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Starch has proved to be a valuable carbohydrate additive in soft chemistry approaches for metal, metal oxide and composite 
nanosized materials synthesis. Herein we review some of the significant literature data regarding the starch multiple effects in several 
classical low-temperature methods (co-precipitation, sol-gel, combustion methods) as well as in new alternative starch-assisted routes 
for nanoparticles synthesis. 

 
 

INTRODUCTION∗ 

Starch is one of the most appealing bioresource 
for nanotechnology.1 Its eco-friendly attributes, 
namely very abundant, low-cost, non-toxic and 
renewable raw material, has recommended it as a 
very valuable ingredient for green chemistry. The 
complex structure of polysaccharide, which 
essentially consists of polymeric chains made-up 
from glucose units, provides important advantages 
in the chemistry of materials. The two distinct 
constituent fractions, the linear amylose - in which 
the glucose monomers are joined through α-1,4 
glycosidic bonds and the branched amylopectine, 
assembled from glucose units, linked by α-1,4 and 
α-1,6 glycosidic bonds, are the key structural 
                                                 
∗ Corresponding author: carp@acodarom.ro  

features in any nanosized material approaches. 
Recent microscopic and spectral studies have 
confirmed the branched pattern and revealed that 
the semicrystalline granules of starch are made 
from concentric rings, in which the amylose and 
amylopectine basic components are aligned 
perpendiculary to the growth rings and to the 
granule surface.2 Thus, on one hand, the polymeric 
structure of starch provides a helical-shaped 
carbonaceous matrix, carrying multiple polyol 
groups, which may create a protective and 
functionalized surrounding shield for 
nanoparticles. The constituent hydroxyl groups 
could be involved both in intra- or intermolecular 
supramolecular associations, but are able also to 
coordinate transitional metal ions, maintaining the 
 



1018 Diana Visinescu et al. 

 

nanoparticles highly aggregated. Scheme 1 
illustrates the specific roles played by the two 
starch fractions in nanooxides synthetic methods. 
The “chameleonic” behaviour of starch is 
manifested through the multiple carbohydrate 
actions in nanosized oxide-based materials 
synthesis, namely coating/capping, functionalizing, 
stabilizing, poring and/or coordinating agent. 
Moreover, the starch granules swell in aqueous 
solution and, at temperatures ranging between 50 
and 90o C, the natural polysaccharide forms a gel, 
which could incorporate and disperse in an 
uniform fashion the incipient centers of nucleation 
of the nanoparticles. In fact, any starch-assisted 

synthetic route of materials gathers some of the 
above-mentioned carbohydrate actions, and 
essentially is directed by the conjugated and/or 
competing chemical/supramolecular interactions 
metal-polysaccharide. The branched amylopectine 
chains expose an important number of hydroxyl 
groups and give a strong hydrophilic character to 
the starch granules. It also assures the water 
solubility of the starch, which becomes a suitable 
reactant in solution synthesis of nanomaterials. The 
starch is also a very interesting candidate as fuel 
for combustion methods due to its large heat of 
formation, which significantly reduces the reaction 
exothermicity.

 

 
Scheme 1 – The multiple roles of starch in the synthesis of nanomaterials. 

 
Several early attempts related with drug carrier 

systems, in which the coated and functionalized-
starch particles has become biocompatible and able 
to react with various end standing functional 
groups for binding other molecules, have 
highlighted the great potential of  this carbohydrate 
for the chemistry of nanomaterials.3  

A very useful application of starch was in the 
synthesis of noble metal nanoparticles with large 
surface to volume ratio and nanosizes, features that 
are strongly required especially in some catalytic 
processes.4 Starch-protected silver (Ag), gold (Au) 
or alloy Ag-Au nanoparticles, have been obtained 

and stabilized, by the gentle heating of an aqueous 
solution of salts of the noble metals, soluble starch 
and D-glucose (as a reducing “green” agent). Their 
sizes range between 6 and 10 nm, they are highly 
stable, non-aggregated, the starch building, by 
means of supramolecular hydrogen-bonds which 
involves its constituent hydroxyl groups, surrounding 
protective layers that prevent their agglomeration 
and inhibit their reactivity.5 As reducing/modifier 
agent, the polysaccharide has facilitated the 
preparation of supported silver noble metal 
nanoparticles on hybrid films, following the sol-gel 
method.6 The water/air stable Ni magnetic 
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nanoparticles, in which the starch acts as 
dispersing/protecting agent, are highly 
homogeneous, with an increased catalytic activity 
and could be further functionalized.7  

