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MESSAGE FROM PROF. K.M. NALIN DE SILVA 

CONFERENCE CHAIR – ICNSNT 2015 

 

Welcome to the 2nd Annual International Conference on Nanoscience and Nanotechnology. 

It is my great pleasure to invite the community of research scientists, academics and 

postgraduate students to participate in the 2nd Annual International Conference on 

Nanoscience and Nanotechnology to be held in Colombo, Sri Lanka during 2-4 September 

2015. It has been a real honor and privilege to serve as the Chair of this conference. First 

International Conference on Nanoscience and Nanotechnology 2014 was successfully 

completed with more than 60 participants from 19 countries. TIIKM has brought together a 

rich diversity of authors and speakers from various universities and industry covering more 

than 16 countries to share ideas and new perspectives on a wide range of topics related to 

nanoscience and nanotechnology. 

The conference focuses on many areas through the Keynotes Speeches, Invited Talks, and 

Technical Program. This year we have carefully selected few areas such as Textile & 

Apparel, smart agriculture, energy, water purification, nanobiotechnology, computational 

nanoscience, and nanotechnology safety & policy. The conference will be organized by the 

experienced local organizing committee at TIIKM. There will be a significant participation 

by researchers from local universities and industrial organizations and the potential for 

collaboration and cross fertilization across borders would be substantial, especially due to the 

fact that Sri Lanka has already started the nanotechnology programme through a national 

nanotechnology initiative by setting up Sri Lanka Institute of Nanotechnology (SLINTEC), a 

world class fifty acre nanotechnology and science park comprising nanotechnology center of 

excellence equipped with state of the art equipment for nano characterization. 

As the Chair of the conference I am requesting you to submit an abstract and participate in 

the ICNST 2015. Extended versions of selected papers from the conference will be published 

after peer review. I am confident that these experienced local organizers TIIKM will make 

the ICNST 2015 an unforgettable event for all the participants. I would also like to invite you 

to attend this most enjoyable gathering of scientists belonging to the universities and 

industries from many countries across the globe. 

 

Prof. K.M. Nalin de Silva 

Professor of Chemistry / University of Colombo, 

Science Team Leader / Sri Lanka Institute of Nanotechnology, 

Sri Lanka. 

 

 



viii 

 

MESSAGE FROM PROF. MORINOBU ENDO 

KEYNOTE SPEAKER - ICNSNT 2015 

 

It is my great honor to send this message to the ICNSNT 2015 and to be a member of the 

scientific committee organized by the International of Knowledge and Management TIIKM 

during 2-4 September 2015 at Colombo, Sri Lanka. 

Nanoscience and nanotechnology (NS&NT) are very important fields for engineering in the 

21st century, in both developed and developing countries, as fundamentals of knowledge and 

technology as well. NS&NT are very different from conventional science fields, such as 

chemistry, physics, biology, because at the nanolevel these fields are totally fused and there is 

no boundary anymore. So, from such new fields of NS&NT, we can expect innovations that 

will contribute to the sustainability of human beings in the current century.  

I hope that the present conference can promote the development for such an important and 

advanced field of NS&NT in this country and at the global level. 

Prof. Morinobu Endo 

Department of Electrical and Electronic Engineering, Faculty of Engineering,               

Shinshu University, Japan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

 

Table of Contents         Page No 

 

1. Synergistic Effect of Photocatalytic Ozonation in Phenol 

Degradation 

C.A. Mecha, M.S. Onyango, O. Aoyi  and M.N.B. Momba 

01 

2. Phytofabrication of Silver Nanoparticles using Riccia Sp. 

J.A.M.S. Jayasinghe, B.S. Dassanayake and S.C.K. Rubasinghe 

05 

3. Facile Synthesis of Hydroxyapatite/ Iron Oxide Nanocomposite to 

be used as a Drug Carrier  

D. C. Manatunga, W.R.M.de Silva and K.M.N.de Silva 

15 

4. Comparison of Surface Morphology of Smooth Versus Porous 

Microfibres Made from Poly(L-Lactide) 

Eva Macajová, Marcela Cudlínová and Pavel Kejzlar 

39 

5. Analyzing the Multi-Resonant Property of Graphene Optical 

Nanoantenna 

Jie Yang and Fanmin Kong 

45 

6. Synthesis of Silver Nanoparticles using the Medicinal Plant 

Pterocarpus marsupium and Evalution of its Antimicrobial 

Activities 

S. Parvathy and B.R. Venkatraman 

50 

7. Photovoltaic Performance of CaCo3-Coated Sno2-Based Dye-

Sensitized Solar Cells with Composite Liquid/Quasi-Solid-State 

Electrolytes 

W. M. N. M. B. Wanninayake, K. Premaratne and R. M. G. 

Rajapakse 

56 

8. Effect of Acid on Nanovanadium Oxide  

Hirihattaya Phetmung, Sirirat Prompakdee and Parachute Kong rat 

61 

 

 

 

 

 



x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Proceedings of 2nd International Conference on Nanoscience and Nanotechnology, Vol. 2, 2015, pp. 1-4 

Copyright © TIIKM 
ISSN: 2386-1215 online 

DOI: 10.17501/icnsnt.2015.2201 

2nd International Conference on Nanoscience and Nanotechnology, 02– 04 September, 2015, Colombo, Sri Lanka 

SYNERGISTIC EFFECT OF PHOTOCATALYTIC 

OZONATION IN PHENOL DEGRADATION 

Mecha, C.A1, 3*, Onyango, M.S1, Aoyi, O2 and Momba, M.N. B3** 

1Department of Chemical, Materials and Metallurgical Engineering, Tshwane University of Technology, 

Pretoria, South Africa  
2Centre for Renewable Energy and Water, Vaal University of Technology, Vanderbijlpark, South Africa   

3 Department of Environmental, Water and Earth Sciences, Tshwane University of Technology, Pretoria, South 

Africa 

Abstract 

Advanced oxidation processes such as photocatalysis and ozonation have shown tremendous 

potential in water treatment. However, their major challenges are that photocatalysis is a relatively 

slow process whereas ozonation by molecular ozone is highly selective. This study demonstrates 

how simultaneous photocatalytic ozonation can be used to overcome these drawbacks by the 

synergistic generation of highly reactive and nonselective hydroxyl radicals. Titanium dioxide (TiO2) 

nanoparticles were synthesized and their photocatalytic effectiveness investigated.  The 

photocatalytic ozonation activity of the catalysts was evaluated by the degradation of 50 ppm phenol 

in aqueous solution using Ultraviolet (UV) radiation coupled with ozonation. The results showed that 

over 90% phenol degradation was achieved using UV photocatalytic ozonation in 60 minutes 

compared to the 240 minutes required to achieve 50% degradation (ozonation) and 45% degradation 

(UV photocatalysis). Total organic carbon analysis indicated that photocatalytic ozonation achieved 

over 80% mineralization of phenol whereas photocatalysis achieved 40% and ozonation 15% in 240 

minutes. The study demonstrated that photocatalytic ozonation enhanced the oxidation process 

resulting in faster reactions and higher removal rates of   phenol (more than the sum of 

photocatalysis and ozonation) due to the production of hydroxyl radicals by ozone over TiO2. 

Keywords:  ozonation, phenol, photocatalysis, photo catalytic ozonation, titanium dioxide 

INTRODUCTION 

Water detoxification is important for environmental 

protection which is an important aspect of 

sustainability. Advanced oxidation processes (AOPs) 

such as photocatalysis and ozonation have unique 

advantages in water treatment. For instance, the 

ability of AOPs to mineralize bio-recalcitrant organic 

contaminants to harmless products such as carbon 

dioxide and water (Oyama et al., 2009) is a major 

advantage compared to the alternative treatment 

processes (membrane separation, activated carbon 

adsorption, chemical coagulation), which generate 

more wastes that need further removal steps which 

have cost implications (Ahmed, Rasul, Martens, 

Brown, & Hashib, 2010). Contamination of water 

sources with organic micro-pollutants such as 

phenolic compounds which are endocrine disrupting 

is detrimental to human health. Their removal is 

therefore essential for environmental protection and 

to make the water reusable. Titanium dioxide (TiO2) 

is the semiconductor catalyst that is most extensively 

used in photocatalysis due to its unique advantages 

such as high physical and chemical stability, high 

catalytic activity and  oxidative power, low cost and 

ease of production (Subrahmanyam, Biju, Rajesh, 

Jagadeesh Kumar, & Raveendra Kiran, 2012). UV 

irradiation of ozone promotes the formation of .OH 

radicals by the rapid decomposition of ozone. 

Therefore, the application of photocatalytic ozonation 

in the removal of organic contaminants is superior to 

that by O3 alone and UV irradiation photocatalysis 

because of the direct UV photodegradation, direct 

ozone oxidation and by the .OH radicals oxidation. 

Ozone is able to generate .OH radicals on the TiO2 

surface through the formation of the ozonide radical 

ion (O-3), leading to a synergistic performance 

between photocatalysis and ozonation) (Kim & 
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Tanaka, 2011). In this study, heterogeneous 

photocatalysis and ozonation have been applied 

individually and in combination (photocatalytic 

ozonation) in the degradation of phenol solutions. 

The results were used to investigate the performance 

of the process with phenol removal efficiency and 

total organic carbon (TOC) as measurement criteria.   

MATERIALS AND METHODS 

Materials 

The materials and chemicals used in the study 

together with the synthesis of TiO2 nanoparticles was 

described in our previous study (Mecha, Onyango, 

Aoyi, & Momba, 2014). The process flow diagram 

for photocatalysis ozonation is depicted in Figure 1.  

Feed tank 

Ozone generator

Valve 

Reactor 

UV lamp

Circulation pump 
Magnetic 

stirrerOzone 

distributor

Ozone trap 

Cooling 

water jacket

Filter 

Valve 

Compressor
 

Figure 1. Process flow diagram for the photocatalytic ozonation scheme 

 

Methods 

Treatment of phenol solutions was done using three 

processes: ozonation, photocatalysis and 

photocatalytic ozonation in order to explore 

comparative performance.  During ozonation, the UV 

lamp was switched off and the TiO2 catalyst was not 

added; during photocatalysis, the ozone supply was 

closed and the catalyst was added and the UV lamp 

switched on and air was supplied. Photocatalytic 

ozonation was conducted with continuous supply of 

ozone and with the UV lamp switched on and in the 

presence of a catalyst. Phenol degradation 

performance assessment was conducted using a UV-

Vis spectrophotometer at 270 nm while the 

mineralization efficiency was determined by analysis 

of total organic carbon using Shimadzu TOC 

equipment. 

RESULTS AND DISCUSSION 

Phenol degradation efficiency  

The rate of disappearance of phenol was monitored 

using UV-Vis spectrophotometer. Figure 2 shows the 

disappearance of phenol for the different processes 

investigated.  
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Figure 2. Degradation of 50 ppm phenol 

using ozonation, UVT and UVTOz  

It was found that the removal of phenol from water 

was 50% for ozonation, 45% for photocatalysis 

(UVT) and 99% for photocatalytic ozonation 

(UVTOz) over a period of 240 minutes. It was further 

noted that over 90% of the phenol degradation using 

UVTOz occurred in 60 minutes as opposed to the 240 

minutes required to achieve 50% (ozonation) and 

45% (UVT). Therefore, photocatalytic ozonation 

resulted not only in increased degradation efficiency, 

but also, in significant reduction of the reaction time. 

