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Natural polysaccharides have received more and more attention in the field of material synthesis, particularly in metal oxides based 
materials. Polysaccharides are valuable bioresources which combine their functional properties with eco-friendly features, 
characteristics that natural fit in various green chemistry approaches. Taking the advantage provided by their diversity regarding the 
chemical functionality and structural specific features, several polysaccharides-assisted strategies of materials were developed 
recently. The paper here, the first of a series that reviews the involvement of polysaccharides in oxide materials (simple, mixed and 
composites) synthesis, presents some generalities of the polysaccharides as well as their main roles (stabilizing, template, assembling, 
functionalizing and combustible agent) played in nanomaterials synthesis. 

 
 

INTRODUCTION∗ 

Polysaccharides, known also as glycans, 
represent a large family of natural carbohydrates 
which include both compounds assembled from 
glycosidically linked sugar residues and also 
molecules that contain polymeric saccharide 
structures bonded to amino acids, peptides, 
proteins and lipids. Polysaccharides are special raw 
materials being very abundant (called also 
biopolymers), widely available in many countries, 
inexpensive and renewable. They have also 
biological and chemical properties such as non-
toxicity, biocompatibility, biodegradability, 
polyfunctionality, hydrophilicity, high chemical 
reactivity, chirality, chelation and adsorption 
abilities. Their benign water-solubility is a crucial 
property in “green chemistry” methods and opens 
large possibilities in aqueous solution routes for 
the synthesis of nanomaterials. 
                                                 
∗ Corresponding authors: carp@acodarom.ro 

The involvement of polysaccharides in metal 
oxide synthesis is a new, interesting and promising 
application in materials science. The solution and 
low-temperature procedures (co-precipitation, sol-
gel, metal-organic precursors or combustion meth-
ods) developed especially in the last decades, have 
proved to be suitable routes to achieve nanosizes 
(1-100 nm), specific shapes and surfaces for metal 
oxides particles. The multiple effects of 
polysaccharides in wet and/or low-temperature 
methods (as assistant in heterogeneous nucleation, 
as complexing agent, to control the growth step or 
as surface capping agent, to avoid nanoparticles 
agglomeration) have recommended them as 
appealing additives in chemistry of materials.  

Fusing the above-mentioned important topics, 
new advanced oxide nanomaterials could be  
pre-designed using polysaccharides-assisted  
green synthetic routes. Indeed, along with their 
abundance, the combination between the eco 
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friendly attributes with their chemical features 
transform the polysaccharides into a promising 
source of raw material for green nanochemistry of 
materials with a wide range of applications. 
Polysaccharides are active ingredients in non-
polluting strategies and play a double role: as a 
tool to complete and control material synthesis and 
as a component of material itself, alone or as a part 
of a composite. 

The aim of this series of papers is to review 
some of the most important polysaccharides-
directed synthesis of oxide nanoparticles. The 
paper here, the first in a series, presents the key 
features of polysaccharides, a survey of their 
potential applications and includes also an analysis 
of the main effects of these carbohydrates in oxide 
materials synthesis, namely stabilizer, template, 
assembler, functionalizing and combustible agent. 
The following papers of the series will examine the 
potential applications of each particular 
polysaccharide in oxides synthesis, highlighting 
the advantages of the developed approaches, but 
also mark the unexplored areas of this new green 
chemistry topic. 

POLYSACCHARIDES IN OUR WORLD 

Every year the nature produces 175 billion tons 
of biomass materials, three quarters from the total 
amount being represented by carbohydrates. Most 
of the natural carbohydrate materials occurs in the 
form of polysaccharides (≈90% from carbohydrate) 
but only a very small percentage is currently used 
by man.1 The polysaccharides origin is varied, 
which explains the richness of their structures and 
corresponding properties: from plants (e.g. starch, 
cellulose, pectin, guar gum), algal (e.g. alginate agar, 
carrageenans), microbial (e.g. dextran, xanthan gum), 
and animal (e.g. chitosan, chondroitin).2-4 

They are essentially natural macromolecules 
build up from monosaccharides units (200 and 3000 
units) connected through glycosidic bonds. Each 
sugar residue carries multiple hydroxyl groups, 
able to act as acceptor of glycosyl substituents, 
leading to branched or mixed linear-branched 
polysaccharides structures. The most common 
constituent of polysaccharides is D-glucose, but  
D-fructose, D-galactose, L-galactose, D-mannose, 
L-arabinose, and D-xylose are also frequent units. 
Some monosaccharide derivatives found in 
polysaccharides include the amino sugars  
(D-glucosamine and D-galactosamine) as well as 

amino acids (N-acetylneuraminic acid and  
N-acetylmuramic acid), and simple sugar acids 
(glucuronic and iduronic acids). 
Homopolysaccharides are often named after the 
constituent sugar monomer, for example glucose-
containing homopolysaccharides are called 
glucans, while mannose homopolysaccharides are 
known as mannans. 

