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Abstract: Effwient (1.2% yield) multikilovolt x-ray emission from Ba(L) (2.4 - 2.8A) and Gal(L)
(1.7 – 2.1~) is produced by ultraviolet (248nm) laser-excited BaFz and Gd soIids. The high
efficiency is attributed to an inner shell-selective collisional electron ejection.
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1. Introduction

kMucheffort has been expended recentiy in attempts to developan efficient coherent x-ray source suitable forhig,h-
resoh.xtion biological imaging [1,2]. To this end, many experiments have been performed studying the x-ray
emissions from high-Z materials under intense (> 10’sW/cmz) irradiation, with the most promising results coming
i?om the irradiation of Xe clusters with a UV (248nm) laser at intensities of 10’*– 10’9W/cmz [3,4]. In this paper
we report the production of prompt x-rays with energies in excess of 5keV with efficiencies on the order of 1°/0as a
result of intense irradiation of BaFz and Gd targets with a terawatt 248nm laser. The efficiency is attributed to an
inner shell-selective collisional electron ejection mechanism in which the previously photoionized electrons are
ponderomotively driven into an ion while retaining a portion of their atomic phase and symmetry. This partial
coherence of the laser-driven electrons has a pronounced effect on the collisional cross-section for the electron ion
interaction [5].

2. Experiment

The laser system used in the experiments is a Ti:Sapphire/KrF* hybrid system. The system produces pulses with an
average energy of 400mJ and temporal duration of 230fs. The beam is focused with an fll! parabolic optic for a
resultant focal intensity of 10’9W/cm2, The spectra were recorded using a mica-crystal von Hamos spectrograph in
3rdorder. The targets used were a BaFz optical flat, and a 100 pm thick Gd foil.

Figure \ shows the recorded Ba(L) spectrum. As can be seen from the figure. the double-peaked structure
characteristic to the 3d+2p transition is present, with charge states ranging ti-om29+ up to 58-. In addition, the Ba
spectrum displays the prominent characteristic solid state transitions LU,LPI and L9Zfrom weakly ionized (O– 10+)

Ba atoms. Figure ?(a) shows a similar spectrum recorded for Gal(L).
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An important issue in understanding any destruction technology for various environmental applications
is the formation and destruction of reaction intermediates. To obtain this information we use an
understanding of the reaction mechanism developed under controlled conditions. Within this mechanism
the myriad of possible reaction by-products or reaction intermediates are determined and then can be
analyzed for in larger scale studies and field trials.

We have previously reported bimolecular rate constants and a tentative mechanism for the destruction of
methyl tert-butyl ether (MTBE). In this study we re-evaluated the hydrogen atom rate with MTBE and
extend our study to other alternative oxygenates. Thus, we have evaluated the bimolecular rate
constants for the reactions of ethyl ter~-butyl ether (ETBE), di-isopropyl ether (DIPE) and ter~-amyl
methyl ether (TAME) with the hydroxyl radical, hydrogen atom and solvated electron using pulse
radiolysis.

Methods
The pulse radiolysis facility at the DOE Notre Dame Radiation Laboratory was utilized for the
determination of the “OHand e.,q reaction rates. The H’ Rates were determined at the DOE Argonne
National Laboratory. Details of these systems are published elsewhere (l).

Results and Discussion
Table 1 summarizes the data (bolded) that we have obtained for the bimolecular rate constants of the
four oxygenates that we studied. For comparison where data exist they are included in the table with
references.

TABLE 1. Bimolecular Reaction Rate Constants (M-l S-l)of MTBE and the Alternative Fuel
Oxygenates ETBE, DIPE and TAME.

Compound “OH e.~q H

MTBE 1.6x109(2) 1.75 x 107(3) 3.49f 0.06X 106
2.1 x 109(3) <go x los(3)

ETBE 1.81 * 0.03x 109 8.45 X 107(?) 7.04t 0.11x 106
2.7 X 109(4)

DIPE 2.49 f 0.04X 109 6.7X 106 6.70i 0.09X 107

TAME 2.37 * 0.04X 109 4.0x 106 3.09* 0.06X 106

For all of the oxygenates the reaction with the hydroxyl radical appears to be of primary interest in the
destruction of the compounds in water. The rates with the solvated electron are limiting values as the
rates appear to be relatively low. The rate for the ETBE with the solvated electron is probably incorrect
and reflects an impurity in the compound as received.

In a companion paper we discuss initial mechanistic considerations for the destruction of the fuel
oxygenates by AOP’s (5).
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