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Abstract
Nanotechnology has proven to be the greatest multidisciplinary field in the current years with potential applications in agri-
culture, pollution remediation, environmental sustainability, as well as most recently in pharmaceutical industries. As a result 
of its physical, chemical, and biological productivity, resistance, and matricular organization at a larger scale, the potential 
of nanocomposites revealed different sorts of assembling structures via testing. Biosensors are known some specifically 
promising inventions whereas carbon nanotube, magnetic nanoparticles (NPs), quantum dots, and gold NPs showed capa-
bility to repair damaged cells, molecular docking, drug-delivery, and nano-remediation of toxic elements. PEGylated(Poly 
ethyl glycol amyl gated) redox-responsive nanoscale COFs drug delivery from AgNPs and AuNPs are known to be sun 
blockers in sunscreen lotions. The emerging trends and yet more to be discovered to bridge the gaps forming in the field of 
nanotechnology, especially insights into environmental concerns and health issues most importantly the food web which is 
connected with the well beings of mankind to perform its tasks giving necessary results. The current review detailed emerg-
ing role of nanomaterials in human life.
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1  Introduction

Nanotechnology has paved its way in providing a vast oppor-
tunity with innovative enterprises with a promising spec-
trum of applications [1]. It has been acknowledged from 
pre modern times through nanoscale measurements and a 
wide range of technologies leading in towards acceptance. 
Nanoparticles (NPs) composite are in control of bringing 

forth versatility in nature [2–5]. The post-modern discov-
ered NPs have shown to possess higher surface area, surface 
toughness, spatial arrangements with exemplary matrices in 
showcasing providence attributes such as catalytic, magnetic 
[6], electronic [7], and optical properties [8].

NPs composites are structured in diverse forms exhibiting 
various properties. These composites are divided into two 
main categories that are organic and inorganic nanoparticle 
and again subdivided into-

(1)	 Metal-based or inorganic nanocomposites
(2)	 Carbonaceous nanocomposites
(3)	 Polymer-based nanocomposites
(4)	 Composite nanomaterials.

The excellence of providing universal quality function-
alized NPs are necessitated with doping to achieve desired 
results than its original state. NPs composites are prepared 
through combining at a nanoscale division of dispersed 
phase from a multiphase which must be in a measurement 
of < 100 nm [9–12]. They must reduce toxic levels, promote 
catalysis, form membranes, support transformation, aid in 
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drug delivery and nanotechnology based smart capsule to 
purify water [13, 14].

It is observed that the progress of any NPs composites are 
based on its grading form from which the source of materi-
als being studied carefully to understand the magnitude of 
its mass production to exercise its unique function. Some 
other factors that play a key role in production of NPs are 
temperature, pressure, reaction time and biomass/water ratio 
in deciding vitality of structure of nanocomposites. Hydro-
thermal conversions have shown a great potential in manu-
facturing new nanocomposites [15, 16]. On accrediting some 
physical and chemical changes have encompassed natural 
synthesis of NPs with the support of microbes. The record 
of obtaining some engineered NPs composites transducing 
biosensors like carbon nanotubes (CNTs), magnetic NPs, 
quantum dots then AuNPs[17, 18].

2 � Nanoparticles

NPs composites when aligned with each other they form 
aggregates having a measurement of 1 nm and 100 nm that 
has a capability of modification with respect to its physical 
and chemical attributes when comparing sheer substances, 
so with respect to its structure NPs are more reportable and 
approachable in nature [19]. The unique size of composites 
when assembled with each other have shown visible prop-
erties to draft all electrons to produce quantum properties. 
In AuNPs, uniqueness is in photonics, catalysts, electronics 
and biomedical applications towards mankind that’s been 
demonstrated [20]. Bioremediation technique have shown 
practices using active microbes and vital microorganisms 
indirection to abolish hazardous wastes and toxins from soil, 
water and air by NPs thus to pursue advantageous persistent 
uses and preserve the ongoing cycles.

One of the major problematic behaviours of NPs is over-
priced. The labour expenses are a bit costly and this is why 
the consequential commodities are quite pricey [21]. Fur-
thermore, it is also difficult in set up and production of the 
technologic skill.

In the past few decades, nanotechnology has replaced 
skilled labours and are currently out of a job or seasonal 
employed being yet another major disadvantage connected 
with the evolution of technology [22]. The ongoing situa-
tion of nanotechnology in the manufacturing and traditional 
farming industry is that the loss is only expected to upsurge 
in the imminent time.

Nanotechnology have shown some replacements in futile 
sperm and mobility count but there is a major problem that 
awaits unknowingly is that the resultant progeny would 
have some genetic abnormalities that may not be corrected 
through nanobiotechnology [23]. There are still much more 
advancements needed in improvising future prospects of 

nanotechnology. However, in the end the cost factor plays a 
major role being too expensive and time-taking [24].

The crucial steps involved for biosynthesis are by firstly 
taking a suitable plant culture then incapacitating with metal 
ion or maybe enzyme within acknowledgement of right data 
in kinetics and pH followed by mixing solution of metal NPs 
[25, 26]. In the last step, UV–visible rays are conventional 
for purification and recovery methods that are later distrib-
uted according to shape, size and composition [27].

3 � Biosensors

3.1 � Carbon nanotubes (CNTs)

Diamond, graphene, and amorphous carbons are well-known 
allotropes of carbon [28, 29].The width of the CNTs are 
around 1–3 nm. The measurement of CNTs is far complex 
than its width and length; generally it is in few micrometers. 
In short, it can be a folded form of the two-dimensional 
graphene sheet. CNTs exhibit extraordinary mechanical 
properties, called as ‘buckytubes’ a platform to conjugate 
other compound at their surface, other characteristics are 
in its alignment with sp2 bonds making it stronger and rigid 
which is helpful in electrical, magnetic, optical, mechanical 
and chemical features [30, 31].

CNTs are categorized as single-walled nanotubes 
(SWNTs) and multi-walled nanotubes (MWNTs) based on 
the number of walls [32–34]. These nanotubes sidewalls 
are formed from hexagonal lattice of carbon atoms which 
is comparable towards graphene's atomic planes. However, 
these are commonly topped with both ends of one-half 
fullerene like molecule [35, 36]. SWNTs have the most basic 
shape and may be represented as a single rolled-up graphene 
sheet. The structure of a nanotube may simply be specified 
by its chiral vector, which is given by the chiral indices (n) 
based on the orientation of the tube axis with respect to 
the hexagonal lattice. Additionally, the large surface area is 
able to hold large activation sites and encompassing active 
units of nanotubes having biosensing application are shown 
in Fig. 1.

A large number of active units in the area of ​​CNTs for 
biosensor have been in use [37]. In fact, this combination 
affects depending upon its width and leniency, hence, CNTs 
have been established as semi-conducting or semi-metallic 
sources. It is structurally exemplar that the shielding bench 
structure turns as a metal, while the Criss cross structure 
is known to possess semi-conductor or quasi-metallic ele-
ments. In the latter case, the thickness of the semiconductor 
belt gap shown decreases with increase in CNTs diameter 
[38]. The two structures are accountable for providing high 
electrical conductivity of metallic CNTs as they have very 
few electron dispersion errors and showed good steadiness at 
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high temperatures, i.e., 300 °C in air and 1500 °C in vacuum. 
Therefore, a good air-to-air conduction is also obtained. In 
addition, their mechanical assets are admirable combining 
high specialty and durability. The solid strength of SWNTs 
is about 20 times stronger than steel and the young modulus 
of CNTs is much larger than that of steel fibres [38]. CNTs 
can yield positive or negative magnetic resistance leading 
towards temperature based function.

Undoubtedly, magnetic field has been used as such with 
nanotubes displaying significant diamagnetic and para-
magnetic responses, reliant on field route, Fermi strength, 
helicity and nanotubes size. The functionalization degree 
importantly has been demonstrated to affect tissular distribu-
tion and excretion patterns. Renal clearance is improved by 
increased CNTs functionalization [39], whereas lesser pur-
poseful value increases reticula-endothelial system accumu-
lation. As a result, the adjustment degree of surface chemical 
functionalization of nanotubes can provide researchers more 
control in vivo over specimens organ distribution and clear-
ance patterns which is vital for CNTs-based recognition and 
treatments. To conclude, several research have shown sur-
face functionalized CNTs acting physiologically differently 
and unhazardous than their pure counterparts [39]. CNTs 
shown in (Fig. 1) to be a pathway for brain repair by the 
process of endocytosis and being a great transportation with 
the best therapy outcome of medications [40].

3.2 � Quantum dots (QDs)

Quantum dots (QDs) are used in a range of scientific appli-
cations due to its photoluminescent properties [41]. QDs are 

minuscule units or nanocrystals of a semiconductive solid 
with diameters in the display of 2–10 nm (10–50 atoms). 
Previously, the use of QDs as nano sensors has been dis-
cussed to detect toxins in biospecimens, especially in toxic 
environments. The estimated labour towards the practice of 
QDs in biosensors to detect toxins of phytotoxins, verte-
brates and invertebrates, as well as microbial toxins present 
in biospecimens [42]. In addition, the role of QDs in the 
measurement of patient/victim biochemical parameters as 
an indirect source of toxicity is also highlighted.

Works from early sources describe applications such as 
the discovery of metallic particles and supplementary insig-
nificant ion fragment sensors and cellular contaminants. One 
significant benefit of QDs are grouped by size and width 
places; excessive exposure to QDs has shown significant 
implications for biocompatibility, bioconjugation, and water 
solubility [43]. A different place for conversion methods 
have been used to provide them with a biocompatible situa-
tion such as shallow cover, enveloped in silicon capsules or 
polar-a polar chain groups and amphipathic exterior. From 
its photosensitive properties including fluorescence depends 
on its arrangement extent, it unfasten active opportunity by 
means of mixing QDs to simultaneously scrutinize the list of 
goals [44]. While developing a biosensor, it is most impor-
tantly dodged by means of hefty and stimulating QDs area 
to avert subsidiary requisite targeted particles. In this case, 
a solid foundation in manoeuvring the practice of polyeth-
ylene glycol (PEG) at between 11.9 and 13 parts PEGs as 
top-dressing representative.

Coating of hydroxyl in QDs remains are able to reduce 
10 to 20 times indirect binding compared to that of protein 

Fig. 1   Diagrammatic repre-
sentation shown application of 
nanomaterials used as biosensor
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and PEG-combined QDs and other countering active car-
boxylate QDs [45]. The use of QDs in holding is ace of 
the chief learning areas of QDs marketing accessibility and 
convenience QDs applications for biological detectors and 
method of yield in effectiveness completing unification of 
countless biological visualization tools [46]. Its practice to 
date is limited in propagation and visceral investigations, 
in fragment due to budding toxic problems with cadmium-
based QDs still used in most survey. However, on examine 
for compilation of QDs towards branding them safe, thus 
replacing cadmium with less lethal matters might fix such 
problem.

