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Nanoflowers: the future trend of nanotechnology for multi-applications
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ABSTRACT

Nanoflowers are a newly developed class of nanoparticles showing structure similar to flower and gain-
ing much attention due to their simple method of preparation, high stability and enhance efficiency.
This article focuses on advantages, disadvantages, method of synthesis, types and applications of nano-
flowers with futuristic approaches. The applications of nanoflower include its use as a biosensor for
quick and precise detection of conditions like diabetes, Parkinsonism, Alzheimer, food infection, etc.
Nanoflowers have been revealed for site-specific action and controlled delivery of drugs. The extended
applications of nanoflowers cover purification of enzyme, removal of dye and heavy metal from water,
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gas-sensing using nickel oxide. Recent investigation shows 3D structure of nanoflowers for enhancing
surface sensitivity using Raman spectroscopy. This nanoflower system will act as a smart material in the
near future due to high surface-to-volume ratio and enhance adsorption efficiency on its petals.

Introduction

Among different nanoparticulate systems, nanoflower, a
newly developed class of tiny particles showing structural
similarity to plant flowers in a nanoscale range of
100-500 nm [1-4]. Research on nanoflower is of interest now-
adays because of its simple method of synthesis from
organic, inorganic materials and sometimes a combination of
both organic and inorganic materials to improve stability and
efficiency of surface reaction. Nanoflowers are composed of
several layers of petals to encompass a larger surface area in
a small structure for multiple applications in catalysis, biosen-
sors and delivery of drugs (Figure 1).

Advantages

1. Nanoflower shows high surface to volume ratio to
enhance surface adsorption for accelerating the kinetics
of reactions. The zinc oxide nanoflowers revealed a
higher number of adsorption sites, which plays a major
role in determination of surface-enhanced Raman spec-
troscopy (SERS).

2. Nanoflowers demonstrated better charge transfer and
carrier immobility due to large surface area. The silver-
coated zinc oxide nanoflowers possessed better charge
transfer and carrier immobility for SERS sensitivity.

3. The efficiency of surface reaction is increased in the
3D structure of nanoflowers. The 3D structure of zinc
oxide nanoflowers enhanced number of adsorption
sites due to which their efficiency was increased for
SERS sensing [1].

4. Synthetic methods like ionotropic gelation, precipitation
method and green synthesis for the preparation of nano-
flowers are simple, non-toxic and cost-effective [2].

5. Due to instability of proteins and enzymes, their immo-
bilization on the surface of the metal enhances the sta-
bility. The enzyme-like glucose oxidase immobilized onto
the surface of concanavalin A using calcium as a metal
ion to increase its stability [3].

Disadvantages

1. Structural features of nanoflower like its petals and
dimensions are very difficult to control during and com-
pletion of reaction [4].

2. In synthetic reactions, nanoflowers are prepared in
extreme conditions like 80-550°C where toxic elements
or byproducts might be formed. Hydrothermal method
for nanoflowers preparation required high temperature
in comparison to other methods like ionotropic gelation
method, precipitation method, green synthesis method,
etc [5].

3. Due to immobilization of protein and peptide, their
therapeutic activities are decreased in comparison to free
forms. The immobilization of glucose oxidase may reduce
its therapeutic activity for determination of E. coli as
food pathogen.

Comparative aspects of microflower and nanoflower

Flowers are usually floral part of plant, which mainly facilitate
reproduction. The flower is classified into the following parts:
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1. Petals: Colored part of the flower, also called modified
leaf and when in bunch called corolla.

2. Stigma: Part of a flower where pollen grains germinate.

Anther: Part of the flower where pollens are produced.

Filament: Thread-like portion of the flower that supports

the anther.

Style: Part which joins stigma and ovary.

Ovule: Reproductive part of a flower.

Sepal: Outermost leaf-like part of a flower.