The most wide used application of the starch in 
nanotechnology is by far related with the metal 
oxides. Their common history indicates that the 
association between starch and oxides is 
advantageous for both partners. For example, the 
layered transition metal oxide, HNbMoO6 has 
proved to have a remarkable catalytic effect for the 
hydrolysis of some saccharides, which include 
starch, being an excellent eco-friendly substituent 
for the classic catalysts such as sulfuric acid and/or 
enzymatic reactions.8 The iron oxide (Fe2O3) 
catalyses, under the mild conditions, the 
hydrothermal carbonization of starch and the 
formation of carbon nanomaterials with different 
shapes, namely very fine, ropelike carbon 
nanostructures.9 Starch is known as the universal 
depressant of hematite in iron oxide processing. 
The role of starch is to selectively adsorb on 
hematite and prevent an amine collector from 
adsorbing onto iron oxide in a reverse flotation 
process. Further we will review some of the starch 
effects in different chimie douce approaches of the 
nanosized metal-oxides.  

STARCH-ASSISTED (CO)-PRECIPITATION 
METHODS FOR THE OXIDES SYNTHESIS 

The starch-coated colloidal superparamagnetic 
iron oxide nanoparticles (SPION), Fe3O4 
(magnetite), have been obtained through a 
controlled chemical co-precipitation route, in 
which the oxide nanoparticles start to nucleate 
from the precipitation, resulted from reaction of 
Fe2+ and Fe3+ ions with hydroxide anions. These 
types of magnetite particles are mainly used in 
biomedical applications, i.e. magnetic resonance 
imagining, drug delivery, drug targeting and 
hyperthermia agent10 and they must fulfill several 
demands: they should have small and narrow sizes 
(less than 50 nm), with a uniform distribution of 
the particle sizes and they should be coated with 
nonimmunogenic, nonantigenic and protein-
resistant materials which facilitate their transport 
into the biological membrane system. The starch 
provides these biocompatible surrounding layers 
which allow the particles transport in extracellular 
space. In addition, some of the outer-shell 
amylopectine layers from starch are swollen to a 
certain degree and interconnected, through 

hydrogen-bonds, with neighbouring molecules, the 
carbohydrate granules building thus, in water, a 
three-dimensional glucose-based skeleton which 
could easily host and bind particles of metal 
oxides. The carbohydrate hydrophilic polymeric 
matrix embeds the reactants and has multiple 
functions: prevents the agglomeration of particles 
and their further oxidation, assures their 
homogeneous distribution, hinders the cluster 
growth after nucleation and limits the size of the 
particles.11 The SPION nanoparticles are uniformly 
distributed in starch polymeric matrix, have cores 
diameters of 6 nm and clusters sizes of 42 nm and 
proved an extremely stable behaviour for one year, 
in aqueous media at room temperature.  

Active functional groups are introduced on 
starch by oxidizing the carbohydrate with 
periodate, NaIO4, which determine the cleavage of 
the glucose rings and the formation of 
polyaldehyde-starch coating layers.12 This type of 
peroxidation has no influence over the crystal 
structures of the magnetite particles cores, obtained 
through a co-precipitation route, the average 
diameteres of 8 nm being proved by the X-ray 
diffraction data. The change of the chemical 
environment of the surface atoms of the iron 
oxides has effect on the relaxation behaviour of the 
samples. Peptide-coupled starch-coated iron oxides 
(SION’s) are obtained by a simple condensation 
reaction between the polyaldehyde groups of 
modified starch and amine groups from homing 
peptide labeled with 5-carboxyl-fluorescein (FAM-
A54)13a or doxorubicin (DOX) on 5-
carboxylfluorescein (FAM) labeled 
AGKGTPSLETTP peptide (A54).13b These highly 
stable in vivo peptide-loaded magnetic fluids have 
no cytotoxic effects, present affinities for tumor 
cellular in vitro, have a good response in magnetic 
field and could be targeted in the tumor tissue, with 
a great potential in diagnostics and therapeutics of 
human tumor.  

