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Dear colleagues and friends,

We are very pleased to welcome you to the 8" International Polysaccharide Conference held
for the first time in Graz, Austria. This congress is an initiative of EPNOE, the Cellulose and
Renewable Division of the American Chemical Society (ACS CELL), and the Cellulose Society
of Japan (CSJ).
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Our ambition is to bring together academia and industry passionate about polysaccharides
related R&D and applications. Throughout the years, the EPNOE conference has become one
of the largest events in the field, and this year gathers over 400 researchers from all over

the world.

This conference is organized by the Austrian University Consortium — TU Graz, UNI Graz,
BOKU Vienna, UNI Vienna, and UNI Innsbruck.
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We hope that you will enjoy the event, have very fruitful discussions, and a great stay in

Graz.

Your EPNOE 2023 organizer
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Thanks to our sponsors!
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and biological strategies for producing complex multifunctional structures.

The scope of Polymers includes (but is not limited to):

+ Polymer Chemistry + Circularand Green Polymer Science
+ Polymer Analysis and Characterization « Polymer Composites and
+ PolymerPhysics and Theory Nanocomposites
« PolymerProcessing and Engineering « Polymer Networks
+ PolymerApplications « PolymerMembranesand Films
« Biomacromolecules, Biobased and + Polymer Fibers
Biodegradable Polymers + Smart and Functional Polymers

polysaccharides
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related to polysaccharides and their derivatives, from basics to applications.
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: Polysaccharides publishes reviews, regular research papers, and short

communications as well as Special Issues on particular subjects.
The scope of Polysaccharides includes (but is not limited to):

+ Synthesis, analysis, functionalization and modifications

» Isolation, extraction, purification and degradation

« Chemical-physical properties analysis and characterization

« Structure-property relationships

« Applicationindrug delivery, medicine, and tissue engineering
« Applicationin environmental sciences

« Applicationinfood or agricultural science

+ Otherindustrial applications

+ Glycobiology
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Plenary

ENZYMATIC CONVERSION OF POLYSACCHARIDES - FROM
HYDROLASES TO LYTIC POLYSACCHARIDE MONOOXYGENASES
(LPMOQOS)

Vincent G. H. Eijsink, Gustav Vaaje-Kolstad

Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life
Sciences (NMBU), As, Norway

Vincent.eijsink@nmbu.no

Nature produces a large arsenal of carbohydrate-active enzymes (CAZymes), which are
catalogued in the CAZy database [1]. These enzymes may be exploited for the synthesis,
modification and degradation of a wide variety of carbohydrate containing compounds. In this
talk, | will focus on enzymatic depolymerization of polysaccharides, which is key to
sustainable exploitation of biomass. In the past decades there has been much focus on the
saccharification of cellulose and hemicelluloses in (non-edible) plant biomass, to produce
sugars for further biotechnological valorization. Enzymatic degradation of cellulose is
particularly challenging since cellulose is a crystalline, insoluble material with low enzyme
accessibility, that primarily occurs as part of complex, co-polymeric plant cell walls. Chitin,
which is abundantly available in side streams from crustacean production, poses similar
challenges [2].

Depolymerization of these recalcitrant polysaccharides may be achieved using a combination
of endo- and exo-acting hydrolyases and much progress has been made in understanding
the structural features that determine enzyme performance and in finding or engineering
enzymes with optimal properties for industrial use [3,4]. This classical paradigm of
polysaccharide degradation was shattered by the discovery of lytic polysaccharide
monooxygenases (LPMOSs), which catalyze oxidative cleavage of glycosidic bonds and, by
doing so, improve the efficiency of the enzymatic depolymerization reaction [5-12]. LPMOs,
which resemble the “decrystallizing” C1 factor hypothesized by Reese et al in 1950 [13], are
unique peroxygenases with a single copper co-factor and a flat substrate-binding surface
allowing these enzymes to act on fibers rather than on single polysaccharide chains.

In the presentation, | will shortly discuss the various enzyme types involved in processing of
cellulose and chitin and then provide an overview of recent developments in the LPMO field,
which, notably, include the discovery of LPMOs with functions beyond biomass degradation
and with hitherto unknown (carbohydrate?) substrates [14-16].

[1] E Drula et al., 2022, Nucleic Acids Res 50, D571-D577.
[2] VGH Eijsink et al., 2008, Trends Biotechnol 26, 228-235.
[3] CM Payne et al., 2015, Chem Rev 115, 1308-1448.
[4] YB Chaudhari et al., 2023, Protein Eng Des Sel 36, gzad002.
[5] G Vaaje-Kolstad et al., 2005, J Biol Chem 280, 28492-28497.
[6] G Vaaje-Kolstad et al., 2010, Science 330, 219-222.
[7] B Bissaro et al., 2017, Nature Chem Biol 13, 1123-1128.
[8] M Eibinger et al., 2017, Nature Commun 8,894.
[9] THF Costa et al., 2020, Biofuels, Bioproducts & Biorefining, 14, 734-745.
[10] H Chang et al., 2022, Nature Commun 13, 6258.
[11] EG Kommendal et al., 2023, Nature Commun 14,1063.
[12] B Bissaro & VGH Eijsink, 2023, Essays Biochem 67, 575-584.
[13] ET Reese et al., 1950, J Bacteriol 59, 485-497.
[14] F Askarian et al., 2021, Nature Commun 12, 1230.
[15] F Sabbadin et al., 2021, Science 373, 774-779.
[16] TM Vandhana et al., 2022, New Phytol 233, 2380-2396.
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Plenary

DRIVING TOWARD A SUSTAINABLE SOCIETY WITH
NANOCELLULOSE VEHICLES

Yano H. *@

& Research Institute for Sustainable Humanosphere, Kyoto university, Japan

* yano@rish.kyoto-u.ac.jp

Nano Cellulose Vehicle, or NCV is lightweight vehicle of the future, made from the
material of cellulose nanofibers, or CNF. 22 organizations, including universities, research
institutes and automotive manufacturers, worked together to put the technology to practical
use. Applying the nanocellulose technology such as 100% CNF materials, optically
transparent CNF materials, surface modification of CNFs, pulp direct kneading method
“Kyoto Process ®”, 3D printing technology and so on developed at Kyoto University to
automobiles, the NCV project aimed to achieve a 10% reduction in weight. CNFs have
outstanding strength allowing them to be used in a variety of parts by making them thinner,
foaming them, or using them to replace metals, and contributing to weight savings. NCV
achieved a weight saving of 16% through the use of CNF parts, it will reduce CO, emissions
by a total of 2,000 kg throughout the vehicle’s lifecycle from the production of parts to their
disposal.

Photo provided by MOEJ

Fig. 1 Nano cellulose vehicle (NCV)

[1] Development of a Vehicle Using CNF, the Next-Generation Material

https://www.youtube.com/watch?v=06H8wP9axjU

[2] Transforming our future - NCV Nano Cellulose Vehicle

https://www.youtube.com/watch?v=28NOYEo 8Ls
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Plenary

POLYSACCHARIDES, A SOURCE OF CLEAN LABEL STRATEGIES
FOR FOOD INDUSTRY

Coimbra M.A.
LAQV-REQUIMTE, Department of Chemistry, University of Aveiro, Portugal

mac@ua.pt

Globalization resulted in standardized food products, with scarce differentiation all
around the world. Half of European consumers are convinced that the food consumed in the
past was healthier and had better sensorial characteristics than that found nowadays in
supermarket shelves. To counteract scepticism among consumers about the present offer by
food industry, new quality related ingredients, formulations, and technologies are under
development. They tend to be healthy, tastier, affordable, and appealing foods through
personalized “right for me” food, food oriented to specific genders, ages, or lifestyle markets.
Total transparency labelling, with less ingredients, minimization of the use of synthetic food
additives, minimally processed foods, no allergen warnings, and no genetically modified
organisms are the targets.

Polysaccharides and derived oligosaccharides can contribute to the new food industry
trends. In this talk, examples of different applications of polysaccharides towards the
promotion of clean label strategies are discussed: 1. Anionic polysaccharide-derived
oligosaccharides as substituents of polyphosphates by meat industry; 2. Fruit juices with
incremental polysaccharide-based soluble dietary fibre and oligosaccharides with potential
prebiotic activity; 3. Inulin-rich tuberous roots and derived fructooligosaccharides able to
replace sucrose added in processed jams for use in dairy products; 4. Brewers spent yeast
glucans and mannoproteins as emulsifiers in vegan mayonnaises [1]; 5. Gelatinized starch
derivatives as replacers of titanium dioxide in candies and other white foods; and 6. Chitosan
films to produce sulphur dioxide free wines [2,3,4].

[1] Reis, S.F., Fernandes P.A.R., Martins V.J., Gongalves S., Ferreira L.P., Gaspar V.M.,
Figueira D., Castelo-Branco D., Mano J.F., Coimbra M.A. & Coelho E., Molecules, 28,
3540, 2023.

[2] Nunes C., Maricato E., Cunha A., Rocha M.A.M., Santos S., Ferreira P., Silva M.A.,
Rodrigues A., Amado O., Coimbra J., Silva D., Moreira A., Mendo S., Lopes da Silva
J.A., Pereira E., Rocha S.M. & Coimbra M.A. Green Chem., 18, 5331-5341, 2016.

[3] Rodrigues J.A., Nunes C., Coimbra M.A., Goodfellow B.J. & Gil A.M., Foods, 11, 3428,
2022.

[4] Rocha M.A.M., Ferreira P., Coimbra M.A. & Nunes C., Carbohydr. Polym., 236, 116026,
2020.




HYDROGELS FROM MARINE-DERIVED POLYSACCHARIDES FOR
BIOMEDICAL APPLICATIONS

Joao F. Mano

Department of Chemistry, CICECO - Aveiro Institute of Materials, University of Aveiro,
Portugal.

Hydrogels are adequate matrices for the 3D culture of cells and as drug delivery systems.
Using bioinspired strategies, and well-designed macromolecular design, basic units of
hydrogels can be processed in mild conditions, permitting the encapsulation of living cells and
other biological cargo with high efficiency and tuned for envisaged biomedical applications.

From the different sources of biomaterials to produce hydrogels, polysaccharides have been
proposed to produce matrices able to interact favourably with cells or to encapsulate bioactive
molecules. Some chemical routes that we have employed to extend the chemical versatility of
polysaccharides are shown, with particular emphasis on the modification of marine-derived
biopolymers. Examples are shown on the processing of hydrogels into different sizes and
shapes (e.g. microgels, patches and bioprinted objects) with structural characteristics suitable
to be used in tissue engineering and regenerative medicine applications. From a functional
point of view an example will be presented on the capacity of laminarin, a storage glucan found
in brown algae, to deliver glucose from the own enzymatic degradation process, maintaining
the viability of encapsulated cells. Our findings have shown that marine-derived
polysaccharides can be valorised to high-added value biomedical applications, upon eventual
chemical madifications and adequate processing.

Plenary



Plenary

CELLULOSE ENGINEERING: FROM NATURE TO APPLICATIONS

Silvia Vignolini
Max Planck Institute of Colloids and Interfaces, Germany

silvia.vignolini@mpikg.mpg.de

The most brilliant colours in nature are obtained by structuring transparent materials on the
scale of the wavelength of visible light. By controlling/designing the dimensions of such
nanostructures, it is possible to achieve extremely intense colourations over the entire visible
spectrum without using pigments or colorants. Colour obtained through structure, namely
structural colour, is incredibly widespread in the plant kingdom. Such natural photonic
nanostructures are generally synthesised in ambient conditions using the most abundant
biopolymer on the planet: cellulose. Given these limitations, an amazing range of optical
structures exists: from very ordered photonic structures to partially disordered to completely
random ones. Here, | will introduce some striking example of natural photonic structures and
review our recent advances to fabricate bio-mimetic photonic structures using the same
material as nature. Developing biomimetic structures with cellulose enables us to fabricate
novel photonic materials using low cost polymers in ambient conditions. Importantly, it also
allows us to understand the biological processes at work during the growth of these
structures in plants.



mailto:silvia.vignolini@mpikg.mpg.de

Plenary

CLINICAL USE OF POLYSACCHARIDES FOR MOLECULAR IMAGING AND
TISSUE REPAIR: TWO EXAMPLES FROM IN THE JOURNEY FROM RESEARCH
WORKS TO THE PATIENTS

Letourneur D.

Université Paris Cité, Université Sorbonne Paris Nord, INSERM 1148, LVTS, Hépital
Bichat, F-75018 Paris, France

didier.letourneur@inserm.fr

Biomaterials have been around for centuries. They are found in various forms in
cardiovascular, orthopedic, dental, general and aesthetic surgery, ophthalmology,
dermatology applications... Initially, they were simply designed to replace missing limbs (legs,
feet , hands).

With developments in materials science concerning metals, ceramics and polymers, they have
gradually been transformed and some are equipped with substance release systems (active
stents). The improvement of biomaterials has therefore been made possible thanks to
advances in the properties of the materials used for the manufacture of prostheses, surgical
techniques and engineering. The latter continue to evolve by integrating the biological sciences
in the fields of tissue engineering and molecular imaging.

Among the materials used, polysaccharides represented a very promising family. Engineers,
chemists, biologists, clinicians and entrepreneurs must therefore unite their efforts to develop
new biomimetic, bioinspired and biofunctional medical devices and their associated imaging
tools using polysaccharides.

Two representative examples of clinical / industrial transfers resulting from our research works
will be presented: i) a polysaccharide-based imaging and therapy system that also included a
polysaccharide-based agent for thrombus targeting, ii) a 3D porous polysaccharide scaffold for
restorative medicine. For each of them, a different development scheme was adopted.

Some recent references

[1] Aprile P, Letourneur D, Simon-Yarza T. Membranes for Guided Bone Regeneration: A Road from Bench to

Bedside. Adv Healthc Mater. 2020:e2000707.

[2] Forero Ramirez LM, Gobin E, Aid-Launais R, Journe C, Moraes FC, Picton L, Le Cerf D, Letourneur D, Chauvierre C,
Chaubet F. Gd(DOTA)-grafted submicronic polysaccharide-based particles functionalized with fucoidan as potential
MR contrast agent able to target human activated platelets. Carbohydr Polym. 2020;245:116457.

[3] Labour MN, Le Guilcher C, Aid-Launais R, El Samad N, Lanouar S, Simon-Yarza T, Letourneur D. Development of 3D
Hepatic Constructs Within Polysaccharide-Based Scaffolds with Tunable Properties. Int J Mol Sci. 2020;21:3644.

[4] Letourneur D, Joyce K, Chauvierre C, Bayon Y, Pandit A. Enabling MedTech Translation in Academia: Redefining
Value Proposition with Updated Regulations. Adv Healthc Mater. 2020:e2001237.

[5] Moraes FC, Antunes JC, Forero Ramirez LM, Aprile P, Franck G, Chauvierre C, Chaubet F, Letourneur D. Synthesis of
cationic quaternized pullulan derivatives for miRNA delivery. Int J Pharm. 2020 Mar 15;577:119041.

[6] Chauvierre C, Aid-Launais R, Aerts J, Chaubet F, Maire M, Chollet L, Rolland L, Bonafé R, Rossi S, Bussi S, Cabella
C, Dézsi L, Fulop T, Szebeni J, Chahid Y, Zheng KH, Stroes ESG, Le Guludec D, Rouzet F, Letourneur D.
Pharmaceutical Development and Safety Evaluation of a GMP-Grade Fucoidan for Molecular Diagnosis of
Cardiovascular Diseases. Mar Drugs. 2019;17:699.

[7] Grenier J, Duval H, Barou F, Lv P, David B, Letourneur D. Mechanisms of pore formation in hydrogel scaffolds
textured by freeze-drying. Acta Biomater. 2019;94:195.

[8] Li B, Aid-Launais R, Labour MN, Zenych A, Juenet M, Choqueux C, Ollivier V, Couture O, Letourneur D, Chauvierre
C. Functionalized polymer microbubbles as new molecular ultrasound contrast agent to target P-selectin in thrombus.
Biomaterials. 2019;194:139.

[9] Fricain JC, Aid R, Lanouar S, Maurel DB, Le Nihouannen D, Delmond S, Letourneur D, Amedee Vilamitjana J, Catros
S. In-vitro and in-vivo design and validation of an injectable polysaccharide-hydroxyapatite composite material for
sinus floor augmentation. Dent Mater. 2018;34:1024.

[10] Juenet M, Aid-Launais R, Li B, Berger A, Aerts J, Ollivier V, Nicoletti A, Letourneur D, Chauvierre C. Thrombolytic
therapy based on fucoidan-functionalized polymer nanoparticles targeting P-selectin. Biomaterials. 2018;156:204.
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Advances in polysaccharide analysis, extraction and
characterization

Session organizers:

Antje Potthast, Anton Huber, Henk Schols, Manuel Coimbra, Julien Navarro

Keynote speakers:

Harald Pasch

Advanced tools for molecular characterization of biobased and biodegradable
polymers

Laura Nystrom

Complementary methodologies for detecting weak interactions of neutral soluble
polysaccharides




ADVANCED TOOLS FOR MOLECULAR CHARACTERIZATION OF
BIOBASED AND BIODEGRADABLE POLYMERS

Pasch H.*, Bungu P.S., Litzow K.

Department of Multidimensional Polymer Characterization, Institute of Active Polymers,
Helmholtz-Zentrum Hereon, Kantstr. 55, 14513 Teltow, Germany

e-mail: harald.pasch@hereon.de

Biobased and biodegradable polymers such as hyaluronic acid, polylactides and other aliphatic
polyesters possess some interesting properties such as biocompatibility and in-situ hydrolytic
degradability. These properties make them suitable for cosmetic and biomedical applications.
To establish suitable correlations between the polymer microstructure and the physical
properties of polymers, it is imperative to conduct a comprehensive characterization of the
materials. Size exclusion chromatography (SEC) coupled to multiple detectors is typically used
for molar mass, size and conformation information. For functional group and chemical
composition analysis, FTIR and NMR are the methods of choice. The development of suitable
HPLC methods for the separation and purification of biodegradable polymers are important
since polymers with high purity are valuable for structural and functional studies and
applications in e.g. regenerative medicine.

Hyaluronic acid and its acrylate derivatives are important intermediates for various
pharmaceutical, biomedical, and cosmetic applications due to their biocompatibility and
viscoelasticity properties. However, these polymers are inherently difficult to characterize due
to their significant heterogeneity regarding molar mass and chemical composition (e.g. degree
of substitution). The work presented here discusses the development of multidimensional
approaches for the analysis of biodegradable polymers focusing on methods for modified
hyaluronic acid. The analytical protocol is based on a robust solvent gradient HPLC method
that is suitable for separating HA regarding differences in functionalization. HPLC fractions and
the bulk materials are characterized by NMR for compositional analysis. Coupling techniques
such as 2D-LC and LC-FTIR are used for comprehensive structural analysis of a set of
samples with regard to composition and molecular size.

S1-KN



COMPLEMENTARY METHODOLOGIES FOR DETECTING WEAK
INTERACTIONS OF NEUTRAL SOLUBLE POLYSACCHARIDES

Nystrém, L.*2

& Institute of Food, Nutrition and Health, Laboratory of Food Biochemistry, ETH Zurich,
Switzerland
* laura.nystroem@hest.ethz.ch

Polysaccharides in foods belong to dietary fibres and are recognized for their health
promoting properties; nevertheless, many of the physicochemical mechanisms behind these
effects remain poorly understood. While it is understood that dietary fibres can associate with
small molecules influencing the molecular mechanism, by which these associations take place,
is still partly unknown. Such interactions are considered as a potential mechanism of action for
the regulation of the absorption of nutrients (sugars, minerals, bile acids etc.) in the gut, as well
as a potential factor that may hinder the absorption of various substances, be it desired (toxins)
or undesired (medications). Yet, measuring such interactions is very challenging in particular
for uncharged fibres, as the interactions are relatively weak. Therefore, complementary
analytical techniques and detailed fibre characterization is needed to evaluate the structural
characteristics and properties of fibre polysaccharides. Until recently the methods to study
such interactions have generally been quite unspecific and indirect. Compared to e.g. charged
polysaccharides or proteins, the neutral dietary fibres do not have specific binding domains
that would govern the binding and interactions, but interact rather non-specifically with each
other. We have therefore developed a set of complementary methods based on fibre-tethered
gold-nanoparticles and transmission electron microscopy [1], calorimetric titration [2], and
electron paramagnetic resonance with spin-labelled probes [3,4] to measure the molecular
interactions between a range of linear and linearly branched uncharged soluble
polysaccharides (arabinoxylan, mixed linkage B-glucan, galactomannan, and xyloglucan) with
various cations and small molecules. Combining information from these studies, together with
the structural information of the polysaccharides, will facilitate understanding the interactions
between neutral polysaccharides and other molecules in complex matrices.

Figure 1 : Neutral soluble fibres possess interactions with other molecules, which may be
weak but abundant and therefore important to their functional properties.

[1] Lupo, C., Boulos, S., Delle Vedove, C., Gram, F., & Nystrém, L. Polysaccharides, 2, 497-
518. 2021.

[2] Lupo, C., Boulos, S., Gramm, F., Wu, X., & Nystrém, L. Carbohydrate Polymers, 287, 119-
229. 2021.

[3] Wu, X., Boulos, S., Yulikov, M., & Nystrom, L. Carbohydrate Polymers, 293, 119724, 2022.

[4] Syryamina, V.N., Yulikov, M. & Nystrom, L., RSC Advances, 12, 19901, 2022.
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UNRAVELLING THE UNIQUE STRUCTURAL MOTIFS OF
GLUCURONOXYLAN FROM HYBRID ASPEN WOOD

*Pramod Sivan?, Emilia Heinonen?, Louis Escudero?, Madhavi Latha Gandla®, Amparo Jiménez

Quero?, Leif J. Jonsson®, Ewa J Mellerowicz® and Francisco Vilaplana®?

a Division of Glycoscience, Department of Chemistry, KTH Royal Institute of Technology,
AlbaNova University Centre, 106 91 Stockholm, Sweden
b Department of Chemistry, Umed University, 901 87 Umea, Sweden
¢Umea Plant Science Centre, Swedish University of Agricultural Sciences, Department of
Forest Genetics and Plant Physiology, 901 83 Umea, Sweden
d Wallenberg Wood Science Centre, KTH Royal Institute of Technology, 106 44 Stockholm,
Sweden
*Presenting author: psivan@kth.se

Cell wall polymers in hardwood biomass are considered as global carbon sink and excellent
feedstock for biorefinery applications [1]. Deciphering the structural motifs of hemicellulose that
facilitate its complex interaction with cellulose and lignin is fundamental for understanding the
structural integrity of plant cell walls and for exploring its potential for industrial applications. In
the present study, we investigated the structural motifs of glucuronoxylan (GX) from aspen
wood. Easily-extractable GX populations in native (acetylated) form were extracted by
subcritical water while recalcitrant populations were extracted with alkali. Both populations
were subjected to enzymatic digestions with GH10, GH11 and GH30 xylanases. The mass
spectrometric glycan sequencing of xylo-oligosaccharides generated by different xylanases
revealed the unique structural motifs in terms of acetylation and glucuronidation patterns
present in aspen GX. Motifs with blockwise repeats of even glucuronidation (every 2 xylose
units) and a small population of consecutive glucuronidation were unique features of aspen
GX and observed for the first time in a hardwood species. Different patterns of relative
abundance of xylan motifs were evident in alkaline and subcritical water extracts, correlating
with GX interaction with lignin and cellulose and providing new insight into the supramolecular
organization of cell wall polymers in a hardwood species. This has fundamental implications
for overcoming the lignocellulose recalcitrance during biochemical conversion. Our study also
provides evidence for the evolution of GX structure in hardwood species.

‘ GH 30 B-1,4-glucuronoxylanase

@ GH 11 endo p-14-D-xylanase

‘ GH 10 endo -1 ,4-D-xylanase
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[1] Martinez-Abad A., Giummarella N., Lawoko M., & Vilaplana F., Green Chemistry, 20, 2534—
2546, 2018
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DEVELOPMENT OF CHITOSAN DERIVATIVES FOR ANALYTICAL
APPLICATION IN CAPILLARY ELECTROPHORESIS

Irene Tagliaro'*, Nadia Maria Porpiglia?, Beatrice Pellegrin'®, Arianna Alessi*?, Franco
Tagliaro?, Laura Russo*®, Francesca Cadamuro®, Giacomo Musile?, Carlo Antonini*, Sabrina
Bertini®

! Department of Materials Science, University of Milano - Bicocca, Milano, 20125 Milan, Italy
2 Unit of Forensic Medicine, Department of Diagnostics and Public Health, University of
Verona, Verona, Italy. Address: Piazzale L. A. Scuro, 10 - 37134 Verona (VR) Italy
% |stituto di Ricerche Chimiche e Biochimiche G. Ronzoni, Carbohydrate Science
Department, 20133 Milan, Italy
* Department of Biotechnology, University of Milano - Bicocca, Milano, 20125 Milan, Italy
® CURAM SFI Research Centre for Medical Devices, National University of Ireland Galway,
H92 W2TY, Ireland (L.R.)
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Protein analysis by capillary electrophoresis is an established benchmark technique, where
electrophoretic separation performances are frequently affected by protein adsorption on
capillary walls. The protein-wall interaction can be suppressed or mitigated by the application
of the so-called dynamic coating agents. In this study, the potential of chitosan derivatives as
dynamic coating was investigated, targeting the separation of the carbohydrate deficient
transferrin (CDT), a relevant biomarker in forensic analyses to detect chronic alcohol abuse.
To this aim, chitosan was derivatized through different chemical reactions, including
nucleophilic substitution, reductive amination, and condensation reaction, to provide different
characteristics to the dynamic coatings. After chemical and physical characterization, chitosan
derivatives were tested as dynamic coating additives in the buffer separation solution of CDT.
Evidence of the improvement in the CDT separation efficiency were found applying PEG-
modified chitosan via nucleophilic substitution (Figure 1).
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Figure 1 : Effect of derivatized chitosan dynamic coatings on the separation of human
transferrin (hTf) glycoforms: disialo-hTf (P2), trisialo-hTf (P3), tetrasialo-hTf (P4), pentasialo-
hTf (P5).
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'H->13C POLARIZATION TRANSFER KINETICS TO INVESTIGATE
INTERACTIONS IN POLYSACCHARIDE ASSEMBLIES
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The supramolecular structure of polysaccharides is of great interest in many
applications, such as in food science [1], in the fields of pharmacology and biological medicine
[2] or in biomaterials [3]. Understanding their structure at molecular and supramolecular scales,
as well as their hygroscopic properties is essential to develop their use.

Structural and dynamic information of polysaccharide assemblies at the nanometric
scale can be assessed by solid state NMR spectroscopy. In particular, the study of the
polarization transfer *H-> 13C kinetics allows evaluating different dynamics through relaxation
times measurements that are sensitive to non-covalent interactions, including hydrogen bonds
between polysaccharides but also with water.

The VCT-CPMAS (Variable Contact Time-Cross Polarization Magic Angle Spinning)
sequence used to assess molecular dynamics (T1,", Tun spin diffusion time) in solids is
generally underused due to time constraints. Moreover, extraction of the dynamical parameters
from the experimental data relies on several complex mathematical models. An optimized
VCT-CPMAS experimental and processing pipeline was developed [4] and applied to explore
the network of non-covalent bonds in more or less hydrated cellulose-hemicellulose and starch
assemblies.

By comparing cellulose from several origins and types at various hydration levels, we
demonstrated that different Tun were associated with distinct water locations [5]. We now report
that extension of this approach to starch from different botanical origins was also able,
associated with classical 3C CPMAS and XRD, to distinguish the impact of water on starch
ultrastructure. Furthermore, applied to binary and ternary assemblies of cellulose (with
glucomannan and eventually coniferyl acid), our method allowed evaluating the more or less
hygroscopic character of each component of these assemblies.

Overall, VCT-CPMAS NMR spectroscopy proved to be a powerful mean for studying
interactions in macromolecular assemblies at a nanometer scale that complements other
classical methods, as QCM-D or contact angle determination that provide information at the
millimeter scale. With the example of different complex polysaccharide assemblies, we were
able to define three different spin diffusion times (Twn) which provide information on the
localization of water and their involvement in the hydrogen bond network of the assemblies.
This method will provide a better understanding of polysaccharides organization at the
molecular level and their relationship with water.

[1] Yang X., Li A, Li X., Sun L., & Guo Y., Trends in Food Science & Technology, 102, 1-20,
2020.

[2] Mohammed A., Naveed M., & Jost N., Journal of Polymers and the Environment, 29,
2359-2371, 2021.

[3] Luo M., Zhang X., Wu J., & Zhao J., Carbohydrate Polymers, 266, 118097-118115, 2021.
[4] Falourd X., Lahaye M., & Rondeau-Mouro C., MethodsX, 9, 101914-101925, 2022.

[5] Falourd X., Lahaye M., & Rondeau-Mouro C., Carbohydrate Polymers, 298, 120104-
120115, 2022.
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MONITORING NANOCELLULOSE CRYSTALLITE FUSION DURING
COLLOID CONDENSATION
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The crystallinity of cellulose decreases when bundled microfibrils are dispersed in water
as cellulose nanofibers (CNFs) or physically separated into finer nanoscale fibrils or single
microfibrils. [1] The crystallinity of these CNFs is recovered when they become densely
assembled through the dehydration of the dispersion. [2] In this process, multiple CNFs are
assumed to partially fuse, leading to the enlargement of crystallite widths. The mechanism of
this CNF fusion is, however, not well understood. In this study, the recovery process of the
crystallinity of CNFs was monitored by sampling wet CNF gels during condensation from a
dilute dispersion to a dense aggregate, followed by wide-angle X-ray diffractometry (WAXD)
and solid-state *C nuclear magnetic resonance (NMR) spectroscopy analyses after
supercritical drying.

In the WAXD analysis, a two-step enlargement in the (2 0 0) crystal size was observed:
the first step was a rapid increase in the range of solid content up to 1%, followed by a gradual
increase in the range of 1-85% (Figure 1a). The crystallinity index estimated by NMR hardly
changed in the range of 0.5-30% but gradually increased in the range of 30-85% (Figure 1b).
A portion of the CNF samples, without drying, were also subjected to small-angle X-ray
scattering and viscoelasticity analyses, indicating that the inter-CNF contact points in water
significantly increased until reaching a solid content of 1%, and then at solid contents higher
than 1%, the contact areas of each point gradually expanded. Finally, a mechanism of CNF
fusion was proposed based on these results.
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Figure 1 : a (2 0 0) crystal size, b crystallinity index values of supercritical dried CNF samples
[1] Daicho K., Kobayashi K., Fujisawa S. & Saito T., Angew. Chem. Int. Ed., 60, 24630-

24636, 2021
[2] Daicho K., Saito T., Fujisawa S. & Isogai A., ACS Appl. Nano Mater., 1, 5774-5785, 2018
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BETA-GLUCAN-RICH EXTRACTS FROM SEVERAL MUSHROOM
SPECIES: COMPOSITION, STRUCTURAL PROPERTIES AND
IMMUNOSTIMULATORY ACTIVITY

Zaida Pérez-Bassart?, Christine Bauerl®, Maria Jose Fabra?, Antonio Martinez-Abad?, Maria
Carmen Collado®, Amparo Lépez-Rubio®*
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Aqueous fractions (FA) and purified aqueous fractions (FAp) from various Pleurotus
species and from the stipes of P. ostreatus were obtained and their macromolecular
composition, structure and physicochemical properties were characterised using a broad
range of analytical techniques. The carbohydrates present in the aqueous extracts significantly
differed in terms of monosaccharide composition, molecular weight (Mw), thermal stability and
B-glucan content. Different cell culture models including epithelial NF-kB-pathway reporter cell
lines and, also, THP-1 differentiated macrophages were used to evaluate the
immunostimulatory activity of the different Pleurotus-derived extracts.

Very good yields were obtained for the aqueous fractions (FA) of the various Pleurotus
species (ranging between ~27 and 42%). In contrast, a significant lower extraction yield was
obtained from P. ostreatus residue (stipe) (~17%), probably ascribed to its more recalcitrant
nature. The B-glucan content varied from less than 10% to more than 60% and significantly
increased after purification, reaching values above 80% for some of the species. The thermal
stability and molecular weight profile pointed out to rather different g-glucan structures, further
confirmed through NMR and linkage analysis.

Interestingly, these structural differences also resulted in different functional activity of
the extracts. Dectin-1 is still considered the most relevant receptor for -glucan signalling and
TLR4 was recently described to synergistically enhance the effects of B-glucan on immune
cells [1]. Therefore, a human TLR4 reporter cell line was used to test for NF-kB activation
mediated by TLR4 in both, the presence and absence (basal condition) of the pro-inflammatory
TLR4 ligand LPS. Two of the tested extracts could modulate LPS-induced NF-kB activation,
showing a significant anti-inflammatory effect, thus highlighting the potential of these specific
fungal fractions as a natural anti-inflammatory extract obtained through a simple and green
method. Without the pro-inflammatory LPS, 3-glucan FA and FAp exerted varying effects on
TLR4 with strong and significant activation of FA and FAp extracts from P. ostreatus species
(both from the whole mushroom and from the stipes). This strong immunostimulatory activity
of P. ostreatus FA and FAp was also observed in THP-1 macrophages inducing large amounts
of the pro-inflammatory chemokine IL-8 under basal conditions, while five of the tested extracts
showed a significant anti-inflammatory effect that reduced LPS-induced IL-8 secretion.

This work thus sets the basis for obtaining new nutraceuticals derived from mushroom
biomass.

[1] Kanjan, P., Sahasrabudhe, N. M., de Haan, B. J., & de Vos, P. (2017). Immune effects of
B-glucan are determined by combined effects on Dectin-1, TLR2, 4 and 5. Journal of
Functional Foods, 37, 433—440. https://doi.org/10.1016/].jff.2017.07.061.
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SYNTHESIS AND STRUCTURAL CHARACTERIZATION OF WATER
INSOLUBLE ALPHA-GLUCANS FROM LACTIC ACID BACTERIA

Ernst L.*2, Offermann H. 2, Schulz C. 2, Werner A. 2, Miller O. 2, Wefers D.2

gnstitute of Chemistry, Food Chemistry — Functional Food, Martin Luther University Halle-
Wittenberg, Germany
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Lactic acid bacteria produce a broad range of a-glucans, which are synthesized by
glucansucrases from sucrose. The most common type are dextrans which are composed of
1,6-linked a-D-glucopyranoses and can be branched at position 02, O3, or O4. Several
organisms are also able to form water insoluble glucans, which are characterized by
consecutive 1,3-linkages in addition to 1,6- and 1,3,6-linkages. Due to their versatile structures,
their simple synthesis by microorganisms or recombinant glucansucrases as well as their
occurrence in fermented foods and biofilms, these water insoluble a-glucans are interesting
biomaterials. However, detailed knowledge of their structure is limited, but important for
potential applications or for investigations on their impact in food and other biological systems.
Therefore, the aim of our study was to systematically investigate the structure of a variety of
water insoluble a-glucans by various analytical tools.

For this purpose, we synthesized 12 water insoluble a-glucans from different lactic acid
bacteria, either by fermentation with the microorganisms or by using recombinant
glucansucrases. The obtained glucans were first analyzed for their glycosidic linkage
composition by methylation analysis. Because the results may vary depending on the applied
ultrasonic treatments and conditions used during hydrolysis, we investigated the influence of
these factors on the results obtained for water insoluble a-glucans and other
homoexopolysaccharides [1]. For the analysis of the molecular weights, the glucans were
dissolved in dimethyl sulfoxide and analyzed by size exclusion chromatography with refractive
index detection. Furthermore, we used partial enzymatic hydrolysis to investigate the individual
segments of the polysaccharides. By using endo-dextranase to hydrolyze the 1,6-linked
dextran segments, we were able to isolate and further analyze the remaining water insoluble
segments. The application of mutanase to hydrolyze 1,3-linked segments released
oligosaccharides which were analyzed by high performance anion exchange chromatography
with pulsed amperometric detection.

The vyields depended strongly on the production system, but after different clean-up
steps, very pure polysaccharides were obtained. The investigated water insoluble a-glucans
had different portions of 1,3-linkages besides 1,6-linkages and contained 1,3,6-linked glucose
units, however, polysaccharides which were exclusively composed of 1,3- and 1,6-linkages
were also obtained. Furthermore, some glucans additionally contained 1,4-linkages. Results
from size exclusion chromatography showed varying molecular weight distributions for the
investigated water insoluble glucans. Water insoluble fragments obtained by endo-dextranase
hydrolysis were mainly 1,3-linked, but also contained branched units. Water soluble
oligosaccharides, isolated after mutanase hydrolysis of the water insoluble a-glucans, were
identified as 1,3-linked nigero-oligosaccharides.

Our results show that water insoluble bacterial a-glucans are complex copolymers
which have a broad range of linkage type composition and a varying architecture of their
building blocks.

[1] Ernst L., Werner A. & Wefers D., Carbohydrate Polymers, 308, 120643, 2023
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IN-SITU X-RAY ANALYSIS OF COLD ALKALI DISSOLUTION OF
CELLULOSE PULPS OF VARIOUS ORIGIN

Wojtasz-Mucha J*2., Yu S. P, Bengtsson J.?, Ulmefors H.?, Ostlund A.¢, Bernin D. 2

4Chemistry and Chemical Engineering, Chalmers University of Technology, Sweden
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The global textile fiber production exceeded 100 million tons annually and is constantly
increasing. Currently the fossil-based synthetic fibers take the biggest market share, followed
by cotton. However, as cotton cultivation is reaching its maximal capacity the demand for
cellulosic man-made fibers (eg. Viscose, Lyocell) is growing. There is a need for bio-based,
sustainable and inexpensive textile fibers, both to meet the huge demand and for replacement
of fossil-based fibers. Therefore, both alternative production methods and sources of cellulose
are of great interest.

In this study various cellulose residues were explored as plausible future sources for
cellulose dissolving pulp production. The dissolution rate and the ability for the cellulose
molecule shows a high dependency on its origin, e.g. plant species and the pretreatment steps.
A well-studied dissolution system is the cold sodium hydroxide (NaOHag) solution [1]. This
solution is non-toxic, inexpensive (due to high recovery rate), and already used within the
pulping industry. It then becomes economically attractive and scientifically interesting to
establish a comprehensive understanding of NaOHq) dissolution strategy which works for a
broad selection of cellulose origins.

The cellulose-NaOH(aq) solutions have been studied for a long time, however the
dissolution mechanism has still not been fully understood. It is proposed to be enabled by the
breakage of hydrophobic interactions and partial deprotonation of the cellulose hydroxyl
groups [2]. Swelling of the cellulose structure is the initial step during dissolution, and the
degree of swelling has previously been found to differ depending on the temperature of solution
[3]. Common methods for studying the solution state, such as rheology, can characterize the
state of the final solution, however, do not give insight into the course of the dissolution
process. Characterization of cellulose-NaOH(aq) dissolution using small angle X-ray scattering
(SAXS) has been reported in the literature, but are often based on pre-mixed samples of MCC
as a model for cellulose [4,5].

To capture the disintegration of the crystalline structure of cellulose during dissolution
in-situ synchrotron X-ray characterization (SAXS and WAXS) was applied. Moreover, the X-
ray measurements were complemented with NMR measurements and optical microscopy. In
order to have a broad approach a range of cellulose origins were investigated and compared
with commercially available cellulose.

[1] Sobue H., Kiessig H., Zeitschrift fur Physikalische Chemie, 43, 309-328 (1939)

[2] Budtova T., and Navard P., Cellulose 23, 5-55 (2016)

[3] Gunnarsson M., Hasani M., Bernin D., Cellulose 26, 9403-9412 (2019).

[4] Martin-Bertelsen B., Andersson E., Kéhnke T., Hedlund A., Stigsson L., Olsson U.,
Polymers 12, 342 (2019)

[5] Swensson B., Lages S., Berke B. , Larsson A., and Hasani M., Carbohydrate Polymers
274, 118634 (2021)
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3D IMAGING AND STUCTURAL INFORMATION OF THE CHIRAL
NEMATIC PHASE OF CELLULOSE NANOCRYSTALS (CNC) BY
SECOND HARMONIC GENERATION (SHG) MICROSCOPY
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In this work, we exploit the inherent confocal effect of Second Harmonic Generation
(SHG) microscopy to acquire highly resolved 3D images of the chiral nematic phase of CNCs
in a label-free manner. Polarization dependency tests were performed and it was found that
the observable response was in accordance with a single dominant tensor component along
the director axis of the (chiral) nematic liquid crystal planes. Rotation of the director results in
variations in SHG intensity which can be readily linked to the helical pitch. This allowed us to
render high contrast 3-dimensional models of the aligned liquid crystals providing
unprecedented detail into their structure. Local alignment, morphology and the presence of
defects are readily revealed. 3D-FFT analysis enabled the full characterization of the
periodicity of the helicoidal structures. We could also obtain a more precise estimate of the
helicoidal pitch and identify preferred directions within the investigated volume in comparison
to conventional 2D FFT analysis. This work illustrates the numerous benefits of using SHG
microscopy for visualizing CNC chiral nematic systems directly in the suspension-liquid state
phase. Additionally, by offering a framework for interpreting the images obtained through this
technique, we foresee that SHG microscopy will find diverse applications for characterizing
various types of aligned CNC structures. [manuscript]
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Figure 1: (a) lllustration of the chiral nematic alignment of the CNCs, the director (i) rotates
around the helical axis (i) which is along the X axis in a cartesian coordinate system (b)
Schematic of the angles defining the measuring setup. (c) Two YZ planes illustrations of the
average orientation of the CNCs in chiral nematic arrangement for angles 6 = 0° and 6 = 90°
(d) modulated zzz dominant SHG response for varying directors (e) 2D SHG (f) 3D SHG by
SHG focus stacking
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APPARENT DEGREE OF POLYMERIZATION OF XANTHAN
AND THE CORRELATION TO CALORIMETRIC ENTHALPY

Wintersteller P. *2, Huber A. 2
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Xanthan is a material that in many ways can be considered a model substance for molecular
level tailored materials: twisting a cellulose-type backbone from basically beta-sheet
conformation into a helical conformation by introducing charged tri-saccharide branches.
Additionally, xanthan is a microbial exo-polysaccharide, and hence, produced on micro-scale
by bacteria open for tuning by specific cultivation or genetic modifications of these organisms.
In agueous media xanthan forms hydrocolloidal systems, a screening delivers polymer- and
hydrocolloidal characteristics to correlate molecular-level and hydrocolloidal characteristics
with controlled material performance. [1]

The degree of polymerization (dp) of xanthan gum is typically used for the calculation of
energetic material characteristics. Due to the strong ability of xanthan to form aggregates one
determines less reliable apparent values.

A unique alternative approach is to correlate the degree of polymerization with the oxidation
enthalpy of building blocks of various homo- and hetero exopolysaccharides (EPS). The
oxidation enthalpy depends on patterns of oxidation and substitution plus width of degree of
polymerization and molar mass distributions.

With this approach, information on the kind of resulting associates and colloidal objects, the
oxidation enthalpy can be correlated with the apparent mean degree of polymerization
distributions, obtained at various conditions by AF4 (asymmetric flow field flow fractionation)
and SEC (size exclusion chromatography) for the heterogeneous and homogeneous partitions
of XWM-systems (xanthan-watermodifier-systems). [2]

Figure 1: Xanthan repeating unit: B (1->4) D-glucoses with a (1->3) linked triose-branches consisting
of a partially (60-70%) C6-acetylated mannose 3 (1->2) connected glucuronic acid and another
optionally (30-40%) C4-pyruvate derivatized  (1->4) linked mannose.