Polysaccharides carries a large number of 
reactive groups, have a wide range of molecular 
weight, with different chemical composition, 
resulting in a variety of structures and 
functionalities, consistent with their corresponding 
roles (mainly structural and energy storage) in 
biological systems.  

Several characteristics differentiate the 
polysaccharides: the nature of the constituent 
monosaccharides building-blocks, the length of the 
polymeric chain and the amount of the chain 
branching. The large variety of polysaccharides 
makes very difficult a classification of these 
biopolymers. One criterion is their functionality in 
biological systems: storage polysaccharides (e.g. 
starch in plants) and structural polysaccharides 
(e.g. cellulose, which is the most abundant 
biopolymer in the world).5,6 The two polysaccharides 
categories have similar compositions, but their 
properties are very distinct and could be related 
with their structural differences, for example the 
mixed linear-branched and flexible structure of 
starch versus the linear and rigid skeleton of 
cellulose.  

Polysaccharides are divided into polyelectrolytes 
and nonpolyelectrolytes, the former class being 
further parted into positively (chitosan) and 
negatively charged polysaccharides (e.g. alginate, 
heparin, hyaluronic acid, pectin). From rheological 
standpoint, some of the polysaccharides form gels 
as the temperature is rising (starch), or under very 
mild conditions upon contact with cations (alginate 
and carrageenan) and anions (chitosan).  

Polysaccharides are used not only for materials 
fabrication (excepting cellulose), but also in water-
soluble polymers domain, where they act as 
thickening, gelling emulsifying, hydrating and 
suspending polymers. The biocompatible and non-
toxic polysaccharide-based compounds are a class 
of materials with potential applications in 
medicine, pharmacy, biology, agriculture, on waste 
water and water treatment. For example, 
polysaccharides-based materials adsorbents have 
demonstrated exceptional abilities for 
decontamination of effluents (removal of dyes and 
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metal ions pollutants) for separation processes 
(recovery of valuable metals), and also for 
analytical purposes (solid phase extraction), 
offering promising benefits for commercial 
purpose in the future.8 

Polysaccharides biomaterials based on alginate, 
dextan and chitosan9 are good candidates for tissue 
engineering, drug vehicles, controlled release of 
drugs, cell culture, cancerous cell treatment, 
separation of biomolecules, immobilization of 
enzymes.10 

The most widely used oxide-polysaccharides 
materials are the magnetic hydrogels, as magnetite 
(Fe3O4) or maghemite (γ-Fe2O3)-polysaccharide 
composites. These hybrid materials are 
biocompatibile, with quick response and sensitivity 
to an external stimulus, for example an applied 
magnetic field,7f,g and are very useful in many 
biomedical applications, several commercial 
products (monocrystalline aggregates, i.e. 
Endorem®, or polycrystalline ones Sinerem®, etc) 
being already available. 

THE ROLES OF POLYSACCHARIDES  
IN METAL OXIDES SYNTHESIS 

The biocompatible and non-toxic 
polysaccharide-based materials represent a special 
class of which characteristics may have potential 
applications in medicine, pharmacy, biology, 
agriculture, on waste water and water treatment. 
Polysaccharides biomaterials were used specially 
for tissue engineering, drug vehicles, controlled 
release of drugs,10a cell culture, cancerous cell 
treatment, separation of biomolecules or 
immobilization of enzymes.7f, 8b,10b 

The metal-oxides chemistry has encountered 
the ideal non-polluting organic additives in 
polysaccharides. Along with their already known 
biocompatibility, the polymeric structure of 
polysaccharides is suitable in solution chemical 
procedures11,12 to achieve and tune the size, 
morphology and structure of the oxides or oxides-
composites nanoparticles: (i) stabilizers to control 
particle size, preventing the spontaneous 
agglomeration of nanoparticles, (ii) templates, 
directing particles structure and (iii) as surface 
functionalizing agents of the metal oxides, allowing 
their covalent attachment and self-assembly on 
surfaces, an indispensable property for loading 
desired biomolecules (for functional nanomaterials 
used in different pharmaceutical and biomedical 
products13).  

The primary association between a 
polysaccharide and a metal ion affords usually an 
intermediary precursor which, depending of 
several factors (the chemical composition and 
structure of the polysacharide, the nature of the 
metal cation and the solution environment such as 
pH, raw materials concentration, and the presence 
of a auxiliary ligand) could be: a colloid, a gel or a 
mixture of raw materials.  

Polysaccharides interference in oxides synthesis 
takes place in various stages of the synthesis. 
Scheme 1 resumes some of the remarkable effects 
of polysaccharides in material synthesis. The 
organic additive, in our case the polysaccharide, 
dispersed in the liquid media, behaves like an 
organic matrix, binding many metal cations, 
through their functional groups (hydroxylic, 
carboxylic or amino groups). The initial binding of 
the metal ions to the polysaccharide determines a 
homogenous dispersion of the cation in well 
confined spaces. After the change of the initial 
reaction conditions, in the presence of a 
precipitation agent, these binding positions provide 
preferred nucleation and growth sites for the 
hydrolyzed Mn+-containing particles, due to the 
high local suprasaturation of metal cations. The 
conversion oxide precursor→oxide needs heating 
treatments. Since, some of the polysaccharide are 
decomposed at temperature lower than 300oC,14 the 
combustion of their organic scaffolds can be 
expected to form dispersed oxides only in 
conditions in which the sintering is not favored. 
The homogenously dispersion of the cations in the 
polysaccharide and the low temperature of thermal 
degradation of the organic parts shifts the balance 
between the nucleation and growth towards the 
formation of a larger number of smaller crystals of 
oxide material. 