The type of iron salt used in synthesis has a 
significant influence over the final nanoparticles 
morphologies. The particular layered structure of 
iron(III) chloride has afforded, following a co-
precipitation method in the presence of starch, 
highly crystallized hematite (α-Fe2O3) particles 
with spherical or tubular shapes, depending on the 
calcinations temperature and/or pH value of the 
solution.14 The hydroxi-functionalized layers of 
iron(III) chloride interact with polyol groups from 
starch, most likely by means of hydrogen-bonds, of 
which helical structure encapsulates the iron(III)-
containing colloids in a cage-like structure. The 
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combined structure-director roles both of the 
iron(III) salts and polysaccharide have led to 
highly regulated materials in which the particles 
are monodispersed with controllable shapes and a 
well-defined morphology (spherical and tubular). 
The sizes of particles are ca. 30 nm with specific 
surface areas ranging from 24 to 126 m2/g, 
depending on the iron(III)-bearing precursor 
concentrations. 

When iron(II) sulfate is involved in precipitation 
in solution procedures, the Fe2+ cations are bound 
to the available hydroxyl coordination sites from 
the carbohydrate polymer, the centers of particles 
nucleation being well-separated one to each other. 
The multiple polyol groups from starch may also 
be involved in non-covalent hydrogen-bond 
contacts, these two coupled molecular-
supramolecular effects giving rise to oxides-
containing aggregates, in which the cores of 
nanoparticles and the carbohydrate-based coatings 
are strongly associated. The controlled starch 
removal, through a heating treatment, converts the 
iron(II)-based complex precursors into non-
agglomerated and highly crystalline nanoparticles 
of iron oxides with sizes around 64 nm and with a 
uniform distribution of their morphology.15 
Spherical nanoclusters of magnetite (200-300 nm 
in sizes) have been stabilized following a similar 
route and using transparent starch vermicelli as 
template. The thermal decomposition of the iron 
oxides nanoparticles has led to hybrid species iron 
oxide/composite with reduced magnetic properties, 
a useful effect for some biomedical applications.16 

Spherical well-dispersed starch-capped Mn3O4 
nano-oxides, with 35 nm in sizes, are obtained 
through a solution method, by the controlled 
precipitation of Mn(OH)2, in the presence of 
starch, in basic solution and at low temperature. 
The presence of an oxidant such as H2O2 is very 
important for the crystallinity and the purity of 
Mn3O4 phase.17  

Nickel(II) cations chemically interacts in 
solution with the hydroxyl functional groups of the 
starch and will be closely incorporated within the 
carbohydrate molecules. The NH4OH titration 
causes the homogeneous nucleation of the Ni(OH)2 
particles localized on the coordination sites. A 
calcination treatment in air at 380oC, determines 
nickel(II) hydroxide decomposition into nickel 
oxide, Ni with H2O evolving, while the starch 
ligand is converted into CO2 and H2O. The final 
NiO crystalline oxide presents a porous structure 
(the pore sizes are mainly in a range of 2-30 nm) 
and an average crystallites size of 11 nm. The 
specific surface area and the pore volume of the 
sample are 76 m2g-1 and 0.16 cm3g-1, respectively. 
The sample calcination at 550oC, in nitrogen, gives 
rise to a unique Ni/C composite material.18 Using a 
simple precipitation method, ZnO with plate-like 
shape and crystallite sizes of ~55 Å have been 
easily obtained (fig. 1).19 The purity of the ZnO 
phase, shape and crystallite size is strongly 
dependent on the precipitation pH value and starch 
concentration.

 

  
   (a)      (b) 

Fig. 1. (a) TEM and (b) HRTEM images of the powder  
of ZnO nanoplates obtained following a co-precipitation method in the starch presence.  
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STARCH-ASSISTED SOL-GEL SYNTHESIS 
OF NANOOXIDES 

