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Bioflavonoids are now being an attraction of research for a couple of 

decades due to its immense application in therapeutics. To apply these 

flavonoids as a potential therapeutic drug in medical field, a vehicle is 

required to increase their retention in physiological conditions. 

Nanoparticles have come up with several unique properties to act as 

medium for drug delivery system. Hence, the formulation of nanoparticle – 

drug composite and their study has become mandatory today. Here we 

selected Gallic acid and its dimer Ellagic acid as drug molecules for having 

several applications in therapeutics that can be interacted with a metal 

nanoparticle. Twelve metals have been considered for study of interaction 

with mentioned drug molecules to construct nanoparticle–drug 

nanocomposite model structure by computational approach. All structures 

were subjected to energy minimization for reaching most stable structure. 

By considering all structures, cadmium (Cd) exhibited the most stable 

nanocomposite structure with Gallic acid and Ellagic acid as the composites 

contained lowest energy levels. It was also found that meta positioned –OH 

of Gallic acid is preferably the best suitable attachement site for metal atom 

and the same for Ellagic acid was found to be at corresponding 2 and 7 

positioned –OH groups.  

 

Keywords: Flavonoids, Nanoparticles, Gallic acid, Ellagic acid and 

Avogadro software. 
 

 
INTRODUCTION 

 

Since technology is evolving every hour, the doors of various subjects are 

also opening. One of them, which has deviated the attention for most of the 

researchers towards itself, is mainly these tiny entities, very well known as 

nanoparticles. In context to this, the groundwork has led to finding all the 

answers regarding nanoparticle-mediated drug delivery. These are 

basically of two types; the first one is the polymeric nanoparticles 

(Bolhassani et al., 2014) which entrap drug molecules inside their core 

whereas the metallic nanoparticles (Mody et al., 2010) attach drug  
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molecules to their surface. These metal nanoparticle–

drug composites hold greater status than that of 

polymeric nanoparticle – drug formulations, which can 

be used as a carrier of drug molecules to combat 

various ailments because it attaches the drug molecule 

directly to its surface. The metals which have already 

been reported for having the potency to synthesize 

nanoparticles, such as gold (Au) (Duncan et al., 2010), 

silver (Ag) (Santos et al., 2014; Mandal, 2017), copper 

(Cu) (Kruk et al., 2015), iron (Fe) (Mahdy et al., 2012), 

zinc (Zn) (Rojas et al., 2016), nickel (Ni) (Guo et al., 

2009), platinum (Pt) (Kim et al., 2010), palladium (Pd) 

(Adams et al., 2014), ruthenium (Ru) (Viau et al., 

2003), rhodium (Rh) (Xu et al., 2019), cadmium (Cd) 

(Qi et al., 2001) and antimony (Sb) (Yin et al., 2019). 

Amongst all the metals selectively were reported to be 

heavy as well as a toxic substance, although these can 

be minimized via accurate treatment in the proper 

dose. Nevertheless, the selection of proper metallic 

nanoparticle is a prime necessity as one needs to be 

familiar with the interaction between nanoparticle and 

drug molecules.  

 

The ubiquitous, polyphenolic compounds–Flavonoids 

exhibit various therapeutic applications such as 

antioxidants (Anjaneyulu and Chopra, 2004), anti-

inflammatory (Guardia et al., 2001), anticancer (Ren et 

al., 2003) and many more. In our recent study, Gallic 

acid and its dimer Ellagic acid have been selected – in 

consideration of all its extensive availability in food 

supplements and the potentiality to be applied in 

various medical and research fields. The study on the 

interaction among eight metals (Au, Ag, Cu, Fe, Ni, Zn, 

Pt, and Pd) with Gallic acid and Ellagic acid has 

previously been reported by us (Hazra and Pal, 2020). 

