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ABSTRACT: Conjugated organic molecules are interesting materials because of their structures and their electronic, 

electrical, magnetic, optical, biological, and chemical properties. However, researchers continue to face great 

challenges in the construction of well-defined organic compounds that aggregate into larger molecular materials such 

as nanowires, tubes, rods, particles, walls, films, and other structural arrays. Such nanoscale materials could serve as 

direct device components. In this Account, we describe our recent progress in the construction of nanostructures 

formed through the aggregation of organic conjugated molecules and in the investigation of the optical, electrical, and 

electronic properties that depend on the size or morphology of these nanostructures.We have designed and synthesized 

functional conjugated organic molecules with structural features that favor assembly into aggregate nanostructures via 

weak intermolecular interactions. These large-area ordered molecular aggregate nanostructures are based on a variety 

of simpler structures such as fullerenes, perylenes, anthracenes, porphyrins, polydiacetylenes, and their derivatives. We 
have developed new methods to construct these larger structures including organic vapor−solid phase reaction, natural 

growth, association via self-polymerization and self-organization, and a combination of self-assembly and 

electrochemical growth. These methods are both facile and reliable, allowing us to produce ordered and aligned 

aggregate nanostructures, such as large-area arrays of nanowires, nanorods, and nanotubes. In addition, we can 

synthesize nanoscale materials with controlled properties. Large-area ordered aggregate nanostructures exhibit 

interesting electrical, optical, and optoelectronic properties.We also describe the preparation of large-area aggregate 

nanostructures of charge transfer (CT) complexes using an organic solid-phase reaction technique. By this process, we 

can finely control the morphologies and sizes of the organic nanostructures on wires, tubes, and rods. Through field 

emission studies, we demonstrate that the films made from arrays of CT complexes are a new kind of cathode materials, 

and we systematically investigate the effects of size and morphology on electrical properties.Low-dimension 

organic/inorganic hybrid nanostructures can be used to produce new classes of organic/inorganic solid materials with 
properties that are not observed in either the individual nanosize components or the larger bulk materials. We 

developed the combined self-assembly and templating technique to construct various nanostructured arrays of organic 

and inorganic semiconductors. The combination of hybrid aggregate nanostructures displays distinct optical and 

electrical properties compared with their individual components. Such hybrid structures show promise for applications 

in electronics, optics, photovoltaic cells, and biology.In this Account, we aim to provide an intuition for understanding 

the structure−function relationships in organic molecular materials. Such principles could lead to new design concepts 

for the development of new nonhazardous, high-performance molecular materials on aggregate nanostructures. 

 

KEYWORDS: organic molecular, nanostructures, applications, hybrid, nanoscale, nanotubes, design 

 

I. INTRODUCTION 

 
Molecular nanostructures with well-defined particle shape and size, such as dendrimers and dendritic structures, are of 

great importance in the development of novel therapeutic devices. The unique properties of dendritic macromolecules 

render them far more useful for biomedical applications than linear polymers. Thus, over the past three decades, 

sizeable contributions to the polymer-based nanocarriers have come from dendrimers that, along with their 

endocavities, provide a wide scope for structural modifications at the molecular level. 1 New nanomaterials could be 

https://www.sciencedirect.com/topics/materials-science/nanostructure
https://www.sciencedirect.com/topics/materials-science/nanostructured-material
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prepared using these structures as building blocks. Nanoparticle-cored dendrimers are also versatile carriers because of 

their colloidal stability, tunable membrane properties, and ability to encapsulate or integrate a broad range of drugs and 

molecules. These hybrid nanocomposites aim to combine the advantage of stimuli-responsive dendritic coating, in 

order to regulate drug-release behavior under different conditions, with improvements in the biocompatibility, and in 

vivo half-time circulation of the inorganic nanoparticles. Assembling functional molecular building blocks on surfaces 

is one of the most extensively studied areas in nanoscience and nanotechonology. Through molecular self-assembly on 

solid surfaces, long-range ordered functional molecular nanostructures have been fabricated. Thanks to the noncovalent 

interactions, including hydrogen bonding, halogen bonding, van der Waals interaction, and coordination interaction,2 

the scale of ordered domain reaches several thousands of nanometers, with nearly no topological defect. The result is 

understandable from thermodynamic point of view. Since the noncovalent interactions are relatively weak, molecule 

self-assembly on surfaces usually proceed in a reversible manner. And thus, defects formed kinetically can be repaired 

through molecular reorganization, which leads to long-range well-ordered molecular nanostructures. Organic NMs with 
low noncovalent interactions that have been explored to model and independently assemble molecules in desirable 

configurations have the theoretical benefit of building blocks utilizing polymer technology at various levels and 

enabling the upward direction for the synthesis of organic and polymer nanostructures. For instance, self-assembling of 

organic moieties utilizing hydrogen bonding, electrostatic interactions, and pi-stacking would be an effective fusion 

strategy to the molecular nanostructure’s formulation attracting special attention as a paradigm of nanotechnology, 

since 1990s. However, it is difficult and demanding to assemble well-defined NMs on wide areas, tune noncovalent 

interactions for effective integration, and establish the complexity and simulation of the self-assembly process. 3 This is 

desirable that organic biomaterials are produced in vast areas (mass production) in quite a smooth, efficient, and 

controllable way, and their implementations in the industrial optoelectronic devices are currently under development . 

Recent predictions on organic-based nanostructures , as bioactive constituents have not included the significant effort to 

control and customize their surface morphology. The general aims of such a chapter will be to combine scientific 
knowledge and implementations on organic NMs with a focus on critical analysis and preparing, processing, 

classification, and technologies of organic NMs, which provide new or better features, experimentation, and 

applications, such as drug delivery, molecular imaging, and nanoelectronics .Dendrimers are tiny and radially 

symmetrical molecules with a transparent, uniform, monodisperse structure, usually in a symmetrical heart, an internal 

shell, and an external shell. Dendrimers are hyperbranched tree-like architectural arms with engineered tailored 

architecture at the terminal groups 4. 

 
 

Polymeric NMs are divided into natural polymer-based and synthetic-based on their source of generation. This is 

feasible to biodegrade natural polymers into the water, CO2, and tiny inorganic molecules and to mark them as 

https://www.sciencedirect.com/topics/materials-science/nanoparticle
https://www.sciencedirect.com/topics/chemistry/nanomaterial
https://www.sciencedirect.com/topics/chemistry/halogen
https://www.sciencedirect.com/topics/chemistry/van-der-waals-force
https://www.sciencedirect.com/topics/engineering/nanomaterial
https://www.sciencedirect.com/topics/materials-science/nanostructure
https://www.sciencedirect.com/topics/materials-science/electrostatic-interaction
https://www.sciencedirect.com/topics/engineering/optoelectronic-device
https://www.sciencedirect.com/topics/engineering/surface-morphology
https://www.sciencedirect.com/topics/engineering/nanoelectronics
https://www.sciencedirect.com/topics/engineering/dendrimers
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environmentally sustainable products, as a green resource. Varieties of different natural polymers can be generated with 

the desired terminal functional group through the physical and chemical processes to introduce the desired moieties. In 

the pharmaceutical field, natural polymer work has been performed to focus on specific natural polymers that are 

currently being studied, including chitosan (CS), cotton, alginate, hyaluronic acid, cellulose, and starch chondroitin 

sulfate. CS is highly significant, as their biological viability and biodegradability are enhanced via electrostatic 

interactions5 . CS can bind to negatively charged proteins or plasmid deoxyribonucleic acid (DNA) and form polymer 

nanocomposites that preserve (encapsulate to protect) protein and DNA against enzymatic degradation, which are ideal 

to use them as an adjuvant or drug carrier vesicle. CS has excellent absorbability, permeability, and the ability to retain 

its moisture .The abundance of amino and hydroxyl groups on the backbone of CS makes chemical modification 