It was readily observed that at a time of 60 minutes, 

the sum of the degradation by the individual 

processes was hardly 20% whereas; the combined 

process achieved 90% removal over the same period. 

This clearly indicated that there was synergy in the 

two processes probably due to the enhanced 

production of highly reactive .OH radicals. 

 

Phenol mineralization efficiency   

The TOC removal is plotted as a function of time in 

Figure 3 for ozonation, photocatalysis and 

photocatalytic ozonation. 

 

Figure 3. TOC profiles for 50 ppm phenol 

degradation using ozonation, UVT and 

UVTOz 

It was observed that mineralization of phenol and the 

resulting intermediate compounds was 15% for 

ozonation, 40% for photocatalysis (UVT) and 80% 

for photocatalytic ozonation (UVTOz). A closer look 

revealed that 75% of the mineralization was achieved 

in 120 minutes for the combined process and 

increased to 80% in 240 minutes. The combined 

process achieved better mineralization efficiency over 

the period of the experiment. Photocatalytic 

ozonation is a complex three phase reaction which 

involves ozonation, photolysis, photocatalysis, photo-

ozonation and photocatalytic ozonation (Chen, Xie, 

Yang, Cao, & Zhang, 2014), hence when these 

processes work together, they can be very effective in 

the mineralization of organics. Moreover, effects of 

synergy were much pronounced since the sum of the 

mineralization efficiencies of the individual processes 

in 240 minutes was 55% compared to 80% achieved 

by the combined process.   

Comparing Figures 2 and 3, it was inferred that 

phenol degradation was faster than mineralization and 

this could be due to the fact that phenol degradation 

occurs in stages leading to the production of 

intermediate compounds which contribute to the 

TOC. Previous studies have shown that the 

degradation pathway of phenol during oxidation 

occurs via the .OH radicals attack on the phenyl ring, 

yielding catechol, resorcinol and hydroquinone, then 

the phenyl rings in these compounds break up to give 
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malonic acid, then short-chain organic acids such as 

maleic, oxalic, acetic and formic acids, and finally 

CO2 (Grabowska, Reszczyńska, & Zaleska, 2012; 

Liotta, Gruttadauria, Carlo, Perrini, & Librando, 

2009; Moreno-Piraján & Giraldo, 2013). In this 

regard, the low mineralization achieved by ozonation 

could be attributed to the oxidation of phenol into 

acidic type intermediates which are resistant to the 

attack by molecular ozone which is highly selective 

(Gurol & Vatistas, 1987). Similarly, since UV 

photocatalysis is also based on the production of .OH 

radicals, this resulted in better TOC removal in 

photocatalysis compared to ozonation. Apart from the 
.OH  radicals, the synergistic effect  could also be 

enhanced by the retardation of electron-hole 

recombination on the surface of TiO2 resulting from 

the reaction between ozone and electrons (Shinpon, 

Fumihide, & Katsuyuki, 2002). 

CONCLUSIONS  

Ozonation, heterogeneous photocatalysis and their 

combination were studied for the oxidation of phenol 

in aqueous solution. The study revealed that 

photocatalytic ozonation is particularly effective for 

water detoxification since the oxidation of phenol 

was significantly increased with respect to the sum of 

the degradation by individual processes (ozonation 

and UV photocatalysis). The combined process 

resulted in significant improvement in phenol 

degradation and mineralization together with a 

significant reduction in the process time. This 

enhanced performance of UVTOz was postulated to 

occur due to the synergistic effects created by the 

production of hydroxyl radicals and the reduction of 

electron-hole recombination on the TiO2 surface by 

ozone. The very high phenol concentrations 

employed in this study (50 ppm) is far greater than 

the concentration in environmental samples (normally 

<1 ppm). Therefore, the use of UVTOz has potential 

to completely remove recalcitrant organic micro-

pollutants in water. 
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Abstract 

Plant-mediated synthesis is a cost-effective eco-friendly method to produce silver nanoparticles. In 

this study, ethanolic plant extracts of Riccia sp. were used as the reductive source while low 

concentrations (1- 10 mM) of AgNO3 were chosen as the source of silver. Formation of silver 

nanoparticles was observed by a colour change from light green to reddish-brown and confirmed by 

Energy Dispersive X-ray (EDX) measurements. An absorption peak resulting from silver 

nanoparticles was obtained from the UV-visible spectrum at a wavelength of 415 nm. UV-visible 

spectroscopic studies during 38 days after the reaction process indicated a gradual disappearance in 

chlorophyll peak (437.5 nm) and appearance of new a peak at 403 nm due to the removal of chelated 

Mg2+ from porphyrin ring in chlorophyll due to the mild acidity of the medium. Resulted silver 

nanoparticles had an average size of 86 nm, which was examined through the Scanning Electron 

Microscopic (SEM) images. Microbial susceptibility to the Silver nanoparticles was studied for 

different concentrations of AgNO3 through the well diffusion method and a highest inhibition zone 

was obtained for the Riccia sp. extract treated with 7 mM of AgNO3. 

Keywords: Riccia sp., silver nanoparticles, phytofabrication  

INTRODUCTION 

In the recent past, researches have paid much 

attention on silver nanoparticles due to its potential 

applications in various fields such as medical, 

electronics, chemical etc. [1-7]. Subsequently various 

chemical pathways have been developed for the 

fabrication of silver nanoparticles. However, most of 

the common chemical methods of nanoparticle 

synthesis such as reduction of solutions, thermal 

decomposition and biological reductions have 

adverse effects [8]. Therefore eco-friendly methods 

of silver nanoparticle fabrication needed to be 

introduced. Consequently, researchers have explored 

the use of plant materials for silver nanoparticles.  

Various plant species tested have yielded appreciable 

results. These synthesis techniques provide eco-

friendly cost-effective methods, which do not require 

high temperature, pressure conditions, and toxic 

chemicals. 

Flowering plants (Angiosperms) have successfully 

been used in the synthesis of nanoplarticles; 

Medicago sativa was the first reported plant used for 

green synthesis of silver and gold nanoparticles [9]. 

Since then many researchers have experimented 

different plant species for the synthesis of silver 

nanoparticles. Also it is confirmed that the stability of 

silver nanoparticles formed by plant-mediated 

synthesis is greater than that of the other methods 

[10]. As an example, Magnolia kobus forms 

excessively stable silver nanoparticles in the range of 

15 – 500 nm. In various studies, it is found that the 

influence of amino groups, sulfhydryl groups and 

carboxylic groups are responsible for this silver 

nanoparticle formation. Also it is confirmed that the 

rate of formation depends on the reaction temperature 

and other physical properties [11, 12]. 

Bryophytes form the earliest diverging lineage of 

land plants and therefore hold the key position in land 

plant evolution. They show simple organization of the 

plant body (thallus) and comprise of three distinct 

morphological groups; liverworts (Phylum 

Corresponding Author Email: *srubasinghe@pdn.ac.lk 
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Marchantiophyta), mosses (Phylum Bryophyta) and 

hornworts (Phylum Anthocerotophyta) [13]. 

Phytochemical studies carried out on these 

bryophytes have shown that they possess a variety of 

chemicals that can be used in various synthesis 

strategies [14]. However, only a few species of 

bryophytes have been tested on nanoparticles 

synthesis [15, 16]. 

In this article we explain a simple eco-friendly, one 

step process of biosynthesis of silver nanoparticles 

using Riccia crispatula Mitt. (Phylum Marchantiales, 

Class Ricciaceae) as the plant source. 

Characterizations of the fabricated silver 

nanoparticles have been carried out using UV- visible 

spectrometry, Scanning Electron Microscopy (SEM) 

and Energy Dispersive X-ray (EDX) analysis and 

Fourier Transform Infrared Spectroscopy (FTIR). 

Antibacterial activity of silver nanoparticles was 

studied using well diffusion method against human 

pathogenic bacterium Pseudomonas aeruginosa. 

MATERIALS AND METHODS 

Plant material and extraction process 
 

Fresh thalli of Riccia crispatula were collected, and 

subsequent taxonomic identification was made by 

using taxonomic keys and descriptions [17]. Plant 

extractions were conducted by two different methods. 

In the first method, fresh mature thalli of the R. 

crispatula was cleaned using distilled water and air-

dried. Then, 1 g of dried plant material was measured 

and crushed in 30 ml of 70% ethanol (99.9 (v/v), 

VWR Prolabo® Chemicals, EC). The extract obtained 

was filtered through coarse filter paper to obtain a 

clear extract and then it was diluted using 40 ml of 

70% ethanol. In the second method, this procedure 

was repeated using absolute ethanol. Silver 

nanoparticle synthesizing procedure was carried out 

for both extracts separately. 

Synthesis of nanoparticles 

 

After preparing plant extracts, aqueous solutions of 

silver nitrate (AgNO3, 99.9%, RL Analytical Reagent, 

Sr. 1334) concentrations varying from 1- 10 mM 

were prepared. Then 1 ml of each AgNO3 solution 

was added to 5 ml extract of the plant extract 

separately and kept at 25 0C on a shaker at 80 rev/min 

in dark, allowing the formation of silver 

nanoparticles. 

Characterization of nanoparticles 

 

UV-Visible Spectrophotometry 

 

Optical absorption measurements of plant extracts 

were studied using normal incidence in the 

wavelength range 200 to 600 nm using UV-1800 

Shimadzu single beam UV-vis spectrophotometer at 

27 0C. 

Scanning Electron Microscopy 

 

Scanning electron microscopic (SEM) images of the 

fabricated silver nanoparticles were obtained using a 

Zeiss EVO LS 15 SEM. All the SEM images were 

taken at a tilt angle of 00 using an accelerating voltage 

of 20 keV. 

Energy Dispersive X-ray Analysis 

 

Energy dispersive X-ray analysis (EDX) was also 

obtained using Zeiss EVO LS 15 SEM. 

Antibacterial activity 

 

Antibacterial activity of the fabricated silver 

nanoparticles against human pathogenic bacterium 

Pseudomonas aeruginosa was examined using 

standard well diffusion method [18]. First, 10 g of 

nutrient agar was dissolved in 250 ml of distilled 

water in a conical flask, and kept in a sterilizer for 1 

hour. Then the sterile nutrient agar solution was 

poured into sterile glass petri dishesand kept on the 

laminar floor at room temperature for solidification. 

Then 200 µl of fresh overnight grown pure cultures of 

the Pseudomonas aeruginosa was spread on nutrient 

agar using spreader. Then 3 wells (12 mm diameter, 

50 mm apart from one another) were cut in the agar 

gel in one petri dish. After that solutions of 

synthesized silver nanoparticles were added into 2 

wells and control solution (plant extract without 

silver nitrate) was added in to one well. The systems 

were incubated for 24 h at 37 0C, under aerobic 

conditions. After incubation, bacterial growth was 

observed, and area of inhibition was measured in mm. 

