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SI-1 Tabulated X-ray edge and line energies

For convenience, we have compiled a list of the relevant X-ray edge and line energies for the
elements included in the interlaboratory comparison. Values are taken from the xraylib 1. For
the transition metals listed, while theK� line of an element with atomic numberZ has su�cient
energy to excite the K edge of all elements with Z ′ ≤ Z − 1, only for Z ′ ≤ Z − 2 does the more
intense K� line contribute.

Z Element K edge / keV K� line / keV K� line / keV
13 Al 1.56 1.49 1.55
21 Sc 4.49 4.09 4.46
22 Ti 4.97 4.51 4.93
24 Cr 5.99 5.41 5.95
25 Mn 6.54 5.90 6.49
27 Co 7.71 6.93 7.65
28 Ni 8.33 7.47 8.27
29 Cu 8.98 8.04 8.91

1Tom Schoonjans et. al., The xraylib library for X-ray-matter interactions. Recent developments, Spectrochimica
Acta Part B 66 (2011) 776-784
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SI-2 Results of interlaboratory comparison

All individual results of the interlaboratory comparison are given below. Only two obvious
outliers were removed (one for each TiO2 sample). Almost all participants returned results for
all samples. Two of the 17 samples were not measured by one participant: the LIB material
sample (sample 17, type 5) and the Al2O3 sample (sample 8, type 2). First, subsections SI-2.1 to
SI-2.8 on the following pages show the sorted data for the single-result samples (types 1 to 2).
Second, the �gures in subsections SI-2.9 to SI-2.17 show the multielemental results and compare
three elements at a time (see page 13 and the following). The lab names are anonymized, yet
consistent for all samples (lab 1 is always lab 1, etc.). In addition to the individual results, we
also list the mean x , the standard deviation s and the relative standard deviation sr = s

x .
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SI-2.1 Results for sample #1 “Sc 1.”, including mean x , standard deviation s,
and relative standard deviation sr

participant result / µg cm−2

lab 1 3.37
lab 2 3.39
lab 3 3.60
lab 4 3.40
lab 5 3.22
lab 6 3.45
lab 7 3.19
lab 8 3.89
lab 9 3.63
x 3.46
s 0.21
sr=s / x 5.9 %
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SI-2.2 Results for sample #2 “Sc 2.”, including mean x , standard deviation s,
and relative standard deviation sr

participant result / µg cm−2

lab 1 16.3
lab 2 17.8
lab 3 17.4
lab 4 16.2
lab 5 15.5
lab 6 18.1
lab 7 16.6
lab 8 18.6
lab 9 17.5
x 17.1
s 0.95
sr=s / x 5.6 %
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SI-2.3 Results for sample #3 “Sc 3.”, including mean x , standard deviation s,
and relative standard deviation sr

participant result / µg cm−2

lab 1 29.1
lab 2 32.2
lab 3 30.1
lab 4 27.9
lab 5 27.1
lab 6 32.8
lab 7 28.8
lab 8 32.0
lab 9 30.8
x 30.1
s 1.9
sr=s / x 6.3 %
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SI-2.4 Results for sample #4 “Ti”, including mean x , standard deviation s, and
relative standard deviation sr

participant result / µg cm−2

lab 1 86.6
lab 2 75.7
lab 3 89.0
lab 4 81.5
lab 5 81.1
lab 6 84.7
lab 7 78.9
lab 8 93.5
lab 9 90.3
x 84.6
s 5.5
sr=s / x 6.5 %
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SI-2.5 Results for sample #5 “Co”, including mean x , standard deviation s,
and relative standard deviation sr

participant result / µg cm−2

lab 1 64.2
lab 2 63.7
lab 3 65.3
lab 4 59.4
lab 5 61.4
lab 6 63.5
lab 7 61.7
lab 8 60.0
lab 9 63.7
x 62.5
s 1.9
sr=s / x 3.0 %
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SI-2.6 Results for sample #6 “TiO2 1.”, including mean x , standard
deviation s, and relative standard deviation sr

participant result / µg cm−2

lab 1 21.0
lab 2 21.5
lab 3 21.6
lab 4 19.5
lab 5 19.5
lab 6 21.5
lab 7 19.4
lab 9 21.5
x 20.7
s 0.96
sr=s / x 4.7 %
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SI-2.7 Results for sample #7 “TiO2 2.”, including mean x , standard
deviation s, and relative standard deviation sr

participant result / µg cm−2

lab 1 6.47
lab 2 6.88
lab 3 6.69
lab 4 6.10
lab 5 6.03
lab 6 7.10
lab 7 6.55
lab 9 6.67
x 6.56
s 0.34
sr=s / x 5.2 %
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SI-2.8 Results for sample #8 “Al2O3”, including mean x , standard deviation s,
and relative standard deviation sr