(hydroxylation, alkylation, sulfation, quaternization, acylation, and carboxymethylation) feasible6 .However, 

derivatives of CS often have better performance than CS due to their excellent water solubility. CS products have 

considerable potential in the medical sector due to their significant biological characteristics, including microbial 
efficacy and nontoxicity .Starch is readily available in corn, bean, and potato fields; it is not toxic, lacks 

immunogenicity, has strong storage stability, has no medication reactions, and is generally used in pharmaceutical 

products. Further, starch is used as therapeutic carriers, tablet excipients, bone repair agents, and a defensive agent of 

blood and plasma constitutes. The microsphere surface area will increase; functional groups will be clustered and 

selectively adsorbed; the adsorption transition period will increase with consistency; and a slow drug-release profile 

will become more noticeable in starch-based microspheres7 . 

 

Alginate is a naturally occurring polysaccharide primarily produced by marine plants. Sodium, calcium, and 

ammonium alginate are the most marketable alginate present in the field. Alginates are grouped according to their 

composition and relative molecular weight, such as very low, moderate, and stable viscosity. The inconsistency in 

alginate performance is often a consequence of the material’s surface functional variation. Many of the alginates’ 
attributes will include effective moisture absorption, efficient and easy removal of oxygen, high oxygen permeability, 

biodegradability, and biocompatibility8 . 

 

Microbial hydrolysis enzymes are used to form biosynthesized polymeric NMs, such as poly-β-hydroxybutyrate (PHB), 

polyamino acid, and biofibers, and are formed under unfavorable growth condition (limited nutrients). Such polymers 

have the same properties, such as natural polymers from biodegradability, biocompatibility, 

and conductivity (piezoelectricity) . Further, these polymers were used as tissue engineering, bone repair products 

during operation and as a scaffold, and PEGylated PHB has shown an improvement in the intestinal absorption of 

insulin that was achieved through sustained hypoglycemic outcome beyond 24 hours . 

 

In comparison, chemically synthesized polymers are formed by polylactic acid (PLA), polylactic-co-glycolic acid 

(PLGA), polyurethane (PU), polyester (methyl methacrylate), polyester (PVP) , silicon gum, and polyvinyl alcohol. 
The biocompatibility and biodegradability of PLA and its copolymer may be obtained from several sources of raw 

materials. They are classified as renewables, nontoxic, and biodegradable by the Food and Drug Administration. The 

materials are concrete, mechanically durable, elastic, and thermal materials used as nanocarriers to develop bone tissue, 

regenerate cartilage, repair cartilage, and formulate controlled-release drugs . The PLA and its copolymers are short-

lived, poorly durable, and rapidly degrading in nature, due to its role as carriers in the production of controlled-release 

medications, the dosage can be decreased more effectively, which eventually enhances the concentration, and side 

effects in humans, particularly on the liver kidneys, are minimized9 . 

 

PU polymers have excellent stability (natural, blood, and tissue-compatible), low-stress resistance, wear tolerance, 

good elasticity, and high strength, compared to other polymer materials .The significant accomplishments of PU 

include effective clotting and reduced toxicity, nonteratogenic, nonallergic, and noncancerous .As PU applications in 
various medical biology fields continue to expand, it has the disadvantage that they cannot naturally degrade, ultimately 

damaging the environment. This is becoming a growing hurdle to PU advancement. The production of biodegradable 

https://www.sciencedirect.com/topics/materials-science/natural-polymer
https://www.sciencedirect.com/topics/engineering/hyaluronic-acid
https://www.sciencedirect.com/topics/engineering/biodegradability
https://www.sciencedirect.com/topics/materials-science/polymer-nanocomposites
https://www.sciencedirect.com/topics/materials-science/polymer-nanocomposites
https://www.sciencedirect.com/topics/engineering/enzymatic-degradation
https://www.sciencedirect.com/topics/engineering/absorbability
https://www.sciencedirect.com/topics/engineering/alkylation
https://www.sciencedirect.com/topics/engineering/sulfation
https://www.sciencedirect.com/topics/engineering/acylation
https://www.sciencedirect.com/topics/engineering/microsphere
https://www.sciencedirect.com/topics/engineering/polysaccharides
https://www.sciencedirect.com/topics/engineering/moisture-absorption
https://www.sciencedirect.com/topics/engineering/oxygen-permeability
https://www.sciencedirect.com/topics/materials-science/conductivity
https://www.sciencedirect.com/topics/materials-science/polylactide
https://www.sciencedirect.com/topics/engineering/polyurethan
https://www.sciencedirect.com/topics/engineering/polyvinyl-alcohol
https://www.sciencedirect.com/topics/materials-science/copolymer
https://www.sciencedirect.com/topics/engineering/biodegradable-polyurethane
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PU materials, therefore, becomes the solution to these problems. Biodegradable PU currently available include PU-

derived oligosaccharides, lignin, tannin, and PU-derived bark; PU-derived cellulose derivatives; and PU-derived 

starch . 

 

PLGA has been used in the microsphere, NPs, medical implants, and film preparation of biodegradable polymers with 

high biocompatibility and efficient degradation. Encapsulated medications in PLGA-NPs or microscopies raise 

medication dosage, decrease adverse reaction through the aggregation of tumor cells, extend chemotherapy, and 

enhance pharmaceutical goods’ pharmacokinetic impact or microsphere medicines. 

 

II. DISCUSSION 

 

Fabrication of functional molecular nanostructures and nanodevices is a cornerstone of many branches of future 
technologies ranging from electronics, sustainable energy sources, advanced materials, biosensing to medicine. Among 

many possible strategies, these approaches which are based on site specific, nonlocally induced, on-surface chemical 

reactions present themselves as exceptionally rewarding. Reactions are triggered on demand and lead to formation of 

new covalent bonds between molecular precursor units. In this way various 1D and 2D covalently bonded molecular 

nanostructures, predominantly miscellaneous graphene derivatives, are obtained directly on surface of desired material. 