Receptacle: Part of the stalk where whole flower is

attached.
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Among these different parts of plant, flower, petal-like
structures are observed microscopically in microflowers and
nanoflowers. The size of the flowers is basically arranged in
the order of plant flower > microflowers > nanoflowers
(Figure 2).

Microflowers are micro-dimensional particulate system,-
which resemble to the structure of the plant flower. The syn-
thetic birnessite  delta-magnesium dioxide microflower
prepared by facile one-pot method was used for oxidative
degradation of rhodamine-B [6], whereas hydrothermally syn-
thesized vanadium peroxide microflower was used for gas
sensing [7].

Average petal size: 0.1-5 um

Average diameter: 2-5 nm

Average flower size: 100-500 nm

Figure 1. Structure of nanoflower.
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Figure 2. Comparison of (a) flower; (b) microflower; and (c) nanoflower.

Table 1. Comparative aspects of micro- and nano-flowers.

Ovule with embryo sac

On the basis of characterization parameters like size,
diameter, petal size, etc., the micro- and nano-flowers are
compared in Table 1.

History

Since the inceptive investigations of new nanomaterials in
the mid-2000s, different nanomaterials have been created
with topographical morphologies like core-shell structure and
Janus molecule [5]. In recent years, researchers developed
nanoplates and nanoparticles of lead hexaferrite using mal-
tose and metal nitrate as a reductant by simple, quick and
efficient sol-gel auto-combustion method. It was found that
the size and morphology of nanoplates were dependent
on concentration of maltose and calcination temperature.
These nanoplates were used as a material for storing data in
electronic devices [8]. Nanocomposites of copper ferrite and
iron (ll) oxide were prepared using chitosan and onion as a
reductant to control the surface morphology of the nanopar-
ticle. Surface coating with chitosan prevented direct exposure
of magnetic nanoparticles in the body, efficiently resisted
adsorption of non-specific protein and circulated for a longer
time. Due to absence of organic solvents and non-toxic
reactants in reaction, this method was found to be easy, cost-
effective and eco-friendly [9]. Nanocomposites of M-type
hexaferrite/lead titanate were prepared using sol-gel auto-
combustion technique. To maintain the stability of product,
better morphology of nanoparticle was obtained by adjusting
calcination temperature and the method proved to be quick
and efficient [10]. Further in 2016, researchers synthesized
copper hexaferrite nanoparticles using maltose and surfactant
to control size and morphology of the nanoparticles. In the
absence of surfactant, bean-shaped nanoparticles were
formed and thus the property of nanostructure depends
upon the morphology and particle size. This method proved

Parameter Microflower Nanoflower
Size 3-10 um 100-500 nm
Diameter 3-5um 2-5nm
Petal size 10-20 um 0.1-5 um
Surface-volume ratio Low High
Efficiency of surface reaction Low High
Immobilization efficiency Low High

Applications

Bone regeneration, improve electrochemical
performance, enhance scattering, etc.

Removal of heavy metal from water, biosensor for
detection of pathogens in food, purification of
enzyme, etc.