Current ages par taken observed widespread use of QDs 
in biosensors. The subsequent segments assessment of QDs 
possessions with its application in fluorescence [47, 48]. 
QDs are normally in bioengineering, in light emissive as 
such the immunizing light through emissive analyses. Early 
submissions of cutting-edge excavation of supernaturally 
environment camouflage the protection of enclosing of 
amino polymer, nuclear-powered introducing active immu-
nity, globular multifunctional proteins, micro aggregating 
tubulins cataloguing of immune fluorescence in stem cubi-
cles and materials and photon emissive-based natural cross 
breeding or tainting the chromosomes of deoxynucleotide 
acid. Unfluctuating solitary of QDs can be detected in immu-
nologically cytologic conditions by means of a high compas-
sion close to one of QDs goal [49]. Because of their striking 
features, they have achieved a great deal in consideration of 
biological radar area. Many biological radar approaches use 
of QDs is cumulative of understanding, speed and depend-
ability of biological discovery study.

QDs are cohesively involved in a backflow assessment 
line as a correspondent towards being fast. The stepwise 
aimed at determining the amount of nitrate ceruloplasmin, 
which is an important protein that carries copper in the 
blood and plays a significant use of QDs that remains to be 
explore uncovering of pathogen. The training that included 
insusceptibility compelling differentiation and QDs fluores-
cence towards calculating Escherichia coli [50, 51]. First, Fe 
oxide central Au case(Fe3O4Au) compelling nanocompos-
ites treated through biological tin plated antiserum to seize 
Escherichia coli, then mixed with chitosan quantum dots 
(C-QDs) fixed through second additional antiserum. Viruses 
are released from the matrix via IMS fluorescence analysis 
method. Selective testing was performed according to other 
strains including Enterobacter genome [51], Enterobacter 
dissolution, Staphylococcus aureus, and Pseudomonas aer-
uginosa, then none any other disturbances were reported, 
reaching the acquisition limit of 30 CFm through an entire 
investigation period about 120 min.

Current investigations marks towards rationing with 
mRNA and DNA from scientific reports stating that 
QDs coupled oligonucleotide sequences in genetic factor 

expertise through assigning such QDs via surface carbox-
ylic acids [52]. Numerous revisions contribute verified QDs 
coupled oligo nucleic acids arrangements to remain utilized 
in inheriting expertise in conferring classifications towards 
QDs exterior COOH assemblages. A significant setback 
regarding towards QDs, especially in vivo medicine appli-
cation stays indisputable is cell poisoning [53]. Cd based 
QDs stays an excellent example in this case where Cd2+ can 
kill cells due to their subject QDs. A well-made superficial 
covering for high quality QDs is the greatest explanation 
and very much critical to avoid this problem as it allows for 
the detection of biological QDs. QDs are covered through 
silicon oxide fewer compared to those covered with simple 
regular particles.

Cell poisoning correspondingly hinge on numerous 
extra influences counting extent, number of QDs, building 
resources, shade, dispensation structures, in additional loca-
tion is projecting. It is observed that there are two types of 
cell death in human body 1) necrosis and 2) apoptosis. The 
cell death which is caused by necrosis is unpreventable and 
caused due to infection by external environment, premature 
cell death and is uncontrollable [53]. Necrosis can be det-
rimental and cause severe tissue damage in leading organ 
failure as the aggregate cells do not function properly as it 
requires a lot of energy in it. The second type of cell death 
apoptosis which is a natural process and somewhat benefi-
cial in the human being as it helps in preventing incurable 
diseases and infection caused by the external environment. 
It is a programmed cell death unlike necrosis and helps in 
body development. Cd+2when not in a specific concentra-
tion can lead in necrosis. Cd+2individually is diluted and 
then capped with amylose protein or capped with mercapto 
propionic acid (MPA) and encapsulated with silica in order 
to avoid leakage leading towards cytotoxicity. If the process 
of QDs death of cells is programmed then it would most 
probably support apoptosis which is directing in right way 
but if in the opposite then the situation is necrosis which 
can be detrimental when working with heavy metals [54]. In 
scheming the destruction of core (Cd2+), the development of 
permitted free ions as well as communications between QDs 
and intracellular partitions may result in cytotoxicity. Basi-
cally, more of pharmaceutical and toxicological studies are 
needed. QDs applications are recognized as drug delivery, 
lubricant, catalysation, photovoltaic cells, sensors, bio-imag-
ing and doping ability with nitrogen, fluorine, phosphorus, 
sulphur and boron [54].

3.3 � Gold nanoparticles

On its interface amongst nanocomposites and natural 
chemical report in form of active clusters are the 
nanostructures in unit magnitude additionally as composite 
status per the form of cell and target organelle. The AuNPs 
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are in the range of 1–100 nm. Among the various sorts of 
nanostructures, metallic nanostructures, specifically Au 
nanocomposite, shows attractive deal of attention within 
investigator’s cutting-edge on various pitches of science 
because of their unique properties [55]. Meanwhile the 
commencement of the 20th epoch, researchers showed 
extensive research authenticity of an isotropic Au 
nanocomposites thus they have initiated structural, 
physical assets, automated structures, magnetic structures, 
and reaction initiator structures of an-isotropic golden 
nanostructures; diverged into subsequently globular and 
Au nanostructure that are usually highly associated with 
round Au nanostructures [56]. Some benefits of AuNPs 
are as follows:

(1)	 Ionizing penetrators engagement in constant remains 
of height

(2)	 Modest synthesis operation
(3)	 Physicochemical structures of elements that can be 

exactly exact
(4)	 Strong binding relationships of mercaptans, disulphide 

and amines
(5)	 Different flexible photosensitive and automated attrib-

utes
(6)	 Widely used in nanoelectronics, optoelectronics, 

reaction promoters, and biomedical suggestion. Au 
nanostructures with such attributes have shown some 
significant application towards mankind like photon 
mobilizing treatment, photothermal treatment, ioniz-
able penetrators tomography, treatment transportation 
and sensing [57–59] are shown in Fig. 2.

Photon transportable treatment is measured to be a sig-
nificant behaviour for a certain barriered. The layering ail-
ments or transmittable illnesses, with photon sensitivity by 
the ways of photalgia intermediaries formerly is an optical 
maser (wavelengths connected over colorant-engrossing 
ideas). Remote oxygen in addition permitted free ions man-
ufactured by photosensitizer power including tumour cell 
apoptosis or necrosis [60, 61]. Au nano conjugates are easy 
to combine with thiols, disulphides, and amines to promote 
intracellular penetration [62, 63].

Photon updraft remedy similarly recognized by the way 
of existing excision before ophthalmic hyperthermy, remains 
a slow, broadly used method of malignancy behaviour. Au 
nanocomposites consume a high captivation rate in the long 
run observable in adjacent to ultraviolet rays that harvest 
warmth [64]. Compact Au nanocomposites cultured with 
50 nm in remoteness stay mutual in the cutting-edge pho-
ton-temperature performance due to solid captivation in the 
adjacent electromagnetic light area [65]. In calculation, Au 
nanocomposites remedy duo stays also useful in indicative 
and photonic thermal imaging treatments [66, 67]. A like 
photon mobilization treatment, the sturdy obligatory struc-
tures with Au nanocomposites have shown an important part 
cutting-edge on their intra-linking unit transmission [68].

X-ionizing spectrum mediators in comparison to Au 
nanocomposites take a lot of attention in outstanding their 
in-height coefficient of X ionizing captivated as well as non-
lethal and local performance [69]. Common arteriographic 
trough examples like iodine-containing particles take a small 
unit mass. Even though these pungent complexes take hike 
in aquatic ionizability in addition to short harmfulness prop-
erties, its seen to have a brief circulatory system also rapidly 

Fig. 2   Diagrammatic represen-
tation shown application of gold 
nanoparticles
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evacuating through renal system. Consequently, more doses 
of iodine-containing complexes lead to thyroid dysfunction 
associated towards conventional representatives and Au 
nanocomposites take a long artery safeguarding construc-
tion towards an utmost for tomography claims [70].

It is stated previously, Au nanocomposites take several 
compensations, as per exceptional ophthalmic and physi-
cally-biological duo possessions, being progressive in natu-
ral modifications, purposeful elasticity, flexible one-track 
coat, measured delivery, advanced drug loading, toxicity 
and stability, creating actual nanocomposite transporter 
and lastly cutting-edge preparation distribution schemes. 
It is with such extremely operative nanocomposite trans-
porter accomplishment which is enough in distributing a 
wide variety of drugs such as peptides, proteins, plasmid 
DNA (pDNA), minimal RNA (siRNA) and chemothera-
peutic agents [71]. Au nanocomposites nanorod inhibits the 
disposal belongings of the reticular endothelial lining of the 
classification, which provides an effective remedy transfer 
system and additional nanocomposites transporter is the gold 
plated nano-enclosure. Therapeutically antidote transfer can 
be accomplished by obligatory cell receiver towards superfi-
cial nano-enclosures outward bounding towards organically 
active element as in each remedy. Au nanocomposites shaft 
is an appropriate treatment transfer mobilization aiding in 
its capability of expert external plasmon quality in order 
to adapt occurrence in ionic energy into current vigour, in 
that category of foundation for targeting claims of photon 
remediation medicinal distribution with cancer conducting 
immunizations against it [71].

On in sighting toward forth most vital proposals of Au 
nanocomposites as a nature-organic radars [30, 72, 73], it 
is subjected that an operative radar has in detection with so 
many other analysers likewise relating with ferric particles, 
negative ion, complex saccharides, nucleic acid, polymers 
of amino groups and pollutants. In terms of understanding, 
the Au nanocomposite radar has shown some diverse con-
straints and unlike sorts of nanocomposite natural radars 
customizing dissimilar appearances of Au nanocomposites 
[74]. Envisioned for sampling leading to such undeveloped 
brashness of calorimetric radars is proceeding for ostensible 
shade modification triggered with the combination of Au 
nanocomposites [75].

3.4 � Magnetic nanoparticles (MNPs)

The growing number of science focused books are showing 
mounting curiosity in the wider scientific community. Sig-
nificant growth has been concluded in integration of fasci-
nating constituents on anticipated dimensions, geomorphol-
ogy, biochemical structure and external interaction [76]. The 
belongings of magnetic NPs depend on the amalgamation 
process and biochemical assembly. In most occurrences, it 

ranges from 1 to 100 nm in size and can display superpara-
magnetic property. This amalgamation in its capacity to turn 
an external compelling arena with rich possibilities of layers 
guaranteeing its magnetic device as a universal tool for mag-
netic separation of small molecules, biomolecules and cells. 
In the field of biology, magnetic units are presently used as 
drug transporters and besides various agents of magnetic 
resonance imaging (MRI) with magnetic hyperthermia [76]. 
Magnetic NPs being a part of nanotechnology based mate-
rials that contribute to fields of diagnostic understanding, 
biological detecting and nano remedy [77, 78]. Following 
applications defining ‘magnetic NPs’ in diagnosing-treating 
diseases in the succeeding years to be -

(1)	 The compelling leave-taking of living organizations has 
underwritten to the progress of treatment

(2)	 Attractive nano-transporters contribute to drug delivery
(3)	 Controlled radio frequency magnetic NPs have pro-

vided a new form of cancer treatment.