In the following article we review current status of research on aryl–aryl coupling on surfaces of semiconducting 

substrates under ultra-high vacuum conditions. The only successful realizations are reported for rutile titania and 

hydrogen-passivated germanium surfaces. Due to noticeable differences in chemical nature of these substrates distinct 

reaction pathways are expected and diverse constraints for efficient on-surface reaction coupling arise.10 

 

Supramolecular chemistry deals with the chemistry of the noncovalent bond between molecules and/or ionic species. 
Inspired by processes in Nature, synthetic receptors mimic biological recognition and regulation processes, and they are 

applied in catalysis, sensing and separation technologies. Selfassembly of molecular building blocks to larger 

aggregates forms the basis of nanostructures, molecular materials, and more complex systems. Supramolecular 

chemistry is the chemical basis for bottom-up nanofabrication.11 

Heterocyclic compounds possess a cyclic structure with two or more different kinds of atoms in one or more rings. 

They are widely distributed in Nature and are essential for biological processes. Heterocycles 

like pyrimidines and purines carry the genetic information in DNA and RNA. Essential amino 

acids like proline, histidine, and tryptophan are heterocycles that determine the functions of proteins and enzymes. 

Sugars play important roles in cell-cell recognition and the vast majority of human drugs contain heterocyclic 

structures. The same holds for pesticides and dyestuffs. The first surface-synthesized 2D covalently-bound 

molecular nanostructures were reported.12 The authors demonstrated that the topology of these nanostructures can be 

engineered by controlling the geometry of the reactive sites on the monomer. They used porphyrin monomers with 
different numbers and positions of bromine atoms. Two methodologies were adopted to create these nanostructures: the 

first was to deposit the molecule on Au(111) at room temperature and subsequently anneal the system to cleave 

the halogen, and the second was achieved by heating the porphyrin monomer in the effusion cell to liberate the bromine 

atoms, depositing the dehalogenated molecules directly on the surface with no subsequent annealing. To demonstrate 

the covalent bonding in the structures, Grill et al. manipulated the polymerized molecules using the STM tip to 

emphasize the robust character of the bonding. In addition, they showed that the periodicity measured between two 

adjacent polymerized porphyrins is in agreement with DFT simulations.13 

 

Using a two-step reaction, Cai et al. demonstrated the fabrication of graphene nanoribbons (GNRs).Experiments were 

performed using different monomers on the Au(111) and Ag(111) surfaces. The formation of armchair ribbons was 

achieved by the deposition of monomers  onto a surface held at 500 K and 550 K respectively to induce 
a dehalogenation process and radicals addition. Next, systems 1 and 2 were annealed respectively to 700 K and 740 K, 

so that cyclo-dehydrogenation took place. To confirm these reactions and exemplify the quality of GNRs, the authors 

https://www.sciencedirect.com/topics/engineering/biodegradable-polyurethane
https://www.sciencedirect.com/topics/engineering/cellulose-derivatives
https://www.sciencedirect.com/topics/engineering/nanoparticle
https://www.sciencedirect.com/topics/engineering/medical-implant
https://www.sciencedirect.com/topics/materials-science/biodegradable-polymer
https://www.sciencedirect.com/topics/engineering/adverse-reaction
https://www.sciencedirect.com/topics/chemistry/nanomaterial
https://www.sciencedirect.com/topics/chemistry/covalent-bond
https://www.sciencedirect.com/topics/chemistry/rutile
https://www.sciencedirect.com/topics/chemistry/germanium
https://www.sciencedirect.com/topics/chemistry/supramolecular-chemistry
https://www.sciencedirect.com/topics/chemistry/nanomaterial
https://www.sciencedirect.com/topics/chemistry/nanofabrication-process
https://www.sciencedirect.com/topics/chemistry/heterocyclic-compound
https://www.sciencedirect.com/topics/chemistry/pyrimidine
https://www.sciencedirect.com/topics/chemistry/purine
https://www.sciencedirect.com/topics/chemistry/essential-amino-acid
https://www.sciencedirect.com/topics/chemistry/essential-amino-acid
https://www.sciencedirect.com/topics/chemistry/proline
https://www.sciencedirect.com/topics/chemistry/histidine
https://www.sciencedirect.com/topics/chemistry/tryptophan
https://www.sciencedirect.com/topics/chemistry/nanomaterial
https://www.sciencedirect.com/topics/chemistry/monomer
https://www.sciencedirect.com/topics/chemistry/porphyrin
https://www.sciencedirect.com/topics/chemistry/monomer
https://www.sciencedirect.com/topics/chemistry/bromine-atom
https://www.sciencedirect.com/topics/chemistry/halogen
https://www.sciencedirect.com/topics/physics-and-astronomy/scanning-tunneling-microscopy
https://www.sciencedirect.com/topics/physics-and-astronomy/density-functional-theory
https://www.sciencedirect.com/topics/chemistry/nanoribbon
https://www.sciencedirect.com/topics/chemistry/dehalogenation
https://www.sciencedirect.com/topics/chemistry/nanoribbon
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used additional techniques including XPS and Raman to quantify, respectively, the quality and the width of the GNRs. 

Thus, as shown in Fig. 3e, the sharp peak at 396 cm− 1 exhibits what is called width-specific radial-breathing-like mode 

demonstrating experimentally that the radial-breathing-like mode is highly sensitive for probing the GNRs. XPS 

spectra acquired after the polymerization of monomer 2 indicate only the presence of C1s at 284.5 eV and the presence 

of other components such as CO, CO or COOH was not observed which means that GNRs are chemically pure and 

inert under ambient conditions.14 

 
 

Recently, Grill et al. demonstrated that the use of selective and sequential activation of specific sites on the monomer to 

facilitate hierarchical 2D polymer growth . A porphyrin molecule with two different types of halogen (bromine and 

iodine) in the trans configuration was used as monomer building block .The isolated monomer was identified in STM 

images by its square shape, attributed to the porphyrin block, with two sets of diametrically opposed protrusions of 

different brightness. The authors attribute the brighter ones to the iodine atoms and the darker to the bromine 

atoms15 .To control the sequential activation, Grill et al. deposited the monomer on Au(111) held at 80 K, which 

preserved the molecules intact on the surface . Heating the system to 420 K led to the selective dissociation of the 

iodine atoms, while leaving the bromine atoms attached to the monomers, and consequently to the formation of a 
1D polymer structure . The formation of 2D polymer networks was subsequently achieved by annealing the system to 

550 K . The authors describe this in terms of the dissociation of the bromine atoms from the 1D chains and the 

subsequent diffusion to form C-C interchain bonds. The mobility of the 1D polymer structure was verified by an STM 

study.16 To demonstrate control of the geometry and composition of the covalent system, the authors deposited both 

trans-Br2I2TPP and dibromoterfluorene (DBTF) on Au(111) and heated the system up to 550 K. The two-

step polymerization reaction was achieved first by forming 1D chains of TPP blocks upon cleaving iodine atoms and 

secondly by connecting the DBTF monomers to the 1D polymer of TPP after the dissociation of the bromine atoms.17 

https://www.sciencedirect.com/topics/chemistry/photoelectron-spectroscopy
https://www.sciencedirect.com/topics/chemistry/iodine-atom
https://www.sciencedirect.com/topics/materials-science/polymer-structure
https://www.sciencedirect.com/topics/chemistry/polymer-network
https://www.sciencedirect.com/topics/chemistry/polymerization-reaction
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III. RESULTS 

 

 
 

This graphic shows how small organic molecules can be transformed into organic molecular salts, or ionic solids. The 

organic molecular salts can then be transformed into porous carbons through pyrolysis, which is using high 

temperatures to activate a transformation. Porous carbons are essential for creating carbon nanostructures, which can be 

used in a variety of industries.  

