Mie correction of spectra from silica beads embedded in resin matrix

Abstract

Strong scatter effects appear in infrared microscopy when the morphology is changing on a scale comparable to the wavelength of the incident radiation. They have been interpreted as Mie
scattering [1], and are particularly strong when the shape of the sample is approximately spherical. Mie scattering introduces broad oscillatory structures in the baseline, as well as peak shifts due to
dispersion in the refractive index of the sample. When these features are present in the absorbance spectra, the spectral analysis is severely hampered and it is therefore desirable to remove the Mie
scattering signatures from the spectra.

Since the Mie correction based on Extended Multiplicative Signal Correction (EMSC) was introduced in 2008 [2], various methods have been proposed for removing Mie scattering from infrared
absorbance spectra [3-5]. The current state of the art Mie correction algorithm, the Mie extinction EMSC (ME-EMSC), has proven to successfully model and remove Mie scattering from infrared
spectra of biological samples. While we incorporated a consistent, complete and more complex model of the Mie extinction, we decreased the computational costs compared to the previous Mie
correction algorithmes.

In this study, we apply the ME-EMSC code to infrared hyperspectral imaging data of non-biological samples. We demonstrate that strong scatter distortions in hyperspectral images of silica beads
embedded in a resin matrix can be corrected by the ME-EMSC algorithm. Further, we considered practical issues for the treatment of infrared images containing large amounts of spectra, such as
filtering of input spectra for the ME-EMSC optimization and a quality test of output spectra. In the present study, we suggest strategies for quality controlling input and output spectra for the ME-
EMSC algorithm.

1. Scattering of light by spherical objects

In an ideal infrared transmission measurement, radiation is either absorbed by the sample or it reaches

the detector. However, when the incoming radiation is scattered by the sample, part of the radiation 822 82: b)
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Figure 1: scattering in an infrared transmission experiment

3. Correcting spectra from silica beads in a resin matrix

2. The ME-EMSC algorithm

Hyperspectral images of silica beads
embedded in a resin matrix (Fig. 4) were
collected with a multi-beam synchrotron
source coupled with an IR microscope at
the IRENI beamline at the Synchrotron
Radiation Center. Due to the spherical silica
beads, the infrared spectra were distorted
by Mie scattering. The Mie scattering was
successfully estimated and removed from

The Mie Extinction EMSC is a special form of the model-based preprocessing technigue EMSC.
The scattering is estimated by calculating multiple realizations with rigorous Mie theory, based
on a predefined parameter space. The multiple solutions are compressed by PCA and included
in the ME-EMSC as the loadings, p; (see step 4 and 5 in Fig. 3). One of the parameters needed
for calculating the scattering is the imaginary part of the refractive index of the sample. This
parameter is proportional to the pure absorbance of the sample, i.e. the spectrum we aim to
retrieve. Therefore, the algorithm is initialized by providing ,_
Initialization a reference spectrum which is close to the pure Figure 4: (a) scanning electron microscopy image of the
) absorbance spectrum. In each iteration, the chemical silica beads (by courtesy of Cospheric [8]), (b) visual
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oot (5) ~ reference differences between the pure absorbance and the microscopic image of silica beads embedded in resin. the spectra, such that the pure absorbance
spectra were retrieved (see Fig. 5).
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| matrix at 1720 cm™, and (b) a selection of raw spectra and their respective
corrected spectra.
Output Figure 3: the iterative Mie Extinction EMSC algorithm. By estimating and removing
Zorrectea () the scattering, the pure absorbance spectrum is gradually retrieved. A better
estimation of the pure absorbance spectrum leads to a more precise model.

Conclusions

* Spectra of non-biological samples which are affected by
Mie scattering can be corrected by the ME-EMSC

‘ Basic EMSC # ME-EMSC ‘ Basic EMSC ‘ | algorithm.

4. Quality control workflow
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e A quality control of the corrected spectra can be
performed with a basic EMSC model subsequent to the
ME-EMSC correction.
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Figure 6: By employing a basic EMSC model prior to the ME-EMSC, we are able to filter out background spectra and spectra with no Mie scattering features. A from the IRENI beamline (the Synchrotron Radiation Center), R. A. Martin at Aston

basic EMSC can also be employed subsequent to the ME-EMSC model as a quality control of the corrected spectra. If the scattering features are not completely University, F. Borondics and C. Sandt at the SMIS beamline (Synchrotron SOLEIL), and S.
Dzurendova, B. Zimmermann and V. Shapaval at the Norwegian University of Life Sciences

removed, we send the spectrum back to the ME-EMSC with adjusted initialization parameters. for providing experimental data.
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