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In 1953 Miller and Urey fascinated the general public with their experiments that 
showed that an electrical discharge in a mixture of common gases causes 
reactions leading to important biological molecules that may have led to the 
genesis of life [1].  In more recent years the popular literature has showcased 
other approaches to produce biological molecules such as irradiation of ices 
found on interstellar dust grains [2, 3].  The great-unanswered question, though, 
is how does chirality arise.  We hypothesized that a previously unconsidered 
chiral agent can play a significant role: low-energy spin-polarized secondary 
electrons produced by irradiation of a magnetic substrate [4, 5]. Our approach 
involved monitoring C-O bond cleavage of a model chiral molecule, (R)- or (S)-2-
butanol (CH3CHOHC2H5), adsorbed on a magnetic permalloy (Fe0.2Ni0.8 ) 
substrate, as a function of x-ray irradiation time. The chiral carbon on 2-butanol is 
bound to an –OH group. Experiments were carried out under UHV conditions 
using XPS to monitor the intensity of the chemically shifted C-O peak. We found 
that the intensity of the C-O peak decreases exponentially as a function of 
irradiation time as a result of cleavage of the C-O bond. Using the kinetic 
relationship, I = I0exp(-t/τ), where I = C-O peak area; I0 = initial C-O peak area; t 
= time, we are able to extract the time constant, τ, of the reaction as a function of 
the chirality of the adsorbed molecule and spin polarization of the substrate 
secondary electrons.  The results showed that there is an enhancement of ~10% 
in the rate of C-O bond cleavage that depends on the chirality of the molecule 
and the spin polarization of the substrate secondary electrons. This 
enhancement is well above that seen in most previous studies.  Furthermore, this 
mechanism is more general in that it requires only a magnetic substrate and a 
source of ionizing radiation. Iron is one of the most common elements and is 
magnetic in many forms. Ionizing radiation and magnetic fields are ubiquitous 
throughout the universe. Therefore, this mechanism for inducing chirality should 
be viable in a wide variety of possible environments. 
 
The exact nature of the chemical reaction that produces the dissociation is 
unknown.  It is conjectured to involve dissociative electron attachment (DEA) to a 
transient negative ion (TNI) state with lifetimes between 0.01 to 10 psec [6].  The 
chiral enhancement may involve coherent excitation of many chiral centers by 
the low energy electrons.  DEA and TNIs are also thought to be important 
contributors to electron-induced reactions that are thought to play major roles in a 
wide range of other scientific and technological areas including plasma chemistry 
[7], nuclear waste and reactor chemistry [8], radiation therapy [9], and 
atmospheric chemistry [10].  Having the ability to probe the dynamics of such 
reactions with elemental specificity would greatly enhance our understanding of 
this important class of chemical reactions.  Chen and coworkers have utilized 
hard x-rays to probe the evolution of laser-induced chemical reactions [11].  
Recent advancements in electron guns have produced pulsed sources with 



temporal widths of picoseconds or less.  Utilization of such sources as a pump 
and tunable, polarized x-rays from a third or fourth generation facility as a probe 
should produce unprecedented insight into the nature of DEA and TNI states and 
will have a major impact on our understanding of electron-induced chemistry.  In 
this talk I will use our recent studies of secondary-electron initiated, chiral-specific 
chemistry as an example of a research area where such studies could provide an 
impact with the hope of engaging the community in discussions of broader areas 
of research. 
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