RESULTS AND DISCUSSION 

Reduction of Ag+ ions in AgNO3 to silver 

nanoparticles in R. crispatula. Extracts could be 

detected by a colour variation. Figure 1 (a) shows the 

colour of the pure extract (extreme left), and just after 

adding 1 to 10 mM of AgNO3 to the extract (second 
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from left to extreme right respectively). As seen in 

Figure 1 (a), all the solutions including the pure 

extract look green initially.  After three days, the 

colour was changed gradually for extracts treated 

with AgNO3 concentrations beyond 3 mM, as seen in 

Figure 1 (b). The colour variation from light-green to 

reddish-brown is an indication of the formation of 

silver nanoparticles. Silver nanoparticles exhibit a 

reddish-brown colour in aqueous solutions due to 

effects of surface plasmon resonance [19].  

 

Figure 1. Color of solutions (a) immediately after and (b) 3 days after synthesis  

 

The presence of silver nanoparticles was then studied 

using UV-visible spectrographs for extracts of 

R.crispatula treated with 1 – 10 mM of AgNO3 

(results not shown). Absorbance measurements were 

conducted in the range 200 to 600 nm and the results 

revealed that the optimum concentration to synthesize 

silver nanoparticles is 7 mM. 

The UV-visible spectrographs taken at different time 

intervals from immediately after, to 38 days after, for 

the extract treated with 7 mM AgNO3 are shown in 

Figure 2. There are two absorption regions available 

for chlorophylls, the most common plant pigments in 

plants, which are at about 430 nm and 660 nm for 

chlorophyll a and 453 nm and 643 nm for chlorophyll 

b. Chlorophyll a, which is located in the PS II system 

plants give maximum absorption around 437 nm [20]. 

Hence the peak at 437.5 nm in Figure 2 was 

identified as chlorophyll a. The peak at 415 nm 

corresponds to formed silver nanoparticles. 

 

a 

b 
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Figure 2. UV-visible spectrographs for Riccia sp. treated with 7 mM AgNO3 at different time intervals 

 

According to the UV-vis spectrographs, the intensity 

of the silver peak at 415 nm intensified compared to 

the chlorophyll peak at 437.5 nm over the course of 

time, suggesting the existence and potential 

increment in the concentration of silver nanoparticles 

in the solution. In addition, the chlorophyll peak 

seems to disappear after 38 days, while a new peak 

emerge at 403 nm in the spectrum.  

In order to investigate this new peak at 403 nm a 

separate test was conducted for the R. crispatula 

extracts using two different extraction solvents; 

absolute ethanol and 70% ethanol. UV-visible 

spectrographs were taken immediately after and 38 

days after to investigate any potential variations in the 

characteristic absorbance peaks of the solutions over 

the course of time. 

The obtained results for the test are shown in Figure 

3. Figure 3 (a) shows the UV-visible spectrographs 

obtained using 70% ethanolic plant extract and Figure 

3 (b) using absolute ethanol for both immediately 

after (red line) and 38 days after (black line). While  

there is no significant alteration of the chlorophyll 

peak at 437.5 nm for the case of absolute ethanol 

extract (Fig. 3b), the 70% ethanolic extract (Figure 

3a) shows clear indication of disappearance of the 

chlorophyll peak and a new broad peak emerging at 

about 403 nm.  
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Figure 3. UV-visible spectrographs of plant extracts using 70% ethanol as the solvent (a) and using 

absolute ethanol as the solvent (b) 

 

The 70% ethanolic plant extract is more acidic than 

absolute ethanol plant extract. The pH measurements 

revealed a pH value of 4.8 for 70% ethanolic extract 

and 6.5 for the absolute extract. When chlorophyll is 

treated with an acid, it removes a chelated Mg2+ ion 

from the porphyrin ring of chlorophyll, and 

subsequently Mg2+ in chlorophyll is replaced with 

two hydrogen atoms as shown in Figure 4. The non-

chelated porphyrin ring gives a peak around 400-405 

nm for the UV-vis spectrum. Therefore, this could be 

the reason for the newly emerged peak when 70% 

ethanol used as the solvent and hence the broad peak 

in Figure 2 after 38 days. 
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Figure 4.Schematic representation of the conversion of chlorophyll a to pheophytin a through acid 

hydrolysis [21] 

 

 

In order to observe the fabricated silver nanoparticles, 

an SEM image was taken after depositing 7 mM 

AgNO3 treated Riccia sp. extract on a carbon strip. 

Figure 5 shows the SEM image of the silver 

nanoparticles obtained under a magnification of 

×81,000. The bright spherical structures suggest the 

presence of silver nanoparticles. The size of 

nanoparticles was approximated to be about 86 nm 

(Figure 6). 

 

 

 

 

 

 

 

 

Figure 5. SEM image of synthesized silver nanoparticles 
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Figure 6. Size distribution of the silver 

nanoparticles 

The presence of silver nanoparticles was further 

confirmed by an EDX spectrum.  The result obtained 

is shown in Figure 7. The strong signals resulting 

from silver atoms in the nanoparticles further 

confirms the reduction of silver ions into elemental 

silver and hence the formation of silver nanoparticles.   

 

 

 

 

 

 

Figure 7. EDX spectrum of silver nanoparticles 

 

 

The antibacterial activity of silver nanoparticles was 

assessed using a bioassay through the well diffusion 

method [22]. Silver nanoparticles synthesized from 5 

– 9 mM of AgNO3 along with the pure Riccia sp. 

extract were individually subjected to the test to 

obtain the zonal inhibitions. During the experiment a 

large number of P. aerugenosa cells from a single 

strain were spread over the agar, and then incubated 

in the presence of silver nanoparticle solution for a 

period of 24 hours. Figure 8 shows the result obtained 

by using nanoparticles extracted using 7 and 8 mM 

AgNO3 and the pure extract. It is expected to visually 

identify the zones of inhibition in the agar plate if the  

 

applied bacterial strain is susceptible to the silver 

nanoparticles. The experiment resulted clear zones of 

inhibition against P. aerugenosa as seen in the figure. 

The measured values of the zones of inhibition with 

respect to the different concentrations of AgNO3 are 

shown in Figure 9. 
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Figure 5: Zonal inhibition of silver nanoparticles against Pseudomonas aerugenosa with 7 mM and 8 

mM AgNO3 treated extract with respect to control solution 
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Figure 6. Size distribution of zonal inhibitions against Pseudomonas aerugenosa 

According to the measured zonal diameters, 7 mM of 

AgNO3 resulted highest diameter and hence higher 

antibacterial activity with respect to other 

concentrations. It is believed that the antibacterial 

activity of silver nanoparticles is a result of its 

interference with respiratory metabolism of bacterial 

organisms and subsequent destruction [1, 23]. These 

evidences prove the possibility in formation of Ag 

NPs by environmental friendly method using 

bryophytes. 

CONCLUSION 

In conclusion, the ability of the thalloid liverwort 

Riccia sp. for fabricating Ag nanoparticles was 

determined using various experimental techniques. A 
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peak for pure silver nanoparticles was identified at 

415 nm from the UV-visible spectrographs. After 38 

days the reaction process a gradual disappearance in 

peak at 437.5 nm, and appearance of new peak at 403 

nm was observed. This was identified due to the 

removal of chelated Mg2+ from porphyrin ring in 

chlorophyll, which occurs in the mild acidic medium. 

EDX was used to confirm the presence of elemental 

silver. Resulted silver nanoparticles had an average 

size of 86 nm which was examined through the SEM 

imaging. Furthermore, microbial susceptibility to the 

silver nanoparticles for Pseudomonas aerugenosa 

was studied for all concentrations of AgNO3, through 

the well diffusion method and highest inhibition zone 

was obtain for 7 mM of AgNO3. 
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Abstract  

Hydroxyapatite (HAp) is an inorganic calcium phosphate ceramic which has been widely used for 

many biological applications like bone tissue engineering, bone reconstruction and in drug delivery 

because of its known biocompatibility and biodegradability. In most of the reported work the 

synthesized hydroxyapatite nanoparticles had a nanocrystalline nature with a needle shape. However 

this study has involved the facile creation of low crystalline HAp as an alternative to these methods. 

Moreover a magnetic core of iron oxide nanoparticles (IONPs) has coupled to this system in order to 

increase the targeted delivery by using an external magnetic field. The formation of HAp coated on 

IONPs was evident from Scanning electron micrographs (SEM), Fourier Transform Infra-red 

spectroscopy (FT-IR) and X- ray diffraction (XRD) studies. Later this composite was used to study 

the drug encapsulation efficiency using paracetamol as a model drug. Several systems having 

different degree of crystallinity were studied for their capability to bind with the drug molecules out 

of which one system has been identified as the best system, having an encapsulation efficiency of 

95%. This system has highlighted its ability to perform slow releasing property of paracetamol in 

both pH 7.4 and pH 5.5 buffer systems. Therefore the main objective of this work was identify a 

potential drug delivery agent for the purpose of targeted and controlled delivery of drug molecules 

which could be used for the purpose of cancer drug delivery. 

Keywords: Hydroxyapatite, Iron oxide, drug-carrier, magnetic, controlled, targeted 

INTRODUCTION 

Functionalization of nanomaterials via a chemical or 

biological moiety will anchor some additional 

properties for these nanomaterials which could extend 

its application in many fields. However when these 

nanomaterials are being utilized in biomedical 

applications, the main issue that has limited their 

application is the biocompatibility [1]. Therefore 

much attention has been devoted in recent years to 

tackle this problem by providing a surface 

modification to those bear nanomaterials, which 

could prevent aggregation and possible removal of 

them by the immune system. Among the well-known 

inorganic nanomaterials, iron oxide nanoparticles 

(IONPs) have been widely consumed for several 

biomedical applications such as magnetic resonance 

imaging (MRI), hyperthermia, magnetofection, cell 

separation, drug delivery etc [1-7]. For these 

applications the surface of IONPs has been modified 

with the use of polymer coatings [4-6] or inorganic 

coatings [4,6], mainly to avoid the risk of elimination 

by the reticular endothelium system (RES) prior to 

reaching the targeted site [5] and to increase the 

stability [5,6]. This is because the fate of these 

nanoparticles are highly dependent on the size, 

morphology and the surface chemistry of the 

nanoparticles [1]. 

There are number of reports where polymer and 

inorganic coatings have been used to functionalize 

the IONPs where IONPs have acted as the core and 

the respective coatings giving rise to a shell like 

structure. Use of (poly D, L/lactide-co-glycolide acid-

PLGA) [4,8], carboxymethyl cellulose (CMC) [9], 

dextran [4], polyethylene glycol (PEG) [4] as 
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polymers and silica [4,6], hydroxyapatite (HAp) [2-

5,7,10], Al2O3 [1] as inorganic materials are among 

the reported work. The main intention behind the use 

of magnetic core shell structures is the possibility of 

manipulating them using an external magnetic field 

which could in-turn trigger the release of bioactive 

molecules [6] that are bound to these carriers or to 

improve the efficacy of a particular application by 

coupling in to a magnetic field (e.g. protein 

separation [11], transfection [12] and heavy metal 

removal [13]). 