Therefore in this research article, we reported the 

interaction between Gallic acid and its dimer Ellagic 

acid along with four metals which also can synthesize 

nanoparticles, these are cadmium (Cd), rhodium (Rh), 

ruthenium (Ru) and antimony (Sb). Hence our study 

will help in the selection of the most suitable metal for 

synthesizing nanoparticle – drug composite structures 

that are to be used as a carrier in association with the 

presence of above-mentioned drug molecules. 

 

MATERIALS AND METHODS 

 

To study the interaction between metal Nanoparticles 

and the drug molecule, we began with constructing the 

structures of Gallic acid and Ellagic acid in Avogadro – 

software for windows (Hanwell et al., 2012). The 

molecule of Gallic acid has 3 -OH groups that serve its 

position for binding sites and similarly for Ellagic acid, 

it has 4 -OH groups present in its structure. The 

constructed structures are shown in Figure 1 in 

comparison with their diagrammatic structures.  

 

 

 
Figure 1: Diagrammatic chemical structure of A) Gallic acid and B) Ellagic acid. Avogadro software-

generated structure of C) Gallic acid and D) Ellagic acid.   
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As we know one nanoparticle contains a large number 

of metal atoms, and though it is not possible to mimic 

in silico, we selected only one metal atom instead of 

many to study the interaction between metal and drug. 

The four metals (Cd, Ru, Rh, and Sb) were selected 

based on their potentiality towards the capability to 

synthesize nanoparticles well as the formation of a 

complex with drug molecule to be applied in a wide 

range of applications. With Gallic acid and Ellagic acid, 

three and four nanocomposite structures were being 

constructed respectively. In this case, each of the 

hydrogen atoms of the –OH group was replaced by 

metal atom from their specific positions one at a time 

to form the nanocomposite. After completion of 

structures, the energy was being minimized. Along 

with energy levels, C–O, O–metal bond length, and C–

O–metal bond angles were also measured. All these 

parameters are listed in tabular form (Table 1 and 2). 

From the lowest energy level, the most stable 

structure and susceptible position for nanoparticle 

binding were in view. 

 

RESULTS AND DISCUSSIONS 

 

Interaction of Gallic acid with metal nanoparticle: 

Firstly the selected four metal atoms such as Cd, Rh, 

Ru, and Sb were used to form the nanocomposite 

model structures with gallic acid. There are two –OH 

groups present at meta position (m) and one at the 

para position (p) of gallic acid. The four atoms were 

interacted with the same and after the energy 

minimization of this nanocomposite; the result has 

been listed in table–1.  From the energy level, it is clear 

that the metal when interacts with the –OH group 

present at meta position posses lower energy than that 

of para. To be noted that both meta positions exhibit 

similar energy levels with minimal energy difference 

in few.  Hence it can be taken into consideration that 

binding at meta position could be more suitable in 

comparison to the para position concerning the metal 

atom binding ability. Nanocomposite model structures 

of gallic acid with all four metal atoms at their different 

attachment sites have been depicted in Figure 2.  

 

For the following, in the case of cadmium (Cd), the 

nanocomposite structure showed minimum energy in 

comparison with the other three metals; out of which 

antimony (Sb) proclaimed to have the highest energy 

among them when associated with gallic acid 

molecule. Abiding by the statement para positioned -

OH group having higher energy levels than meta 

position. Though the ruthenium nanocomposite 

structure can be taken into consideration by looking at 

its energy levels at meta position, there is a little 

difference in the corresponding levels. By considering 

all structures, Cd nanocomposite structure exhibited 

the least energy level which was found the same for 

both meta positioned –OH groups. Hence it can be 

taken as the best suitable metal for the synthesis of the 

nanocomposite, with gallic acid later for therapeutic 

applications too. 

 

Table  1: List of energy levels of all Gallic acid – nanoparticle nanocomposite model structures along with 

metal – O – C bond angles, metal – O bond lengths, and O – C bond lengths.  

