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In this work, we demonstrate near-edge X-ray absorption fine structure spectroscopy of agarose with a compact

laboratory laser-plasma soft X-ray source.

The source is based on a double stream gas puff target irradiated

by nanosecond laser pulses. The emission spectra of the source and the absorption spectra of the investigated
sample were measured simultaneously using a flat-field spectrometer. Soft X-ray emission from a krypton/helium
target in the range between 1.5 and 5 nm was applied as the source. The transmission measurements revealed
the specific spectral features near the carbon K — a absorption edge corresponding well to the results obtained

with synchrotron radiation.
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1. Introduction

Near-edge X-ray absorption fine structure spec-
troscopy (NEXAFS) is a well-known and established
method employed for compositional analysis. It is based
on spectral absorption measurements spanning the en-
ergy range from a few eV below the absorption edge of
the studied element to typically a few tens of eV above
the edge in the soft X-ray spectral region [1]. This is
achieved by probing the electronic transition from core
levels to unoccupied states. Each element has a charac-
teristic energy of core bonding, therefore NEXAFS spec-
tra contain element-specific information. Additionally,
the energy levels of initial and final states are strongly de-
pendent on the involved molecular bonds [2]. Currently,
the majority of large-scale facilities have a beamline ded-
icated to studying X-ray absorption. Synchrotron light
has allowed us to apply NEXAFS methods to various
fields of science, studying both organic [3], inorganic [4],
and nanoscale [5] samples. Also, laser-produced plasma
(LPP) or higher order harmonic generation (HHG) light
sources based on solid [6] or single gas jet [7] were em-
ployed for this type of experiments.

In this work, we demonstrate the possibility to per-
form table-top NEXAFS measurements on a thin organic
sample (agarose) with a laser-plasma SXR source, based
on a double stream gas puff target, emitting SXR radia-
tion from a krypton/helium plasma. Two exposure con-
ditions are compared: a few tens of seconds of exposure
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time (200 SXR pulses) with a laser pulse energy below
1 J is compared with a single shot (SXR pulse) regime
with a laser pulse energy of a few joules. The exper-
imental data compare well with simulations performed
using the fdmnes [8] software and are in agreement with
synchrotron data.

2. Experimental setup

The general experimental setup for the SXR NEX-
AFS measurements of agarose using the Kr/He plasma
emission is depicted in Fig. 1. The experiment was per-
formed with two different pump lasers, used to create
laser plasma. The first (small) laser was an Nd:YAG
laser, model NL 303 HT (EKSPLA, Lithuania), which
delivers pulses with an energy of 0.65 J and 3 ns pulse
duration that are focused by a lens with f = 2.5 cm
focal length onto a Kr/He double stream gas puff target.
The second (large) laser, model NL129 (also EKSPLA),
delivers pulses with an energy up to 10 J and down to
1 ns pulse duration focused on the gas puff using a lens
with f = 10 cm focal length. Both works with 10 Hz
repetition rate but in the second case the NEXAFS mea-
surement was performed in single shot regime.

A double stream gas puff target is formed by a collinear
set of two nozzles, driven independently by two electro-
magnetic valves. The diameters of the nozzles are 0.4 mm
for the inner nozzle and 0.7-1.5 mm for the outer, ring-
shaped nozzle. In the case of the small laser, the inner
nozzle was pressurized with krypton gas at an optimum
backing pressure of 3 bar, while the outer nozzle was
connected to helium pressurized to 5.5 bars. The opti-
mal pressures in case of the large laser were 11 bar and
5 bar, respectively.
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Fig. 1. The experimental NEXAFS measurements of
agarose using a laser-plasma source based on a double
stream gas puff target.

The radiation from the krypton plasma, without
any filters, illuminates the sample under investigation.
The sample holder (Fig. 1) allows for the SXR radia-
tion to illuminate the sample to obtain absorption spec-
trum, but at the same time has small orifice, just be-
low the sample, which allows the direct reference signal
(spectrum) to be also recorded. Thus, in this design, two
signals enter the spectrometer slit and are diffracted to-
wards the CCD camera by the grazing incidence diffrac-
tion grating. The in-house developed SXR spectrometer
was equipped with a 12 pm slit, Hitachi (High Tech-
nologies America, Inc., USA) flat field diffraction grating
(2400 lines per mm), and a back-illuminated CCD cam-
era (GE 20482048, greateyes, Germany). During spectro-
meter calibration the resolving power of the SXR spectro-
meter E/AFE was estimated to be ~ 940 [9].

3. Agarose near-edge X-ray absorption
spectroscopy results

Agarose is a linear polysaccharide made up from
alternating D-galactose and  3,6-anhydro-alpha-L-
galactopyranose residues, joined by alpha-(1—3)-
and beta-(1—4)-linkages [10]. Agarose is widely
used in the industry, biotechnology, and molecular
biology [11]. The sample was prepared by dissolving
an agarose powder (Agarose for DNA Electrophoresis
research-grade, SERVA, Germany) in distilled water
(1:5 by weight). A 2 pl droplet was deposited using
a standard micropipette on top of a SizgN; membrane
(75 nm thickness, 1.5 x 1.5 mm? window size) and dried
in a nitrogen atmosphere.
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Fig. 2. Comparison of a normalized on differential ab-

sorption spectrum for agarose from simulation, 200
shots on NL303 HT and single shot at NL129.

The sample and reference spectra were acquired simul-
taneously during an exposure to 200 SXR pulses at 10 Hz
repetition rate (20 s long exposure) using the small laser
and with a single ~ 2 ns SXR pulse using the large
laser. The optical density extracted from the NEXAFS
spectra of agarose recorded with the two available lasers
are presented in Fig. 2. It shows the cases of: multi-
ple pulse exposure (small laser, cross-mark spectrum)
and single SXR pulse exposure (large laser, circular-mark
spectrum). Results of simulations conducted applying
the fdmnes procedure and based on crystallographic data
available in [10] are given for comparison. The radius of
the simulation was equal to 8 A and a Gaussian convolu-
tion function width was equal to 0.3 eV (FWHM). In both
simulation and the NEXAFS output it is possible to rec-
ognize highly correlated peaks at 288.2 eV and 288.9 eV
(Is — 7*) as well as 289.6, 290.5, 291.7, and 292.9 eV
(Is = 0*). The presence and proper energy calibration
of the spectral features in both simulated and experimen-
tal data show a good agreement between simulation and
experiment. Experimental agarose spectra are also in
a qualitative agreement with the synchrotron data [12],
although, the synchrotron-based measurements do not
show all NEXAFS spectral features present in the sim-
ulations and in our experimental data. Most likely this
is due to spatial localization of NEXAFS spectra acqui-
sition and probably lower photon flux.

4. Conclusions

A proof-of-principle experiment, showing the applica-
bility of a laser-plasma source based on a double-stream
gas puff target for both multi- and single-shot NEXAFS
was demonstrated, using agarose as sample. The ob-
tained agarose spectra are comparable to simulated spec-
tra and to those obtained with the synchrotron radia-
tion. Simultaneous acquisition of both the sample and
reference spectra allow highly accurate data collection
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and subsequent processing. Regardless of fluctuations in
the source energy and mechanical instability of the sys-
tem the processed data conserves the necessary features.
Moreover, the demonstrated single-shot capability opens
up the possibility of time-resolved NEXAFS studies on
the nanosecond scale in the near future.
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