[1] Morris G. and Harding S., Polysaccharides, Microbial: 482-494., 2009
[2] Wintersteller P., Murigi A., Bajrami D., Hoti G., Huber A., Current Advances in Biopolymer

Processing and Characterization, Chapter 4, Xanthan in aqueous media: Molecular and
Hydrocolloidal Characteristics, 2017
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EXTRACTION AND CHARACTERIZATION OF PRIMARY CELL WALL
XYLOGLUCAN FOR THE SYNTHESIS OF REINFORCING AGENTS
FOR CELLULOSIC MATERIALS
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In a context of emancipation from hydrocarbons for obtaining materials, one of the
alternatives is the recovery of waste from the food industry via the extraction of natural
polymers and in particular polysaccharides. The challenge lies in the complexity of the plant
cell walls, which leads to difficulties in isolating and characterizing these carbohydrates.
Hemicelluloses are a family of natural polymers that have the particularity of having a very
variable chemical structure. Among them, xyloglucan (Xg) is the hemicellulose that constitutes
15 to 20% of the primary walls of dicots [1]. Although widely cited in academic works for its
physicochemical properties in association with cellulose, few works allow to characterize the
diversity of primary cell wall xyloglucans as a polymer depending on their origin and extraction
procedures.

We investigate the structural diversity of xyloglucan from different sources. We
established well controlled extraction and purification processes, to obtain highly pure fractions
of xyloglucans. Using liquid and solid-state NMR, ion exchange chromatography (Figure 1)
and permethylation sugar component analysis, we deciphered the structural differences
between xyloglucans of three different origins and investigated their physico-chemical
properties. One goal is to compare xyloglucans’ structures depending on the extraction
conditions used and discuss structure-properties relationships.
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Figure 1 : Osidic compositions of primary cell wall xyloglucan fraction by ionic
chromatography, depending on concentrations of sodium hydroxide used

[1] Scheller, H. V.; Ulvskov, P. Annu. Rev. Plant Biol, 61 (1), 263-289, 2010
[2] Jean, B., Heux, L., Dubreuil, F., Chambat, G., & Cousin, F., Langmuir, 25(7), 3920-39236, 2009
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RE-INVESTIGATING DEHYDRATION REACTIONS DURING
THERMOSTABILIZATION OF CELLULOSE FIBERS BY SOLUTION
STATE NMR

Lukas Fliri,>* Chamseddine Guizani,®? Minjeong Jang,“? Sung-Soo Kim¢ and Michael
Hummel?

@ Department of Bioproducts and Biosystems, Aalto University, P.O. Box 16300, FI-00076,
Espoo, Finland
PVTT Technical Research Centre of Finland, Tietotie 2, FI-02150 Espoo, Finland
¢ Carbon Composite Materials Research Center, Korea Institute of Science and Technology,
92 Chudong-ro, Bongdong-eup, Wanju-gun, Jeollabuk-do 55324, Republic of Korea
4School of Chemical Engineering, Jeonbuk National University, 567 Baekje-daero, Jeonju-si,
Jeollabuk-do 54896, Republic of Korea

* email of presenting author: lukas.fliri@aalto.fi

Although cellulosic fibers were one of the first starting materials in carbon fiber production,
nowadays they got effectively replaced by fossil-fuel based precursors like polyacrylonitrile
(PAN) or pitch. A major reason for this shift can be found in the intrinsically low char yields
upon cellulose carbonization, which also impair the resulting fibers’ properties. This is due to
a competing pyrolysis pathway leading to the formation of levoglucosan and other low
molecular weight volatile products. It is known that different chemical pre-treatment strategies
or low heating rates / isothermal treatments in the temperature range of 150 °C — 250 °C can
significantly increase the char yields of cellulosic materials. This effect was ascribed to
dehydration along the cellulose backbone and crosslinking reactions during “low temperature”
stabilization. However, despite the longstanding research interest the occurring reactions and
the mechanistic background are still controversially discussed and not generally agreed on.
Several partly contradicting proposals can be found in literature, often only attempting to
describe the process on a kinetic basis. We were interested in obtaining a better understanding
of the structures formed in the solids after thermostabilization to develop new entry points for
chemical pretreatment strategies to enhance the char yield. For this endeavor we applied a
solution state NMR protocol relying on a tetra-n-butylphosphonium acetate ([Pa444][OAC]) —
DMSO-ds (1:4 wt%) electrolyte to re-examine isothermally heat-treated cellulosic materials in
the temperature range of 150 °C — 250 °C. 2D HSQC and HMBC NMR experiments clearly
evidenced the formation of levoglucosan moieties at the reducing ends — formed through
depolymerization of the cellulose backbone — as first and major occurring reaction. Both the
depolymerization and an expected thermal re-polymerization of the levoglucosan containing
fragments were also visible in complementarily conducted size exclusion chromatography
(SEC) measurements. However, these reactions are known to be reversible, cannot explain
the dehydration and are more commonly connected to the expulsion of levoglucosan during
pyrolysis [1]. Samples treated at 250 °C for longer periods of time showed the formation of an
additional phase, insoluble in both the NMR electrolyte and the SEC dissolution medium. This
agreed with previous similar investigations where a so called “condensed thermostable phase”
formed and even resisted hydrolysis with concentrated hydrochloric acid [2]. The appearance
of this phase also coincided with emerging carbonyl bands in FTIR spectroscopy. We surmise
that the observed “thermostable phase” is the consequence of dehydration reactions and
ultimately responsible for char formation at higher temperatures. However, given that this
phase showed a drastically different dissolution and hydrolysis behavior compared to cellulose,
it seems unlikely that it consists of simply dehydrated polysaccharidic moieties.

[1] Kawamoto H., Current Organic Chemistry, 20 (23), 2444-2457, 2016.
[2] Pastorova I., Arisz P.W. & Boon J.J., Carbohydrate Research, 248, 151-165, 1993.
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Brewer’s spent yeast (BSY) is the second major by-product of the brewing industry.
BSY polysaccharides have gained particular interest for biomedical applications. [1] BSY
polysaccharides, namely glucans and mannoproteins, are present in the cell walls that undergo
modifications during the brewing process. [2] This work aimed to disclose glucan structural
features of industrial Saccharomyces pastorianus BSY and their impact on innate immune
system response, exploiting therefore the BSY potential for biomedical applications. S.
pastorianus cell wall glucans were isolated through sequential alkali extractions. The BSY
residue left upon 4M KOH extraction was mainly composed of glucose (96 mol%), (1—4)- and
(1—3)-linked (57.8 and 16.3 mol%), with (1—4,6)-Glc (4.9 mol%) and (1—3,6)-Glc (3.0 mol%)
branching points. Magic-angle spinning dynamic nuclear polarization (MAS-DNP) NMR
showed the covalent linkage of (B1—3)-glucans to glycogen through a (B1—4)-linkage.
Hydrolysis with zymolyase, cellulase, and lichenase solubilize high molecular weight (HMW)
fractions of glycogen, while amylase yielded HMW of mannoproteins. Zymolyase hydrolysate
(94.3% of sugars; 74 mol% of (1—4)-Glc), analysis by liquid state and MAS-DNP NMR,
evidenced that B-Glc linked residues can occur as glycogen branches at C6 position, including
terminal B-Glc, (B1—3), and (B1—6)-glucans. It was also found evidence of covalent linkage
between (a1—4) and (B1—6)-glucans through (a1—6) glycosidic linkage. HPAEC-PAD
analysis of enzymatic released oligosaccharides confirmed the covalent linkage of (a1—4)-
glucans with (B1—3)-, (B1—6)-, and (81—4)-glucan motifs.

Upon alkali or subcritical water extractions of BSY, a residue with a preserved 3D
structure was obtained as a porous microcapsule. The diameter of microcapsules ranged on
average between 3-4 ym and they had a negative surface charge potential (-5.2 to - 13.2 mV).
Using a reporter cell line that overexpresses Dectin-1 (81,3-glucan receptor), all microcapsules
were able to promote receptor activation. Innate immune system response to BSY
microcapsules was evaluated using murine (BMDC) and monocyte-derived dendritic cells
(mdDC). All microcapsules were able to promote the expression of cell maturation markers
and the activation of BMDC and mdDC, leading to the secretion of proinflammatory cytokines.
Moreover, BSY microcapsules were successfully uptake by mdDC, supporting their potential
as carriers for drug delivery and targeted immunotherapy applications. The polysaccharide
network forms resistant and glucan balanced microcapsules, which are able to be recognized
and uptake by dendritic cells, supporting the development of target BSY drug delivery systems.

[1] Bastos R., Oliveira P.G., Gaspar V.M., Mano J.F., Coimbra, M.A., & Coelho, E.,
Carbohydrate Polymers, 277, 118826, 2022.

[2] Bastos R., Coelho, E. & Coimbra, M.A., Carbohydrate Polymers, 124, 322-330, 2015.

The authors acknowledge the FCT/MEC financial support of project Yeast4FoodMed (POCI-01-045-FEDER-030936),
LAQV/REQUIMTE (UIDB/50006/2020), and CICECO (UIDB/50011/2020) through national funds, co-financed by the FEDER,
within PT2020 Partnership Agreement. R Bastos was supported by FCT (PD/BD/114579/2016), | M-Montesinos by GAS2MAT-

DNPSENS (POCI-01-0145-FEDER-028), and E Coelho thanks the research contract (049-88-ARH/2018) funded by national
funds (OE), through FCT, Decree-Law 57/2016. National NMR Network partially supported by Infrastructure Project 022161.
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MICROBIAL CAPSULAR POLYSACCHARIDES AND THEIR
STRUCTURE-SHAPE-ACTIVITY

Corsaro M.M.2*, Casillo A.2, Schiraldi C.?, Paduano L.2
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The majority of bacteria display on their surface, as prevailing features,
glycoconjugates. Among these, capsular polysaccharides are usually retained on the cellular
surfaces through intermolecular forces or covalently linked to a lipid portion in Gram-negative
microorganisms or the peptidoglycan in some Gram-positive ones. [1]

Some capsular polysaccharides play a critical role during the mechanism of microbial
virulence and for this reason, they are considered the target for vaccine formulation. In some
other cases, capsules are beneficial for human microbiota and are therefore used as prebiotic
substances.

Extremophiles are microbes that experience the limits of life where they thrive, in
environments that humans consider extreme. For this reason, they have certainly developed
peculiar molecular strategies, including the production of unusual capsular polysaccharides,
to cope with harsh environments.

Here we present our data about the primary structure of two different CPS isolated from
two cold-adapted Gram-negative bacteria, i.e. Shewanella vesiculosa HM13 and
Pseudoalteromonas nigrifaciens Sq02-Rif". Both microorganisms have been isolated from fish
living at low temperatures. In addition, experiments on the anti-cancer activity and
physicochemical properties of the two polymers will be discussed. [2,3]

[1] Whitfield C., Wear S.S. & Sande C., Annu. Rev. Microbiol. 74, 521-543, 2020.

[2] Di Guida R., Casillo A., Stellavato A., Kawai S., Ogawa T., di Meo C., Kawamoto J.,
Kurihara T., Schiraldi C., Corsaro M. M., Carbohydr. Polym. 278, 118908-118917, 2022.
[3] Casillo A., Di Guida R., Cavasso D., Stellavato A., Rai D., Yokoyama F., Kamasaka K.,
Kawamoto J., Kurihara T., Schiraldi C., Kulkarni S., Paduano L., Corsaro M. M., Carbohydr.

Polym. 297, 120036-120047, 2022.
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COLORIMETRIC SENSORS BASED ON
METHYLCELLULOSE/ANTHOCYANINS/CACL2 FOR MONITORING
FISH FRESHNESS

Silva, R. R. A.2, Otoni, C. G.2, Mattoso, L. H. C.2*, Stringheta, P. C.¢, Soares, N. F. F.c

a PPGCEM/DEMa, Federal University of Sdo Carlos (UFSCar), Brazil
b Brazilian Agricultural Research Corporation (EMBRAPA), Brazil
¢ Federal University of Vicosa (UFV), Brazil
* luiz.mattoso@embrapa.br

Animal-derived foods, particularly fish, stand out as extremely susceptible to spoilage
and to cause human disease. Among the various types of intelligent packaging, sensors using
polysaccharides as matrix have been developed to identify and inform food contamination,
enabling real-time monitoring of the physicochemical factors of foodstuffs. Here, we report on
a novel methylcellulose-based colorimetric sensor to accurately monitor the freshness of
Lambari fish. The ionic strength of the methylcellulose solution was adjusted using CaCl; at 0
(control), 25, 50, 250, and 500 mM to, after casting and drying, absorb moisture and plasticize
the solid-state matrix. To the film-forming formulation, agai phenolic extract was incorporated
at 2 vol.% to serve as signal detector and transducer.! The materials were characterized
structurally by Fourier-transform infrared (FTIR) spectroscopy, mechanically by uniaxial tensile
test, and sensing efficiency through in vitro volatile ammonia (NHs) detection and real-time
storage monitoring assays of actual Lambari fish.

As the ionic strength increased from 0 to 500 mM, the greater equilibrium moisture
content (confirmed by FTIR) led to an absolute increase in elongation (from 41 to 120%) and
a decrease in Young's modulus (from 1.09 GPa to 3.7 MPa), confirming the indirect plasticizing
effect of CaCl,. Moreover, increasing the ionic strength enhanced the detection sensitivity of
NHs and total volatile basic nitrogen (TVB-N). The colorimetric change in the control sensor
was perceptible to the human eye after 20 min (Figure 1a). In contrast, for sensors with 500
mM CaCl,, this human perception threshold was reduced to 5 min, reaching a total color
difference AE* greater than 3.0 (Figure 1b). Furthermore, sensor irreversibility—which is
relevant against counterfeit—was achieved for ionic strength values above 250 mM and
maintained even after 60 days of storage. Finally, using principal component analysis, sensors
with 0 and 25 mM were able to classify Lambari fish freshness into three levels (fresh, medium
fresh, and spoiled) according to the TVB-N levels required by Brazilian and European
legislations. Thus, it can be concluded that the ionic strength and hygroscopicity controlled by
the addition of CaCl, into anthocyanin-loaded methylcellulose exhibits a dual functionality by
acting as a plasticizer and regulating the chromatic properties of the sensor to accurately
monitor the quality and safety of foods during their shelf-lives.

Acknowledgement: FAPESP proc. 2018/22214-6.
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Figure 1: (a) Images of the sensors both before and after NHs contact for up to 5 h and (b) total color difference
(AE*) upon contact with NHs for 30 min in in vitro assays.

[1] Silva, R.R.A. et al. Food Biophysics, 17, 59-74, 2022.
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LIPOSOME SURFACE COATING USING DISTINCT B-GLUCANS
FRACTIONS FROM PLEUROTUS ERYNGII

Mariana M. de Carvalho,* Andrea Angelov,! Marianne Hiorth,* Anne Berit Samuelsen?

1, Department of Pharmacy, University of Oslo, P.O.Box 1068 Blindern, NO-0316, Oslo,
Norway

*m.m.carvalho@farmasi.uio.no

B-glucans present immunomodulatory activity, making them potential sources for the
development of drug delivery platforms targeting to the immune system 2. In that sense, as far
as we know, their application as coating materials for liposomes remains to be investigated.
Therefore, the present work aims to analyze the ability of different fractions of 3-glucans from
Pleurotus eryngii in coat liposome surfaces. After alkali extraction and solvent fractionation of
the fruiting bodies of P. eryngii, two polysaccharide fractions named PEA2-SS and PEA2-SP
were obtained. From the methylation and 1D,2D NMR analyses it was possible to infer that
both fractions contain 1-3 linked B-glucan branched by a glucose unit at O-6 and 1-6 linked
B-glucan branched by a glucose unit at O-3. Size exclusion chromatography coupled to laser
light scattering showed that PEA2-SS and PEA2-SP presents molar mass (Mw) of 7.1 and
36.1 kDa, respectively. Solutions of PEA2-SS and PEA2-SP were used to coat the liposome
formulation named LipC (SoyPC: DOTAP) which was synthesized by the thin-film method. The
zeta potential, size and PDI were measured by a zetasizer. Both fractions were able to promote
a change in the zeta potential from 31.8 mV to approximately O mV. An increase in size from
134 nm to 315 and 1249 was observed after the coating of LipC with PEA2-SP and PEA2-SS,
respectively. In addition, a lower PDI could be obtained after the coating with PEA2-SP (0.273)
compared with PEA2-SS (0.721). Therefore, considering the size distribution, it is possible to
infer that the B-glucans with the higher Mw (PEA2-SP) presented a better interaction with the
liposome surface when compared to the lower Mw one (PEA2-SS). As another evidence of the
importance of Mw, PEA2-SP was submitted to an enzymatic hydrolysis using an endo-1,3-
beta-glucanase. The coating of LipC with the degraded LipC-2SP gave rise to a formulation
presenting size and PDI of 5311 nm and 0.925, respectively. This result indicates the B-glucans
in PEA2-SP had lost their ability in successful coat LipC after depolymerization, suggesting
lower Mw is detrimental for the obtainment of a suitable liposome formulation based on B-
glucans. Therefore, beta-glucans can be used as source material for coating materials of
liposomes. The development of such formulation opens the perspective of the employment of
B-glucans as drug delivery systems able to carry both hydrophobic and hydrophilic drugs for
the immune system cells. The novel B-glucans coated liposomes could be used in the
treatment of infectious diseases, cancer therapy and as vaccine adjuvants. The study of the
interaction of the coated liposomes with the immune cell receptors is ongoing.

REFERENCES

(1) Su, Y.; Chen, L.; Yang, F.; Cheung, P. C. K. Beta-d-glucan-based drug delivery system and
its potential application in targeting tumor associated macrophages. Carbohydr Polym 2021,
253, 117258. DOI: 10.1016/j.carbpol.2020.117258 From NLM Medline. Lehtovaara, B. C.; Gu,
F. X. Pharmacological, structural, and drug delivery properties and applications of 1,3-beta-
glucans. J Agric Food Chem 2011, 59 (13), 6813-6828. DOI: 10.1021/jf200964u From NLM
Medline.
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SOLUTION-STATE NMR IS NOW AN ACCESSIBLE TOOL FOR THE
ANALYSIS OF CRYSTALLINE CELLULOSES

Koso T.*2, Fliri L.?, Heise K., Hummel M.P, Thielemans W.¢, King A. W, T.*@

& Bioinspired Materials Team, VTT Technical Research Centre, Finland
® Department of Bioproducts and Biosystems, Aalto University, Finland
¢ Department of Chemical Engineering, KU Leuven, Belgium
* tetyana.koso@vtt.fi

Our well-established method of the direct-dissolution of cellulose samples in the
tetrabutylphosphonium acetate electrolyte ([P44][OAC]:DMSO-ds) is gaining broader
application in the solution-state NMR analysis of chemically modified crystalline celluloses
[1,2]. While solid-state NMR method is invaluable for the structural peculiarity and crystallinity
determinations, it has somewhat limited application accurately specifying chemically modified
cellulose analysis. On the other hand, solution-state NMR allows for a huge increase in
resolution of signals (Figure 1). This allows us to separate chemical species even at low
abundance, such as, reducing end groups of cellulose nanocrystals [3] or surface confined
modifications [4]. This is also a valid tool for estimating the processes in well-known reactions
of cellulose, including those with other natural derivatives.

The aim of this abstract is to demonstrate this approach to the wider audience, explain
benefits of the method and tell about recent advances in this field.
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Figure 1. Comparison of solution (top) vs solid (bottom)-state NMR analysis of two common
cellulose samples.

[1] Fliri L., Heise K., Koso T., Todorov A., Rico del Cerro D., Hietala S., Fiskari J.,
Kilpelainen 1., Hummel M., King A. W. T. Nature Protocols, in press, 2023.
[2] King A. W. T., Mékela V., Kedzior S. A., Laaksonen T., Partl G. J., Heikkinen S., Koskela
H., Heikkinen H. A., Holding A. J., Cranston E. D., & Kilpelainen I. Biomacromolecules,
19(7), 2708-2720, 2018.
[3] Heise K., Delepierre G., King A. W. T., Kostiainen M. A., Zoppe J., Weder C., Kontturi, E.
Angewandte Chemie International Edition, 60(1), 66—87, 2021.
[4] Koso T., Beaumont M., Tardy B. L., Rico del Cerro D., Eyley S., Thielemans W,
Rojas O. J., Kilpeléinen I., King A. W. T. Green Chemistry, 24(14), 5604-5613, 2022.
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IN VITRO BATCH FERMENTATION OF (UN)SATURATED
HOMOGALACTURONAN OLIGOSACCHARIDES BY HUMAN
INOCULA
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Netherlands
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Pectin, a predominant polysaccharide found in the plant cell wall and a major contributor to the
total weight of agricultural waste, has been commended as a promising prebiotic dietary fiber
that exerts specific health effects. Such beneficial effects may strongly depend on pectin’s
molecular weight, methyl-esterification and level and type of neutral sugar side chains. Yet,
the health effects and structure function relation of pectin derived galacturonic acid
oligosaccharides (GalA-OSs), that can be released from agricultural waste using enzymes, are
underexplored. This study aims to further expand on the bioactivity of GalA-OS by revealing
the effect of methyl-esterification, A4,5 unsaturation and size on the in vitro fermentation of
enzymatically produced GalA-OSs. To do so, the utilization, metabolite production and extent
of methyl-esterification of saturated (sGalA-OSs) and A4,5 unsaturated GalA-OSs (uGalA-
0OSs) were monitored during 43h of in vitro batch fermentation using adult fecal inoculates of
three healthy donors. HPAEC analysis revealed that both sGalA-OS and uGalA-OSs were
fermentable at a reduced rate compared to the prebiotic reference fructo-oligoasaccharides
(FOS) regardless of methyl-esterification. Methyl-esterified GalA-OSs were shown by MALDI-
TOF MS and HILIC-LC-MS to ferment at a vastly reduced rate compared to the same mixture
of saponified, methyl-ester free GalA-OSs, confirming that methyl-esterification of GalA-OSs
hinders fermentation by gut microbiota. Fermentation of sGalA-OS and uGalA-OS substrates
induced the production of the short chain fatty acids acetate, butyrate and propionate. Yet,
fermentation of uGalA-OSs increased the production of butyrate, while fermentation of sGalA-
OS increased the production of propionate. Through 16S rRNA sequencing, it was revealed
that this difference in metabolite production was likely a result of the stimulation of distinct
microbiota compositions caused by the fermentation of the structurally different substrates.
These substrate dependent changes in microbiota compasition will be discussed. The results
shows that the A4,5 unsaturated bond established at the non-reducing end through B-
elimination by pectin lyase plays a part in the bioactivity of galacturonic acid oligosaccharides
and should be considered in future pectin structure-function research.
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UNRAVELLING THE STRUCTURE-ACTIVITY RELATIONSHIP OF

RHAMNOGALACTURONAN-I RICH PECTIN AND GALECTIN-3
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Rhamnogalacturonan(RG)-I enriched pectin shows high binding activity to galectin-3 (gal-3), a
protein that is known to be upregulated in individuals with cardiovascular disease and may cause
fibrosis[1]. Using gal-3 as a target, this pectin therefore presents a promising preventative
treatment for fibrosis and has been shown to prevent and revert fibrosis in mice models[2]. RG-
I rich pectin consists of a backbone of alternating galacturonic acid and rhamnose units, of which
rhamnose can be decorated with arabinose and galactose containing side chains. This pectin
can be released through enzymatic treatment of pectin-rich plant material, such as Cucurbita
(squash) species.

RG-I is generally considered a dietary fiber, reaching the colon as it is undigestible in the upper
digestive tract. However, a direct systematic effect of RG-I rich pectin is suggested due to its
partial absorption into the blood circulation, exerting its gal-3 mediated effects throughout the
body[3]. Currently, determination of the presence of poly- or oligomeric pectin in plasma or urine
is hardly described. This project therefore includes the development of a sufficiently sensitive
method to detect RG-I rich pectin in these biological samples. Constituent sugars were released
from plasma spiked with squash-derived RG-I rich pectin using various acids and reaction
conditions. These monosaccharides were analysed using either gas chromatography or high
performance anion exchange chromatography. Pectin-derived monosaccharides could be
recovered at 6 pug/ml pectin concentrations at 300 pl plasma sample volume. Samples from an
in vitro Caco-2 intestinal model system to test barrier passage and from in vivo human studies
using RG-I supplements are analysed for the presence of pectin. Results will be discussed and
will help to elucidate the mechanisms of mediation of fibrosis by RG-I rich pectin.

[1] Stegmayr J., Zetterberg F., Carlsson M. C., Huang X., Sharma G., Kahl Knutson B., Schambye H.,
Nilsson U. J., Oredsson S., Leffler H., Scientific Reports, 9 (1), 2186-2186, 2019

[2] Pozder C., van der Velde A. R., Meijers W. C., Silljé H. H. W., Muntendam P., Dokter M. M., van Gilst
W. H,, Schols H. A,, de Boer R. A,, Current Research in Translational Medicine, 70 (1), 103321,
2022

[3] Pedrosa L. D. F., Raz A., Fabi J. P, Biomolecules, 12 (2), 289, 2022
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INCREASE IN OXYGEN PERMEABILITY OF REGENERATED
CELLULOSE DUE TO SWELLING AND
MOLECULAR MOVEMENT CAUSED BY WATER

Okugawa A.?, Yamane C.P, Yuguchi Y.2*
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The application of regenerated cellulose for packaging films and coatings of paper food
containers must be expanded as alternatives to synthetic polymers. In this field, gas barrier
properties are strongly required. The gas barrier of regenerated cellulose films is extremely
high in a dry state. However, gas permeates easily in a wet state. In this study, the reason why
the oxygen permeability coefficient (OP) of regenerated cellulose significantly increases with
increasing water regain focusing on swelling behavior as a macroscopic phenomenon and
relaxation phenomenon as molecular motion by water was investigated.

The OP of the regenerated cellulose film in the dry state was remarkably low (Fig. 1).
However, the OP at 90% water regain increased to 150x10*° cm® - cm/(cm? + s + Pa). This
value was similar to that of low-density polyethylene film, which has inferior gas barrier
properties. The film thickness increased with increasing water regain and was approximate
twice the dry film thickness at 80% water regain. Small angle X-ray scattering (SAXS) in edge
view showed that the spacing of microcrystals in the thickness direction increased from about
4 nm in a dry state to 6.5 nm at 100% water regain. This indicates that the oxygen molecules
have passed through the space between the cellulose molecules created by the water.
Contrary, the film width did not change by the water. This anisotropic swelling is probably
caused by the uniplanar orientation of the (110) crystal plane parallel to the film surface. Thus,
water permeates the amorphous region along the hydrophilic surface of the (110) plane,
expanding the space in the thickness direction. In addition, storage modulus (E') decreased by
two orders of magnitude with increasing water regain, and a broad peak of tan é was observed
at around 90% water regain, indicating that the micro-brown motion of the cellulose main chain
was released. Therefore, the increase in OP of the regenerated cellulose is due to the micro-
Brownian motion of the cellulose main chain caused by the space between cellulose and
widening of space caused by water.
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Figure 1 : Effect of water regain on OP of regenerated cellulose
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COMPLEX FORMATION OF SEAWEED POLYSACCHARIDE AND
WHEY PROTEIN

Yuguchi Y. *3, Kawashima S.2, Thanh Thi Thu T.P
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We can find ionic polysaccharide with sulfate groups in seaweeds, for example,
carrageenan, fucoidan, ulva and so on. They are applied for food additives or supplement.
Fucoidan has physiological activities as anticoagulant, immunomodulatory, antitumor, etc. The
mechanism of these effects is complicated and not clear.

We focused on the complex formation of such ionic polysaccharide and whey protein.
In this study the interaction and complex structure of ionic polysaccharide and protein was
studied not only to measure the strength of each interaction but also to investigate the
complicated structure of fucoidan and/or ulva.

The carrageenan family, fucoidan, ulva mixed with -lactoglobulin (3-Lg) were used for
samples. The small angle X-ray scattering measurement (SAXS) was performed to analyze
the associated structure. The time-resolved SAXS during making low pH by addition of
gluconolactone (GDL) was also carried out. The mixture solution becomes turbid at low pH,
indicating the aggregation. The variation of SAXS pattern indicated the aggregation process
of ionic polysaccharide and protein at nano-order level.
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Figure 1 : Kratky plots for time resolved SAXS during aggregation of fucoidan and B-Lg. Here
I(g) is scattering intensity, g is the magnitude of scattering vector.
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Research Program (120239602). We thank prof. T. Konishi in univ. of the Ryukyus to provide
fucoidan sample.
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WHEAT AND RYE ARABINOXYLANS ARE DIFFERENTLY
SUSCEPTIBLE TO FENTON-OXIDATION

Pandeirada C.0.*2, Boulos S.2, Nystrom L.2
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Extrusion of wheat bran changes the functional properties and structure of arabinoxylan
(AX) [1], a major dietary fiber in cereals. A possible reason for AX structural change is Fenton-
oxidation, causing AX depolymerization and introduction of carbonyl and carboxyl groups [1,2].
Despite being studied for wheat AX (WAX), it is still unclear if modifications through Fenton-
oxidation are similar for different AXs. Thus, AXs from wheat and rye (WAX and RAX) were
Fenton-oxidized and structurally characterized.

WAX and RAX were Fenton-oxidized and freeze-dried, yielding ox-WAX and ox-RAX,
respectively. (ox-)AXs were analyzed for their molecular weight (Mw; HPSEC-TI/RALS/LALS)
and sugar composition (HPAEC-PAD). (ox-)AXs were enzymatically digested with endo-
xylanase (GH11) and exo-xylosidase (GH43), NaBDs-reduced, and the oligosaccharides were
purified by solid phase extraction and analyzed by HILIC-ESI-gTOF-MS.

After Fenton-oxidation, the Mw of WAX and RAX decreased 75 and 45%, respectively,
indicating that the used WAX material is more prone to depolymerization under the chosen
Fenton-oxidation conditions than the RAX material. 75% (w/w) and 89% of the sugars present
in WAX and RAX were recovered in ox-WAX and ox-RAX, respectively. This indicates that 10-
15% of the sugar units were modified during oxidation, highlighting the AX structural change.
HILIC-ESI-gTOF-MS analysis of the oxidized oligosaccharides after NaBD4-reduction revealed
that the structural change was due to the introduction of carbonyl and carboxyl groups, and
cleavage of the sugar ring with release of CH.O+0O. Remarkably, the HILIC-ESI-qTOF-MS
oligosaccharide profiles derived from both ox-AXs were different, species with m/z 268.11,
254.10, and 400.16 were exclusively observed for ox-WAX.

This study shows that depolymerization and AX structural changes via Fenton-
oxidation is AX-structure dependent, which raises attention to the fact that the functional
properties of (ox-)AXs might as well be differently modified.

[1] Demuth T., Betschart J. & Nystrom L., Carbohydrate Polymers, 240, 116328, 2020.
[2] Demuth T., Boulos S. & Nystrom L., Analyst, 145, 6691, 2020.
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CHEMICAL MODIFICATION AND FLUORESCENT LABELING OF
CELLULOSE NANOFIBRILS: STED SUPER-RESOLUTION IMAGING
OF A SINGLE FIBRIL AND ITS EMBEDDING IN A COMPOSITE

X. Jiang*?4, J. B. Mietner?, J. R.G. Navarro?

2 Institute of Wood Science, Universitat Hamburg, Germany
* xuehe.jiang@uni-hamburg.de

In this work, our team pursued two main objectives. The first was to create a multifunctional
platform using cellulose nanofibrils (CNFs) that could be easily adapted for various
applications. Our approach involved chemically modifying CNFs into a CNF-based
macroinitiator (CNF-MI)! and a subsequential synthesis route combining surface-initiated
controlled radical polymerization (SET-LRP) and Cu'-catalyzed azide-alkyne click-chemistry
(CuAAC). Secondly, we used this synthesis process to label the surface-modified CNFs with
fluorescent dyes, which we then observed directly using super-resolution microscopy to study
the behavior of a single fibril and its embedding in composites.?

SET-LRP has been widely used as a robust and versatile tool for synthesizing vinyl polymers
with well-defined functionality. In this study, monomers comprised di (ethylene glycol) ethyl
ether acrylate (DEGEEA) and acrylic acid 3-trimethylsilyl-prop-2-ynyl ester (TMSPgA). We
used TMSPgA to introduce luminescent dyes on the CNF surface via CUAAC, while DEGEEA
was used to increase the stability of the CNFs in selected solvents (DMSO&H,0) and act as a
spacer between neighbor luminescent dyes by spacing the reactive clickable monomers.

The novelty of our work lies in the morphology study of modified CNFs investigated through
confocal laser scanning microscopy (CLSM) and stimulated emission depletion (STED)
microscopy. The study explored the behaviors of CNFs dried from DMSO, including single
fibrils, fibril networks, bundles, and clusters. The distribution and morphology of modified CNFs
embedded in a PVA composite with a thickness of approx. 10 um were revealed through a
widefield microscope and CLSM/STED microscopes. This morphology observation, which
could not be realized with traditional electron microscopy techniques (SEM, AFM), was
possible with the STED.

°Q
monomers
SET-LRP.

CNF-Macroinitiator
Confocal

Illumination of In-Focus Area
Confocal /STED Microscopy

Platform Visualization

Widefield Microscopy

Figure 1: Surface modification of CNFs and STED super-resolution imaging of a single fibril
and its embedding in composites.

[1] Navarro, J. R. G.; Rostami, J.; Ahlinder, A.; Mietner, J. B.; Bernin, D.; Saake, B.; Edlund, U.,
Biomacromolecules 2020, 21 (5), 1952-1961.
[2] Jiang, X.; Mietner, J. B.; Navarro, J. R. G., Cellulose 2023, No. 0123456789.
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BIOFABRICATION OF FUNCTIONAL PULLULAN — CONTROL OF
THE PULLULAN PRODUCTION AND MOLECULAR WEIGHT

De Ceulaer F. *2, Van den Eynde K.2, Boon V.2, Fardim P.2

& Department of Chemical Engineering, Chemical and Biochemical Reactor Engineering and
Safety (CREaS), KU Leuven, Belgium

* femke.deceulaer@kuleuven.be

Pullulan is a linear polysaccharide produced by the polymorphic fungus Aureobasidium
pullulans, which consists of repeating maltotriose units joined together via a-(1,6)-glycosidic
bonds. The unique linkage pattern and the presence of nine hydroxyl groups on the repeating
units provides pullulan with an inherent physiological activity, a high potential for chemical
modification and remarkable physicochemical properties, which improves its application in the
food, cosmetic, and pharmaceutical industry [1]. Although pullulan is gaining great attention as
a functional material for biomedical applications, the commercial use of pullulan-based
biomaterials is limited due to its cost intensive biofabrication process [2]. A precise control of
the pullulan yield, molecular weight, and melanin production by varying the fermentation
conditions is required to minimize this biofabrication cost. In this study, the influence of the
carbon source, nitrogen source concentration and aeration rate on the pullulan production by
A. pullulans ATCC 42023 is examined in batch fermentation experiments. Different pullulan
yields and molecular weights were obtained by altering the biofabrication parameters. The
chemical structure of the produced pullulan was characterized via NMR and FTIR, while the
molecular weight distribution was analyzed via GPC [3]. The change in cell morphology of A.
pullulans over the batch time was observed via optical microscopic images and linked to the
pullulan yield and melanin production.

Figure 1: Optical microscopic image of the polymorphic fungus Aureobasidium pullulans
inside the fermentation medium after 96 hours at pH 5.00 (Erlenmeyer flask), illustrating the
presence of yeast-like cells, blastospores, chlamydospores and hyphae.

[1] Singh R.S., Kaur N. & Kennedy J.F., Carbohydrate Polymers, 123, p.190-207, 2015

[2] Singh R.S., Kaur N., Rana V. & Kennedy J.F., Carbohydrate Polymers, 171, p. 102-121,
2017

[3] Van de Eynde K., Boon V., Gaspar R.C. & Fardim P., Molecules, 6, 2478 ,2023
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PHYSICO-CHEMICAL CHARACTERIZATION OF
POLYSACCHARIDES FROM EDIBLE SEAWEEDS

Patricia Murciano Martinez. *2, Sarah Michel?, Delphine Curti.?

a8 Nestlé Research, Rte du Jorat 57, 1000 Lausanne, Switzerland

* patricia.murcianomartinez@rd.nestle.com

Edible seaweeds are gathering more attention in regions where their consumption is
not greatly spread among the population such as Latin America or Europe. This is, among
other reasons, due to the ability of seaweeds to sequester CO- and, therefore the potential of
seaweed farming to contribute to net-zero greenhouse gas emissions [1]. Furthermore, studies
highlight the potential of a number of seaweed compounds such polysaccharides or
micronutrients and their positive impact on animal and human health. Seaweeds are a great
source of polysaccharides widely used as ingredients in the food and cosmetic industry
because of their unique techno-functional properties such gel formation, thickening and
encapsulation of bioactive compounds.

There are large variations in the chemical composition and structure of seaweed
polysaccharides depending on the species, harvesting location and season. Understanding
the relationship between the fine chemical structure and physical properties of polysaccharides
from the different seaweed species of commercial interest in a specific region is key for the
design of new food products containing substantial amounts of seaweeds and relevant to
consumers.

[1] DeAngelo et al., Nature plants, 9, 45-57, 2023
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REACTIVE DISSOLUTION OF 6-HALO-6-DEOXYCELLULOSES
AND THEIR CHARACTERIZATION BY SOLUTION-STATE NMR

Dry$ M.*3, Koso T.?, Kilpeldinen P.¢, Rinne-Garmston K.,
Todorov, A.2, Wiedmer S.K.2, King A.°

& Department of Chemistry, University of Helsinki, Finland
 VTT Technical Research Centre of Finland
¢ Natural Resources Institute Finland (Luke)

* magdalena.drys@helsinki.fi

6-Halo-6-deoxycelluloses are versatile intermediates for synthesizing cellulosics with
high regioselectivity at carbon 6 (C6) and maximum degree of substitution (DSs). These are
unique features that may lead to the development of new products with fine-tuned properties.
Yet, currently available methods for characterizing 6-halo-6-deoxycelluloses are clearly
insufficient, since they allow only for estimating total DS or require laborious derivatization
procedures in order to utilize more advanced analytics. Modern solution-state NMR techniques
offer the possibility for detailed structure elucidation and quantitative analysis; however, the
essential insolubility of 6-halo-6-deoxycelluloses in organic solvents or water has been a major
setback, and the potential of cellulosics with high regioselectivity at C6 remains underexplored.

Herein we present a protocol for direct and rapid DSes determination of 6-halo-6-
deoxycelluloses with solution-state NMR, utilizing the well-established ionic liquid (IL)
electrolyte, [P4444][OAC]:DMSO-ds. [1,2] The IL electrolyte simultaneously acts as a reactant in
a reactive dissolution process, in which 6-halo-6-deoxycelluloses are quantitatively converted
into 6-monoacetylcellulose (Scheme 1), which remains soluble, enabling high-resolution NMR
measurements without the need for isolation and purification of the acetylated product.

Our method is attractive both in terms of accuracy and minimal requirements for
resources or workload, and has the potential to be extended to polysaccharides beyond 6-
halo-6-deoxycelluloses. We believe that the presented analytics will be useful for optimizing
syntheses of regioselectively functionalized cellulose derivatives.

\(O
O
[P4444][OAC]:DMSO-d6
0 Q > -5 0
HO 65 OC, 48 h HO
HO n HO N
X =Cl, Br

Scheme 1: Reactive dissolution of 6-halo-6-deoxycellulose in [Ps4][OAC]:DMSO-ds to yield
6-monoacetylcellulose

[1] King A.W.T. et al., Biomacromolecules 19(7), 2708-2720, 2008.
https://doi.org/10.1021/acs.biomac.8b00295

[2] Koso T. et al., Cellulose 27, 7929-53, 2020.
https://doi.org/10.1007/s10570-020-03317-0
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DISTRIBUTION-ANALYSIS OF AQUEOUS POLYSACCHARIDE-
SYSTMES BELOW OVERLAPPING-CONCENTRATION

Wintersteller P. *2, Huber A. 2
& Institute of Chemistry, University of Graz, Austria

* peter.wintersteller@uni-graz.at

Depending on chemistry of their repeating unit, degree of polymerization and conditions of
aqueous media polysaccharides partially may: be molecular dissolved, partially form hydrated
aggregates and associates, partially form long ranging colloidal-type gel-constituting networks.
Dimensions of each of these fractions show up as distributions, and hence, analysis needs
separation approaches as well for homogeneous as for heterogeneous components.

Size-exclusion chromatography (SEC) is a well working approach for molecular dissolved
fractions. Asymmetric Flow Field Flow Fractionation (AFFFF=AF4) represents an powerful
approach for dispersed heterogeneous or even mixes of homogeneous and heterogeneous
fractions.

Application of both, SEC and AF4, to size-distribution analysis of the mix of homogeneous and
heterogeneous fractions of a charged polyanionic polysaccharide in agueous media, provides
data to discuss XWM-systems. Such systems, constituted by Xanthan (X) in continuous
agueous phase (W) in the presence of dissolved modifying compounds (M), are investigated
upon hydrodynamic radii of dissolved molecules, sphere-equivalent radii of hydrated
supermolecular structures and non-dissolved colloidal objects. To obtain information close to
intrinsic conditions investigations were performed below overlapping concentration c*.
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Figure 1: Left: shows the domain, where separation techniques (SEC, AF4) combined with
multiple detecters, provide information of the homogeneous fraction with SEC and of both the
homo- and heterogeneous fraction with AF4; Right: shows distribution of sphere equivalent

radii in an XWM-system with SEC-analysis of the homogeneous fraction WY and AF4-
separation of both, the homo- and heterogeneous fraction. === (mixed at 60°C) and ===
(hydrated with an ultrasonic finger) are both XWM-systems prepared with 2 different
techniques. [1]

[1] Wintersteller P., Murigi A., Bajrami D., Hoti G., Huber A., Current Advances in
Biopolymer Processing and Characterization, Chapter 4, Xanthan in aqueous
media: Molecular and Hydrocolloidal Characteristics, 2017
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RESPONSE CAPABILITY OF AQUEOUS POLYSACCHARIDE-
SYSTEMS BEYOND OVERLAPPING CONCENTRATION

Wintersteller P. 2, Huber A. *2
& Institute of Chemistry, University of Graz, Austria

* anton.huber@uni-graz.at

Aqueous colloidal systems with exo-polysaccharides (EPS), like Xanthan show strong
increase in viscosity even at low concentrations.

Beyond the overlapping concentration, are typically the systems of interest for technological
applications. Polysaccharide-characteristics emerge as apparent information, based on
intrinsic properties that are unaffected by concentration effects.

With increasing concentration, the systems are dominated by interaction phenomena, the
higher the fraction percentage in aqueous media.

In addition, the way and history of preparation of such systems also contribute to actual system
states and correlated apparent data.

A polysaccharide system constituted by Xanthan in aqueous media prepared by various
approaches (mechanical mixing, ultra sound, conventional heating...) has been investigated
upon response capability on applied shear stress and with respect to changes in solid/liquid-
ratio characteristics.