Metal Nanocomposite Energy 

(KJ/Mol) 

Metal – O – C 

bond angle 

Bond length (Å) 

Metal – O O – C 

Cadmium Cd-GA_1 70.5048 121.2° 2.002 1.346 

Cd-GA_2 71.4648 123.7° 2.004 1.348 

Cd-GA_3 70.547 121.2° 2.003 1.346 

Rhodium Rh-GA_1 71.5246 120.5° 1.894 1.346 

Rh-GA_2 72.393 121.7° 1.895 1.348 

Rh-GA_3 71.5438 120.5° 1.894 1.346 

Ruthenium Ru-GA_1 71.3543 120.5° 2.014 1.346 

Ru-GA_2 72.0936 121.8° 2.015 1.348 

Ru-GA_3 71.3786 120.5° 2.014 1.346 

Antimony Sb-GA_1 85.5551 127.4° 2.015 1.355 

Sb-GA_2 97.493 130.7° 2.016 1.358 

Sb-GA_3 85.4541 127.3° 2.015 1.355 
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Figure 2:  Nanocomposite model structures of Gallic acid with Cadmium [A) Cd-GA_1, B) Cd-GA_2, C) Cd-

GA_3], Rhodium [D) Rh-GA_1, E) Rh-GA_2, F) Rh-GA_3], Ruthenium [G) Ru-GA_1, H) Ru-GA_2, I) Ru-GA_3] 

and Antimony [J) Sb-GA_1, K) Sb-GA_2, L) Sb-GA_3].  

 

Although the formation of nano-complex of gallic acid 

with metallic nanoparticles like gold (Moreno-Alvarez 

et al., 2010), silver (Ghodake et al., 2020; 

Lakshmipathy and Nanda, 2015; Farrokhnia et al., 

2019), palladium (Can et al., 2012) and iron (Zeng et 

al., 2016) had been reported previously their 

interaction between the metal and drug molecule has 

not been vividly studied yet.  

 

Interaction of Ellagic acid with metal nanoparticle:  

Ellagic acid is a dimer of gallic acid having 

various/many therapeutic potentials. The structure 

contains four –OH groups present at 2, 3, 7, and 8 

positions (as shown in Figure 1B). Hence these are 

four susceptible locations for binding of metal atoms. 

Therefore here we endeavored to search some metal 

atoms having the most stable and minimal energy level 

which may bind with Ellagic acid to form a 

nanocomposite. These nanocomposite formulations 

would later fulfill the requirements for being applied 

in therapeutics. The calculated energy levels for all 

metal nanocomposite structures have been listed in 

table–2. Due to the sharing of similar chemical 

environments amid 3 and 8 positioned -OH groups, we 

noticed when they interacted with metal, gave out 

similar energy levels which were also noticed in –OH 

groups positioned at 2 and 7 which corresponds to 

meta positions in Gallic acid.  

 

Table  2: of energy levels of all Ellagic acid – nanoparticle nanocomposite model structures along with 

metal – O – C bond angles, metal – O bond lengths, and O – C bond lengths.  

Metal Nanocomposite Energy 

(KJ/Mol) 

Metal – O – C 

bond angle 

Bond length (Å) 

Metal – O O – C 

Cadmium  Cd-EA_1 207.218 122.2° 2.002 1.346  
Cd-EA_2 207.589 123.4° 2.004 1.348  
Cd-EA_3 207.218 121.2° 2.002 1.346  
Cd-EA_4 207.589 123.4° 2.004 1.348 

Rhodium Rh-EA_1 208.834 120.5° 1.894 1.346  
Rh-EA_2 208.853 121.5° 1.895 1.348  
Rh-EA_3 208.234 120.5° 1.894 1.346  
Rh-EA_4 208.854 121.5° 1.895 1.348 