to be simple and eco-friendly [11]. In 2015, lead hexaferrite
was synthesized by decomposition technique using different
carboxylic acids like oxalic acid, malonic acid, succinic acid
and maleic acid, which acted as a fuel and reducing and cap-
ping agents. It was found that the maleic acid was an effi-
cient capping agent and fuel as compared to other carboxylic
acids and maintains chemical stability of lead hexaferrite.
Morphology of product was controlled by varying calcination
temperature like 50°C, 100°C and 900°C [12]. Later in 2016,
an economic, novel, rapid, green synthesis method was
developed to synthesize lead hexaferrite nanoparticles using
cherry juice and sol-gel auto combustion route, without the
use of surfactant. Cherry juice acted as a green capping agent
and prevented aggregation of particles and also helped to
maintain the chemical stability of lead hexaferrite. The size of
formed nanoparticles increased with the decreasing cherry
juice content [13]. In 2016, nickel ferrite nanomaterial was
prepared using sol-gel technique and onion acted as a reduc-
ing agent and green capping agent. Nickel ferrite nanopar-
ticles can be used as semiconductors, microwave systems
and sensors. Onion maintained the chemical stability and also
prevented the particle aggregation. It was observed that the
amount of onion used also affected the morphology and pur-
ity of the product [14]. Among these new nanostructures, the
geographical elements of nanoflowers have increased the
interest of researchers on the basis of higher surface-to-vol-
ume proportion in comparison with round nanoparticles to
improve the efficiency of nanomaterials surface. Accordingly,
sophisticated instrumental examinations like scanning elec-
tron microscopy (SEM), transmission electron microscopy
(TEM) and X-ray diffraction spectroscopy (XRD) (Table 5) are
required for the characterization of the nanoflowers. In spite
of the expanding interest for nanoflowers, preparation meth-
ods require extreme conditions of toxic natural solvents, high
temperature and pressure. Consequently, it is difficult to con-
trol their morphological components in the structures of
nanoflowers in the first approach. Chemicals are organic spe-
cies with brilliant action and substrate specificity, yet their
utilization is constrained by specific disadvantages like high
affectability to the encompassing condition, low reproducibil-
ity of trial results and the prerequisite for complex purging
procedures. However, another approach is easy to use and
safe method for cross-breed nanomaterials to overcome the
constraints of traditional techniques. Since it is remarkable to
create a nanomaterial by adding protein to metal ions, this

Figure 3. Techniques used for arrangement of nanoflowers.

Techniques
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technique need not require any toxic components. The nat-
ural substance required in the process is subjected to less
control as compared to other regular techniques to maintain
the movement of the immobilized compound.

Current strategies for the arrangement of nanobiomaterials
in the form of nanoflowers can be grouped into four classes
as mentioned in Figure 3.

Types of nanoflowers

Nanoflowers are classified on the basis of their size and struc-
ture with metal ions [15-26]. The synthesis of nanoflowers
using different atoms like copper, calcium, magnesium, pro-
tein, DNA and their applications are mentioned in Table 2.

Size of nanoflower and its petals

Microscopic size of different formulations of nanoflower are
discussed in Table 3.

Methods for synthesis of nanoflower and their
functions

Various nanoflowers like dual-functional nanoflower, zinc
oxide nanoflower, concanavalin A nanoflower, etc. are
discussed in Table 4 with respect to their different synthetic
methods and functions.

Characterization parameters for nanoflower

Different characterization parameters for nanoflowers are
mentioned in Table 5.

Applications of nanoflower

Applications of nanoflower in different fields are enlisted in

Figure 4.

Biosensors

Biosensors are biologically derived analytical device, which
are combined with traducers for recognition unit and signal
converting system to detect various diseases and disorders
[40-44]. Nanoflowers in the form of biosensor showed the
following applications:

Self-gathering method

Self-gathering of particles by
intermolecular force into well defined and
stable form
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Table 2. Types of nanoflower based on metal atoms.

Types of nanoflower Substrate Metal atoms used for synthesis Application Structure
Copper nanoflowers Protein Copper Efficient drug delivery, cell
imaging, biosensor and
different medical approach
Calcium nanoflowers Protein Calcium Improved functionality of
proteins in environment
Magnesium nanoflowers Protein Magnesium Used as catalyst and for better
drug delivery
Copper nanoflowers DNA Copper High resolution images of cell
and used for monitoring
traceable drug delivery
system
Copper-capsular nanoflowers Protein Copper Enhanced enzyme activity and
stability, improved catalysis
and better drug delivery
Table 3. Size of nanoflower and its petal. nanoflowers like structures are formed mainly for obtaining a
Microscopy link between protein, i.e. streptavidin and copper ion. This
SEM TEM method was performed without toxic elements and extreme
_ (Average size  (Average petal conditions. SA has an affinity for biotin and HRP acts as a cata-
Fommulations of nanoflower in pm) size in pm) elerence lyst, which catalyzes the oxidation of 3, 3/, 5, 5'-tetramethyl-
Copper nanoflower 5 2 [27] .. .
) . benzidine (TMB) to a blue-colored substance in the presence
Zinc oxide nanoflower 10 2 [28] . - .
Calcium nanoflower 05 0.2 3] of hydrogen peroxidase. Thus, introduction of SA and HRP
_'F“Cke' OXige NZHOﬂOW‘?If 30 0; gg} showed dual functional nanoflowers to build easy and highly
itanium dioxide nanoflower 1 . . . . .
Silver nanoflower 5 1 ] sensitive technique for colorimetric sensing for assay of alpha-