Colloidal T 100
systems
Supermolecular 10
structures
Aggregates N —1
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Associates o
21
intrinsic T T T T T T r||; 0.01
0.0 € dispersed fraction 1.0
N ; 0 5 10 15 20 25
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. oo’ 00 shear rate [1/S]

Figure 1: Left shows the domain, where Rheology can provide imortant information
Right: shows a flow curve of an XWM-system heat treated; — FNCS 5 [mg/mL], shear
thinning with increasing shear stress,
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ANTARCTIC BACTERIA AS SOURCE OF BIOACTIVE
POLYSACCHARIDES

Casillo A.*3, D'Angelo C.°, Gallucci N.2, Paduano L.2, Tutino M.L.2, Parrilli E.?2,
Corsaro M.M.2

@ Department of Chemical Sciences, University of Naples Federico II, Naples, Italy
* angela.casillo@unina.it

Glycans isolated from marine resources are unique in terms of function and structure.
Arctic and Antarctic bacteria have developed chemical adaptation strategies that allow them
to maintain their cellular integrity in extreme conditions. One of these strategies is the
biosynthesis of extracellular polysaccharides (EPS), which constitute a slime and hydrated
matrix that keep the cells embedded, protecting them from environmental stress (desiccation,
salinity, temperature, and radiation). EPSs have gained interest for their unique properties
such as structural complexity, biodegradability, biological activities, and biocompatibility.[1]
With the development of marine biotechnologies, the potential of marine polysaccharides as
an innovative source for new bioactive molecules has emerged and gained considerable
attention.

Psychrobacter sp. TAE2020 is an aerobic y-proteobacterium isolated from an Antarctic
coastal seawater sample.[2] This marine bacterium can produce and secrete surfactants and
emulsifier, and its cell-free supernatant strongly affected some specific virulence features of P.
aeruginosa isolates from CF patients.[2]

We recently isolated and purified the anti-adhesive and emulsifying polysaccharide-protein
complex, CATASAN. The complex can reduce biofilm formation and the detachment of biofilm
of the nosocomial bacterium S. epidermidis.[3]

Here we reported the purification and the characterization of the polysaccharide portion
of CATASAN produced from Psychrobacter sp. TAE2020. Finally, the physicochemical
properties of the complex and of the polysaccharides will be investigated.
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[1] Casillo A. et al., Exopolysaccharides from Marine and Marine Extremophilic Bacteria:
Structures, Properties, Ecological Roles and Applications. Marine Drugs Mar. Drugs 2018,
16(2), 69

[2] Riccardi, C.; D’Angelo, C.; Calvanese, M.; Ricciardelli, A.; Tutino, M.L.; Parrilli, E.; Fondi,
M. Genome Analysis of a New Biosurfactants Source: The Antarctic Bacterium
Psychrobacter sp. TAE2020. Mar. Genom. 2022, 61, 100922.

[3] D'Angelo C. et al., CATASAN Is a New Anti-Biofilm Agent Produced by the Marine Antarctic
Bacterium Psychrobacter sp. TAE2020. Mar. Drugs 2022, 20(12), 747.
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SWEETSEP™ AEX200 A NEW STATIONARY PHASE FOR FAST AND
HIGH-RESOLUTION SEPARATION OF CARBOHYDRATES USING
HPAEC-PAD

Daniel Vetter*; H.J. Brouwer, J.P. Chervet, C. Marvelous, T. Mulder, M. Eysberg, N.J.
Reinhoud

Antec Scientific, Alphen a/d Rijn, The Netherlands
* d.vetter@antecscientific.com

High-Performance Anion Exchange Chromatography in combination with Pulsed
Amperometric Detection (HPAEC-PAD) is the method of choice for the analysis of
carbohydrates in a large variety of sample matrices. It combines superior selectivity with
sensitive detection down to femtomole levels without the need for derivatization or complicated
sample preparation. Since the introduction of HPAEC-PAD in the early 1980’s the research on
new anion-exchange stationary phases resulted in significant improvements in column
performance over the years. The use of smaller polymeric particles, down to 4 pum, in
combination with improved chemistries & stationary phase architecture enabled fast, high-
resolution anion-exchange separation of complex carbohydrates samples. However, it is
evident that smaller particle sizes will give rise to higher system back pressures, so the use of
4 um columns put some constraints on the metal- free ion chromatography (IC) instrumentation
which can be used.

A novel agglomerated pellicular anion-exchange stationary phase SweetSep™ AEX200
(Antec Scientific) has been developed. AEX200 is based on a monodisperse 5 pm resin of
highly crosslinked poly(divinylbenzene-co-ethylvinylbenzene) copolymer coated with
guaternary amine functionalized nanoparticles. The high uniformity and monodispersity of the
AEX200 resin allow for rapid, high-resolution separations of carbohydrates that can rival the
performance of some stationary phases based on 4 um particle technology, but operate with
significantly lower back pressures. The size and exchange capacity of the latex nanoparticles
was optimized to enable the analysis of a wide variety of carbohydrates samples ranging from
mono- to tetrasaccharides present in food, plants and glycoproteins, up to oligosaccharides
such as FOS (fructo-oligo-saccharides) and N-linked glycans. As an example, neutral sugars
and uronic acids typically present in biomass hydrolysates are shown in figure 1.
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Figure 1: Separation of a 10 pM standard mixture of 11 neutral sugars and 2 uronic acids using SweetSep™ AEX
200 column
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EFFECT OF ULTRASONIC TREATMENT ON THE B-GLUCAN OF
DICTYOPHORA: STRUCTURE, MORPHOLOGY AND SOLUTION
PROPERTIES

Zhe Wang *2, Junyi Yin 2, Shaoping Nie 2
& State Key Laboratory of Food Science and Technology, Nanchang University, China

*13361654548@163.com

B-glucan can be used as food excipients because of its good biological activity. As a
common food processing method, ultrasound may lead to changes in the structure of
polysaccharides and thus lead to changes in their activity. Therefore, it is necessary to
systematically understand the structural information of B-glucan after ultrasound. In this study,
we treated dictyophora B-glucan (DIPP) with ultrasound and then investigated the changes in
DIPP through the characterization of molecular weight, glycosidic bond type, surface
morphology, and viscosity. The results showed that the glycosidic bond type and branching
degree of DIPP did not change significantly with the extension of ultrasonic time. However, the
molecular weight and intrinsic viscosity of DIPP decreased, and the surface morphology
changed from filamentous to spherical. These results indicated that ultrasonic treatment only
reduced the molecular weight of dictyophora B-glucan but did not affect the structure of the
repeating unit. Therefore, ultrasound has potential applications in the preparation of B-glucan
with different polymerization degrees. [1]

Time (min)

Figure 1 : Liquid phase diagram of DIPP treated with different ultrasound times

[1] Cui, R., & Zhu, F., Trends in Food Science & Technology, 107, 2020.
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SIMPLE ANALYTICAL METHODS AS BASIS FOR PHYSICS
INFORMED NEURAL NETWORKS REVEALING VALID MODELS FOR
REACTIVE DIFFUSION OF VOLATILES THROUGH PAPER

Serebrennikova A. 24, Teubler R. *d, Hoffellner L.>9, Leitner E.?d, Hirn U. ¢4, Zojer K.2d

& Institute of Solid State Physics, Graz University of Technology, Austria
P |nstitute of Analytical Chemistry and Food Chemistry, Graz University of Technology,
Austria
¢ Institute of Bioproducts and Paper Technology, Graz University of Technology, Austria
4 Christian Doppler Laboratory for Mass Transport through Paper, Graz University of
Technology, Austria

* raimund.teubler@tuqgraz.at

Predictive models for the transport of volatile organic compounds in paper need to consider
the complex interplay of diffusion, adsorption, desorption, or chemical reactions. The relative
importance of each of these processes is determined by the polarity of the volatile. Hence, it
is challenging to pick a valid theoretical model that correctly predicts transport regardless of
the polarity. Here, physics-informed neural networks (PINNs) assess which of five different
models correctly describe transport of DMSO as polar and n-tetradecane as non-polar model
compound: (i) a pseudo first-order adsorp-tion model for an irreversible sorption process, (ii) a
first-order kinetics model allowingreversible sorption, (ii) a second-order model with a
reversible process, and an effective diffusion model accounting for a constant (iv) and for a
variable effective diffusivity (v). Each tested model is given as set of partial differential
equations (PDE). Considering the model under testing and experimentally obtained, PINNs
predict concentration of the volatiles and associated material constants such as sorption
constants and effective diffusion coefficients by solving the inverse problem.[1] The
experimental data, obtained in advance by analytical and chromatographic methods, include
spatially and temporally resolved concentration profiles through paper stacks and the
corresponding saturation concentration of volatiles on a paper layer. These analytical methods
were developed to provide a rapid, simple, and reproducible way to collect transport and
sorption data of a wide range of different volatile organic compounds in different temporal
domains which can be applied directly in PINNSs.

Our PINNs revealed two models, pseudo first-order sorption and second-order reversible
sorption, that correctly predict concentration profiles and polarity-driven differences in sorption
times. While a PINN-based picking of valid transport models has important implications for the
devel-opment of effective methods for controlling emission of volatiles from paper
materials,PINNs represent a versatile mathematical tool to validate or refute the capability of
PDE-based theoretical models to describe experimental data.[2]

[1] Serebrennikova A., Teubler R., Hoffellner L., Leitner E., Hirn U. & Zojer K.,

Transport in Porous Media 145, 3, 589-612, 2022.

[2] Serebrennikova A., Teubler R., Hoffellner L., Leitner E., Hirn U., & Zojer K.,
DOI: 10.13140/RG.2.2.32837.01769
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ELECTROMECHANICAL BEHAVIOUR OF CHITOSAN-BASED
BIONANOCOMPOSITES

Dayana Guzméan?, Qiancheng ZhangP®, Paula M. Vilarinho?, Claudia Nunes®*, Antti
Vehkaoja®, Brian J. Rodriguez®, Paula Ferreira?

®Department of Materials and Ceramic Engineering, CICECO — Aveiro Institute of Materials,
University of Aveiro, Portugal; diguzmans@ua.pt, paula.vilarinho@ua.pt,
claudianunes@ua.pt, pcferreira@ua.pt
bSchool of Physics, University College Dublin; srikanth.kolagatla@ucd.ie,
giancheng.zhang@ucdconnect.ie, brian.rodriguez@ucd.ie
‘Department of Automation Science and Engineering, Tampere University of Technology,
Finland; antti.vehkaoja@tuni.fi

* claudianunes@ua.pt

The study of the electromechanical properties of chitosan-based composites is an exciting and
rapidly growing field of research with numerous potential applications in electronics, sensing,
and biomedicine[1]. This study aims to provide a better understanding on the performance of
bionanocomposites made from polysaccharides, specifically in the context of their potential
use for flexible electronic applications in the future. It has been challenging to identify the origin
of its electromechanical performance which is different depending on the fabrication conditions
and measurement methodologies. A systematic characterisation of chitosan pristine films was
performed. The X-Ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR)
methods were performed for structure characterization. The mechanical properties of the films
were evaluated through tension until rupture tests following ASTM D 882 and 883 practices.
The electromechanical performance of the films was characterized through piezoelectric force
microscopy (PFM) technique including the analysis of the second harmonic signal[3],
combined with piezoelectric sensitivity measurements. The results allowed us to conclude that
the main contribution of its electromechanical performance comes from electrostrictive and
electrostatic effects, raising new questions on the approaching of non-piezoelectric
components in dielectrics[2]. Furthermore, the electrostrictive component of chitosan-based
bionanocomposites was studied, comparing the effect of chitin nanostructures and barium
titanate nanoparticles in the electromechanical performance of the films produced through
solvent casting method.

[1] M. Jian, Y. Zhang, Z. Liu, Natural Biopolymers for Flexible Sensing and Energy
Devices, Vol. 38, 2020.

[2] J. Yu, P. Janolin, J. Yu, P. J. Defining, G. Electrostriction, A. Physics, 2022, 131.

[3] B. J. Rodriguez, S. V. Kalinin, J. Shin, S. Jesse, V. Grichko, T. Thundat, A. P. Baddorf,
A. Gruverman, J. Struct. Biol. 2006, 153, 151.
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Cellulose fibers are gaining popularity as an environment-friendly alternative to
synthetic fibers due to their renewable and biodegradable nature. However, current
production methods have limitations in terms of efficiency, scalability, and environmental
impact. To address these concerns, lonic Liquids (ILs) have emerged as promising "green"
solvents for cellulose, offering low volatility, flammability, and tunable properties.
Nevertheless, only a limited number of ILs have proven effective for direct dissolution of
cellulose. Herein, the stability of a novel superbase IL (SIL) [nTBNH][OAc] was investigated
under different conditions, including thermal decomposition in presence of different amounts
of water or wood polysaccharides and its natural degradation over a period of two years.

As other guanidine-base IL [MTBDH][OACc], which is used in the IONCELL process
[1], [mMTBNH][OACc] also undergoes a two-step degradation process, namely hydrolysis and
subsequent acetylation of the newly-formed amine group [2].

The novel mMTBNH showed superior stability under thermal conditions (95°C, 10%
water). However, the IL's capacity to endure degradation while retaining its ability to dissolve
cellulose and produce spun fibers is a question of further investigation.

While thermal degradation pathways can be readily tracked using NMR; the natural
degradation occurs to a small extent only, necessitating more sensitive investigation
methods. In our study, we employed supercritical fluid chromatography coupled with mass
spectrometry (SFC-QToF-MS) to detect degradation products, establish their elemental
composition, and optimize flash chromatography separation conditions for certain
compounds to elucidate their structure with NMR. Through our investigations, we have
determined that also oxidation is one of the primary degradation reactions under storage
conditions (rt, no light).

The insights gained from the present study of mTBNH will contribute to a better
understanding of this class of ILs. Furthermore, the methodologies developed can be
applied to investigate other promising IL candidates in the future, as well as certain important
parameters of the spinning process, such as the content of residual IL in spun fibres.

(N\)NQ/N} AcOr CN/)N\/F‘? AcO"

| H i
1 2

Figure 1 : The two isomers of the ionic liquid [nTBNH]"[AcO]": 5-methyl-1,5,7-triaza-
bicyclo[4.3.0]non-6-enium acetate (1) and 7-methyl-1,5,7-triaza-bicyclo[4.3.0]non-6-enium
acetate (2).

[1] Michud A., Tanttu M. Sixta H., Textile Research Journal. 86(5), 543-552, 2016
[2] Schlapp-Hackl I., Witos J., Ojha K., Uusi-Kyyny P., Alopaeus V & Sixta H., Ind. Eng. Chem. Res.
61, 259-268, 2022
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RESEARCH ON CHITOSANS
CARBOHYDRATE, VACCINES AND SACCHARIDES
PURIFICATION, ANALYSATION, DETERMINATION

Dauwe C.*2 Bures K.P, Dauwe J.2, Schulze V.2 ,.Dauwe S.2

& AppliChrom GmbH Research & Development, 16515 Oranienburg, Germany
® Analytical Science Dr. Bures CEQ, 14624 Dallgow-Débernitz, Germany

* christian.dauwe@applichrom.de

Since liquid chromatography was invented 1850 by Prof. Runge in Oranienburg this
technology has continued to several innovations.

Saccharides, special oligosaccharides that are important in vacination process,
polysaccharides like chitosans, important in pharmaceutical applications must get purified,
analysed and determined to get a product that is economic and safe. Ligand exchange, ion
exclusion and size exclusion chromatography (SEC) respective gel permeation
chromatography (GPC) are tools for analysation and determination, in special cases also for
purification.

GPC respective SEC has been all well established method for polymer
characterisation. Its primary and oftentimes only use is to measure the molecular weight and
to qualitatively compare different polymer samples.

There are still 2 challenges - 1: molecular weight, size, .... determination
However, adding a viscometer and light scattering detector to a GPC creates new and
challenging dimensions in polymer characterization. Tripel Detection and especially Volume
Matched In situ Tripel Detection yields data of unsurpassed correctness. Its not only
molecular weight, size (radius of gyration Rg) and structure (branching) but also enter the co-
polymer analysis.

Challenge 2 — pure SEC method for chitosans:
Size Exclusion Chromatography (SEC) analysis of polycations like chitosan is not easy to
handle and this is further compounded by less the optimum reliability of the methods.
Solution: Through a complete re-invention of the stationary SEC phase, it is now possible to
access an entire line of SEC columns to carryout analysis of polycationic sugars like
chitosan. This new SEC line covers the range from oligomers up to 20 million Daltons with
high recovery. This novel SEC packing media shows superior performance with high
recovery rates even at low salt concentrations, and for even very large molecular sizes. High
resolution is obtained from small size molecule up to + 20 million Dalton. The SEC media is
even suitable for systems where polycation blocks are combined with polyanion blocks
(partial oxidized product).

Lol
| |
!
| fiwl
= g2
5
(s}

[=]
zlo T
I
I

o
=
[=] ®38%

o
zJo T
u
5

= o
T
=]

o
zlo T
I
5

[e]
I

st

tionsvolume [mi]

Figure 1: Complete SEC-Solution for Analysation and Determination of Chitosans
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DESIGN, SYNTHESIS, AND FUNCTIONS OF CELLULOSIC DIBLOCK
COPOLYMERS:
FROM ORGANIC CHEMISTRY TO BIOMASS REFINERY

Kamitakahara H. *2

& Chemistry of Composite Materials, Division of Forestry and Biomaterials Science,
Graduate School of Agriculture, Kyoto University, JAPAN

* kamitakahara.hiroshi.3n@kyoto-u.ac.jp

Block copolymers have been paid attention in the field of macromolecular science. As
far as my knowledge, Ceresa for the first time reported the synthesis of block copolymers of
cellulose and its derivatives in 1961. [1] After Ceresa’s report of cellulosic block copolymer,
cellulose scientists have not been much interested in this research field for about a half century.
We have published our first paper regarding cellulosic diblock copolymers in 2005. [2] Progress
of analytical instruments such as NMR and MALDI-TOF MS have promoted us to study the
chemistry of cellulosic diblock copolymers. Introduction of functional groups at the reducing-
and non-reducing ends can be monitored, meaning that end-groups of linear polysaccharides
can be reacted with the second polymeric residues to afford diblock copolymers.

We have prepared cellulose acetate-based diblock copolymers. [3] Moreover,
methylcellulose-based diblock cooligomers and copolymers have been intensively studied.
[4,5,6] End-functionalization of cellulose derivatives has been monitored. It is of crucial
importance to purify the reaction products, diblock copolymers, to know structure-property
relationships of polysaccharide-based diblock copolymers. We found that aqueous solution of
diblock methylcellulose with unmodified cellobiose (DP about 28) exhibits thermo-reversible
gelation property at human body temperature. [5] To enhance the function of methylcellulose-
based diblock copolymers, our research focuses on methylcellulose-block-oligo(amino acid)s.
[7] Slow release of model drugs from hydrogel of methylcellulose-block-oligo(amino acid)s
have been achieved based on the ionic interaction between oligo(amino acid) and model
drugs.

Recently, the importance of biorefinery concept has been increasing to decrease the
impact of CO, emission from human activities. Cellulose must play an important role in the
biorefinery concept. Two-thirds of Japan’s land is covered in forest. From the viewpoint of
cellulose science, | had thought that we have to consider the cost to isolate cellulose from
wood. Currently, hemicellulose and lignin are mainly burnt as black liquor under the Kraft
pulping process. We have succeeded in the preparation of cellulosic diblock copolymer directly
from wood, not via isolated cellulose, together with hemicellulose and lignin derivatives
separately. [8]

[1] Ceresa, R. J., Polymer, 2, 213-219, 1961.

[2] Kamitakahara, H.; Nakatsubo, F., Cellulose, 12 (2), 209-219, 2005.

[3] Kamitakahara, H.; Baba, A.; Yoshinaga, A.; Suhara, R.; Takano, T., Cellulose, 21 (5), 3323-3338,
2014.

[4] Kamitakahara, H.; Nakatsubo, F.; Klemm, D., Cellulose, 13 (4), 375-392, 2006.

[5] Nakagawa, A.; Fenn, D.; Koschella, A.; Heinze, T.; Kamitakahara, H., J. Polym. Sci., Part B: Polym.
Phys., 49 (21), 1539-1546, 2011.

[6] Yamagami, M.; Kamitakahara, H.; Yoshinaga, A.; Takano, T., Carbohydr. Polym., 183, 110-122,
2018.

[7]1 R. Suhara, M. Yamagami, H. Kamitakahara, A. Yoshinaga, Y. Tanaka and T. Takano, Cellulose, 26,
355-382, 2019.

[8] K. Miki, H. Kamitakahara, A. Yoshinaga, Y. Tobimatsu and T. Takano, Green Chemistry, 22, 2909-
2928, 2020.
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SEMI-SYNTHESIS OF GLYCOSAMINOGLYCANS MIMETICS FROM
SUSTAINABLE SOURCES

Esposito F.*2, Traboni S.2, ladonisi A.2, Bedini E.2
@ Department of Chemical Sciences, University of Naples Federico Il, Naples, Italy

* fabiana.esposito3@unina.it

Sulfated glycosaminoglycans (GAGs) are highly complex, anionic, linear polysaccharides
extracted from extracellular matrix of animals cells. Some of them are exploited in already
approved therapeutic treatments, and a significant number of novel drugs are currently under
development.! Nonetheless, naturally occurring GAGs exhibit variable chemical compositions
and biological activities, which could cause unpredictable results during applications (e.g.
heparin crisis in 2007). However, sulfated polysaccharides can also be obtained in a semi-
synthetic way: the introduction of sulfate groups into the backbones of natural unsulfated
polysaccharides allows to endow them with bioactivities similar to sulfated GAGs but without
risks derived from their typical animal sources.? This work is focused on the development of
semi-synthetic strategies for the regioselective maodification of polysaccharides to obtain new
polysaccharide-based products, which can be proposed as substitutes for GAG-based drugs
already existing but obtained from less eco-sustainable sources. The regioselective
derivatizations that are carried out aim at the insertion of negatively charged functionalities
(sulfate or phosphate groups), in order to mimic the structural characteristics of natural GAGs.
The starting materials are polysaccharides extracted from bacterial or algal sources. In
particular, the attention is focused on the development of suitable multi-step sequences all
relying upon protection-derivatization-deprotection sequences.®*

OH OH
o (o]
HO ———» HO $’7,‘ —_— 'z,vz\
o Protection fo) Derivatization & o)
12‘/ OH step '297,/ OH  global deprotection ‘iﬁ?’/
PG: protecting group R: SO5/P0O;*

new semi-synthetic
polysaccharide derivative
with potential biomedical
applications

Figure 1 : General scheme of the employed multi-step semi-synthetic approach

[1] Koéwitsch, A., Zhou, G., Groth, T., Journal of Tissue Engineering and Regenerative
Medicine, 12, 23, 2018.

[2] Arlov, ., Riitsche, D., Korayem, M. A, Oztirk, E., Zenobi-Wong, M., Advanced Functional
Materials, 31, 2010732, 2021.

[3] Vessella, G., Esposito, F., Traboni, S., Di Meo, C., ladonisi, A., Schiraldi, C., Bedini, E.,
Carbohydrate Polymers, 269, 118324, 2021.

[4] Esposito, F., Vessella, G., Sinquin, C., Traboni, S., ladonisi, A., Colliec-Jouault, S.,
Zykwinska, A., Bedini, E., Carbohydrate Polymers, 283, 119054, 2022.
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HETEROGENEOUS ONE-POT SYNTHESIS OF REACTIVE PECTIN
DERIVATIVES: PECTIN HYDRAZIDE AS NOVEL NUCLEOPHILE

Wirfel, H."?, Geitel, K.2, Heinze, T.2

4Center of Excellence of Polysaccharide Research, Institute of Organic Chemistry and
Macromolecular Chemistry Friedrich Schiller University Jena HumboldtstraRe 10, 07743
Jena, Germany

* email: hendryk.wuerfel@uni-jena.de

Pectin, as one of the most abundant polysaccharides, has found little use outside the
food industry so far. This situation may be changed if chemical modifications are carried out.
A major drawback of the biopolymer is its insolubility in almost any organic solvents due to the
polyanionic nature, thus preventing efficient homogeneous chemical modifications except
some reactions in ionic liquids (IL), like 1-butyl-3-methylimidazolium chloride.[1] The high cost
of ILs and the lack of recycling strategies and difficult purification processes make them
unattractive for industrial applications. Reactions in other media lead to partial transformation
of the pectin structure only.[2] Water -as a good solvent for pectins- is not well suited for
chemical reactions concerning the conversion of the hydroxyl- or carboxyl function and leads
to partial degradation and side reactions during transformation. In addition to that, even
heterogeneous conversions of pectin are difficult to proceed.

Hydrogels

Surface modification N e} Metal ion scavenging

HO- -
o OH 1
24,34
Moo M 3 .
=% ©*
e _

Pb?, Zn?*, Ni?*, Cu?", Fe™, AP*

Pectin hydrazide as versatile nucleophile for the formation of hydrogels, emulsions, sugar
conjugates and metal scavenging scaffolds.

In our studies it was found that an efficient reaction is the heterogeneous and
technically feasible reaction of polygalacturonic acid with hydrazine hydrate in 2-propanol
generating the corresponding hydrazide derivatives in high yields with almost quantitative
conversion.[3] The hydrazide derivatives can be allowed to react with carbonyl compounds
forming Schiff-bases, which can be stabilized to the substituted hydrazides by reduction. This
reaction sequence was demonstrated by attaching glucose to the hydrazide moiety in agueous
medium at room temperature.[4] Saccharides play a key role for cell-cell communication and
immune responses. Throughout the hydrazide modification, the pectin derivatives retain their
multivalent metal ion induced gel forming ability, which will allow the generation of sugar
decorated microcapsules for drug delivery systems in the future.

[1]wirfel, H., Kayser, M. & Heinze, T., Carbohydrate Polymers, 207, 791-795, 2019.

[2] Wurfel, H., Kayser, M. & Heinze, T., Macromolecular Chemistry and Physics, 220(9), 1900002, 2019
[3] Wurfel, H., Geitel, K. & Heinze, T., Carbohydrate Polymers, 261, 117838, 2021.

[4] Wiirfel, H., Geitel, K. & Heinze, T., Macromolecular Chemistry and Physics, 223(23),2200241, 2022.
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FUNCTIONAL POLYSACCHARIDE GELS THROUGH SELECTIVE
CROSSLINKING BY CLICK-CHEMISTRY-REACTIONS

Gericke M. *, Skodda L. H., Atmani Z., Heinze T.

Friedrich Schiller University of Jena, Institute of Organic Chemistry and Macromolecular
Chemistry, Germany

* martin.gericke@uni-jena.de

Polysaccharide gels are of great interest for applications in biomedicine, environmental
technologies, and agriculture. Compared to synthetic polymer gels, polysaccharide-based
materials provide inherent advantages with respect to sustainability, biocompatibility, and
biodegradability. Key development challenges are (i) tailoring of the physical, chemical, and
biological gel properties and (ii) the ability to introduce additional functionalities to support
specific performances. Both requires direct control over the gelation process and the molecular
structure of the biopolymers, which is targeted in this work by exploiting “click-chemistry-
approaches”.

Reactive xylan- and cellulose derivatives with “click-chemistry-groups” were
synthesized by a modular approach that uses phenylcarbonates as activated compounds. [1,2]
The compounds were converted quantitatively into reactive carbamate derivatives by
aminolysis with amines carrying the desired “click-chemistry-groups”. [3] The advantage of this
modular approach is that a large variety of different reactive groups could be introduced with
high efficiency (e.g., azide / alkynyl for 1,3-dipolar cycloaddition, furan / maleimide for Diels-
Alder reaction). The degrees of substitution (DS) could be tuned over a broad range from
around 0.5 up to almost complete conversion of all hydroxy groups. Moreover, it is
demonstrated that mixed carbamates with tailored solubility properties were accessible in a
convenient one-pot reaction.

Gels were prepared by selective covalent crosslinking of the reactive polysaccharide
carbamates through “click-chemistry-reactions” in aqueous and organic media. The gelation
kinetics were monitored by rheological experiments and gelation times ranging from several
seconds to several hours were observed depending on concentration, amount of crosslinker,
temperature, and the particular crosslinking reaction. The gel properties were characterized
and correlated with comprehensive information on the molecular structure of the biopolymer-
based materials.

Fields of application that are currently studied for these novel polysaccharide gels are
drug-delivery as well as water storage and release (for pharmaceutical and agricultural
purposes). Moreover, conversion into aerogels by critical-point-drying (with supercritical CO3)
and freeze-drying (with cryo-protectants) is studied.

modular synthesis
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[1] Gericke M., Gabriel L., et al., Carbohydrate Polymers, 193, 45-53, 2018
[2] Gabriel L., Gericke M., Heinze T., Carbohydrate Polymers, 207, 782-790, 2019
[3] Gericke M., Skodda L. H., Heinze T., Carbohydrate Polymers, 300, 120251, 2022
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DESIGN OF LIGNOCELLULOSIC MODEL SYSTEMS AND
BIOINSPIRED MATERIALS BY MITSUNOBU REACTION

Elschner T. *3, Fischer S.2
& Institute of Plant and Wood Chemistry, Technische Universitat Dresden, Germany

* thomas.elschner@tu-dresden.de

The Mitsunobu reaction is used as selective one-step procedure for the synthesis of
hydroxycinnamic acid esters of polysaccharides. Cellulose esters of ferulic-, p-coumaric-, and
caffeic acid are synthesized by applying triphenylphosphine and diisopropyl azodicarboxylate
in N,N-dimethylacetamide/LiCl [1]. Similar conditions in N-methyl-2-pyrrolidone can be used
for the modification of arabinoxylan [2].

With cellulose, the reaction takes place highly selective at primary hydroxyl groups according
to Sn2 mechanism. Moreover, the method is tolerant regarding double bonds and phenolic
hydroxyl groups of hydroxycinnamic acids. Thus, protecting group chemistry is not necessary
and side products can be removed easier compared to the Steglich procedure [3]. Interestingly,
in the case of arabinoxylan, chloride ions of the solvent system lead to the formation of
deoxychloro moieties (Appel product).

The novel synthesis of polysaccharide hydroxycinnamates allows the tailoring of antioxidative
biomaterials, on the one hand. On the other, it makes lignocellulosic model compounds
accessible to achieve progress in biorefining. Investigations on natural plant cell walls are very
difficult due to their complex architecture. Therefore, cell wall polysaccharides can be shaped
into nanometric thin films to perform online monitoring of the lignification process on surfaces
by quartz crystal microbalance with a dissipation monitoring (QCM-D). For example, cellulose
ferulate is trimethylsilylated and spin-coated from ethyl acetate to yield model films by
deprotection of trimethylsilyl groups with HCI vapor. Thus, ferulate anchor groups are obtained
on a smooth cellulose surface to study dehydrogenative polymerization of coniferyl alcohol in
a QCM-D device in the presence of H.02 and adsorbed horseradish peroxidase (Figure 1) [4].

H3C

H3C’S‘
Mitsunobu OCH, I ? ? ’ ? ?
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HRP

195939 D\” 12902

Figure 1 : Growing of artificial lignin on cellulose ferulate thin films [4].

[1] Elschner T., Brendler E. & Fischer S., Macromol. Chem. Phys., 2100232, 2021

[2] Elschner T., Brendler E. & Fischer S., Cellulose, 30, 2111-2121, 2023

[3] Trombino S., Cassano R., Bloise E., Muzzalupo R., Leta S., Puoci F., Picci N., Macromol.
Biosci., 8, 86, 2008

[4] Elschner T., Adam J., Lesny H., Joseph Y. & Fischer S., Biomacromolecules, 23,
2089-2097, 2022
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TOWARDS TAILORED DIALDEHYDE CELLULOSE DERIVATIVES:
ACCESS TO RENEWABLE THERMOPLASTICS

Simon J.*3, Fliri L.P, Zieher J.2, Sapkota J.°, Ristolainen M.¢, Hummel M.P, Rosenau T.2,
Potthast A.2

& Department of Chemistry, Institute of Chemistry of Renewable Resources, University of
Natural Resources and Life Sciences Vienna (BOKU), Austria
® Department of Bioproducts and Biosystems, Aalto University, Finland
° NE Research Center, UPM Pulp Research and Innovations, Finland

* jonas.simon@boku.ac.at

Our modern society works on solutions to replace fossil-based materials with biobased
alternatives. In this regard, dialdehyde cellulose (DAC) — obtained by periodate oxidation of
cellulose — presents a promising alternative to conventional, fossil-based materials for various
applications across different fields, such as material science, sensor technology, medical
applications, and drug delivery. However, unmodified DAC shows no thermoplastic behavior
due to interchain cross-linking of the aldehyde groups in the form of hemiacetals and
hemialdals. Thus, further derivatization of the aldehyde groups is required to plasticize DAC.
Depending on the extent and type of modification, the materials’ glass transition temperature
(Tg) can be tuned. This offers access to biomaterial-derived thermoplastics with high stability,
high molecular weight, and glass transition temperatures in the range of commercially available
thermoplastics (e.g., polyethylene terephthalate or polystyrene).

Here, we present the reduction,! reductive amination?, and oximation of DAC as
routes to thermoplastic cellulose-derived materials. We investigated the influence of the
introduced sidechains on the thermal properties and the course of the reaction. Already low
degrees of substitution can result in thermoplasticity. State-of-the-art analytical techniques
(e.g., solution state cellulose NMR spectroscopy, GPC-MALLS) revealed occurring side
reactions, which often have been disregarded in DAC chemistry.
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Figure 1: Different synthetic strategies (reductive amination, oximation, and reduction) to
modify dialdehyde cellulose (DAC) into thermoplastic materials with tunable glass transition
temperature (Ty).

[1] J. Simon, L. Fliri, F. Frohlich, J. Sapkota, M. Ristolainen, M. Hummel, T. Rosenau, A.
Potthast, ChemSusChem, submitted, 2023.

[2] J.Simon, L. Fliri, J. Sapkota, M. Ristolainen, A. S. Miller, M. Hummel, T. Rosenau, A.
Potthast, Biomacromolecules, 24, 166-177, 2023.
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SUGARFUN?:
CARBOHYDRATE FUNCTIONALISED CARBOHYDRATES

Wrodnigg T.M. *3, Spormann C. ¢, Dorn T. &, Koschella A. ?, Heinze T. ®, Lindhorst T. ¢

& Graz University of technology, Institute of Chemistry and Technology of Biobased Systems,
8010 Graz, Austria Affiliation
® Friedrich Schiller University of Jena, Institute for Organic Chemistry and Macromolecular
Chemistry, 07743 Jena, Germany
¢ Christiana Albertina University of Kiel, Otto Diels Institute of Organic Chemistry, Otto-Hahn-
Platz 3-4, D-24118 Kiel, Germany

* t.wrodnigg@tugraz.at

The use of biopolymers from renewable resources for the fabrication of novel and
sophisticated materials for technological as well as medicinal applications is an important
research field today. As a matter of fact, carbohydrates are amongst the most abundant class
of biomolecules, mostly biodegradable as well as non toxic which makes them highly versatile
raw materials to be used in this respect. Derivatization of polysaccharides is the most important
path to impart further functionalities into the biopolymers and to tailor properties of the
biopolymers.[1] In the field of cellulose chemistry, many derivatives have been developed and
some are even produced in industrial scale.[2]. In order to tailor the properties of biobased
materials and systems, chemical modification of oligo- and polysaccharides to introduce
customised functionalisation is an expedient approach.

We have functionalized cellulose with different monosaccharides by azide-alkyne click
chemistry approach. [3] Depending on the monosaccharide scaffold different properties can
be introduced to the polymeric backbone. For example, if the decorating sugar entity presents
the D-manno configuration, the obtained mannose-modified cellulose derivatives are potential
ligands for manno-spezific lectins such as FimH of 1-fimbriated bacteria. Details on synthetic
approaches and biological evaluation will be presented.

[1] Xiao R., Grinstaff M. W., Progress in Polymer Science, 74, 78 - 116, 2017.

[2] Arca H. C., Mosquera-Giraldo L. I., Bi V., Xu D., Taylor L. S., Edgar K. J.,
Biomacromolecules, 19, 2351 - 2376, 2018.

[3] Koschella A., Chien C-Y., Iwata T., Thonhofer M. S., Wrodnigg T. M., Heinze T., J.
Macromol. Chem. Phys., 221(1), 1900343 (1-8), 2019.
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REVERSIBLE AND SPATIOSELECTIVE SURFACE ESTERIFICATION
FOR THE PRODUCTION OF FUNCTIONAL CELLULOSE
NANOFIBRILS

Beaumont M. *3, Tardy B. ?, Cianciosi A. ¢, Jungst T. ¢, Potthast A. 2, Rojas OJ. 9,
Rosenau T.2

& Institute of Chemistry of Renewable Resources, University of Natural Resources and Life
Sciences, Vienna (BOKU), Austria
b Department of Chemical Engineering, Khalifa University of Science and Technology, United
Arab Emirates
¢ Institute of Functional Materials and Biofabrication, University of Wiirzburg, Germany
4 Bioproducts Institute, The University of British Columbia, Canada
* marco.beaumont@boku.ac.at

To fully realize the potential of nanomaterials derived from biomass, careful attention

must be paid to their native chemical and physical structure. Cellulose nanofibrils, obtained
through a top-down approach from cellulose fibers, have significantly advanced the field of
materials science in the last decade. However, a major obstacle in this field has been the
development of a mild and efficient technique for generating precisely defined and
regioselectively modified nanocelluloses [1].
Here we introduce a methodology to extract elementary C6-OH-succinylated cellulose
nanofibrils (C6SA-CNFs) by treatment of dissolving pulp with N-succinylimidazole, which can
be reverted using mild post-treatments [2]. No polymer degradation, cross-linking, nor changes
in crystallinity occurred under the mild processing conditions, yielding negatively charged
C6SA-CNFs decorated with carboxylate moieties. C6SA-CNFs are strongly shear-thinning and
can be post-modified at the free C2,C3-OHs position to yield multifunctional C6SA-CNFs for
various applications. They can be, e.g., used as inks in direct ink writing, enabling the
preparation of hydrogels with functional and mechanical gradients. Alternatively, the native
C6SA-CNFs can be processed into nanopaper and/or treated in alkali to remove the succinate
groups. The latter offers the important opportunity of reconstitution of the chemical and
structural interfaces associated with the natural states of cellulose microfibrils which for
instance does not exist anymore in the case of irreversibly modified, TEMPO-oxidized
materials.

In conclusion, the regioselective succinylation offers new opportunities for post-
modification, yielding a physically more preserved (multi)functional C6SA-CNF. Moreover, the
reversible nature of the modification allows the mimicry of native cellulose interactions in
arbitrary geometries to increase interfibrillar interactions and improve mechanical properties.
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Figure 1 : Maximum one figure or table [2].

[1] Heise, K.; Koso, T.; King, A. W. T.; Nypel®, T.; Penttila, P.; Tardy, B. L.; Beaumont, M. Spatioselective Surface
Chemistry for the Production of Functional and Chemically Anisotropic Nanocellulose Colloids. J. Mater. Chem. A 2022,
10, 23413-23432.

[2] Beaumont, M.; Tardy, B. L.; Reyes, G.; Koso, T. V.; Schaubmayr, E.; Jusner, P.; King, A. W. T.; Dagastine, R. R.;
Potthast, A.; Rojas, O. J.; Rosenau, T. Assembling Native Elementary Cellulose Nanofibrils via a Reversible 2 and
Regioselective Surface Functionalization. J. Am. Chem. Soc. 2021, 143, 17040-17046.

54

200 ¢_0 00

S2-07



S2-08
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Technology, Austria
P Laboratory for Characterization and Processing of Polymers (LCPP), University of Maribor,
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* rupert.kargl@tugraz.at

Cellulose nanofibrils (NFC) are one of the most promising biobased nanomaterials for a future
bioeconomy. [1] The properties of NFC can significantly be altered by chemical surface
modifications and cross-linking in the gel form. [2] Among many chemical derivatives of
cellulose and other glycans are polysaccharide peptide conjugates, which also allow for
biofunctionalization and cross-linking of these materials. [3] To imitate naturally occurring
cross-linking processes of protein chains, lysine analogue residues were grafted to cellulose
surfaces in the work presented here. These residues were further cross-linked to form covalent
NFC networks, potentially relevant for applications in tissue culture. The conditions for grafting
and cross-linking were studied in detail, including the mechanical properties of the resulting
gels. Surface and charge analytical methods were employed to elucidate the distribution and
density of the lysine analogue residues in the networks. The cross-linking procedure was then
applied to extrusion 3D printed NFC constructs, allowing for a relatively mild and bio-
compatible processing of NFC gels. The NFC networks are meant to imitate fibrous
collagenous tissue.

[1] Li, T.; Chen, C.; Brozena, A. H.; Zhu, J. Y.; Xu, L.; Driemeier, C.; Dai, J.; Rojas, O. J.;
Isogai, A.; Wagberg, L.; Hu, L., Developing fibrillated cellulose as a sustainable technological
material. Nature 2021, 590, (7844), 47-56.

[2] Rol, F.; Belgacem, M. N.; Gandini, A.; Bras, J., Recent advances in surface-modified
cellulose nanofibrils. Progress in Polymer Science 2019, 88, 241-264.

[3] Mohan, T.; Kleinschek, K. S.; Kargl, R., Polysaccharide peptide conjugates: Chemistry,
properties and applications. Carbohydr. Polym. 2022, 280, 118875.
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A very important class of animal-sourced polysaccharides is constituted by sulfated
glycosaminoglycans (GAGs). They are highly negatively charged, linear biomacromolecules,
composed of disaccharide repeating units, that are extensively decorated with sulfate groups.
GAG sulfation is a dynamic, complex post-translational modification process that seems to be
a result of evolution in order to let sulfated GAGs play key roles in many physiological and
pathological processes typical of higher animals. [1]

GAG mimics carrying phosphate rather than sulfate anionic groups have been poorly
investigated, in spite of their interesting perspectives. Indeed, phosphate vs. sulfate differences
in size, polarity, acid-base and chelation properties could lend unreported activities to
phosphorylated GAGs (pGAGs), as indicated by a recent in silico study comparing the
structural flexibility and intra- and intermolecular interaction patterns of native GAGs with their
phosphorylated counterparts. [2] Indeed, this theoretical investigation suggested that pGAGs
could bind proteins generally with a stronger affinity than their sulfated counterparts and the
differences in the binding modes might be highly protein target-dependent. This would propose
pPGAGs as promising, new species to specifically control biochemical processes where the
mediating role of sulfated GAGs is crucial. Nonetheless, the introduction of phosphate groups
on polysaccharide backbones presents several concerns: i) the rather harsh conditions
required by the commonly employed methods, ii) the low degrees of derivatization that are
generally achieved; iii) the very limited number of reports dealing with the regioselective
phosphorylation of polysaccharides. [3] With the aim to fill the lack of an access to pGAGs, in
this communication we present the results of a screening of several standard and recently
proposed phosphorylation methods on an unsulfated chondroitin polysaccharide deriving from
the fed-batch fermentation of Escherichia coli O5:K4:H4 [4] and three partially protected
derivatives thereof.

phosphorylating agents:
. HsPO,, P05
COONa POCl,, PEP-K, 0

o
g\ o o \&/ —>E regioselectively phosphorylated
HO o '14 _— chondroitin polysaccharides
OH NHAc

chondroitin from E. coli O5:K4:H4

Figure 1 : General scheme of the screening study towards phosphorylated GAG mimics

[1] Perez S., Makshakova O., Angulo J., Bedini E., Bisio A., de Paz J.L., Fadda E., Guerrini
M., Hricovini M., Lisacek F., Nieto P.M., Pagel K., Paiardi G., Richter R., Samsonov S.A., Vivés
R.R., Nikitovic D., Ricard-Blum S. J. Am. Chem. Soc. Au, 3, 628—-656, 2023.

[2] Bojarski K.K., Becher J., Riemer T., Lemmnitzer K., Moller S., Schiller J., Schnabelrauch
M., Samsonov, S.A. J. Mol. Struct., 1197, 401-416, 2019.