Ruthenium Ru-EA_1 208.07 120.5° 2.014 1.346  
Ru-EA_2 208.548 121.6° 2.015 1.348  
Ru-EA_3 208.07 120.5° 2.014 1.346  
Ru-EA_4 208.548 121.6° 2.015 1.348 

Antimony Sb-EA_1 221.956 127.3° 2.015 1.355  
Sb-EA_2 231.947 130.5° 2.016 1.358  
Sb-EA_3 221.956 127.3° 2.015 1.355  
Sb-EA_4 231.948 130.5° 2.016 1.358 
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Figure 3: Nanocomposite model structures of Ellagic acid with Cadmium [A) Cd-EA_1, B) Cd-EA_2, C) Cd-

EA_3, D) Cd-EA_4], Rhodium [E) Rh-EA_1, F) Rh-EA_2, G) Rh-EA_3, H) Rh-EA_4], Ruthenium [I) Ru-EA_1, J) 

Ru-EA_2, K) Ru-EA_3, L) Ru-EA_4] and Antimony [M) Sb-EA_1, N) Sb-EA_2, O) Sb-EA_3, P) Sb-EA_4].  

 

 

 

Alike Gallic acid, the metals namely cadmium, 

rhodium, ruthenium, and antimony were also 

interacted with Ellagic acid and showed an almost 

similar trend of energy levels. In interacting with 

Ellagic acid, cadmium was found to have the lowest 

energy level in comparison to other metal atoms and 

amongst them, antimony showed the highest. 

Considering the atoms when placed at 2 and 7 

positions showed the same energy content and even 

when positioned at 3 and 8 gave almost identical 

results.  

 

Hence from observation, it can be said that 2 and 7 

positioned –OH groups showed similar energy levels 

as 3 and 8 positioned –OH groups also do. Moreover, 

composites with –OH groups of 2 and 7 position 

contained less energy than that of 3 and 8 positions. As 

2 and 7 position of Ellagic acid corresponds to meta 

position in Gallic acid, the results in an agreement for 

both the flavonoid molecules.  

 

The result is inclined towards Cadmium possessing the 

least energy level and most suited to form a 

nanocomposite structure with Ellagic acid for 

remedial.  

Very few metals like silver (Barnaby et al., 2011) and 

copper (Affrose et al., 2014) have been reported to 

form nanocomposite along with Ellagic acid. In those 

cases, the interaction study between drugs and 

nanoparticles has not been emphasized so well. 

Consequently, here we tried to study the mode of 

interaction thoroughly which may help researchers in 

their upcoming future researches in this field.  

 

CONCLUSION 

 

In Gallic acid, both –OH groups present at its meta 

position may be considered as the best site for binding 

with metal atoms instead of para positioning –OH 

group. Whereas in the case of Ellagic acid, -OH groups 

present at 2 and 7 positions can interact with metal 

atoms possess lower energy in contrast to 3 and 8 

positioned -OH groups. Taking into consideration all 

these above-mentioned results, Cadmium was found to 

be the most suitable metal atom to construct the 

nanocomposite with both Gallic as well as Ellagic acid. 

 



 
Designing of Nanocomposite model structure using Gallic acid and Ellagic acid with four different metals   

 

www.ijlsci.in                                 Int. J. of Life Sciences, Volume 8 (3) 2020 |  561  

Acknowledgements  

We express our gratitude to Dr. Atreyi Ghosh, Dr. 

Somsubhra Thakur Choudhury, Dr. Fatema 

Calcuttawala, and Dr. Milon Banik for their help 

and cooperation throughout this study. We are also 

thankful to Sister Nivedita University start-up grant 

for supporting this work.   

 

Conflict of Interest  

The author declares that there is no conflict of interest. 

 

REFERENCES  

 

Adams CP, Walker KA, Obare SO and Docherty KM (2014) 
Size-Dependent Antimicrobial Effects of Novel Palladium 
Nanoparticles. PlosOne, 9 (1): e85981. 

