IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

XAFSmass: a program for calculating the optimal mass of XAFS samples

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2016 J. Phys.: Conf. Ser. 712 012008
(http://iopscience.iop.org/1742-6596/712/1/012008)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 131.169.95.162
This content was downloaded on 30/11/2016 at 12:09

Please note that terms and conditions apply.

You may also be interested in:

Characterization of neutron emission from mega-ampere deuterium gas puff Z-pinch at microsecond
implosion times
D Klir, AV Shishlov, V A Kokshenev et al.

A locust-inspired miniature jumping robot
Valentin Zaitsev, Omer Gvirsman, Uri Ben Hanan et al.

Optimal magnet configurations for Lorentz force velocimetry in low conductivity fluids
A Alferenok, A Pothérat and U Luedtke

Efficient generation of fast neutrons by magnetized deuterons in an optimized deuterium gas-puff
z-pinch
D Klir, A V Shishlov, V A Kokshenev et al.

A NORMAL SUPERMASSIVE BLACK HOLE IN NGC 1277
Alister W. Graham, Mark Durré, Giulia A. D. Savorgnan et al.

FORMATION HISTORY OF HALO STARS
Yutaka Komiya, Asao Habe, Takuma Suda et al.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/712/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
http://iopscience.iop.org/article/10.1088/0741-3335/55/8/085012
http://iopscience.iop.org/article/10.1088/0741-3335/55/8/085012
http://iopscience.iop.org/article/10.1088/1748-3190/10/6/066012
http://iopscience.iop.org/article/10.1088/0957-0233/24/6/065303
http://iopscience.iop.org/article/10.1088/0741-3335/57/4/044005
http://iopscience.iop.org/article/10.1088/0741-3335/57/4/044005
http://iopscience.iop.org/article/10.3847/0004-637X/819/1/43
http://iopscience.iop.org/article/10.1088/0004-637X/717/1/542

16th International Conference on X-ray Absorption Fine Structure (XAFS16) IOP Publishing
Journal of Physics: Conference Series 712 (2016) 012008 doi:10.1088/1742-6596/712/1/012008

XAFSmass: a program for calculating the optimal mass of
XAFS samples

K Klementiev' and R Chernikov’

" MAX IV Laboratory, 22363 Lund, Sweden
> DESY Photon Science, 22607 Hamburg, Germany

konstantin.klementiev(@maxlab.lu.se

Abstract. We present a new implementation of the XAFSmass program that calculates the op-
timal mass of XAFS samples. It has several improvements as compared to the old Windows
based program XAFSmass: 1) it is truly platform independent, as provided by Python lan-
guage, 2) it has an improved parser of chemical formulas that enables parentheses and nested
inclusion-to-matrix weight percentages. The program calculates the absorption edge height
given the total optical thickness, operates with differently determined sample amounts (mass,
pressure, density or sample area) depending on the aggregate state of the sample and solves the
inverse problem of finding the elemental composition given the experimental absorption edge
jump and the chemical formula.

1. Introduction
XAFS samples for transmission measurements can be optimized in quantity based on purely statistical
arguments [1]. The XAFS signal-to-noise ratio
S 4 1 G

N T (attl0 T A " aulg)at, exp(—qu))
is maximized with respect to the attenuation by the 1¥ ionization chamber (IC), att/,, and the optical
thickness of the sample, prd. The attenuation by the 2" IC (I; detector), attl,, is taken as a selectable
parameter. If a reference foil is placed between the 2™ and the 3" IC, the fraction of x-rays absorbed
by the 2™ IC is usually set to 50%. If the reference foil is not needed, one can select the total absorp-
tion (100%). For these two cases the optimal absorption of the 1% IC and p;d are found from figure 1
showing the levels of signal-to-noise ratio.

The elemental composition of the sample is typically known to the experimentalist. The remaining
problem is to find the sample quantity given its optimal optical thickness urd and the atomic absorp-
tion cross-sections.

2. Parts of XAFSmass

XAFSmass is a free open source software (MIT License). It consists of three Python modules — one
for material properties (essentially, the atomic absorption cross-sections calculated via tabulated scat-
tering factors /"), one for a chemical formula parser and the actual calculations and one for a graphical
user interface (GUI) built with the platform independent application framework Qt. XAFSmass re-
quires Python interpreter installed (any of its two branches).
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Figure 1. The levels of XAFS S/N at 100% absorption by the 2™ IC (left) and at 50% of it (right).

2.1. Tabulated scattering factors

The tabulations are taken from Henke et al. (10 eV < £ <30 keV) [2], Chantler (11 eV < E <405 keV)
[3] and Brennan & Cowan (30 eV < E < 509 keV) [4]. XAFSmass provides a plotting window for
visualizing the scattering factors of the selected chemical elements.

2.2. Chemical formula parser

The parser understands usual chemical formulas as “YBa2Cu306.93” and “Fe2(S0O4)3” but also in-
clusion-to-matrix weight percentages as “Cu%1Zn%1((A1203)%10Si02)”. The latter formula is in-
terpreted as 1 wt% of Cu and 1 wt% of Zn in a matrix composed of 10 wt% of alumina in silica.