[3] llly N., Fache M., Ménard R., Caillol S., David G. Polym. Chem., 6, 6257-6291, 2015.
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“Click chemistry” reaction has gained significant attention in recent years due to its
remarkable efficiency, high yield, and specificity. The most commonly used click reaction is the
copper-catalyzed azide-alkyne cycloaddition (CUAAC), which involves the reaction of an azide
and an alkyne in the presence of a copper catalyst. This reaction has found applications in a
wide range of fields, including drug discovery, materials science, and bioconjugation [1].
Chitosan is a naturally abundant biopolymer that exhibits many biomedical properties due to
its biocompatibility, biodegradability, and non-toxic [2, 3]. There have been few studies on the
modification of chitosan to triazoles via click chemistry [4, 5].

The work creates a new class of chitosan derivatives by transforming all C-2 primary
amino groups to aromatic chito-1,2,3-triazoles (Chitotriazolan) [6]. Additionally, common
chitosan derivatives, such as TMC, TAC, HTC, HPC, and CMC, were synthesized with partial
substitution so that the remaining primary amino groups could be transformed to triazole via
CUuAAC reaction. IR and NMR spectroscopy were employed to characterize these derivatives,
and size exclusion chromatography was utilized to determine their molecular weight.
Chitotriazolan products were synthesized using two approaches with and without the
protection of hydroxy groups with TBDMS. A previous study reported that chitosan could not
be converted by more than 40% from amine to triazole through N-azidated chitosan [5].
However, we successfully synthesized water-soluble chitotriazolan derivatives and
chitotriazolan with partially substituted common derivatives. The degree of azidation to 1,2,3-
triazole was confirmed to be over 90% through 1H-NMR. To assess their antibacterial activity,
the derivatives were evaluated against S. aureus, E. faecalis, E. coli, and P. aeruginosa at pH
7.2. The cationic chitotriazolans and mixed chitotriazolans were active against bacteria, except
chitotriazolan derived from CMC, which lacked activity.
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Figure 1. Antibacterial activity of chitotriazolan
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Enantiomers are pairs of chiral molecules with structures that are mirror images of each
other. For their application in many fields, such as the pharmaceutical or food industry, the
production of enantiopure compounds is crucial, as the bioactivities of two enantiomers often
significantly differ. However, due to their almost identical chemical structure and
physicochemical properties, they are difficult to distinguish. Besides asymmetric synthesis, the
direct separation of mixtures of enantiomers is one way to obtain single enantiomers. This can
be conducted, inter alia, using advanced chromatographic techniques, such as HPLC with
chiral stationary phases (CSPs). For the preparation of the latter, cellulose represents an ideal
raw material for the synthesis of homochiral selectors, as it is a natural chiral polymer and
highly abundant. [1]

In our work, we exploit the inherent chirality of cellulose and utilize its derivatives for
enantioseparation. To explore new possibilities for the fabrication of cellulose-based chiral
selectors, one focus is placed on non-conventional cellulose derivatives using a bottom-up
approach. [2] This method, starting from glucose, allows precise and regioselective
modification of hydroxy groups. The chiral selectors are subsequently coated onto porous silica
particles as a chromatographic support material. Additionally, studies towards new methods
for chemical immobilization on the support materials are conducted. All new compounds are
comprehensively analytically characterized, and their enantioseparation power is evaluated
using a set of representative chiral test analytes. This way, structure-property relationships and
molecular interactions leading to enantioseparation can be derived.
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Figure 1: Enantioseparation of racemates on cellulose-based CSPs
[1] Bui, C. V., Rosenau, T. & Hettegger, H., Molecules, 27, 1384, 2022
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Chitosan is a marine polysaccharide obtained from crustaceans such as shrimp, crab, and
lobster shells. Chitosan is an antimicrobial, non-toxic, biodegradable, and biocompatible
polymer. However, it possesses poor aqueous solubility, limiting its applications at
physiological pH [1].

With chemical modification resulting in chitosan derivatives, the biological properties can be
enhanced. N,N,N-Trimethyl chitosan (TMC) has significant antibacterial activity and enhanced
agueous solubility compared to unmadified chitosan [2]. The aim of the current work was to
develop and optimize a one-pot process for the synthesis of TMC with high degree of
trimethylation (D-TM) which would be suitable for economical production.

The optimization was done through the Design of Experiment (DOE) approach, involving
systematic investigation of the effect of different reaction parameters on the degree of
trimethylation (D-TM). In these designs reaction parameters like molar ratios, solvent system,
alkylating agent, reaction steps, base, base addition, temperature, and time were varied
throughout several Fractional Factorial and Full Factorial designs. The D-TM (%) was
estimated using *H NMR spectroscopy. The results were analyzed using MODDE (Sartorius)
software.

With the help of the DOE approach the significant factors of the TMC synthesis were
established (temperature, base addition, reagent). It was found that time is an insignificant
factor for the yield and D-TM (%) responses, which is beneficial for the economic production
of TMC. Most publications on the synthesis of TMC use NaOH or NaHCO3s base, however they
can lead to viscosity issues and gas production. To overcome this, several new potential bases
were tried, and the use of N,N-diisopropylethylamine (DIPEA) was implemented successfully.
The highest obtained D-TM in one step was 72%, which is a significant increase in
trimethylation compared to the initial design as well as the currently available published
methods.
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Cellulose materials have been researched throughout the years, due to their appealing
physicochemical characteristics, availability and low cost. Dicarboxymethyl cellulose (DCMC)
can be produced by the heterogeneous etherification of cellulose with a halogenated malonate
compound. The polymer has a wide working pH range and can perform cation exchange at
low pH (2.5-3.5). [1]

DCMC has been successfully used in the adsorption of methylene blue (MB) from agueous
solutions [2], protein adsorption [3] and white wine protein stabilization [4]. Membrane filtration
is increasingly used in several processes. However, disadvantages such as membrane fouling
often contribute to reduced process performance over time. Therefore, the use of adsorption
coupled with membrane filtration has great potential, since it can prevent direct solute(s)
contact with the membrane. Adsorption of MB with DCMC was coupled with regenerated
cellulose ultrafiltration membranes with excellent performance. Adsorbent and membrane
reusability studies were performed and DCMC polymer presented 93.9% desorption efficiency
with NaCl 1 M solution, whereas none of the membranes desorbed the sequestered dye. This
high desorption efficiency suggests that the polymer may be reused in consecutive cycles,
thus contributing to a more sustainable and economical process.

This approach will be applied also for proteins (cytochrome C and lysozyme) and may be
implemented for white wine stabilization.

J
Wastewater Protein White wine
treatment adsorption stabilization
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Figure 1: Applications of the DCMC polymer

[1] Ferreira, L.; Chagas, R.; Ferreira, R.B.; Coelhoso, |.; Velizarov, S. Compound, method of
production and uses thereof. W02019/197884 A1l.

[2] Gago, D., Chagas, R., Ferreira, L.M., Velizarov, S., Coelhoso, I. Membranes, 10, 2020.
[3] Gago, D., Corvo, M.C.; Chagas, R.; Ferreira, L.M.; Coelhoso, I. Polymers, 14, 5122, 2022.
[4] Gago, D., Chagas, R., Ferreira, L.M., Beverages, 7, 2021.
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Nanocellulose has emerged as a promising material for many applications, including crop
protection.[1] The unique physicochemical properties of nanocellulose (NC), such as high
specific surface area, biocompatibility, and biodegradability, make it an ideal carrier for the
controlled release of agrochemicals. To improve the adsorption of bio-active components onto
NC, chemical modification is often necessary to introduce functional groups onto the NC
surface. The main challenge is in this regard to establish “green” protocols, which are efficient
and versatile.

In the present work, functional NCs decorated with epoxide groups were prepared and
investigated for application in crop protection. Epoxide groups can be selectively and efficiently
post-modified with a myriad of nucleophiles and offer a high versatility, but so far, they have
been mainly introduced using the toxic and potentially cancerogenic chemical, epichlorohydrin.
[2] We chose an alternative and more sustainable procedure using glycidol and investigated it
for the preparation of NCs loaded with bio-active components. The etherification was
performed with a binary ionic liquid mixture of [EMIM][OAc] as solvent, and a sulfonated
imidazolium as catalyst.(Figure 1) This modification was directly compared to the traditional
epoxidation using epichlorohydrin. Both NCs were post-modified with ammonia to introduce
amino groups onto the NC surface, and tested for loading of bio-active phenolic acids. The
modified celluloses were characterized by nuclear magnetic resonance spectroscopy and
infrared spectroscopy, and compared to traditionally functionalized cellulose using
epichlorohydrin. The amount of adsorbed phenolic acids and their release was evaluated and
the loaded NCs were used for formulation of drug delivery systems for crop protection.
Epoxidation of cellulose using glycidol mediated by ionic liquids enabled the introduction of a
higher amine content with higher adsorption capability than the traditional method using
epichlorohydrin, and the functionalized amino-NCs show high promise for the development of
sustainable agrochemical formulations.
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Figure 1: Synthetic pathway for the synthesis of amino-decorated cellulose.
[1] Schiavi D., Ronchetti R., Di Lorenzo V., Salustri M., Petrucci C., Vivani R., Giovagnoli S.,

Camaioni E. & Balestra, G. M., Applied Sciences, 12, 2604, 2022.
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61

200 ¢_0 00

S2-014



DEVELOPMENT OF SYNTHETIC METHODOLOGIES TO OBTAIN
DICARBOXYMETHYL CELLULOSE WITH DIFFERENTIATED
STRUCTURE AND PROPERTIES

Gago D.?, Corvo, M.?, Chagas R.¢, Coelhoso 1.2, Ferreira L. M.*2

*LAQV-REQUIMTE, Departamento de Quimica, NOVA School of Science and Technology,
Universidade NOVA de Lisboa, 2829-516 Caparica, Portugal. "i3N/Cenimat, Materials
Science Department, NOVA School of Science and Technology, Universidade NOVA de
Lisboa, 2829-516 Caparica, Portugal. “Food4Sustainability-Associacdo para a Inovacao no
Alimento Sustentavel, Centro Empresarial de Idanha-a-Nova, Zona Industrial, 6060-182
Idanha-a-Nova, Portugal.

* |pf@fct.unl.pt

Dicarboxymethyl cellulose (DCMC) is a polyelectrolyte cellulose ether synthesized via the
heterogeneous reaction of cellulose with a halogenated malonate compound. Our team
recently developed and explored this compound [1-4], which has a tunable water solubility and
double the number of ionizable groups compared to the well-known polymer
carboxymethylcellulose (CMC) with the same degree of substitution (DS). As a result, DCMC
exhibits a higher charge density over a wide range of pH values.

However, achieving precise control over this etherification reaction is a non-trivial task. The
resulting products may display an unpredictable DS and variable selectivity of the cellulose
hydroxyl groups. To address this issue, we have focused on promoting the dissolution of
cellulose in inert solvents that do not interfere with the etherification reagents.

Here we used solid-state nuclear magnetic resonance (ssNMR) experiments to investigate the
production of DCMC under homogeneous and heterogeneous conditions. Our results show
that these predefined synthetic conditions can yield DCMC with different substituted positions,
varying degrees of substitution, and backbone selectivity. This can result on the tunability of
DCMC properties like that observed for CMC, which also has distinct properties based on its
degree of substitution and backbone selectivity.[5]
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Figure 1 : ssNMR results for DCMC made in different conditions (homogeneous and heterogeneous)
with different electrophiles. BrMA — bromo malonic acid, CIMA — chloro malonic acid.
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Chemical modifications of polysaccharides have been an ever-growing interest of
chemists to adjust the properties of this valuable biomass. Multicomponent reactions constitute
a versatile chemical tool to sustainably (multi)functionalize polymers thanks to their good atom
economy and their achievement in mild and “one-pot” conditions. In particular, in the case of
the Passerini three component reaction (P-3CR), a carbonyl (aldehyde or ketone), an
isocyanide and a carboxylic acid react together to lead to a single final structure. Recently, we
demonstrated the feasibility to modify carboxymethyl cellulose (CMC) by P-3CR [1] in aqueous
medium with various aldehydes and isocyanides, and we extended this reaction to the use of
ketones in order to generate chemical hydrogels showing a thermo-induced and reversible
shrinkage [2]. The present work is a continuation of this topic and focuses on the design of
new thermo-sensitive physical hydrogels based on tailor-made CMC grafted copolymers
obtained by P-3CR. Various isocyanide-terminated Jeffamine segments, differing in their
composition and molar mass, and exhibiting a LCST, were grafted onto CMC backbone,
conjointly with an aliphatic aldehyde molecules, by P-3CR in water medium. In this way, a
series of dually modified CMC copolymers was conveniently synthesized, and their behavior
in aqueous solutions was fully investigated. It appears that physical hydrogels are formed
upon a temperature elevation (Figure 1). The thermosensitive response was characterized at
different scales, by rheology, turbidimetry, DSC and NMR spectroscopy. Additionally, SAXS
experiments allowed to elucidate the internal organization as a function of temperature [3]. The
influence of the copolymer concentration, the presence of salt, as well as the jeffamine
structure, on the temperature-triggered response, was evaluated. It results that the
thermosensitivity is controlled by these parameters, and that the dual chemical grafting
brought by the Passerini reaction leads to a noticeable change of the association temperatures,
in comparison with more common architectures, described in literature [4].
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Figure 1 : Thermo-induced gelation of dually grafted CMC copolymers in water
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Recent studies indicate that coating paper or cardboard with microfibrillated cellulose
(MFC) can enhance their barrier properties. However, the hydrophilic nature and sensitivity to
humidity of native MFC-coated papers hinder their development, limiting their potential
applications in industries such as food packaging [1]. The first step involves chemically
modifying oxidized MFCs using the Passerini three-component reaction (P-3CR, shown in Fig.
1) to confer a partial hydrophobic character on them. The P-3CR combines an aldehyde, a
carboxylic acid, and an isocyanide into an a-acyloxycarboxamide function, making it possible
to dually functionalize MFCs [2]. In the second step, the hydrophobized MFCs are coated onto
paper to provide them with enhanced barrier properties that can withstand humidity and
temperature variations.

To achieve efficient hydrophobic grafting of MFCs, we systematically varied key
parameters of the P-3CR, such as the nature of the oxidation (into carboxylic acid using
TEMPO-mediated or into aldehydes using periodate [3]), the degree of oxidation (DO) of the
starting MFCs, the amount and nature of hydrophobic substituents, and co-solvents. Advanced
spectroscopic techniques, including ATR-FTIR and CP-MAS *C NMR, were used to
characterize the products and quantitatively measure the degree of substitution (DS, Fig. 1).
Results showed highly efficient hydrophobic grafting up to DS=0.33 when using heptanoic acid,
tert-butyl isocyanide, and periodate oxidized MFCs of DO=1.1, while preserving the atom
economy character of P-3CR. Furthermore, using cosolvents enables the grafting of low-
soluble moieties (e.g., undecanoic acid). The hydrophobic MFCs produced were deposed onto
flexible packaging paper sheets using the wet lamination method [4]. The homogeneity of the
coatings was investigated using SEM, and the barrier properties were tested using suitable

methods. Initial results showed good oil barrier properties with only a 5 g/m? coating weight.
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Figure 1: P-3CR scheme (a). **C NMR 8pectra of Passerini-modified periodate oxidized MFCs
showing increasing DS (b). SEM image of non-coated (c) and coated (d) paper.

[1] Nechita P., & Roman M., Coatings, vol. 10, no. 6, pp 566, 2020 [2] Pettignano A.,
Leguy J., Heux L., Jean B., Charlot A., & Fleury E. Green Chemistry, vol. 22, no. 20, pp

7059-7069, 2020 [3] Leguy, J., Nishiyama, Y., Jean, B., & Heux, L. ACS Sustainable
Chemistry & Engineering, vol 7, no.1, pp 412—-420, 2019 [4] WO 2016174348 Al
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Polysaccharides are natural abundant polymers widely used in many fields as texturizer,
gelling, adsorption, filtration agents.... In order to improve their properties and better adapt
them to targeted applications, they are subject to functionalization which may bring more
reactivity or new properties and functions (e.g.: amphiphilicity [1], antioxidant [2], antibacterial
properties [3],...).
In our project, an enzymatic functionalization, green chemistry respectful, is considered to
bring new properties to polysaccharides by the addition of phenolic compounds. The latter is
based on the activity of a family of oxidoreductase enzyme "laccases" able to specifically
oxidize many natural phenolic compounds (e.g., ferulic acid, caffeic acid, catechin...) and
catalyse polysaccharides-phenolic compounds reaction [4]. To well understand this kind of
conjugation, the functionalization of Pullulan, a neutral polysaccharide, by Ferulic acid (an
antioxidant molecule) has been done. The success of this latter was proved by an apparition
of UV-Vis signal and new FTIR bands relative to the chemical incorporation of Ferulic acid into
Pullulan. A maximum grafting amount of 6.8 mg of Ferulic acid per g of product was obtained
thanks to the Folin-Ciocalteu method. The macromolecular parameters determined by
SEC/MALS analysis showed a non-degrading synthesis condition. It also showed an apparition
of intra and intermolecular hydrophobic interactions between the grafted Ferulic acid. This
amphiphilic behaviour was highlighted via fluorescence measurements with pyrene probe by
the apparition of a critical aggregation concentration. The impact of this incorporation on the
rheology of Pullulan was
100 monitored and showed a slowing
down of chains reptation in the
entangled system. Finally, the
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[1] Duval-Terrié C., Huguet J. & Muller G., Colloids and Surfaces, 220, 105, 2003

[2] Dulong V., Kouassi M-C., Labat B., Le Cerf D. & Picton L., Food Chemistry, 262, 21, 2018
[3] Kouassi M-C., Thébault P., Rihouey C., Dé E., Labat B. & Picton L., Biomacromolecules,
18, 3238, 2017.

[4] Aljawish A., Chevalot I., Jasniewski J., Revol-Junelles A-M., Scher J. & Muniglia L., Food
Chemistry, 161, 279, 2014.
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CATALYST-FREE ACETYLATION OF STARCH USING GREEN DEEP
EUTECTIC SOLVENTS AS REACTION PROMOTERS

Portillo-Perez G.A.2, Skov K.B?, Martinez M.M#
& Center for Innovative Food (CiFOOD), Department of Food Science, Aarhus University,
AgroFood Park 48, 9200, Aarhus N, Denmark

gportillo@food.au.dk

Starch is widely regarded as a promising starting macromolecule for bio-based materials due
to its polymeric and green nature, as well as its abundance. Therefore, modification and
functionalization of starch for the improvement of its mechanical and barrier properties as
packaging material has become a focus of research in the past years. Nevertheless, if modified
starch is to be widely adopted as a sustainable alternative, its production process needs to be
sustainable, both environmentally and financially. Herein, a sustainable, catalyst-free
acetylation is presented. Using choline chloride/urea (ChCI:Ur) natural deep eutectic solvent
(DES) as both solvent and reaction promoter, a high degree of substitution (DS) could be
obtained, while maintaining a high average molecular weight (Mn). DS was calculated via *H
NMR and further confirmed by **C solid state NMR. The system proved to be highly efficient,
achieving values of DS=2.2 after only one hour, and reaching a full theoretical DS of 3.2.
However, under certain conditions, reactions between solvent and reagents took place,
resulting in either acetyl urea or starch carbamates. The reaction conditions were analyzed by
response surface methodology and optimized to reduce reaction times while keeping high DS,
obtaining DS=2,87 after only 30 min, and substrate loads of 20 wt%. Thermal properties were
analysis via TGA and DSC. Results showed an increase in thermal stability and glass transition
temperatures, with a degradation temperature of 392 °C (an increase of 62 °C from native
starch). Similarly, glass transition onset temperature increased from 65 °C for starch to 158,9
°C for fully substituted starch. Results for Mn were obtained by HP-SEC-MALS, showing a
reduction in Mn from 1.04x108 Da for starch, to 1,6x10° Da for the most substituted samples.
The high DS and Mn values, as well as the short reaction times proved that ChCl:Ur is an
efficient solvent and reaction promoter to result in high derivatization levels while keeping
starch chain degradation low.
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Figure 1 Response surface plot of the catalyst-free acetylation reaction using a ratio of acetic anhydride to starch of 15.
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MOLECULAR ENGINEERING OF NANOCELLULOSE-POLY(LACTIC
ACID) BIO-NANOCOMPOSITE INTERFACE BY REACTIVE SURFACE
GRAFTING FROM COPOLYMERIZATION

Gaoyuan Yet!, Qiwen Yong?, Ligiu Hu®, Emil Rosqvist?, Wenyang Xu'*, Chunlin Xu*

! Laboratory of Natural Materials Technology, Abo Akademi University, Turku FI-20500,
Finland
2 Laboratory of Molecular Science and Engineering, Abo Akademi University, Turku FI-
20500, Finland
*Presenting author: Wenyang. Xu@abo.fi

Poly (Lactic acid), a prominently biodegradable polymer, yet limited by its weak toughness and
poor crystallinity, the practical application-efficacy has been significantly restricted. In the
present study, the surface modified cellulose nanocrystal (CNC) via copolymerization of
caprolactone and allyl caprolactone (ACL) as a reinforcement, was designed to improve
mechanical performances of PLA. Reactive core-shell nandfiller (allyl polycaprolactone-grafted
CNC, i.e., CNC-g-APCL) of surface molecular engineering facilitated interfacial
compatibilization between PLA and CNC via covalent stitching through a facile in situ reactive
extrusion process. The presence of elastic polycaprolactone (PCL) rendered a good energy
dissipation as revealed by an improved toughness and elongation at break of the PLA/CNC
hybrid composites. Most importantly, the integrated CNC composite presented an extremely
high crystallinity of 45.1%, which is top-ranking among all existed studies regarding PLA/CNC
nanocomposites. In a nutshell, this research presents an enticing approach of formulating
nanocomposites with improving interfacial compatibility among matrix and components,
supplying a generic remedy for mechanical and crystalline weakness of biodegradable
polymers.

«« ACL
CL

Copolymerization

ONC CNC-g-APCL

Reactive extrusion

ELA PLA/APCNC composite

Figure 1. Schematic illustration of interfacial compatibilization of PLA/CNC composite
through CNC surface grafting from copolymerization
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SYNTHESIS AND CHARACTERIZATION OF POLYSACCHARIDE
CARBAZATES

Geitel K.*, Wiirfel H., Heinze T.

Center of Excellence of Polysaccharide Research, Institut of Organic Chemistry and
Macromolekular Chemistry Friedrich Schiller University Jena Humboldstral3e 10, 07743
Jena, Germany

* email: katja.geitel@uni-jena.de

Highly substituted phenyl carbonates of xylan, dextran, and cellulose were converted
with hydrazine hydrate to introduce nucleophilic carbazate groups in the polysaccharide
backbone. The nucleophilic replacement reaction was carried out in aprotic solvents under
various reaction conditions. Different molar ratios of hydrazine hydrate allow the adjustment of
the degree of conversion, which enables the preparation of highly substituted derivatives or
derivatives with bifunctional reactive groups. The subsequent functionalization of the
derivatives is feasible with nucleophilic substituents via the phenyl carbonate group and, in
addition, the linkage of aldehydes or ketones is possible by the carbazate groups. Thus, this
conversion could be successful carried out by the reaction of those carbazate groups with 4-
fluorobenzaldehyd.

OH
| Polysaccharide backbone (PS):
PS !
R”  “OH 0 OH
Polysaccharide - o Ho/&’ - (0]
HoA—~\ o "% H o-.
OH OH ° OH
R: Hor OH !
Xylan Dextran Cellulose
o
orﬂu\o/©
OH 3 h/24 h, OH
I o /@ e N X 25 °C/60 °C I )OL
PS 2Hg " XH3 > PS NH
R/ \O)J\O -phenol R/ ~o N 2
(DMF/DMSO) H
Polysaccharide Polysaccharide carbazate

phenyl carbonate

Scheme: Reaction scheme of the formation of polysaccharide carbazates by conversion of

polysaccharide phenyl carbonates with hydrazine hydrate.
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SULFATED POLYSACCHARIDES SUBSTITUTED WITH BIFORKED
GROUPS: THEIR EFFECT ON PHYSICOCHEMICAL PROPERTIES OF
SUSPENSIONS AND MECHANICAL PROPERTIES OF FILMS

Wojno S.b¢, Sonker A.2¢, Feldhusen J.?, Kadar R.P¢, Westman G.2°¢

"Department of Chemistry and Chemical Engineering, Division of
Chemistry and Biochemistry, Chalmers University of Technology, Sweden

2Department of Industrial and Material Science, Division of Engineering Materials,
Chalmers University of Technology, Sweden

SWallenberg Wood Science Center, Chalmers, Sweden

* jelka@student.chalmers.se

Sulfonated cellulose nanocrystals, CNC, have been researched for many years. Most
of the chemical modification has been on the plenty-fold hydroxyl groups on the surface,
whereas the sulfate groups have been somewhat neglected as a handle for chemical
modification. Herein we present our work on conjugation to the already existing sulfate groups
on carrageenan and sulfonated CNC with Azetidinium salts which gives biforked dialkylamine
substituents (Figure 1a). Different dialkyl amines were used with varying alkyl chain lengths
and functional groups to gain CNC derivatives with different physicochemical properties and
application possibilities. The CNC-suspensions behavior was studied by rheology and passive
drying of suspensions yielded flexible transparent films (Figure 1b and 1c).

The poster/paper will present the synthesis of azetidinium salts, their conjugation to
carrageenan and CNC, and the characterization of suspensions and films formed therefrom.

The synthesis of several azetidinium salts was investigated for the purpose of utilizing
them to modify the surface of. Azetidinium salts are produced in a two-step reaction by reacting
epichlorohydrin with dialkyl amines, producing the ring-open intermediate, Chloro-2-
hydroxypropyl-N,N-dialkylamines. The final product is gained by self-cyclization of the ring-
open intermediate, mediated in a polar solvent at elevated temperatures. FTIR and NMR were
used to gain knowledge on the formation of Chloro-2-hydroxypropyl-N,N-dialkylamines as well
as the ring closed azetidinium salt, monitoring the reaction to unfold the kinetics.
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Figure 1: a) lllustration of conjugated azetidinium salt to sulfate groups. b) Graph illustrating
the changes occurring for the dynamic moduli as different salts with varying chain length are
conjugated to CNC. c) Picture of modified CNC film.
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POSSIBILITIES OF USING STARCH ESTERS IN PACKAGING
APLICATIONS

Romhild K.*2, Krypczyk A.2, Lindemann H.P, 'Hermann P.?, Heinze Th.P

#Thuringian Institute for Textile and Plastics Research Rudolstadt (TITK), Competence
Center Polysaccharide Research, Germany
PInstitute for Organic Chemistry and Macromolecular Chemistry, Competence Center
Polysaccharide Research Friedrich-Schiller-University Jena (FSU), Germany

*roemhild @titk.de

In recent decades, biopolymers have become increasingly important as a replacement for
synthetic plastics due to economic and environmental constraints and societal demand. Starch
as a biopolymer is one of the most frequently occurring renewable raw materials, which can
be chemically modified in a targeted manner and hence its molecular structure, giving it
thermoplastic properties. Due to their historically very long use, they are available in consistent
guality and purity. However, the full potential of these natural products is far from being known
and exhausted. Their molecular and supermolecular structural properties can be widely varied
by means of a targeted chemical modification of the hydroxyl groups and specifically adapted
for a wide variety of applications. Starch fatty acid esters produced in this way are therefore
the perfect, biogenic raw material to be used in food packaging as a thermoplastically
deformable material. After the first successful studies on synthesis on a laboratory scale,!
studies will be presented in the which should ensure a later transfer to the technical scale. In
addition to films, film composites with other materials of biogenic origin and coatings are also
products of interest.

[1] Liebert, T.; Nagel, M. C. V.; Jordan, T.; Heft, A.; Grlnler, B.; Heinze, T. Macromolecular
Rapid Communications, 32 (17), 1312-1318, 2011.
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CELLULOSE MODIFICATION WITH SMALL SUGAR ENTITIES AS
BACTERIAL ANTI-ADHESIVES

Prasch H.%, Dorn T.2, Spormann C.P, Koschella A.¢, Heinze T.¢, Lindhorst T.? Wrodnigg T.M.2
& Institute of Chemistry and Technology of Biobased Systems, Graz University of
Technology, 8010 Graz, Austria
® Otto Diels Institute of Organic Chemistry, Christiana Albertina University of Kiel, D-24118
Kiel, Germany
¢ Institute of Organic Chemistry and Macromolecular Chemistry, Friedrich Schiller University
of Jena, 07743 Jena, Germany

* herwig.prasch@tugraz.at

Polysaccharides, such as cellulose, are amongst the most abundant biopolymers and
because of the non-toxic nature are of great interest for the fabrication of new materials for
medicinal applications. Derivatization of the polysaccharide, introducing bioorthogonal
ligation handles such as alkynes or azides, enables further functionalization using click-
chemistry.[1]

Bacterial infections are a serious threat to human health due to the evolution of multi-
resistant bacterial strains against available antibiotics. Bacterial diseases are often triggered
by the binding of the pathogens to the surface of host cells.[2] In this respect, many bacteria
use carbohydrate specific lectins for adhesion to human cells. Therefore, new therapeutic
approaches interfering with the interaction of the bacteria with human cells are highly in
demand. Many different approaches aiming for the prevention of bacterial adhesion have
been reported, including affecting adhesion biosynthesis, use of anti-adhesion antibodies, or
any type of adhesion analogs.[2-4]

In this respect, functionalization of biopolymers with potent lectin binding inhibitors
can be used for development of polyvalent epitopes for anti-adhesion therapy.

B o OO o O X <]
U R . .
o™ o o on ligation handle

OH OH

Human microvascular endothelial cells
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HO
HO OH

Figure 1: A) E. coli binds to human cells using FimH.[6] B) Synthesis of b-mannoside derivatives for a
covalent linkage to modified cellulose.

As an example, uropathogenic Escherichia coli (UPEC) binds to the cell surface of host cells
by the D-mannoside selective lectin FimH (Figure 1A). In our approach, we have
functionalized cellulose with different D-mannosides to obtain potential polyvalent ligands for
lectin FimH presenting 1-fimbriated bacteria (Figure 1B). Synthetic details and biological
evaluation will be presented.

[1] Koschella A., Wrodnigg T., Heinze T. et al., J. Macromol. Chem. Phys. 221, 1900343, 2019.
[2] Krachler A.M., Orth K., Virulence, 4, 284-294, 2013.

[3] Ofek 1., Hasty D. L., Sharon N., FEMS Immunol Med Microbiol., 38, 181-191, 2003.

[4] Okuda K., Hanada N., Usui Y. et al., Arch Oral Biol., 55, 754-762, 2010.

[5] Moon H.W., Bunn T. O., Vaccine, 11, 213-220, 1993.

[6] Mockl L., Lindhorst T. K. et al., Biochemica et biophysica acta, 1860, 2031, 2016.
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DRYING-INDUCED STRUCTURAL MODIFICATIONS OF
NANOCELLULOSES:
4D STEM AND MOLECULAR DYNAMICS SIMULATION STUDY

Yu Ogawa® "
& Univ. Grenoble Alpes, CNRS, CERMAYV, 38000 Grenoble, France

* yu.ogawa@cermav.cnrs.fr

Fine morphological details of nanocelluloses, such as fibrillar twists and defects, have
recently attracted attention for their potential consequences in the material properties. These
nanoscale structural features are characterized primarily using transmission electron
microscopy (TEM) and atomic force microscopy (AFM) in dry conditions where nanocelluloses
are dried from aqueous suspensions on a supporting substrate. While the surface tension of
water is immense at the nanoscale and thus is expected to affect the nanocellulose structure,
the actual effects of drying on the nanoscale morphology of cellulose remain largely elusive.

In this contribution, | present our recent efforts in analyzing the drying-induced
structural changes of nanocelluloses at the single crystal level based on both experimental and
theoretical approaches. The combination of nanobeam electron diffraction and cryoTEM
revealed that the twisted morphology of CNCs is susceptible to the drying process during the
sample preparation. The drying on carbon film alters the native continuous twists of CNCs into
discontinuous sharp twists and extended flat regions [1]. The morphology of kink defects of
CNCs is also affected by the drying. Low-angle kinks are partly straightened upon drying on a
flat substrate, resulting in the underestimation of the kink population in the standard dry
observation conditions [2]. Such a susceptibility of cellulose crystals to the drying stress
presumably originates from the lateral flexibility of cellulose crystals, as we recently
demonstrated using atomistic molecular dynamics simulations. [3]

These observations highlight the importance of the drying effects in the nanoscale
structure and morphology of cellulose nanoparticles. A better understanding of such structural
modifications will facilitate our efforts to precisely correlate the structure, morphology, and
material properties of nanocelluloses.

References

[1] Ogawa, Y. (2019) Nanoscale, 11 (45), 21767-21774.

[2] Lim, J.H. et al., (2023) J. Phys. Chem. Lett., 14 (16), 3961-3969.
[3] Ogawa, Y. et al., (2020) Cellulose, 27 (17), 9779-9786.
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STRUCTURE AND RHEOLOGY OF STIMULI-RESPONSIVE
NANOCELLULOSE INTERFACIAL LAYERS

Fischer P.*2
a |Institute of Food, Nutrition and Health, ETH Zurich, 8092 Zurich, Switzerland

* peter.fischer@hest.ethz.ch

The use of particles such as nanocelluloses, i.e. cellulose nanocrystals (CNC) and nanofibrils
(CNF) received increasing attention for the Pickering stabilization of fluid interfaces [1]. The
adsorption of nanocellulose and nanocellulose-protein composites at oil-water or air-water
interfaces facilitates the formation of stable and biocompatible emulsions and foams but
depends heavily on the particles’ surface properties. In this contribution, we review the
structure of differently designed adsorption layers by neutron reflectivity and interfacial
rheology measurements as a function of physico-chemical boundaries conditions (pH, salts,
enzymes) [2, 3], surface properties of the cellulose crystals (natural, methylation, esterification)
[4, 5], and protein or polysaccharide addition [6]. Native unmodified CNC (hydrophilic,
negatively charged, and anisotropic nanoparticles) showed negligible viscoelasticity that could
be increased by charge screening due to a shift from repulsive to attractive CNC interactions.
Methylated CNCs formed dense monolayers with higher dynamic moduli compared to native
CNCs and could be thermo-gelled into multilayers. The esterified CNCs formed aggregated
clusters at the interface, resulting in a Maxwellian frequency behavior with distinctive relaxation
times, a rarely observed phenomenon for interfacial layers. Scattering length density profiles
obtained from neutron reflectivity measurements are used to elucidate the thickness and
roughness of the adsorption layer, and in case of nanocellulose-protein composites, their
spatial composition. Supported by in vivo digestion experiments in humans we rationalize the
design principles of nanocellulose-stabilized emulsions and foams for food and drug delivery
vehicles [7-9].

[1] Bertsch P, Fischer P: Advances in Colloid and Interface Science 276 (2020) 102089

[2] Bertsch P, Fischer P: Langmuir 35 (2019) 7937.

[3] Scheuble N, Geue T, Windhab EJ, Fischer P: Biomacromolecules 15 (2014) 3139.

[4] Bertsch P, Diener M, Adamcik J, Scheuble N, Geue T, Mezzenga R, Fischer P: Langmuir 34 (2018)
15195.

[5] van den Berg MEH, Kuster S, Windhab EJ, Adamcik J, Mezzenga, R, Geue T, Sagis LMC, Fischer
P: Langmuir 34 (2018) 10932.

[6] Scheuble N, Lussi M, Geue T, Carriere F, Fischer P: Biomacromolecules 17 (2016) 3328.

[7] Bertsch P, Bergfreund J, Windhab EJ, Fischer P: Acta Biomaterialia 130 (2021) 32

[8] Scheuble N, Schaffner J, Schumacher M, Windhab EJ, Liu D, Parker HL, Steingoetter A, Fischer P:
ACS Applied Materials and Interfaces 10 (2018) 17571.

[9] Bertsch P, Steingoetter A, Arnold M, Scheuble N, Bergfreund J, Fedele S, Liu D, Parker HL,
Langhans W, Rehfeld JF, Fischer P: Food & Function 13 (2022) 9010.
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PROBING CELLULOSE-SOLVENT INTERACTIONS WITH SELF-
DIFFUSION NMR: ONIUM HYDROXIDE CONCENTRATION AND CO-
SOLVENT EFFECTS

Medronho B.*2? Pereira A.2, Duarte H.2, Gentile L.¢, Rosa da Costa A.M.¢, Romano A.2,
Olsson U.%®

& MED-Mediterranean Institute for Agriculture, Environment and Development, Universidade
do Algarve, Faculdade de Ciéncias e Tecnologia, Campus de Gambelas, Ed. 8, 8005-139
Faro, Portugal
P FSCN Research Center, Surface and Colloid Engineering, Mid Sweden University, SE-851
70 Sundsvall, Sweden
¢ Dipartimento di Chimica, Universita di Bari “Aldo Moro” & CSGI (Consorzio per lo Sviluppo
dei Sistemi a Grande Interfase), Via Orabona 4, Bari I-70126, Italy
4 Algarve Chemistry Research Centre (CIQA), Faculdade de Ciéncias e Tecnologia,
Universidade do Algarve, 8005-139 Faro, Portugal
¢ Physical Chemistry, Chemistry Department and Biochemistry and Structural Biology,
Chemistry Department, Lund University, P.O. Box 124, SE-22100 Lund, Sweden
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Cellulose has a peculiar hierarchical organization and complex network of interactions which
makes its processing into novel advanced materials (e.g., fibres, films, or foams) a non-
straightforward task. As cellulose cannot be melted without chemical derivatization, it often
requires initial solubilization. The list of suitable solvents is rather restricted and the key
mechanisms governing such process are still debatable. Among other factors, a good solvent
for cellulose involves high diffusivity, aggressiveness in decrystallization, and capability of
disassociating the cellulose chains. Over the years, several classes of efficient cellulose
solvents from wildly different chemical families have been developed. A successful example
relies on using strong hydroxides composed of bulky organic ions, such as
tetrabutylammonium hydroxide (TBAH). TBAH belongs to a family of aqueous solvents based
on alkylammonium hydroxide (also referred to as onium hydroxides) which display notable
capacity of solubilizing large cellulose concentrations in reasonably mild conditions. In this
work, the molecular self-diffusion coefficients were accessed in solutions
of microcrystalline cellulose, dissolved in 30 wt% and 55 wt% TBAH (aq), and in mixtures of
40 wt% TBAH (aq) with an organic co-solvent, dimethylsulfoxide (DMSQ), through pulsed field
gradient stimulated echo NMR measurements [1]. A two-state model was successfully applied
to estimate a (i.e., average number of ions that “bind” to each anhydroglucose unit) and
Pb (i.e., fraction of “bound” molecules of DMSO, TBAH or H20 to cellulose) parameters. The
a values suggest that TBA* ions can bind to cellulose within 0.5 TBA* to 2.3 TBA*/AGU. On
the other hand, the Pb parameter increases when raising cellulose concentration for TBA",
DMSO and water in all solvent systems. Data suggests that TBAH interacts with the ionized
OH groups from cellulose forming a sheath of bulky TBA+ counterions which consequently
leads to steric hindrance between cellulose chains.

[1] Medronho, B.; Pereira, A.; Duarte, H.; Gentile, L.; Costa, AMRD; Romano, A. & Olsson,
U. Probing cellulose-solvent interactions with self-diffusion NMR: Onium hydroxide
concentration and co-solvent effects. Carbohydr. Polym. 2023, 303, 120440

Acknowledgments: This work was supported by funding from the Portuguese Foundation for
Science and Technology (FCT) through the projects UIDB/05183/ 2020, PTDC/ASP-
SIL/30619/2017 and the researcher grant CEECIND/ 01014/2018.
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DETERMINATION OF THE MOLECULAR INTERACTIONS BETWEEN
POLYSACCHARIDES IN AQUEOUS MEDIA BY FLUORESCENCE
SPECTROSCOPY

Hucher N., Cordinier A., Grisel M.*
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* Michel.grisel@univ-lehavre.fr

Nowadays, due to their natural origin, reasonable price and abundance, a variety of
polysaccharides are widely used in many industries such as the food or cosmetics for their
gelling or thickening properties. Among all the polysaccharides available, it is established that
some may interact together thus inducing large increasing of viscosity 2%/, new properties
such as gel forming.

Xanthan and galactomannan gum mixtures are well-known to behave this way [1,2]. For years
researchers mainly [1,3,4] based their studies on macroscopic analysis techniques to
investigate the association mechanism; however, no-one has yet proposed a universal model
of interactions due to controversy on the mechanisms proposed. This may be explained by the
diversity of chemical structures of the xanthan and galactomannan macromolecules. To solve
this problem, we started to investigate fully characterized polysaccharides [5] at the molecular
level, by using molecular probes, and mainly fluorescence ones in order to 1) identify the
different intermolecular interactions being implied in the synergy between both
polysaccharides and 2) quantify each interactions energy in order to rank them.
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Figure 1 : Molecular / Macroscopic evidencing of Xanthan/LBG interactions

Fluorescent measurements were conducted in parallel with other techniques such as NMR
spectroscopy and rheology to link together the properties at both the molecular and the
macroscopic scales. Such an approach aims to propose a universal tool to understand the
behaviour of polymers alone or when mixed with other molecules in aqueous solution.

[1] Dea, I. C. M. et al., Carbohydr. Res. 1977, 57, 249-272.

[2] Higiro, J. et al., Food Res. Int. 2006, 39 (2), 165-175.

[3] Tako, M. et al., Agric. Biol. Chem. 1984, 48 (12), 2995-3000.

[4] Cheetham, N. W. H. et al., Carbohydr. Polym. 1988, 9 (3), 195-212.
[5] Grisel, M. et al., Food Hydrocoll. 2015, 51, 449-458.
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ELECTROSPINNING OF CELLULOSE NANOCRYSTALS
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Electrospinning cellulose nanoparticles in cellulose acetate solutions using
Acetone/Acetic acid as solvents offers a promising approach for producing high-performance
cellulose fibers that can reinforce composites with exceptional mechanical properties.
However, electrospinning cellulose alone is a challenging process. Therefore, cellulose
acetate fibers are electrospun first, then deacetylated and regenerated back to cellulose. The
alignment of cellulose nanocrystals along the electrospun fibers is crucial in providing the
desired mechanical properties to the composite material. In this study, we use KOH to
regenerate cellulose fibers (Fig 1(R)) and further utilize molecular dynamics simulations to
investigate the effects of various factors such as the cellulose acetate polymeric chains, filler
type (i.e., cellulose nanocrystals or nanofibrils), and the overall composition on the
electrospinning process and filler alignment.

Our results suggest that the cellulose acetate polymeric chains align well on the surface
of the fillers and form connections between them, leading to the alignment of the filler particles
along the electrospun fibers. Furthermore, we observed that the alignment of the cellulose
acetate polymers themselves is also affected by the concentration of the constituents and the
type of filler. However, we also found that the use of Acetone/Acetic acid significantly
decreased the dynamics of the system compared to water solutions. The movement of the
fillers in Acetone/Acetic acid solutions was comparably slower than in water solutions. Despite
the higher dynamics of water, it cannot be used to electrospin cellulose in practice. Our ongoing
simulations and experiments aim to further elucidate the underlying mechanisms governing
the electrospinning process and the effects of different solvent systems on the filler alignment
and mechanical properties of the composite material.