Recently it has been identified that inorganic coatings 

have much capability to withstand the in-vivo harsh 

environments rather than the polymer coatings [5]. 

Among the use of core shell inorganic hybrids of 

IONPs, the use of hydroxyapatite (HAp) as a coating 

has gained much considerable attention over the last 

few years, because of the unique features provided by 

HAp. Hydroxyapatite is a naturally available calcium 

phosphate form [4,10] which accounts for the main 

mineral component in hard tissues (bone and teeth) 

[4,14-19]. It possessed a good biocompatibility and 

biodegradability [5,10,12,17,19] which has extended 

its application widely in biomedical field [11,19] 

specially in oseteoregeneration [18], bone 

implantation [4], drug delivery [4], gene delivery [12] 

and in many other applications [19]. There are 

number of studies which involve in the preparation of 

HAp with various shapes like nanorods, needles, 

nanospheres etc [19-23]. Moreover due to its 

crystalline structure and the adsorption capability it 

has made it possible for different modifications like 

substitution, doping which has tailored additional 

properties on to HAp [14]. However the synthesis of 

HAp/IONPs is a novel concept where much work is 

not reported in this particular area [2,5,14]. 

In this situation, the development of HAp/IONPs 

composites can be identified as a novel tool, which 

can be utilized for bone tissue engineering [6,24] 

which will enhance the bone cell regeneration, 

hyperthermia application [6] and also it could be 

loaded with biomolecules like drugs [6], growth 

factors [7] which can be delivered to the area of 

interest like cancer cells in a controlled and a targeted 

manner using an external magnetic field. The major 

problem in common cancer treatment protocols is the 

non-specificity and the damage caused to normal and 

healthy tissues. This could be avoided by using 

biocompatible HAp/IONP composites which could 

provide more direct and effective treatment protocol 

[1,7]. 

According to the reported work in this area 

[2,5,14,19,25], it is clear that obtaining a facile 

synthetic approach for the synthesis of HAp/IONPs is 

still remained to be a challenge where only few were 

based on ultrasonication irradiation [2], ultrasonic 

spray pyrolysis at high temperature [26], co-

precipitation [14,27,28], hydrothermal synthesis [15], 

mechanochemical synthesis [10] and microwave 

irradiated synthesis [19]. More importantly these 

methods are labor intensive, expensive, require 

lengthy processing time (several hours to days) 

[3,5,6,11,12,14,27,28] high temperature treatment 

[15,19,24,26], calcination [11], freeze drying [4,6] 

which makes it energy and time consuming [14]. 

In our present work, we have attempted to follow a 

facile synthetic approach to obtain HAp coated 

IONPs where it has avoided many of the energy and 

time requiring steps so far reported. A basic co-

precipitation technique has been utilized without 

using calcination or freeze drying at the end. As 

synthesized HAp/IONPs composites were used to 

load a model drug to check the encapsulation 

efficiency. The best system based on the 

encapsulation efficiency was subjected to in-vitro 

controlled release assessment in two buffer media. 

This work highlights the possibility of synthesizing 

HAp/IONP nanocomposites via a simple and a rapid 

approach which can be used for the purpose of 

targeted and controlled delivery of drugs, specially 

for the treatment of cancer. 

METHOD 

Materials 

All chemicals were reagent grade and used without 

further purification. Ferrous ammonium sulfate 

hexahydrate ((NH4)2Fe(SO4)2.6H2O,99%), ferric 

ammonium sulfate dodecahydrate 

((NH4)Fe(SO4)2.12H2O,99%), ammonium hydroxide 

(NH4OH, 25%), Ca(NO3)2.4H2O (99%), (NH4)2HPO4 

(≥ 99%), MgCl2.6H2O (99-102%), sodium alginate 

(low viscosity, NaAlg)), carboxymethyl cellulose 

sodium salt (low viscosity, CMC) were purchased 

from Sigma Aldrich. Double distilled degassed water 
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was used throughout the experiment. Paracetamol 

(99.3 %) was kindly donated by the State 

Pharmaceuticals (SPMC) of Sri Lanka. 

 

Preparation of HAp/IONP composites 

Synthesis of iron oxide nanoparticles (IONP) 

Magnetite (Fe3O4) nanoparticles were prepared using 

the co-precipitation technique. Briefly ferric and 

ferrous aqueous ion solutions were mixed in 2:1 

molar ratio under an inert atmosphere to which 

ammonia was added in dropwise manner. Vigorous 

stirring was carried out till a black colored suspension 

was obtained. These IONPs were magnetically 

separated, washed and used for the creation of 

HAp/IONP composites. 

Synthesis of CMC added HAp/IONP composite (S1) 

Hydroxyapatite coating was created on IONPs by 

simply adding an alkaline solution of Ca(NO3)2 to the 

IONPs dispersion containing (NH4)2HPO4 and 

carboxymethyl cellulose. Vigorous stirring was 

allowed at low temperature while adjusting the pH at 

8-9. Stirring was continued for several hours and the 

magnetic separation was carried out at the end. The 

obtained brown black product was washed thoroughly 

till the pH becomes neutral. 

Synthesis of Mg doped HAp/IONP composite (S2) 

Synthesis of S2 was performed in the same manner 

following the procedure in S1 except the step where 

CMC has been added. Instead IONPs were mixed 

with MgCl2 and phosphate precursor prior to the 

addition of the calcium precursor. 

Synthesis of NaAlg added HAp/IONPs (S3) 

For the synthesis of S3 the same procedure in S1 and 

S2 was followed by replacing CMC/Mg2+ with the 

addition of NaAlg as a polymer to the IONP 

suspension containing the phosphate precursor. 

Material Characterization 

X-ray powder diffraction pattern (PXRD) was 

recorded using Bruker D8 Focus X-ray 

Diffractometer with CuKα radiation (λ= 1.5418 A°) 

over the range of 5°-8°. Fourier Transform Infra-Red 

(FT-IR) spectroscopy was performed with a 

spectrometer (Bruker Vertex 80) over the range of 

400-4000 cm-1 with the KBr pellet technique. To 

characterize the size and the shape of the neat IONPs, 

a drop of the IONP suspension was placed on a 

copper grid and the image was obtained by 

Transmission Electron Microscope (TEM-JOEL JEM 

1011) operating at an accelerating voltage of 100 kV. 

Morphology of the magnetic HAp composite was 

examined by the Scanning Electron Microscope 

(SEM- SU 6600, Hitachi) operating at 10 kV. The 

elemental analysis of the HAp/IONP composites was 

analyzed by the X-Ray Fluorescence Microscope 

(XGT-5200, Horiba). Thermal degradation pattern of 

each composite was obtained by the 

Thermogravimetric analysis (TGA), which was 

performed by Thermogravimetric Analyzer (SGT Q 

600) where the samples were heated from room 

temperature to 1000 °C. Finally the Ca and Fe 

leaching from the composites were analyzed from the 

liquor collected at the end by subjecting in to atomic 

absorption spectroscopy (AAS- Hitachi 2-8100, 

spectrophotometer).  

In-vitro drug loading and releasing studies 

Paracetamol was used a model drug in this study. 

Paracetamol adsorption study was carried out by 

adding a constant amount of drug to a varying 

amount of composite from each system and 

incubating for 17 hours at 37 °C at 180 rpm. The 

maximum loading was assessed by measuring the 

remaining amount of paracetamol in the suspension. 

All the experiments were based on the UV absorption 

measurement of paracetamol at 244 nm (λ max). 

With respect to the amount that has been loaded in to 

the each system, the encapsulation efficiency was 

calculated. 
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The best system out of S1, S2, and S3 was selected as 

the one which is showing the highest encapsulation 

efficiency. That particular system was further 

analyzed for its ability to do controlled releasing over 

a period of time. The drug loaded HAp/IONP 

composite was of 100 mg was immersed in 10 ml of 

PBS (ph 7.4) at 37°C with a constant shaking at 80 

rpm. At each time interval 1 ml of the release 

medium was withdrawn for UV Vis analysis at 244 

nm and the medium was replaced with a same 

amount of the fresh buffer. 

Similarly another releasing study was carried out in a 

lower pH buffer (pH 5.5, acetate buffer). Rest of the 

procedure was same as in the case of releasing study 

done in PBS buffer. 

Statistical Analysis 

All data were expressed as mean (±) SD, and were 

analyzed by analysis of variance (one-way ANOVA). 

Statistical significance was accepted at a level of p < 

0.05. 

RESULTS 

X-Ray Diffraction studies of HAp/IONP 

composites 

The XRD pattern of magnetite (Supplementary 

Information, Fig. S1) and HAp (Supplementary 

Information, Fig. S2.a,b) were in accordance with the 

reported XRD patterns [12,13,17,19] except in the 

case where Mg2+ doping has been carried out 

(Supplementary Information, Fig. S2.c). This system 

has given rise to very low crystalline HAp which is 

evidenced with the low intense Sand broad peaks in 

the XRD pattern. In general the HAp samples 

corresponding to S1,S2 and S3 has resulted with peak 

broadening which has highlighted the low crystalline 

or small crystallite size of the HAp [7].

The PXRD patterns of the magnetic HAp 

nanoparticles of each system synthesized by the co-

precipitation method are given in Fig.1. a,b,c. All of 

these patterns were more similar to the diffraction 

pattern of magnetite with much broader peaks. This 

type of an observation is in accordance with the 

reported work [6,13,14,29]. Also the intensity of the 

HAp was very low and only few peaks were 

appearing in the region of 2Θ 30-35°, which depicted 

the presence of HAp. However this type of a pattern 

can be expected as the crystalline magnetite 

nanoparticles with high intensity in its XRD pattern 

might have masked the appearance of the low 

crystalline HAp that is being coated on the IONP 

surface. Moreover a low concentration of HAp was 

used as a coating on IONPs that will again minimize 

the appearance of HAp peaks over the more 

prominent IONP peaks. 
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c.) 

 

Figure. 1. a. PXRD pattern of HAp/IONPs (S1), HAp/IONPs (S2), HAp/IONPs (S3) 
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Fourier Transform Infra-red spectroscopy of HAp/IONP composites 

The infra-red vibrational bands of magnetic HAp systems are shown in Fig.2 and summarized in the table 1 (Supplementary Information). 

Table 1: Vibrational bands of HAp/ IONP composites 

 

 

Type of vibration  

 

Wave number (cm-1) 

Fe-O 576 [3,5,14] 

PO34- stretching 471, 961,1040,1090 [3,14] 

PO34- bending 567, 606  [3,14] 

Apatite –OH 3572,633 [3,14] 

Adsorbed –OH stretching and bending 3440, 1640 [3] 

-CH2 symmetric 2925 [30] 

-CH2 asymmetric 2852 [30] 
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Figure. 2. FT-IR spectra of HAp/IONPs a.) S1, b.) S2, c.) S3 compared with neat IONPs and neat HAp  
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As given in Fig.2 it was hard to identify Fe-O bands in the composites due to the presence of HAp coating [30] as there are overlapping regions of both IONPs and HAp [29]. 