Dual functional nanoflowers for ultrasensitive detection
of disease biomarker

Colorimetric sensors are widely used for the detection of bio-
markers related to conditions like diabetes, Parkinson'’s
disorder, etc. Protein biomarkers were used at low concentra-
tion due to which it showed difficulty in estimation.
Henceforth, various attempts are made to increase the sensitiv-
ity of colorimetric sensor by using different amplification sig-
nals. Enzyme-based amplification signals are mostly
differentiated for bioassay using ELISA (enzyme-linked
immunosorbent assay). Dual function nanoflowers were
employed to construct a colorimetric sensor for ultrasensitive
detection of disease using biomarker. In this method, enzymes
were used as protein due to which activity, stability and dur-
ability of protein was improved [27]. Dual function nanoflowers
were prepared by green synthesis method where streptavidin
(SA), a protein, is used as a biological recognition unit and
horseradish peroxidase(HRP), an enzyme used as a signal amp-
lification unit and these are combined together using copper
ions in phosphate buffer solution at room temperature and
SA-HRP-Cu3(PO4), nanoflower were obtained  These

fetoprotein (AFP). These nanoflowers also enhances enzymatic
activity and stability for producing a signal for amplification.

Zinc oxide nanoflower for amyloid detection

Amyloids are protein aggregates that are folded into shape
and stick together to form fibrils. Amyloids are found in con-
ditions like amyloidosis and neurodegenerative disorder like
Parkinsonism, Alzheimer, etc. Fluorescent dyes were com-
monly used for detection of amyloid but the major disadvan-
tage was photo stability and low intensity. Detection of
amyloid at very low concentration is a difficult and hence a
sensitive technique is required for detection of amyloid.
Thioflavin T is a benzothaiazole salt (dye). Thioflavin T is
widely used to visualize these folded proteins, i.e. amyloids,
which bind to beta sheet showed enhanced fluorescence and
red shift. Thioflavin T when bound to insulin amyloid beta
sheet showed poor fluorescence, this problem can be over-
come by preparing biosensor of zinc oxide nanoflowers and
thioflavin T dye adsorbed onto its surface and grown over
nano silver film, which was coated on the glass surface. It
showed enhanced fluorescence during the detection of insu-
lin amyloid [28].