In addition, our upcoming research will focus on exploring the in-situ regeneration of
cellulose from cellulose acetate solutions, in contrast to the current multi-step deacetylation
process. This step is crucial and innovative in the electrospinning process suggested by our
study, for obtaining fibres with exceptional mechanical performance. Regeneration affects the
properties of the electrospun fibers, such as their porosity and mechanical strength, and
understanding the underlying mechanisms can aid in the design of high-performance
sustainable composite materials.
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Figure 1: (L) A snapshot of the cellulose nanofibrils in a solution of cellulose acetate, aligned
by the electric field. (R) FT-IR Spectra peaks confirming regenerated cellulose.
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MANUFACTURE OF SUPERHYDROPHILIC CELLULOSE FILMS

Orelma H.*3, Lohtander-Piispa T.2, Kontturi K.S.2, Makela T.P, Kunnari V.2, Torvinen
K., Harlin A.2

& VTT Technical Research Centre of Finland, Biomaterial processing and products, Finland
® VTT Technical Research Centre of Finland, Sensing solutions, Finland

* hannes.orelma@vtt.fi

Superhydrophilic surfaces (WCA = 0°) are a relatively new group of materials that has
many applications such as self-cleaning surfaces, anti-fogging surfaces, water purification and
evaporation films, packaging film, and microfluidic substrates. The surface chemistry of such
films is opposite to superhydrophobic surfaces which have been widely studied with many
substrate materials for applications mimicking nature. Water wets superhydrophilic surfaces
evenly, enabling preparation of self-cleaning surfaces. On such surface, water can penetrate
between dirt and the surface, releasing the adhered dirt particles. The prevention of formation
of water droplets on the surface prevents fogging of transparent films. Cellulose materials are
naturally hydrophilic due to abundant surface hydroxyl groups of cellulose. Moreover, typically
cellulose materials contain hemicellulose fractions that are hydrophilic. When cellulose
material is cast into a form of a film, the hydrophilic characteristics of the material are replicated
to the prepared film. Pure cellulose does not fill the criteria of superhydrophilic surfaces, having
WCA about 40°. Thus, post-treatment of the material is required to improve the surface
hydrophilicity. In this work, we have investigated methods for preparation of superhydrophilic
cellulose films. The properties of the prepared superhydrophilic cellulose films were
investigated with a water contact angle goniometer (WCA), a dynamic vapor sorption device
(DVS), and imaging techniques. The application potential of the films was demonstrated in
relevant applications.

0°<6<10° 10°<6<90° 90°<0<150° 9>150°

o
A

Superhydrophilic Hydrophilic Hydrophobic Superhydrophobic

Figure 1 : Schematic of superhydrophilic, hydrophilic, hydrophobic, and superhydrophobic
wetting states
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CELLULOSE THIN FILM INTERACTIONS WITH IONIC LIQUIDS
Pachernegg L.*8, Waldner C.2, Spirk S.2

2 Institute of Bioproducts and Paper Technology, Graz University of Technology, Austria

*lpachernegg@tugraz.at

lonic liquids possess unique physical and chemical properties which make them attractive for
a range of applications, including gas separation membranes and separators for
electrochemical devices.™ lonic liquids often lack the mechanical properties required for these
applications and need to be combined with supporting materials, such as polysaccharides.!?
However, the interfacial interaction between many commercially available ionic liquids and
polysaccharides is a crucial parameter for designing effective membrane systems, but remains
poorly understood. Here we demonstrate the interaction of 20 commercially available ionic
liquids with cellulose thin films and the influence of physiochemical parameters, such as
surface tension and viscosity of the liquids. We employ various models, including the MKT-
model, force-driven approaches, and a power law, to predict drop spreading on thin films.B*l
To validate the different models, these results are compared to experimental data. Our results
demonstrate that the cation plays a significant role in the interfacial interaction, whereas the
influence of the anion size is relatively small (Figure 1). Our approach provides a powerful tool
for designing ionic liquids tailored to specific interactions with polysaccharides and help to
better understand the underlying mechanisms.
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Figure 1: Drop evolvement of six ionic liquids on a cellulose thin film.

[1]Wang J., Luo J., Feng S., LiH., Wan Y. & Zhang X., Green Energy Environ., 1, 43-61, 2016
[2] Noble, R. D. & Gin D. L., J. Membr. Sci., 1-2, 1-4 ,2011

[3] Pereira M. M., Kurnia K. A., Sousa, F. L., Silva N. J. O., Lopes-Da-Silva J. A., Coutinho J.
A. P. & Freire M. G., Phys. Chem. Chem. Phys., 47, 31653-31661, 2015

[4] Harth M., Schubert D. W., Macromol Chem Phys, 6, 654-665, 2012

[5] Li H., Sedev R. & Ralston J., Phys. Chem. Chem. Phys., 9, 3952-3959, 2011
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DIALCOHOL XYLAN THIN FILMS AND THEIR SWELLING

PROPERTIES
Palasingh C. *2, Kargl R. P, Stana Kleinschek K. ?9, Schaubeder J. ¢, Spirk S. ¢, Strom A. &,
Nypeld T. af
@ Department of Chemistry and Chemical Engineering, Chalmers University of Technology,
® Institute of Chemistry and Technology of BZJVEZ(ZEB Systems, Graz University of Technology,
ustria

¢ Laboratory for Characterization and Processing of Polymers, University of Maribor, Slovenia
4 University of Maribor, Institute of Automation, Faculty of Electrical Engineering and
Computer Science, Slovenia
¢ Institute of Bioproducts and Paper Technology, Graz University of Technology, Austria
"Wallenberg Wood Science Center, Chalmers University of Technology, Sweden

* chonnipa.palasingh@aalto.fi

Many xylans liberated from wood are only partially soluble in water despite being
hydrophilic polysaccharides. However, polysaccharides are often processed into films from
water solutions fabricating excellent network structures, and this manufacturing step is
involved in a facile way of engineering nature-based components into materials. The aim was
to facilitate solution-based processing opportunity for sparsely water-soluble wood xylans.
Influence of the degree of oxidation (DO) on xylan solubilization and consequent film formation
and film stability toward humidity was investigated. The modification involved periodate
oxidation and borohydride reduction to generate dialcohol xylans. The highest DO (77 %)
within a series exhibited the smallest hydrodynamic diameter (Dn) of 60 nm in dimethylsulfoxide
(DMSO), while others with a lower DO (42% and 63 %) did not reveal significant change in Dy
comparing to unmodified xylan. A continuous film was only obtained from solution of highest
DO and this film demonstrated a significant moisture uptake that depended on the film mass
and was not observed with the other modified grades or unmodified xylan.

Degree of Oxidation

:~‘;*.“’l
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TUNABLE EMULSIONS BASED ON CELLULOSE NANOCRYSTALS
MODIFYED BY ACYL CHAINS AND CELLULOSE DERIVATIVES

Isabelle Capron*2, Francesco D’Acierno 2, William Dudefoi 2, Benjamin Dhuiége °, and Gilles
SeébeP

2 INRAE, UR BIA, Nantes, France
b Univ. Bordeaux, CNRS, Bordeaux INP, LCPO, Pessac, France

* isabelle.capron@inrae.fr

The development of new functional sustainable materials is needed. Cellulose
nanocrystals (CNCs) are good candidates to raise materials’ sustainability. However, CNCs
are hydrophilic and show colloidal stability only in aqueous suspension. To extend their use to
various applications, their surface chemistry needs to be modulated.

We studied two ways of modification: i) grafting covalently (acylation with model
functional vinyl esters) linear acyl chains of 2 to 6 carbons with varying in degree of substitution
to reach different hydrophilic/hydrophobic balance at their surface [1], and ii) by physical
adsorption of two alkyl cellulose derivatives, namely methyl cellulose (MC) and ethyl cellulose
(EC), maintaining unaltered their sustainable nature [2]. such CNC modifications are discussed
in terms of preparation facility, modulable wetting and emulsification properties.

Mixed emulsion Inverse emulsion

250 um \-@" § "

DS=0.13 DS=0.24

Figure 1 : Image of a typical direct O/W emulsion, intermediate and inverse W/O emulsion
varying the acylation surface degree of substitution

[1] Dudefoi, W., Dhuiege, B., Capron, I., & Sebe, G. (2022). Controlled hydrophobic
modification of cellulose nanocrystals for tunable Pickering emulsions. Carbohydrate
Polymer Technologies and Applications, 3(April).
https://doi.org/10.1016/j.carpta.2022.100210.

[2] Francesco D’Acierno and Isabelle Capron (submitted)
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DOES XYLAN HAVE A POSITIVE EFFECT IN THREE-

DIMENSIONAL?
Biegler V. *3, Schaubeder J.?, Orzan E.¢, Spirk SP., Nypelo T9., Bismarck A.2

4Institute for Materials Chemistry and Research, University of Vienna, Wahringer StralRe 42,
1090 Vienna, Austria
® |nstitute of Bioproducts and Paper Technology, Graz University of Technology, Inffeldgasse
23, 8010 Graz, Austria
¢ Department of Chemistry and Chemical Engineering, Chalmers University of Technology,
Kemivagen 10, 412 96 Gothenburg, Sweden
dDepartment of Bioproducts and Biosystems, Aalto University, Vuorimiehentie 1, FI-00076
Aalto, Finland

*veronika.biegler@univie.ac.at

Cellulose Pulp Fibres mainly comprise cellulose microfibrils and hemicellulose. The most
frequent ones are xylans, which interact with cellulose microfibrils the pectin matrix in primary
cell wall and provide strength to the plant fibre walls. Depending on the origin the structure of
xylans differ. Xylan from biomass of woody tissues are a linear B-(1,4)-D-xylopyranan
backbone substituted with a number of different side chains/groups. In the preparation of two-
dimensional fibre networks, the role of xylan has been investigated; xylan provides surface
charge, which influences fibre-fibre interaction positively affecting the network strength.

We will discuss the effect of xylan on cellulose surfaces on the frothability of aqueous pulp
suspensions and its influence on structural properties of cellulose pulp fibre foams. Foams with
enzymatically degraded bleached softwood kraft pulp as well as with additionally adsorbed
beechwood xylan were prepared. The change of foaming behaviour and foam formation was
evaluated and the morphology and surface properties were tested by SEM, iGC and Zeta
potential. Additionally, the interaction of the foam with water molecules of and its influence on
the surface within the fibre network was investigated. An additional focus is placed on the
mechanical foam properties to derive the structure-property relationship from the xylan content
on cellulose fibres.
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COMBINING ORDERED CELLULOSE NANOCRYSTALS AND
MOBILE SILK PROTEINS: REVEALING PARAMETERS FOR
BIOPOLYMER INTERACTIONS

Leppanen 1.*3, Arola S.2, King A.W.T.2, Unger M.P, Stadler H.?, Nissen G.S.¢, Zborowski C.9,
Virtanen T.2, Salmela J.¢, Setéla H.¢, Lésage S.¢, Monika Osterberg M. 9, Tammelin T.2,

& Biomaterial processing and products, VTT Technical Research Centre of Finland Ltd.,
Finland
b Bruker Nano Surfaces Division, Germany
¢ Oxford Biomaterials Ltd., United Kingdom
4 Department of Bioproducts and Biosystems, Aalto University, Finland
¢ Spinnova PLC, Finland

* ilona.leppanen@uvtt.fi

Natural materials, such as silk and cellulose, have intriguing properties, which can be exploited
in novel material engineering. Here, we have combined cellulose nanocrystals (CNCs) and
regenerated silk fibroin (RSF), to tentatively demonstrate their suitability for filament formation.
CNCs are expected to bring order along with reinforcing ability, whereas RSF provides soft
and more mobile regions to further facilitate the alignment of the final filament structure. We
use CNCs with varying surface functionalities (sulfate and/or aminosilane groups) and
emphasize detailed characterization thereof. By maodification, we can i) modify the surface
charge of the CNCs by controlling the degree of surface substitution and ii) use it as a platform
for further grafting, i.e. covalent ‘amine-amine’ crosslinking between CNCs and RSF. We
investigate the interactions and compatibility of the different CNCs and RSF to reveal the
interactions most suitable for filament formation by using quartz crystal microbalance with
dissipation monitoring (QCM-D) and photothermal atomic force microscopy (AFM-IR). We
show that ionic interactions induce sufficient binding between the two components and no
covalent crosslinking is needed. Further, to visualize the alignment of the materials under shear
and to determine their suitability for spinning, we utilize shear-induced polarized light imaging
(SIPLI). These results support the QCM-D studies and show that silk can orientate with the
CNCs when not covalently bound. Moreover, the CNCs with the higher negative charge
showed the best alignment, in flow, with RSF. Finally, preliminary spinning experiments were
conducted for mixtures of CNCs and RSF, using dry-spinning, which takes inspiration from the
way natural fibers are produced.
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TUNING THE PROPERTIES AND THE WATER INTERACTIONS OF
CELLULOSE NANOFIBRIL HYDROGELS USING WILLOW BARK

EXTRACT
Huynh N. ", Valle-Delgado J. J. 2P, Fang W. 2, Arola S. 2¢, Osterberg M. &b

& FinnCERES Materials Bioeconomy Cluster, Finland
® Department of Bioproducts and Biosystems, School of Chemical Engineering, Aalto
University, Finland
¢ VTT Technical Research Center of Finland Ltd

* Email: ngoc.huynh@aalto.fi

Cellulose nanofibrils (CNF) are increasingly used in several composite forms such as
foams and films from hydrogel precursors where dewatering or drying is especially challenging
in practice due to CNF’s high affinity to water [1]. Therefore, it is desirable to control their water
interactions without compromising the mechanical properties. At the same time, there is a clear
interest in green approaches to provide CNF-based materials with additional functionalities
through surface modification of nanofibrils using natural compounds. In this study, we tackled
these goals by incorporating extracts from willow bark waste stream as a plant-based modifier
for CNF hydrogels. Willow bark extract (WBE) obtained by hot-water extraction contained
several bioactive phenolic compounds (in line with previous studies [2]) together with
potassium salt and traces of magnesium salt, as confirmed by high-performance liquid
chromatography (HPLC) and X-ray photoelectron spectroscopy (XPS).

We employed quartz crystal microbalance with dissipation monitoring (QCM-D) as well
as bulk characterization methods (rheological and swelling tests) to study the interactions
between WBE, CNF and water in CNF hydrogels. Both TEMPO-oxidized and mechanically
fibrillated CNF were used to highlight the effect of surface charge and surface area on the
WBE uptake. QCM-D experiments revealed a strong affinity of WBE phenolic compounds for
CNF. The addition of WBE increased the storage modulus and reduced the swelling ratio of
CNF hydrogels in water considerably, without affecting the intrinsic shear thinning behavior of
pure CNF hydrogels. The effect of WBE phenolic compounds and salts on the rheological and
swelling behavior of CNF hydrogels will be discussed. In summary, WBE has high potential to
control water interactions and dewatering in large scale processing of CNF, and it also offers
the possibility to add useful functionalities to CNF materials like antioxidant and UV-shielding
properties [3].

[1] Fall, A., Henriksson, M., Karppinen, A., Opstad, A., Heggset, E. B., & Syverud, K. (2022).
Cellulose, 29(14), 7649-7662.

[2] Dou, J., Xu, W., Koivisto, J. J., Mobley, J. K., Padmakshan, D., Kdgler, M., Xu, C., Willfor,
S., Ralph, J., & Vuorinen, T. (2018). ACS Sustainable Chemistry and Engineering, 6(4),
5566-5573.

[3] Lohtander, T., Grande, R., (")sterberg, M., Laaksonen, P., & Arola, S. (2021). Frontiers in
Chemical Engineering, 3(August), 1-13.
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MODELING LIQUID PENETRATION INTO CELLULOSE FIBER
NETWORKS BASED ON SUBSTRATE AND LIQUID SURFACE
ENERGIES

Carina Waldner2®, Ulrich Hirn20*

& Graz University of Technology, Inffeldgasse 23, 8010 Graz, Austria
® CD Laboratory for Fiber Swelling, Inffeldgasse 23, 8010 Graz, Austria

* ulrich.hirn@tugraz.at

The widely used Lucas-Washburn (LW) equation depends on the contact angle
between liquid and substrate as the driving force for liquid penetration. However, the contact
angle depends on both, the liquid and the substrate. It would be desirable to predict the
penetration into porous materials, without the requirement to measure the solid-liquid
interaction. Here, we propose a novel modeling approach for liquid penetration from mutually
independent substrate- and liquid properties. For this purpose, the contact angle in the LW-
equation is replaced by polar and dispersive surface energies, utilizing the theories of Owens-
Wendt-Rabel-Kaelble (OWRK), Wu, or van Oss, Good, Chaudhury (vVOGC).

The proposed modelling approach is validated exhaustively by measuring penetration
speed for 96 substrate-liquid pairings and comparing the results to model predictions based
on literature- and measured data. Liquid absorption is predicted very well (R2= 0.8-0.9) with all
three approaches, spanning a wide range of penetration speed, substrate- and liquid surface
energy, viscosity, and pore size. The models for liquid penetration without measurement of
solid-liquid interaction (contact angle) performed well. Modeling calculations are entirely relying
on physical data of the solid and the liquid phase (surface energies, viscosity and pore size),
which can be measured or retrieved from databases.
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Figure 1 :(a) Overview of measurement methods used. Liquid penetration speed measured
with ultrasound and drop absorption is predicted from substrate surface energy and
pore size, as well as liquid viscosity and surface tension components. (b) Overview of
modelling approaches used. OWRK, Wu and vOGC theory are used to replace the contact
angle in the Lucas-Washburn equation with substrate surface energies and liquid surface
tensions.
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MOLECULAR SWELLING FROM ESTERIFICATION OF
MICROFIBRILLATED CELLULOSE OR PVA FILMS

Francois Brua, Sonia Boisseau 2, Karim Mazeau a, Claire Monotb, Eline Bartolamib, Philippe
Martinezb, Laurent Heux* @
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Microfibrillated cellulose films exhibit very good oxygen and oil barrier properties, while
being very sensitive to water or water vapor diffusion. In order to overcome the avidity of
cellulose for water, hydrophobization of the surface with apolar molecules has been proposed
for decades but is not so simple to implement. We have developed at CERMAYV a gas-phase
technique that allows to modify the surface of cellulose aerogels with high efficiency and yields
up to very high degrees of substitution [1]. In parallel, CERMAYV and the Centre Technique du
Papier (CTP) have developed a technology called chromatogeny which allows the modification
of the surface of cellulosic substrates by depositing and grafting acyl chloride reagents by
flushing the surface with a hot air blade [2].

However, this chromatogeny technique is not suitable for the modification of the dense
layer of MFCs because the reagent does not penetrate inside the film. During the European
project Celluwiz [3], we demonstrated that one of the mechanisms of hydrophobization is
related to the huge molecular expansion that accompanies the modification of the cellulose
backbone, as shown by molecular modeling (see Figure 1a). We also showed that by opening
the structure of the MFC films, we were able to achieve very high levels of grafting that can be
monitored by SSNMR (see Figure 1b). The results will be discussed in comparison with PVA
coatings for which the mechanisms are very different because the reagent penetrates from the
surface to the interior of the film.
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Figure 1 : (a) molecular modelling of grafting (b) SSNMR spectrum of modified films
[1] Fumagalli, M.; Ouhab, D.; Boisseau, S.; Heux L., , Biomacromolecules , 3246-3255
(2013)

[2] Berlioz, S., Stinga, C., Condoret, J., & Samain, D. Int. J.Chem. Reactor Eng., 6(1) (2008).
[3] http://www.celluwiz.eu/
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FIBRE MORPHOLOGY CONSERVING CELLULOSE
DERIVATIZATION IN THE HIGH-CONSISTENCY REGIME

Heckel S. *, Arjona A., Schilling, T., Zahel M.

Papiertechnische Stiftung (PTS), Business Division Fibres & Composites, Germany

* sandra.heckel@ptspaper.de

Derivatized or surface-modified cellulose fibres have the potential to contribute substantially to
bioeconomy, i. e. the transition from fossil resources towards the utilisation of renewable raw
materials. Whereas hydrophobised fibres may act as reinforcement of biopolymers, ionised
fibres (such as carboxymethylcellulose) can adsorb a variety of functional fllers to yield
specialty, such as conductive, papers. However, current modification technologies work either
at a lab scale at 2-5 wt.% consistency due to otherwise high viscosities of the fibre solutions,
which is not economically scalable, or as high consistency reactive extrusion with
consistencies up to 50 wt%, which inevitably causes fibre shortening due to the high shear
forces during extrusion.*2

In this work, we present a new reaction technology that is based on reactive filtration. In
absence of a stirrer, reactions are taking place in a pressurized filter chamber. As a result, it is
possible to derivatize cellulose fibres at consistencies from 10 wt.% upwards without
mechanical fibre shortening.

To illustrate we present two application scenarios of the reactor: Firstly, the derivatization of
cellulose to dialdehydcellulose, which is the precursor of dialcoholcellulose. Dialcoholcellulose
is a thermoplasticised cellulose derivative with promising properties for bio-based packaging.
Secondly, we show an charge introducing reaction like carboxymethylation. By introducing
additional charges, these are able to generate strength in papers made from unrefined pulp.
Refining is one of the most energy-requiring steps of paper production and its replacement
therefore has the potential to reduce CO; production in papermaking.
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Figure 1 : Schematic illustration of aimed consistency range and filtration reactor

A. Feldner, M. Zahel, T. Arndt, Modellunterstiitzte Auslegung von Extrusionsschnecken Fir Die
Faserstoffextrusion, ongoing research work at PTS, 2020.

[2] T. Heinze, O. A. El Seoud, A. Koschella, Principles of Cellulose Derivatization, 259-292, 2018.

88

200 ¢_0 00

$3-013



CHEMICAL “ON-SURFACE” MODIFICATION AND ANALYSIS OF
CHITOSAN THIN-FILMS

Dorn T.*3, Findgar M., Katan T.?, Kleinschek K. S.2, Wrodnigg T. M.2, Kargl R.2

& Institute of Chemistry and Technology of Biobased Systems, Graz University of
Technology, Austria
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* tobias.dorn@tugraz.at

C-Glycosides, where the glycosidic linkage consists of a carbon-carbon bond, are
stable against most chemical reactions as well as hydrolysis in biological systems compared
to the naturally occurring O- and N-glycosides. [1] This stability makes C-glycosides interesting
candidates for therapeutics against various diseases and for technological applications. With
the introduction of ligation handles, such stable compounds can be covalently linked to
polysaccharides via orthogonal conjugation methods. [2] Thus, specific biological properties of
the polysaccharide backbone can be introduced by target specific choice of the sugar based
small molecule entity.

For example, chitosan (poly-B-1,4-D-glucosamine) can be used as a support to bind
different molecules, like amino acids or peptides, by chemical modification of the free amino
moieties. [3] Due to the water solubility of chitosan, we already prepared thin-film coatings on
various substrates and modified them with simple amino acids. [4] As a further proof-of-concept
study, we synthesized a fluorescently marked C-glycosidic monosaccharide and modified
chitosan thin-films with this compound and other fluorescent molecules. The surfaces were
analyzed by fluorescence spectroscopy, atomic force microscopy, X-ray photoelectron
spectroscopy and time-of-flight secondary ion mass spectrometry. Synthetic details and the
results of the surface analysis will be presented.
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Figure 1: Schematic representation of the chitosan modification process.

[1] J. Ati, P. Lafite, R. Daniellou, Beilstein journal of organic chemistry, 13, 1857, 2017

[2] A. Koschella, C.-Y. Chien, T. lwata, M. S. Thonhofer, T. M. Wrodnigg, T. Heinze,
Macromol. Chem. Phys., 221, 1900343, 2020.

[3] W. Neugebauer, R.E. Williams, J-R Barbier, R. Brzezinski, G. Willick, Int. J. Peptide &
Protein Res., 47, 269-275, 1995.

[4] T. Katan, R. Kargl, T. Mohan, T. Steindorfer, M. Mozeti¢, J. Kovag, K. Stana Kleinschek,
Biomacromolecules, 23, 731-742, 2022.
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CHITOSAN-GLUCAN/ COLLAGEN HYBRID SCAFFOLD:

PREPARATION AND CHARACTERIZATION
Abdellatif A.*2? Radwan R?, Kelnar 12
2|nstitute of Macromolecular Chemistry, Czech Academy of Sciences, Czech Republic
b CEITEC-Central European Institute of Technology, Brno University of Technology, Czech
Republic
* abdellatif@imc.cas.cz

Hybrid biocomposite scaffolds (HBS) that serve as a carrier for cell proliferation and
differentiation are increasingly used for tissue regeneration®. The 3D hybrid scaffold based on
collagen-grafted-chitosan-glucan fiber (CO-g-CGF-HBS) was prepared by freeze-drying
technique. The swelling percentage, hydrolytic stability, and modulus of elasticity of HBS were
enhanced after the chemical modification of CO with CGF. Pore size and porosity of HBS were
decreased with an increased CGF ratio. HBS exhibits a higher reduction rate against different
types of bacteria compared with a control sample. Thus, chemical maodification of CO with
different ratios of CGF significantly improved the physicochemical, antibacterial properties of
HBS. From in vitro measurements, the cell viability of HBS was enhanced in comparison with
native CO using mesenchymal stem cells (MSCs). The viability of MSCs suggests a potential
for a range of therapeutic and biomedical applications especially for bone regeneration
purposes.

Table 1: Different composition of grafted hybrid biocomposite scaffold (HBS) using different
ratios between CO and CGF.

Sample codes Weight ratio between CO to CGF = Wt. of CO (g) Wt. of CGF (g)

Native CO scaffold 0 0.5 0

CO-g-CGF (70/30) 70/30 0.375 0.125

CO-g-CGF (50/50) 50/50 0.25 0.25

CO-g-CGF (30/70) 30/70 0.125 0.375

Native CGF scaffold 0 0 0.5
References:

[1] Abdel-Rahman R. M., Kelnar 1.& Abdel-Mohsen A.M. International journal of biological
macromolecules, 202, 671-680, 2022.
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INFLUENCE OF CHITOSAN AND CELLULOSE NANOCRYSTALS ON
THE SURFACE CHARGE OF CELLULOSE ACETATE COMPOSITE
FILM
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In this work, we report the preparation, by solution casting method [1], of cellulose
acetate (CA) composite films using chitosan (CS) or cellulose nanocrystals (CNC) as fillers.
After casting, the zeta potential of films was measured with SurPASS 3 analyzer (Anton Paar,
GmbH) using the streaming potential method, over a range of pH 2.5-9.5 for films containing
CNC and of pH 4.0-9.5 for films containing chitosan. In addition to composite films, we have
also determined the surface charge of pure CS and CNC cast films. The results presented in
Figure 1 show how the surface charge of CA films is changing upon the addition of reinforcing
fillers, which can have a significant impact on the final application of the prepared films.

40 40
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Figure 1: Zeta potential as a function of pH for: a) cellulose acetate (CA) composite film with
chitosan (CS), and b) CA composite film with cellulose nanocrystals (CNC)

As expected, the surface charge of the CA/CS composite film, represented by the
plateau value of the zeta potential and the isoelectric point (IEP) is found between that of pure
CA and CS. Similar results were obtained for CA/CNC, pointing out that IEPs of CA, CNC, or
CA/CNC coincide at pH 3.2. The addition of nanocrystals has an enhanced effect on the zeta
plateau value. Current studies are focused on the investigation of the concentration of
components influencing the CA zeta potential curves, taking into account molecular interaction
between components as well as surface roughness, which is likely to affect the zeta potential

[2].
[1] Kramar A., Rodriguez Ortega I., Gonzalez Gaitano G. & Gonzalez-Benito J., Cellulose,

30, 2037-2052, 2023.

[2] Drechsler A., Caspari A., Synytska A., Surface and Interface Analysis, 52, 991— 995,
2020.
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LEEK-INSPIRED BIO-BASED FILMS WITH OPTICAL AND SELF-
CLEANING FUNCTIONALITIES

Daghigh Shirazi H. *3, Mirmohammadi S.M. 2, Mousavi S.M. &, Markkanen M. 3, Halme J.°,
Jokinen V. 2, Vapaavuori J. 2

& Department of Chemistry and Materials Science, Aalto University School of Chemical
Engineering, Espoo, Finland.
® Department of Applied Physics, Aalto University School of Science, Espoo, Finland.

* Presenting author; Hamidreza.daghighshirazi@aalto.fi

Optimum performance of solar cells requires maximizing and retaining the incident light, which
can be ensured by proper light management and removing dirt or other obstructions for light
path. [1] Partially bio-based films, such as transparent wood composites, have already been
introduced as an efficient and environment-friendly light management layer for solar cells, due
to the possibility of optimizing their light transmittance and haze. [2]

In this work, we present a bioinspired approach to produce fully bio-based films with high total
light transmittance and superhydrophobicity. These characteristics are obtained by replicating
the hierarchical surface structures of leek leaves onto cellulose acetate (Figure 1a). Inspired
by leek’s epicuticular wax, the subsequent addition of carnauba wax coating integrates the
inherent hydrophobicity of the wax and hierarchical surface features, providing anisotropic
superhydrophobicity. This superhydrophobicity enables self-cleaning behavior, which tackles
the accumulation of dirt and dust, while high transmittance and haze lead to higher absorption
of light in the active layer of solar cells.

Owing to the periodical surface roughness and low surface energy of carnauba wax
microfeatures, the superhydrophobic surfaces demonstrate an anisotropic wetting
characteristic with advancing contact angles of up to 160° and 156° in cross directions (Figure
1b). Furthermore, the films show an anisotropic light scattering (Figure 1c), with high light
transmittance of 94% and a haze of 54% at the wavelength of 550 nm.

Employing these films as the light management layer on the outmost layer of perovskite solar
cells was shown to contribute to light trapping and result in a 6% efficiency improvement.
Moreover, surface water repellence facilitates self-cleaning to maintain photovoltaic
performance over time. Hence the developed renewable and environment-friendly solution
offers a suitable route toward sustainable light management layers for photovoltaics with
improved lifetime and efficiency.
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Figure 1: a) A leek-inspired solution for b) high water contact angle and c) high anisotropic
light transmittance

[1] Heo S.Y., Koh J.K., Kang G., Ahn S.H., Chi W.S., Kim K., Kim J.H., Advanced Energy
Materials, 4, 1300632, 2014.

[2] Zhu M., Li T., Davis C.S., Yao Y., Dai J., Wang Y., AlQatari F., Gilman J.W, Hu L., Nano
Energy, 26, 332, 2016.
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DESIGN OF SMART HIGH-PERFORMANCE CELLULOSE
MATERIALS BASED ON WOOD

Keplinger Tobias *&P

2 Wood Materials Science, ETH Zurich, Switzerland
b Agrobiogel GmbH, Austria

* tobias.keplinger@agrobiogel.com

Sustainable materials design and fabrication based on renewable resources is one of the key
challenges in materials science and development. Wood as a prominent example for an
abundant, CO, storing, green resource possesses enormous potential to play an important
role in future materials advancement. Particularly, functional materials fabrication by bottom-
up approaches using wood inherent cellulosic building blocks has attracted increasing
attention over the last 20 years. Their vast amount of reaction sites, large surface area and
superb mechanical properties make them a very promising raw material.

However, the need for energy intense disassembly processes and limitations in terms of
reassembly, raise questions regarding scalability and the potential to transfer their excellent
mechanical properties on the micro- and nanoscale to the bulk material level. Hence, the
presentation covers recent developments regarding alternative manufacturing and
functionalization processes that are based on a top-down approach utilizing the hierarchical
structure of native wood or the wood inherent cellulose scaffolds. Structure retaining
delignification of wood, optional matrix infiltration and a subsequent densification result in high
performance cellulose materials characterized by excellent tensile properties with elastic
moduli of up to 70 GPa and 600 MPa strength. Wet cellulose scaffolds can also be easily
shaped which provides elements with high curvatures and cellulose fibres perfectly adapting
to the shape. Smart lay-up manufacturing enables elements with mechanical gradients that
facilitates force transfer.

In addition, cellulose scaffold functionalization strategies are highlighted, such as the in-situ
formation of Metal Organic Frameworks or Stimuli Responsive Polymers, to develop novel
functional cellulose materials.
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EMERGING BIO-BASED SOLUTIONS IN WEARABLE AND ENERGY
STORAGE APPLICATIONS

Katariina Torvinen*, Tia Lohtander, Chamseddine Guizani
& VTT Technical Research Centre of Finland, Biomaterial processing and products, Finland

*Katariina.torvinen@vtt.fi

The global consumption of material resources expected to more than double between 2015
and 2050. There is a growing need of sustainable and renewable solutions to avoid problems
of overconsumption and fossil-based raw material usage. Our ambition is the implementation
of bio based materials as a new normal in printed and hybrid electronics, diagnostics,
wearables, optics and energy storage devices. Novel lignocellulose-based materials offers a
wide selection of substrate and structural material components including bio based,
compostable and recyclable materials depending on end-application needs. Wearable
electronics is a rapidly growing market, and the next generation of conformable wearable skin
patch electronics for monitoring health and well-being is emerging. Herein, we produced
composite films from cellulose nanofibers (CNF) and polymeric cellulose ethers or physical
cellulosic fibers. The films were characterized by their strength and ductility, from which the
latter is essential for producing conformable skin patches. The electronic components were
integrated as a reusable unit to enable facile end-of-life management. Finally, the performance
of the integrated skin patch as an electrocardiogram device was verified. Overall, these
findings benchmark the potential of renewable cellulosic materials for high-end wearable
electronics besides conventional paper and packaging applications.

An annual energy storage demand is expected to increase from 200 GWh to 10 000 GWh in
20 years period and solutions are needed to fight against climate change. Renewable materials
can provide novel chemistries and meet different end-application needs both in battery and
advanced supercapacitor devices. Understanding  structure-function-performance
relationships is crucial to reach novel advanced energy storage devices with different end-use
requirements. In this paper, we will present recent results of the processing of different lignin
based hard carbon grades and the generation of electrical characterization methods.
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STIMULI-RESPONSIVE (CHEMI-)LUMINESCENT WOOD
MEMBRANES
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Wood is a renewable and CO»-storing material with excellent mechanical properties. Among
additional functions wood can be enabled with, optical and photonic properties are extremely
promising in view of sustainable indoor lighting applications.

However, state-of-art wood-based lighting applications require several modification steps,
such as lignin removal, infiltration with refractive index-matching materials, and use of heavy
metal-based quantum dots as fluorophores, which can compromise the inherent sustainability
of wood. [1-2]

Here we demonstrate an innovative approach that makes use of the unique hierarchical
wood structure to achieve the necessary light transmission while maintaining the valuable
wood aesthetics and sustainability, as well as allowing for easier process scalability. We
studied how light propagates inside wood as a function of different parameters (wood
species, cutting direction, lignin composition, Figure 1a) and then impregnated wood with
environmentally friendly fluorescent metal-organic complexes (Figure 1b). In addition to their
strong photoluminescence, these metal-organic fluorophores are also responsive to acidic or
basic gases, allowing their use as sensors of indoor air quality. [3]

Building on this idea, we made chemiluminescent (CL) wood membranes. In nature, decaying
wood can be colonised by bioluminescent fungi, resulting in a “glow-in-the-dark” behaviour. By
functionalising the wood with suitable CL species, we are able to mimic this process in an
artificial way. Depending on the trigger, the chemiluminescent system and wood pre-treatment,
long lasting CL can be achieved (Figure 1 c,d).

References

[1] Q. Fu et al., ACS Nano, vol.14, pp. 13775-13783, 2020

[2] L. A. Berglund and I. Burgert, Adv. Mater., vol.30, pp. 1-15, 2018

[3] M. Ritter, I. Burgert and G. Panzarasa, Mater. Adv., vol.3, pp. 1767-1771, 2022
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Figure 1 : Light transmission trough different native (full lines) and delignified (dotted lines)

wood cuts. (a) Wooden cube demonstrator (4x4x4 cm?®) with a functionalised wooden face

and a small UV LED inside (b). Chemiluminescent spectra of functionalised native spruce
over time (c) and the maximum intensity of the CL signal plotted over time (d).
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BACTERIAL CELLULOSE NANOFIBRES AS A REINFORCING
MATERIAL AND BEYOND

Roig A.*3, Malandain N.2P, Roig-Sanchez S.2, Mira-Cuenca C.2, Meslier T.2, Sanz-Fraile H.",
Farre, R.?, Otero, J.°, Kam D.¢Y, Sachyani-Keneth E.¢, Shoseyov 0.9, Magdassi S.¢,
Laromaine A.2
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4 Plant Sciences and Genetics in Agriculture, The Hebrew University of Jerusalem, Israel
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Bacterial cellulose (BC) is a biosynthesized polymer gaining popularity in the medical field. By
blending the as-obtained BC pellicles we can produce bacterial cellulose nanofibers (BCf) and
prove them versatile to elevate the properties of synthetic or natural soft hydrogels. The first
example concerns polyacrylate hydrogels (PAA) which are worth considering as soft tissue
implants as they can be photocurable and sustain customized shapes through 3D bioprinting.
However, acrylate-based hydrogels present weak mechanical properties and significant
dimensional changes when immersed in liquids. | will present the fabrication of PAA/BCf
double network hydrogels which are more resistant to cracks, show increased stiffness, and
lower water swelling [1]. In a second example, | will show how type | collagen hydrogels can
be efficiently reinforced with BCf without the inclusion of cross linkers. In addition, a cell-laden
hydrogel scaffold could be cast in a single step by mixing, type | collagen, BCf, and cells
(human bone marrow mesenchymal stromal cells or human fibroblasts), resulting in
homogenous 3D cell cultures viable for at least seven days [2]. Finally, | will explain how we
can enlarge the palette of potential uses of BC with an original approach. To control the spatial
distribution of inorganic nanoparticles on a BC film resulting in a variety of patterns and
designs. This is done by screen-printing BCf functionalized with inorganic nanoparticles over
BC wet pellicles as shown in the figure below [3].

Figure 1: Screen-printed magnetic bacterial cellulose fibers on a BC pellicle.

[1] Roig-Sanchez S., Kam D., Malandain N., Sachyani-Keneth E., Shoseyov O., Magdassi
S., Laromaine A., Roig A., Carbohydrate Polymers 294, 119778, 2022.

[2] Malandain N., Sanz Fraile, H.; Farre, R.; Otero, J.; Roig, A.; Laromaine, A., ACS Applied
Bio Materials, in print, 2023.

[3] Mira-Cuenca C., Meslier T., Soledad Roig-Sanchez S., Laromaine A., Roig A., ACS Appl.
Polym. Mater., 3, 10, 4959, 2021.
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BIOPOLYMER OPTICAL FIBERS FROM CELLULOSE FOR SENSING
APPLICATIONS

Aayush Kumar Jaiswal*®, Ari Hokkanen?, Markku Kapulainen?, Olli Ikkala®, Hannes Orelma?

8VTT Technical Research Centre of Finland, Espoo, Finland
®Department of Applied Physics, Aalto University, Espoo, Finland

*aayush.jaiswal @ vtt.fi

Optical fibres (OFs) are the backbone of modern telecommunication infrastructure and
are widely used in sensing applications. Glass optical fibres (GOFs) and polymer optical fibers
(POFs) are the two main classes of commercial fibers. Although possessing excellent optical
properties, both GOFs and POFs lack active sensing capability and that has led to the
exploration of alternative materials for OF fabrication. Recently, cellulose has entered the OF
domain as a novel candidate material [1-3]. Cellulose-based OFs offer exciting features such
as active sensing capability with fast wetting and drying, renewability, biocompatibility, and
biodegradability, which conventional OFs lack. Such features, especially biocompatibility,
makes cellulose OFs attractive for biomedical applications.

In this work, we present the fabrication of OFs from carboxymethyl cellulose (CMC) and
demonstrate the application of such OFs in various sensing systems. CMC OFs were prepared
via dry-jet wet spinning of CMC hydrogels into a coagulation bath. The spun hydrogel fibers
were crosslinked with AP* ions in wet-state and then dried to obtain strong (tensile strength
~150 MPa), flexible, and optically clear multimode OFs. The light transmission window for the
CMC OFs was 550-1350 nm, wherein, the minimum attenuation was measured to be 1.6
dB.cm™ (at 637 nm), meaning CMC OFs have good waveguiding properties in the visible (red)
to near infrared range. Further, exploiting the rapid moisture sorption of CMC, we
demonstrated respiratory rate monitoring with CMC OFs. A touch sensor was also prepared.
Additionally, we demonstrated high-speed (150 Mbit/s) optical signal transmission through
CMC fibers in both air and water media, indicating potential applications involving bodily fluids.
Our work shows the technical potential of cellulose optical fibers in advanced sensing
applications, for instance in environmental sensing and in the biomedical domain.
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Figure 1: (a) Schematic of CMC OF fabrication, (b) application demonstrated for CMC OFs.
[1] Orelma, H., Hokkanen, A., Leppanen, I. et al., Cellulose, 27, 1543-1553, 2020.
[2] Hynninen, V., Chandra, S., Das, S. et al., Small, 17, 2005205, 2021.
[3] Jaiswal, A., Hokkanen, A., Kapulainen, M. et al., ACS Applied Materials & Interfaces,
14(2), 3315-3323, 2022.
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Functional materials that can take up and release guest molecules upon stimulation with light
can find applications in the area of targeted drug release. [1] Such systems are often based
on azobenzene, a molecular photoswitch that can be photoisomerized between its cis and
trans isomers. [2] The bacterial polysaccharide dextran and its modifications have been used
in a wide variety of drug delivery systems. [3]
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Figure 1: Azobenzene-crosslinked dextran molecules show photoswitching activity, paving the way
towards photo-triggered catch-and-release devices.

Here a previously unreported doubly-covalent ester link by azobenzene moieties opens the
way for a photo-triggered porous device for the release and capture of small molecules. We
have been exploring the potential of such materials by varying the degree and fashion of
crosslinking. The preparations of gels via this procedure has been demonstrated.

Control experiments indicate remarkably different material properties when the azobenzene
linker is attached by one or two covalent bonds. We have been following the kinetics of
trans«<cis isomerizations of the azo-moiety and the micro- and macroscopic properties of the
crosslinked dextran network using a wide variety of analytical techniques, including time-
resolved UV/VIS spectroscopy, NMR spectroscopy and Raman spectroscopy.

[1] Y. Zhou, H. Ye, Y. Chen, R. Zhu, L. Yin, Biomacromolecules, 19, 1840-1857, 2018

[2] L. Dai, J. Lu, F. Kong, K. Liu, H. Wei, C. Si, Adv. Compos. Hybrid Mater., 2, 462—-470,

2019
[3] Q. Hu, Y. Lu, Y. Luo, Carbohydr. Polym. 264, 117999, 2021
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NANOCELLULOSE AND PROTEIN AMYLOID FIBRILS: A
PARTNERSHIP FOR THE DESIGN OF FUNCTIONAL SUSTAINABLE
NANOMATERIALS

Carmen S.R. Freire

CICECO - Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, 3810-
193 Aveiro, Portugal

* cfreire@ua.pt

Polysaccharides and proteins are extensively used for the design of advanced
sustainable materials. Specially, nanocellulose (nandfibrillated cellulose and bacterial
nanocellulose) and protein amyloid fibrils are gaining growing popularity amongst the catalog
of nanostructures exploited in panoply of fields, including nanocompaosites industry, paper and
packaging, environmental remediation, electronics, energy, and biomedical applications [1].
The enormous potential of these biobased nanofibrils is related to their high aspect ratio and
specific surface area, ease of modification, high mechanical strength and thermal stability,
renewability, biodegradability, and biological functionalities, particularly for the case of protein
amyloid fibrils. They are normally blended with other (bio)polymers and processed following
different methodologies envisioning the fabrication of diverse hanomaterials.

In this communication, a summary of recent studies regarding the combination of
nanofibrillated cellulose and lysozyme amyloid nanofibrils for the design of distinct functional
fibrous nanomaterials, viz. patches, films and hydrogels, for various applications (e.g. tissue
regeneration, 3D-bioprinting and water remediation) will be presented and discussed. This set
of works highlight the potential of the simple assembly of these two types of biobased
nanofibrils for the development of high performance and functional sustainable nanomaterials.