However the phosphate lattice as not affected by the presence of IONPs, but the intensity of the peaks has reduced more clearly as in S2 system (Fig. 2. b). The interaction of 

polymer molecules during the preparation of HAp/IONP composites was evidenced with presence of small humps in S1 and S3 which corresponds to the –CH2 vibrational 

bands [30]. 

Morphological characterization of HAp/IONP composites by SEM and TEM 

The morphological appearance of as synthesized neat IONPs was examined using TEM. Fig.3 shows that these nanoparticles were almost monodispersed and spherical in 

shape giving rise to an average diameter of 10-15 nm. 

 

 

 

 

 

 

 

 

Figure.3. TEM micrograph of neat IONPs obtained under an accelerating voltage of 10 kV 
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According to the SEM micrographs of HAp/IONPs 

composites given in Fig.4.c, it was is clear that S3 is 

more homogeneous in nature when compared with 

the other systems having a diameter of 15 nm ± 7.5 

nm. S1 (Fig.4.a.) is consisted of both rods (100±1 nm 

length 24.9 ±0.4 nm width) and spheres (diameter of 

25± 2.3 nm) in the HAp coating. This has created 

somewhat heterogeneity to the final appearance of the 

HAP/IONP composite. However this type of an 

observation could occur due to the reason that the 

ripening time was not adequate for S1 system for the 

spheres to transform in to rods completely. In S2 

(Fig.4.b.), an aggregated cluster like appearance was 

created where the IONPs are embedded on the HAp 

matrix. As it is appearing as clusters a definite size 

cannot be specified. More importantly these obtained 

morphologies are different from the ones in already 

reported work. Specifically preserving the spherical 

nature of the IONPs while being coated by the HAp is 

not that common [4,12,13,15,18,19,24,29]. 

a.)   & b.) 

   

c.) 

Figure. 4. SEM micrographs of HAp/IONPs systems 

a.) S1, b.) S2, c.) S3 

Elemental composition analysis by XRF 

X-ray fluorescence was adopted to investigate the 

elemental compostion, and the corresponidng XRF 

spectra revealed (Supplementry Infromation- Fig. S3 

a,b,c) the presence of Ca, P and Fe in the samples. 

Additionaly in the system S2, Mg2+ was scarcely 

appearing with a weak peak around 1.25 eV, as the 

emission of Mg is too weak to detect above the noise. 

Thermal degradation of the HAp/IONP 

composites 

Fig.6 Shows the DTG curvesof the composites 

compared with the DTG curves of the neat IONPs 

and HAp. In neat IONPs, HAp corresponding to S1 

and S1 the weight loss in the 0-150 °C range could be 

due to the removal of adsorbed water [10,14]. A 

signature peak at 250 °C of IONPs is absent in neat 

HAp sample [14]. The weight loss in neeat HAp 

occuring in the region of 250-450 °C can be 

accounted for the degradation of polymer [10] 

associated with the loss of lattice water [10,14]. 

Therefore in the composite a peak appearing in 

between 250-300 °C (with a peak shift towards the 

high temperature) highlights the incorporation of the 

polymer bound HAp and neat IONPs. 

Similarly in S2, the degradation pattern is more 

similar to neat IONPs with a slight shift of the 

characteristic peak of IONPs neat 250 °C. This 

highlights the interaction of HAp with IONPs. A peak 

at 900-1000 °C could arise due to theevolution of 

CO3
2- ions from HAp as CO2 [31]. 
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In S3, apart from the removal of adsorbed water, it is 

cleraly observed that the signature peak of IONPs has 

linked with the decomposition of the polymer 

(NaAlg) bound to HAp and the dehydroxylation of 

HAp. This has created a peak shift in the DTG curve 

of S3. 

 

a.) 

b.) 
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c.) 

 

Figure. 5. DTG curves of HAp/IONPs composites a.) S1, b.) S2 and c.) S3 

 

Assessment of Ca and Fe leaching and the 

percentage yield 

The mount of Ca and Fe leaching of each composite 

was assessed using AAS method. The percenatge 

amount of Ca and Fe released by these systems with 

respect to the total Ca and Fe content is given in 

Table 2 (Supplementary Information). Moreover the 

percentage yield of  each system was also calculated 

and tabulated in Table 2 (Supplementary 

Infromation). 

These magnetic hydroxyapatite nanocomposites can 

be quickly separated from their dispersion under a 

magnetic field placed close to the sample holder as 

given in Fig.7. This indicates that the dispersions of 

these magnetic components can be easily manipulated 

under an external magnetic field.  
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Figure. 6. Magnetic separation of composites placed under a magnetic field 

 

Paracetamol loading and releasing studies 

The drug adsorption behavior of S1,S2 and S3 was 

assessed by adding a constant amount of drug 

concentration over a varying amount of the carrier 

material from each system. As given in Fig. 7, the 

system S3 has shown the maximum encapsulation 

effieceincy of 95.1% which was identified as the best 

over the other two systems. Therefore this particular 

system was selected to carryout the drug releasing 

studies. 

 

Figure. 7. 

Drug 

adsorption capability of S1, S2 and S3 over a constant amount of paracetamol, at t varying concentrations of 

the carrier 
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The paracetamol releasing behavior from the 

paracetamol adsorbed S3 system with an initial 

concentration of 8.56 mg/L was investigated in PBS 

(pH 7.4) and sodium acetate (pH 5.5) buffer solutions 

at 37 °C. As shown in Fig. 8.a and b, the paracetamol 

release was somewhat high in the first several hours. 

After this rapid release stage, the releasing rate was 

reduced and have maintained a level still below 30%. 

At the end of the incubation for 7 days the cumulative 

release percentage in PBS was 14% (Fig.8. a) and in 

acetate buffer it was 25% (Fig. 8. b) , and more 

importantly the release is still continuing. This 

highlights that S3 has extended its slow releasing 

property both in pH 7.4 and pH 5.5 more than for 7 

days. A higher releasing profile at low pH can be 

attributed to the increased dissolution of the 

nanocarrier in the acidic medium. This dissolution 

process may enhance the release of the drug 

molecules in to the solution. Also as this composite 

contains NaAlg as a polymer by being incorporated in 

to HAp, that might also trigger the drug release more 

in acidic medium rather than in alkaline pH, because 

the polymer might get swollen with the lowering of 

the pH and that will create much void areas for the 

release of the drug molecules. 

However when compared with the neat paracetamol 

release without a carrier material, after 3 ½ days the 

total amount of the paracetamol is completely 

released in both pH 7.4 buffer and in pH 5.5 buffer 

(Fig. 8.c and d). These experimental results indicate 

that the as prepared HAp/IONPs have favorable pH 

controlled drug releasing property and it is promising 

for the application as a pH responsive drug carrier 

which can be identified as a potential candidate for 

the delivery of drugs to diseases like cancer. 

 

Figure. 8. Cumulative release percentage of paracetamol from S3 system a.) in PBS, b.) in acetate buffer, c.) 

Cumulative release of neat paracetamol in PBS, d.) Cumulative release of paracetamol in acetate buffer 

 

CONCLUSIONS 

A facile wet chemical co-precipitation technique has 

been developed for the creation of HAp coated 

IONPs via three different approaches. These as 

prepared HAp/IONP nanocomposites have shown 

different crystallinity and morphologies based on the 

additives that has been added during the preparation 

of these composites. The drug encapsulation 

efficiency of those systems was investigated by 

loading a model drug like paracetamol. NaAlg 

incorporated S3 system has shown the highest 

encapsulation efficeincy over the other two systems 

and also it has highlighted its capability to mediate a 

good sustained releasing profile in a pH controlled 

manner which could even continue the drug releasing 
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property more than 7 days. Due to the high 

biocompatibility, magnetic responsive behavior and 

pH controlled slow drug releasing ability, these 

composites can be identified as a promising tool for 

targeted drug delivery, specially in cnacer treatment. 

Also this approach introduces a novel and a greener, 

rapid approach to synthesize HAp/IONP composites 

which eliminates the use of high temperature, long 

processing time, calcination and freeze drying. 
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Appendix  

FACILE SYNTHESIS OF HYDROXYAPATITE/ IRON OXIDE NANOCOMPOSITE TO BE USED AS A DRUG CARRIER 

SUPPLEMENTRAY INFORMATION 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. S1. PXRD pattern of neat IONPs 
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a.) 
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b.) 

c.) 
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Figure. S2. 

PXRD 

patterns of a.) HAp synthesized in the presence of CMC, b.) HAp synthesized in the presence of Mg2+, c.) HAp synthesized in the presence of NaAlg 
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Figure. S3. XRF pattern of a.) S1, b.) S2, c.) S3 
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Table 2: Percentage Ca and Fe leaching and percentage yield of HAp/ IONP composites 

 

 

 

 

 

 

 

System 

 

Ca leaching % 

 

Fe leaching % 

 

% Yield  

 

S1 0.022 0.30 56.76 

S2 0.070 0.08 80.89 

S3 0.063 0.08 91.60 
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Abstract 

Nano/microfibers prepared by electrospinning have a plenty of extraordinary properties applicable in 

many industrial fields. Large specific surface area is main advantage of these fibers.  Usually the 

surface of nano/microfibers is almost smooth. Through the process parameters it is possible to obtain 

porous surface of individual fibres which leads to the pronounced increase in surface area. Their 

morphology can be affected not only by the spinning process parameters but also by the composition 

of polymer solution and by the used solvents. Porous fibers may have a variety of uses in numerous 

applications because they show even larger specific surface area compared to smooth fibers. Porous 

nanofibers can provide better adhesion for the cells, more rapid degradation time, etc. Porous 

biodegradable Poly(l-lactide) (PLLA) fibers were produced using the electrospinning method from 

the needle. One of the possible method to evaluate the increase of the surface area is HR-SEM image 

analysis. The present work demonstrates the usage of new method enabling the assessment of 

porosity contribution to increase in micro/nanofiber surface area. 

Keywords: Porous nanofibers, electrospinning, surface morphology, micro/nanofibers, structure 

INTRODUCTION 

Polymeric nano/microfibres can be produced by the 

use of an electrospinning method, in which electric 

forces affect polymeric solution or melt. Under 

appropriate conditions an electrically charged 

polymer solution will create very thin fibres by the 

use of the electrostatic field effect. The formation of 

fibre occurs between two oppositely charged 

electrodes, one of which is in contact with the liquid, 

the second electrode serves as a collector where 

fibrous layer is formed. The diameter of fibres made 

by electrospinning may vary from tens of nanometers 

to micrometers. The diameter of fibres is most often 

in the range of 100-750 nm, depending on the type of 

polymer and external conditions of spinning process. 

Fibres produced by electrospinning have enormous 

potential in many fields especially in medicine, 

engineering, clothing industry, aerospace, energy etc. 

[1-5]  

 

Currently, some scientists are focused on the studies 

of the structural morphology of nanofibres. The 

studies are focused on the method how to characterize 

and optimize the spinning process and determine the 

best spinning parameters. [6-8] Electrospinning 

process is influenced by the properties of the polymer 

solution, i.e. viscosity or surface tension. Morphology 

and diameter of the fibers are influenced by the 

composition of solvent/precipitants mixture.  