To illuminate rapid progressive ground and upcoming 
projections, it is imperative to address the tasks linked with 
design developments, integration and characterization. The 
synthesis of magnetic nano-composites is vital in regard 
with its application and reproducibility techniques in order 
to exercise different activities [79]. Magnetic NPs are found 
to be two types according to its magnetic property based on 
manufacturing of magnetic portion mainly oxides of nickel 
(Ni), cobalt (Co), iron (Fe)and other compounding metals 
including copper (Cu), barium (Ba), zinc (Zn) and stron-
tium (Sr) others seen included are in the form of nanoalloys 
and metallic NPs provided with agglomeration of coating to 
increase longevity [80].

At the tissue level in human physiology, ulcers have an 
asymmetrical vesicular system and their aptitude to eliminate 
high temperature strain is reduced. Heating also surges in cell 
compassion towards other forms of therapies such as radio-
activity, remedy and chemical treatment [81]. Compared to 
other approaches the attractive subdivision rising temperatures 
makes it a limited heating of targeted tissue by embedding 
magnetic particles into the target bundle and using externally 
rotating magnetic field to heat it. Influencing elements are vac-
cinated right into the lump or vein that confiscates the tumour. 
In addition, magnetic NPs can be detected using magnetic 
quality tomography as well amalgamation of treatment and 
analysis conceivable [82]. Exciting biosensor of automated 
biochemical magnetic triggered CD4 + T-lymphocytes natu-
ral detectors described by CD4 + T-lymphocytes, character-
izing the prime mark of HIV, being secluded independently 
by means of the challenging receptor immunogens [83]. Dif-
ferent cell assemblies and density in tissues are responsible for 
certain photo comportment in attractive grounds and allows 
for the detection of variances in pictures [84]. Nearby binary 
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foremost groups of dissimilar agents chelating lanthanide ion 
metal evolution and substances being weakly attracted by the 
poles of a magnet subdivisions. Particles of magnetic iron 
oxide present the most widely used magnetic-particle-based 
contrast agent [85]. Comparable MRI contrasts needs to be 
accomplished through subsequent necessities: need to advance 
brightness (to promote high dynamic magnetic field) being 
biocompatible and providing an ideal location for identifying 
therapeutic molecules [86]. Profitably the magnetic particles in 
their natural well-matched has been extensively tested for and 
physiological iron metabolism is responsible for their decline. 
Moreover, their (high) paramagnetic sites iron oxide attractive 
NPs can powerfully degrade the magnetic field camps and cre-
ate differences that exceed their body size. Indisputably, the 
existing inclination in medicine investigates linking desirable 
drug assets for diagnostic and therapeutic purposes [87].

A good example of magnetic NPs in delivery of drugs 
mutual with hyperthermy or general MRI is magnetic iron 
oxide (γ-Fe2O3, Fe3O4) subdivisions are the maximum used 
materials for this reason due to higher natural compensation 
than other constituents [88]. Alternative policy to support 
the interaction of DNA with magnetic molecules is to attract 
attention of charged components and promote electrostatic 
interactions with the nucleic of poorly stimulating phosphate 
base dosages [89]. It has remained in the areas prepared by 
NH2 groups provides an upright rushing in intense environ-
ments due to protonation of NH2 groups and furthermore 
delivering static interactions deprived of supplementary 
mediator useful in disrupting the hydrogen bonding [90]. 
The situation was noted that congestion of amino groups 
positively influences the ability to advertise double stranded 
DNA analogically growth and hereby could remain achieved 
by coarse-grained particles or magnetic particles of amine-
mesoporous silica magnetic [91].

Poly-ethyleneimine (PEI) as a particle with high NH2 
fractions may stay cast-off for molecular alteration [92]. 
Multiple electric magnetic subdivisions prepared via earth 
polishing which can be silicon oxide, poly-vinyl pyrrolidone 
or tri-poly-phosphate stays in an informal variety conducting 
research laboratory and shows DNA interaction to separate 
the magnetic applications. Subsequent direct separation of 
nucleic acids can be performed using attractive pitch subdi-
visions coated through oligomers nucleic acids reviews that 
detect the mark nucleotide biopolymer according to their 
classification [93].

4 � Nanocomposite biological remediations 
(NBRs)

Nanocomposite biological remediations (NBRs) encom-
passes the practice of nanocomposite materials to moreo-
ver in situ (in dwelling), or ex situ (off-dwelling) towards 

pollutant resources. In the past few years, the ratio of vari-
ous contaminants in terms of organic and metallic organic 
waste products have risen [58, 94, 95]. The main cause of 
such unhealthy contaminants were on the basis of its ease 
on decomposition which has lead the fact that implemen-
tation of such pollutants must be handled in the ways of 
observing the physical, organic and within biochemical 
assembly in the forsake of long term disposable and at the 
same time being cost effective with less hazardous impact 
towards the environment. The need for such banishment of 
contaminants was detected with its unstoppable infiltrated 
ways impending on our natural diet resources making it 
however more and more suitable for mankind. The wide 
scope of studies has found such contaminants consumption 
leading to some serious forthcoming overdose of detri-
mental pesticides and fertilizers.

These detrimental chemicals cannot be over shadowed 
towards human health. It is thus seen that its ways of 
combating such environment threat have majorly affected 
which plays an indirect role in threatening the relation-
ships with environment towards mankind. Some of the 
major tactics of biological remediation involve the usage 
of microbes, herbaceous border and enzymatic remedia-
tion [96]. Vegetative natural remediation is known to be 
effective against natural, organic and metallic-organic pol-
lutants remediation in combination with nano catalysts 
such as zero valent ions. Other cost-effective joint activi-
ties are with a combination of nano enclosed enzymes 
that has enabled curative versatility such as nano sized Fe 
composites with catalysation which have shown promising 
results in wastewater treatment [97, 98]. These nano Fe 
composites are tremendously beneficial in reversing the 
toxic pollutants making it effective in remediating heavy 
metals like Arsenic and mercury not only from water 
resources but also in the nano remediation of soil. This is 
somewhat a great aid in ploughing, agriculture, irrigation 
and rearing livestock [99] (Fig. 3).

COVID-19 outbreaks are happening more often now 
than ever before. Pharmaceutic and non-pharmaceutical 
counter measures are used in pandemic preventive tech-
niques, including vaccinations and antiviral.

Non-pharmaceutical measures are advised as a criti-
cal strategy because appropriate pharmaceutical sup-
plies won't be immediately available [100]. Since proper 
pharmaceutical supplies will not be available right away, 
non-pharmaceutical approaches are recommended as 
a crucial tactic. Subsequently, the quality of water and 
soil are the deciding factors towards the quality of crops, 
yield creation, engineering of goods and reservoir of water 
resources. Forthcoming these attributes plays a major 
impact in terms of diversity of nutrient packed diet as an 
effective natural remedy for the wellbeing of mankind 
[101, 102].
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5 � Nanostructured therapeutic treatment

The wide range of nanocomposites have been discovered 
over the past few years with promising functionalization in 
the era of therapeutic nanomedicine [103–105]. This unique 
functionalization of each particular nanocomposite is known 
to produce an array of results involving technology. The con-
tributing factor of these nano based therapeutic treatment is 
with progression in technology involving dependent path-
ways on the basis of -

1)	 Nanoscale dimensions and matrixes of the desired nano-
composites [106].

2)	 Nature-chemical pathways of distribution towards the 
target cell of the corporal host [107].

3)	 Improvement in genetic sciences and protein identifica-
tions for biological engineered microorganisms [108].

4)	 Polymerization of desired protein through cell aggre-
gate production technology and substituting and mend-
ing damaged cell aggregates carried out within a living 
system [109].

5)	 Nanocomposite based drugs must be stabilized in order 
to dodge any outflow caused by retrograde activities 
with the system [110].

6)	 Biologically well-matched material must be able to 
target on a specific tumour in order to provide furtive-
ness attributes after recognition [111]. Different types 
of nanocomposites progression [112–127] for mankind 
are shown in  (Table 1).

6 � Conclusion and future perspective

It is proven that nanoparticle composites through various 
experimentation have made significant breakthroughs in 
terms of innovation and advancements. The benefits of the 
nanocomposites are observed with different types of con-
sequences with lesser number of weak attributes in a nano-
composite respectively. Nanoparticles have served multipur-
pose for human beings in many ways, however, there are still 
cons in terms of toxic level and drug delivery in the need 
of major research reducing the weights of side effects. The 
microelectronic structures of CNTs stay aimed at transmit-
ting electrically natural, biologically recognized, or charge 
localization motions; nevertheless, one another specific vis-
ual characteristic besides regarding their ability to penetrate 
easily concluded living membrane, making these ideal for 
the expansion of photonic sounding locating system.