Table 4. Methods for synthesis of nanoflower and their function.
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Nanoflower Method of synthesis Function Reference
Dual functional nanoflower Green synthesis method: technique utilizes Biosensor for detection of a-fetoprotein in [27]
plant extract for synthesis. human serum
Zinc oxide nanoflower Precipitation method: reaction of liquid Biosensor for detection of amyloid in [28]
phase to form solid phase called precipi- diabetics
tate and separation.
Concanavalin A nanoflower Mild one-pot process (Biomeneralization): Detection of food pathogen using pH [3]
Minerals like silicates, carbonates, phos- meter
phates, etc. are used for fabrication.
Cationic cyclodextrin, chitosan and lonotropic gelation technique: cross-linking Carrier for oral drug delivery of 5-FU for [31]
alginate-based nanoflower of oppositely charged ions i.e. anionic cancer treatment
and cationic polymer.
Multifunctional and programmable DNA Liquid crystallization technique: transfer of Drug delivery, intracellular imaging, cell [32]
nanoflower mass from liquid to crystalline solid targeting
phase.
Precipitation method Purification of soya bean peroxidase [33]
enzyme
Hydrothermal method: in this method Removal of heavy metals from water [34]
minerals are solubilized in hot water
under high pressure.
Facile one-pot method Removal of dye effectively [35]
Platinum cobalt nanoflower One pot synthesis using precipitation Enhance redox reaction [36]
technique
Hydrothermal method and calcination Gas sensing [37]
Zinc oxide and silver nanoflower Two-step hydrothermal technique Substrate for surface enhance Raman [1]
scattering
Titanium dioxide nanoflower One-step hydrothermal technique Photoanode for dye sensitized solar cells [30]
Gold nanoflowers Microbial synthesis Drug delivery, photo imaging and [38]
diagnosis
Table 5. Parameters for characterization of nanoflowers.
Parameter Use Reference
SEM To investigate the size and morphology 1,3,27,29,30,38]
TEM To determine internal composition 1,3,4,27,29]

Zeta size and zeta potential

Energy dispersive spectroscopy

Entrapment efficiency

Encapsulation efficiency

X-ray diffraction (XRD)

Differential scanning calorimetry (DSC)

Nuclear magnetic resonance spectroscopy(NMR)
FTIR spectroscopy

UV-visible spectroscopy

[

[
To determine particle size and stability of colloidal dispersion [
To perform elemental analysis [
To analyze total quantity of substance entrapped [
To study encapsulation in substance [39]
To study surface properties [
Thermal analysis technique to well characterize drug molecule [
To identify substance by functional groups. [
To identify drug by functional group [
To analyze concentration [

Concanavalin A nanoflower for detection of E.coli in
food

Contaminated food is the most common source of E.coli infec-
tion. E.coli is very harmful microorganism as it infects the red
blood cells, causes irritation and vomiting. Hence to detect this
harmful microorganism, biosensors are prepared. Concanavalin
A (con A) is also called lectin, which is carbohydrate-binding
protein. Glucose oxidase is an enzyme, which is immobilized on
to the con A with the help of metal, i.e. calcium ions. This com-
plex of Concanavalin A, glucose oxidase and calcium ion were
used as a biosensor to detect the E.coli in food [3].

Microfluidic paper-based analytic devices (LPADs)
biosensor for detection of glucose

Biosensor was fabricated by Zhu (2017) for sensitive and vis-
ual detection of glucose. A novel microfluidic paper-based
analytic devices (UPADs) was fabricated with a hybrid nano-
complex composed of dual enzymes of glucose oxidase
(GOx) and horseradish peroxidase (HRP) with copper (Il) phos-
phate inorganic nanocrystals incorporated in the detection
zones using wax printing technique. The formed complex

was found to resemble the structure of a flower, which
allowed co-immobilization of GOx and HRP in a biocompat-
ible environment. The prepared nanoflowers facilitated the
transport between enzyme and its substrate and also pre-
served the activity and stability of enzymes. Biosensor
enabled rapid and sensitive detection of glucose in
0.1-10 mM concentration range with limit of detection (LOD)
of 25 uM [45].

Drug delivery

Cationic cyclodextrin, chitosan and alginate-based
nanoflowers for site-specific drug delivery system

Cyclodextrins are used widely as carriers for poorly water sol-
uble drugs of BCS class Il and IV [46-48]. 5-Flurouracil is an
anticancer drug, which is poorly water soluble and used to
treat colon cancer since many years. Main disadvantage of 5-
flurouracil is it has a short half-life and also has several toxic
side effects. Hence to deliver this drug orally, it requires cer-
tain properties such as increased biocompatibility, controlled
release pattern of drug, reduction of toxicity of the drug and



6 (&) P.SHENDE AND P. KASTURE

Applications
of nanoflower
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Figure 4. Applications of nanoflowers.

increase therapeutic efficiency. To achieve oral drug delivery,
cationic B-cyclodextrin is used as a carrier due to its unique
structure and also non-hydrolysable nature in the stomach
[31]. When cationic B-cyclodextrin conjugates with 5-fluroura-
cil, it delivered drug specifically in the colon. Lyophilization
method was used to prepare inclusion complex of cation-
beta-cyclodextrin and 5-flurouracil. Petals of nanoflower pre-
pared from sodium alginate and chitosan were used to
deliver the drug in sustained and controlled manners.