Porous nanofibers exhibit many advantages over 

smooth fibres, because due to their porosity they have 

a significantly larger surface area. High porosity and 

rough surface are beneficial for the adhesion and 

proliferation of cells into nanofibrous layers in tissue 

engineering and in controlled drug release. For the 

use in medicine, material must not be toxic, 

carcinogenic, mutagenic, allergenic and must not 

contain any impurities. [6] These nanofibers can be 

made from natural materials like from biodegradable 

polymers suitable for application in medicine due to 

their biocompatibility. These materials include a 
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variety of natural and synthetic polymers. Examples 

of the useable natural materials either pure or 

partially modified can be collagen and gelatin, 

cellulose and its derivatives, chitin and its derivatives. 

From the synthetic polymers dominate polylactic acid 

(PLA) and its copolyesters, polyglycolic acid (PGA) 

or polycaprolactone (PCL) and polyurethanes (PUR). 

Many nanofibers of this type can be good carriers of 

active pharmaceutical substances. The advantage is 

that during the therapeutic effect may be some types 

of these fibres spread and do not represent long term 

burden for the organism. [9-11] In addition, the large 

specific surface is important in filtration or in the 

chemical industry. [5] The structure and porosity of 

fibres can also affect the different evaporation speed 

of the solvent/ precipitants mixture in the polymer 

solution. [12] A study dealing with the production of 

porous fibres was published in [13]. 

It was experimentally established that the pores in the 

surface of nanofibers arise due to evaporation of a 

secondary solvent. Their shape depends on the stage, 

wherein pores are formed (during drawing the fiber, 

respectively, after completion of stretching). 

MATERIAL  

For the present experiment was selected poly(l-

lactide) – PLLA. Poly (lactic acid) (PLA) and their 

copolymers are the most widely investigated und 

used synthetic degradable polymers for biomedical 

applications. [14]   

Polylactide (PLA) is synthesized via ring-opening 

polymerization of lactic acid dimers (lactide rings) 

which contain two optical isomers, referred to as D-

lactide or L-lactide. Poly(L-lactide) (PLLA) is a 

semicrystalline polymer exhibiting a high modulus 

and a slow degradation time (more than 24 months); 

whereas poly(D,L-lactide) (PDLLA) is amorphous 

and has a low modulus and a more rapid degradation 

time (12 to 16 months) which makes it more suitable 

for drug delivery systems. [15-16]  .  

EXPERIMENTAL PART 

Electrospinning   

This work aims with creating of pores into nanofibers 

surface and evaluation of their efect on the increase 

of fibre specific surface area. Nanofibrous layers 

were produced by a needle electrospinning method; 

this device is shown in Figure 1. The electrospinning 

process is described in detail in [17].  

Figure 1. Diagram of the electrospinning setup. Basic electrospinning device consits of syringe with polymer solution, 

needle serving as the electrode with high voltage and collector which can be grounded or connected to an opposite high 

voltage. The polymer solution is fed through the needle and fibers are ejected from drop of polymer in high electric field 

between the needle and collector. These fibers are then collected on Collector. 
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Preparation of PLLA solution  

10% PLLA solution with molecular weight Mw = 75 

000 – 120 000 g/mol was used for the preparation of 

porous nanofibers. PLLA was dissolved in the 

mixture of Dichlormethane (DCHM) und dimethyl 

sulfoxide (DMSO). Mixing ratio of solvents 

(DCHM/DMSO) was 9:1.  

Other monitored parameters were following: spinning 

tension, collector distance and dosage (see Table 1).  

Table 1 Proposed experimental parameters. 

Concentration 

HPLC/DMSO 

High 

voltage 

[kV] 

Collector 

distance 

[cm] 

Polymer 

dosing  

[ml/h] 

 

9:1 

 

15; 20; 

25 

 

 

25 

 

15; 20; 25 

 

Evaluation of the Structure 

The morphology of the PLLA micro/nanofibers 

layers was assessed on the basis of image analysis of 

HR-SEM images.  

In Figure 2 there is detailed view of the individual 

porous microfiber. The solvent ratio was 9:1, voltage 

of electrode 30 kV, the collector distance was 25 cm 

and polymer dosage of 15 ml / h. The fibre diameter 

ranged from 700 to 1100 nm; the diameter of the 

particular pores ranged in the order of tens of nm. 

 

 

Figure 2. HR SEM image of electrostatically electrospunn fibre of 10% PLLA. Measurement of whole pores 

 

Specific Surface Area of Porous Fibres 

For the evaluation of the effect of pores-implementation into the fiber surface, following method was suggested. 

Evaluated fibrous structures have to fulfil the following conditions: 

1.  All fibres have nearly similar diameter. 

2. The shape of pores is ellipsoidal. 

3. All produced fibres are porous. 

Porous microfibers were evaluated on the basis of image analysis of HR-SEM images in NIS – Elements SW. 

Diameter of fiber, lenght and diameters of individual pores were measured on the selected representative part of 

porous fibre (see Figure 3). 
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Figure 3. A schema of porous fibre, where l is measured length and D is its diameter 

 

 

Smooth fibre:  

The surface area (Ssf) of smooth fibre can be calculated using the equation (1), its volume corresponds to (2). 

 

(1) 

                                                                           

(2) 

Then the specific surface (KSF) could be calculated as (3). 

          
  

Ssf……………. surface area of the smooth fibre 

Spf……………. surface area of the porous fibre 

Vsf……………. volume in smooth fibre 

Vpf……………. volume in porous fibre 

D..……………. diameter of the fibre 

di…..…………. diameter of individual pores 

n………………. quantity of pores on the measured length of the fibre 

l………………. measured length of the fibre 

                                                                                                            

(3)                                                                                                                 

 

Porous fibre: 

The surface area of porous fibres (Spf) can be calculated as (4). 

 surface of smooth fibre - projected area of pores + surface of ellipsoids 

                                                                                                                        (4)                                                                                                     

The volume of porous fibre is equal to (5). 

                                                                                           (5) 
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a, b are semi-axes of oval pores.                                                                        

                                                                                                                                              

Finally, the specific surface of porous fibre can be calculated as (6). 

   

 (6) 

Relative area increase (RAI) due to porosity (7). 

 

 

     (7) 

For the example shown in Fig. 2, the relative area increase RAI due to fibre porosity: 

 

1,34  

 

CONCLUSION 

This work was focused on the usage of new method 

enabling the assessment of porosity contribution to 

increase surface area in micro/nanofibers. 

The first part deals with samples preparation with a 

respect to various parameters of the electrospinning 

process. The structure and porosity of micro / 

nanofibers is strongly influenced by a combination of 

many factors. The shape of pores depends on the 

stage when pores are formed. If the fibre drawing by 

the electric forces is finished before pores forming, 

resulting pores will be spherical and on the other 

hand if pores are formed during the fibre is still 

drawn, pores will be oval shaped. Therefore, various 

configurations of spun solution, various voltage and 

dosage were tested. The best results with respect to 

the surface porosity were obtained at following 

conditions: the solvent ratio was 9:1, voltage of 

electrode 30 kV, the collector distance of 25 cm and 

polymer dosage of 15 ml/h. These conditions caused 

the oval-shape of pores in the surface of PLLA fibres.  

The average diameter of obtained porous fibres was ≈ 

870 nm; the average pore’s equivalent diameter of 

pores was ≈ 100 nm. 

In the second part the morphology of layers was 

assessed using the image analysis of high resolution 

images taken by the scanning electron microscope.  

In Ref. [18] there was proposed a method for 

evaluation of RAI parameter for spherical pores, in 

this work the equations were modified for oval pores. 

The basic measured dimensions were the fibre length 

and diameter and both semi-axis of pores. RAI 

parameter was calculated by the use of equations (1-

7). This article demonstrates that porosity of the fiber 

contributes to increase the specific surface area. The 

RAI parameter was about 34 % due to porosity.   
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Abstract  

The graphene nanoantenna was modeled and its properties were analyzed by finite difference time-

domain simulations. The field enhancement and radar cross-section of the antenna for different 

chemical potentials were calculated, and the effect of the chemical potential on the resonance 

frequency was analyzed. It is shown that large modulation of resonance peak and intensity in log-

periodic nanoantenna can be achieved via turning the chemical potential of graphene. The multi-

resonance properties of the antenna have great potential for nanoscale highly nonlinear response and 

optical sensing. 

Keywords: Nanoantenna, graphene, multi-resonance, field enhancement 

INTRODUCTION 

In the past decades, metal nanoantennas have gained 

significant interests due to their enormous 

applications in sensing [1], non-linear spectroscopy 

[2], nano-imaging [3] active photonic devices [4] and 

so on. However, the difficulty in controlling and 

varying permittivity functions of metals degrade the 

resonant properties of the nanoantenna, and the large 

ohmic losses limit the relative propagation lengths of 

SPP waves along the interface between such metals 

and dielectric materials. These drawbacks constrain 

the functionality of nanoantennas based on metals. 

Recently, graphene, an attractive two-dimensional 

(2D) carbon material, has attracted great research 

interest in the last decade [5, 6]. Since its density-of –

states and Femi energy can be tuned by electrostatic 

or chemical doping, graphene has become a fantastic 

material for applications, including frequency 

multipliers [7], optical switches [8] and filters [9, 10]. 

Though some interesting initial theoretical and 

experimental studies have been presented [11-

13]，the use of graphene in log-periodic 

nanoantennas has been by far less investigated. 

Compared with the conventional plasmonic metal, 

graphene exhibits several appealing properties. For 

example, the permittivity of graphene can be easily 

tuned by gating voltage [13, 14]. Meanwhile the 

Ohmic loss is low at a high doped level. Besides, 

graphene plasmons are confined to volumes ~106 

times smaller than the diffraction limit which 

facilitates the light-matter interaction. Thereby, 

nanoantennas based on graphene have several 

advantages over mental nanoantenna. Here, we 

propose a graphene log-periodic nanoantenna and 

systematically investigate the field enhancement and 

the radar cross section of graphene log-periodic 

nanoantenna by adopting a log-periodic model with 

variable permittivity.  

STRUCTURE AND FORMULATIONS 

The configuration of the self-standing graphene log-

periodic nanoantenna illuminated by an x-polarized 

plane wave is presented in Fig. 1. The antenna is 

based on the bowtie antenna with a flare angle of 30o. 

The angle of teeth spread on both sides of the bowtie 

is defined as 15o. The nth tooth is characterized by an 

outer radius 
nR  and inner radius

nr , 

where 0.86n nr R  ,
1 0.74n nR R   the maximum 

outer radius being 1000 nm. And the teeth number n 

is fixed at 3. The gap between the two teethed 

structures is 50 nm. The tips of the two circular-

toothed structures are rounded off with a radius of 

curvature of 5 nm to account for fabrication 

imperfection. 
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Fig. 1 Sketch of the graphene log-periodic nanoantenna 

The surface conductivity of an infinite graphene film 

is calculated by the Kubo formula [15, 16] as a 

function of the frequency ( ), chemical potential 

(
c ), carrier scattering rate Gamma (  ) and 

temperature (T): 
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Where   
1

exp 1d c Bf k 


      and 
Bk are the 

Femi-Dirac distribution function and the Boltzmann 

constant, respectively. carrier scattering rate is set as 

0.43 meV  . It should be noted that the surface 

conductivity of the graphene sheet can be represented 

in a Drude-like form contribution by the random-

phase approximation. The intraband contribution is 

given by 

2

1

2
( ) ln 2cosh

2

cB

B

k Te i

k T i


 

   

  
   

   
 (2) 

In the terahertz frequency range, the intraband 

contribution dominates. Here   is the angular 

frequency, e is the charge of electron,  is the 

reduced Planck constant, and  is the relaxation time. 