participant result / µg cm−2

lab 1 42.6
lab 2 48.9
lab 3 42.6
lab 4 45.5
lab 5 38.8
lab 6 30.8
lab 7 55.0
lab 9 42.5
x 43.3
s 6.6
sr=s / x 15 %
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SI-2.9 Results for sample #9 “Ti/Ni/Mn”, including mean x , standard
deviation s, and relative standard deviation sr

participant Mn / µg cm−2 Ni / µg cm−2 Ti / µg cm−2

lab 1 66.9 671 50.8
lab 2 65.1 704 51.7
lab 3 62.8 741 51.6
lab 4 60.8 667 46.5
lab 5 58.3 688 47.1
lab 6 72.3 709 56.3
lab 7 67.4 724 46.8
lab 8 70.9 710 52.4
lab 9 72.5 761 52.5
x 66.3 708 50.6
s 4.8 29 3.1
sr=s / x 7.2 % 4.1 % 6.1 %
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SI-2.10 Results for sample #10 “Ti/Mn/Ni”, including mean x , standard
deviation s, and relative standard deviation sr

participant Mn / µg cm−2 Ni / µg cm−2 Ti / µg cm−2

lab 1 66.5 674 50.5
lab 2 63.5 705 51.4
lab 3 61.0 741 51.5
lab 4 59.7 671 46.3
lab 5 58.1 686 46.7
lab 6 72.3 705 57.8
lab 7 61.3 725 46.7
lab 8 81.2 735 53.9
lab 9 69.9 766 52.2
x 66.0 712 50.8
s 7.0 30 3.6
sr=s / x 11 % 4.3 % 7.1 %
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SI-2.11 Results for sample #11 “Cr/Cu/Co”, including mean x , standard
deviation s, and relative standard deviation sr

participant Co / µg cm−2 Cu / µg cm−2 Cr / µg cm−2

lab 1 76.9 619 102
lab 2 74.1 624 95.9
lab 3 78.1 626 101
lab 4 69.9 600 95.1
lab 5 71.7 593 97.6
lab 6 82.5 619 113
lab 7 78.7 604 100
lab 8 82.5 659 105
lab 9 81.9 671 113
x 77.4 624 103
s 4.4 25 6.2
sr=s / x 5.7 % 4.0 % 6.1 %

15



SI-2.12 Results for sample #12 “Cr/Co/Cu”, including mean x , standard
deviation s, and relative standard deviation sr

participant Co / µg cm−2 Cu / µg cm−2 Cr / µg cm−2

lab 1 137 718 104
lab 2 135 720 98.1
lab 3 139 728 103
lab 4 129 700 97.2
lab 5 131 691 99.7
lab 6 149 711 114
lab 7 137 712 104
lab 8 145 769 108
lab 9 147 791 114
x 139 727 105
s 6.6 31 5.8
sr=s / x 4.8 % 4.2 % 5.6 %
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SI-2.13 Results for sample #13 “CrCoCu 500nm”, including mean x , standard
deviation s, and relative standard deviation sr

participant Co / µg cm−2 Cu / µg cm−2 Cr / µg cm−2

lab 1 45.6 373 60.5
lab 2 47.8 375 53.8
lab 3 46.3 370 58.6
lab 4 41.9 362 56.7
lab 5 44.1 357 58.3
lab 6 36.9 376 47.5
lab 7 39.8 369 50.5
lab 8 48.4 402 63.9
lab 9 49.0 402 67.8
x 44.4 376 57.5
s 3.9 15 6.0
sr=s / x 8.8 % 4.0 % 10%

17



SI-2.14 Results for sample #14 “CrCoCu 1000nm”, including mean x ,
standard deviation s, and relative standard deviation sr

participant Co / µg cm−2 Cu / µg cm−2 Cr / µg cm−2

lab 1 137 708 103
lab 2 136 716 97.2
lab 3 137 674 95.0
lab 4 128 690 96.0
lab 5 132 682 98.6
lab 6 122 717 88.1
lab 7 132 706 90.6
lab 8 147 763 109
lab 9 149 773 115
x 136 714 99.1
s 8.1 32 8.1
sr=s / x 6.0 % 4.5 % 8.2 %
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SI-2.15 Results for sample #15 “TiMnNi 500nm”, including mean x , standard
deviation s, and relative standard deviation sr

participant Mn / µg cm−2 Ni / µg cm−2 Ti / µg cm−2

lab 1 32.4 344 24.9
lab 2 31.1 359 25.7
lab 3 29.5 374 24.0
lab 4 29.6 337 22.6
lab 5 28.7 355 23.2
lab 6 21.3 366 14.8
lab 7 23.6 370 18.1
lab 8 33.2 371 27.0
lab 9 34.6 388 26.4
x 29.3 363 23.0
s 4.1 15 3.8
sr=s / x 14 % 4.1 % 17%
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SI-2.16 Results for sample #16 “TiMnNi 1000nm”, including mean x , standard
deviation s, and relative standard deviation sr