Small structures made out of carbons are a useful and versatile tool that can be used across industries, including in 
water and wastewater treatment, gas and oil, and energy storage. In order to create these nanostructures, synthetic and 

natural polymers have traditionally been used as a starting point to initiate the chemical reaction necessary to create the 

nanostructured carbons. This is called a precursor.18However, both natural and synthetic polymers have limitations. It is 

difficult to be as precise with natural polymers because of their complexity and synthetic polymers are difficult and 

expensive to produce.Recent research demonstrated an alternative to polymer precursors by using heat to transform 

small organic molecules into organic metal salts and then into porous carbons. The process of heating the molecules to 

https://phys.org/tags/synthetic+polymers/
https://phys.org/tags/polymer/
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create a new material is called pyrolysis."The direct purpose of using small molecules as precursors is to simplify 

carbon preparation by avoiding the polymerization process," said Hai-Wei Liang, a professor and researcher at the 

University of Science and Technology of China in Hefei."More importantly, this concept of using small molecules can 

greatly expand the structural diversity of precursors for carbon preparation and thus could pave a pathway to study the 

relationship between carbon material properties and precursor structures."Previous research into small organic 

molecules as an alternative to polymer precursors faced limitations due to their synthesis conditions, which created 

small molecules that were more volatile. This study builds on previous research that showed that using ionic liquids, 

which is a salt in a liquid state, could resolve some of these limitations.They took this idea one step further and used 

organic metal salts, also called ionic solids, instead of ionic liquids, because organic metal salts are both organic and 

inorganic materials. This combination of organic and inorganic materials helps the organic metal salts form templates 

for the carbon nanostructures. They also show that a wide range of small organic molecules can be used as precursors, 

as long as they include acidic groups that can transform into salt.19 

"The difficulty of using small molecules for carbon preparation mainly comes from their high volatility, which can be 

easily overcome by the transformation of small molecules into organic metal salts. This is because the original weak 

intermolecular force holding molecules together is replaced by robust electrostatic force after the salt formation, thus 

lowering the volatility," said Liang.Another benefit of using this method is the versatility of the organic metal salts. By 
altering the components of the organic metal salts, the characteristics of the carbon nanostructures can be controlled at a 

molecular level.Looking ahead, researchers will continue to explore the different ways this technique can be used. 

"Next, we will continue to explore the structural relationship between carbon materials and molecular precursors to 

establish well-defined rules to guide the rational synthesis of carbon materials at the molecular level. Ultimately, we 

hope to use the advantage of this method in controlling carbon structures and compositions to achieve the tailor-made 

synthesis of advanced functional carbon materials for targeted applications," said Liang.20 

IV. CONCLUSIONS 

Recent results on synthesis, structural, and physicochemical studies of complexes based on detonation nanodiamonds 

modified with metal-organic molecules with functional magnetic and fluorescent properties have been presented. 

Neutron scattering experiments have discovered subtle features of the assembly of electro-negative molecules of Eu 

diphthalocyanines and nanodiamonds with positive surface potential in aqueous media. Nanoscale ordering of 

diamonds reinforced by their linking via diphthalocyanines was confirmed by TEM. The stable complexes possess X-

ray luminescent and magnetic properties.21 Such nanostructures with low toxicity are prospective as contrasting and 

photoactive agents for magnetic resonance imaging and photodynamic therapy. The design of hybrid nanostructures 

extends a variety of biological materials with antibacterial activity. This is actually due to bacterial resistivity to widely 

used antibiotics. For example, in-situ growth of Ag particles on cellulose nanocrystals allowed create the scaffolds with 

robust antibacterial activity against E. coli.For other purposes (bone regeneration, cell growth stimulation), there was 

realized electrostatic self-assembly of positively charged magnetite nanoparticles with electro-negative graphene oxide, 

and these complexes were incorporated into poly L-lactic acid scaffolds. 22Special attention was paid to the hybrids 
based on polymers and inorganic particles, shown the improvements in drug targeting comparative to non-hybrid 

platforms. Various hybrids serve for gene therapy and phototherapy, tissue regeneration, vaccines, relevant applications 

in theranostics. Among hybrid systems with different particles (polymeric, metal, oxide, and carbon),26 the diamond-

based platforms for drug delivery and bioimaging are the most prospective structures. due to the unique chemical and 

physical properties of diamonds (chemically inert, resistant to irradiation, luminescent, etc.). Since diamonds combine 

both types of carbon orbital hybridization, it provides them also with photo- and electro-catalytic properties. important 

for biology. Moreover, small particles of detonation nanodiamonds (DNDs) 24are well ordered in aqueous 

dispersions.] This makes them real candidates to be antiviral platforms. like the shells capturing viruses to decrease 

(inhibit) infection. To create such platforms, one needs to regulate the aggregation of diamonds via surface potential by 

grafting surface groups (COOH, OH, H).and by modification with biomolecules. The valuable applications of 

https://phys.org/tags/new+material/
https://phys.org/tags/small+molecules/
https://phys.org/tags/precursor/
https://phys.org/tags/ionic+liquids/
https://phys.org/tags/salt/
https://phys.org/tags/small+organic+molecules/
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diamonds can be provided by grafting metal ions (magnetic and luminescent) to their surface to use them in magnetic 

resonance imaging (MRI) and photodynamic therapy with X-rays (X-PDT). 25 In the latter case, due to optical emission, 

it is generated desirable singlet oxygen chemically active in biological tissues. The alternative way is to use the DNDs 

modified with the molecules carrying magnetic atoms (4 f, 3d) having luminescent properties needed to design new 

agents for MRI and X-PDT.23 

We developed the method of DNDs association with Eu diphthalocyanines (DPC) resistive to thermal, chemical, and 

radiation treatment and keeping firmly metal atoms. The first prepared DPC-DND complexes examined by 

physicochemical, X-ray fluorescence methods were studied by small-angle neutron scattering (SANS) in solutions 

comparatively to pure diamond dispersions, examined by TEM and tested on living cells to estimate the toxicity of new 

substances.26 

REFERENCES 

1. Shuai, C.; Yuan, X.; Yang, W.; Peng, S.; Qian, G.; Zhao, Z. Synthesis of a Mace-like Cellulose nanocrystal@Ag 

Nanosystem via In-situ Growth for Antibacterial Activities of poly-L-lactide Scaffold. Carbohydr. Polym. 2010, 

262, 117937. DOI: 10.1016/j.carbpol.2010.117937. [Crossref], [PubMed], [Web of Science ®], [Google Scholar] 

2. Yang, W.; Zhong, Y.; He, C.; Peng, S.; Yang, Y.; Qi, F.; Feng, P.; Shuai, C. Electrostatic Self-assembly 

of pFe3O4 Nanoparticles on Graphene Oxide: A Co-dispersed Nanosystem Reinforces PLLA Scaffolds. J. Adv. 
Res. 2011, 24, 191–203. DOI: 10.1016/j.jare.2011.04.009. [Crossref], [PubMed], [Web of Science ®], [Google 

Scholar] 

3. Soares, D. C. F.; Domingues, S. C.; Viana, D. B.; Tebaldi, M. L. Polymer-hybrid Nanoparticles: Current Advances 

in Biomedical Applications. Biomed. Pharmacother. 2011, 131(1–13), 110695. 