[1] Silva A.C.Q., Silvestre A.J.D., Vilela C. & Freire C.S.R., Front. Bioeng. Biotechnol., 10,
2022.
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contract under Scientific Employment Stimulus to C.S.R.F. (CEECIND/00464/2017).
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PASSIVE CLIMATE REGULATION WITH TRANSPIRING WOOD FOR
BUILDINGS WITH INCREASED ENERGY EFFICIENCY
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Abstract:

About 20% of the energy consumption worldwide is used for maintaining a comfortable indoor
climate. Therefore, passive systems for indoor temperature and humidity regulation that can
respond to environmental changes are very promising to reduce buildings’ energy
consumption. We developed a process to improve the responsiveness of wood to humidity
changes by laser-drilling and incorporating a hygroscopic salt. The resulting “transpiring wood”
allows to regulate humidity and temperature by the exchange of moisture between the
surrounding air. We proved that the hygrothermal performance of transpiring wood can be
used to regulate indoor climate in various climate types with associated energy savings,
favoring broad application in the building sector. The reduction of temperature fluctuations,
thanks to the buffering of temperature peaks, can lead to an indirect energy saving of about
10% for cooling and of between 4-27% for heating depending on the climate. Furthermore, our
transpiring wood meets in full different sustainability criteria, from raw materials to the
fabrication process, resulting in a product with a low overall environmental impact and which
is easy to recycle. [1]
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Figure 1: Fabrication process and working principle of the ‘transpiring wood’.

[1] Ding Y, Dreimol C H, Zboray R, et al. Passive climate regulation with transpiring wood for
buildings with increased energy efficiency. Materials Horizons, 2023.
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EFFECT OF NANOCELLULOSE IN ENHANCING THE
PERFORMANCE OF HYBRID NANOCELLULOSE/CARBON
NANOTUBE ELECTROCHEMICAL SENSORS
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Electrochemical sensing is a powerful method for fast and easy detection of
biomolecules in both in vivo and in vitro systems. Carbon serves as an optimal electrode
material for such applications due to low cost, high stability, and wide operation potential.
Carbon nanomaterials have a potential of radically improving the sensitivity of bulk carbon
electrodes due to their high reactive surface area, low charge transfer resistance, and
improved reaction kinetics compared to bulk materials. However, creating controlled carbon
nanotube (CNT) network architectures optimal for sensing applications is a challenge due to
the limited dispersibility of the rather hydrophobic CNTs in different solvents.

Nanocellulosic materials enable particle-stabilized dispersing of CNTs into water and
further casting the mixture to form a stable cellulose/carbon nanoparticle hybrid film, providing
a straightforward route for the development of electrochemical sensor platforms. Besides
providing the means for dispersion, tuning the surface chemistry and geometry of
nanocellulose can be utilized for tailoring the properties of the cast electrodes.

Here, we study the effect of the characteristics of nanocellulosic species on the
architecture and electroanalytical performance of the nanoparticle hybrid sensor. With such
sensor, it is possible to detect drugs or biomolecules at low concentrations by using cyclic
voltammetry, making the system applicable for fast point-of-care diagnostics. It appears that
the nanocellulose/nanocarbon hybrid architecture based on cellulose nanocrystals (CNCs)
builds up denser than that based on nanofibers (CNFs). The more open and hygroscopic CNF-
based architecture shows higher surface area and sensitivity towards biomolecules. The
nanocellulose-containing hybrids outperform commercial CNT-based electrodes, and their
electroanalytical performance remains on a high level even in presence of physiologically
relevant interfering molecules or protein foulants.

[1] Durairaj V., Li P., Liljestrom T., Wester N., Etula J., Leppénen I., Ge Y., Kontturi K.S.,
Tammelin T., Laurila T., Koskinen, J., ACS Applied Nano Materials, 4, 5842-5853, 2021.

[2] Durairaj V., Liljestrém T., Wester N., Engelhardt P., Sainio S., Wilson B.P., Li P., Kontturi
K.S., Tammelin T., Laurila T., Koskinen J., Cellulose, 29, 9217-9233, 2022.
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HARNESSING NATURE AND NANOTECHNOLOGY: ADVANCES IN
BACTERIAL CELLULOSE-BASED BIOHYBRID MATERIALS

Soledad Roig-Sanchez, Irene Anton-Sales, Nerea Murugarren, Thomas Meslier, Anna Roig,
Anna Laromaine

Nanoparticles and Nanocomposites Group(nn.icmab.es) Institut Ciencia de Materials de
Barcelona (ICMAB-CSIC) Campus UAB, 08193 Bellaterra, Spain
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Biopolymers, such as cellulose, derived from natural sources, are playing a pivotal role as
environmentally-friendly materials in various industries. Cellulose (C) and nanocellulose (NC)
are gaining attention as sustainable, green materials for the fabrication of advanced
composites, garnering interest from industries, governments, and consumers alike.
Nanoparticles (NPs) offer unique properties that can be tailored through chemical and
structural modifications. By combining raw materials like cellulose with nanoparticles, new
opportunities arise for developing innovative materials that leverage the synergies of
nanotechnology and nature.

In this context, our latest research focuses on the development of novel stimuli-responsive
materials using bacterial cellulose (BC). We have explored the modification of BC during the
biosynthesis steps or through post-synthesis treatments to create multifunctional bacterial
cellulose laminates and spherical BC structures with the incorporation of various types of
nanoparticles. This approach allows us to precisely control the composition and structure of
the resulting biohybrid materials, expanding the range of intriguing possibilities for their
potential applications.
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Figure: BC Composites of: A) Titania nanoparticles where we cultured fibroblast cells, B) Multilaminate BC
composites C) Flexible BC nanocomposites. D) BC spheres composite with SPIONSs to afford magnetic responsible
biomaterials.
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DIRECT 3D BIOFABRICATION OF BACTERIAL NANOCELLULOSE
VIA SOFT MATTER TEMPLATING
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Biofilms of bacterial nanocellulose (BNC) grown at the air/water interface are promising
structural materials due to their green production and remarkable mechanical strength. In
principle, BNCs can be fermentatively produced at the oil-water interface, i.e., under-liquid
biofabrication, since air can permeate through many hydrophobic oils as a supply for the
proliferation of aerobic nanocellulose-producing bacteria (e.g., Komagataeibacter
medellinensis). Such development is essential to guiding BNC growth into three-dimensional
structures through emulsion templating. Herein, we evaluate the performance of cellulose-
producing activities under different oil conditions. Air transport efficiency impacts the
physiochemical properties of the produced biofilms, including the fibril morphology and scale,
surface area, and mechanical strength. Combining the new understanding of living microbials
with various soft matters systems, we highlight the 3D biofabrication of nanocellulosic soft
materials with well-controlled morphologies, including BNC capsules/foams (via emulsion) and
layered composites (via multiple interfaces). This approach paves the avenue to investigate
living soft matter systems, for potential applications in the fields of biomedical, bioremediation,
and arts designs.

W/O emulsion

02 disolved
in oil OOO OOO Capsules
Bacteria can
breathe from oil Oil g O/W emulsion
", @D - Y
O ﬂ ] g @ &) 8 %%O C:'.'g)lf\:/ Foam
~ 1"., O g 9 —E_ A
Q 2 @ 3 ‘%5 <°' One pot bio fabrication of layered composites
‘ S
3 ~
#|  Culture O IASE > BC Membrane
Bacteria | | Medium Chemical X

Figure 1 : Soft matter-tempated 3D biofabrication of BNC
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DEVELOPMENT OF CELLULOSIC NANOCOMPOSITES WITH
CONTROLLED STRUCTURING BY ULTRAFILTRATION AND
ULTRAVIOLET CURING

Mandin S.*@, Metilli L.?, Karrouch M.2, Lancelon-Pin C.P, Chévremont W.¢, Hengl N.2, Jean
B.P and Pignon F.2
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The number of techniques for fabricating nanocomposites based on cellulose
nanocrystals (CNC) [1] has been constantly growing in recent years. These processes aim at
controlling the organization of the nanoparticles in the composites to confer functional
properties, such as mechanical, optical or barrier properties. In this context, frontal
ultrafiltration combined with ultraviolet (UV) cross-linking appears to be an innovative
technique. Indeed, thanks to the application of pressure fields in the filtration cell at the
membrane surface, ultrafiltration makes it possible to structure and orient nanoparticles on a
nanometric scale. However, in order to maintain nano-structured and oriented materials in a
solid material, it is necessary to fix this structure in situ before it relaxes. Accordingly, a UV
curing strategy using poly(ethylene glycol) diacrylate (PEGDA) has been developed. This
polymer was chosen because it is curable under UV light with the addition of a photoinitiator,
is water soluble and allows the colloidal stability of CNC to be maintained. In this study, a
PEGDA/CNC suspension was filtered and then UV cured under different operating conditions.
The combination of scanning electron microscopy (SEM) and small angle X-ray scattering
(SAXS) analyses showed that it was possible to organize and orient the CNCs at very high
concentrations (started from a 2 wt% suspension and reached 74 wt%) and to maintain this
organization in the nanocomposite over a very broad lengthscale (nm to um) (Figure 1).
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Figure 1: Image of a PEGDA/CNC nanocomposite (left) and SEM image of the CNC deposit
formed near the membrane and the CNC concentration profile in the nanocomposite
deduced from the analysis of the SAXS measurements.

[1] Semeraro E. and al, Colloids and Surfaces A, 584, 124030, 2020.
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NANOCELLULOSE MODIFICATION BY THE INCORPORATION OF
CORE-SHELL NANOLATEXES SYNTHESIZED THROUGH PISA
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Cellulose nanofibrils (CNFs) constitute one of the most promising biobased building
blocks for the development of sustainable materials for the future. One such application is the
replacement of fossil-based plastics by CNF-based nanopapers, which are both biobased and
biodegradable. But to make nanopapers suitable as drop-in alternatives to plastics, some of
their inherent weaknesses must be overcome, such as sensitivity to moisture and brittleness
in low humidity environments.

3Polymeric core-shell nanolatexes are one of the most promising classes of additives
for the modification of CNF-based materials, and have been shown to effectively modify water
resistance and mechanical properties.!? Nanolatexes are synthesized through reversible-
fragmentation chain-transfer (RAFT)-mediated polymerization-induced self-assembly (PISA)
in water. The PISA process makes for a flexible platform in the synthesis of functional
nanolatex with tunable size, softening temperature and chemical surface functionality. This
means that nanolatexes can be tailored to interact specifically with cellulosic surfaces, both in
the dispersed and in the dry state.

The exploration of these nanolatexes as CNF-additives is still in its infancy, but early
results have shown the great potential of cationic nanolatexes for modifying mechanical
properties of nanopapers.! Depending on nanolatex additive amount, the effect can be tailored
to be stiffening or plasticizing of the resulting materials. Further work aims to develop a holistic
understanding as to the importance of particle size, charge and chemical functionality by
extending investigations to anionic and non-charged nanolatex systems.

Figure 1 : Schematic of fabrication method for cellulose nanofibril — nanolatex hybrid
materials ; (a) electrostatic adsorption in dispersion and (b) dewatering. Adapted from [2].

[1] Engstrom, J., Hatton, F. L., Wagberg, L., D'Agosto, F., Lansalot, M., Malmstrom, E., &
Carlmark, A., Polymer Chemistry, 8(6), 1061-1073, 2017

[2] Alexakis, A. E., Jerlhagen, A, Leggieri, M. R. T., Eliasson, A., Benselfelt, T., & Malmstrom,
E., Macromolecular Chemistry and Physics, 224(1), 2200249, 2023
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POLYMER MODIFIED CNF CROSS-LINKED WITH A VARIETY OF
NANOPARTICLES IN A ONE-STEP SURFACE-INITIATED
CONTROLLED RADICAL POLYMERIZATION (SI-SET-LRP)

Mietner J. B.*3, Jiang X.2, Navarro J. R. G.2

2 Institute of Wood Science, University Hamburg, Germany
* jakob.benedikt.miether@uni-hamburg.de

Cellulose nandfibrils (CNF) are a versatile material that can acquire new properties by
combining them with inorganic nanoparticles (NP). Our team devised a synthesis pathway to
surface-modify CNF with polymers and cross-link them with various NP in situ. This involves
chemically modifying CNF into a CNF-based macroinitiator (CNF-MI), which allowed grafting
various acrylate monomers, such as sterayl acrylate (SA) and di (ethylene glycol) ethyl ether
acrylate (DEGEEA), onto the CNF surfaces via surface-initiated radical polymerization (SET-
LRP).12 We also successfully chemically modified different types of NP, including barium
titanate (BTO)?, cobalt iron oxide (CFO)3 lanthanide-doped upconversion nanoparticles
(UCNP)* and Nano-GdFs, with acrylate containing surface ligands and incorporated them in
the modified CNF network.

To confirm the chemical transformation of these modified CNF-based hybrid gels, we
conducted various analyses, such as IR, TGA, XRD and SEM etc.. We also investigated their
properties and performance with the addition of NP. For instance, magnetic and
electrochemical properties of CNF grafted with poly-SA and CFO (CNF-PSA-CFO) were
monitored via magnetic moment measurements?®; NIR-sensitive upconverting properties and
nanostructure of CNF-PSA-UCNP were analyzed with confocal microscopy and small-angle
X-ray scattering (SAXS)*. Furthermore, we discovered that all these hybrid gels exhibit
outstanding 3D gel-printing performance.
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Figure 1: Modified CNF-based hybrid gel: syntheses and 3D printing applications.

[1] Jiang, X.; Mietner, J. B.; Navarro, J. R. G., Cellulose 2023, No. 0123456789.

[2] Navarro, J. R. G.; Rostami, J.; Ahlinder, A.; Mietner, J. B.; Bernin, D.; Saake, B.; Edlund,
U, Biomacromolecules 2020, 21 (5), 1952-1961.

[3] Mietner, J. B.; Willruth, S.; Komban, R.; Gimmler, C.; Nehmeh, B.; Navarro, J. R. G.,
Fibers 2022, 11 (1), 2.

[4] Jiang, X.; Mietner, J. B.; Harder, C.; Komban, R.; Chen, S.; Strelow, C.; Sazama, U.;
Froba, M.; Gimmler, C.; Mlller-Buschbaum, P.; Roth, S. V; Navarro, J. R. G., ACS Appl.
Mater. Interfaces 2023, 15 (4).
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STRUCTURE PROPERTIES RELATIONSHIPS FOR NATURAL
RUBBER FILLED WITH CELLULOSE NANOCRYSTALS
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Using nanocellulose as a reinforcing filler for rubber materials is gaining more and more
attention as its characteristics (biosourced origin, low density, anisotropic morphology and
mechanical properties) could give more sustainable materials and with original properties in
comparison with conventional fillers.[1] Previously, we have shown that nanocellulose aerogel
can be designed to be melt dispersed in SBR and that the linear modulus of the vulcanized
materials show a reinforcing effect comparable to those reported for silica filled materials. [2]

Alternatively, materials can be wet-processed from colloidal suspensions of cellulose
nanocrystals and rubber latex, such approach being less energy intensive and offering the
possibility to tune the material microstructure through the processing. As a first illustration of
that process, we prepared materials by freeze drying colloidal suspensions of cellulose
nanocrystals and natural rubber latex while varying the filler loading from 0 to 20% v/v. The
microstructure and mechanical reinforcement of the related vulcanized materials have been
characterized combining TEM, DMA and tensile tests. The specific reinforcement effect
observed in those materials have then been discussed considering both mechanical models
(Halpin Kardos and percolation) and previous works from the literature.

= NR
= 5vol%
(le (|3H S0, 0H 10| * 10vol%
[ | -

= 15vol%
= 20vol%

true stress MPa
3

rubber processing

NR LATEX vulcanized rubber

T T T T T
0 50 100 150 200
true elongation %

[1] Low, D. Y. S., Supramaniam, J., Soottitantawat, A., Charinpanitkul, T.,
Tanthapanichakoon, W., Tan, K. W., & Tang, S. Y. (2021). Recent developments in
nanocellulose-reinforced rubber matrix composites: A review. Polymers, 13(4), 550.

[2] Fumagalli, M., Berriot, J., de Gaudemaris, B., Veyland, A., Putaux, J. L., Molina-Boisseau,
S., & Heux, L. (2018). Rubber materials from elastomers and nanocellulose powders: Filler
dispersion and mechanical reinforcement. Soft Matter, 14(14), 2638-2648.
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HIGHLY TRANSPARENT HEAT-SEALABLE CNF FILMS THROUGH
ESTERIFICATION AND ULTRASONIC TREATMENT
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Cellulose nanofiber (CNF) films have attracted interest among researchers because of their
biodegradability and green origin combined with good mechanical and oxygen barrier
properties [1]. However, CNF film strongly interacts with water, so their intriguing properties
are lost when exposed to humid conditions [2]. This research introduces a unique type of CNFs
using cellulose esterification and ultrasonic treatment in ethanol. The films made from CNF
had excellent optical properties with transparency of 92-93% and without haziness or
scattering (Figure 1). The CNF film exhibited water vapor permeability of 2.34 g-pm/m?.d-kPa,
which was significantly better than neat CNF film (18.67 g-um/m?-d-kPa). Moreover, the CNF
film displayed a good liquid water resistance, since dry and wet mechanical properties were
statistically the same (13.6 MPa and 13.1 MPa respectively). The CNF film had heat—sealing
properties, which was illustrated by fabricating a small package filled with rice. In addition,

heat—sealing barrier test was performed, which showed that bottle could be heat—sealed to
achieve barrier against moisture.
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Figure 1. Transparent heat-sealable CNF film

[1] Aulin, C.; Gallstedt, M.; Lindstrom, T. Oxygen and Oil Barrier Properties of Microfibrillated
Cellulose Films and Coatings. Cellulose 2010, 17 (3), 559-574.

[2] Wang, J.; Gardner, D. J.; Stark, N. M.; Bousfield, D. W.; Tajvidi, M.; Cai, Z. Moisture and

Oxygen Barrier Properties of Cellulose Nanomaterial-Based Films. ACS Sustainable Chem.
Eng. 2018, 6 (1), 49-70.
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CELLULOSE-MOF SUSPENSIONS: TOWARDS SELF-SUPPORTED
POLYFUNCTIONAL MATERIALS DESIGNED FROM
ULTRAFILTRATION
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Metal-organic frameworks (MOFs) are promising materials to address critical issues such as
petrochemical and gas separation, filtration, catalysis, sensing and energy storage [1]. Large-
scale deployment of MOFs is however hampered by their crystalline powder state, which
results in poor processability. Recently, the hybridization of MOFs with biopolymers has
emerged as a greener, biocompatible strategy with improved processability into membranes,
films, and porous materials [2]. Nevertheless, the physiochemical properties of the biopolymer-
MOF mixtures, and their relationship to the composite structure and functionality, need to be
investigated to promote their use in real applications. The present work focuses on the
preparation of thin nanocomposites from commercial ZIF-8 (a synthetic zeolite) and cellulose
nanocrystals (CNCs) aqueous suspensions using membrane ultrafiltration. Results showed
that small amounts of CNCs (1:20 CNC:ZIF-8 volume ratio) are sufficient to disperse the ZIF-
8 particles, preventing further aggregation and phase separation, and enabling the formation
of a compact deposit under filtration. The stabilization derived from the electrostatic interaction
between the CNCs and ZIF-8, leading to the formation of a layer of adsorbed CNCs on the
surface of ZIF-8 particles, as observed by TEM. The rheology of ZIF-8 suspensions shifted
from shear-thinning to a Newtonian behaviour in presence of CNCs. The filtration process was
investigated in situ with Small-Angle X-Ray Scattering (Figure 1), showing that the deposition
of ZIF-8 particles occurred concurrently to the formation of a layered structure of CNCs,
perpendicular to the transmembrane pressure. Finally, the porosity of ZIF-8 to water was tested
with a custom-made porosimeter [3], showing that the adsorbed CNCs did not affect the
intrusion/extrusion pressure, or the available pore volume in the hybrid material.
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Figure 1. Scheme depicting in situ SAXS analysis during filtration of CNC and ZIF-8 suspensions.
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[1] Freund et al., Angew.Chem.Int.Ed. 60, 23975-24001, 2021.
[2] El Hankari et al., Prog. Mater. Sci. 106, 100579-100616, 2019.
[3] Guillemot et al., Rev. Sci. Instrum. 83, 105105-105113, 2012.
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Cd?* adsorption on cellulose is widely reported in literature, attributing the interaction
mainly to electrostatic attractions between the negative charges of the deprotonated groups of
this bio-polymer and the positive charges of the ion. [1] It is also possible to detect interesting
works on Silver Nanoparticles (AgNPs) interacting with Cd?*,and the use of AgNPs as sensors
and for water decontamination is gaining increasing attention towards the scientific community.
On the other hand, problems related to the use of hanopatrticles in the context of environmental
contamination suggest the development of ecologically sustainable media to prevent
undesirable eco-toxic effects. [2]

Due to the limited number of examples describing cellulose-AgNPs hybrids as Cd?*
adsorbents, in our research work we decided to investigate in depth what phenomena regulate this
interesting interaction. Moreover, in-depth in vivo eco-toxicological analyses were conducted on
non-oxidized (CNF) and TEMPO-oxidized cellulose nanofibers (TOCNF), to test their effects in the
marine environment and evaluating their eco-toxicity before the decoration with AQNPs.

In order to study the interaction mechanisms, we first started with the production of
TEMPO-oxidized cellulose (TOC) and TOCNF, and through in situ physical deposition with
AgNOs solutions we obtained the Silver-decorated materials (TOC-Ag and TOCNF-AQ).

Adsorption tests on 150 ppm Cd?" solution were performed and we were able to
observe that the significantly highest sorption capacity values were obtained with the TOCNF-
Ag and TOCNF, materials, highlighting the key role of silver and deprotonated carboxyl groups
on the surface of the nanocellulose.

XPS and XAS analyses on samples before and after sorption experiments were
conducted and through an in-depth semi-quantitative data analysis we were able to detect
negatively charged residues which could be the responsible for the efficient interaction with
positively charged Cd?* ions, suggesting a strong electrostatic sorbent-cation interaction with
the contribution of chelation phenomena , also underlining the role of Silver, since its presence
is able to increase the exposure of the COO groups involved in the adsorption process. These
hypotheses were further confirmed by adsorption tests in presence of Na* and Ca?*, which
revealed a decrease in adsorption capacity of the material in the presence of large amounts of
interfering cations.

[1] Hokkanen S., Repo E., Suopajarvi T., Liimatainen H., Niinimaa J., & Sillanpaa M., Cellulose
21(3),1471, 2014.

[2] Corsi I., Winther-Nielsen M., Sethi R., Punta C., Della Torre C., Libralato G., Lofrano G.,
Sabatini L., Aiello M., Fiordi L., Cinuzzi L., Caneschi A., Pellegrini D., & Buttino I., Ecotoxicol.
Environ. Saf. 154, 237, 2018.
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COPPER OXIDE NANOPARTICLE-DOPED NANOFIBER MATS FOR
EFFECTIVE AIR FILTRATION
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Chitosan is a natural polysaccharide that is biodegradable and biocompatible,
produced by deacetylating chitin from renewable sources such as insect and fungal
exoskeletons. Materials derived from chitosan have several bioactive properties such as
antimicrobial, hemostatic, spermicidal, CNS depressant, and anti-tumor effects. However, its
bioactive properties are low in solid state, blending with other potent bioactive compounds
being necessary for practical applications. In this regard, encapsulation of noble metals, such
as silver and gold, are currently investigated in order to attain materials with improved
performances. Nevertheless, the high cost of the noble metals strongly limits their applications
[1]. Another research direction dedicated to the improvement of the chitosan’ activity, is its
transformation in chitosan derivatives, e.g. quaternized chitosan, which improve the
antimicrobial and antiviral activity, and beside the adhesivity and anchoring ability of metals
[1,2].

In this context, the aim of this study was to obtain new materials with improved
properties for application in air filtration. To this aim, nanofibers mats based on chitosan and
guaternized chitosan dopped with copper oxide nanoparticles were prepared by
electrospinning. CuO nanoparticles were chosen due to their high antimicrobial activity and
low cost, which recommend them as noble metal counterparts [3]. The obtained materials were
structural and morphological characterized, and their specific properties as air filters were
investigated. They proved high mechanical properties, antioxidant and antimicrobial activity,
and good vapor and water permeability. The filtration efficiency of the electrospun fibers was
evaluated using PM2.5 sensors, which measure the concentration of particulate matter with
diameters less than 2.5 micrometers. The test conducted under controlled airflow conditions
showed that the electrospun fibers exhibit good air filtration efficiency, effectively reducing the
concentration of PM2.5 patrticles.

[1] Andreica B.-Il., Cheng X., Marin L., European Polymer Journal, 110016, 2020.

[1] Guo Z., Xing R., Jiu S., Zhong Z., Ji X., Wang L., Li P., Carbohydrate Research, 342(10),
1329-1332, 2007.

[3] Javed R., Rais F., Kaleem M., Jamil B., Ahmad M.-A., Yu T., Qureshi S.-W., Ao Q.,
International Journal of Biological Macromolecules, 167, 1452-1467, 2021.
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113

200 ¢_0 00

S4-017



DIRECT SILVER NANOPARTICLES SYNTHESIS ONTO
NANOCELLULOSE FOR ANTIBACTERIAL CELLULOSE-BASED
FOOD PACKAGING
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The food industry will have to face important challenges in a near future, some of them
in the field of food packaging. Considering that several strategies worldwide are aligned with
the reduction of plastic use, particularly those designed for a single use, most of the food
packaging solutions available in the market will require of a sustainable modification,
conception or even substitution for non-plastic products. A clear example is the Directive (EU)
2019/904 of the European Parliament and the Council (of 5 June 2019), broadly known as the
SUP directive. Despite the negative environmental impacts of plastic-based packaging, there
is no doubt that the barrier performance that mono-material and multi-material plastic
structures can offer is much greater than those based on paper. Paper is a porous structure
that needs to be properly modified to provide certain barrier to gases, nhamely through the use
of appropriate coatings. In the recent years, several strategies related to polysaccharide-based
coatings, either modified or not, have appeared, such as the use of alginates, chitosan, pullulan
or nanocellulose. However, the barrier performance that polysaccharide-coated paper can
provide is still far from the requirements for food packaging, and the system must be supported
by active strategies for increasing shelf life of food and, thus, preventing its spoilage.

In this work, we report the use of TEMPO-oxidized cellulose nanofibers (TOCNFs)
modified by means of periodate oxidation to obtain 2,3-Dialdehyde cellulose (DAC) as reducing
agent for silver, while providing barrier to gasses. The use of TOCNFs as feedstock for the
production of DAC revealed that periodate oxidation can be performed under milder conditions,
while keeping a high reduction potential. In addition, the in situ reduction of the silver present
in the Tollen’s reagent (Ag(NH)s*) onto the TOCNFs surface is of great interest, as the resulting
gel can be directly coated onto paper for developing antibacterial surfaces. It was found that
the antibacterial activity was significantly enhanced, generating a wide halo around the coated
papers when they were in contact with Bacillus subtilis (Figure 1). Overall, the present work
shows a promising approach to develop antibacterial paper, ensuring the presence of silver

nanoparticles attached to the surface of the nanocellulose coating.

Coated paper with
CNFs-TEMPO-Periodate/AgNPs
5.102M

—

Uncoated paper

Figure 1 : Visual aspect of uncoated and coated papers with TOCNFs/AgNPs and SEM
images of their surface
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Manure is mainly used as farm fertilizer and substrate for biogas production or simply
considered as waste. Utilizing herbivore manure as source for cellulose outsources biomass
collection to animals and disintegration of plant biomass—commonly not used for pulp
production— into fibres occurs in their digestive system, which could reduce the energy input
for fibre production. We proposed a manure management system (Fig. 1), in which not only
biogas and fertilizer precursors but also high-value materials in the form of (nano)cellulose are
produced. We will show that high biogas yields can be achieved using manure as substrate
and that the remaining fermentation residue allows for effortless isolation of cellulose
nanofibres, leading to a significant reduction of the environmental impact compared with
traditional systems based on wood. Ruminants only convert about 50% of the consumed feed
to sustain their life and the remains are excreted. Therefore, the faeces of these animals still
contain significant amounts of fibrous materials originating from their feed. For demonstration
purposes we used elephant and horse manure as a model system due to the high content of
lignocellulosic fibres of around 70 wt.%. We will focus here on the properties of the cellulose
materials obtained.
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Fig. 1 : The graphic shows the proposed production chain of biogas and cellulose from animal
manure: conventional use of manure (traditional system, dotted line) and proposed production
system (new system, solid line) [1]

[1] Weiland, K., WIcek, B., Krexner, T., Kral, ., Kontturi, K., Mautner, A., Bauer, A., Bismarck,
A. ACS Sust. Chem. Engin. 2021 (46), 15506-15513.
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TRIBOELECTRIC PERFORMANCE OF REGENERATED CELLULOSE

Dahlstrom, C.2, Eivazi, A.2, Pettersson, T.9, Rojas, O.2¢f, Zhang, R.?, Medronho, B.2¢,
Norgren, M.*@
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® Material Physics, FSCN Research Centre, Mid Sweden University, Sweden
¢ MED-Mediterranean Institute for Agriculture, Environment and Development, Universidade
do Algarve, Portugal
4 Fibre and Polymer Technology, KTH Royal Institute of Technology, Sweden
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" Department of Bioproducts and Biosystems, Aalto University, Finland

* magnus.norgren@miun.se

Cellulose has shown great potential in the development of green triboelectric
nanogenerators (TENG) [1]. Particularly, regenerated cellulose (R-cellulose) has shown
remarkably high output power density but the structural features and key parameters that
explain such superior performance remain unexplored. In this work, wood cellulose fibers were
dissolved in a LiOH(aq)-based solvent to produce a series of R-cellulose films. Regeneration
in different alcohols (from methanol to n-pentanol) was performed and the films’ structural
features and triboelectric performance were assessed. Nonsolvents of increased
hydrophobicity led to R-cellulose films with higher hydrophilic character; the films showed a (1-
10) diffraction peak of larger amplitude and higher apparent crystallinity. An open-circuit
voltage (VOC) of up to ca. 260 V and a short-circuit current (ISC) of up to ca. 150 pA were
measured for R-cellulose against polytetrafluoroethylene (as negative counter-layer).
However, R-cellulose showed an increased VOC of 175% (from 88.1 V) against
polydimethylsiloxane from methanol to n-pentanol. The corresponding ISC and output power
also increased by 76% (from 89.9 yA) and by 382% (from 8.8 W m~2), respectively. The higher
R-cellulose hydrophilicity, combined with soft counter-layer that follow the surface structures
increasing the effective contact area, are the leading reasons for a superior triboelectric
performance.
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[1] Zhang, R., Dahlstrom, C., Zou, H., Jonzon, J., Hummelgard, M., (")rtegren, J., Blomquist,
N., Yang, Y., Andersson, H., Olsen, M., Norgren, M., Olin, H. & Wang, Z.L. Adv. Mater. 32,
2002824, 2020; https://doi.org/10.1002/adma.202002824
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POLYSACHARRIDE FROM CRICKETS AS BIOMASS SOURCES FOR
CARBON ELECTRODES IN ELECTROCHEMICAL CAPACITOR

Lemieux J. *3, Backovic G.2, Eyley S.2, Thielemans W.2
& Sustainable Materials Lab, KU Leuven Campus Kortrijk, Belgium
*Julien.lemieux@kuleuven.be

The increasing demand for sustainable energy sources has led researchers to explore
alternative materials for energy storage. Biomass, derived from plant and animal sources,
has shown potential as a renewable resource for carbon electrodes in energy storage
devices such as electrochemical capacitors. In this study, cricket biomass was utilized for the
first time as a precursor for electrochemical capacitor electrodes. Cricket is a commonly
consumed insect in many parts of the world, and its exoskeleton cuticles are rich in chitin,
chitosan, and proteins. The carbon structure and nitrogen doping of the cricket materials can
bring significant benefits to electrochemical capacitors, including improved electrical
conductivity, surface area, and stability, resulting in higher capacitance and better
electrochemical performance.

Cricket flour was carbonized at different temperatures (1000-900-800-700 °C) and activated
in KOH under an argon atmosphere. Devices with a thick electrode (250 ym) and mass
loading (>10 mg/cm2) were assembled in a Swagelok configuration. Our results show that
cricket-derived chitin and protein carbon exhibits excellent electrochemical properties, with
high specific capacitance (> 240 F/g at 1 A/g in 1 M H,SO.), interesting nitrogen content (>3-
4 at.%) and good rate capabilities and cycling stability. The material was also characterized
via WAXS, SAXS, SEM, EA, nitrogen adsorption isotherms, and electrochemical methods.

In conclusion, this study highlights the potential of cricket biomass as a renewable resource
for energy storage applications. Our findings provide a new perspective on utilizing insect
biomass for sustainable energy solutions, which have often been overlooked, and offer an
exciting avenue for future research in the field of electrochemical capacitors technology. The
use of cricket biomass as a precursor for electrochemical capacitor electrodes offers a
sustainable and eco-friendly alternative to traditional electrode materials and has the
potential to pave the way for the development of biodegradable energy storage devices

117

$4-021



EFFECTS OF ELECTODEPOSITION MODE ON THE
ELECTROCHEMICAL PERFORMANCE OF CELLULOSE
NANOCRYSTAL BASED COMPOSITE ELECTRODES FOR HIGH-
ENERGY-DENSITY SUPERCAPACITORS

Backovi¢ G., Lemieux J., Eyley S., Thielemans W.

Sustainable Materials Lab, Department of Chemical Engineering, KU Leuven, campus Kulak
Kortrijk, Etienne Sabbelaan 53, 8500 Kortrijk, Belgium

gordana.backovic@kuleuven.be

This work focuses on the development of conductive polypyrrole-cellulose nanocrystal
porous scaffolds as supercapacitor electrode. Polypyrrole (PPy), an intrinsically conductive
polymer, was combined with carboxylated cellulose nanocrystals (0CNC) in the presence of
KCl as supporting electrolyte, to introduce the desired -electrochemical properties.
Nanostructured network-like composite electrodes (0CNC-PPy+KCIl) were prepared via
different electrodeposition modes, i.e. potentiostatically (PS), potentiodynamically (PD), and
galvanostatically (GS). X-ray diffraction and electron microscopy were used to study the
crystalline nature and morphologies of the deposited films. The electrochemical properties
were investigated using cyclic voltammetry and charge/discharge tests. The results revealed
that the electrochemical performance of the as-obtained composite electrodes depended on
the electrodeposition mode. The electrochemical properties of composite films prepared
potentiostatically exhibited the highest capacitance values amounting to 2.15 F/cm? at a
current density of 2 mA/cm? (corresponding to a specific capacitance of 297 F/g at 0.3 A/g),
with 49% capacitance retention at a high current density of 20 mA/cm? (3 A/g). Moreover, a
symmetric supercapacitor was assembled and exhibited an energy density of 48.5 uW h/cm?
(6.9 W h/kg) with outstanding cycling performance that can be attributed to the CNC template.
The results herein obtained point out CNC-PPy composite material as a promising system for
the development of sustainable energy storage devices.
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Figur : SEM images of electrodes prepared via different electrodeposition modes:

potentiostatic (a), potentiodynamic (b), and galvanostatic (c) along with respective evolution
of areal capacitance with the current density (d).
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MICROSPHERES FROM CELLULOSE ESTERS AS ELECTRODE
MATERIAL FOR ENERGY STORAGE DEVICES

Fischer J. ¥ Thimmler K.2, Mikhailova D.P, Fischer S.2
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A lot of different porous carbons are already used in electrochemical storage systems.
Materials based on cellulose and its derivatives might be a more environmentally friendly and
more sustainable alternative to other carbons.

Bead cellulose is already well characterized and is a promising material for carbons
with a large specific surface area due to its porosity and high internal surface. [1] Here,
microspheres of cellulose acetate and cellulose acetate butyrate prepared by the acetate
method are used as the cellulose source. With cellulose acetate butyrate, the surface
functionality of the microspheres is modified and an increase of the C amount can be received.
The effect of a stepwise replacement of cellulose acetate by cellulose acetate butyrate on the
resulting beads was investigated. It can be shown that the characteristics of the microspheres
obtained from the different cellulose esters differ considerably, especially in terms of particle
size, porosity, internal and surface structure.

The strong influence of the properties and the structure of the microspheres on the
characteristics of the resulting carbons was studied. After carbonization of the cellulose acetate
butyrate microspheres already a specific surface area of 567 m2 g was obtained without any
further activation step. The (activated) carbons prepared from cellulose acetate and cellulose
acetate microspheres show promising results as electrode material in symmetric
supercapacitors.

Cellulose-acetate Cellulose-acetate-butyrate

Figure 1 : Scanning electron microscope image of cellulose acetate and cellulose acetate
butyrate microspheres

[1] Thimmler K., Fischer S., Feldner A., Weber V., Ettenauer M., Loth F. & Falkenhagen D.,
Cellulose, 18, 135-142, 2011
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FACILELY PREPARED STARCH-BASED ION-CONDUCTIVE
HYDROGEL, BATTERIES, AND SELF-POWERED SENSORS WITH
STRAIN-SENSITIVITY

Ma C. 2, Liu P. 2P Xie F. *P

2 School of Chemistry and Chemical Engineering, Guangzhou University, Guangzhou,
510006, China
® School of Engineering, Newcastle University, Newcastle upon Tyne, NE1 7RU, United
Kingdom

* david.xie@newcastle.ac.uk

Herein, we report an entirely starch-based hydrogel for flexible electronics including
strain-sensitive batteries and self-powered wearable sensors. This biodegradable hydrogel is
only based on natural high-amylose maize starch (HAMS), CaCl;, and glycerol, and the
preparation method is green and facile (hamely stirring at 70 °C for 1 h). This hydrogel is highly
stretchable, flexible, reprocessable, and self-healable. Based on this hydrogel, we developed
a galvanic cell-type Zn-Cu battery (composed of one starch-based hydrogel additionally
incorporated with zinc powder and the other with CuCl, and copper powder), which has a
voltage of 0.81 V and its output current positively correlated with compression deformation.
Based on this Zn-Cu battery, a self-powered (SP) wearable sensor was further constructed,
which has high sensitivity (1.5371 kPa™") even under weak compression stress. This SP sensor
can be used to detect human activities involving small strain such as wrist pulse and throat
vibration with strong, clear and stable signals. Considering the easy processability, cost-
effectiveness, high strain-sensitivity, robustness, and greenness of the starch-based hydrogel
and electronics, their application prospect is foreseen. Read more [1].
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Figure 1: A) Starch-based hydrogel: a) the hydrogel attached to skin, b) reprocessablllty, c)
self-healability, and d) change in current change (Al/lo) under different stresses of stretching;
B) Starch-based Zn-Cu battery: e) voltages of the battery measured at room temperature,
connected in series, and after freezing, f) change in Al/lo under different stresses of
compression, and g) under different strains of compression; C) Starch-based flexible, self-
powered sensor: h) the composition of the sensor, i) change in Al/lo under different stresses
of compression, j) Al/lp vs. compression stress curve, and k) change in Al/lp when being used
to detect wrist pulse.

[1] Ma C., Xie F., Wei L., Zheng C., Liu X., Wang L. & Liu P. ACS Sustainable Chemistry &
Engineering, 10, 20, 6724—-6735, 2022
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EXPLOITING THE UNIQUE PROPERTIES OF BIOMASS IN ARID
AREAS TOWARDS NEW CLASSES OF BIOPRODUCTS

Qian Liu **23and Blaise Leopold Tardy23
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Removal of lignin from wood result in the formation of, so-called, nanowood that bears
the inherent structural properties of wood while also opening new avenues in terms of post-
processes and functional properties [1]. Other plant-based “scaffolds” can be obtained by
applying the same chemistry of deconstruction. The chemistry of delignification of wood is
herein applied to plant-based biomass that is readily accessible in arid areas as a viable
alternative to traditional nanowood.

In this study, we utilized date seeds waste as a raw material to evaluate the impact of
delignification. The process involves treating the date seeds with NaOH solution (mild soda
pulping), followed by immersion in a mixed solution of H,O,/CH;COOH for further
delignification. This results in a pure white material due to the removal of lignin. The unique
cellular micro structure of nano date seeds imbued new property to the final material and the
mechanics, porosity, and water response were evaluated. The prepared material is hydrophilic
and is expected to have a high specific surface area, making it ideal for water treatment
applications. Our research shows the potential of plant wastes to produce a sustainable and
cost-effective nanowood-like material to areas typically scarce in forest areas.

() ?ate ?eeds (b)

Figure 1 : (a) Raw date seeds and (b) processed date seeds as nonwood nanowood

[1] C. Chen, Y. Kuang, S. Zhu, I. Burgert, T. Keplinger, A. Gong, T. Li, L. Berglund, S.J. Eichhorn,
L. Hu, Nat Rev Mater. 5 (2020) 642—666.
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ECOTOXICITY AND CYTOTOXICITY OF ANTIMICROBIAL ACTIVE
NANOCELLULOSE
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aFaculty of Mechanical Engineering, University of Maribor, Smetanova ul. 17, 2000 Maribor,
Slovenia
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Dialdehyde cellulose nanofibrils (CNF) and nanocrystals (CNC) were prepared via periodate
oxidation (CNF/CNC-ox) and subsequently functionalized with hexamethylenediamino
(HMDA) via the Schiff-base reaction [1]. This resulted in a porous and micro-sized (0.5-10 pm)
particles (CNF/CNC-ox-HMDA, Figure 1) that can catch bacteria by multi-targeted (ionic and
hydrophobic) non-specific modes of action, and prevent them from growing at minimum
nontoxic (both in vitro to human lung cells and in vivo to Daphnia magna) concentrations (<
0.2 wt%). The hydrodynamically smaller (0.5-1 um) CNC-ox-HMDA decorated with aldehyde,
anionic, amino and hydrophobic surface groups was found to be the most effective, with up to
log 9 of bacteria reduction at >0.4 wt.% and a bactericidal effect. While the antimicrobial less-
active CNF/CNC-ox were fully biodegradable in composting soil within 24 weeks, this process
was inhibited considerably for CNF/CNC-ox-HMDA, indicating their different stability and
disposal after use (e.g. composting vs. recycling). As such, however, they can serve as an
alternative to nano-biocides (such as metal nanoparticles), which are limited by their toxicity
for humans and the environment [2]. Some application potentials will be presented [2-5].

Acknowledgements: This project has received funding from the Slovenian Research Agency
(Grant Agreement No. J2-1719 and Research Program P2-0424).
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Figure 1: SEM images of spray-dried water-suspended CNF/CNC-ox-HMDA
[1] Kokol V. et al. functionalized cellulose decontamination agent, Patent pending LU102795 (29.4.
2021) PCT/EP061122 (26.4.2022).
[2] Kokol V. et al. Antibacterial and degradation properties of dialdehyded and aminohexamethylated
nanocelluloses. Carbohydrate polymers. 2023, 311, 120603, 16 pages.
[3] Kokol V. et al. Antimicrobial properties of viscose yarns ring-spun with integrated amino-
functionalized nanocellulose. Cellulose. 2021, 28, 545-6565.
[4] Kokol V. et al. Cationised fibre-based cellulose multi-layer membranes for sterile and high-flow
bacteria retention and inactivation. Membranes. 2023, 13(13), 284, 23 pages.
[5] Vivod V. et al. Highly efficient film-like nanocellulosebased adsorbents for the removal of loose
reactive dye during textile laundering. Textile research journal. 2019, 89(6), 975-988.
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GRAPHENE OXIDE POLYSACCHARIDE/POLYETHYLENIMINE
CONJUGATES. SYNTHESIS, CHARACTERIZATION AND
PROPERTIES

Papadakis R.*2
& TdB Labs, 75651, Uppsala, Sweden

* rafpapadakis@gmail.com

Graphene-based materials (GBMs) are currently more and more considered for a large
variety of technologies and applications [1-2] Graphene itself holds a range of outstanding
properties such as mechanical electronic, electrical, (physico)chemical, photochemical etc.
Nonetheless, for a range of special applications graphene and other members of the graphene
family, are not satisfactorily applicable by themselves, thus appropriate modification is
required. [2-3] A relatively new trend is to combine the beneficiary properties of GBMs and
those of other materials in order to conform to the demanded properties corresponding to
specific applications. This is pronounced in biorelevant applications where a range of materials
properties are required e.g. biocompatibility, low toxicity, biodegradability etc. [4]
Polysaccharides, due to their bio-occurrence biocompatibility, high abundance and sustainable
way of production are often proposed as conjugates to GBMs with application in drug delivery,
detection of bio-relevant analytes, bioimaging, etc. [5]

Figure 1 : Proposed structure of Graphene oxide (GO) - Polyethylenimine (PEI) — Alginate
(Alg.) material discussed in this communication.

