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Detailed information about processing and visualization of STXM energy stacks

The total dataset obtained from the STXM analysis of zinc whites comprises six energy stacks with between 153 and 205 Zn L-
edge energies each, and six two-energy stacks recorded at the highest possible resolution (20-30 nm step size) with energies
chosen before and after the Zn L-edge. In addition, the ultrapure lab-synthesized ZnO sample was analyzed in the same manner
to act as a reference.

All STXM data was preprocessed using the aXis200 software in two steps. First, the images inside each energy stack were
aligned using a Fourier cross-correlation algorithm to account for the inherent mechanical and thermal drifts during the
extensive measurement time. Second, the transmission images were transformed into optical OD images by choosing an
appropriate I signal in the stack (i.e. the average of a region with no ZnO present).

The aligned OD high-spectral resolution energy stacks of the six zinc whites were then loaded into Python to undergo a series
of five additional preprocessing steps:

1) Resampling to a common energy axis corresponding to the dataset with lowest number of spectral points (i.e. 153)
2) Selection of spectra based on a signal-to-noise threshold of 10

3) Gaussian filtering with a filter of width6 = 2.2 eV

4) Subtraction of the average absorption between 1015 and 1021 eV

5) Normalization by each spectrum’s integral

The resulting set of resampled, selected, smoothed, and normalized spectra was factorized using the simplex volume
maximization (SiVM) algorithm, for which the mathematical basis was set forth by Thurau et al.! The SiVM algorithm was set
to calculate a simplex with only four vertices (endmembers) with the maximum possible volume. This maximization of the
simplex volume can be shown to be equivalent to the minimization of the sum of squared errors between the actual data and
the data modelled linearly using the simplex vertices (endmembers) as basis vectors.

To visualize what this linear model of the data looks like, the four endmembers and the smoothed data of the zinc whites and
the lab-synthesized ultrapure ZnO were passed to an NNLS fitting algorithm (scipy.optimize.nnls). The algorithm produces a
data cube of reduced dimensionality that contains the non-negative coefficients describing each data point in terms of a linear
combination of the four spectral endmembers. Each slice of this cube is a coefficient matrix that can be interpreted as the
distribution of the compound represented by that particular endmember throughout the sample. False-color images of all
seven samples could then be produced by assigning three endmember coefficient matrices of choice to the red, green, and blue
channel.

The average spectra shown in figure 4 of the main text were calculated by subtracting from the coefficient matrix of one
endmember the coefficient matrices of both other endmembers—producing a difference matrix—and averaging the spectra
corresponding to all difference matrix elements that exceed a threshold value. From the values in the difference matrix, the
threshold value was calculated by to be the percentile for which the local percentile gradient exceeds the minimum percentile
gradient by a factor of 50.

1) Thurau, C; Kersting, C. K; Wahabzada, M.; Bauckhage, C. Descriptive Matrix Factorization for Sustainability:
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