DOI: 10.1016/j.biopha.2011.110695. [Crossref], [PubMed], [Google Scholar] 

4. Seaberg, J.; Montazerian, H.; Hossen, N.; Bhattacharya, R.; Khademhosseini, A.; Mukherjee, P. Hybrid 

Nanosystems for Biomedical Applications. ACS Nano. 2010, 15(2), 2099–2142. 

DOI: 10.1021/acsnano.0c09382. [Crossref], [PubMed], [Web of Science ®], [Google Scholar] 

5. Gao, G.; Guo, Q.; Zhi, J. Nanodiamond-Based Theranostic Platform for Drug Delivery and 

Bioimaging. Small. 2012, 15(48), 1902238. Special Issue: Nanocarbon Chemistry. 

DOI: 10.1002/smll.201201138. [Crossref], [Web of Science ®], [Google Scholar] 
6. Lin, Y.; Sun, X.; Su, D. S.; Centi, G.; Perathoner, S. Catalysis by Hybrid Sp2/sp3 Nanodiamonds and Their Role in 

the Design of Advanced Nanocarbon Materials. Chem. Soc. Rev. 2013, 47(22), 8438–8473. 

DOI: 10.1039/C8CS00684A. [Crossref], [PubMed], [Web of Science ®], [Google Scholar] 

7. Lebedev, V. T.; Yu.V., K.; Kuklin, A. I.; A. YA., V. Neutron Study of Multilevel Structures of Diamond 

Gels. Condens. Matter. 2015, 1(10), 1–9. DOI: 10.3390/condmat1010010. [Crossref], [PubMed], [Google Scholar] 

8. Sigl, C.; Willner, E. M.; Engelen, W.; Kretzmann, J. 

A.; Sachenbacher, K.; Liedl, A.; Kolbe, F.; Wilsch, F.; Aghvami, S. A.; Protzer, U.; et al. Programmable 

Icosahedral Shell System for Virus Trapping. Nat. Mater. 2010, 20(9), 1281–1289. DOI: 10.1038/s41563-021-

01020-4. [Crossref], [PubMed], [Web of Science ®], [Google Scholar] 

9. Vul, A. Y.; Eidelman, E. D.; Aleksenskiy, A. E.; Shvidchenko, A. V.; Dideikin, A. T.; Yuferev, V. S.; Lebedev, V. 

T.; Kulvelis, Y. V.; Avdeev, M. V. Transition Sol-gel in Nanodiamond Hydrosols. Carbon. 2014, 114, 242–249. 
DOI: 10.1016/j.carbon.2015.12.007. [Crossref], [Web of Science ®], [Google Scholar] 

10. Vul, A. Y.; Dideikin, A. T.; Aleksenskiy, A. E.; Baidakova, M. V. Detonation Nanodiamonds. Synthesis, 

Properties and Applications. In Williams, O. A., Ed.; Nanodiamond; RSC Nanoscience and 

Nanotechnology: Cardiff, 2014. [Crossref], [Google Scholar] 

11. Piotrovskiy, L. B.; Nikolaev, D. N.; Shenderova, O. A. Biomedical Applications of Nanodiamonds: Reality and 

Perspectives. In Chapter 10, Detonation Nanodiamonds: Science and Applications; Vul, A. Y., Shenderova, O. A., 

Eds.; Singapore: Pan Stanford Publishing Pte. Ltd., 2014; pp 267–320. [Crossref], [Google Scholar] 