One of the remarkable feature of the starch is its 
gelling abilities in aqueous solution at 50-80oC, 
due to the linear amylose component of the natural 
carbohydrate. The starch creates a hydrophilic 
environment, with multiple coordination sites able 
to bind and stabilize the formed particles of oxides 
and/or hydroxides. The mechanism of starch 
gelation is still a vexed question, but nowadays it is 
accepted that (this process) causes starch anionic, 
either by producing fatty acids or causing -OH 
group to dissociate.20 This special characteristic of 
starch could be efficiently exploited in the less-
expensive and highly-available sol-gel synthesis, in 
which the starch-gel acts as a template for 
nanoparticles aggregations. It has in fact multiple 
functions, such as hosting, protecting, separating, 
binding and tailoring agent for the precursors and 
their corresponding nano-oxides. The chelating 
action of the carbohydrate is essential for the 
starch-based sol-gel synthesis, the resulted 
colloidal complex precursors, obtained usually 
from the reaction of the inorganic salts of divalent 
ions or metal-organic compounds and starch, pre-
organizing the morphology of the nanoparticles. 
The starch is more easily removed than the classic 
sol-gel chelators (Ethylenediaminetetraacetic acid, 
EDTA, citric acid) following a calcination 
treatment, at a significantly reduced temperature. 
The thermal decomposition of starch generates 
sometimes pores, being a well-known 
consolidating agent for porous ceramics.21  

A typical sol-gel synthesis uses the complexing 
abilities of the starch in order to produce non-
spherical particles, this particle shape preserving 
the magnetic phase. γ-Fe2O3 oxide (maghemite) 
crystallizes in the cubic inverse spinel structure, 
with vacancies distributed on the octahedral sites. 
For example, the ferrimagnetic behaviour of 
maghemite demands elongated ellipsoidal 
particles, of which nucleation could be controlled 
by complexing agents with a tailoring effect. A 
starch/ethyleneglycol mixture creates a suitable 
complexing media to synthesize ellipsoidal 
mesoscopic γ-Fe2O3 particles with an average size 
of 19 nm, while 10 nm in diameter spherical-
shaped particles are obtained in a water/starch 
solution. The size/shape have a decisive influence 
on the optic and magnetic properties of the oxides, 
a red shift of the band-gap and an enhanced 
coercivity, induced by anisotropy, being observed 
for the non-spherical nanoparticles.22 

The reaction of KMnO4 and starch, with the 
formation of an intermediary gel, followed by a 2h 
heating treatment at 400oC, have afforded layered-
type structure of birnessite manganese oxide, 
MnO6.23 The resulted oxide is made-up from sheets 
of edge-sharing MnO6 octahedra, the interlayered 
distances, filled with water molecules and 
MnO(OH)2 species (identified in TG/DT analysis 
at on the 172-396oC) being approximated at 6.5 Å. 

An adapted sol-gel method method, which 
consists in a reaction of titanium(IV) alkoxide with 
starch, under the mild conditions, has led to 
mesoporous and nanocrystalline TiO2 materials.24 
The starch was removed following two procedures: 
calcination treatment and solvent extraction, the 
samples exhibiting superior textural properties. 
The use of non-polar cyclohexane in the starch-
assisted hydrolysis of titanium(IV) alkoxide gives 
nanosized TiO2 particles, with a specific surface 
area of 94 m2g-1 associated with 23 nm crystallites 
size. The carbohydrate has no templating effect, it 
only stabilizes the aggregated small TiO2 particles. 
The pores dimensions vary between 9 and 15 nm, 
depending on the alkoxide type of Ti(IV), when 
the cyclohexane has been used as solvent. 

One of the most interesting application of 
starch-assisted gel template synthesis is the cobalt-
containing blue inorganic pigments. Thus, the 
gradual controlled insertion of Co2+ cations, the 
source of blue color, within the inorganic gahnite 
(zinc aluminate, ZnAl2O4) host lattice, in the 
presence of starch, have afforded nanosized 
CoxZn1-xAl2O4 (x = 0, 0.1, 0.2, 0.4, 0.6, 0.8 and 1) 
mixed oxides with variable cobalt concentrations.25 
The formation of the starch-gel is crucial for 
keeping a higher degree of homogeneity, purity 
and also a narrow distribution of the oxide 
nanoparticles, while the combined complexing, 
structure-director and gelation effects of the 
carbohydrate is a powerful tool for controlling the 
aluminates particle shapes and sizes. The obtained 
(Zn, Al, Co)-starch complex, which initially was 
encapsulated within the helicoidal polysaccharide 
(in excess) matrix were converted, after a heating 
treatment of 800oC for 1h, into the spinelic mixed 
cobalt aluminates. It was observed (Figure 2a) that 
the mean crystallite sizes vary with the cobalt 
amount in oxides, the higher is the Co2+ cations 
content the lower is the particles dimensions [from 
250 Å for ZnAl2O4 (x = 0) to 146 Å for CoAl2O4  
(x = 1)]. TEM investigations indicate the formation 
of small particles, homogeneous as shapes and 
sizes and with a pronounced tendency to form 
agglomerates and even aggregates. 
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(a) (b) 