Nevertheless, when pro-positioning biological radars 
the situation shifts towards considering nanometric con-
stituents even if minors stay non-essential for leaving 
the body they can be considered attackers and as a result 
attacked. Therefore, the problems associated in the direc-
tion with the extent of thickness, life expectancy, steadi-
ness, strength, power-driven possessions, corporeal habita-
tional, so, harmfulness should stay estimated in a scientific 
and order technique. Definitely, after cast-off in its purest 
form, directly after compaction, carbon nanotubes con-
taining impurities still possess harmful effects. However, 
when cleaned and operated on a high level, their toxicity 

Fig. 3   Diagrammatic repre-
sentation shown application of 
nanoparticles for Human Being
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is greatly reduced and represents a platform suitable for 
all types of applications. In addition, it has been revealed 
to be continuous that undeveloped CNTs strands as a safe 
technique in avoiding probable hazards, particularly as 
soon accustomed on implanted electrodes within vivo test-
ing. The latest few years has recorded many successful 
QDs applications in a variety of ways of biological radar 
stages validate the inordinate possibility of experimental 
submission of primary findings in ailments like malig-
nancy, heart complications and neurodegenerative ail-
ments. Presently, substantial metallic elements depending 
upon its magnitude have led to extensive discussions about 
their toxicity, that are ranging on or after being innocu-
ous towards huge poisonous stages staying grounded on 
the constituents. The cutting-edge transience remains to 
be non-problematic for biological radar, requiring a spe-
cial consideration in the in-case vivo, and this should be 
considered in forthcoming advances trendy pitch for bio-
logical radar determinations. In the enlightening of func-
tional adaptation in environment it can stay an alternative 
option in resolving particularity as well as understanding 
of QDs built in radar stages. In specimens, prearranged 
the challenge of these miniature nanoscopic magnitude, 
nanocomposites may mark strong standard living molec-
ular compartments, such nanocomposites unregistered 
proceeding our insusceptible classification for its extent. 
Some functionalizing nanocomposites when infused with 
other efficient nanocomposites have shown in some revo-
lutionized multi oriented nanocomposite transporters 

allowing continual molecules, remediations and analys-
ing device towards patient in a faster approach. During the 
cell aggregation manufacturing there is a need of stability 
which has not been seen due to partial hemi natural life 
and deprivation of proteins not allowing it to be functional 
within the body. In brief, it is required to learn more and 
start correctly functionalizing nanotechnology beforehand 
in order to aid patients with maximum benefits.
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Table 1   Different types of nanocomposites progression for mankind

Serial Number Nanoparticle Application References

1. Carbon nanotubes Clearance patterns in vivo, effective in cancer treatments [112]
2. Magnetic nanoparticles Drug transporters,Magnetic imaging [113]
3. Quantum Dots To detect toxins in biospecimens [114]
4. Gold Nanoparticles Drug transportation, photonic heat stage, membrane sore 

therapeutic
[115]

5. Nano structured zerovalent Ions Shows degradation of organic contaminants [116]
6. Nano sized Fe composites Wastewater and loam treatment [117]
7. Polyethylene glycol Ag nanoparticles Antibacterial, injury healing, Aces in breast cancer remediation [118]
8. Nanostructured Lipid carriers (NLC) Biological accessibility to less soluble drugs [119]
9. Diamond Nanoparticles Detection, remedy distribution, theragnostic, antibiotics, and 

material production
[120]

10. Polyurethane/strontium-substituted hydroxyapa-
tite composites

Bone regeneration/ Bone tissue production [121]

11. Micelle Cyclodextrin-PEG micelle Camptothecin Ovarian/tubal/adnexa cancer, rectum malignancy [122]
12. Liposome Irinotecan Compact lump [123]
13. Conjugates Polymer medium Docetaxel Prostatic gland malignancy [124]
14. Protein Nanocomposites Albumin designed Tumour cells- breast cancer [125]
15. Virial units Von Wille brand feature Cyclin gene Pancreatic cells- cancer [126]
16. Poly (glycerol-succinic acid) dendrimers Colonic, left and right ovary, respiratoria

malignancy
[127]

https://doi.org/10.1007/s42247-023-00461-8


448	 Emergent Materials (2023) 6:439–452

1 3

Declarations 

Conflict of interest  The authors declare no competing interests.

References

	 1.	 M. Sahoo, S. Vishwakarma, C. Panigrahi, J. Kumar, Nanotech-
nology: Current applications and future scope in food. Food 
Front. 2(1), 3–22 (2021). https://​doi.​org/​10.​1002/​fft2.​58

	 2.	 E.S. Ali, S.M. Sharker, M.T. Islam, I.N. Khan, S. Shaw, M.A. 
Rahman, ..., & M.S. Mubarak, Targeting cancer cells with nano-
therapeutics and nanodiagnostics: Current status and future per-
spectives. In Seminars in Cancer Biology (Vol. 69, pp. 52–68). 
Academic Press. (2021). https://​doi.​org/​10.​1016/j.​semca​ncer.​
2020.​01.​011

	 3.	 Y. Wang, G.J. Desroches, R.J. Macfarlane, Ordered polymer 
composite materials: challenges and opportunities. Nanoscale 
13(2), 426–443 (2021). https://​doi.​org/​10.​1039/​D0NR0​7547G

	 4.	 R. Narayan, U.Y. Nayak, A.M. Raichur, S. Garg, Mesoporous 
silica nanoparticles: A comprehensive review on synthesis and 
recent advances. Pharmaceutics 10(3), 118 (2018). https://​doi.​
org/​10.​3390/​pharm​aceut​ics10​030118

	 5.	 A.M. Díez-Pascual, Recent progress in antimicrobial nanomateri-
als. Nanomaterials 10(11), 2315 (2020). https://​doi.​org/​10.​3390/​
nano1​01123​15

	 6.	 R.B. Onyancha, U.O. Aigbe, K.E. Ukhurebor, P.W. Muchiri, Fac-
ile synthesis and applications of carbon nanotubes in heavy-metal 
remediation and biomedical fields: a comprehensive review. J. 
Mol. Struct. 1238, 130462 (2021). https://​doi.​org/​10.​1016/j.​molst​
ruc.​2021.​130462

	 7.	 E.C. Welch, J.M. Powell, T.B. Clevinger, A.E. Fairman, A. 
Shukla, Advances in biosensors and diagnostic technologies 
using nanostructures and nanomaterials. Adv. Func. Mater. 
31(44), 2104126 (2021). https://​doi.​org/​10.​1002/​adfm.​20210​
4126

	 8.	 A. Basu, S. Ray, S. Chowdhury, A. Sarkar, D.P. Mandal, S. Bhat-
tacharjee, S. Kundu, Evaluating the antimicrobial, apoptotic, 
and cancer cell gene delivery properties of protein-capped gold 
nanoparticles synthesized from the edible mycorrhizal fungus 
Tricholomacrassum. Nanoscale Res. Lett. 13(1), 1–16 (2018). 
https://​doi.​org/​10.​1186/​s11671-​018-​2561-y

	 9.	 A. Behera, Nanomaterials. In  Advanced Materials  (pp. 
77–125). Springer, Cham. (2022). https://​doi.​org/​10.​1007/​
978-3-​030-​80359-9-3

	 10.	 R.R. Marín, Characterization of Nanomaterials in Liq-
uid Disperse Systems. (2022). https://​doi.​org/​10.​1007/​
978-3-​030-​99881-3

	 11.	 P. Dave, & R. Sirach, Nanocomposites: Introduction, Synthesis 
and Applications. In Anticorrosive Nanomaterials (pp. 15–43). 
(2022). https://​doi.​org/​10.​1039/​97818​39166​259-​00015

	 12.	 P. Ramburrun, R.A. Khan, Y.E. Choonara, Design, prepara-
tion, and functionalization of nanobiomaterials for enhanced 
efficacy in current and future biomedical applications. Nano-
technol. Rev. 11(1), 1802–1826 (2022). https://​doi.​org/​10.​1515/​
ntrev-​2022-​0106

	 13.	 T.T.V. Phan, T.C. Huynh, P. Manivasagan, S. Mondal, J. Oh, 
An up-to-date review on biomedical applications of palladium 
nanoparticles. Nanomaterials 10(1), 66 (2019). https://​doi.​org/​
10.​3390/​nano1​00100​66

	 14.	 N. Tomar, P.S. Bhale, Y. Rao, S. Jaganathan, R. Prasad, P.Y. 
Patil, M. Kaur, S.R. Pratap, J. Madhusudhanan, R. Kanaoujiya, S. 

Bhavya, R. Amin, A.K. Nakkela, M. Mittal, Design application 
number 355057–001,Design accepted & Published Journal No. 
is 06/2022 and journal date is 11/02/2022. Controller General of 
Patents, Designs and Trademarks. https://​search.​ipind​ia.​gov.​in/​
Desig​nAppl​icati​onSta​tus.

	 15.	 Q. Guan, G.B. Wang, L.L. Zhou, W.Y. Li, Y.B. Dong, Nanoscale 
covalent organic frameworks as theranostic platforms for onco-
therapy: synthesis, functionalization, and applications. Nanoscale 
Adv. 2(9), 3656–3733 (2020). https://​doi.​org/​10.​1039/​D0NA0​
0537A

	 16.	 P. Mehdizadeh, M. Masjedi-Arani, O. Amiri, M. Salavati-Niasari, 
Rapid microwave fabrication of new nanocomposites based on 
Tb-Fe-O nanostructures for electrochemical hydrogen storage 
application. Fuel 304, 121412 (2021). https://​doi.​org/​10.​1016/j.​
fuel.​2021.​121412

	 17.	 H. Kumar, K. Kuča, S.K. Bhatia, K. Saini, A. Kaushal, R. Verma, 
..., & D. Kumar, Applications of nanotechnology in sensor-based 
detection of foodborne pathogens. Sens. 20(7), 1966. (2020). 
https://​doi.​org/​10.​3390/​s2007​1966

	 18.	 T. Xiao, J. Huang, D. Wang, T. Meng, X. Yang, Au and Au-Based 
nanomaterials: Synthesis and recent progress in electrochemical 
sensor applications. Talanta 206, 120210 (2020). https://​doi.​org/​
10.​1016/j.​talan​ta.​2019.​120210

	 19.	 K. Maya, L. Rane, T.I. Ahmed, M.J. Ansari, C.K. Dixit, R. 
Kanaoujiya, In Advances in Science and Technology. Trans Tech 
Publications Ltd 117, 67–72 (2022)

	 20.	 R. Kanaoujiya, D. Porwal, & S. Srivastava, Applications of nano-
materials for gastrointestinal tumors: A review, In Front. Med. 
Technol. 62. (2022). https://​doi.​org/​10.​3389/​fmedt.​2022.​997123

	 21.	 R. Kanaoujiya, S. Srivastava, R. Singh, & G. Mustafa, Recent 
advances and application of ruthenium complexes in tumor 
malignancy. Mater Today: Proc.1–6. (2022). https://​doi.​org/​10.​
1016/j.​matpr.​2022.​07.​098

	 22.	 R. Singh, J. Kaur, K. Gupta, M. Singh, R. Kanaoujiya, N. Kaur, 
Recent advances and applications of polymeric materials in 
healthcare sector and COVID-19 management. InMaterials 
Today: Proc. 62, 2878–2882 (2022). https://​doi.​org/​10.​1016/j.​
matpr.​2022.​02.​472

	 23.	 A. Joshi, K.H. Kim, Recent advances in nanomaterial-based 
electrochemical detection of antibiotics: Challenges and future 
perspectives. Biosens. Bioelectron. 153, 112046 (2020). https://​
doi.​org/​10.​1016/j.​bios.​2020.​112046

	 24.	 S. Gautam, D. Bhatnagar, D. Bansal, H. Batra, & N. Goyal, 
Recent advancements in nanomaterials for biomedical 
implants. Biomed. Eng. Adv. 100029 (2022). https://​doi.​org/​10.​
1016/j.​bea.​2022.​100029

	 25.	 A. Kumar, A. Sood, S.S. Han, Poly (vinyl alcohol)-alginate as 
potential matrix for various applications: A focused review. Car-
bohydr Polym. 277, 118881 (2022). https://​doi.​org/​10.​1016/j.​
carbp​ol.​2021.​118881