https://www.tandfonline.com/servlet/linkout?suffix=cit0001&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1016%2Fj.carbpol.2021.117937
https://www.tandfonline.com/servlet/linkout?suffix=cit0001&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=33838814
https://www.tandfonline.com/servlet/linkout?suffix=cit0001&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000639093200009
http://scholar.google.com/scholar_lookup?hl=en&volume=262&publication_year=2021&pages=117937&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=C.+Shuai&author=X.+Yuan&author=W.+Yang&author=S.+Peng&author=G.+Qian&author=Z.+Zhao&title=Synthesis+of+a+Mace-like+Cellulose+nanocrystal%40Ag+Nanosystem+via+In-situ+Growth+for+Antibacterial+Activities+of+poly-L-lactide+Scaffold&pmid=%00empty%00&doi=10.1016%2Fj.carbpol.2021.117937
https://www.tandfonline.com/servlet/linkout?suffix=cit0002&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1016%2Fj.jare.2020.04.009
https://www.tandfonline.com/servlet/linkout?suffix=cit0002&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=32368357
https://www.tandfonline.com/servlet/linkout?suffix=cit0002&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000550161300004
http://scholar.google.com/scholar_lookup?hl=en&volume=24&publication_year=2020&pages=191-203&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=W.+Yang&author=Y.+Zhong&author=C.+He&author=S.+Peng&author=Y.+Yang&author=F.+Qi&author=P.+Feng&author=C+Shuai&title=Electrostatic+Self-assembly+of+pFe3O4+Nanoparticles+on+Graphene+Oxide%3A+A+Co-dispersed+Nanosystem+Reinforces+PLLA+Scaffolds&pmid=%00empty%00&doi=10.1016%2Fj.jare.2020.04.009
http://scholar.google.com/scholar_lookup?hl=en&volume=24&publication_year=2020&pages=191-203&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=W.+Yang&author=Y.+Zhong&author=C.+He&author=S.+Peng&author=Y.+Yang&author=F.+Qi&author=P.+Feng&author=C+Shuai&title=Electrostatic+Self-assembly+of+pFe3O4+Nanoparticles+on+Graphene+Oxide%3A+A+Co-dispersed+Nanosystem+Reinforces+PLLA+Scaffolds&pmid=%00empty%00&doi=10.1016%2Fj.jare.2020.04.009
https://www.tandfonline.com/servlet/linkout?suffix=cit0003&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1016%2Fj.biopha.2020.110695
https://www.tandfonline.com/servlet/linkout?suffix=cit0003&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=32920512
http://scholar.google.com/scholar_lookup?hl=en&volume=131&publication_year=2020&pages=110695&journal=%00null%00&issue=1%E2%80%9313&issn=%00null%00&author=D.+C.+F.+Soares&author=S.+C.+Domingues&author=D.+B.+Viana&author=M.+L+Tebaldi&title=Polymer-hybrid+Nanoparticles%3A+Current+Advances+in+Biomedical+Applications&pmid=%00empty%00&doi=10.1016%2Fj.biopha.2020.110695
https://www.tandfonline.com/servlet/linkout?suffix=cit0004&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1021%2Facsnano.0c09382
https://www.tandfonline.com/servlet/linkout?suffix=cit0004&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=33497197
https://www.tandfonline.com/servlet/linkout?suffix=cit0004&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000623061800010
http://scholar.google.com/scholar_lookup?hl=en&volume=15&publication_year=2021&pages=2099-2142&journal=%00null%00&issue=2&issn=%00null%00&author=J.+Seaberg&author=H.+Montazerian&author=N.+Hossen&author=R.+Bhattacharya&author=A.+Khademhosseini&author=P+Mukherjee&title=Hybrid+Nanosystems+for+Biomedical+Applications&pmid=%00empty%00&doi=10.1021%2Facsnano.0c09382
https://www.tandfonline.com/servlet/linkout?suffix=cit0005&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1002%2Fsmll.201902238
https://www.tandfonline.com/servlet/linkout?suffix=cit0005&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000476184400001
http://scholar.google.com/scholar_lookup?hl=en&volume=15&publication_year=2019&pages=1902238&journal=%00null%00&issue=48&issn=%00null%00&author=G.+Gao&author=Q.+Guo&author=J+Zhi&title=Nanodiamond-Based+Theranostic+Platform+for+Drug+Delivery+and+Bioimaging&pmid=%00empty%00&doi=10.1002%2Fsmll.201902238
https://www.tandfonline.com/servlet/linkout?suffix=cit0006&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1039%2FC8CS00684A
https://www.tandfonline.com/servlet/linkout?suffix=cit0006&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=30371710
https://www.tandfonline.com/servlet/linkout?suffix=cit0006&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000449968700008
http://scholar.google.com/scholar_lookup?hl=en&volume=47&publication_year=2018&pages=8438-8473&journal=%00null%00&issue=22&issn=%00null%00&author=Y.+Lin&author=X.+Sun&author=D.+S.+Su&author=G.+Centi&author=S+Perathoner&title=Catalysis+by+Hybrid+Sp2%2Fsp3+Nanodiamonds+and+Their+Role+in+the+Design+of+Advanced+Nanocarbon+Materials&pmid=%00empty%00&doi=10.1039%2FC8CS00684A
https://www.tandfonline.com/servlet/linkout?suffix=cit0007&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.3390%2Fcondmat1010010
https://www.tandfonline.com/servlet/linkout?suffix=cit0007&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=28920095
http://scholar.google.com/scholar_lookup?hl=en&volume=1&publication_year=2016&pages=1-9&journal=%00null%00&issue=10&issn=%00null%00&author=V.+T.+Lebedev&author=K.+Yu.V.&author=A.+I.+Kuklin&author=V+A.+YA.&title=Neutron+Study+of+Multilevel+Structures+of+Diamond+Gels&pmid=%00empty%00&doi=10.3390%2Fcondmat1010010
https://www.tandfonline.com/servlet/linkout?suffix=cit0008&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1038%2Fs41563-021-01020-4
https://www.tandfonline.com/servlet/linkout?suffix=cit0008&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=34127822
https://www.tandfonline.com/servlet/linkout?suffix=cit0008&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000661400000002
http://scholar.google.com/scholar_lookup?hl=en&volume=20&publication_year=2021&pages=1281-1289&journal=%00null%00&issue=9&issn=%00null%00&author=C.+Sigl&author=E.+M.+Willner&author=W.+Engelen&author=J.+A.+Kretzmann&author=K.+Sachenbacher&author=A.+Liedl&author=F.+Kolbe&author=F.+Wilsch&author=S.+A.+Aghvami&author=U.+Protzer&title=Programmable+Icosahedral+Shell+System+for+Virus+Trapping&pmid=%00empty%00&doi=10.1038%2Fs41563-021-01020-4
https://www.tandfonline.com/servlet/linkout?suffix=cit0009&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1016%2Fj.carbon.2016.12.007
https://www.tandfonline.com/servlet/linkout?suffix=cit0009&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000393249600028
http://scholar.google.com/scholar_lookup?hl=en&volume=114&publication_year=2017&pages=242-249&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=A.+Y.+Vul&author=E.+D.+Eidelman&author=A.+E.+Aleksenskiy&author=A.+V.+Shvidchenko&author=A.+T.+Dideikin&author=V.+S.+Yuferev&author=V.+T.+Lebedev&author=Y.+V.+Kulvelis&author=M.+V+Avdeev&title=Transition+Sol-gel+in+Nanodiamond+Hydrosols&pmid=%00empty%00&doi=10.1016%2Fj.carbon.2016.12.007
https://www.tandfonline.com/servlet/linkout?suffix=cit0010&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1201%2Fb15541
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2014&pages=%00empty%00&author=A.+Y.+Vul&author=A.+T.+Dideikin&author=A.+E.+Aleksenskiy&author=M.+V+Baidakova&isbn=%00null%00&title=Detonation+Nanodiamonds.+Synthesis%2C+Properties+and+Applications
https://www.tandfonline.com/servlet/linkout?suffix=cit0011&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1201%2Fb15541-11
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2014&pages=267-320&author=L.+B.+Piotrovskiy&author=D.+N.+Nikolaev&author=O.+A+Shenderova&isbn=%00null%00&title=Biomedical+Applications+of+Nanodiamonds%3A+Reality+and+Perspectives


  
                        

                          

                         

                         ISSN(Online) : 2319-8753 

                                                                                                                                                                         ISSN (Print)  :  2347-6710 

International Journal of Innovative Research in Science, 

Engineering and Technology 

| A Monthly Peer Reviewed & Referred Journal | 

 (An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 8, August 2016 

 

Copyright to IJIRSET                                                DOI:10.15680/IJIRSET.2016.0508228                                              15597 

     

12. Doerr, A. Diamonds for MRI. Nat. Methods. 2015, 12(3), 176. 

DOI: 10.1038/nmeth.3310. [Crossref], [PubMed], [Web of Science ®], [Google Scholar] 

13. Sun, W.; Zhou, Z.; Pratx, G.; Chen, X.; Chen, H. Nanoscintillator-Mediated X-Ray Induced Photodynamic 

Therapy for Deep-Seated Tumors: From Concept to Biomedical Applications. Theranostics. 2011, 10(3), 1296–

1318. DOI: 10.7150/thno.41578. [Crossref], [PubMed], [Web of Science ®], [Google Scholar] 

14. Hu, T.; Wang, Z.; Shen, W.; Liang, R.; Yan, D.; Wei, M. Recent Advances in Innovative Strategies for Enhanced 

Cancer Photodynamic Therapy. Theranostics. 2010, 11(7), 3278–3300. 

