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Interstellar synthesis of prebiotics:
Widely Accepted Hypothesis
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Dark dense molecular clouds

H, cloud

thin ice layers (10 K)
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interstellar dust grain




Origins of UV light in dark, dense molecular
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UV light formation within dark, dense
molecular clouds
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Proposed Hypothesis radical-radical reactions
UV photolysis in
cosmic ices
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Our Hypothesis




Formation of secondary electrons in cosmic
ices and dust grains

secondary electron

cascade (0-20 eV) thin (~100 ML) ice
layers (10 K)
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Flux of Cosmic Rays Reaching Earth
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Importance of Low-Energy Electrons

Secondary Electron “Tail” ———

Dissociation Cross-Section
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Electron-induced dissociation
mechanisms
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How to break a 5 eV bond with a 3 eV electron?

(a) ground electronic state of neutral molecule
(b) ground electronic state of anion
(¢) excited state of anion

(d) Franck - Condon region

A" ++B

dissociation limit
& 4

*A++B

D(A-B)

—
=
@
—
==
o
|
[+ 1]
o
w
™
=
o
[+ 8]
et
o
o

Electron Energy (eV)

-------- e

I
=
1
I
1
1

>

Internuclear Distance Dissociation Yield

“Thermodynamic Threshold” AH_(B")=D(A—-B)—-EA(B)

C. Arumainayagam et al., Surface Science Reports 65 (2010) 1-44.



Energetics of Photochemistry
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Another Key Difference between
Photons and Electrons

LUMO
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Low-energy electron- radical-radical reactions

induced radiolysis in
cosmic ices
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radical formation
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Mass Spec Signal
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Why study Ammonia?

B Low—mass

B High—mass
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CO CO, CH,0H NH, CH, XCN

Oberg, K., et al. “The Spitzer Ice Legacy: Ice Evolution from cores to protostars.” The Astrophysical Journal 740(2011): 16 pp.



Possible Radiolysis Products of Ammonia
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Detection of Hydrazine and Diazene at
High Incident Electron Energies

Film Thickness: 100 ML
Electron Energy: 1000 eV

Electron Dose: 8.5 uC

[
c
=
0p)
O
@
Q
0p)
0
%
@
=

m/z 36 (N,D,")

m/z 34 (N,D,")
m/z 32 (N,D,")

100 150 200 250 300 350 400 450 500
Temperature (K)




Proposed Mechanisms of Hydrazine

and Diazene from Ammonia
Hydrazine (N,H,)

: : N,

:NH, + :NH5 > N
H H
Diazene (N,H,)
H H sk
° \ /o H\ .
*NkHN—+NNH > =N T Hz
/ \ SN
H H H

Zheng, W. et al. The Astrophysical Journal. 674:1242-1250, 2008 February 20



Model: Bimolecular Intermediate Step

Z—R = —k4R R(t) = Rye ¥t
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Results: Hydrazine Yield vs Electron Fluence

Film Thickness: 500 ML
Electron Energy: 1000 eV
Transmitted Current: 3.3 yA
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Results: Yield vs Film Thickness
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Electron Energy: 1000 eV
Dose Rate: 0.33 uC/s
Quadratic fit Electron Dose: 33 uC
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Production of Hydrazine and Diazene
at Incident Electron Energy of 10 eV at 90 K

Film Thickness: 20 ML
Time (irradiated and
unirradiated) : 4 hours
Current: 4.9 yA
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Production of Hydrazine
at Incident Electron Energy of 7 eV at 25 K

Pure N H3 —— Unirradiated Mass=32
Irracliated E= 7eV
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Importance of Surface Temperature

Desorption of :‘NH, _

1000 eV
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Final Conclusions

* Electron—induced reaction of ammonia
yields hydrazine (N,H,) and diazene
(N,H,) with high-(1000 eV) or low-energy
(7-20 eV) electrons.

* The results are consistent with our
hypothesis that high energy radiolysis is
mediated by low-energy electrons
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Kinetics of Radical-Radical Association Reactions

* Radical-radical reactions: no energy barrier
* PE falls monotonically as distance |

* Radical energy T = Reaction probability |

* Temperature T = Rate constant |

Assume reaction is not diffusion limited



Results: Yield vs Irradiation Time
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Film Thickness: 500 ML ND4

Electron Energy: 1000 eV
Transmitted Current: 3.3 pA
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Bunsen-Roscoe Law of Photochemistry

A photochemical effect is directly proportional to

the total energy dose, irrespective of the time
required to deliver that dose

Despite constant electron dose across experiments,
we observe varying ammonia radiolysis product yields



Dose Rate Effect in Radiation Chemistry

Dose Rate Effect of Radiation Exposure

100 rem in 5 minutes 100 rem at 0.02 rem/day
or less may cause spread over 20 years does
radiation sickness not cause radiation sickness
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Hydrazine Data
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Diazene Data
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