Fig. 2 – (a) Diagram of the mean crystallite size of CoxZn1-xAl2O4 oxides (calcinated for one hour at 800oC) vs. the cobalt (x) content; 
                        (b) Visible and near-infrared spectra for CoxZn1-xAl2O4 (x = 0.1, 0.2, 0.4, 0.6, 0.8, 1) oxides. 
 

Several useful information have been extracted 
from the analysis of NIR-UV-Vis spectra: the 
tetrahedral sites are mainly occupied by the Co2+ 
cations and give the blue colored material (a three-
structured band, with maxima centered at ca. 544, 
595 and 622 nm in visible region assigned to the 
4A2(F)→4T1(P) spin allowed transition for the 
tetrahedral Co(II) chromophores), the purity of the 
spinelic phase (the absence of the Co3O4 is 
confirmed also by the XRD diffraction date on 
powder diagram) and the spinel-disorder is 
dependent of the cobalt content, the rich-Co(II) 
oxide samples being characterized by the highest 
degree of spinel disorder, a percent of the Co(II) 
cations adopting in fact an octahedral 
stereochemistry (figure 2b). 

Doped nanocrystals of YVO4:Ln (Ln = Sm, Dy, 
with a concentration of Dy3+ and Sm3+ ions kept 
constant at 1%) have been obtained using starch as 
suitable and, at the same time, labile chelator in an 
adapted sol-gel routine.26 The oxidation of some 
polyol (-OH) groups of the carbohydrate to 
aldehyde (–CHO), with an excess of HNO3, 
enhances the coordination abilities of the 
polysaccharide. The formation of a carbonylic gel-
intermediar has been confirmed by the vibration 
spectra, in which the broad and strong band 
centered at 1630 cm-1 is attributed to the 
asymmetrical -CHO- stretching frequencies, while 
its complete thermal conversion into the oxide is 
proved by the strong absorption at ca. 844 cm-1 
characteristic to the orthovanadate anion (VO4

3-). 
The exothermic reaction between the NO3

- anions 
(oxidant) and starch (reducing agent) at 

temperatures of 600-800oC, allow the rapid 
crystallization of the tetragonal pure phase of 
YVO4, with crystallite sizes ranging from 50 to 
100 nm and with a nearly cobblestone-like 
morphology, at temperatures lower than in the 
analogue solid-state reaction. 

Starch gel templates coupled with colloidal 
nanoparticles titanium(IV) oxide have been used to 
prepare TiO2 materials with a hierarchical meso-
macropore organization.27 The elasticity of starch, 
illustrated by its capacity to swell in water and to 
gradually shrunk by freezing without losing its 
structural integrity, build a three-dimensional 
sponge-like structures with tunable pore sizes. The 
immersing of starch blocks into the TiO2 colloidal 
dispersions has led to macroporous TiO2-starch 
composites with extremely high photocatalytic 
activities for air purification. 

STARCH AS FUEL IN COMBUSTION 
METHOD FOR THE OXIDES SYNTHESIS 

Combustion method is a simple, fast and low-
energy procedure which allows the control of the 
homogeneity and stoichiometry of the nanozised 
crystallite oxides. Starch, with its large heat of 
formation, is suitable for a two-fuel mixture 
combustion, which could properly adjust and 
control the flame temperature, and, implicit the 
size, surface area and agglomeration of the 
particles of the final product. 

A urea-starch mixture has been used in a 
combustion experiment to produce Al2O3–ZrO2 
nanocomposite powder of small crystallite sizes 
(<20 nm).28 A direct consequence of reaction 
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exothermicity decrease is a diminished tendency of 
material agglomeration and thus an increase of the 
specific surface area (from 3.56 up to 13.16 m2g−1). 
These starch peculiarities will turn it into an 
alternative and non-toxic low-temperature flame 
fuel.  