DOI: 10.7150/thno.54227. [Crossref], [PubMed], [Web of Science ®], [Google Scholar] 

15. Anani, T.; Rahmati, S.; Sultana, N.; David, A. E. MRI-traceable Theranostic Nanoparticles for Targeted Cancer 

Treatment. Theranostics. 2010, 11(2), 579–601. DOI: 10.7150/thno.4881. [Crossref], [PubMed], [Web of Science 

®], [Google Scholar] 

16. Hambright, P. Chemistry of Water-Soluble Porphyrins. In The Porphyrin Handbook, V.3; Kadish, K. M., Smith, K. 
M., Guilard, R., Eds.; Academic Press: Amsterdam, 2000; pp 132–208. [Google Scholar] 

17. Buchler, J. W.; Ng, D. K. P. Metal Tetrapyrrole Double- and Triple-Deckers with Special Emphasis on Porphyrin 

Systems. In The Porphyrin Handbook. V. 3; Kadish, K. M., Smith, K. M., Guilard, R., Eds.; 

Amsterdam: Academic Press, 2000; pp 246–294. [Google Scholar] 

18. Alexenskii, A. E. Technology of Preparation of Detonation Nanodiamond. In Detonation Nanodiamonds: Science 

and Applications; Vul, A. Y., Shenderova, O. A., Eds.; Singapore: Pan Stanford Publishing Pte. Ltd., Chapter 

2. 2014; pp 37–72. [Crossref], [Google Scholar] 

19. Tomchuk, O. V.; Volkov, D. S.; Bulavin, L. A.; Rogachev, A. V.; Proskurnin, M. A.; Korobov, M. V.; Avdeev, M. 

V. Structural Characteristics of Aqueous Dispersions of Detonation Nanodiamond and Their Aggregate Fractions 

as Revealed by Small-Angle Neutron Scattering. J. Phys. Chem. C. 2015, 119(1), 794–802. 

DOI: 10.1021/jp510151b. [Crossref], [Web of Science ®], [Google Scholar] 
20. Dyrda, G.; Zakrzyk, M.; Broda, M. A.; Pedzinski, T.; Mele, G.; Słota, R. Hydrogen Bond-Mediated Conjugates 

Involving Lanthanide Diphthalocyanines and Trifluoroacetic Acid (Lnpc2@tfa): Structure, Photoactivity, and 

Stability. Molecules. 2011, 25(16), 3638. DOI: 10.3390/molecules25163638. [Crossref], [PubMed], [Web of 

Science ®], [Google Scholar] 

21. Moskalev, P. N.; Mishin, V. Y.; Rubtsov, E. M.; Kirin, I. S. Synthesis and Thermal Stability of Diphthalocyanine 

Complexes with Lanthanides, Hafnium, Thorium, Uranium. Zh. Neorg. Khim. 1976, 21(8), 2259–2262. 

Russ. [Google Scholar] 

22. Moskalev, P. N. Sandwich-like Coordination Compounds of Metals with Phthalocyanine and Porphyrines. Koord. 

Khim. 10: 147–158. 1990. Russ. [Google Scholar] 

23. Ziminov, A. V.; Yuppe, T. A.; Ramsh, S. M.; Mezdrogina, M. M. Spectral Characteristics of Europium 

Phthalocyaninates with Different Axial Ligands. Phys. Solid State. 2010, 52(9), 1915–1918. 

DOI: 10.1134/S1063783410090210. [Crossref], [Web of Science ®], [Google Scholar] 
24. Bolshakova, O.; Borisenkova, A.; Suyasova, M.; Sedov, V.; Slobodina, A.; Timoshenko, S.; Varfolomeeva, E.; Go

lomidov, I.; Lebedev, V.; Aksenov, V.; et al. In Vitro and in Vivo Study of the Toxicity of Fullerenols С60, С70 and 

С120О Obtained by an Original Two Step Method. Mater. Sci. Eng. C. 2012, 104, 109945–109955. 

DOI: 10.1016/j.msec.2012.109945. [Crossref], [PubMed], [Web of Science ®], [Google Scholar] 

25. Feigin, L. A.; Svergun, D. I. Structure Analysis by Small-Angle X-ray and Neutron Scattering; Plenum Press: New 

York, NY, USA, 1987. [Crossref], [Google Scholar] 

26. Manalastas-Cantos, K.; Konarev, P. V.; Hajizadeh, N. R.; Kikhney, A. G.; Petoukhov, M. V.; Molodenskiy, D. 

S.; Panjkovich, A.; Mertens, H. D. T.; Gruzinov, A.; Borges, C.; et al. ATSAS 3.0: Expanded Functionality and 

New Tools for Small-angle Scattering Data Analysis. J. Appl. Cryst. 2010, 54(1), 343–355. 

DOI: 10.1107/s1600576720013412. [Crossref], [PubMed], [Google Scholar] 

 
 

 