Multifunctional and programmable DNA for biomedical
application

DNA is biocompatible exogenous material, which is naturally
soluble in water. DNA utilized as a building block to develop
different DNA nanoparticles, which have inherent functional-
ities for biomedical applications. Grouping programmability
and robotized controllable combination additionally make
DNA nanostructures more reasonable biomedical nanotools.
Combination of DNA strands for preparation of DNA nano-
structure is tedious and expensive. DNA hybridization gener-
ated scratches in the DNA spine, which can diminish the bio-
stability of conventional DNA nanostructures. The steric block
of DNA strands, hydrogen bond-based DNA nanoassemblies
frequently shows free inside structures, which are trouble-
some for therapeutic and bio-imaging applications.
Conventional DNA nanostructures loose structural features
during denaturation. The DNA nanoflower makes them per-
fect candidate for drug transport [32]. In this regards, color
atoms, ideally tranquilize related groupings (e.g. two-fold
stranded 5'-GC-3’ or 5'-CG-3’ arrangements for anthracycline
tranquilizes in this convention), and aptamers (sgc8c for CEM
and Hela cell lines) are consolidated into the format arrange-
ments to functionalize nanoflower as ‘shrewd nanotherapists’,
which are capable to explicitly convey antineoplastic medica-
tions. DNA nanoflower showed clear points of interest, for
example, high biocompatibility, adaptable programmability,

—

Y ) )
[ Enzyme ‘\ Enhance redox
purification reaction
| |
A | Y
[ kllze ZT;\;EICSEI Enhance .
photocatalytic
activity
Removal of
dye

Gas sensing

Surface enhanced
Raman
spectroscopy

strength against physiological impedance, and also high
medication stacking limit and traceability.

Purification
Self-assembled nanoflower for enzyme purification

Enzyme-enclosed nanoparticles are gaining more attention
due to their special structural and functional features.
Nanomaterials with higher surface area are used as a sub-
strate in enzyme immobilization due to which activity of
enzyme is enhanced. Soyabean peroxidase (SBP) is an
enzyme found in the root, leaf and seeds. SBP catalyzes oxi-
dation of various organic and inorganic substrates. SBP are
gaining more attention these days due to their various
advantages in various fields like diagnostic tests, waste water
treatment, biosensor, etc. Traditional means of purification of
SBP are costly, limits the applicability and is also time con-
suming complex process. Hence, to simplify purification
method, reduce cost and enhance the activity, self-enclosed
nanoflowers were prepared [33]. SBP inorganic hybrid nano-
flowers were prepared using copper sulfate solution and
saline phosphate buffer. In comparison to SBP, SBP enclosed
with hybrid nanoflower showed enhanced enzymatic activity.

Titanate nanoflower for removal of heavy metal from
water

Waste water contains heavy metals like zinc, lead, chromium,
copper, nickel, etc. which are harmful to the environment. In
order to protect environment, removal of metals from water
is essential. There are various methods of removal of metals
from water [30,36,37,39-41] but among all, adsorption is the
most effective technique. Activated carbon is mostly used as
an adsorbent, but it has the issue of desorption and regener-
ation. To encounter this issue, titanates [49,50] and silicates
[51] were used, which had special surface properties. Titanate



nanoflowers were prepared by using thin nanosheets and
concentrated sodium hydroxide solution. Due to the increase
in surface area efficiency, the removal of toxic metals from
waste water is enhanced [34].

