Characterization of lignins by high-resolution Orbitrap mass
spectrometry with atmospheric pressure photoionization

D.S. Kosyakov!’, L.I. Pikovskoil, N.V. Ul'vanovskiil, I.S. Shavrina?, N.S. Gorbova’

1pm V. Lomonosov Northern (Arctic) Federal University, Arkhangelsk, Russia
zz.de-ral Center for Integrated Arctic Research, RAS, Arkhangelsk, Russia

*Corresponding author. E-mail: d.kosyakov@narfu.ru
ABSTRACT

it is shown that use of atmospheric pressure acetone-doped photoionization in combination with
high-resolution Orbitrap MS provides the detection of about 2000 oligomers with masses up to 2
kDa in softwood dioxane lignin preparation and up to 10 000 oligomers in the products of lignin
solvolysis. The study of the elemental compositions of lignin oligomers allows a rapid assessment
of the features and nature of various lignin preparations. The involvement of chemometric
methods for high-resolution mass spectra processing opened the possibilities for comparing lignins
of various origin and studying their transformation in natural and technical processes.
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INTRODUCTION

The most promising method for structural studies of lignin, underlying the new scientific direction
- lignomics, is high resolution mass spectrometry, which allows to investigate the most complex
objects consisting of hundreds or thousands of components. Due to the limited elemental
compositions of natural and some industrial lignins (CHO-class) the reliable determination of
elemental compositions of lignin oligomers does not need the very expensive lon cyclotron
resonance technique and can be successfully done by the method of Orbital ion trap mass
prectrometry. It allows achieving the spectral resolution up to 500 000 FWHM and mass accuracy
weigegtgfm 1 ppm using the_benchtop instrun'.lents. Earlier, we have shown that in combination
bitrap MS atmospheric pressure photoionization (APPI) can be considered as a preferred
St_udyin'g lignin (Kosyakov et al., 2016). This ionization technique is distinguished by a
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RESULTS AND DISCUSSION

APPI-Orbitrap mass spectra of lignin
High-resolution APPI mass spectra of a lignin (Fi
about 2000 peaks of deprotonated molecules [M—
tyPical for the majority of lignins, peaks In the
olfgomers with various degrees of polymerization.
with molecular weights up to 1800 Da. The distance
frorT] 160 to 200, which corresponds to the abundant gU
coniferous lignins.

The fine structure of the mass spectrum is presented b ters containi”
|sobaric. ions, grouped near integer (in the low-molecu
determined mainly by pairs of element combinations wit
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36.4 mDa) and, much more rare, C4/03 (AM = 15.3 mDa). For example, the peak cluster of trimers
with m/z 477.0577.30 corresponds to ten compounds containing from 25 to 31 carbon atoms.

In each group, clusters form subgroups of peaks covering mass range of about 10 Da, spaced from
each other by 14-16 Da (methylene group or oxygen atom).
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Fig. 1. APPI-Orbitrap mass spectrum of alkali lignin

Elemental compositions of lignin oligomers and their transformation during solvolysis

The calculation of elemental compositions of all detected oligomers using their exact masses allows
obtaining the images of lignin samples in van Krevelen coordinates based on elemental ratios. The
region of H/C ranging from 0.7 to 1.2 and O/C of 0.2 to 0.5 (Fig. 2) contains the maximum number
of peaks, including the most intense. It corresponds to an average gross formula of the structural
unit of C10H1003, which is closed to result of elemental analysis of sample studied. The considerable
number of oligomers belongs to the region 0-0.2 O/Cand 0.4-0.8 H/C, which corresponds to more
condensed and unsaturated structures. During different chemical treatments the transformation
of the whole sample can be studied as an Image change in van Krevelen plot. For example, the
combination of pyrolysis and solvolysis in supercritical iIsopropanol leads to the shift of main
elementa| compositions area to the lower oxygen content (0-0.35 O/C) and disappearing the group
?f condensed unsaturated structures. This means the course of the processes of reduction by
150propanol, as well as the hydrogenation and destruction of condensed structures.
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Fig. 2. Van Krevelen plots for alkali lignin (top) and its depolymerization p roducts (
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