Here, the temperature is assigned the value of 

300 KT  .  

The graphene layer used here has a very small 

thickness d . The volume conductivity v can be 

given by the equation v s d 
, where s

is the 

surface conductivity. From the time-harmonic 

Maxwell equations, the expression of the relative 

bulk permittivity of monolayer graphene can be 

obtained by 

0( ) 1 ( )v vi        (3) 

Where 
0 is the vacuum permittivity. In the 

calculation, d is assumed to be 1 nm. The modified 

Drude dielectric of graphene is fitted to a particular 

frequency range of 4-21 THz. And a comparison of 

the fitted Drude model to the theory values is shown 

in Fig. 2. The solid dots are the real part and the open 

circles are the imaginary part of the modified Drude 

fitting. In detailed, the real and imaginary part of the 

Drude fitting dielectric constant of graphene with 

different chemical potential is shown in Fig. 3. 

 

Fig. 2 Real and imaginary part of the dielectric data for 

graphene with chemical potential. The solid line is the 

theory value and the dot line is the modified Drude fitting. 
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(a) 

(b) 

 

Fig. 3 The Drude fitting dielectric constant real part (a) 

and imaginary part (b) of graphene at different chemical 

potentials ( 0.30, 0.32, 0.34, 0.36 eVc  )  

To exactly analyze the theoretical description of radar 

cross-section, the total radar cross-section is defined 

as the ratio of the scattered power to the intensity of 

the incident plane wave, namely 

2

2

2

0

lim 4
s

RCS
R

E
R

E
 


  (4) 

Where, 
sE and 

0E are the scattered and incident fields, 

respectively. R is the distance from the observation 

point to the antenna. 

RESULTS AND DISCUSSION 

Initially, the dependence of the field enhancement on 

the chemical potential is investigated for a graphene 

log periodic nanoantenna as seen in Fig. 4. Similar to 

metal log periodic nanoantenna, one can identify 

several peaks in the field enhancement spectra. As 

expected from the mental log periodic nanoantenna, 

the log periodic nanoantenna based on graphene also 

allows for a systematic widening of the wavelength 

bandwidth. It can be easily found that the second and 

the third resonances are blue-shifted when the 

chemical potential increases from 0.30 eV to 0.36 eV. 

In addition, it is worth noticing that the resonant 

properties of the graphene log periodic nanoantenna 

can be turned by means of adjusting the chemical 

potential.  

Fig. 4 The field enhancement with respect to the incident 

field at the center of the graphene nanoantenna with the 

chemical potential varying from 0.30 eV to 0.36 eV. 

To understand the multi-resonant peaks mechanism 

of the field enhancement spectra, we calculated the 

near field distribution of the nanoantenna at 

frequency of every peak shown in Fig. 5 (a)-(c). The 

three main resonance peaks appear at 7, 12.7 and 18.3 

THz. According to our simulations, the maxima 

amplitude of the near fields occurs at 9.7 THz shown 

in Fig. 4 (a). This phenomenon is due to the strong 

localized surface plasmon resonance of the graphene 

material and local field enhancement in the gap 

region. On the other hand, it can be seen that the local 

field enhancement region shifts from the ends of the 

nanoantenna toward its center as the frequency 

increases. This can be explained by the multi-

resonant properties of the graphene log-periodic 

nanoantenna having multiple teeth with different 

lengths, which lead to the antenna to exhibit multi-

resonant characteristic As the local field enhancement 

associated with considerable field enhancement is 

formed in the gap region of all the near field images. 
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Fig. 5  Field enhancement spectrum of the graphene 

nanoantenna, the resonances are indicated. (a)-(c) the 

response fields in the middle cross-section at the frequency 

of 7/12.7/18.3 THz, respectively. 

In order to find the electromagnetic field scattered by 

the graphene nanoantenna, the total radar cross-

section is plotted for various values of chemical 

potential. Fig. 6 shows a clear evidence of a trend 

described above, where the resonant wavelength 

exhibits a blueshift with the increase of the chemical 

potential. The blueshift is due to the increase of the 

resonant frequency, which is effected by the chemical 

potential. And for different chemical potential from 

top to bottom, the peak values increase due to the 

radiated power increased caused by the increase of 

resonant frequency, which is influenced by the 

chemical potential mentioned above. These results 

suggest that, by adjusting the chemical potential of 

the graphene, the radiation properties of the graphene 

nanoantenna can be tuned in a wide spectral range, 

which provide additional degrees of freedom in 

optical device design. 

 

 

 

 

 

 

 

Fig. 6 The radar cross-section spectrum of a graphene log-

periodic nanoantenna with chemical potential value ranged 

from 0.30 eV to 0.36 eV, which shows a blueshift of the 

resonant wavelength with the increase of the chemical 

potential. 

CONCLUSION 

A numerical simulation to the optical properties of 

optical nanoantenna based on graphene has been 

completed. Field enhancement and radar cross-

section of the nanoantenna have been analyzed and 

their spectra have been evaluated versus different 

chemicals potential of graphene. It has been shown 

that the graphene optical nanoantenna creates a hot 

spot in the gap region and offer multi-resonant peak 

field enhancement. To be more specific, the resonant 

region shifts from the end of the graphene antenna to 

its center, when the resonant frequency increases. 

Specially, the field enhancement resonant spectrum 

can be easily tuned by changing the chemical 

potential of the graphene. In addition, an increase of 

the chemical potential result in an increase of the 

peak and a slight blueshift of the radar cross section 

spectrum. These results show that graphene is ready 

to play a unique role for controllable the resonant 

properties of optical nanoantenna, leading to 

applications such as sensing and enhanced quantum 

emission. 
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Abstract 

A green synthesis route for the production of silver nano particles (AgNPs) using methanol extract 

from Pterocarpus marsupium (PM) is reported in the present investigation. The AgNPs were 

synthesized by reacting PM (as capping as well as reducing agent) with AgNO3. The synthesized 

AgNps were characterized using UV–visible spectroscopy (UV-vis), Fourier Transform Infrared 

spectroscopy (FTIR), powder X-ray diffraction (XRD), and transmission electron microscopy 

(TEM). The results showed that the time of reaction, temperature and volume ratio of PM to AgNO3 

could accelerate the reduction rate of Ag+ and affect the AgNps size and shape. The NPs were found 

to be about 60 nm in size, mono-dispersed in nature, and spherical in shape. The formation and the 

crystalline nature of the synthesized nanomaterial were confirmed by XRD and TEM analyses.  

Further, these nanoparticles were found to exhibit high antibacterial activity against two different 

strains of the bacteria Escherichia coli (Gram negative) and Staphylococcus aureus (Gram positive).  

Keywords: silver nanoparticles; Pterocarpus marsupium, TEM, AFM, XRD, antibacterial activity 

INTRODUCTION 

In the recent decades, medicinal plants played a 

significant role in traditional medicines as well as in 

modern medicinal chemistry. The health care product 

incorporated with the medicinal herbal offers a 

valuable impact to the commercialization in the 

market [1]. Recently, synthesis of engineered nano 

particles without using toxic chemicals is an 

emerging practice in nano science and 

nanotechnology [2]. However, among all other metal 

nano particles, gold and silver have gained much 

attention towards researchers from the past few years. 

In particular, Silver is a one such metal which has 

long been documented for its strong antimicrobial 

activity from the ancient days [3]. More commonly, 

Human beings are often infected by microorganisms 

such as bacteria, molds, yeasts, and viruses in their 

living environment. To protect them from the 

contagions, the urgency to develop effective 

therapeutic agents is tremendously increasing in 

medicinal chemistry.  

For the past decades, very deepest investigation over 

the antibacterial activity of material containing 

various natural and inorganic substances has 

intensively been explored in order to enhance the 

usefulness of the substance more effectively [4] [5]. 

Therapeutically, the topical ointments containing 

either silver metal or silver nano particles are the 

most important healing material to prevent infection 

against burn and open wounds [6]. Very recently, 

based on the Ayurvedic literature, Bala Chandra 

Prathab et al has reviewed the plant, namely 

Pterocarpus marsupium to investigate their 

phytochemical and pharmacological activity [7]. 

Basically, the respective plants are coming under the 

group called Rasayana in Ayurvedic system of 

medicine. Evidently, these rasayana drugs are 

actively as immune-modulator and relieve stress in 

Corresponding Authors’ Emails: * paruchem70@gmail.com, **brvenkatraman@yahoo.com 
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the human body [8]. In this connection, in order to 

make use of medicinal plant, in this paper, we 

demonstrated the synthesis of silver nano particles 

using the leaves of Pterocarpus marsupium and they 

are subjected to their antibacterial study.   

EXPERIMENTAL 

Healthy and fresh leaves of the plant Pterocarpus 

marsupium (PM) were collected in the early morning 

from Yercaud in Salem District, Tamil Nadu, India, 

in April 2014. All the chemicals and reagents were of 

analytical grade and were used as received without 

further purification. All glassware was washed with 

chromic acid and rinsed thoroughly with double-

distilled water prior to use and dried in a hot air oven. 

All solutions were freshly prepared using double-

distilled water and kept in the dark to avoid any 

photochemical reactions. 

Preparation of Pterocarpus marsupium leaf extract 

The plant was identified and it was authenticated with 

vouch specimen by Rapinant Herbarium, St. 

Joseph’College, Trichy, Tamilnadu, India.  The 

collected plant leaves, washed several times in 

distilled water to remove the dust particles and shade-

dried for fifteen days to remove the moisture. The 

shade dried plant material was powdered using a 

mixer grinder and that the powder was subjected to 

Soxhelet extraction with hexane, ethyl acetate, 

methanol and distilled water (60oC) for 24 hrs. Each 

solvent extract was distilled and condensed at 40oC. 

The condensed extract was stored at room 

temperature in airtight bottles and used for 

phytochemical analysis and green synthesis of AgNps 

using silver nitrate. 

Phytochemical analysis of leaf extract 

Preliminary phytochemical analysis was carried out 

qualitatively for various solvents such as hexane, 

ethyl acetate, methanol and water extracts of PM as 

per standard methods. Phytochemicals such as 

alkaloids, flavonoids, steroids, terpenoids, 

anthraquinones, phenols, saponins, tannins, 

carbohydrates, oils and resins were investigated. 

 

 

Synthesis of silver nanoparticles 

For the reduction Ag+ ions, 1mM AgNO3 was added 

to the PM plant leaf extracts to make up a final 

solution 200mL and centrifuged at 2,000rpm for 10 

min. The supernatants were heated at 100°C. A 

change in the color of solutions was observed during 

the heating process. 