Affrose A, Azath IAK and Pitchumani K (2014) Oxidative 
hydroxylation of arylboronic acids to phenols catalyzed 
by copper nanoparticles ellagic acid composite. Journal of 
Molecular Catalysis A: Chemical, 395: 500 – 505.  

Anjaneyulu M, and Chopra K (2004) Quercetin, an anti-
oxidant bioflavonoid, attenuates diabetic nephropathy in 
rats. Clinical and Experimental Pharmacology and 
Physiology, 31: 244 – 248.  

Barnaby SN, Yu SM, Fath KR, Tsiola A, Khalpari 
O and Banerjee IA (2011) Ellagic acid promoted 
biomimetic synthesis of shape-controlled silver 
nanochains. Nanotechnology,  22 (22): 5605.  

Bolhassani A, Javanzad S, Saleh T, Hashemi M, Aghasadeghi 
MR and Sadat SM (2014) Polymeric nanoparticles Potent 
vectors for vaccine delivery targeting cancer and 
infectious diseases. Human Vaccines & 
Immunotherapeutics, 10 (2): 321–332.  

Can M, Bulut E and Ozacar M (2012) Synthesis and 
Characterization of Gallic Acid Resin and Its Interaction 
with Palladium(II), Rhodium(III) Chloro Complexes. 
Industrial & Engineering Chemistry Research, 51 (17):  
6052 – 6063. 

Duncan B, Kim C and  Rotello VM (2010) Gold nanoparticle 
platforms as drug and biomacromolecule delivery systems. 
Journal of Controlled Release, 148 (1): 122 – 127.  

Farrokhnia M, Karimi S and Askarian S (2019) Strong 
Hydrogen Bonding of Gallic Acid during Synthesis of an 
Efficient AgNPs Colorimetric Sensor for Melamine 
Detection via Dis-synthesis Strategy. ACS Sustainable 
Chemistry and Engineering, 7 (7): 6672 – 6684.  

Ghodake G,  Shinde S, Kadam A, Saratale RG, Saratale GD, 
Syed A, Shair O  and Kim DY (2020) Gallic acid-
functionalized silver nanoparticles as colorimetric and 
spectrophotometric probe for detection of Al3+ in 
aqueous medium.  Journal of Industrial and Engineering 
Chemistry, 82: 243 – 253.  

Guardia T, Rotelli AE, Juarez AO and Pelzer LE (2001) Anti-
inflammatory properties of plant flavonoids. Effects of 
rutin, quercetin and hesperidin on adjuvant arthritis in 
rat Farmaco, 56 (9): 683 – 687. 

Guo D, Wu C, Li J, Guo A, Li Q, Jiang H, Chen B and Wang X 
(2009) Synergistic Effect of Functionalized Nickel 
Nanoparticles and Quercetin on Inhibition of the SMMC-
7721 Cells Proliferation. Nanoscale Research Letters, 4: 
Article number 1395.  

Hanwell MD, Curtis DE, Lonie DC, Vandermeersch T, Zurek E 
and Hutchison. G. R. (20120 “Avogadro: an advanced 
semantic chemical editor, visualization, and analysis 
platform” Journal of Cheminformatics. 4: 17. 

Hazra D and Pal R (2020) Formulation of Metal 
Nanocomposite model structures with gallic acid and 
ellagic acid by computational methods. International 
Journal of Creative Research Thoughts, 8: 3147-3153. 

Kim J, Shirasawa T and Miyamoto Y (2010) The effect of TAT 
conjugated platinum nanoparticles on lifespan in a 
nematode Caenorhabditis elegans model.  Biomaterials, 
31 (22): 5849 – 5854.  

Kruk T, Szczepanowicz K, Stefanska J, Socha RP  and 
Warszynski P (2015) Synthesis and antimicrobial activity 
of monodisperse copper nanoparticles. Colloids and 
Surfaces B: Biointerfaces, 128 (1): 17 – 22.  

