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The Astronomer’s Periodic Table
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Chemistry of H;
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Simple Formation Mechanism
cosmic ray + H2—> H; +e  (slow)

HJZF—I— H2 —> H;L + H (fast)

Simple Destruction Mechanisms

H
H

+ CO - HCOJr T H2 (if CO abundant)

W 4+ W 4

Te — H2 + H (if ¢ abundant)

Simple Chemistry =
Easy Interpretation



Dense Interstellar Clouds
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Physical Environment:
* gas density ~ 10*cm™
* temperature ~ 10-30 K
* shrouded in dust

* starlight is blocked

The Dense Cloud NGC 2024

Chemical Environment:

* H-— H2 (photolysis blocked by gas and dust)
* C - CO — network of complicated chemistry

* CO is most abundant molecule (next to H2)

* [H,]/[CO] ~ 10"



H;r in Dense Clouds
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Formation Rate = C [H 2]

Destruction Rate =k [CO][H]

Steady State — ¢ [H_] =k _ [CO][H]]

- ]
co [CO]
_ (B3x1077sT)
C2x107%em’s™)

10* 210*cm™




H;r in Dense Clouds
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H; observed column density
N(H3) = [[H;]dx = [H;]-L

_N(H) _ N(H})

L =
[HY] 107%cm™

Inferred H, column density
N(Hz) = [Hz] L

N(H,) 10" em™-N(H,)
L N(H)

~.[H,]=



Dense Cloud — GL 2136
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N(H})=4x10"cm™
L ~1.2x10"cm ~ 4pc = 800,000 AU

23 -2
(1,1~ 519 S ~15x10%em™
1.2x107cm

T~35K




Ditffuse Interstellar Clouds
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Physical Environment:

* gas density ~ 100 cm™
* temperature ~ 30-100 K
* starlight penetrates

% carbon 1s 1onized

Chemical Environment:

* f = [Hz] ~ l
[H]+2[H,] 4
* C—o>C +e (ionized by incident starlight)

* [TH]/[ZC] ~ 10




H, in Diffuse Clouds
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Formation Rate = C [H 2]

Destruction Rate = ke e ][H;]

Steady State — C [H ] =k [e’ ][H;]
ey & [Ha] € GIH]

"~/

ke [e ] ke [C]

_ (3x10"7s7)-
(2x107cm’s™)

10" =210%cm™



H, in Diffuse Clouds
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H; observed column density
N(H3) = [[Hi]dx = [H;]-L

_ N(H;) _ N(H;)

S L= =
[HY] 10°cm™

Inferred H column density
NH)=z[H]-L
N(H) 10° cm™ - N(H)

HHI= N(H))




Diffuse Cloud — VI Cyg 12
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N(HI)=4x10"cm™
L ~3x10"cm ~100pc =2 x10" AU

1.5x10%cm™

[H]~ ~50cm”™

3x10*cm

T~20K



Summary
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* H.is a most insightful tool *"™"

* “easily” observable hydrogenic species
* simple formation & destruction mechanisms
* provides temperature, path length, density
* cornerstone of interstellar chemistry

* H; in a variety of environments

* dense clouds: GL 2136, W33A, GL 961E,
MonR2 IRS 3, GL 2591

* diffuse clouds: VI Cyg 12, ...7
* Galactic Center: GC IRS 3, Quint 24, ...?

% what’s next??



