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ABSTRACT :  Cel lu lose has been used throughout history as a source of  bui ld ing mater ia ls,  text i les,  and paper products due to
the unique mechanical  and chemical  propert ies that  ar ise f rom i ts hierarchical  organizat ion.  Through research, we are learning
that crystal l ine nanocel lu loses ( i .e. ,  cel lu lose nanocrystals – CNCs, and cel lu lose nanof ibr i ls  – CNFs) not only exhibi t  the
expected enhanced mechanical  propert ies,  but  also display unique opt ical ,  e lectr ic,  p iezoelectr ic,  and magnet ic propert ies that
are not found in macroscale cel lu losic mater ia ls.  These unique propert ies,  a long with their  b iodegradabi l i ty  and cytocompat ib i l i ty ,
make nanocel lu loses excel lent  candidates for  the development of  new advanced and environmental ly benign mater ia ls.  However,
one of  the most pressing chal lenges for the widespread deployment of  nanocel lu loses is the lack for  s imple routes to confer to
them a wide range of  surface funct ional i t ies.  Our group has pursued innovat ive modular surface chemistry approaches, directed
towards hydroxyl  or  carboxylate groups, that  a l low us to tune the interfacial  propert ies and react iv i ty of  a broad range of
cel lu lose nanomater ia ls.
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This presentat ion wi l l  descr ibe our ef for ts aimed at  developing a range of  smal l  molecules that  can be easi ly graf ted onto
cel lu losic mater ia ls to convey a broad range of  funct ional i t ies.  First ,  I  wi l l  descr ibe the use of  t r iazinyl  chemistry as a s imple and
versat i le way to ef f ic ient ly modify the pr imary hydroxyl  groups of  cel lu lose.[1]  Using this chemistry i t  is  possible to render
cel lu lose hydrophobic,  f luorescent,  or  react ive.  Examples of  the use of  t r iazinyl  surface modif icat ions to create hydrophobic
paper structures[1] ,  to tag nanocel lu lose with organic dyes to study i ts intr insic nanostructure, [2]  to funct ional ize 3D pr inted
structures, [3]  and to create ul t raporous scaffolds wi l l  be discussed.[4] , [5]  Next,  I  wi l l  descr ibe the use of  a bi funct ional
azet id in ium for the select ive modif icat ion of  oxidized cel lu loses. Carboxylated nanocel lu losic mater ia ls present better dispersion
in polar solvents than nat ive cel lu loses and of fer  the possibi l i ty  of  targeted funct ional izat ion wi th control led degrees of
subst i tut ion.  However,  current ly most surface funct ional izat ion of  carboxylated nanocel lu loses is performed through processes
that are expensive or require mult ip le lengthy steps. Our group has pursued modular azet id in ium surface funct ional izat ion
approaches al low us to tune the interfacial  propert ies and react iv i ty of  a broad range of  carboxylated cel lu lose nanomater ia ls.
Examples of  the use of  these surface modif icat ions to tag nanocel lu loses with organic dyes for high-resolut ion f luorescence
microscopy, to modify paper propert ies,  and to create ul t raporous si l icone-cel lu lose composi te mater ia ls wi l l  be presented. I  wi l l
end with an overview of  our most recent work using azet id in ium-modif ied cel lu loses to develop a range of  new 3D pr intable
hydrogel  resins.  

The abi l i ty  to tune the interfacial  chemistry of  cel lu losic mater ia ls wi th s imple and
eff ic ient  react ions opens the door for  the use of  these funct ional  sustainable
mater ia ls in a range of  appl icat ions,  including environmental  monitor ing and
remediat ion,  paper-based microanalyt ical  devices,  and 3D pr int ing,  among many
others.  In addi t ion,  the abi l i ty  to apply such modular approaches to funct ional ize
other polysacchar ides make them attract ive routes for  the development of  green
mater ia ls and composi tes wi th unique propert ies and funct ional i t ies.
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Schematic showing the functionalization of 3D printed structures

through adsorption of reactive nanocellulose. Reproduced from

Reference 3.