In this communication, the synthesis, spectral and physicochemical properties of
novel GO-based materials involving PEI and polysaccharides will be presented.

[1] Razag A., Bibi F. et al., Materials 15(3), 1012, 2022

[2] Zheng X., Zhai R. et al., Molecules 27(6), 2018, 2022

[3] Georgakilas, V., Otyepka, M., et al., Chem. Rev. 112, 11, 6156-6214, 2012
[4] Cheng, C., Li, S., et al. Chem. Rev. 117, 3, 1826-1914, 2017

[5] Li H., Papadakis R., Polymers 13(1), 142, 2021
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OPTIMIZED CARBOXYMETHYL CELLULOSE FOR LITHIUM-ION
BATTERIES

Petermann, O. *3, Bayer, R., Engelhardt, J. @ et al.2
# International Flavors and Fragrances (IFF), Pharma Solutions, Germany

* oliver.petermann@iff.com

Sodium carboxymethyl cellulose (CMC) is a naturally-derived water soluble polymer
obtained from wood or cotton linter cellulose. It is widely used as viscosity modifier, thickener,
binder and film former in food, pharmaceutical, home & personal care and industrial
applications.

With the increasing demand for lithium-ion batteries in various industries, particularly in
automotive, there has been a need to improve CMC performance. CMC is used as a binder
and enables the processability of the aqueous graphite anode slurry. This results in a
homogenous particle distribution, the formation of a conducting network and the improvement
of electron transport kinetics®. It has been observed that CMC impurities, particularly partially
dissolved CMC in the form of gel particles, can result in lower battery performance.

In this work, we introduce optimized CMC for lithium-ion batteries, with reduced gel
impurities. This optimized CMC improves the specific discharge capacity of the battery at high
C-Rates and increases charging speed. We are also observing an increased specific discharge
capacity over multiple use cycles, indicating that lithium-ion batteries made with CMC with low
gel impurities lengthen battery life.

Figure 1: Gel impurities of standard CMC (left) and optimized CMC (right)

[1] Gordon, R., Kassar, M, Willenbacher, N, ACS Omega, 5, 11465-11465, 2020.
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SUSTAINABLE SUPERBLACK MATERIALS FROM WOOD FOR
LIGHT MANAGEMENT
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Superblack materials display ultralow light reflectance and are essential for maintaining the
high resolution of optical devices, e.g. telescope and lens, via managing undesirable light
scattering (i.e., stray light). Superblack materials are usually fabricated by growing vertically
aligned carbon nanotube (VACNT) arrays on a metal substrate using chemical vapor
deposition (CVD). However, large-scale applications of VACNT array are limited by the cost,
low CNT growth rate, low thickness (< 400 pm) and poor mechanical properties of VACNT
coatings. We have fabricated sustainable wood-based superblack materials by carbonization
of delignified wood to achieve ultralow light reflectance. High-temperature carbonization was
optimized to maximise the number of graphitic structures responsible for light absorption. To
further decrease the light reflectance, the effect of wood anatomical elements dimensions was
assessed by finite element modeling. Consequently, controlled partial wood delignification was
employed to engineer the wood nano-microstructure to enhance the light absorption. The
radial section of wood carbon materials displayed 3-10% light reflectance whereas the light
reflectance was lowered down to superblack levels, i.e., to ~0.3 % due to vertically aligned
carbon fiber arrays formation in the cross section of delignified wood during high-temperature
carbonization. Superblack wood carbon materials have several advantages over CNT-based
technologies regarding mechanical robustness, manufacturing cost and sustainability.
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Figure 1 : Fabrication of superblack materials by high temperature carbonation of delignified
wood.
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NOVEL MAGNETIC IRON OXIDE-DEXTRAN SULPHATE
NANOCOMPOSITES WITH PROMISING PROTEIN-REPELLENT
PERFORMANCE
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Polysaccharides with protein-repelling properties, especially those containing sulfone groups,
have recently attracted much attention because this ability allows them to act as
anticoagulants, for example. However, their removal and reusability after the process is difficult
and often impossible. Therefore, the magnetic nanoparticles (MNPs) modified with sulfo group-
containing MNPs may be a good option to overcome the mentioned drawbacks. In this study,
we synthesized maghemite MNPs and coated them with sulfo-dextran (i.e., MNPs@s-dext) to
achieve protein repellency. The MNPs@s-dext were characterized by transmission electron
microscopy (TEM) to reveal their morphology (Figure 1), while the success of modification and
introduction of new functional groups were monitored by infrared spectroscopy and X-ray
photoelectron spectroscopy (XPS). The zeta potential, thermogravimetric and magnetic
properties were studied and compared with the bare MNPs. Their protein repellent properties
were investigated by QCM using albumin and fibrinogen proteins. The result showed the
successful formation of a thin coating of MNPs with s-dext and their pronounced anti-
adsorption potential towards proteins compared to bare MNPs.

Figure 1 : TEM image of MNPs@s-dext.
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DIRECT ELECTROCHEMICAL SENSOR DEVELOPMENT USING
NANOCELLULOSE / NANOCARBON HYBRID MATERIALS

Durairaj V.*2, Kontturi K.S.2, Tammelin T.2, Laurila T.?
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Direct electrochemical sensing is one of the simplest, fastest, and most economical
methods available for reliable, point-of-care detection of a large range of electrochemically
active biomolecules. Two major limitations hindering the widespread application of this method
include sensitivity and selectivity. Use of high surface area electrode materials such as carbon
nanotubes can significantly improve the sensitivity, enabling detection of very low,
physiologically relevant concentrations of drugs and other biomolecules. However, the inherent
hydrophobicity of carbon nanotubes results in strong bundling effects, rendering them hard to
disperse in either organic or inorganic solvents. This in turn poses several challenges to
developing functional electrode architectures from carbon nanotubes, without losing their
intrinsic electrochemical activity.

Nanocellulosic materials, especially those modified with highly charged functional
groups, have been shown to be very efficient in dispersing carbon nanotubes in stable aqueous
suspensions [1]. We have developed functional nanocellulose / carbon nanotube hybrid
electrochemical sensors using nanocellulosic materials with different physical and chemical
properties [2]. We demonstrated the structure-property relationships between the
nanocellulose / carbon nanotube hybrid material architectures and their electrochemical
sensing performance [3]. Cationic small molecules (such as the neurotransmitter — dopamine)
are seen to be preferentially enriched in hybrid electrodes containing highly negatively charged
nanocellulosic materials, enabling both excellent sensitivity and selectivity. Interestingly,
neutral molecules (such as paracetamol) are also seen to be highly enriched in this same
hybrid material, indicating that in addition to electrostatic effects, the nanocellulose dictated
hybrid membrane architectures also drastically affect the electrochemical sensor performance.

Compared to commercial carbon nanotube-based electrodes without nanocellulosic
materials, our hybrid nanocellulose / carbon nanotube electrode materials show significantly
higher sensitivity towards various small molecules in physiologically relevant concentrations.
In addition to effectively dispersing the carbon nanotubes, the nanocellulose component also
improves the hygroscopicity of the hybrid material, thereby enabling higher electrochemically
active carbon nanotube surface area to be available for sensing. Further, these amphiphilic
nanostructured hybrid materials also offer superior resistance to fouling from common proteins
present in human plasma and can therefore be highly promising alternatives in the
development of direct electrochemical point-of-care sensors for medical applications.

References:

[1]. Hajian, Alireza, et al. "Understanding the dispersive action of nanocellulose for carbon
nanomaterials." Nano letters 17.3 (2017): 1439-1447.

[2]. Durairaj, Vasuki, et al. "Functionalized nanocellulose/multiwalled carbon nanotube composites for
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MAKING WOOD LUMINESCENT WITH STYRIAN PUMPKIN SEEDS
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Wood is a highly promising material for developing sustainable optical and photonic devices,
especially for smart building applications e.g. indoor lighting purposes. Thanks to its inherent
hierarchical structure, and the possibility to chemically modify its natural chromophores
(especially lignin), it can be used to transmit, and even guide, light of controllable
wavelengths.t. However, state-of-art studies make use of potentially toxic quantum dots or
other unsustainable fluorophores, and use petrol-based polymers to improve the matrix
transparency, thus compromising the inherent sustainability of wood 231,

Here, we took advantage of the shine-through effect [ in which a fluorophore is applied to one
side of a thin wood membrane and excited with UV radiation so that the emitted light is allowed
to travel through the wood matrix while the UV light is blocked. As fluorophore, we selected a
natural red-emitting protochlorophyllide extracted from the seeds of Steirischer Olkiirbis
(Cucurbita pepo subsp. pepo var. styriaca). Impregnation of the wood matrix with bio-based
refractive index-matching materials resulted in a fully sustainable transparent luminescent
wood. In addition to photoluminescence, wood functionalised with this fluorophore can also
display chemiluminescent properties.
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3D GEL-PRINTING OF A TOUGH POLYMER COMPOSITE GEL INK
REINFORCED WITH CHEMICALLY MODIFIED CELLULOSE
NANOFIBRILS SHOWING SELF-HEALING BEHAVIOUR

Feras Dalloul*, J. Benedikt Mietner and Julien R. G. Navarro
Institute of Wood Science, University Hamburg, Germany

*feras.dalloul@uni-hamburg.de

Three-dimensional (3D) gel printing, also called direct ink writing, is a rapidly expanding
technology that enables the creation of intricate, multi-layered structures with a high degree of
precision and accuracy. This study aims to demonstrate that chemical-modified cellulose
nanofibrils (CNF) can be used as a renewable and sustainable reinforcement agent to render
polymers printable. Precise surface chemistry were achieved using a procedure known as
Single-Electron Transfer Living Radical Polymerisation (SET-LRP)!. A polymer consisting of
ureidopyrimidinone (UPy) and di(ethylene glycol) ethyl ether (DEGEEA) units have been
synthesized, and UPy-grafted cellulose nanofibrils (CNF-g-UPY) were used to produce the
composite (UPy-DEGEEA/CNF-g-UPY). Results revealed significantly improved mechanical
properties (3.7-fold in storage modulus and 2.8-fold in loss modulus). Also, it showed shear
thinning properties, enabling the extrusion in a uniform and stable structure. Self-healing
characteristics of the polymer have been transferred to the composite with minimal loss of
structure during the repairing process?.

These results highlight the potential of modified CNF in designing advanced composite
materials, leading to the development of innovative products with functionalities and
performance in various applications, notably biomedical engineering, robotics and portable
electronics.

I. I
—'_ :CNF-g-Upy : UPy-DEGEEA

Figure 1. Schematic representation of the self-healing process

[1] Rosen BM, Jiang X, Wilson CJ, Nguyen NH, Monteiro MJ, Percec V. J Polym Sci Part
A Polym Chem; 47(21) : 5606-5628. 2009;

2] Dalloul F, Mietner JB, Navarro JRG.. Published online April 6, 2023.
doi:10.1021/acsapm.2c02065
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KINETIC/SELECTIVITY STUDY AND REAL-TIME MONITORING
STRATEGY FOR TEMPO-MEDIATED OXIDATION
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This study examines the practicality of using a monitoring system in real-time for TEMPO-
mediated oxidation, through the relationship between NaOH consumption and carboxyl
content in a temperature range from 5 to 35 °C Kinetic constants between 0.58 to 5.50 s* were
determined, indicating a first-order reaction system. Furthermore, an activation energy of
approximately 73.70 kJ/mol for a 16 g/kg addition of TEMPO was quantified, as mentioned in
previous researches [1,2]. A linear correlation between NaOH consumption and carboxyl
content for different TEMPO catalyst amounts (ranging from 2 to 32 g/kg) was found, while the
carboxyl content of oxidized fibers decreases significantly, particularly for lower concentrations
of TEMPO. The selectivity of soluble polysaccharides oxidation is intrinsically linked to the
proportion of available oxidizer (NaOCI) and catalyst (TEMPO). However, increasing the
amount of TEMPO beyond 16 g/kg did not improve the kinetics significantly but could
significantly increase oxidation selectivity. The study also investigated the effect of different
NaOCI concentrations (2-12 mmol/g) versus TEMPO concentrations (2-32 g/kg) on
morphology and kinetics of reaction. The results showed that changes in morphology could
expose more sites susceptible to oxidation, while minimizing depolymerization of the fibers.
These results demonstrate the suitability of scaling up TEMPO-mediated oxidation and
suggest that with proper reaction conditions, it is possible to achieve higher proportions of
carboxyl content/degree of polymerization. The study provides valuable insights into the
factors that affect the reaction path and the characteristics of the resulting oxidized cellulose.
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Figure 1 - Correlation between tina and k; for all the tested conditions/Schematic
representation of oxidation, depolymerization, hydration, and partial disruption of fibers and
microfibers [3].

[1] Dai, L., Dai, H., Yuan, Y., Sun, X., & Zhu, Z., BioResources 6, 2619 — 2631, 2011.
[2] Sun B, Gu C, Ma J, Liang B., Cellulose 12, 59 — 66, 2005.

[3] Mazega, A., Santos, A.F., Aguado, R. et al. Kinetic study and real-time monitoring
strategy for TEMPO-mediated oxidation of bleached eucalyptus fibers. Cellulose 30, 1421-
1436 (2023).
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REGENERATED CELLULOSE TENG WITH COLOUR PRINTED
SURFACE FOR INCREASED PERFORMANCE

Stolpe A. *3, Eivazi A. 2, Norgren M. 2, Zhang R. , Dahlstrom C.?2
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Triboelectric nanogenerators (TENGS) are ideal to meet the increasing need for green
and efficient energy solutions, e.g., in small wireless and/or wearable applications.
Regenerated cellulose is an exemplary material regarding both power output and mechanical
performance, and it is environmentally friendly and economically favourable. To further
improve the triboelectric performance of the cellulose, colour printing was done on the
surface with conventional laser printing. Printer toners commonly contain substances with
different triboelectric properties. [1]

In this work, cellulose fibres were dissolved using a LiOH/urea solvent and regenerated
in an ethanol bath and eventually dried under controlled conditions. Thereafter the resulting
transparent cellulose films were run through a conventional laser paper printer to apply toners
of different colour and patterns on the surface. Cyan, magenta, yellow and black was printed
in one layer. In addition, black was printed in certain patterns from low to high coverage and in
several layers to evaluate the effect of applied amount. The samples were analysed using
SEM, AFM, XRD, FTIR and a TENG was assembled in the contact-separation mode to
investigate the triboelectric performance.

The printed cellulose films were found to give enhanced triboelectric output. The results
show an interesting and simple processing route to enhance the performance of cellulose-
based TENG materials that can be useful in the development of cheap and sustainable small
wireless electrical generators or sensors.

Figure 1 : Example of a regenerated cellulose film with colour printing on the surface.

[1] Zhang, R.; Hummelgard, M.; (")rtegren, J.; Andersson, H.; Olsen, M.; Chen, W.; Wang, P.;
Eivazi, A.; Dahlstrom, C.; Norgren, M., Adv. Engin. Mater., 2023, in press,
https://doi.org/10.1002/adem.202300107
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WASTEPAPER-BASED TRIBOELECTRIC NANOGENERATORS
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Inks and toners used for printing contain materials, such as polyester, with strong
triboelectric properties to enhance the binding effects, making wastepaper, such as magazines
and newspapers, good candidates for triboelectric materials. In this study, we report high-
output power triboelectric nanogenerators (TENGS) that utilize wastepaper as triboelectric
layers (wastepaper-based triboelectric nanogenerators (WP-TENGS)) [1]. Journal paper and
office copy paper wastes are investigated. The results show that the maximum power densities
of the WP-TENGS reach 43.5 W-m2, which is approximately 250 times the previously reported
output of the TENG with a recycled triboelectric layer made from wastepaper [2]. The maximum
open circuit voltage (Voc) and short circuit current (Isc) are 774 V and 3.92 mA (784 mA m2),
respectively. These findings can be applied to extend the life cycle of printed papers for energy
harvesting, and they can later be applied for materials recycling to enhance the sustainable
development of our society.
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CHITOSAN SELF-ASSEMBLY CONTROLLED IN TIME BY A PH
CLOCK REACTION

Panzarasa G.2

a2 Wood Materials Science, ETH Zirich, Switzerland
* guidop@ethz.ch

Chitosan is a pH-responsive natural polysaccharide, biocompatible and biodegradable, with
countless practical applications and of great interest for developing sustainable functional
materials.

Here we take advantage of its pH-dependent solubility in water to program its autonomous
self-assembly into colloidal particles. To this end, we use the methylene glycol-sulfite (MGS)
system, an acid-to-alkali clock reaction which is able to produce sharp changes of pH (from
ca. 5.5 to about 11) after a tailorable induction time. We show that the time of chitosan
precipitation i.e. of particle formation, as well as the size of the resulting particles, can be
controlled by tuning the initial conditions of the clock reaction.

References
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LOWERED WETTABILITY AND ENHANCED BARRIER
PERFORMANCE OF PAPERBOARD THROUGH FULLY BIO-BASED
CELLULOSE NANOFIBRILS/POLYMERIZED LIGNIN COATING
MATERIALS
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2 Laboratory of Natural Materials Technology, Abo Akademi University, Henrikinkatu 2, Turku
FI-20500, Finland
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Coating materials made from cellulose nanofibrils (CNF) obtained from plant cell walls
have attracted an increased interest for packaging and coating applications as alternatives to
petroleum-based materials. CNF is biodegradable and renewable, providing excellent barrier
and mechanical properties [1, 2]. However, CNF's hygroscopic nature presents a challenge
in maintaining its water vapor and oxygen barrier properties in humid conditions. To address
this issue, we have developed a new CNF-based coating material that is manufactured in
water phase and in a single step through in situ laccase-catalyzed polymerization of lignin on
CNF.

In this study, we prepared various lignin soluble fractions with well-defined
characteristics using the solvent fractionation methodology. The fractions included crude
lignin (BLN) and those soluble in isopropyl alcohol (iPrOH), ethanol (EtOH), and methanol
(MeOH). We selected the iPrOH lignin fraction with a high degree of polymerization to
synthesize the CNF/polymerized lignin coating material. The resulting material, prepared in a
fiber suspension with a loading amount of 15 wt% lignin and a reaction duration of 6 hours,
had an even distribution of lignin nanopatrticles on the fiber surfaces. The homogenous films
formed using the casting method showed increased hydrophaobicity (water contact angle
approximately 120°) compared to neat CNF films.

More importantly, when we applied the CNF/polymerized lignin coating materials onto
the surface of paperboard they significantly enhanced the barrier properties (2-fold reduction
for water vapor and 52-fold for oxygen), as shown in Fig. 1a. The coating also exhibited
excellent grease barrier (KIT value of 12) and low wettability within 45 s (Fig. 1b). These
results suggest that the CNF/polymerized lignin coating material has the potential to serve as
a fully bio-based coating material for packaging and barrier applications.
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Figure 1. (a) water vapor transmission rate (WVTR) and oxygen transmission rate (OTR),
and (b) the water contact angle for base paperboard and paperboard coated with CNF and
CNF/polymerized lignin coating materials. CMC: carboxymethylated cellulose

[1] Ahankari, S. S., Subhedar, A. R., Bhadauria, S. S., & Dufresne, Carbohydrate Polymers, 255, 117479, 2021.
[2] Wang, J., Gardner, D. J., Stark, N. M., Bousfield, D. W., Tajvidi, M., & Cai, Z. ACS Sustainable Chemistry &
Engineering, 6(1), 49-70, 2017.
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CELLULOSE NANOCRYSTALS BASED FLOCCULANTS FOR
MARINE MICROALGAL HARVESTING
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Polysaccharide-based flocculants are gaining traction for harvesting saltwater microalgae.
However, some polysaccharides do not perform well in saltwater conditions due to the high
ionic strength of the medium, which results in their coiling and reduced efficacy. Furthermore,
unless subjected to chemical modification, polysaccharides do not possess cationic properties
at pH > 9, which corresponds to the pH of the anionic microalgal cells during the harvesting
process. Cellulose nanocrystals (CNCs) are a novel class of flocculants that provide benefits
over other polysaccharides due to their crystalline structure, which inhibits their coiling in high
ionic strength environments. The hydroxyl groups present on the surface of CNCs can be
readily modified chemically with cationic quaternary ammonium groups, leading to the
production of flocculants that exhibit pH-independent flocculation. This study aims to evaluate
the performance of two CNC-based flocculants: (a) unmodified CNCs and (b) pyridinium-
modified CNCs that possess cationic quaternary ammonium groups, for separating the
saltwater microalgae Nannochloropsis oculata via flocculation-flotation. The CNCs were
extracted from cotton wool through sulfuric acid hydrolysis, and the extent of grafting was
determined using FTIR, elemental analysis, TGA, and XPS spectroscopy, while crystallinity
and morphology were confirmed using WAXS and SEM, respectively.

With increasing dose of functionalised CNCs the separation efficiency increased, resulting in
a maximum separation of >90% at 50 mg/L. The efficiency then declined but remained stable
at ~80% with further increases in the flocculant dose. In contrast, the non-functionalised CNCs
failed to induce any separation. This study also found that the amount of modified CNCs
required to separate the microalgae was less than what was needed for chitosan, another
polysaccharide-based flocculant!. Thus, our work demonstrates that cationic, crystalline and
chemically modified nanocellulose has significant potential as a flocculant in high ionic strength
solutions.
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Figure 1 : Dose-response curves for pyridinium modified and unmodified CNCs with DAF as
separation process for Nannochloropsis oculata species.

[1] Blockx J., Verfaillie A., Thielemans W., Muylaert K. ACS Sustainable Chem. Eng. 2018, 6,
9, 11273-11279
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DECREASING UNCERTAINTY IN ENZYMATIC HYDROLYSIS AS
PRETREATMENT FOR CELLULOSE MICRO/NANOFIBERS
PRODUCTION: CORRELATION BETWEEN STRUCTURAL CHANGES
AND PROCESS PARAMETERS

Mazega A. *°  Aguado R.J. 2P, Tarrés Q. 2°, Marc Delgado-Aguilar 2P
& LEPAMAP-PRODIS Research Group, University of Girona, Spain
P Department of Chemical and Agricultural Engineering and Agrifood Technology, University

of Girona, Spain

* andre.mazega@udqg.edu

The present study provides the correlation between different structural characteristics of
cellulose fibers with process parameters, aiming at providing real-time monitoring systems
during enzymatic hydrolysis for cellulose nanofibers production.Bleached kraft hardwood pulp
was treated with enzyme cocktail (mostly endoglucanases) using dosages in a range of 80-
320 ug/g with a residence time varying from 30 to 240 min. In order to acquire a better idea of
how the process of hydrolysis develops and affects the supramolecular structure of the fibers,
particularly at mild conditions compared to those implemented for biofuel and/or sugar
production, the reactions were monitored throughout several experiments. Energy
consumption of the stirring system was found to correlate the concentration of reducing sugars
in the reaction media, making it possible to draw a roughly idea of the treatment effects on the
fiber based only on the rheological behavior within a specific reaction time. Measurements of
intrinsic viscosity presented a different pattern of evolution throughout the reaction for each
enzymatic load. We hypothesized that enzymes will preferentially act on more available and
smaller fibers, first reducing the proportion fines/fibers and later reducing the viscosity by
affecting the DP of larger fibers [1]. It was possible to see an increase in viscosity on every
condition, with a sharp increase followed by a decrease on the condition with highest enzymatic
load. Morphological analysis of the fibers confirmed this shift on size distribution on a
macroscale. Further morphological investigation with microscopic techniques were required to
confirm if the viscosity is being affected not only by a shift on size distribution of the samples,
or also by structural changes on a molecular level. The interaction in between elementary
cellulosic chains being compromised leading to an increase in surface area without
significantly affecting the size of the chains, explaining the increase followed by the decrease
in viscosity measurements.
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Figure 1 — Effect of enzymatic treatment in the stirring system, reducing sugars
concentration and viscosity for different conditions of enzymatic charge and reaction time.

[1] Sigoillot, J. C., Berrin, J. G., & Bey, M. (2012). Cellulolytic enzyme activities in biomass
conversion: measurement methods and comparison. Critical Reviews in Biochemistry and
Molecular Biology, 47(3), 172-205.
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BIOACTIVITY OF BACTERIAL CELLULOSE INDUCED BY SPRAY-
DRIED GELATIN AND GELATIN-NISIN MICROPARTICLES
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As an ultrapure material, bacterial cellulose (BC) does not trigger undesirable reactions
when used in contact with human tissues, which is highly advantageous from a medical
perspective [1, 2]. Such “inertness” may also restrict targeted interactions with other
(bio)molecules, reducing the foreign-body reactions [3]. At the same time, this means a lack of
bioactivity, arising as an issue in specific applications where bioactivity is required, such as
regenerative medicine. More generally speaking, lack of bioactivity means missing cell-
recognition moieties for attracting (human) cells to attach and lacking any active function
towards any organism, which can also be desirable, such as antimicrobial activity. Herein, we
produce spray-dried gelatin and gelatin-nisin microparticles, stabilised by dehidrotermal
treatment and apply them onto the BC membrane by dispersion-casting procedure (Figure 1).
Further, we assess the relationship between production parameters with obtained properties
(morphology, size distribution and stability). Mineralisation pattern after immersion in saturated
simulated body fluid was explored, as well as antimicrobial action using selected Gram-positive
and Gram-negative bacterial strains: Pseudomonas aeruginosa ATCC 27853, Staphylococcus
aureus ATCC 29213, Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29212,
utilising disc diffusion method. We aim to highlight micropatrticles' structural and compaositional
effect on the bioactivity of modified BC, in comparison with neat BC and evidence for rationality
behind such maodification procedure.

Figure 1. (left to right) Gelatin/nisin microparticles and BC membrane before and after their application.
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Pickering emulsions are systems where the interface of the droplets is stabilized by
solid particles. There are direct (oil in water), inverse (water in oil) and multiple emulsions [1].

The objective of the project “Drywater” funded by the French National Research Agency
is to prepare Pickering water-in-oil emulsions stabilized by cellulose nanoparticles (CNC). The
surface of cellulose nanocrystals is globally hydrophilic and leads only to the preparation of oil-
in-water emulsions when they are used for their emulsifying properties [2]. The stabilizing
particles usually used in water-in-oil emulsions must be mainly hydrophobic. Therefore, to be
used in Pickering water-in-oil emulsions, the surface affinity of CNC for the dispersant phase
(oil) needs to be increased while maintaining a partial affinity for the dispersed phase (water)
[3]. Itis necessary to modify their surface to increase their hydrophobicity. For that, a chemical
grafting route for phenolic compounds had been used to obtain a first coating. The grafting of
ferulic acid by esterification was carried out based on the chemistry of imidazoles
(carbonyldiimidazole) [4]. It was validated by infrared spectroscopy, UV-Visible
spectrophotometry and H!NMR. Time turbidity measurements in water also confirm the
phenolic coating. The contact angle (water used as solvent) was evaluated at 34° + 4 for the
CNC grafted ferulic acid (CNC-FA) versus 23° + 2 for the non-grafted CNC.

CNC (chemical synthesis

232 2.1

CNC-FA

Figure 3: Contact angles of CNC (chemical synthesis blank) and CNC-FA measured with
water

Then, laccases have been chosen to increase the amount of ferulic acid and at the
same time the surface hydrophobicity. Laccases are enzymes that can oxidize low molecular
weight molecules such as phenols while reducing oxygen to water [5]. Two of them from
Bacillus subtilis and Trametes trogii had been evaluated by cyclic voltammetry on ferulic acid,
on CNC and CNC-FA. They have shown activity on ferulic acid and not on CNC. On this basis,
tests are in progress to graft ferulic acid onto the CNC-FA and thus obtain more hydrophobic
particles.

[1] Chevalier Y., Bolzinger M-A., Colloids and Surfaces A: Physicochemical and Engineering Aspects, 439, 23—
34,2013
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HIGH VISCOSITY, ANTIBACTERIAL AND ANTIOXIDANT PROPERTIES
OF D-MANNITOL-INDUCED HIGHLY SUCCINYLATED SUCCINOGLYCAN
PRODUCED BY SINORHIZOBIUM MELILOTI RM 1021

Yohan Kim#*, Sohyun Park?, Younghyun Shin?, Jaeyul Kim2, Jae-pil Jeong?, and Seunho
Jung?P

2 Department of Bioscience and Biotechnology & ® Department of System Biotechnology,
Microbial Carbohydrate Resource Bank (MCRB), Konkuk University, 120 Neungdong-ro,
Gwangjin-gu, Seoul 05029, South Korea

* shsksl@hanmail.net

As social and environmental awareness has recently increased, highly viscous
microbial polysaccharide is one of the essential raw materials for various industries as a novel
natural rheological agent to replace synthetic chemicals [1]. Among natural polymers, microbial
exopolysaccharides (EPS) have great advantages as ecofriendly biodegradable polymers with
significant potential to provide a wide range of their rheological properties [2]. Succinoglycan
(SG) isolated from Sinorhizobium meliloti (S. meliloti) Rm 1021 contains non-carbohydrate
substituents, such as pyruvate, succinate, and acetate groups, in repeating octasaccharide
unit [3]. The physical properties of SG are constant even under high temperature, shear rate,
and salt condition, it is used in commercial products such as thickeners, stabilizers, emulsifiers,
and gelling agents [4]. The rheological and physiological properties of D-mannitol-induced
highly viscous SG produced by Sinorhizobium meliloti Rm 1021 have been investigated. When
the concentration of D-mannitol as a carbon source in the GMS medium increased, SG
exhibited a higher degree of succinylation. The viscosity of highly succinyl-substituted SG
remarkably increased up to 7.726 Pa-s at a shear rate 10 s, about 24.75 times higher than
normal SG. As the degree of succinyl substitution increased, the thermal stability of SG also
increased. In particular, as the concentration of D-mannitol increased, the rheological
properties of G' of SG proportionally improved. In addition, this highly succinyl-substituted SG
solution showed the enhanced antibacterial effects against E. coli and S. aureus and
scavenging activities against DPPH and hydroxyl radical.
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[1] Rana, S., & Upadhyay, L. S. B. International journal of biological macromolecules, 157,
577-583, 2020.

[2] Sutherland, I. W. Trends in biotechnology, 16(1), 41-46, 1998.

[3] Andhare, P., Goswami, D., Delattre, C., Pierre, G., Michaud, P., & Pathak, H. Applied
Biological Chemistry, 60(3), 339-348, 2017.

[4] Jahanbin, K., Moini, S., Gohari, A. R., Emam-Djomeh, Z., & Masi, P. Food Hydrocolloids,
27(2), 14-21, 2012.
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CHITOSAN/QUATERNIZED CHITOSAN NANOFIBERS DESIGNED
FOR BIOMEDICAL APPLICATIONS

Andreica B.-1.*3, Anisiei A 2. Rosca .2, Sandu A.-1.2, Mititelu-Tartau L.¢, Marin L.2

& “Petru Poni” Institute of Macromolecular Chemistry, Grigore Ghica Voda Alley, lasi,
Romania
¢ “Grigore T. Popa” University of Medicine and Pharmacy, lasi, Romania

* andreica.bianca@icmpp.ro

Over the past few decades, there has been a significant focus on quaternized chitosan-
based (nano)fibers for the development of materials with applications as wound dressings, air
and water filters, drug delivery scaffolds, antimicrobial textiles, energy storage systems,
alkaline fuel cells, and more. The unique properties of quaternary groups, such as
hydrophilicity, bioadhesiveness, antimicrobial, antioxidant, hemostatic, and antiviral activity,
and ionic conductivity, have contributed to this interest [1]. Nevertheless, the ionogenic nature
of quaternary chitosan hampers its electrospinning, and co-spinning with a synthetic polymer
has been necessary to produce high-quality fibers. Additionally, a high degree of
guaternization can lead to cytotoxicity, making it challenging to use these fibers for in vivo
applications that require biodegradability and biocompatibility. To address these challenges, a
new approach has been proposed, to prepare chitosan/quaternized fibers, using poly(ethylene
glycol) with a double role: co-electrospinning agent and sacrificial component [2].

The success of this strategy has been demonstrated through FTIR and NMR
spectroscopy and TGA analysis, which showed the complete removal of poly(ethylene glycol).
SEM analysis showed that the fibers had an average diameter of around 160 nm, while X-ray
diffraction corroborated with POM indicated their semicrystalline nature. The fibers swelled in
water and in media of physiological pH, partially dissolved in these media, and biodegraded in
the presence of lysozyme, with biodegradation rates controlled by HTCC’s content and pH.
The fibers also exhibited breathability, as evidenced by reversible water vapor
adsorption/desorption curves. The mechanical properties of the fibers variated, but the overall
results were superior to those of many fibers from synthetic polymers or of human skin. The
adhesive force to chicken skin increased as the content of HTCC increased, pointing to good
bioadhesion, a fact also observed for the mucoadhesion tests, evaluated by UV-vis and Zeta
potential measurements on mucin mixtures. Additionally, small amounts of samples containing
HTCC inhibited the growth of E. coli and S. aureus in less than 6 h, and 24 h respectively,
while materials based only on chitosan showed a limited antimicrobial effect. In vitro tests
demonstrated cytocompatibility suitable for biomedical applications, while in vivo testing on
rats by subcutaneous implantation showed no toxicity or allergic effect and did not perturb the
immune system.

Overall conclusions revealed that a moderate quantity of HTCC can provide good

balance between the physical properties and biological activities of the nanofibers, making
them valuable biomaterials for biomedical devices, especially implantable ones, and promising
candidates for wound healing applications.
Acknowledgment: This work was supported by a grant of the Ministry of Research, Innovation
and Digitization, CNCS/CCCDI — UEFISCDI, project number PN-III-P4-ID-PCE2020-2717,
within PNCDI IIl, no. PCE 2/2021 and from the project H2020- MSCA-RISE-2019, SWORD-
DLV-873123.

[1] Andreica B.-I., Cheng X., Marin L., European Polymer Journal, 139, 2020.
[2] Andreica B.-l., Anisiei A., Rosca |., Sandu A.-l., Pasca A. S., Mititelu-Tartau L. & Marin L.,
Carbohydrate Polymers, 302, 2023
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NANOCELLULOSE-FUNCTIONALIZED AFM PROBES: PROBING
SURFACE INTERACTION AT THE NANOSCALE WITH NATURAL
ORGANIC MATTER IN THE LIQUID PHASE.

Houssine Khalili*2, Edouard Pesquet®, and Aji P Mathew?

@ Department of Materials and Environmental Chemistry, Stockholm University, 10691
Stockholm, Sweden.
® Department of Ecology, Environment and Plant Sciences, Science for Life Laboratory,
Stockholm University, 10691 Stockholm, Sweden.

* Email of presenting author: houssine.khalili@mmk.su.se

Nanocellulose stands out as an incredibly versatile biobased material with numerous uses in
environmental applications. With its distinctive surface chemistry and nanostructured
morphologyl, nanocellulose has gained recognition as a promising resource for water
treatment, an emerging field in which it exhibits significant potential. The use of nanocellulose
as an effective agent to prevent fouling in membranes has been suggested, but the specific
mechanism behind its antifouling properties remains unclear. Therefore, the objective of this
study was to develop nanocellulose-functionalized AFM probes and utilize them as force
sensors to investigate the intermolecular forces between the nanocellulose and organic
foulant, which presents a major obstacle in water treatment processes. The AFM probes were
successfully developed and examined using high-resolution scanning electron microscopy
(SEM) and fluorescence techniques. Phosphorylated cellulose nanofibers (PCNF) exhibited
lower adhesion force towards bovine serum albumin foulant (BSA) compared to TEMPO-
oxidized cellulose nanofibers (TOCNF). Suggesting low that PCNF has a low affinity toward
BSA than TOCNF.

AFM: Atomic force microscopy.

(1) Zhu, C.; Monti, S.; Mathew, A. P. Cellulose Nanofiber—Graphene Oxide Biohybrids: Disclosing
the Self-Assembly and Copper-lon Adsorption Using Advanced Microscopy and ReaxFF Simulations.
ACS Nano 2018, 12 (7), 7028-7038. https://doi.org/10.1021/acsnano.8b02734.
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AGGREGATION STUDIES ON THE DISSOLUTION AND
REGENERATION OF BIOPOLYMERS FROM HEMP (CANNABIS
SATIVA) USING IONIC LIQUIDS
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From the approval of new regulations on Cannabis sativa (CS) a growing hemp industry has
started to emerge. Though, in the current situation, flowers are sold un-transformed, leaving
farmers little to no profit. In this scenario, we proposed the use of non-traditional hemp
products for the development of new materials.Hemp residues were kindly donated by
Innovaterra (Salto, Uruguay). Dried and sieved primary and secondary brunches residues
(125-500um) were dissolved in [C4mim] [CI] (Liotec) using either oil bath with stirring at 90°C
for 24h or subjected to microwave 1s - 2s pulses for 1-5 min [1] . After dissolution and
centrifugation, a cellulose rich material fraction (CRM) was obtained by precipitation with
either acetone-water, ethanol or acetonitrile. Structural carbohydrate and soluble and
insoluble lignin content was carried out following NREL/TP-510-42618. The materials
obtained were then characterized using traditional techniques (FTIR, PXRD, DSC, TGA
analysis and SEM microscopy). A yield of dissolution of up to 83% was obtained for the
biomass and for CRM was about 40%. In the CRM, lignin content was variable with a 50%
reduction in the principal stems sample (A), and the cellulose content remained constant in
most of the fractions in both secondary and primary fractions. Granulometry was found to be
the leading factor of DSC behavior of the samples, regardless of the variation in its
composition. In conclusion, firstly, a simple dissolution methodology of hemp residues was
successfully applied to be further investigated in its application for film or wet- spinning.
Secondly and more importantly, promise is held for the use of aggregation as a controlling
factor for the development of bio-based materials.

[1] Shamshina, J.L., et al., In Search of Stronger/Cheaper Chitin Nanofibers through
Electrospinning of Chitin—Cellulose Composites Using an lonic Liquid Platform. ACS
Sustainable Chemistry & Engineering, 2018, 6,14713-14722.
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TRANSFORMING HEMICELLULOSES’ DISTINCTIVE PROPERTIES
TO UNIQUE BENEFITS

Mikkonen K.S. *&b
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Established industrial wood biorefining processes are optimized for cellulose recovery,
but they often lead to at least partial degradation of hemicelluloses into low molar mass
fractions. Impurities, such as lignin bring compositional variation, which together with the
incomplete water-solubility of hemicelluloses complicates hemicellulose valorization for
potential applications. At the same time, there is a significant demand by food, pharmaceutical,
cosmetics, and chemical industries for intermediate-to-low molar mass polysaccharides with
low viscosity in aqueous solutions and with capability to stabilize dispersed systems. The
stabilizing capacity is generally enhanced by amphiphilic structures. Lignin impurities introduce
such amphiphilicity in hemicelluloses, so they can be viewed as natural functionality
enhancers. The unique composition and colloidal properties of hemicelluloses make them
efficient stabilizers against emulsion breakdown and lipid oxidation. Furthermore, a potential
utilization route of hemicelluloses is as prebiotic fibers for healthy lifestyle. Hemicelluloses from
various different wood biorefinery processes are a significant underexploited natural resource
with broad future outlook. [1]

[1] Mikkonen, K.S. Green Chemistry, 22 (4), 1019-1037, 2020
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STABILIZATION OF WATER IN WATER EMULSIONS AND THEIR
USE AS PRECURSORS OF POROUS HYDROGELS

Chassenieux C.
Le Mans University-CNRS, IMMM UMR 6283, France

* christophe.chassenieux@univ-lemans.fr

Water-in-water emulsions are obtained by mixing solutions of two incompatible water-
soluble polymers, of which polysaccharides are widely used. Due to the very low interfacial
tension between the two agueous phases and the length scale involved, their stabilisation is a
challenging problem that has been approached in several ways. Most commonly, it is achieved
by a Pickering effect associated with the use of solid particles sitting at the interface®. Again,
in that attempt, whiskers, microgels and self-assemblies based on polysaccharides have been
widely reported in the literature?3. Often, Pickering stabilisation is coupled with gelation of the
continuous phase?, which prevents the emulsions from sedimenting or creaming, giving them
the potential to be transformed into hydrogels with controlled porosity. | will illustrate some of
these issues and show how the water-in-water interface can be further used to produce
polysaccharide/proteins complexes of interest®.
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Figure 1 : Various potentials of water in water emulsions based on polysaccharides

[1] Nguyen B.T., Nicolai T., Benyahia L. Langmuir, 29, 10658—-10664 2013.

[2] Peddireddy K. R., Nicolai T., Benyahia L., Capron I. ACS Macro Letters, 5 (3), 283-286,
2016

[3] Tea L., Nicolai T. , Renou F. Langmuir, 35 (27), 9029-9036, 2019

[4] de Freitas, R. A., Nicolai T., Chassenieux C., Benyahia L. Langmuir 32 (5), 1227-1232,
2016.
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XYLOGLUCAN AND CELLULOSE NANOCRYSTALS
THERMORESPONSIVE HYDROGELS: GELATION MECHANISM AND
FUNCTIONNAL PROPERTIES

Géraldine Rangel?, Christophe Chassenieux®, Bernard Cathala?
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b Institut des Molécules et Matériaux du Mans, Le Mans, France
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Nanocellulose are a class of biobased nanoparticles encompassing nanocrystals (CNC) and
nanofibers (CNF); the first are stiff nanorods while the second are flexible and semi crystalline.
For decades, they have been used in many applications due to their excellent mechanical
properties, biocompatibility and broad functionalization possibilities. Xyloglucan (XG) is one
of the hemicelluloses whose interaction with cellulose has been extensively studied and used
for materials elaboration. Adsorption of XG onto cellulose surfaces is now understood as an
entropic process that can be modulated by kinetic effects. 2 The properties of the final
nanocellulose/XG network can therefore be adjusted by controlling the XG/nanocellulose ratio
and concentrations. Nanocellulose and xyloglucan mixtures therefore represent systems of
choice to both gain understanding on mixtures of biobased nanoparticle/polymer and to
develop new innovative materials from renewable resources. Indeed, polymer-nanoparticle
self-assembly is a simple route to control the dispersion of nanoparticle and rheological
properties of nanoparticles dispersion but also to design tunable materials, such as hydrogels,
without the need for complex synthetic chemistry approaches. XG/CNC Hydrogels were
formulated by mixing solutions of XG and cellulose nanocrystals. Then the impact of XG/CNC
ratio and concentrations were investigated using a triphasic diagram. We were able to
differentiate between liquid systems, viscous liquids, gels. We also demonstrated the
occurrence of a reversible thermal transition at certain XG/CNC ration. Hydrogel were further
concentrated by osmotic dehydration to investigate their functional properties at high solid
content. Hydrogels display high mechanical strength and recover instantaneously their
properties after breakage making them efficient materials for moldability or 3D printing.
Additionally, all these results make it possible to describe formation mechanisms of hydrogels
and features that rule their properties.