Lakshmipathy M and Nanda A (2015) Assessment of in vitro 
prophylactic efficacy of gallic acid fabricated silver 
nanoparticles. Journal of Chemical and Pharmaceutical 
Research, 7 (1): 356 – 361. 

Mahdy SA, Raheed QJ and Kalaichelvan PT (2012) 
Antimicrobial Activity of zero-valent Iron Nanoparticles. 
International Journal of Modern Engineering Research, 2 
(1): 578 – 581.  

Mandal AK (2017) Silver Nanoparticles as Drug Delivery 
Vehicle against Infections. Global Journal of 
Nanomedicine, 3 (2): 1 – 4. 

Mody VV, Siwale R, Singh A and Mody HR (2010) 
Introduction to metallic nanoparticles Journal of 
Pharmacy and BioAllied Sciences, 4: 282-289.  

Moreno-Alvarez SA, Martinez-Castanon GA, Nino-Martinez N, 
Reyes-Macias JF, Patino-Marin N, Loyola-Rodriguez JP 
and Ruiz F (2010) Preparation and bactericide activity of 
gallic acid stabilized gold nanoparticles. Journal of 
Nanoparticle Research, 12(8): 2741 – 2746.  

Qi L, Colfen H and Antonietti M (2001) Synthesis and 
Characterization of CdS Nanoparticles Stabilized by 
Double-Hydrophilic Block Copolymers. Nano Letters, 1 
(2): 61–65.  

Ren W, Qiao Z, Wang H, Zhu L  and Zhang L (2003) 
Flavonoids: Promising anticancer agents. Medicinal 
Research Reviews, 23 (4): 519 – 534.  

Rojas S, Carmona FJ, Maldonado CR, Horcajada P, Hidalgo T, 
Serre C, Navarro JAR and Barea E (2016) Nanoscaled Zinc 
Pyrazolate Metal–Organic Frameworks as Drug-Delivery 
Systems. Inorganic Chemistry, 55 (5): 2650 – 2663.  

Santos CAD, Seckler MM, Ingle AP, Gupta I,  Galdiero S, 
Galdiero M, Gade A and Rai M (2014) Silver Nanoparticles: 
Therapeutical Uses, Toxicity, and Safety Issues. Journal of 
Pharmaceutical Sciences, 103 (7): 1931 – 1944.  

Viau G, Brayner R, Poul L, Chakroune N, Lacaze E, Fievet-
Vincent F and Fievet F (2003) Ruthenium Nanoparticles:  

