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* Graduated from Wellesley College 1884

Likely discoverer of the still enigmatic spectral diffuse interstellar bands (DIB) (~ 1918)
Stellar classification: “OBAFGKM”

Classified 350,000 stars

Became a “special student” of astronomy at Radcliffe College (1894)

First woman to receive an honorary degree from Oxford (1925)




Formation of Secondary Electrons in
Cosmic Ices and Dust Grains
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Importance of Low-Energy Electrons
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Electron-induced Dissociation Mechanisms
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Electron-induced Dissociation Mechanisms

=== [ |ectron-impact ionization
wmmm | ectrorn-impact exatation

== Flectron atachment

-
o
o]
=
Ll
=
i
c
o]
a4
o
o

Internuclear Distance




Breaking a 3.5 eV Bond with a O eV Electron

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

(d) Franck - Condon region
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Threshold Energy: AH_(B") = D(A —-B)— EA(B)




Photon-Induced Dissociation
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Photon-Induced Dissociation

Three Scenarios for Photon-Induced Dissociation
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UV light formation within dark, dense
molecular clouds

do

Cosmic Ray

107-102° eV UV light

3-12 eV

icy interstellar dust grain




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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UHV Chamber at Wellesley College
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Temperature-Programmed
Desorption (TPD)

MS signal=R = kN = A

exp(-E5;~RT)

Temp (T)




Tempature Programmed Desorption
How to Identify Desorption Peaks
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Figures: http://www.chem.gmul.ac.uk/surfaces/scc/scat5 6.htm




Extremely Bright < 8 eV Photon Source:
Laser-Driven Plasma: EQ 1500

Spectral Radiance of 30W D2, 75W Xe, EQ99 and EQ1500 - Log
1.0E+03 3

—EQ1500

—EQ99

— Xe 75W Hamamatsu
1.0E+02 —30W D2, @0.5mm, Agilent

1.0E+01 b

1.0E+00 E

-
0
=
c
£
I
<
£
£
E
®
Q
c
8
=
@
o
©
—
3]
()]
o
wn

Wavelength [nm]




i

- (. | L
) h.l“_.f "..-ﬂl.v‘ﬂ‘ - il

e

ion Spectrum of

e
-
O
&
&

<

O
O
0p)
-
3

i
-
o

O

UV Absorpt

5.0E-1B 4

200 1 UOIRAS $80)




Mean Free Path Calculation

for a 7 eV Photon

1
A=—
no
3 1
(number of molecules per cm3)(ph0t0n absorption cross section in cmz)
1

density in g/ cm3 (number of molecules) ( photon absorption )
molar mass in g/mole per mole cross section in cm?2
1

3
(Oigi?g%{rfg;e ) (6.02 x 1023 /mole) (2 x 10~8cm?2)

= (0.2 microns

Most, if not all, of the ice mantle surrounding dust grains

will be susceptible to photochemistry




Low-energy electron- radical-radical reactions

induced radiolysis in

cosmic ices N,H,
He, *NH,

radical formation

NH,*

excitation

NH,

low-energy

electrons
cosmic ray




Role of low-energy electrons in the
synthesis of prebiotic molecules
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Glycine formation in CO,:CH4:NH; ices induced by 0-70 eV electrons
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https://www.eurekalert.org/multimedia/pub/168851.php
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M) Check for updates | A general method for the inclusion of radiation
chemistry in astrochemical models

Christopher N. Shingledecker2)** and Eric Herbst™




December 2017: Identification of Methoxy methanol in the
ISM [~10 quadrillion miles away]
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Black: Overall microwave spectrum of NGC 6334
Red: Simulated rotational spectrum of methoxymethanol
Green: Simulations of species that are major contributors to the overall spectrum

Brett A. McGuire et al 2017 ApJL 851 L46; James O. Chibueze et al 2014 ApJ 784 114