The metal cation binding, both in the incipient 
stages and after oxide/hydroxide formation, is 
complicated because involves the presence of 
different physico-chemical interactions that can act 
individually or simultaneously (at least some of 
them)14 namely coordination/chelation, ion-exchange, 
electrostatic interactions, acid–base interactions, 
hydrogen bonds, hydrophobic interactions or physical 
adsorption. 

During the precipitation/maturation stages, the 
polysaccharides act also as “nanoreactor” 
templating and stabilizing nanoparticles: the 
heterogeneous nucleation and subsequent 
controlled growth occurs in these well-defined 
sites. A surface coating/functionalization is 
additionally obtained.  
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Scheme 1 – Effects of polysaccharides in chemistry of materials. 

 
Polysaccharides may function either as hard or 

soft template to form 1D and/or hierarchical 
structures. It is known that the soft templates (long 
chain polymers15) will self-assemble, under certain 
kinetic conditions, into well-defined aggregating 
entities which restrict and direct the growth of the 
quest molecules. The growth of these molecules 
has led to 1D nanostructures, and if these are 
metastable, they can further organize into 
hierarchical structures in liquid media.16,17 A 
beautiful example is the nanofabrication of 
functional ZnO architectures in the presence of 
sodium alginate.18  

A special role is played by the polysaccharides 
as ‘hard” templates on the synthesis of core/shell 
and hollow nanostructures.19 The synthetic 
strategies are straightforward, involving two/three 
main steps: (i) the preparation of the original 
template by dehydrating the polysaccharide under 
hydrothermal conditions; (ii) the deposition of the 
target shell material onto the surface of the 
template with the formation of the core-shell 
composite either by direct surface reactions or by 
controlled precipitation20 and (iii) the removal of 
the original template (following calcinations 
treatments or selective etching) with formation of 
the hollow structures. 

The great advantage of the polysaccharide 
template route is the formation of functional layers 
with integral and uniform surface which assures 
the homogeneity of the shell without the surface 
modification. The carbonaceous template determines 
the shape and the structure of the final products. 
On the other hand, the characteristics of the 
polysaccharide template could be tuned controlling 

the experimental conditions (concentration of the 
starting material, reaction time and temperature20).  

The polysaccharides-assisted strategies are also 
based on the reducing abilities of these 
biopolymers, which arise mainly from their high 
content of hydroxyl groups: as the temperature is 
rising, the oxidation of C-OH groups into the 
carboxylic ones may occur simultaneously with the 
reducing of Mn+ cations to Mm+/Mo (n>m).21 This 
property was used in magnetite, Fe3O4 (starting 
only from Fe3+ metal salts) and metals synthesis.22  

Another important feature of the 
polysaccharides, assembled from glucose repeating 
units, is the large heat of formation, a characteristic 
which is very useful in combustion reactions. It is 
well-known that the flame temperature in 
combustion method is a critical parameter in 
reaching a certain morphology, crystalline phase 
and other specific properties of the final oxide 
products. The mixture of fuels (high flame 
temperature fuels, as urea or hydrazine, with low 
flame temperature fuels) is highly recommended to 
achieve the control of this parameter and, as 
consequence of the size distribution, surface area 
and agglomeration of the particles in the final 
product.23 Polysaccharides biopolymers could 
successfully replace a percent of the classic fuels 
(urea, for example) the result being a reduced 
exothermicity and thus, the flame temperature of 
the combustion reaction, while almost an equal 
number of mole gases are released.  

The multiple and various roles of polysaccharides 
in the controlled synthesis of oxide materials have 
unveiled an unknown and spectacular eco-friendly 
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chemistry, of which further development is crucial in 
materials sciences.  

CONCLUSIONS 

The work here gathers some general 
considerations regarding the polysaccharides and 
also several illustrative examples of the 
polysaccharides interferences in different synthesis 
of oxide-based materials (or related composite 
materials), highlighting the great versatility of 
carbohydrates in the classical soft chemistry 
approaches [(co)-precipitation, sol-gel, combustion 
or hydrothermal synthesis]: coating, protecting, 
(bio)-template with structure-directing role, 
complexing, assembling and fuel agent. 

The following papers of the series will 
examine, one by one, several important natural 
polysaccharides, namely starch, dextran and 
cellulose along with some recent published data 
regarding their specific behaviours in several well-
known wet and low-temperature chemistry 
approaches of nanosized metal oxide materials.  
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