Pure spinelic phase of the oxide zinc aluminate, 
ZnAl2O4, has been obtained through a  
N-methylurea/starch two-fuels combustion method.29 
Assuming that combustion process is complete, the 
theoretical equations for the ZnAl2O4 formation is: 

 
 2Al(NO3)3·9H2O+Zn(NO3)2·6H2O+3.33C2N2H6O5+0.415C6H10O5+2.47O2→ZnAl2O4+9.15CO2+7.33N2+36.06H2O (1) 
 

The phase crystallization temperature is 
strongly related with the starch amount in the fuels 
mixture, lower values being recorded for the higher 
values of the starch/NMU ratio. The detailed SEM 
images show a fine-grained structure of small 
particles, with a particle average size of ~19 nm 
(fig. 3). The use of a two-fuels mixture (25% 

starch and 75% NMU) and a stoichiometric 
fuel/oxidant ratio determines an extension of the 
surface area from 9.52 up to 20.69 m2/g. This 
increase may be explained by a complete 
decomposition of the organic/carbonaceous 
residue. 

 

  
(a)                                                                (b) 

Fig. 3 – SEM images of powder for zinc aluminate derived oxide: a) general view; b) detail. 
 

The use of starch in a mixture urea/starch/ 
ammonium acetate fuels have also significantly 
reduced the exothermicity of reaction and the 
flame temperature in a combustion solution 
reaction, with a release of enormous amount of 
CO2, and have afforded fine agglomerates of  
α-alumina-θ-ZrO2 (ZTA) nanoceramic powders.28 
The mean diameter of crystallites is lower than  
20 nm and have an enhanced specific area  
13.16 m2g-1 than in the urea as single fuel  
(3.56 m2g-1) or urea/ammonium acetate two-fuels 
(7.3 m2g-1) cases.30 

A 1:1 triethanolamine/starch mixture, have 
proved to be a suitable chelating combination of 
fuels for the synthesis of spinelic LiMn2O4.31 A 
further calcination for 10h at 800oC is necessary to 
achieve a fine-structurated product with the largest 
specific surface area (4.56 m2 g-1) and with 
interesting electrochemical properties. 

The natural polysaccharide could also act as 
single-fuel in a starch-assisted combustion of pure 
phase and of mono-dispersed LiNiVO4.32 The 
presence of starch have the same effect as any 
common fuel: prevents the agglomeration of the 
particles, hinders the grain growth and decreases 
the calcinations temperature below 400oC. The 
carbohydrate amount used in reaction is crucial, 
and only 2-3 g of starch assures the formation of 
crystalline sphere particles of single-phase 
LiNiVO4, with a uniform distribution of the 
particle sizes (1.2–1.6 µm). The inverse spinel 
structure of LiNiVO4 has been confirmed by the 
XRD (diffraction on powder) data, while its 
remarkable electrochemical activity (acceptable 
capacity, good cyclability and better reversibility) 
has a very useful application as cathode material in 
lithium batteries.  
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Macroporous foam oxides with tunable pore 
shape/sizes have been prepared through 
combustion method, in which the fuel used is urea, 
while the starch plays only a role of binder.33  

STARCH IN ALTERNATIVE SOLUTION 
SYNTHESIS OF METAL OXIDES 

The hydrolysis and polycondensation of starch 
under hydrothermal conditions decompose the 
carbohydrate in glucose and oligosaccharides, a 
further dehydration and carbonization reaction 
leading to the so-called carbohydrate microsphere 

templates.34 These starch-based spheres are 
covered with the hydroxilic groups which may 
chemically interact with some metal oxides, 
resulting in core-shell or hollow nanostructured 
materials. The oxide will be well-dispersed onto 
the template surface, the chemical adsorption of 
Fe3O4 nanoparticles on carbohydrate microspheres 
being likely due to the metal-OH (starch) bond. A 
simplified hard template method recently 
developed consist in simultaneously formation of 
the starch-based sphere and deposition of zinc 
cations onto the template surface.35 

 

 
Fig. 4 – SEM images of: (a) starch-based carbonaceous spheres; (b) zinc(II)-starch precursor; (c) ZnO spheres. 