https://www.tandfonline.com/servlet/linkout?suffix=cit0012&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1038%2Fnmeth.3310
https://www.tandfonline.com/servlet/linkout?suffix=cit0012&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=25879103
https://www.tandfonline.com/servlet/linkout?suffix=cit0012&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000350670300010
http://scholar.google.com/scholar_lookup?hl=en&volume=12&publication_year=2015&pages=176&journal=%00null%00&issue=3&issn=%00null%00&author=A+Doerr&title=Diamonds+for+MRI&pmid=%00empty%00&doi=10.1038%2Fnmeth.3310
https://www.tandfonline.com/servlet/linkout?suffix=cit0013&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.7150%2Fthno.41578
https://www.tandfonline.com/servlet/linkout?suffix=cit0013&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=31938066
https://www.tandfonline.com/servlet/linkout?suffix=cit0013&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000503870400022
http://scholar.google.com/scholar_lookup?hl=en&volume=10&publication_year=2020&pages=1296-1318&journal=%00null%00&issue=3&issn=%00null%00&author=W.+Sun&author=Z.+Zhou&author=G.+Pratx&author=X.+Chen&author=H+Chen&title=Nanoscintillator-Mediated+X-Ray+Induced+Photodynamic+Therapy+for+Deep-Seated+Tumors%3A+From+Concept+to+Biomedical+Applications&pmid=%00empty%00&doi=10.7150%2Fthno.41578
https://www.tandfonline.com/servlet/linkout?suffix=cit0014&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.7150%2Fthno.54227
https://www.tandfonline.com/servlet/linkout?suffix=cit0014&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=33537087
https://www.tandfonline.com/servlet/linkout?suffix=cit0014&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000616968500003
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=2021&pages=3278-3300&journal=%00null%00&issue=7&issn=%00null%00&author=T.+Hu&author=Z.+Wang&author=W.+Shen&author=R.+Liang&author=D.+Yan&author=M+Wei&title=Recent+Advances+in+Innovative+Strategies+for+Enhanced+Cancer+Photodynamic+Therapy&pmid=%00empty%00&doi=10.7150%2Fthno.54227
https://www.tandfonline.com/servlet/linkout?suffix=cit0015&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.7150%2Fthno.48811
https://www.tandfonline.com/servlet/linkout?suffix=cit0015&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=33391494
https://www.tandfonline.com/servlet/linkout?suffix=cit0015&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000585989200008
https://www.tandfonline.com/servlet/linkout?suffix=cit0015&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000585989200008
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=2021&pages=579-601&journal=%00null%00&issue=2&issn=%00null%00&author=T.+Anani&author=S.+Rahmati&author=N.+Sultana&author=A.+E+David&title=MRI-traceable+Theranostic+Nanoparticles+for+Targeted+Cancer+Treatment&pmid=%00empty%00&doi=10.7150%2Fthno.4881
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2000&pages=132-208&author=P+Hambright&isbn=%00null%00&title=Chemistry+of+Water-Soluble+Porphyrins
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2000&pages=246-294&author=J.+W.+Buchler&author=D.+K.+P+Ng&isbn=%00null%00&title=Metal+Tetrapyrrole+Double-+and+Triple-Deckers+with+Special+Emphasis+on+Porphyrin+Systems
https://www.tandfonline.com/servlet/linkout?suffix=cit0018&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1201%2Fb15541-3
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2014&pages=37-72&author=A.+E+Alexenskii&isbn=%00null%00&title=Technology+of+Preparation+of+Detonation+Nanodiamond
https://www.tandfonline.com/servlet/linkout?suffix=cit0019&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1021%2Fjp510151b
https://www.tandfonline.com/servlet/linkout?suffix=cit0019&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000347744700087
http://scholar.google.com/scholar_lookup?hl=en&volume=119&publication_year=2015&pages=794-802&journal=%00null%00&issue=1&issn=%00null%00&author=O.+V.+Tomchuk&author=D.+S.+Volkov&author=L.+A.+Bulavin&author=A.+V.+Rogachev&author=M.+A.+Proskurnin&author=M.+V.+Korobov&author=M.+V+Avdeev&title=Structural+Characteristics+of+Aqueous+Dispersions+of+Detonation+Nanodiamond+and+Their+Aggregate+Fractions+as+Revealed+by+Small-Angle+Neutron+Scattering&pmid=%00empty%00&doi=10.1021%2Fjp510151b
https://www.tandfonline.com/servlet/linkout?suffix=cit0020&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.3390%2Fmolecules25163638
https://www.tandfonline.com/servlet/linkout?suffix=cit0020&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=32785132
https://www.tandfonline.com/servlet/linkout?suffix=cit0020&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000578832900001
https://www.tandfonline.com/servlet/linkout?suffix=cit0020&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000578832900001
http://scholar.google.com/scholar_lookup?hl=en&volume=25&publication_year=2020&pages=3638&journal=%00null%00&issue=16&issn=%00null%00&author=G.+Dyrda&author=M.+Zakrzyk&author=M.+A.+Broda&author=T.+Pedzinski&author=G.+Mele&author=R+S%C5%82ota&title=Hydrogen+Bond-Mediated+Conjugates+Involving+Lanthanide+Diphthalocyanines+and+Trifluoroacetic+Acid+%28Lnpc2%40tfa%29%3A+Structure%2C+Photoactivity%2C+and+Stability&pmid=%00empty%00&doi=10.3390%2Fmolecules25163638
http://scholar.google.com/scholar_lookup?hl=en&volume=21&publication_year=1976&pages=2259-2262&journal=%00null%00&issue=8&issn=%00null%00&author=P.+N.+Moskalev&author=V.+Y.+Mishin&author=E.+M.+Rubtsov&author=I.+S+Kirin&title=Synthesis+and+Thermal+Stability+of+Diphthalocyanine+Complexes+with+Lanthanides%2C+Hafnium%2C+Thorium%2C+Uranium&pmid=%00empty%00&doi=%00empty%00
http://scholar.google.com/scholar_lookup?hl=en&volume=10&publication_year=1990&pages=147-158&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=P.+N+Moskalev&title=Sandwich-like+Coordination+Compounds+of+Metals+with+Phthalocyanine+and+Porphyrines&pmid=%00empty%00&doi=%00empty%00
https://www.tandfonline.com/servlet/linkout?suffix=cit0023&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1134%2FS1063783410090210
https://www.tandfonline.com/servlet/linkout?suffix=cit0023&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000281906400021
http://scholar.google.com/scholar_lookup?hl=en&volume=52&publication_year=2010&pages=1915-1918&journal=%00null%00&issue=9&issn=%00null%00&author=A.+V.+Ziminov&author=T.+A.+Yuppe&author=S.+M.+Ramsh&author=M.+M+Mezdrogina&title=Spectral+Characteristics+of+Europium+Phthalocyaninates+with+Different+Axial+Ligands&pmid=%00empty%00&doi=10.1134%2FS1063783410090210
https://www.tandfonline.com/servlet/linkout?suffix=cit0024&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1016%2Fj.msec.2019.109945
https://www.tandfonline.com/servlet/linkout?suffix=cit0024&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=31499967
https://www.tandfonline.com/servlet/linkout?suffix=cit0024&dbid=128&doi=10.1080%2F1539445X.2021.1992425&key=000487569300099
http://scholar.google.com/scholar_lookup?hl=en&volume=104&publication_year=2019&pages=109945-109955&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=O.+Bolshakova&author=A.+Borisenkova&author=M.+Suyasova&author=V.+Sedov&author=A.+Slobodina&author=S.+Timoshenko&author=E.+Varfolomeeva&author=I.+Golomidov&author=V.+Lebedev&author=V.+Aksenov&title=In+Vitro+and+in+Vivo+Study+of+the+Toxicity+of+Fullerenols+%D0%A160%2C+%D0%A170+and+%D0%A1120%D0%9E+Obtained+by+an+Original+Two+Step+Method&pmid=%00empty%00&doi=10.1016%2Fj.msec.2019.109945
https://www.tandfonline.com/servlet/linkout?suffix=cit0025&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1007%2F978-1-4757-6624-0
http://scholar.google.com/scholar_lookup?hl=en&publication_year=1987&pages=%00empty%00&author=L.+A.+Feigin&author=D.+I+Svergun&isbn=%00null%00&title=Structure+Analysis+by+Small-Angle+X-ray+and+Neutron+Scattering
https://www.tandfonline.com/servlet/linkout?suffix=cit0026&dbid=16&doi=10.1080%2F1539445X.2021.1992425&key=10.1107%2FS1600576720013412
https://www.tandfonline.com/servlet/linkout?suffix=cit0026&dbid=8&doi=10.1080%2F1539445X.2021.1992425&key=33833657
http://scholar.google.com/scholar_lookup?hl=en&volume=54&publication_year=2021&pages=343-355&journal=%00null%00&issue=1&issn=%00null%00&author=K.+Manalastas-Cantos&author=P.+V.+Konarev&author=N.+R.+Hajizadeh&author=A.+G.+Kikhney&author=M.+V.+Petoukhov&author=D.+S.+Molodenskiy&author=A.+Panjkovich&author=H.+D.+T.+Mertens&author=A.+Gruzinov&author=C.+Borges&title=ATSAS+3.0%3A+Expanded+Functionality+and+New+Tools+for+Small-angle+Scattering+Data+Analysis&pmid=%00empty%00&doi=10.1107%2Fs1600576720013412


  
                        

                          

                         

                         ISSN(Online) : 2319-8753 

                                                                                                                                                                         ISSN (Print)  :  2347-6710 

International Journal of Innovative Research in Science, 

Engineering and Technology 

| A Monthly Peer Reviewed & Referred Journal | 

 (An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 8, August 2016 

 

Copyright to IJIRSET                                                DOI:10.15680/IJIRSET.2016.0508228                                              15598 

     

 

 

 

 