http://www.ijlsci.in/
https://www.sciencedirect.com/science/article/abs/pii/S1381116914004191#!
https://www.sciencedirect.com/science/article/abs/pii/S1381116914004191#!
https://www.sciencedirect.com/science/article/abs/pii/S1381116914004191#!
https://www.sciencedirect.com/science/journal/13811169
https://www.sciencedirect.com/science/journal/13811169
https://iopscience.iop.org/journal/0957-4484
https://iopscience.iop.org/volume/0957-4484/22
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Mustafa++Can
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Emrah++Bulut
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Mahmut++%C3%96zacar
https://pubs.acs.org/iecr
https://www.sciencedirect.com/science/article/abs/pii/S0168365910004098#!
https://www.sciencedirect.com/science/article/abs/pii/S0168365910004098#!
https://www.sciencedirect.com/science/article/abs/pii/S0168365910004098#!
https://www.sciencedirect.com/science/journal/01683659
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/article/abs/pii/S1226086X19305568#!
https://www.sciencedirect.com/science/journal/1226086X
https://www.sciencedirect.com/science/journal/1226086X
https://www.sciencedirect.com/science/journal/1226086X/82/supp/C
https://www.sciencedirect.com/science/journal/0014827X
https://link.springer.com/journal/11671
https://www.sciencedirect.com/science/article/pii/S0142961210004618#!
https://www.sciencedirect.com/science/article/pii/S0142961210004618#!
https://www.sciencedirect.com/science/article/pii/S0142961210004618#!
https://www.sciencedirect.com/science/journal/01429612
https://www.sciencedirect.com/science/article/abs/pii/S0927776515000855#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776515000855#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776515000855#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776515000855#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776515000855#!
https://www.sciencedirect.com/science/journal/09277765
https://www.sciencedirect.com/science/journal/09277765
https://www.researchgate.net/journal/1388-0764_Journal_of_Nanoparticle_Research
https://www.researchgate.net/journal/1388-0764_Journal_of_Nanoparticle_Research
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Limin++Qi
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Helmut++C%C3%B6lfen
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Markus++Antonietti
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ren%2C+Wenying
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Qiao%2C+Zhenhua
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Hongwei
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhu%2C+Lei
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhang%2C+Li
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhang%2C+Li
https://www.sciencedirect.com/science/article/abs/pii/S0022354915305128#!
https://www.sciencedirect.com/science/article/abs/pii/S0022354915305128#!
https://www.sciencedirect.com/science/article/abs/pii/S0022354915305128#!
https://www.sciencedirect.com/science/article/abs/pii/S0022354915305128#!
https://www.sciencedirect.com/science/article/abs/pii/S0022354915305128#!
https://www.sciencedirect.com/science/article/abs/pii/S0022354915305128#!
https://www.sciencedirect.com/science/article/abs/pii/S0022354915305128#!
https://www.sciencedirect.com/science/article/abs/pii/S0022354915305128#!
https://www.sciencedirect.com/science/journal/00223549
https://www.sciencedirect.com/science/journal/00223549
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=G.++Viau
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=R.++Brayner
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=L.++Poul
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=E.++Lacaze
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=F.++Fi%C3%A9vet-Vincent
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=F.++Fi%C3%A9vet


 
Hazra et al., 2020 

 

562 | Int. J. of Life Sciences, Volume 8 (3) 2020 

Size, Shape, and Self-Assemblies. Chemistry of Materials, 
15 (2): 486 – 494.  

Xu L, Liu D, Chen D, Liu H and Yang J (2019) Size and shape 
controlled synthesis of rhodium nanoparticles. Heliyon, 5 
(1): e01165. 

Yin W, Chai W,  Wang K, Ye W, Rui Y and Tang B (2019) Facile 
synthesis of Sb nanoparticles anchored on reduced 
graphene oxides as excellent anode materials for lithium-
ion batteries. Journal of Alloys and Compounds, 797: 
1249–1257. 

Zeng J, Cheng M, Wang Y, Wen L, Chen L, Li Z, Wu Y, Gao M 
and Chai Z (2016) pH‐Responsive Fe(III)–Gallic Acid 
Nanoparticles for In Vivo Photoacoustic‐Imaging‐Guided 
Photothermal Therapy. Advanced Healthcare Materials, 5 
(7): 772 – 780.   

 

© 2020 | Published by IJLSCI 

https://www.sciencedirect.com/science/article/pii/S2405844018357463#!
https://www.sciencedirect.com/science/article/pii/S2405844018357463#!
https://www.sciencedirect.com/science/article/pii/S2405844018357463#!
https://www.sciencedirect.com/science/article/pii/S2405844018357463#!
https://www.sciencedirect.com/science/article/pii/S2405844018357463#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838819316391#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838819316391#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838819316391#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838819316391#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838819316391#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838819316391#!
https://www.sciencedirect.com/science/journal/09258388
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zeng%2C+Jianfeng
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cheng%2C+Ming
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Yong
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wen%2C+Ling
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chen%2C+Ling
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Li%2C+Zhen
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wu%2C+Yongyou
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gao%2C+Mingyuan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chai%2C+Zhifang
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chai%2C+Zhifang
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chai%2C+Zhifang
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chai%2C+Zhifang