Graphene oxide enzyme nanoflower for efficient
removal of dye

Enzyme technology is booming nowadays as it is a highly
efficient technique, requires very less amount of energy and
no harm to the environment. Biocatalysts are used for
removal of pollution, bio-sensing, synthesis of drug and proc-
essing of food. Major drawback of bio entity is their stability
and reusability issue. Enzyme immobilization enhances the
advancement of biocatalysts. Immobilization of enzyme
increases the stability and reusability. Graphene oxide and
carbon nanotubes showed enzyme immobilization property
but when compared to traditional metal catalyst demon-
strated low-catalytic mass per unit volume per unit area. To
encounter this limitation, 3D structure is produced [35].
Graphene oxide and carbon nanotube were modified to build
3D structure by using copper sulfate, which enhances stabil-
ity, enzyme immobilization and loading property.

Miscellaneous

Platinum cobalt nanoflowers with enhanced redox
reaction

Direct menthol fuel cells (DMFCs) are gaining attention these
days due to their high-power density and easy method of
handling [52,53]. Two main reactions are involved in this pro-
cess, i.e. oxidation of methanol on anode and reduction of
oxygen on the cathode. In this system, platinum is used as
anode and platinum-based catalyst is used as a cathode. In
this method, durability of platinum-based catalyst is dimin-
ished due to Ostwald’s ripening and also the intermediates
developed during the process, whichleads to poisoning dur-
ing the process. Besides all these, the biggest disadvantage is
the high cost of platinum. The best way to improve catalytic
activity of platinum metal is alloying platinum with cheaper
metal and prepare 3D transition metal due to which stability
is increased. Catalysis always occurs on catalyst surface, hence
catalyst fabricated with large surface area shows enhanced
catalytic activity [36]. Platinum cobalt nanoflowers prepared
by co-reduction leads to increase stability and electro-cata-
Iytic activity due to its large surface area.

Zinc oxide nanoflower showing enhanced
photocatalytic activity

Zinc oxide (ZnO) nanoflowers nanoparticle is a semiconductor
having lower band width and lower cost. ZnO has higher sta-
bility, photosensitivity and it only absorbs the UV-rays. Hence,
the range of photo-response and photo-quantum activity is
low. Doping is performed to add intentional impurity into
semiconductor for changing their electrical properties [54].
ZnO-doped with cadmium works to capture electrons, which
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are photogenerated and creates cavity on surface and
restrains recombination process of carrier. Doping of ZnO
with cadmium increases the spectral response of ZnO in
the visible region and utilization of solar energy is also
increased, thus improving the photocatalytic activity of
zinc oxide.

Nickel oxide nanoflower for gas sensing of nanoneedle
and nanosheet

Nickel oxide (NiO) is a semiconductor having higher band
width (3.6-4ev) and is highly thermostable. NiO shows vari-
ous applications in gas sensing, glucose sensing, battery cath-
oding, catalysis and supercapacitor electrode [55-61] and
semiconductor as it has electrical, magnetic and optical prop-
erties. Nanoflowers showed unique physicochemical proper-
ties in contrast with conventional nanoparticles. Structure in
the form of 1D and 2D have less impact on gas sensing
than 3D structure. To enhance gas sensing, nanoflowers of
NiO was prepared using nanosheet and nanoneedle graded
assembly by hydrothermal method and using calcination [29].

Zinc oxide (ZnO) and silver nanoflower for surface-
enhanced Raman spectroscopy (SERS)

Surface-enhanced Raman spectroscopy has gained attention
due to its high resolution methods for detecting very less
concentration of substances [62-66]. SERS has various appli-
cations such as bio-sensing [67], drug delivery [68] and detec-
tion of chemical agents. Scattering was observed by two
ways, i.e. surface resonance and chemical enhancement.
Elements of noble metal and semiconductor when combined
together showed increased scattering rate and also exhibited
electromagnetical and chemical enhancement [1]. Three-
dimensional structured nanoflower composed of zinc oxide
and silver demonstrates increased degree of detection of
small quantity of substance due to their larger surface area.