participant Mn / µg cm−2 Ni / µg cm−2 Ti / µg cm−2

lab 1 64.9 688 49.8
lab 2 61.5 710 50.7
lab 3 57.7 733 45.0
lab 4 58.8 669 45.7
lab 5 57.3 706 46.2
lab 6 45.9 725 31.9
lab 7 47.6 720 37.0
lab 8 67.6 756 54.5
lab 9 69.9 782 53.4
x 59.0 721 46.0
s 7.7 32 7.0
sr=s / x 13 % 4.4 % 15%
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SI-2.17 Results for sample #17 “LIB material”, including mean x , standard
deviation s, and relative standard deviation sr

participant Ni / wt.% Mn / wt.% Co / wt.%
lab 1 59.3 20.7 20.0
lab 2 61.4 18.7 19.9
lab 3 61.9 18.2 19.9
lab 4 60.5 19.5 20.0
lab 5 61.5 18.6 19.8
lab 6 59.2 20.4 20.4
lab 7 62.5 18.5 19.0
lab 9 60.5 19.1 20.3
x 60.9 19.2 19.9
s 1.1 0.85 0.40
sr=s / x 1.9 % 4.4 % 2.0 %
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SI-3 Principal component analysis of samples #9-10 and #15-16

Figure SI-3.1 below shows the principal component analysis (PCA) of the samples containing
Mn, Ni, and Ti, complementing Figure 12 of the main document. Please refer to the main text
for further details.

Figure SI-3.1: Principal component analysis of samples #9-10 and #15-16, which contain Mn,
Ni, and Ti. Only the �rst two principal components are shown. The averages for
individual laboratories are indicated as large numbers.
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SI-4 Lateral XRF scans of thin film samples

Five of the 17 samples were scanned laterally by PTB by moving them through the monochro-
matized synchrotron beam (E0 = 9 keV) in steps of 2mm, much larger than the spot size of
the excitation radiation (about 300 µm FWHM). This ensured that individual measurements
probed entirely di�erent locations on the samples. Figure SI-4.1 shows the spectra obtained
from such a scan with �ve lateral positions on the same sample, all normalized to their respec-
tive livetimes (about 5min each) and to the incident photon �ux monitored with an upstream
thin photodiode in transmission. Similarly, Table SI-4.1 shows the (normalized) deviations of
the individual spectra from the mean value of all �ve locations and its expected uncertainty
(based on a Poisson distribution). Evidently, the sample is extremely homogenous over a large
lateral range, as no deviations beyond the expected photon noise can be observed. Equivalent
results were obtained for the other samples.

Figure SI-4.1: XRF spectra of a lateral scan with �ve di�erent lateral positions over sample #9,
a multilayer sample containing Ti, Ni, Mn (in that order).
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Relative deviation from the mean at... expected
location 1 location 2 location 3 location 4 location 5 1�-deviation

sum −0.159 % 0.078 % 0.004 % 0.034 % 0.042 % 0.051 %
Ni −0.155 % 0.094 % −0.005 % 0.027 % 0.038 % 0.054 %
Ti −0.314 % −0.106 % 0.058 % 0.032 % 0.331 % 0.295 %

Table SI-4.1: Quantitative results from the spectra in Figure SI-4.1. The individual relative de-
viations of di�erent parts of the spectra are calculated as xi−M

M , where xi is either
the sum of the total spectrum (�rst row), the Ni-K� and Ni-K� intensity (second
row), or the Ti-K� and Ti-K� intensity (third row). M is the respective mean of all
5 measurements locations. The last column gives the expected (1� ) deviation for
the measured count rates based on a Poisson distribution. All observed relative
deviations from the mean are within a few permille, explainable by the photon
noise of the experiment.
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SI-5 Measurement protocol

For the sake of transparency, we have included on the following pages the full measurement
protocol received by the participants in the interlaboratory comparison.
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SI-6 Additional data for Figure 3 and Figure 6

The XRR data used to create Figure 3 of the main manuscript has been published at the follow-
ing location:

A. Wählisch, ‘Interlaboratory comparison of XRF analysis on thin films, including al-
loys, oxides, multilayers, and a lithium-ion ba�ery material’. Zenodo, Mar. 09, 2026.
doi: 10.5281/zenodo.18928508.

https://doi.org/10.5281/zenodo.18928508

The ToF-SIMS data used to create Figure 6 of the main manuscript has been published at the
following location:

A. Wählisch, ‘Interlaboratory comparison of XRF analysis on thin films, including al-
loys, oxides, multilayers, and a lithium-ion ba�ery material’. Zenodo, Mar. 09, 2026.
doi: 10.5281/zenodo.18928293

https://doi.org/10.5281/zenodo.18928293
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