	 26.	 A. Gurib-Fakim, Medicinal plants: traditions of yesterday and 
drugs of tomorrow. Mol. Aspects Med. 27(1), 1–93 (2006). 
https://​doi.​org/​10.​1016/j.​mam.​2005.​07.​008

	 27.	 I. Ben Tahar, P. Fickers, A. Dziedzic, D. Płoch, B. Skóra, M. 
Kus-Liśkiewicz, Green pyomelanin-mediated synthesis of gold 
nanoparticles: Modelling and design, physico-chemical and bio-
logical characteristics. Microb. Cell Fact. 18(1), 1–11 (2019). 
https://​doi.​org/​10.​1186/​s12934-​019-​1254-2

	 28.	 D. Dai, Y. Li, J. Fan, Room-temperature synthesis of various 
allotropes of carbon nanostructures (graphene, graphene polyhe-
dra, carbon nanotubes and nano-onions, n-diamond nanocrystals) 
with aid of ultrasonic shock using ethanol and potassium hydrox-
ide. Carbon 179, 133–141 (2021). https://​doi.​org/​10.​1016/j.​car-
bon.​2021.​04.​038

https://doi.org/10.1002/fft2.58
https://doi.org/10.1016/j.semcancer.2020.01.011
https://doi.org/10.1016/j.semcancer.2020.01.011
https://doi.org/10.1039/D0NR07547G
https://doi.org/10.3390/pharmaceutics10030118
https://doi.org/10.3390/pharmaceutics10030118
https://doi.org/10.3390/nano10112315
https://doi.org/10.3390/nano10112315
https://doi.org/10.1016/j.molstruc.2021.130462
https://doi.org/10.1016/j.molstruc.2021.130462
https://doi.org/10.1002/adfm.202104126
https://doi.org/10.1002/adfm.202104126
https://doi.org/10.1186/s11671-018-2561-y
https://doi.org/10.1007/978-3-030-80359-9-3
https://doi.org/10.1007/978-3-030-80359-9-3
https://doi.org/10.1007/978-3-030-99881-3
https://doi.org/10.1007/978-3-030-99881-3
https://doi.org/10.1039/9781839166259-00015
https://doi.org/10.1515/ntrev-2022-0106
https://doi.org/10.1515/ntrev-2022-0106
https://doi.org/10.3390/nano10010066
https://doi.org/10.3390/nano10010066
https://search.ipindia.gov.in/DesignApplicationStatus
https://search.ipindia.gov.in/DesignApplicationStatus
https://doi.org/10.1039/D0NA00537A
https://doi.org/10.1039/D0NA00537A
https://doi.org/10.1016/j.fuel.2021.121412
https://doi.org/10.1016/j.fuel.2021.121412
https://doi.org/10.3390/s20071966
https://doi.org/10.1016/j.talanta.2019.120210
https://doi.org/10.1016/j.talanta.2019.120210
https://doi.org/10.3389/fmedt.2022.997123
https://doi.org/10.1016/j.matpr.2022.07.098
https://doi.org/10.1016/j.matpr.2022.07.098
https://doi.org/10.1016/j.matpr.2022.02.472
https://doi.org/10.1016/j.matpr.2022.02.472
https://doi.org/10.1016/j.bios.2020.112046
https://doi.org/10.1016/j.bios.2020.112046
https://doi.org/10.1016/j.bea.2022.100029
https://doi.org/10.1016/j.bea.2022.100029
https://doi.org/10.1016/j.carbpol.2021.118881
https://doi.org/10.1016/j.carbpol.2021.118881
https://doi.org/10.1016/j.mam.2005.07.008
https://doi.org/10.1186/s12934-019-1254-2
https://doi.org/10.1016/j.carbon.2021.04.038
https://doi.org/10.1016/j.carbon.2021.04.038


449Emergent Materials (2023) 6:439–452	

1 3

	 29.	 B. Sundqvist, Carbon under pressure. Phys. Rep. 909, 1–73 
(2021). https://​doi.​org/​10.​1016/j.​physr​ep.​2020.​12.​007

	 30.	 A. Mathur, S. Wadhwa, S.S. Roy, Say Hello to Carbon Nano-
tubes. Introduction to Carbon Nanomater. 1, 1 (2018). https://​
doi.​org/​10.​2174/​97816​81085​95111​80101

	 31.	 V. Georgakilas, J.A. Perman, J. Tucek, R. Zboril, Broad family of 
carbon nanoallotropes: classification, chemistry, and applications 
of fullerenes, carbon dots, nanotubes, graphene, nanodiamonds, 
and combined superstructures. Chem. Rev. 115(11), 4744–4822 
(2015). https://​doi.​org/​10.​1021/​cr500​304f

	 32.	 J.B. Mougel, P. Bertoncini, B. Cathala, O. Chauvet, I. Capron, 
Macroporous hybrid Pickering foams based on carbon nanotubes 
and cellulose nanocrystals. J. Colloid Interface Sci. 544, 78–87 
(2019). https://​doi.​org/​10.​1016/j.​jcis.​2019.​01.​127

	 33.	 N. Gupta, S.M. Gupta, S.K. Sharma, Carbon nanotubes: Synthe-
sis, properties and engineering applications. Carbon Lett. 29(5), 
419–447 (2019). https://​doi.​org/​10.​1007/​s42823-​019-​00068-2

	 34.	 K. Fujisawa, H.J. Kim, S.H. Go, H. Muramatsu, T. Hayashi, M. 
Endo, ..., & P.T. Araujo, A review of double-walled and triple-
walled carbon nanotube synthesis and applications. Appl. Sci. 
6(4), 109 (2016). https://​doi.​org/​10.​3390/​app60​40109

	 35.	 B.I. Kharisov, O.V. Kharissova, Carbon allotropes: metal-com-
plex chemistry, properties and applications. Springer (2019). 
https://​doi.​org/​10.​1007/​978-3-​030-​03505-1

	 36.	 R. Purohit, K. Purohit, S. Rana, R.S. Rana, V. Patel, Carbon 
nanotubes and their growth methods. Procedia Mater. Sci. 6, 
716–728 (2014). https://​doi.​org/​10.​1016/j.​mspro.​2014.​07.​088

	 37.	 G. Kabay, J. DeCastro, A. Altay, K. Smith, H.W. Lu, A.M. 
Capossela, ..., & C. Dincer, Emerging Biosensing Technologies 
for the Diagnostics of Viral Infectious Diseases. Adv. Mater. 
2201085 (2022). https://​doi.​org/​10.​1002/​adma.​20220​1085

	 38.	 R.B. Onyancha, U.O. Aigbe, K.E. Ukhurebor, P.W. Muchiri, Fac-
ile synthesis and applications of carbon nanotubes in heavy-metal 
remediation and biomedical fields: a comprehensive review. J. 
Mol. Struct. 1238, 130462 (2021). https://​doi.​org/​10.​1016/j.​molst​
ruc.​2021.​130462

	 39.	 H. Saleem, S.J. Zaidi, Developments in the application of nano-
materials for water treatment and their impact on the environ-
ment. Nanomaterials 10(9), 1764 (2020). https://​doi.​org/​10.​3390/​
nano1​00917​64

	 40.	 R. Vidu, M. Rahman, M. Mahmoudi, M. Enachescu, T.D. Poteca, 
I. Opris, Nanostructures: a platform for brain repair and augmen-
tation. Front. Syst. Neurosci. 8, 91 (2014). https://​doi.​org/​10.​
3389/​fnsys.​2014.​00091

	 41.	 J. Yao, P. Li, L. Li, M. Yang, Biochemistry and biomedicine of 
quantum dots: from biodetection to bioimaging, drug discov-
ery, diagnostics, and therapy. Acta Biomater. 74, 36–55 (2018). 
https://​doi.​org/​10.​1016/j.​actbio.​2018.​05.​004

	 42.	 M. Pan, X. Xie, K. Liu, J. Yang, L. Hong, S. Wang, Fluorescent 
carbon quantum dots—synthesis, functionalization and sensing 
application in food analysis. Nanomaterials 10(5), 930 (2020). 
https://​doi.​org/​10.​3390/​nano1​00509​30

	 43.	 J.M. Costa-Fernández, R. Pereiro, A. Sanz-Medel, The use of 
luminescent quantum dots for optical sensing. TrAC, Trends 
Anal. Chem. 25(3), 207–218 (2006). https://​doi.​org/​10.​1016/j.​
trac.​2005.​07.​008

	 44.	 K.D. Wegner, N. Hildebrandt, Quantum dots: bright and versatile 
in vitro and in vivo fluorescence imaging biosensors. Chem. Soc. 
Rev. 44(14), 4792–4834 (2015). https://​doi.​org/​10.​1039/​C4CS0​
0532E

	 45.	 R. Shandilya, A. Bhargava, N. Bunkar, R. Tiwari, I.Y. Gory-
acheva, P.K. Mishra, Nanobiosensors: Point-of-care approaches 
for cancer diagnostics. Biosens. Bioelectron. 130, 147–165 
(2019). https://​doi.​org/​10.​3389/​fgene.​2018.​00616

	 46.	 C.T. Matea, T. Mocan, F. Tabaran, T. Pop, O. Mosteanu, C. Puia, 
..., & L. Mocan, Quantum dots in imaging, drug delivery and 
sensor applications. Int. J. Nanomed. 12, 5421 (2017).https://​
doi.​org/​10.​2147/​IJN.​S1386​24

	 47.	 S.J. Clarke, C.A. Hollmann, Z. Zhang, D. Suffern, S.E. Bradforth, 
N.M. Dimitrijevic, ..., & J.L. Nadeau, Photophysics of dopamine-
modified quantum dots and effects on biological systems. Nat. 
Mater. 5(5), 409-417 (2006). https://​doi.​org/​10.​1038/​nmat1​631

	 48.	 J. Zhou, Y. Liu, J. Tang, W. Tang, Surface ligands engineering 
of semiconductor quantum dots for chemosensory and biological 
applications. Mater. Today 20(7), 360–376 (2017). https://​doi.​
org/​10.​1016/j.​mattod.​2017.​02.​006

	 49.	 R. Wahab, J. Ahmad, N. Ahmad, Application of multi-dimen-
sional (0D, 1D, 2D) nanostructures for the cytological evaluation 
of cancer cells and their bacterial response. Colloids Surf. A: 
Physicochem. Eng. Asp. 583, 123953 (2019)

	 50.	 S. Roy, F. Arshad, S. Eissa, M. Safavieh, S.G. Alattas, M.U. 
Ahmed, M. Zourob, Recent developments towards portable 
point-of-care diagnostic devices for pathogen detection. Sens. 
Diagn. (2022). https://​doi.​org/​10.​1039/​D1SD0​0017A