Titanium dioxide (TiO,) nanoflower as photoanodes for
dye sensitized solar cell

Dye sensitizing solar cell (DSSC) are solar cell belonging to
the family of thin film solar cell. These are formed based on
semiconductor formed between anode and electrolyte called
photo-electrochemical system and of low-cost [69-76]. DSSC
are gaining much attention presently due to eco-friendly
nature, easy to fabricate and good performance in weak light.
TiO, are generally used as photo anode in DSSC as it has
high band width, higher stability and low cost [77]. Earlier
TiO, nano-powders were prepared to coat on electric sub-
strate and the photoanodes were prepared using annealing
method but the main disadvantage with this method were
weak adhesion of TiO, and higher internal resistance of the
solar cells. To overcome this problem, TiO, nanoflowers were
prepared by directly growing on electrical substrate due to
which efficiency of photoelectric conversion is enhanced and
adhesion of TiO, is also enhanced [30]. 3D nanoflowers of
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TiO, can also be prepared, which will increase the dye
absorption for DSSC due to its large surface area.

Toxicity

Analytical techniques for determination of bacterial toxicity
are as follows [78].

Plate count method

This method is used to calculate cell density and gives infor-
mation about number of viable bacteria in formulation.

No. of bacteria/ml=No. of CFU (colony forming units)/
dilution x amount plated.

Matrix-assisted laser desorption/ionization mass
spectrometry (MALDI-MS)

MALDI-MS is an ionization technique used for identifying
microorganism such as bacteria in formulation. Mass spectra
are generated using software and compared with standard
profiles.

Fluorescence microscopy

This method is used for determining the number of
viable bacteria by staining cell with fluorescent dyes like dye-
4', 6-diamidino-2-phenylindole (DAPI), Hoechst, Acridine
orange, etc.

Future scope

Nanoflower has gained immense success in multiple fields
like water purification, photo-anode, enhance redox reaction
and photocatalytic activity. Nanoflowers are under research
and have tremendous potential in pharmaceuticals for pro-
tein drug delivery, anti-cancer therapy, multidrug delivery,
diabetes management, waste water treatment, detection of
toxicity and impurities. We proposed nanoflowers have enor-
mous application and scope in the future in the field of bio
sensing, bio-catalysis and related devices, nanocomposites,
doping, nanoclusters, bio-nanocomposite and artificial intelli-
gence. They can be used in electronics to save energy for
decorative drug delivery. Eco-friendly method for synthesizing
nanoflower are being developed to increase the durability
and stability of enzymes and proteins. Nanoflower in the near
future may be used as a photodetector (Figure 5).

Conclusions

Nanoflowers show potential application in the protein drug
delivery system, removal of heavy metal from water, improv-
ing surface reaction, enhance immobilization efficiency,
increase the stability of proteins, enzyme purification and
bio-sensing. Different methods like hydrothermal method,
precipitation method, ionotropic gelation method, green syn-
thesis method, liquid crystallization method and bio-mineral-
ization are used for the synthesis of nanoflowers, which are

Water
filtration

Aroma-
therapy

Pollutant
adsorbent

Coating
material

Figure 5. Future scope for nanoflowers.

economical and eco-friendly. They can be synthesised with-
out any addition of capping and reducing agents, hence
eliminates the extra step, which is involved in physiochemical
synthesis. Due to the ease of downstream processing, nano-
flowers can be exploited to scale-up production at a large
scale. The biosynthesized nanoflowers have the potential for
multifunctional use, as compared to other nanoparticulate
systems. Various metals like copper, magnesium, calcium can
be used for fabrication of nanoflowers. Due to large surface-
volume ratio, nanoflowers are advanced materials for futuris-
tic trend in multiple applications.
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