3. Usage of XAFSmass

There are four operation modes depending on the sample nature. Samples can be: ‘powder’, 'foil, film,
glass etc.' (those with known density), 'gas' or 'has unknown concentration'. Figure 2 shows the corre-
sponding GUI views. At the top part of them one can see the underlying calculation formulas.

3.1. Powder samples

The optimal optical sample thickness p;d depends on the absorption levels selected for the ionization
chambers (see above). Typically, usd is taken between 2 and 3 (e.g. for a 17.4% absorption level for
the 1* chamber and a 50% level for the 2™ chamber, the optimal thickness is 2.42). However, if you
get the absorption step more that 1.5 (reported by the drop-down list “absorptance step™), it is recom-
mended to reduce the sample mass to avoid the potential thickness effect [S] due to possible inhomo-
geneity in the wafer. One can see in figure 1 that the S/N ratio has a wide maximum: pzd can be taken
two times greater or two times less with a loss in S/N of only ~30%.

3.2. Samples with known density

In this mode one can calculate the thickness of the sample with known density (usually, a foil). Com-
mercial foils are highly homogeneous in thickness, so that one may ignore large step jumps with pay-
ing attention to p7d only. By putting prd equal to 1, one gets the absorption length.

3.3. Gas pressure in ionization chambers

If a reference foil is placed between the 2™ and the 3™ IC, the fraction of x-rays absorbed by the 2™ IC
is usually set to 50%. If the reference foil is not needed, one can select the total absorption (exact
100%, however, is never possible). For these two cases the optimal absorption of the 1% IC is found
from Figure 1.
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Figure 2. The GUI views for the four operation modes of XAFSmass.
3.4. Calculation of an unknown elemental concentration

Method 1: The matrix composition is known. An absorption spectrum taken without the sample (empty
spectrum) but with the same state of the ionization chambers is required. It must be then subtracted
from the spectrum of the sample, e.g. in VIPER program, and thus a true (i.e. not vertically shifted)
absorption coefficient is obtained. Determine the value of prd above the edge, the edge jump (Apd)
and its uncertainty (dud). Specify the chemical formula with x. The unknown molar concentration N,
is then found from the formula visible in the lower-right part of Figure 2. Notice that the experimental
ratio Aw/ur is determined much better than the step height alone since the errors in the numerator and
Sutop  Aw + LZAHSM. This method, therefore, is
Hr+éu  ur Hy

more precise than the next one that relies only on the absorption step height.

the denominator are equal and of the same sign:

3.4.1. Method 2: The sample mass and area are known. Determine the edge jump (Apd). For the pure
element find such a value for psd that the absorption step in the pull-down list is equal to the experi-
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mental Apd. This gives the mass of the element of interest that needs to be divided by the total sample
mass to get the weight percentage.

3.4.2. Experimental example. Fine powder of CaCO; (4.3 mg) was mixed with powder polyethylene
and pressed into a 13-mm-diameter pellet. The XAFS spectra are shown in figure 3. After subtracting
the empty spectrum (here, of pure polyethylene pellet), the true XAFS spectrum gives: pd = 1.54,
And = 1.24, Sud = 0.3. This results in wt%(Ca) = 40.5 + 1.5 by the 1* method and wt%(Ca) = 40 + 10
by the 2™ one. The true value is 40.04 wt%.
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4. Conclusion

The presented program XAFSmass facilitates routine calculations of sample masses by combining
a versatile chemical formula parser and several tabulations of the scattering factors. The calculated
absorption edge height and its experimental value are an important hint to the experimentalist on the
sample uniformity (presence of pin holes). Inversely, the edge height can be used to determine an ele-
mental concentration assuming no holes in the sample.

The program is available at pypi.python.org. The version used in this paper is 1.2.0. XAFSmass is
independent of Python version: it works with both branches, 2.x and 3.x, without modification.

References

[1] Lee P A, Citrin P H, Eisenberger P and Kincaid B M 1981 Extended x-ray absorption fine
structure—its strengths and limitations as a structural tool Rev. Mod. Phys. 53, 769 — 806

[2] Henke B L, Gullikson E M and Davis J C 1993 X-ray interactions: photoabsorption, scattering,
transmission, and reflection at E = 50-30000 eV, Z = 1-92 Atomic Data and Nuclear Data
Tables 54 (no.2) 181-342

[3] Chantler C T 1995 Theoretical Form Factor, Attenuation, and Scattering Tabulation for Z = 1-
92 from E=1-10 ¢V to E=0.4-1.0 MeV J. Phys. Chem. Ref. Data 24 71-643

[4] Brennan S and Cowan P L 1992 A suite of programs for calculating x-ray absorption, reflection
and diffraction performance for a variety of materials at arbitrary wavelengths Rev. Sci.
Instrum. 63 850-3

[5] Stern E A and Kim K 1981 Thickness effect on the extended-x-ray-absorption-fine-structure
amplitude Phys. Rev. B 23 3781-7