	 51.	 J. Qian, C.Y. Wu, D.M. Wu, L.H. Li, Q. Li, T. Deng, ..., & X.R. 
Liu, Anthrahydroquinone-2–6-disulfonate is a novel, powerful 
antidote for paraquat poisoning. Sci. Rep. 11(1), 1–14 (2021). 
https://​doi.​org/​10.​1038/​s41598-​021-​99591-4

	 52.	 D. Moura, R.F. Pereira, I.C. Gonçalves, Recent advances on bio-
printing of hydrogels containing carbon materials. Mater. Today 
Chem. 23, 100617 (2022). https://​doi.​org/​10.​1016/j.​mtchem.​
2021.​100617

	 53.	 D.J. Lipomi, D.P. Fenning, S.P. Ong, N.J. Shah, A.R. Tao, & L. 
Zhang, Exploring Frontiers in Research and Teaching: Nano-
Engineering and Chemical Engineering at UC San Diego, 
,(2020) ,14(8), (pp.9203–9216):ACS nano. https://​doi.​org/​10.​
1021/​acsna​no.​0c062​56

	 54.	 V.B. Kumar, A.K. Sahu, K.B.S. Rao, Development of Doped 
Carbon Quantum Dot-Based Nanomaterials for Lubricant Addi-
tive Applications. Lubricants 10(7), 144 (2022). https://​doi.​org/​
10.​3390/​lubri​cants​10070​144

	 55.	 M. Kortel, B.D. Mansuriya, N. Vargas Santana, Z. Altintas, Gra-
phene quantum dots as flourishing nanomaterials for bio-imag-
ing, therapy development, and micro-supercapacitors. Microma-
chines 11(9), 866 (2020). https://​doi.​org/​10.​3390/​mi110​90866

	 56.	 A. Alaghmandfard, O. Sedighi, N.T. Rezaei, A.A. Abedini, A.M. 
Khachatourian, M.S. Toprak, A. Seifalian, Recent advances in 
the modification of carbon-based quantum dots for biomedical 
applications. Mater. Sci. Eng.: C 120, 111756 (2021). https://​doi.​
org/​10.​1016/j.​msec.​2020.​111756

	 57.	 K.L. Dagnon, S. Ambadapadi, A. Shaito, S.M. Ogbomo, V. 
DeLeon, T.D. Golden, ..., & N.A. D'souza, Poly (L‐lactic acid) 
nanocomposites with layered double hydroxides functionalized 
with ibuprofen. J. Appl. Polym. Sci. 113(3), 1905–1915 (2009). 
https://​doi.​org/​10.​1002/​app.​30159

	 58.	 R.E. Daugherty, M.M. Zumbach, S.F. Sanders, T.D. Golden, 
Design challenges in electrodepositing metal-anionic clay nano-
composites: Synthesis, characterization, and corrosion resistance 
of nickel-LDH nanocomposite coatings. Surf. Coat. Technol. 
349, 773–782 (2018). https://​doi.​org/​10.​1016/j.​surfc​oat.​2018.​
05.​026

	 59.	 M. Maturi, E. Locatelli, I. Monaco, M.C. Franchini, Current con-
cepts in nanostructured contrast media development for in vivo 
photoacoustic imaging. Biomater. Sci. 7(5), 1746–1775 (2019). 
https://​doi.​org/​10.​1039/​C8BM0​1444B

	 60.	 M. Ullah, A. Wahab, D. Khan, S. Saeed, S.U. Khan, N. Ullah, 
T.A. Saleh, Modified gold and polymeric gold nanostructures: 
Toxicology and biomedical applications. Colloid Interface Sci. 

https://doi.org/10.1016/j.physrep.2020.12.007
https://doi.org/10.2174/97816810859511180101
https://doi.org/10.2174/97816810859511180101
https://doi.org/10.1021/cr500304f
https://doi.org/10.1016/j.jcis.2019.01.127
https://doi.org/10.1007/s42823-019-00068-2
https://doi.org/10.3390/app6040109
https://doi.org/10.1007/978-3-030-03505-1
https://doi.org/10.1016/j.mspro.2014.07.088
https://doi.org/10.1002/adma.202201085
https://doi.org/10.1016/j.molstruc.2021.130462
https://doi.org/10.1016/j.molstruc.2021.130462
https://doi.org/10.3390/nano10091764
https://doi.org/10.3390/nano10091764
https://doi.org/10.3389/fnsys.2014.00091
https://doi.org/10.3389/fnsys.2014.00091
https://doi.org/10.1016/j.actbio.2018.05.004
https://doi.org/10.3390/nano10050930
https://doi.org/10.1016/j.trac.2005.07.008
https://doi.org/10.1016/j.trac.2005.07.008
https://doi.org/10.1039/C4CS00532E
https://doi.org/10.1039/C4CS00532E
https://doi.org/10.3389/fgene.2018.00616
https://doi.org/10.2147/IJN.S138624
https://doi.org/10.2147/IJN.S138624
https://doi.org/10.1038/nmat1631
https://doi.org/10.1016/j.mattod.2017.02.006
https://doi.org/10.1016/j.mattod.2017.02.006
https://doi.org/10.1039/D1SD00017A
https://doi.org/10.1038/s41598-021-99591-4
https://doi.org/10.1016/j.mtchem.2021.100617
https://doi.org/10.1016/j.mtchem.2021.100617
https://doi.org/10.1021/acsnano.0c06256
https://doi.org/10.1021/acsnano.0c06256
https://doi.org/10.3390/lubricants10070144
https://doi.org/10.3390/lubricants10070144
https://doi.org/10.3390/mi11090866
https://doi.org/10.1016/j.msec.2020.111756
https://doi.org/10.1016/j.msec.2020.111756
https://doi.org/10.1002/app.30159
https://doi.org/10.1016/j.surfcoat.2018.05.026
https://doi.org/10.1016/j.surfcoat.2018.05.026
https://doi.org/10.1039/C8BM01444B


450	 Emergent Materials (2023) 6:439–452

1 3

Commun. 42, 100412 (2021). https://​doi.​org/​10.​1016/j.​colcom.​
2021.​100412

	 61.	 Z. Meng, W. Hou, H. Zhou, L. Zhou, H. Chen, C. Wu, Therapeu-
tic considerations and conjugated polymer-based photosensitizers 
for photodynamic therapy. Macromol. Rapid Commun. 39(5), 
1700614 (2018)

	 62.	 S. Schembri, B. Merrilees, S. Kristiansen, Brand consumption 
and narrative of the self. Psychol. Mark. 27(6), 623–637 (2010). 
https://​doi.​org/​10.​1002/​marc.​20170​0614

	 63.	 R.S. Riley, R.K. O’sullivan, A.M. Potocny, J. Rosenthal, E.S. 
Day, Evaluating nanoshells and a potent biladienephotosensitizer 
for dual photothermal and photodynamic therapy of triple nega-
tive breast cancer cells. Nanomaterials 8(9), 658 (2018). https://​
doi.​org/​10.​3390/​nano8​090658

	 64.	 X. Zhong, X. Wang, J. Li, J. Hu, L. Cheng, X. Yang, ROS-based 
dynamic therapy synergy with modulating tumor cell-microen-
vironment mediated by inorganic nanomedicine. Coord. Chem. 
Rev. 437, 213828 (2021)

	 65.	 H. Chen, F. Liu, Z. Lei, L. Ma, Z. Wang, Fe 2 O 3@ Au core@ 
shell nanoparticle–graphene nanocomposites as theranostic 
agents for bioimaging and chemo-photothermal synergistic 
therapy. Rsc Adv. 5(103), 84980–84987 (2015)

	 66.	 F. Gong, R. Wang, Z. Zhu, J. Duan, X. Teng, Z.K. Cui, Drug-
interactive mPEG-b-PLA-Phe (Boc) micelles enhance the toler-
ance and anti-tumor efficacy of docetaxel. Drug Deliv. 27(1), 
238–247 (2020). https://​doi.​org/​10.​1080/​10717​544.​2019.​15827​
30

	 67.	 I.C. Carvalho, A.A. Mansur, S.M. Carvalho, H.S. Mansur, Nan-
otheranostics through mitochondria-targeted delivery with fluo-
rescent peptidomimetic nanohybrids for apoptosis induction of 
brain cancer cells. Nanotheranostics 5(2), 213 (2021). https://​doi.​
org/​10.​7150/​ntno.​54491

	 68.	 J.J. Aguilera-Correa, J. Esteban, M. Vallet-Regí, Inorganic and 
Polymeric Nanoparticles for Human Viral and Bacterial Infec-
tions Prevention and Treatment. InNanomaterials 11(1), 137 
(2021). https://​doi.​org/​10.​3390/​nano1​10101​37

	 69.	 T. Zou, W. Lu, Y. Mezhuev, M. Lan, L. Li, F. Liu, ..., & Y. 
Cai, A review of nanoparticle drug delivery systems responsive 
to endogenous breast cancer microenvironment. Eur. J. Pharm. 
Biopharm. 166, 30–43 (2021). https://​doi.​org/​10.​1016/j.​ejpb.​
2021.​05.​029

	 70.	 G. Hong, S. Diao, A.L. Antaris, H. Dai, Carbon Nanomaterials 
for Biological Imaging and Nanomedicinal Therapy. Chem. Rev. 
115(19), 10816–10906 (2015). https://​doi.​org/​10.​1021/​acs.​chemr​
ev.​5b000​08

	 71.	 B. Zhang, W. Zhang, Z. Zhang, Y.F. Zhang, H. Hingorani, Z. 
Liu, ..., & Q. Ge, Self-healing four-dimensional printing with an 
ultraviolet curable double-network shape memory polymer sys-
tem. ACS Appl. Mater. Interfaces. 11(10), 10328–10336 (2019). 
https://​doi.​org/​10.​1021/​acsami.​9b003​59

	 72.	 N. Sriplai, S. Pinitsoontorn, Bacterial cellulose-based magnetic 
nanocomposites: A review. Carbohydr. Polym. 254, 117228 
(2021). https://​doi.​org/​10.​1016/j.​carbp​ol.​2020.​117228

	 73.	 I. Armentano, D. Puglia, F. Luzi, C.R. Arciola, F. Morena, S. 
Martino, L. Torre, Nanocomposites based on biodegradable pol-
ymers. Mater. 11(5), 795 (2018). https://​doi.​org/​10.​3390/​ma110​
50795

	 74.	 S. Parveen, R. Misra, S.K. Sahoo, Nanoparticles: a boon to drug 
delivery, therapeutics, diagnostics and imaging. Nanomed.: 
Nanotechnol. Biol. Med. 8(2), 147–166 (2012)

	 75.	 M. Mukhtar, M. Bilal, A. Rahdar, M. Barani, R. Arshad, T. Behl, 
..., & S. Bungau, Nanomaterials for diagnosis and treatment of 
brain cancer: Recent updates. Chemosensors. 8(4), 117 (2020)