 
A new and less-used method to obtain ZnO 

nanoparticles is the one-pot reaction between a 
zinc salt, starch and a base, refluxed at 100oC. 
Hexamethylene tetramine is decomposing slowly 
at 90oC and forms ammonium hydroxide, acting as 
a basic agent in reaction, while the zinc cations are 
closely associated with the starch molecules 
(especially through coordinative bonds). The 
metal-occupied sites with a high concentration of 
starch become incipient centers of nucleation and 
initial crystal growth, which will aggregate and 
finally form spherical particles of ZnO with 
crystallite sizes of ca. 10 nm. The presence of the 
carbohydrate in reaction enables the formation of a 

single-phase zinc oxide, with well-defined shapes 
and size distribution.36  

The involvement of ionic liquids in the 
synthesis of inorganic materials represents a new 
trend in green chemistry approaches. The non-
polluting character together with the solvent-
reactant-template triple function of the ionic liquid 
open non-conventional and eco-friendly routes to 
obtain metal oxides nanoparticles. In an one-pot 
reaction carried on at 80 and 100oC, the zinc salt, 
ionic liquid and starch mixture, the polysaccharide 
has a tailoring action affording large ZnO/starch 
hybrid “sponges”, with pores with a broad size 
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distribution and with particles dimensions ranging 
between 10 and 150 nm.37 

A new class of hybrid composite materials with 
reinforced characteristics has been synthesized 
using the complexing/stabilizing conjugated effects 
of the carbohydrate on the metal oxides. 
Essentially, the polysaccharide-protected particles 
of oxides, called the “nano-fillers”, are 
incorporated into a polymeric matrix (including 
modified starch) and impart its properties to the 
substrate, the resulted material exhibiting enhanced 
mechanical, optical or magnetical properties. The 
origin of these superior features of 
bionanocomposites lies on the strong molecular 
and supramolecular interactions oxide particles-
starch which have led to a kind of cluster 
associations and further have interected one to 
each other. 

Glycerol plasticized-pea starch (GPS)/ZnO 
bionanocomposites have been obtained 
incorporating zinc oxide nanoparticles stabilized 
with soluble starch, as organic/inorganic filler, into 
the plasticized GPS, as natural polymer matrix. 
The ZnO particles are organized in aggregates of 
100 nm in diameters, which are further comprised 
in nanocrystals with 10 nm in sizes, all covered 
with layers of starch. The strong interactions zinc 
oxide-starch (facilitated by the coordinating 
abilities of hydroxide and glucoside functional 
groups of the carbohydrate toward the divalent 
transitional metal ions) and ZnO/starch aggregates-
plasticized starch matrix (through inter- and 
intramolecular hydrogen-bonds interactions) are 
responsible for the enhanced properties of the 
bionanocomposite, namely pasting viscosity, 
storage modulus, glass transition temperature and 
UV absorbances.38 Improved properties have been 
remarked for ZnO- carboxymethylcellulose (CMC) 
nanoparticles, with sizes limited to 30-40 nm, 
encapsulated in GPS matrix nanocomposites.39 

Starch-stabilized zinc oxide nanoparticles 
supported on polypropylene polymer (PP) is 
another class of nanocomposites with reinforced 
characteristics. Mechanical properties and 
dielectrical strength of the nano-PP have increased 
to a notable level, as well as the reduction of 
photo-degradation due to UV irradiation have been 
observed. Such modified materials have exhibited 
also antibacterial activity against two human 
pathogenic bacteria, Staphylococcus aureus and 
Klebsiella pneumonia.40 

ZnO nanoparticles prepared through aqueous 
methods and stabilized with starch, with an 

average size of 40 nm, have excellent coating 
properties on bleached cotton fabrics, using acrylic 
binders. Several functional properties of the coated 
material have been clearly modified and improved, 
the very thin and uniform nano-ZnO coating of the 
cotton fabric proving to have better strength 
properties, air permeability and UV-absorption 
property.41 

The examples presented in this paper enlight 
some of the special features of this peculiar 
polysaccharide in the synthesis of metals, 
inorganic oxide and/or composite materials but 
also open the gates toward an alternative and less-
toxic chemistry of nanomaterials, which may 
successfully compete the classic methodologies. 
The nanoparticles obtained have generally 
improved characteristics: less than 100 nm, a 
narrow distribution of the particle sizes, tunable 
shapes/sizes depending on the conditions of 
reaction. Some of their physico-chemical 
properties are suitable especially in biomedical 
applications, catalysis or magneto-optical devices 
but the starch-based materials are still in 
pioneering times and represent a less-explored 
research area with a great potential of developing 
in the future.  
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