Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2015

Supplementary Information:

Soft X-Ray Spectroscopic Studies of the Electronic Structure of M-BiVO4 (M = Mo, W)
Single Crystals

V. Jovic,>b J. Laverock,>d A. J. E. Rettie,® J.-S. Zhou,! C. B. Mullins,> V. R. Singh,d B.
Lamoureux,4 D. Wilson,»? T-Y. Su,d B. Jovic,2 H. Bluhm," T. Sohnel,»? and K. E. Smith#bd

aSchool of Chemical Sciences, The University of Auckland, Auckland, New Zealand.
bThe MacDiarmid Institute for Advanced Materials and Nanotechnology, New Zealand

¢School of Physics, H.H. Wills Physics Laboratory, Tyndall Avenue, University of Bristol, Bristol, BS8
ITL, United Kingdom.

“Department of Physics, Boston University, Boston, MA 02215, USA.

¢McKetta Department of Chemical Engineering, The University of Texas at Austin, Austin, Texas
78712, USA

ITexas Materials Institute, The University of Texas at Austin, Austin, Texas 78712, USA

8Defence Technology Agency, New Zealand Defence Force, Devonport Naval Base, Auckland 0624,
New Zealand

h Chemical Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA



160 1.1
140l @) i 1t Raw non-filtered signal (b) 4
0.9} | — FIRLP filtered signal

1201
100}
80
60

1

-600 -500 -400 -300 -200 100 0 100 200 300 400 500 600 998 500 502 504 506 508 510 512 514 516 518 520 522
Frequency (Hz) Photon Energy (eV)

Magnitude

Normalized Intensity

Supplementary Figure 1 — (a) Frequency Spectrum for a RIXS data of BiVO, recorded with
a photon energy of 515.2 eV. (b) Example of an FIR LP filtered signal for the equivalent data
set.

Alternative methods of Filtering and Data Analysis

It has also been demonstrated that filters based on different wavelets may be used to filter
smooth chaotic signals from noise.! The following text describes this process for the same
BiVO, V L3 RIXS spectrum (hv = 515.2 eV) used as an example for the FIR LP filter
discussed in relation to Supplementary Fig. 1. In the filtering process, the first step involves
converting the chaotic signal to wavelet domain and observation of its characteristics. Hard
thresholding to zero is subsequently carried out on those parts of the signal which correspond
to noise. Finally, the processed signal is converted back to its original form, demonstrating a
possibility of filtering smooth chaotic signals.

Here we show that it is possible to use the wavelet filtering technique to successfully
smooth the intensity signal by removing its noise components.! Firstly, the intensity signal is
transformed to wavelet domain (Supplementary Fig. 2). Wavelet matrix rows 1-4, that is, bar
graph columns of Supplementary Fig. 2, contained the fast varying noise component while
rows 5-10 contained the slower varying signal component which we wish to extract and thus
smooth the signal. We found that by hard thresholding rows 1-3 to zero and inverse
transforming the wavelet matrix, the optimal smoothing of the intensity signal is obtained.' It
was demonstrated that optimal noise filtering, or in our terminology signal smoothing, is
achieved by using the Daubechies wavelet.! An advantage of using the described wavelet
filter over an FIR filter is that the wavelet filter does not reduce the total number of samples
of the original non filtered signal during the filtering process. Therefore, the technique may

be useful in cases where only intensity signals of low number of samples are available.!
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Supplementary Figure 2 - Average power in each row of the wavelet matrix corresponding
to the intensity signal.
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Supplementary Figure 3 — Comparison of the FIR LP and Wavelet Filtering methods on a
representative RIXS spectrum.
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Supplementary Figure 4 — Representative V 2p core level XPS. The V 2p core level XPS
for 0.3 at.% W:BiVOy,is shown.
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