1. Dammak, A.; Quemener, B.; Bonnin, E.; Alvarado, C.; Bouchet, B.; Villares, A.; Moreau,
C.; Cathala, B., Exploring Architecture of Xyloglucan Cellulose Nanocrystal Complexes
through Enzyme Susceptibility at Different Adsorption Regimes. Biomacromolecules 2015, 16,
(2), 589-596.

2. Villares, A.; Moreau, C.; Dammak, A.; Capron, I.; Cathala, B., Kinetic aspects of the
adsorption of xyloglucan onto cellulose nanocrystals. Soft Matter 2015, 11, (32), 6472-6481.
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CELLULOSE-ALGINATE HYDROGELS FOR WATER DESALINATION
INSPIRED BY THE STRUCTURE AND FUNCTION OF PLANTS

Katsuya KOMIYAMA™, Corentin ESCHENBRENNER?, Ahmed HAMRAOQUI?, Clémence
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Plants have attracted enormous attention as biomimetic models because of their remarkable
combination of mechanical strength and lightweight. The hierarchical cellular structure of
highly-oriented cellulose fibrils in the matrix (hemicellulose and lignin) is largely responsible for
such properties in plant tissues. Beyond the structural aspects, plants perform a myriad of
functions. In particular, liquid transport between the roots and the leaves is inspiring to design
new desalination devices. The driving force behind this function is transpiration, which
determines water transport from the roots through the stems’ macropores (xylem) up to the
surface of its leaves, driven by sunlight. One of the consequences of transpiration is the
separation of the water from its solutes. Especially, plants like mangroves, willows and reeds
are able to generate clean water from seawater and wastewater through the solar power as a
sole inexhaustible energy source.

Here we propose an analogous system able to reproduce the functions and structure of the
plant stem and leaves, ultimately capable of water desalination via sun-powered evaporation.
The isotropic hydrogels corresponding to the “stem” were obtained by ice templating, a
materials processing technique that enables the formation of aligned macropores by precisely
controlling ice growth in solutions and/or suspensions [1, 2]. By freezing oxidized cellulose
dispersion in alginate matrix and stabilizing them through ion-crosslinking, we aim at
reproducing the vascular structure and function of the plant stem. Furthermore, buckypapers
(carbon-clay black paper-like material) were prepared to act as artificial “leaves” by vacuum
filtration [3], and placed on top of the anisotropic hyrogels. Because buckypapers have
excellent photo-thermal properties, they accelerate the capillary liquid transport behavior of the
hydrogels in the presence of the artificial solar light.

Herein, we will discuss the influence of the alginate moiety on the mechanical properties and
morphologies of cellulose-based hydrogels through compression tests and SEM. Besides, we
will describe the role of ice growth speed on the morphology (pore size and pore shape) of
cellulose-based hydrogels, on the capillary transport properties. Finally, we will report the
assembly of the buckypaper as “leaves” and alginate/oxidized cellulose hydrogel as “stem”,
which demonstrated excellent desalination properties in the presence of the salt water under
the light irradiation.

Agtitfil Gl allfPl an tis - Plant Transpiration
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Fig.1 Working principle of cellulose-alginate macroporous hydrogels and their similarity to native plants

[1] Qin et al., J. Mater. Chem. B, 9, 2221-2232, 2021, [2] Christoph et al., Macromol. Biosci. 16:182-187, 2016, [3]
Fernandes et al., Carbon, 72, 296-303, 2014
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NOVEL CARBOHYDRATE-BINDING PROTEINS: CBM92 AND THEIR
HYDROGEL-FORMING ABILITIES
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Carbohydrate-binding modules (CBMs) are primarily associated with carbohydrate-active
enzymes (CAZymes) and possess non-catalytic carbohydrate-binding activity. Twelve CBM92
domains, which we have recombinantly produced and characterized from 5 phylogenetically
diverse species, preferentially bind to -1,6-glucans, despite the variety of predicted substrates
for enzymes connected to CBM92 domains. We also analyzed five variant forms of a CBM92
domain, generated by site-directed mutagenesis at the proposed binding sites, to better
understand ligand binding abilities. Our findings suggest that CBM92 represents a new family
of CBMs with multivalent binding sites, each with varying affinities for ligand.

We demonstrated that CBM92 can form a three-dimensional hydrogel network with branched
polysaccharides consisting of a linear B-1,3-glucan backbone and single glucose units
attached via [3-1,6-linkage (Swedish patent application No. 21208133.5). The hydrogel
formation occurs rapidly at room temperature through a simple mixing process, requiring no
chemical modifications or solvents other than water. We propose that this sustainable hydrogel
has potential industrial applications, particularly for direct human body use in cosmetic and
medical settings.
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INVESTIGATION OF MOLDABLE PHYSICAL CHTIN HYDROGELS
AND THEIR APPLICATIONS
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Polysaccharides are useful gelating materials in the food science and medical fields.
Polysaccharide-based hydrogels are generally classified as physical gels in which cross-
linking points are formed by molecular entanglement or crystallization. They are obtained by
dissolving polysaccharides in water or organic solvents and insolubilizing them by changing
temperature or immersing them into a coagulation bath.

Hydrogels made of chitin, an abundant marine biomass, are expected to be useful
especially in the medical field to take advantage of its bioactivity. However, its insolubility in
general solvents makes it difficult to prepare chitin-based physical hydrogels in arbitrary
shapes. For this, one possible approach was the N-acetylation of chitosan: once dissolved
chitosan was acetylated back to chitin, leading to the gelation [1]. Although several studies
have reported the kinetics of the chitin hydrogels, the mechanical properties on a bulk scale
were poorly understood. This is because chitin undergoes gelation immediately after
acetylation and loses fluidity, making it difficult to prepare a shaped gel with the strength
necessary for the handling during mechanical tests. Recently, a facile process to obtain a
moldable physical chitin hydrogel was developed by slowing down the acetylation [2]. Here, by
exploiting the moldability, a unique feature of the chitin hydrogel, swelling and shrinking
behavior by controlling the degree of acetylation [3], was investigated from the mechanical
perspective.

Chitosan powder was dissolved in acid methanol-water mixture, and acetylated by
adding acetic anhydride (Ac20) while stirring at —12°C. The solution was poured into a mold
and left at room temperature to allow gelation, followed by washing with water to obtain a chitin
hydrogel. Through this method, a volume-controlled, highly transparent chitin hydrogel with
various solid concentration from 0.21 to 6.4 wt%, was successfully prepared by changing the
degree of acetylation (Figure 1). The swelling/shrinking behavior of the chitin hydrogels was
driven by the osmotic pressure derived from the cation charge of the amino groups. X-ray
diffraction confirmed that the gel backbone is made of crystalline a-chitin, regardless of solid
concentration. Thanks to their  moldability, 500

compressional mechanical tests on the obtained chitin
hydrogels were successfully conducted, and the 400
results showed a wide range of mechanical properties
(compressive Young’s modulus : from 4 to 310 kPa) 2 3
depending on the solid concentrations. These 2
previously-unnoticed characteristics will place the ¢ 200
chitin hydrogel in the next-generation bio-derived smart g
soft materials. o)

= 100 o

Initial volume

[1] Hirano S., Ohe Y. & Ono H., Carbohydrate 0 i i i \q

Research, 47, 315-320, 1976.
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[2] Isobe N., Tsudome M., Kusumi R., Wada M.,

Uematsu K., Okada S. & Deguchi S., ACS Applied Degree of acetylation (%)
Polymer Materials, 2, 1656-1663, 2020. Figure 1 : Volume change of
[3] Laurent V., Nathalie Z. & Alain D., Carbohydrate chitin hydrogel by controlling
Research, 326, 295-304, 2000. degree of acetylation
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GELATION OF CELLULOSE IN AQUEOUS ALKALINE SOLUTIONS
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Cellulose as the most abundant biopolymer on earth is an invaluable sustainable component
with a wide range of applications in textiles, packaging materials, membranes, etc. However,
in order to be able to utilize cellulose, its processing is a prerequisite. One way to process
cellulose is its dissolution followed by coagulation which results in its properties changes.
These changes provide opportunities to shape cellulose into different forms for versatile
applications. To date, a lot of efforts have been made to develop a number of solvents as well
as coagulating media towards cellulose processing.

In my research, we have been investigating quaternary ammonium hydroxides specifically
agqueous morpholinium hydroxides as potential solvents for cellulose. In this particular study,
CO; was used to coagulate cellulose dissolved in benzyltriemethylammonium hydroxide
(Triton B), N,N-dimethylmorpholinium hydroxide and N-butyl-N-methylmorpholinium hydroxide
and the coagulation process as well as the yielded gels were investigated. This study is
particularly interesting because CO; can be used as an alternative regeneration agent to yield
cellulose gels with potential application in the industry such as in textiles, sponges, films, etc.
Using CO; as a coagulating agent is a sustainable replacement for the commonly coagulant
solvents being used such as alcohols. Besides, gels with different properties can be obtained
using different dissolution media that would fit for specific applications.

Cellulose solution Cellulose gel

Figure 1 : Cellulose gelation using CO:2 (g)
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ELABORATION OF BIO-BASED SUPERABSORBENT HYDROGELS
INCORPORATING DIALDEHYDE CELLULOSE EXTRACTED FROM
BANANA TREE FIBERS
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Superabsorbent polymers (SAPs) based on bio-sourced polymers are currently a
subject of great interest as a biodegradable alternative to substitute SAPs that are entirely
synthetic, notably those based on petroleum sources (acrylic and acrylamide). In this context,
we focus on synthesizing new hybrid SAP systems based on cellulose and a copolymer of
acrylic acid and itaconic acid.

In this study, bleached pulp extracted from banana tree fibers was chemically modified
via sodium periodate oxidation to obtain dialdehyde cellulose (DAC) fibers. DAC fibers were
characterized (oxidation degree and particle size). They were then incorporated in composites
composed of a copolymer of acrylic acid (AA) and itaconic acid (IA) crosslinked by N, N’-
methylenebisacrylamide (MBA) and initiated by potassium persulfate (KPS) under controlled
experimental conditions (Figure 1). Superabsorbent composites from various compositions (1-
10% of fibers) were studied and analyzed using FT-IR, scanning electron microscopy (SEM),
and thermogravimetric analysis (TGA). The swelling characteristics of these novel materials
were studied by evaluating their equilibrium absorption capacity in distilled water and a 0.9%
NaCl solution. As a result, the maximum water absorption capacities of DAC-g-(AA-co-IA) in
distilled water was 1300 g.g* with an amount of 20 wt% biobased materials.

Bleached pulp DAC
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Figure 1: The general process for access of BioSAPs from DACSs, itaconic acid and acrylic
acid
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STARCH AEROGELS AND AEROGEL-LIKE XEROGELS
Fangxin Zou, Tatiana Budtova*

Mines Paris, PSL University, Centre for material forming (CEMEF), UMR CNRS 7635, CS
10207, 06904 Sophia Antipolis, France

* Tatiana.Budtova@minesparis.psl.eu

Aerogels are low-density open-pores nanostructured materials with very high specific
surface area, above 100 m?(g. In 2022 IUPAC named aerogels among “Ten Emerging
Technologies in Chemistry”. Bio-aerogels are a new class of aerogels developed in the 21st
century. The potential applications of bio-aerogels span from thermal and acoustic insulation
to life science, energy and electrochemistry. To make bio-aerogels from polysaccharide
solutions or gels, drying with supercritical CO- is used to avoid pores collapse during drying.
Freeze-drying usually leads to pores which are replicas of grown ice crystals, i.e. to material
with low density and low surface area. Despite that low- or high-pressure technology are used
in industrial processes, one of the challenging goals in bio-aerogel research is to avoid such
expensive drying steps.

In this work, different starches were dissolved and materials in different forms —
hydrogels, alcogels, aerogels and low-vacuum dried materials (named xerogels) — were
designed and tested as carriers of a model drug, theophylline. The influence of starch
amylose/amylopectin ratio, concentration in solution, retrogradation time and drying method
(supercritical CO- drying for aerogels, low-vacuum drying for xerogels) on materials’ density,
specific surface area and morphology was investigated. Starch alcogels were loaded with
theophylline via impregnation; loading capacity and efficiency of alcogels, aerogels and
xerogels were determined, and release of the drug from xerogels and aerogels evaluated.

Two remarkable phenomena were obtained: 1) low-vacuum drying method resulted in
aerogel-like materials, i.e. xerogels were with low density and specific surface area above 100
m2/g, and 2) starch alcogels were adsorbing theophylline from ethanol resulting in loading
efficiency as high as 250 % [1]. The results obtained show a new pathway in making aerogel-
like polysaccharide materials without drying in supercritical conditions.
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Increasing concerns related to global environmental degradation necessitate the investigation
of new and safe materials for the development of sustainable processes. In this context,
cellulose has attracted increasing interest as a suitable building block. [1] Additionally,
heterogeneous catalysis perfectly fits into the more relevant than ever circular economy
perspective owing to its reusability and recyclability.

Herein, we present a highly porous cellulose-based nanosponge (CNS) composed of TEMPO-
oxidized cellulose nanofibers (TOCNF) thermally cross-linked with branched
polyethyleneimine (bPEI) and citric acid. CNSs have been deeply characterized, proving their
intrinsic micro- and nano-porosity [2].

Given the basicity of the aerogels, amino-catalyzed reactions, such as the Henry and
Knoevenagel reactions, were chosen as the model of study. [3] Once the catalytic efficiency
of the CNSs was proven, a new class of catalysts was prepared. Previous studies had shown
the excellent ability of CNS to absorb transition metal ions from contaminated water as, the
alkylamino moieties of bPEI can chelate heavy metals [4]. Thus, the combination of these two
features led to the selective loading of metals by exploiting CNSs as active supports of
transition metals.

By selecting the metal ion, it is possible to catalyze different reactions, while obtaining high
yields, such as aromatic acetal formation from carbonyl compounds with Cu(ll) and zZn(ll) on
CNS [5], or Suzuki cross-coupling reaction with Pd(ll)-loaded CNSs. [6]

Recyclability of heterogeneous catalysts is a key point in material development. Reusability
tests were performed for all the analyzed reactions, demonstrating the efficiency of the
catalysts for several reaction cycles. This feature is one of the advantages of heterogeneous
catalysis over homogeneous one. [3-6]

Skt

Aromatic acetals formation

) Suzuki-Miyaura reaction
Henry and Knoevenagel reaction

Figure 4 Cellulose nanosponges

[1] Nagarajan K. J., Ramanujam N. R., Sanjay M. R., Siengchin S., Surya Rajan B., Sathick Basha K., Madhu P. & Raghav, G. R,
Polymer Composites, 42, 1588-1630, 2021

[2] Paladini G., Venuti V., Aimasy L., Melone L., Crupi V., Majolino D., Pastori N., Fiorati A. & Punta C., Cellulose, 26, 90059019,
2019.
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3D PRINTED CARBOXYMETHYL CELLULOSE BASED AEROGELS
AND COMPARATION WITH “BULK” AEROGELS

Sujie Yu*, Romain Castellani, Anselmo Pereira, Rudy Valette, Tatiana Budtova
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Bio-aerogels are new materials based on natural polymers, polysaccharides?!. They are
nanostructured, lightweight and display high internal pores’ surface area, making them very
promising for biomedical applications, in particular, in the field of wound healing. To adapt bio-
aerogels for use as wound dressings, complex shapes are often needed ; 3D printing is a tool
able to make these shapes on-demand, making it well fitted to this purpose. Carboxymethyl
cellulose (CMC) is an appealing polymer and has been widely used as wound healing material,
thanks to its biocompatibility, water solubility, and rather low cost. However, practically nothing
is known about CMC 3D printed aerogels. Therefore, this work aims to show the feasibility of
3D printed neat CMC aerogels. Here, CMC solution (“inks”) with five different polymer
concentrations (1, 3, 5, 6 and 7 wt%) were used and their rheological properties, filament
deposition mechanisms and shape “stabilisation” (20 layers can be obtained) were studied to
evaluate their printability. The results showed that CMC concentration below 5 wt% did not
present suitable characteristics to keep shape fidelity after printing. The experimental work
was accompanied by modelling in order to understand and predict the printability, using
rheological parameters. Aerogels were obtained by non-solvent-induced phase separation
applied on printed gels followed by drying with supercritical CO,. Density, porosity, specific
surface area and morphology were evaluated. All CMC aerogels were low-density porous
materials with specific surface area around 150 m?/g. In summary, we demonstrated the
feasibility of making 3D printed aerogels based on CMC, which opens the prospects in using
them in biomedical applications.

Reference:
[1] T. BUDTOVA, Cellulose, 26, 81-121, 2019
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Loris G.*2 Gurikov P.?, Budtova T.2

®MINES Paris, PSL University, Center for Material Forming (CEMEF), UMR CBRS 7635, CS
10206, 06 904 Sophia Antipolis, France
PLaboratory for Development and Modelling of Novel Nanoporous Materials, Hamburg
University of Technology, Germany

*|loris.gelas@minesparis.psl.eu

Aerogels from biomass, especially from polysaccharides, are of great interest due their good
mechanical properties, general biocompatibility, biodegradability, and chemical tailorability for
specific applications (adsorption of drug or pollutant, hydrophobization, crosslinking, catalyst
substrate, among others).

Except the case of nanocellulose, cellulose aerogels are fabricated from a homogeneous
cellulose solution. As solvents of cellulose are highly polar compounds, which are able to
disturb the dense hydrogen bond network of native cellulose, they are not miscible with
supercritical CO,, making direct supercritical drying not possible. It is thus necessary to
exchange this solvent by another solvent, which is miscible with CO,. This solvent, in turn, is
a non-solvent for cellulose leading to local coagulation of cellulose and phase separation into
polymer rich and polymer lean phases (surface of interactions between cellulose and non-
solvent is minimized).

The non-solvent induced phase separation is expected to a large extent determine the
morphology of the cellulose porous network obtained after supercritical drying. As the solvent
exchange cannot be performed immediately, mass transport properties of both solvent and
non-solvent (diffusion coefficients, their densities), play an important role. It is also known that
other parameters (affinity of the solvent and non-solvent towards cellulose, their miscibility,
cellulose concentration and process temperature), influence network morphology, [1]-[3].
Overall, the parameter space is very large and remains largely unexplored.

In this work, we made first attempts at systematically analyze the impact of the non-solvents
and their sequence on the properties of aerogels made from cellulose dissolved in aqueous
sodium hydroxide. Coagulation kinetics and shrinkage during non-solvent induced phase
separation was evaluated and corelated with aerogel morphology, density, specific surface
area and cellulose crystallinity.
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responsive biomaterials (Bio-Gel). We are thankfull to Julien Jaxel (PERSEE) for supercritical
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THE STRUCTURE OF MICELLES CONTROLS THE RHEOLOGICAL
AND MECHANICAL PROPERTIES OF CELLULOSE ETHER-BASED
HYDROGELS AND CRYOGELS
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Hydrogels and cryogels containing hydroxypropyl methylcellulose (HPMC), bis (2-
ethylhexyl) sodium sulfosuccinate (AOT, two C8 chains and sulfosuccinate head group) and
sodium dodecyl sulfate (SDS, one C12 chain and sulfate head group) at different
concentrations were investigated using small-angle X-ray scattering (SAXS), scanning
electron microscopy (SEM), rheological measurements, and compressive tests. SDS micelles
bound to the HPMC chains building “bead necklaces”, increasing considerably the storage
modulus G’ values of the hydrogels and the compressive modulus E values of the
corresponding cryogels. The dangling SDS micelles promoted multiple junction points among
the HPMC chains. AOT micelles and HPMC chains did not form “bead necklaces”. Although
AOT increased the G’ values of the hydrogels, the resulting cryogels were softer than pure
HPMC cryogels. The AOT micelles are probably embedded between HPMC chains. The AOT
short double chains rendered softness and low friction to the cryogel cell walls. This work
demonstrated that the structure of the surfactant tail can tune the rheological behavior of
HPMC hydrogels and hence the microstructure of the resulting cryogels.

=4O >

Figure 1 : Schematic representation of the AOT and SDS miceles in the HPMC hydrogels
along with the photographs of the corresponding hydrogels
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Chitosan (CS) and hyaluronic acid (HA) are two oppositely charged naturally occurring
polyelectrolyte polysaccharides with interesting biological properties. They can interact through
polyelectrolyte complexation in aqueous solutions, and even form hydrogels without requiring
external crosslinkers or chemical modification. The materials are obtained by decreasing the
salt concentration of homogeneous solution mixtures of HA and CS containing an excess of
NaCl. The presence of salts screens the electrostatic interactions and their progressive
removal by dialysis allows to control the self-assembly of the polysaccharides.[1] When HA is
the host (larger molar mass) in excess and CS is the guest, highly stretchable hydrogels can
be obtained when the pH of the dialysis bath is close to the pKa of HA (~2.9).[2]

In this work, we study the formation of hydrogels with CS (high molar mass and high
degree of acetylation) as the host and HA (low molar mass) as the guest at pH close to the
pKa of CS (pH ~ 7). Dialysis was performed against sodium acetate (AcONa) solutions of
various concentrations for several days. First, we obtained very soft gels at 10 M of sodium
acetate. Then, at 102 M of sodium acetate, by solely varying the charge molar ratio r..
corresponding to the ratio of n_(HA)/n.(CS), either solutions or stretchable hydrogels were
obtained (figure 1). Our results highlight the influence of extrinsic parameters (e.g. pH, ionic
strength, r.) on the conformation and the self-assembly of the polyelectrolytes, and thus, the
mechanical properties of the resulting materials.

a)

® r,=05 W r,=0.75
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Figure 1: Formation of stretchable CS/HA hydrogels from the polyelectrolyte associations. (a)
Preparation of homogenous mixture of CS/HA with an excess of NaCl. (b) Desalting of the
mixture by dialysing against AcONa at neutral pH. (c) Formation of the hydrogels after few
days of dialysis. (d) Stress-strain curves at 10 mm/min of the hydrogels at r. of 0.5 and 0.75.
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TAILORED NANOCELLULOSE-BASED HYDROGELS PREPARED BY
OSMOTIC DEHYDRATION
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Nanocellulose-based hydrogels can be tuned over a wide range of physical-chemical
properties without compromising their structural integrity, thanks to the nanocelluloses’ water
affinity and dynamics coupled with excellent mechanical properties and chemical versatility [1].
This makes them ideal matrices for cell and microbial cultures as in biomedical applications
and photosynthetic cell factories for example [2]. In this respect, their gas-fluid transport (thus
the porosity) is crucial to ensure biological viability. Recently Guccini et al. [3] described the
use of osmotic dehydration to prepare cellulose nanofibers’ hydrogels with fine-tuned porosity,
following and quantifying for the first time their porosity directly in the wet state over a wide
range of solid contents (from 0.7 to 12 wt%). Herein, we present a range of nanocellulose-
based hydrogels (both nanofibres and nanocrystals) prepared by osmotic dehydration with
different pore size distributions and surface areas. Their porosity has been characterized
directly in their native and wet state by thermoporisimetry, excluding the possibility of artefacts
induced by drying. Furthermore, we correlate the porosity with their gas-fluid transport using
fluorescence recovery after photobleaching (FRAP). The hydrogels have been used as
matrices to host photosynthetic cells, showing excellent performance in terms of cell viability
and mechanical properties over 30 days. Our study contributes to the fundamental
understanding of nanocellulose hydrogels and accelerates their use in applications involving
cells and microbial cultures or as a material platform for the preparation of porous materials
such as foams.

Freezable v
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Figure 1: (A) typical appearance of a cellulose nanofibers’ hydrogel and (B) the effect of the
hydrogel’'s solid content on mechanical properties, freezable water and porosity.
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PRODUCTION OF VARIOUS HYBRID BIO-BASED GEL INK
MATERIALS MADE OF POLYMER GRAFTED NANOCELLULOSE,
SUITABLE FOR 3D PRINTING APPLICATION
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The use of biodegradable and renewable material resources, which can replace petroleum-
based products, to produce performant functional materials are one of the greatest challenges
for a future sustainable society. Within this philosophy, bio-based polymers such as
nanocellulose have attracted considerable attention. However, nanocellulose needs further
chemical surface modification to be considered as suitable ink material in specific applications
or for being proceed through 3D gel-printing.

This talk will focus on the opportunity and the advantages of modifying the CNF surface
chemically through the selective grafting and cross-linking of numerous polymers on its
surface, with and without the presence of inorganic nanoparticles. The grafting of those specific
entities onto the CNF surface not only affect the behavior of the CNF in suspension, but allows
also to introduce numerous new properties before being processed through 3D-printing22. In
this talk, several gel-ink examples with various properties (luminescent, self-healing, anti-
microbial) will be presented and their ability to be 3D printed will be shown.
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Figure 1: Schematic representation of the CNF hybrid gel synthesis and some 3D printed
object with (a) Self-healing, (b) Anti-microbial and (c) Luminescence properties.
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NANOCELLULOSE AS STABILIZER FOR STORABLE EMULSIONS
OF DITHIZONE/CHLOROFORM IN WATER, AND THEIR RESPONSE
TO MERCURY(Il) IONS
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Despite the long tradition of using dithizone (DTZ) for colorimetric heavy metal
detection, its worrisome stability issues and the common requirement to use it in agqueous
systems have not met a satisfactory solution yet. Briefly put, DTZ can be long-term stored if
dissolved in dry or acidified chloroform, but this limits its range of applications. Likewise, it can
be dissolved in alkaline aqueous solutions, but then it must be used immediately after
preparation (Figure 1a). This communication aims to overcome this limitation by means of
nanocellulose-stabilized emulsions.

With anionic cellulose nanofibers as Pickering stabilizer, we attained DTZ-containing
emulsions with high physical and chemical stability. These emulsions had at least 95 wt%
water and 0.1-0.8 vol% acetic acid conforming the continuous phase, while dispersed droplets
of diameter <1 um consisted of a 3 wt% solution of DTZ in chloroform. The solvation shell was
computed by molecular dynamics, suggesting that chloroform slightly reduces the dihedral
angle of the solute. Concentrations of nanofibers over 0.2 wt% attained apparently
homogeneous mixtures, avoiding coalescence. Besides, the rate of degradation of DTZ in the
nanocellulose-stabilized emulsion was roughly as slow as in a DTZ/chloroform solution
(without water), achieving higher chemical stability than in toluene or acetonitrile (Figure 1a,
1b). Finally, nanocellulose-stabilized DTZ emulsions are readily and immediately responsive
towards mercury(ll) in water, as displayed in Figure 1c. Anionic nanofibers even decreased
interferences from other ions, including cadmium(ll) and lead(ll) [2].
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Figure 1 : Chemical stability of DTZ in different solvents (a, b) and colorimetric response
towards mercury(ll) nitrate of nanocellulose-stabilized Pickering emulsions.

[1] Von Eschwege K.G., Conradie J., Kuhn, A., J. Phys. Chem. A, 115, 14637-14646, 2011.
[2] Aguado R.J., Mazega A., Fiol N., Tarrés Q., Mutjé P., Delgado-Aguilar M., ACS Appl.
Mater. Interfaces, 15, 12580-12589, 2023.
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DEVELOPMENT OF BIO-BASED AMBIENT-DRIED AEROGELS WITH
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Water contamination with synthetic dyes and heavy metals has become one of the most acute
environmental problems in recent decades. Aerogels, owing to their ultralight highly porous
structure and often high specific surface are, are considered as promising adsorbents for water
purification. However, the preparation of aerogels from low-cost renewable resources via
energy efficient and green processes is challenging. In this study, bio-based aerogel-like
adsorbents based on dialdehyde carboxymethylated cellulose nanofibrils (DA-C-CNFs) and
amyloid nanofibrils (ANFs) were prepared via a freeze-linking methodology which facilitated
the formation of a highly porous structure at ambient conditions without the need of highly
energy and time-consuming techniques such as freeze-drying. In this procedure, controlled
mixtures of DA-C-CNFs and ANFs were frozen in a kitchen freezer (-18°). During the freezing,
the growth of ice crystals packed DA-C-CNFs and ANFs into thin lamellae between the ice
crystals forcing the fibrils into close contact with each other allowing the aldehyde groups on
the cellulose backbone to form hemiacetal bonds with hydroxyls, most likely on other CNFs,
hence crosslinking the entire structure and physically locking the ANFs into the structure due
to the entanglements and non-covalent interactions. The frozen network was then thawed,
solvent exchange to acetone and ambient dried.

The resulting aerogels exhibited low densities (18-28 kg.m), high mechanical robustness in
both the dry and the wet state, and a highly porous structure. Moreover, owing the amphoteric
nature of ANFs, the hybrid aerogels represented a pH tunable surface charge which enabled
them to interact with both cationic and anionic contaminants. The effect of pH on the adsorption
of cationic (methylene blue and Pb(ll)) and anionic (brilliant blue, congo red, and Cr(VI)) model
contaminants was investigated. Moreover, to further investigate the interaction between the
hybrid aerogel and model contaminants, Langmuir and Freundlich models were employed
showing that the adsorption best could be described by the Langmuir model and the Langmuir
saturation adsorption capacity of the aerogel was calculated to be 68, 79, and 42 mg.g~ for
brilliant blue, Pb(ll), and Cr(VI), respectively. An analysis of the kinetics of adsorption of brilliant
blue to the hybrid aerogels revealed that the adsorption is a diffusion limited process which
leads to an apparent second-order adsorption behaviour. Furthermore, the reusability of the
aerogels was tested over three cycles of adsorption and desorption and the aerogels
maintained 97 and 96% of their adsorption capacity for MB and Pb(ll) as cationic model
contaminants and 89 and 80% of their initial adsorption capacity for Cr(VI) and BB as anionic
model contaminants. Finally, the selectivity of aerogel for Pb(ll) in the presence of calcium and
magnesium as common ions present in, for example, lakes was tested and the aerogels
showed remarkable selectivity for Pb(ll). Overall, using renewable materials and the energy-
efficient fabrication procedures, along with structural robustness, versatile adsorption behavior
(anionic and cationic speciation), reusability, and remarkable selectivity for Pb(ll), makes
hybrid DA-C-CNF/ANF aerogels promising adsorbents for water remediation.
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FUNGAL CHITOSAN IN PICKERING EMULSION: PROMISING FULLY
EMULSIFIED SYSTEM FOR TOPICAL APPLICATION
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a Université Le Havre Normandie, Normandie Univ, URCOM UR 3221, F-76600 Le Havre,
France

* email of presenting author: aurelie.asdrubal@univ-lehavre.fr

The interest in Pickering Emulsions is increasing thanks to the extreme stability again
destabilization phenomenon [1]! and to their eco-friendly and non-toxic behavior with a
reasonable choice of particles. Some polysaccharide stabilizers have been used in O/W
Pickering emulsions like cellulose and chitin. Fungal chitosan (linear polysaccharide composed
of D-glucosamine and N-acetyl-D-glucosamine units) is a choice of interest thanks to its
biodegradable, biocompatible, and non-toxic properties [2]2.... Chitosan is used in the
pharmaceutical, food, and cosmetic field as a drug and bioactive delivery system, and to
stabilize Pickering emulsions.

In this study the intrinsic properties of the selected chitosan particle permit to obtain a stable
emulsion defined by the capacity of the particle to anchor at the interface and stabilize an
emulsion over time against coalescence, as well as against common reversible destabilization
phenomena (creaming, coalescence, flocculation).

Our chitosan particles show an ability to decrease the interfacial tension of oil against water
with physical modifications and specific formulation process. Scanning electron microscopy
images show the anchoring of the particle at the interface. Moreover, the arrangement of the
particle in the bulk insures the stability of the emulsions against reversible destabilization
phenomena.

Physical treatment
+ Emulsification process

Chitosan particle Fully emulsified system
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Figure 1 : from left to right - Particles of fungal chitosan (Scanning Electron Microscopy),
physical treatment, fully emulsified system (Optical microscopy)

1 B. P. Binks and T. S. Horozov, Eds., Colloidal Particles at Liquid Interfaces,
Cambridge University Press, Cambridge, 2006.

2 A. Sharkawy, M. F. Barreiro and A. E. Rodrigues, Carbohydrate Polymers, 2020, 250,
116885.
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DEVELOPMENT OF POROUS DICARBOXYMETHYL CELLULOSE
ADSORPTIVE MEMBRANES

Gago D.*2, Arfaoui RimP, Gonzalez-Ortiz Danae¢, Pochat-Bohatier Céline®, Souza V.¢,
Fucifios P.9, Pastrana L.9, Chagas R.¢, Ferreira L. M.2, Coelhoso 1.2
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5635, ENCSM, CNRS, University of Montpellier, Place Eugene Bataillon, 34095, Montpellier,
France. International Iberian Nanotechnology Laboratory (INL), Av. Mestre José Veiga s/n,
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Sustentavel, Centro Empresarial de Idanha-a-Nova, Zona Industrial, 6060-182 Idanha-a-
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* dx.gago@campus.fct.unl.pt

Increasing environmental awareness and restrictions have led to the replacement of
petroleum-derived products for bio-based materials. Simultaneously, membrane technology
may improve process sustainability by lowering the carbon footprint. Cellulose derived
materials have appealing physico-chemical characteristics and their high availability
contributes to lower process costs. [1,2]

Dicarboxymethyl cellulose (DCMC) is a recently developed polymer produced by
heterogeneous etherification of cellulose [3]. The application of this polymer in methylene blue
removal from aqueous solutions [4], protein adsorption [5] and white wine stabilization [5] has
already been successfully demonstrated. Developing adsorptive membranes with this
interesting adsorbent material can contribute to the selectivity and reversibility of the process.

DCMC with a DS above 0.5 is water soluble, but insoluble in countless organic solvents.
This presents a unique challenge in the development of DCMC membranes. DCMC
membranes were prepared by phase inversion or freeze drying, in which the dope solution
consisted of DCMC aqueous solutions or Pickering emulsions. Membranes prepared with
DCMC, montmorillonite (MMT) and castor oil and monoliths produced via freeze drying (Fig.
1) were porous prior to crosslinking. Studies on the influence of the crosslinking methods on
pore size and overall membrane morphology are underway. Future work will focus on the
optimization of the membranes, followed by characterization and evaluation for
filtration/adsorption processes.

B 24>
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Figure 1. (a) Digital photo and SEM micrographs of a DCMC monolith (b) top view (surface)

and (c) cross-section.

[1] Tomietto, P.; Russo, F.; Galiano, F.; Loulergue, P.; Salerno, S.; Paugam, L.; Audic, J.-L.; De
Bartolo, L.; Figoli, A. Journal of Membrane Science, 643, 120061, 2022.

[2] Choi, S.M.; Rao, K.M.; Zo, S.M.; Shin, E.J.; Han, S.S. Polymers, 14, 1080, 2022.

[3] Chagas, R.; Gericke, M.; Ferreira, R.B.; Heinze, T.; Ferreira, L.M. Cellulose, 27, 1965-1974, 2020.
[4] Gago, D., Chagas, R., Ferreira, L.M., Velizarov, S., Coelhoso, |. Membranes, 10, 2020.

[5] Gago, D.; Corvo, M.C.; Chagas, R.; Ferreira, L.M.; Coelhoso, |. Polymers, 14, 5122, 2022.
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CHITOSAN-BASED HYDROGELS: INFLUENCE OF CROSSLINKING
STRATEGY ON RHEOLOGICAL PROPERTIES

Dutertre F. *3, Roas Escalona N.2, Delair T.2, Becquart F.2
? Univ Lyon, CNRS, UMR 5223, Ingénierie des Matériaux Polymeéres, Université Claude
Bernard Lyon 1, INSA Lyon, Université Jean Monnet, F-42023 Saint-Etienne Cédex 2,
France

* fabien.dutertre @univ-st-etienne.fr

The thiol-ene click chemistry is a versatile methodology widely used to form bio-
hydrogel by crosslinking polysaccharides. In this opportunity, chitosan-based macrogels were
prepared through thiol-ene reactions. First, the chitosan (CS) was functionalized with a vinyl
group (CS-ene) or thiol groups (CS-SH). Then, two crosslinking strategies (photochemically
and thermochemically activated) were compared: (1) CS-ene with CS-SH and (2) CS-ene
cross-linked with di(ethylene glycol)-bis(thiol) (dEG-(SH).).

The first strategy, where the crosslinking reaction occurs between two functionalized
macromolecules and intra-chains crosslinking reactions are avoided (“no loop”), leads to the
formation of weak gels. In this case, rheology displays a critical gel point (G' = G" = w°®) and
the cross-linking density estimated by NMR slightly depends on the substitution degree of
pentenoate-modified CS. The second strategy, where the functionalized chitosan (CS-ene) is
crosslinked by reaction with a small di-thiol molecule (dEG-(SH)>), provided stronger gels with
a faster diffusion of the dEG-(SH). during the network formation, which strengthen the gel
modulus. The last strategy is the most efficient methodology for the macrogel synthesis,
despite that the “loop” formation cannot be fully avoided. Finally, both methodologies were
transposed at the microscale through inverse emulsion to attempt to synthesize chitosan-
based microgel.
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Figure 1 : Scheme of chitosan functionalization by-thioglycolic acid (CS-SH) and pentenoic
anhydride (CS-ene); and thiol-ene reaction with strategy 1 (CS-ene and CS-SH) and strategy
2 (CS-ene and dEG(SH)2).
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PREPARATION AND CHARACTERIZATION OF HYALURONIC ACID-
NANOCHITIN CAPSULES FOR DRUG DELIVERY APPLICATIONS

Laurianne Legay*?, Milad Kamkar®¢, Sytze Buwalda?, Orlando J. Rojas®, Tatiana Budtova?

a MINES Paris, PSL Research University, Center for Materials Forming (CEMEF), UMR
CNRS 7635, CS 10207, 06904 Sophia Antipolis, France
b Bioproducts Institute (BPI), Departments of Chemical and Biological Engineering,
Chemistry and Wood Science, The University of British Columbia (UBC), Vancouver, British
Columbia, Canada
¢ University of Waterloo, Department of Chemical Engineering, Waterloo, Ontario, Canada

* laurianne.legay@minesparis.psl.eu

Hyaluronic acid (HA) and chitin (Ch) are biodegradable, biocompatible and bioactive polymers
that are very attractive for biomedical applications.>? Capsules for drug delivery were prepared
from hyaluronic acid (HA) and nanochitin (nCh), two oppositely charged natural
polysaccharides. Capsule formation occurred thanks to interfacial assembly and complexation
after injection of one aqueous phase into another, avoiding the use of any, potentially toxic,
crosslinking agents. The interactions between HA and nCh were evidenced by FTIR
spectroscopy. The resistance of the capsule membrane against degradation was
demonstrated by immersion in aqueous solutions containing e.g. salts, acetic acid or NaOH.
SEM revealed that the capsule is porous, suggesting that this capsule can be used as
controlled-release drug delivery system. The release kinetics of different model compounds
from the capsules could be tuned via preparation parameters such as the initial polymer
concentration. These robust HA-nCh capsules, obtained by simply mixing the two polymers,
are promising biomaterials with potential in drug delivery applications.

Figure 1. Example of : HA-nCh capsule.
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TEGYLATED PHENOTHIAZINE-CHITOSAN BASED FRAMEWORKS
FOR MERCURY RECOVERY

Sandu Cibotaru*, Daniela Ailincai, Bianca-lustina Andreica, Luminita Marin
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The release of heavy metals into the environment is a major global concern, severely
impacting human and animal health [1]. The impact of heavy metals on the environment is
significant and can include effects on ecosystems, such as the degradation of soil quality and
the reduction of biodiversity. Among these toxic metals, mercury is especially dangerous
because it easily sublimates, contaminates the air, and deposits in the waters and soil, being
a constant pollution source [2]. In living organisms, mercury denatures proteins, Killing cells,
including the neurons [3].

The recovery of mercury from the environment is a complex and challenging process.
That's why, our attention was focused on the development of new solid materials based on
TEGylated phenothiazine and chitosan, with a high capacity to recover mercury ions from
agueous solutions. They were prepared by hydrogelation of chitosan with a formyl derivative
of TEGylated phenothiazine, followed by lyophilization. Their structural and supramolecular
characterization was carried out by 'H-NMR and FTIR spectroscopy, as well as X-ray
diffraction and polarized light microscopy. Their morphology was investigated by scanning
electron microscopy and their photophysical behavior was examined by UV/Vis spectroscopy.
Swelling evaluation in different aqueous media indicated the key role played by the
supramolecular organization for their hydrolytic stability. Mercury recovery experiments and
the analysis of the resulting materials by X-ray diffraction and FTIR spectroscopy showed a
high ability of the studied materials to bind mercury ions by coordination with the sulfur atom
of phenothiazine, imine linkage, and amine units of chitosan.

[1] Wu, D.; Sedgwick, A.C.; Gunnlaugsson, T.; Akkaya, E.U.; Yoon, J.; James, T.D.
Fluorescent Chemosensors: The Past, Present and Future. Chem. Soc. Rev. 46, 7105—
7123, 2017.

[2] Bodnar, D.; Burlibasa, L.; Varlan, C.; Marcov, N.; Georgescu, S.; Marcov, C. Mercury,
Biocompatibility and Its Impact on Environment. Metal Int. 14, 95-100, 2009

[3] Dorea, J.G. Integrating Experimental (In Vitro and In Vivo) Neurotoxicity Studies of Low-
Dose Thimerosal Relevant to Vaccines. Neurochem. Res. 36, 927-938, 2011.
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SOMETHING FROM THE TWO WORLDS: CELLULOSE HOSTING
METAL CATIONS
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Utility of sulfate esters in cellulose is typically seen to be in controlling water solubility or in the
case of cellulose nanopatrticles, to provide stability due to repulsive ionic interactions between
the charged particles. Choice of the sulfate group counterion further tunes the particle
interactions. For example, use of Na* avoids irreversible aggregation upon drying. However,
there inevitably are more properties that can be evoked with the choice of the counterion. We
have introduced various counter cations to the sulfate half ester group on cellulose
nanocrystals via ion exchange and demonstrate exchange rates up to 89%. As go-to cations,
the alkali metals, Li*, Na*, K*, Rb*, and Cs*,[1] and as more exotique alternatives selected
lanthanides, Eu®*, Gd®*, Dy®*, were investigated. Within the alkali metal cation series, the
cations with higher atomic numbers, i.e., larger ion sizes, generally tended to form stronger
viscoelastic gels. The choice of the cation is potentially able to modulate the assembly of the
particles in the suspension in static and dynamic (flow) states, and these findings will be
discussed. We will also discuss what does it take to study the particle arrangements in these
suspension systems. [2,3] The lanthanide cations were also succesfully introduced although
with lower inclusion levels than the alkali metal cations. They transformed the viscous liquid-
like systems to gel-like systems and Eu®" equipped the cellulose with luminescence and Gd**
with efficiently shortened MRI relaxation time. However, Dy** inclusion failed to provide any
functionality. The sulfate esters on cellulose seem to be good hosts for several kinds of metal
cations. However, there is a gap in knowledge regarding the mechanism of the exchange as
well as the effect of the coordination environment on the properties and some of these items
will be discussed.

[1] Petschacher P, Ghanbari R, Sampl C, Wiltsche H, Kadar R, Spirk S, Nypelo, T.
Nanomaterials. 2022;12(18):3131.

[2] Ka&dar R, Fazilati M, Nypel6 T. Cellulose. 2020;27(4):2003-14.

[3] Kédar R, Spirk S, Nypeld T. ACS Nano. 2021;15(5):7931-45.
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INTERDISCIPLINARY CHARACTERIZATION OF NANOCELLULOSE-
AND