	 76.	 D. Xu, J. Cao, F. Liu, S. Zou, W. Lei, Y. Wu, ..., & R.W. Li, 
Liquid Metal Based Nano-Composites for Printable Stretchable 
Electronics. Sens. 22(7), 2516 (2022)

	 77.	 N. Deshwal, M.B. Singh, I. Bahadur, N. Kaushik, N.K. Kau-
shik, P. Singh, & K. Kumari, A review on recent advancements 
on removal of harmful metal/metal ions using graphene oxide: 
Experimental and theoretical approaches. Sci. Total Environ. 
858(1), 159672 (2023). https://​doi.​org/​10.​1016/j.​scito​tenv.​2022.​
159672

	 78.	 B. Hashemi, F.A. Akram, H. Amirazad, M. Dadashpour, M. 
Sheervalilou, D. Nasrabadi, ..., & L. Roshangar, Emerging 
importance of nanotechnology-based approaches to control the 
COVID-19 pandemic focus on nanomedicine iterance in diag-
nosis and treatment of COVID-19 patients. J. Drug Deliv. Sci. 
Technol. 67, 102967 (2022). https://​doi.​org/​10.​1016/j.​jddst.​2021.​
102967

	 79.	 A. Gulzar, J. Xu, C. Wang, F. He, D. Yang, S. Gai, ..., & B. Xing, 
Tumour microenvironment responsive nanoconstructs for cancer 
theranostic. Nano Today. 26, 16–56 (2019)

	 80.	 M. Takahashi, & S. Maenosono, Modern biomedical applications 
of magnetic nanoparticles. In Modern Biomedical Applications 
of Magnetic Nanoparticles (pp. 25–91). Springer, Singapore 
(2022). https://​doi.​org/​10.​1007/​978-​981-​19-​7104-4_2

	 81.	 M. Arruebo, N. Vilaboa, B. Sáez-Gutierrez, J. Lambea, A. Tres, 
M. Valladares, & A. González-Fernández, Assessment of the 
evolution of cancer treatment therapies. Cancers. 3(3), 3279–
3330 (2011). https://​doi.​org/​10.​3390/​cance​rs303​3279

	 82.	 K. Wu, D. Su, R. Saha, J. Liu, J.P. Wang, Investigating the effect 
of magnetic dipole–dipole interaction on magnetic particle spec-
troscopy: implications for magnetic nanoparticle-based bioassays 
and magnetic particle imaging. J. Phys. D Appl. Phys. 52(33), 
335002 (2019)

	 83.	 S. Li, L. Tan, X. Meng, Nanoscale metal-organic frameworks: 
synthesis, biocompatibility, imaging applications, and thermal 
and dynamic therapy of tumors. Adv. Func. Mater. 30(13), 
1908924 (2020)

	 84.	 L. Cecchini, A. Chiolerio, The magnetic body force in ferrofluids. 
J. Phys. D Appl. Phys. 54(35), 355002 (2021)

	 85.	 G. Niraula, J.A. Coaquira, G. Zoppellaro, B.M. Villar, F. Garcia, 
A.F. Bakuzis, ..., & S.K. Sharma, Engineering shape anisotropy 
of Fe3O4-γ-Fe2O3 hollow nanoparticles for magnetic hyperther-
mia. ACS Appl. Nano Mater. 4(3), 3148–3158 (2021)

	 86.	 A. Samanta, I.L. Medintz, Nanoparticles and DNA–a power-
ful and growing functional combination in bionanotechnology. 
Nanoscale 8(17), 9037–9095 (2016)

	 87.	 J.L. Mergny, D. Sen, DNA quadruple helices in nanotechnology. 
Chem. Rev. 119(10), 6290–6325 (2019)

	 88.	 H. Xiao, L. Cai, S. Chen, Z. Zhang, Magnetic mesoporous silica/
graphene oxide based molecularly imprinted polymers for fast 
selective separation of bovine hemoglobin. SN Appl. Sci. 2(4), 
1–12 (2020)

	 89.	 Y.P. Chuang, Y.L. Lin, C.C. Wang, J.L. Hong, Dual cross-linked 
polymer networks derived from the hyperbranched poly (ethyl-
eneimine) and poly (acrylic acid) as efficient binders for silicon 
anodes in lithium-ion batteries. ACS Appl. Energy Mater. 4(2), 
1583–1592 (2021)

	 90.	 K. Ruiz-Mirazo, C. Briones, A. de la Escosura, Prebiotic systems 
chemistry: new perspectives for the origins of life. Chem. Rev. 
114(1), 285–366 (2014)

	 91.	 P. Thomas, L.V. Abdulhakim, N.K. Pushkaran, A.C. Karuvandi, 
Wideband Radar Absorbing Structure Using Polyaniline-Gra-
phene Nanocomposite. C 6(4), 72 (2020). https://​doi.​org/​10.​
3390/​c6040​072

	 92.	 T. Mahmood, A. Ullah, & R. Ali, Improved Nanocomposite 
Materials and Their Applications. In Nanocomposite Materials. 
IntechOpen. (2022). https://​doi.​org/​10.​5772/​intec​hopen.​102538

	 93.	 P. Shukla, Microbial Nanotechnology for Bioremediation of 
Industrial Wastewater. Front. Microbiol. 11, 590631 (2020). 
https://​doi.​org/​10.​3389/​fmicb.​2020.​590631

https://doi.org/10.1016/j.colcom.2021.100412
https://doi.org/10.1016/j.colcom.2021.100412
https://doi.org/10.1002/marc.201700614
https://doi.org/10.3390/nano8090658
https://doi.org/10.3390/nano8090658
https://doi.org/10.1080/10717544.2019.1582730
https://doi.org/10.1080/10717544.2019.1582730
https://doi.org/10.7150/ntno.54491
https://doi.org/10.7150/ntno.54491
https://doi.org/10.3390/nano11010137
https://doi.org/10.1016/j.ejpb.2021.05.029
https://doi.org/10.1016/j.ejpb.2021.05.029
https://doi.org/10.1021/acs.chemrev.5b00008
https://doi.org/10.1021/acs.chemrev.5b00008
https://doi.org/10.1021/acsami.9b00359
https://doi.org/10.1016/j.carbpol.2020.117228
https://doi.org/10.3390/ma11050795
https://doi.org/10.3390/ma11050795
https://doi.org/10.1016/j.scitotenv.2022.159672
https://doi.org/10.1016/j.scitotenv.2022.159672
https://doi.org/10.1016/j.jddst.2021.102967
https://doi.org/10.1016/j.jddst.2021.102967
https://doi.org/10.1007/978-981-19-7104-4_2
https://doi.org/10.3390/cancers3033279
https://doi.org/10.3390/c6040072
https://doi.org/10.3390/c6040072
https://doi.org/10.5772/intechopen.102538
https://doi.org/10.3389/fmicb.2020.590631


451Emergent Materials (2023) 6:439–452	

1 3

	 94.	 Z. Zhang, J. Zhang, S. Li, J. Liu, M. Dong, Y. Li, ..., & Z. Guo, 
Effect of graphene liquid crystal on dielectric properties of poly-
dimethylsiloxane nanocomposites. Compos. Part B: Eng. 176, 
107338 (2019). https://​doi.​org/​10.​1016/j.​compo​sitesb.​2019.​
107338

	 95.	 T.Y. Chiang, C.C. Ho, D.C.H. Chen, M.H. Lai, S.J. Ding, Phys-
icochemical properties and biocompatibility of chitosan oligosac-
charide/gelatin/calcium phosphate hybrid cements. Mater. Chem. 
Phys. 120(2–3), 282–288 (2010). https://​doi.​org/​10.​1016/j.​match​
emphys.​2012.​07.​034

	 96.	 P. Cambier, V. Pot, V. Mercier, A. Michaud, P. Benoit, A. Reval-
lier, S. Houot, Impact of long-term organic residue recycling in 
agriculture on soil solution composition and trace metal leaching 
in soils. Sci. Total Environ. 499, 560–573 (2014). https://​doi.​org/​
10.​1016/j.​scito​tenv.​2014.​06.​105

	 97.	 Y. Rasmi, K.S. Saloua, M. Nemati, J.R. Choi, Recent Progress 
in Nanotechnology for COVID-19 Prevention, Diagnostics and 
Treatment. Nanomater. 11(7), 1788 (2021). https://​doi.​org/​10.​
3390/​nano1​10717​88

	 98.	 K. Zaheer, M. Humayoun Akhtar, An updated review of dietary 
isoflavones: Nutrition, processing, bioavailability and impacts 
on human health. Crit. Rev. Food Sci. Nutr. 57(6), 1280–1293 
(2017). https://​doi.​org/​10.​1080/​10408​398.​2014.​989958

	 99.	 V. Lobo, A. Patil, A. Phatak, N. Chandra, Free radicals, antioxi-
dants and functional foods: Impact on human health. Pharma-
cogn. Rev. 4(8), 118 (2010). https://​doi.​org/​10.​4103/​0973-​7847.​
70902

	100.	 R. Kanaoujiya, S.K. Saroj, S. Srivastava, M.K. Chaudhary, 
Renewable Polysaccharide and Biomedical Application of Nano-
materials. J. Nanomater. 2022, 1–16 (2022). https://​doi.​org/​10.​
1155/​2022/​10502​11

	101.	 R. Singh, S. Ullah, N. Rao, M. Singh, I. Patra, DA. Darko, ..., 
& V. Vijayan, Synthesis of three-dimensional reduced-graphene 
oxide from graphene oxide. J. Nanomater. 2022. (2022). https://​
doi.​org/​10.​1155/​2022/​87314​29

	102.	 M.J. Ansari, A. Unnisa, A. Singh, D. Verma, R. Kanaoujiya, 
& JLA. Gonzales, Application of porous nanomaterials for sus-
tained and targeted drug release. In Advances in Science and 
Technology (Vol. 117, pp. 105–110). Trans Tech Publications 
Ltd. (2022). https://​doi.​org/​10.​4028/p-​b2484c

	103.	 W.J. Parton, M.P. Gutmann, E.R. Merchant, M.D. Hartman, 
P.R. Adler, F.M. McNeal, S.M. Lutz, Measuring and mitigating 
agricultural greenhouse gas production in the US Great Plains, 
1870–2000. Proc. Natl. Acad. Sci. 112(34), E4681–E4688 
(2015). https://​doi.​org/​10.​1073/​pnas.​14164​99112

	104.	 G. Barcaccia, V. D’Agostino, A. Zotti, B. Cozzi, Impact of the 
SARS-CoV-2 on the Italian agri-food sector: An analysis of the 
quarter of pandemic lockdown and clues for a socio-economic 
and territorial restart. Sustain. 12(14), 5651 (2020). https://​doi.​
org/​10.​3390/​su121​45651

