)

<— H,0 ice

l

HD 235858

hydrocarbon

{

TIC ?

< Mg3

HR 4049

PAH

12 - -
“ o f0 F
84 digmond 3] -P 8]
62 I 8t || |

EJJ\d\xfff\wv
4

33 3.4 35 15.0 15.4
3 4 5 6 10 20 30 40 50

N (pm)

5|||||||||||||||
()



1.

-

m™® um

Flux [W

“Unidentified” Infrared Bands (UIRS)
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log(+F;) + const.

Polycyclic Aromatic Hydrocarbons
(PAHS)
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Variations: Out Of Plane bending
modes (OOPSs)
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CC-stretch 6.2 micron

N3b-Coronene Cation, %H11N+
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Fx (10712 W m~2 um-1)
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Silicate stoichiometries

Olivine
|:GZXI\/IQZ(l-x)SiC)4
x=0 - Mg,SIO,
forsterite
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Pyroxene
Fe Mg, SIO,
x=0 - MgSIO,
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Crystallinity

The glass temperature T,

glass

Toong > T, @toms in mineral are mobile * = =

A (um)

« Slow cooling (t.., > t.,s): grain solidifies in crystalline form

« Rapid cooling (t.., < f,,): quenching: grain solidifies In
amorphous form

I'eong < T,2ss- IMmMediate freeze out — amorphous silicate
Non-thermal processing may cause amorphization




Crystalline silicates
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Other grain properties: shape, size,
POrosity
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Dust components in the ISM

Amorphous olivine: (Fe,Mg) SiO,

Amorphous pyroxene: (Fe,Mg)SIO,

Metallic iron: Fe

Enstatite: MgSiO,
Forsterite:Mg_SiO,
Diopside:(Ca,Mg)SIO,

Hydrous silicates: silicate + H O
Carbonates: (Ca,Mg)CO,

Silica: SIO,

Spinel: MgAl O,
Iron-Magnesium oxide: Mg(o_l)Fe

Periclase: MgO
Corundum: AI203

(0.9)

O

Pyrite: FeS,

Pyrrhotite: Fe S

Troilite: FeS

Silicon carbide: SiC

Amorphous carbon: C

Graphite: C

Polycyclic Aromatic Hydrocarbons

Magnesium sulfide: MgS

Various ices: HZO, COZ, CO, CH4, CH3OH



Stablility limits

* Temperature
e Density

e Partial
pressure

T [K]

700 ' ' I
12 -10 -8 -6

log P [bar]



He-Ni metal

dkermanite
___Ca,MgS1,0,

0.04

anorthite —
CaAl,Si,04

Ca pyroxene ~CaMgSi,O

enstatite ~MgSiO, 093

gehlenite
Ca,AlLSiO,

hibonite Coﬁngum
CaAl,;,O 19 / 23

& forsterite ~Mg,Si0,
roxen
0-1 a pyroxene 0.00

~CaMgSi,04
1400 1500 / 1600 1700 -

albite E perovskite CaTiO,
NaAlSi;Oq

3
O
7!
o=
)

o=
-
S
Q
S
S

=
N
)
3
S
O
Q

R=
—

3
-
S

=
Q

e

@
-
S

=
Q
S
S

e

anorthite CaALSi,0,

0.0 T
900 1000 | 1100 1200 1300 1400 1500 1600 1700
spinel ~MgCr,0, Temperature (K)




Metallicity dependence
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Further reading:

Whittet, 2003, “Dust in the Galactic Environment”, 10P
Henning, 2010, “Cosmic silicates”, ARA&A 48, 21
Draine, 2003, “Interstellar dust grains”, ARA&A 41, 241
Compiegne, 2011, “Interstellar dust”, arXiv:1104.2949

Henning & Mutschke, 2010, “Optical properties of
cosmic dust analogs: A review”, arXiv:1004.5234
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