	105.	 T. Johns, P.B. Eyzaguirre, Biofortification, biodiversity and diet: 
a search for complementary applications against poverty and 
malnutrition. Food Policy 32(1), 1–24 (2007). https://​doi.​org/​
10.​1016/j.​foodp​ol.​2006.​03.​014

	106.	 E. Rastegari, Y.J. Hsiao, W.Y. Lai, Y.H. Lai, T.C. Yang, S.J. 
Chen, ..., & Y. Chien, An update on mesoporous silica nanopar-
ticle applications in nanomedicine. Pharm. 13(7), 1067 (2021). 
https://​doi.​org/​10.​3390/​pharm​aceut​ics13​071067

	107.	 A. Jurj, C. Braicu, L.A. Pop, C. Tomuleasa, C.D. Gherman, I. 
Berindan-Neagoe, The new era of nanotechnology, an alterna-
tive to change cancer treatment. Drug Des. Dev. Ther. 11, 2871 
(2017). https://​doi.​org/​10.​2147/​DDDT.​S1423​37

	108.	 L. Sun, R.F. Gibson, F. Gordaninejad, J. Suhr, Energy Absorption 
Capability of Nanocomposites A Review. Compos. Sci. Technol. 
Compos. Sci. technol. 69(14), 2392–2409 (2009). https://​doi.​org/​
10.​1016/j.​comps​citech.​2009.​06.​020

	109.	 J. Bailey-Serres, J.E. Parker, E.A. Ainsworth, G.E. Oldroyd, J.I. 
Schroeder, Genetic strategies for improving crop yields. Nat. 
575(7781), 109–118 (2019)

	110.	 S.J. Kim, E.M. Kim, M. Yamamoto, H. Park, H. Shin, Engineer-
ing multi-cellular spheroids for tissue engineering and regenera-
tive medicine. Adv. Healthcare Mater. 9(23), 2000608 (2020)

	111.	 B.S. Wong, S.L. Yoong, A. Jagusiak, T. Panczyk, H.K. Ho, W.H. 
Ang, G. Pastorin, Carbon nanotubes for delivery of small mol-
ecule drugs. Adv. Drug Deliv. Rev. 65(15), 1964–2015 (2013). 
https://​doi.​org/​10.​1016/j.​addr.​2013.​08.​005

	112.	 C. Sun, J.S. Lee, M. Zhang, Magnetic nanoparticles in MR imag-
ing and drug delivery. Adv. Drug Deliv. Rev. 60(11), 1252–1265 
(2008). https://​doi.​org/​10.​1016/j.​addr.​2008.​03.​018

	113.	 A.A. Bhirde, V. Patel, J. Gavard, G. Zhang, A.A. Sousa, A. 
Masedunskas, ..., & J.F. Rusling, Targeted killing of cancer cells 
in vivo and in vitro with EGF-directed carbon nanotube-based 
drug delivery. ACS Nano. 3(2), 307–316 (2009)

	114.	 K. El-Boubbou, Magnetic iron oxide nanoparticles as drug car-
riers: clinical relevance. Nanomed. 13(8), 953–971 (2018)

	115.	 X. Li, K. Cui, M. Xiu, C. Zhou, L. Li, J. Zhang, ..., & J. Yu, 
In situ growth of WO 3/BiVO 4 nanoflowers onto cellulose fib-
ers to construct photoelectrochemical/colorimetric lab-on-paper 
devices for the ultrasensitive detection of AFP. J. Mater. Chem. 
B. (2022). https://​doi.​org/​10.​1039/​D2TB0​0297C

	116.	 H.S. Kim, S.J. Lee, D.Y. Lee, Milk protein-shelled gold nanopar-
ticles with gastrointestinally active absorption for aurotherapy to 
brain tumor. Bioact. mater. 8, 35–48 (2022). https://​doi.​org/​10.​
1016/j.​bioac​tmat.​2021.​06.​026

	117.	 F. Zhang, Q. Kong, H. Chen, X. Zhao, B. Yang, S. Preis, Zero 
valent boron activated ozonation for ultra-fast degradation of 
organic pollutants: Atomic orbital matching, oxygen spillover 
and intra-electron transfer. Chem. Eng. J. 434, 134674 (2022). 
https://​doi.​org/​10.​1016/j.​cej.​2022.​134674

	118.	 F. Altaf, M.Z. Hashmi, U. Farooq, Z.U. Rehman, M.U. Hmeed, 
R. Batool, & S. Pongpiachan, Nanotechnology to treat the 
environmental micropollutants. In Environmental Micropollut-
ants (pp. 407–441). Elsevier. (2022). https://​doi.​org/​10.​1016/​
B978-0-​323-​90555-8.​00017-9

	119.	 M. Rohmah, A. Rahmadi, S. Raharjo, Bioaccessibility and anti-
oxidant activity of β-carotene loaded nanostructured lipid carrier 
(NLC) from binary mixtures of palm stearin and palm olein. 
Heliyon 8(2), e08913 (2022). https://​doi.​org/​10.​1016/j.​heliy​on.​
2022.​e08913

	120.	 S. Nimushakavi, S. Haque, R. Kotcherlakota, & C.R. Patra, Bio-
medical Applications of Carbon Nanotubes: Recent Development 
and Future Challenges. Nanoengineering Biomater. 353–388. 
(2022). https://​doi.​org/​10.​1002/​97835​27832​095.​ch29

	121.	 N. Amiryaghoubi, N.N. Pesyan, M. Fathi, Y. Omidi, The design 
of polycaprolactone-polyurethane/chitosan composite for bone 
tissue engineering. Colloids Surf.:Physicochem. Eng. Asp. 634, 
127895 (2022). https://​doi.​org/​10.​1016/j.​colsu​rfa.​2021.​127895

	122.	 R. Katekar, P. Singh, R. Garg, S. Verma, J.R. Gayen, Emerging 
nanotechnology based combination therapies of taxanes for mul-
tiple drug-resistant cancers. Pharm. Dev. Technol. 27(1), 95–107 
(2022). https://​doi.​org/​10.​1080/​10837​450.​2021.​20098​61

	123.	 S. Ghosh, B. Sun, D. Jahagirdar, D. Luo, J. Ortega, R.M. Straub-
inger, J.F. Lovell, Single-treatmenttumor ablation with photo-
dynamic liposomal irinotecan sucrosulfate. Transl. Oncol. 19, 
101390 (2022). https://​doi.​org/​10.​1016/j.​tranon.​2022.​101390

	124.	 Y. Fernández, J. Movellan, L. Foradada, V. Giménez, N. García‐
Aranda, S. Mancilla, ..., & M.J. Vicent, In Vivo Antitumor and 
Antimetastatic Efficacy of a Polyacetal‐Based Paclitaxel Conju-
gate for Prostate Cancer Therapy. Adv. Healthcare Mater. 11(7), 
2101544 (2022). https://​doi.​org/​10.​1002/​adhm.​20210​1544

	125.	 Y.S. Loo, N.I. Zahid, T. Madheswaran, & I.D.M. Azmi, Recent 
advances in the development of multifunctional lipid-based 

https://doi.org/10.1016/j.compositesb.2019.107338
https://doi.org/10.1016/j.compositesb.2019.107338
https://doi.org/10.1016/j.matchemphys.2012.07.034
https://doi.org/10.1016/j.matchemphys.2012.07.034
https://doi.org/10.1016/j.scitotenv.2014.06.105
https://doi.org/10.1016/j.scitotenv.2014.06.105
https://doi.org/10.3390/nano11071788
https://doi.org/10.3390/nano11071788
https://doi.org/10.1080/10408398.2014.989958
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.1155/2022/1050211
https://doi.org/10.1155/2022/1050211
https://doi.org/10.1155/2022/8731429
https://doi.org/10.1155/2022/8731429
https://doi.org/10.4028/p-b2484c
https://doi.org/10.1073/pnas.1416499112
https://doi.org/10.3390/su12145651
https://doi.org/10.3390/su12145651
https://doi.org/10.1016/j.foodpol.2006.03.014
https://doi.org/10.1016/j.foodpol.2006.03.014
https://doi.org/10.3390/pharmaceutics13071067
https://doi.org/10.2147/DDDT.S142337
https://doi.org/10.1016/j.compscitech.2009.06.020
https://doi.org/10.1016/j.compscitech.2009.06.020
https://doi.org/10.1016/j.addr.2013.08.005
https://doi.org/10.1016/j.addr.2008.03.018
https://doi.org/10.1039/D2TB00297C
https://doi.org/10.1016/j.bioactmat.2021.06.026
https://doi.org/10.1016/j.bioactmat.2021.06.026
https://doi.org/10.1016/j.cej.2022.134674
https://doi.org/10.1016/B978-0-323-90555-8.00017-9
https://doi.org/10.1016/B978-0-323-90555-8.00017-9
https://doi.org/10.1016/j.heliyon.2022.e08913
https://doi.org/10.1016/j.heliyon.2022.e08913
https://doi.org/10.1002/9783527832095.ch29
https://doi.org/10.1016/j.colsurfa.2021.127895
https://doi.org/10.1080/10837450.2021.2009861
https://doi.org/10.1016/j.tranon.2022.101390
https://doi.org/10.1002/adhm.202101544


452	 Emergent Materials (2023) 6:439–452

1 3

nanoparticles for Co-Delivery, combination treatment strategies, 
and theranostics in breast and lung cancer. J. Drug Deliv. Sci. 
Technol. 103300. (2022). https://​doi.​org/​10.​1016/j.​jddst.​2022.​
103300

	126.	 A. Steur, P.A. Raymakers-Janssen, M.C. Kneyber, S. Dijkstra, 
J.B. van Woensel, D.A. van Waardenburg, ..., & R.M.W.V. 
Asperen, Characteristics and Outcome of Children with Wilms 
TumorRequiring Intensive Care Admission in First Line Ther-
apy. Cancers. 14(4), 943 (2022). https://​doi.​org/​10.​3390/​cance​
rs140​40943

	127.	 L.H. Madkour, Nanoparticle-based Drug Delivery in Cancer 
Treatment. CRC Press (2022). https://​doi.​org/​10.​1201/​97810​
03229​674

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.jddst.2022.103300
https://doi.org/10.1016/j.jddst.2022.103300
https://doi.org/10.3390/cancers14040943
https://doi.org/10.3390/cancers14040943
https://doi.org/10.1201/9781003229674
https://doi.org/10.1201/9781003229674

	Emerging application of nanotechnology for mankind
	Abstract
	1 Introduction
	2 Nanoparticles
	3 Biosensors
	3.1 Carbon nanotubes (CNTs)
	3.2 Quantum dots (QDs)
	3.3 Gold nanoparticles
	3.4 Magnetic nanoparticles (MNPs)

	4 Nanocomposite biological remediations (NBRs)
	5 Nanostructured therapeutic treatment
	6 Conclusion and future perspective
	Anchor 13
	Acknowledgements 
	References