Characterization 

The prepared PM AgNps were characterized by UV-

visible (UV-vis), X-ray Diffraction (XRD), Fourier-

transform infrared spectroscopy (FTIR), 

Transmission electron microscopy (TEM) and 

Atomic force microscope (AFM) study. UV-vis 

spectral analysis was done using Elico 

spectrophotometer at a resolution of 1nm from 300 to 

750nm. FT-IR spectral analysis carried out using a 

Perkin-Elmer spectrometer FTIR Spectrum in the 

range 4000–400cm−1. The structures of SEAgNps 

produced were examined by XRD (XRD-6000, 

Shimadzu) XRD patterns were recorded at a scan 

speed of 4°/ minute. TEM analysis was done using 

JEOL JEM 100SX TEM at an accelerating voltage of 

80kv. The PMAgNps were visualized with an AFM. 

A thin film of the sample was prepared on a glass 

slide by dropping 100µL of the sample on the slide, 

and was allowed to dry for 5 min. The slides were 

then scanned with the AFM (Nanosurf AG, 

Switzerland, Product: BT02089, v1.3R0). Nanosurf 

Easyscan-2 software was used for the AFM analysis. 

Antibacterial activities of the synthesized PMAgNps 

were evaluated against twenty bacterial strains by 

disc diffusion method [37]. In-vitro antibacterial 

activity was screened by using Muller Hinton Agar 

(MHA) obtained from Hi-media (Mumbai). The 

MHA plates were prepared by pouring 15mL of 

molten media into sterile petri plates. The plates were 

allowed to solidify for a few minutes, 0.1% 

inoculums suspension was swabbed uniformly and 

the inoculums were allowed to dry for five minutes. 

The concentration of PMAgNps (40mg/disc) was 

loaded on 6mm sterile disc. The loaded disc was 

placed on the surface of the medium, the PMAgNps 

was allowed to diffuse for five minutes and the plates 

were kept in incubation at 37oC for 24h. At the end of 

incubation, inhibition zones formed around the disc 

were measured with a transparent ruler in millimeter. 
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RESULTS AND DISCUSSION  

Phytochemical analysis 

Phytochemical analysis of the plant extracts revealed 

the presence of phytochemicals, which are known to 

exhibit medicinal as well as physiological activities. 

The phytochemical investigation of PM extract (ethyl 

acetate, hexane, methanol and water) showed some 

differences (Table 1). Steroids were present in all the 

four solvent extracts of SE plant leaves have been 

reported to show antibacterial properties.  While 

alkaloids are present in hexane, methanol and water 

extracts of PM plant leaves, but tannins are present 

only in methanol extract. While comparing the 

phytochemical activity of all the four solvent extracts 

of SE plant leaves and number of phytochemicals 

were present in hexane and water.  

Characterization of silver nanoparticles 

 

UV-visible spectrum study 

Reduction of silver ions into silver nanoparticles 

during exposure to plant extracts was observed as a 

result of the color change. The color change is due to 

the Surface Plasmon Resonance (SPR) phenomenon. 

The metal nanoparticles have free electrons, which 

give the absorption SPR absorption band, due to the 

combined vibration of electrons of metal 

nanoparticles in resonance with light waves. A strong 

and broad peak, located at 534nm was observed for 

the synthesized PMAgNps in the UV-visible 

spectrum and this peak, assigned to a surface 

plasmon, is well documented for various metal 

nanoparticles with sizes ranging from 2 to 100 nm .  

FT-IR spectrum study 

FTIR measurements were carried out to identify the 

functional group in PM plant leaf extracts responsible 

for the reduction and capping of the bio-reduced 

AgNps. The FTIR spectrum of PMAgNps is 

represented (Fig. 1a&b) and prominent IR bands are 

observed at 3432, 2975, 2837, 2362, 2301, 2072, 

1641, 1386, 1028, 578, 420cm-1. A sharp band at 

3432cm-1 reveals water and –OH absorption 

frequency. The sharp bands at and 2975 and 2887cm -

1 arises from C-H stretching modes.  The absorption 

bands located at 1386 and 1028cm-1 may be attributed 

to –C-O and –C-O-C stretching modes. 

 

Powder X-ray diffraction study (XRD) 

The figure (Fig.2) shows the XRD pattern of vacuum-

dried AgNps synthesized using Solanum erianthum. 

The XRD pattern of PMAgNps indicated that the 

structure is face-centered cubic. In addition 

PMAgNps had a similar diffraction profile (Ag XRD 

ref No. 01-087-0719), and XRD peaks at 2θ of 

38.18°, 44.32°, 57.52°, 64.50° and 77.05° could be 

attributed to the 111, 200, 103, 220 and 311 

crystallographic planes of the face-centered cubic 

silver crystals, respectively.  The XRD pattern thus 

clearly illustrated that the PMAgNps formed in this 

study is crystalline in nature. 

TEM analysis 

The dried AgNps prepared from SE plant leaves 

extract were taken in the preparation of Transmission 

Electron Microscopic (TEM) analysis. TEM images 

of PMAgNps dispersed on a TEM copper grid (a, 

scale bar: 30 nm). The TEM picture shows an 

individual PMAgNps as well as a group of crystals in 

clusters of aggregates which is represented by the 

TEM micrograph (Fig. 3). The morphology of  

PMAgNps is slightly variable from spherical to 

triangular in shape in the photomicrograph. Under 

these observations, these PMAgNps were found to be 

in the size range of 20 to 50 nm. TEM image is 

shown in figure (Fig.3) which clearly indicates that 

PMAgNps were spherical in shape, having an average 

size of 50 nm and the particles in this range are well 

known for having excellent antimicrobial activity.  

AFM study 

Surface topology of the synthesized PMAgNps was 

studied by atomic force microscopy (AFM) analysis 

(Fig. 4) which confirms the spherical shape of the 

particles and again the tendency of particles to 

aggregate.  The micrograph clearly indicates that the 

synthesized PMAgNps possess spherical shape and 

have the calculated sizes in the range of 20 to 50nm. 

Antibacterial activity 

The antibacterial activity was performed against nine 

Gram-positive and nine Gram-negative bacterial 

pathogens using synthesized PMAgNps of three 

solvents (methanol, ethyl acetate and distilled water).  

The most significant effect of distilled water and 

ethyl acetate mediated PMAgNps showed against 

Shigella boydii and its zone of inhibition is 32 mm 
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and 23mm respectively, than that of the control which showed only 18mm. 

Table 1: Phytochemical activity of Pterocarpus marsupium 

Phytochemicals Extracts 

Hexane 
Ethyl  

acetate 

Hydro  

Alcohol 
Aqueous 

Alkaloids 

Mayer’s test 

Wagner’s test 

 

- 

- 

 

- 

- 

 

+ 

+ 

 

+ 

+ 

Flavonoids 

Lead acetate test 

H2SO4 test 

 

+ 

- 

 

+ 

+ 

 

+ 

+ 

 

+ 

+ 

 

Steroids  

Liebermann-Burchard test 

 

- 

 

 

+ 

 

 

- 

 

 

- 

 

Terpenoids 

Salkowski test 

 

 

- 

 

- 

 

+ 

 

- 

Arthroquinone 

Borntrager’s test 

 

 

- 

 

- 

 

- 

 

- 

Phenols 

Ferric chloride test 

Lead acetate test 

 

 

- 

- 

 

+ 

+ 

 

+ 

+ 

 

- 

- 

 

Saponins - - - + 

Tannins - + + - 

Carbohydrates + + + + 

Oils & Resins + + - + 

 

 

Fig 1: UV-Vis spectrum of synthesized PMAgNPs 
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Fig.2: FTIR spectrum of synthesized PMAgNPs 

 

Fig.3: XRD pattern of synthesized PMAgNPs 

 

 

Fig.4: AFM Image of synthesized PMAgNPs 
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Fig 5: TEM image of synthesized PMAgNPs 
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Abstract  

As liquid electrolyte-based dye-sensitized solar cells (DSCs) have shown some practical limitations 

due to their sealing imperfections, leakage and solvent evaporation, the composite liquid-gel system 

has become a subject of study. The composite electrolyte is expected to circumvent the above 

problems to a certain extent without a significant loss of efficiency compared to liquid electrolytes. 

This study focuses on a comparative study of DSCs-based on SnO2/CaCO3 composite system in 

which liquid, gel and liquid-gel electrolytes are employed separately. Our previous studies show that 

CaCO3 acting as a coating layer on SnO2 suppresses recombination in SnO2-based DSCs resulting in 

higher efficiencies. In this study, we have attempted to examine the effect of using a liquid/gel 

composite as the electrolyte in SnO2/CaCO3 system. Our basic device structure was 

FTO/SnO2/CaCO3/D358 dye/electrolyte/lightly-platinized FTO counter electrode. The three different 

types of electrolytes mentioned above were used and their respective cell parameters were measured. 

The respective device efficiencies for Liquid-, liquid/gel- and gel- electrolytes were 5.50%, 5.30% 

and 5.00%. Their I3
- ion diffusivities were 6.70 x 10-6 cm2 s-1, 3.00 x 10-6 cm2 s-1 and 0.39 x 10-6 cm2 

s-1, respectively. The general trend of the results indicates that for SnO2/CaCO3-based DSCs there is 

no significant loss of efficiency due to the replacement of the liquid electrolyte by a pure gel- 

electrolyte or by a composite of the two. However, the use of a gel-based electrolyte could eliminate 

some of the practical limitations of the use of liquid electrolytes.   

Keywords: Dye-sensitized solar cells, SnO2/CaCO3 composite system, liquid/gel composite system, 

diffusivity of triiodide ion, gel electrolyte, recombination 

INTRODUCTION 

Dye-sensitized Solar cells (DSCs) based on thin film 

nanocrystalline high band gap semiconductor 

material have received attention as an alternative to 

conventional single crystal silicon solar cells. Since 

the early development of DSCs by M. Grätzel in 

1991, considerable effort has been devoted to 

improve their performance [1-4]. As the efficiency of 

the DSCs depend on many factors such as 

semiconductor material, sensitizer and electrolyte, 

this study focused on the development of the 

semiconductor material and electrolyte. In DSCs, 

TiO2 is the most popular semiconductor material but 

it shows some retarding effects due to its low electron 

mobility which leads to increase the dark current of 

the solar cell device. Also, photocatalatic ability of 

TiO2 tends to degrade the dye molecules thus 

lowering the lifetime of the solar cell. Therefore, 

SnO2 is employed in place of TiO2 as it has ~250 cm2 

V-1 s-1 of electron mobility [5, 6]. The same property 

will contribute towards recombination through the 

surface trap levels. There are two major 

recombination processes present in DSCs. One is 

regeneration of excited dye molecules with the 

injected electrons. The other is combination of the 

injected electrons with the triiodide ions in the 

electrolytes due to the back tunneling of injected 

Corresponding Author Email: *mihira.wanninayake@gmail.com 
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electrons. In order to overcome this recombination 

problem, here a CaCO3 coating layer is employed on 

top of the SnO2 semiconductor surface [7-10]. 

Generally, liquid-, gel polymer- and solid- 

electrolytes are used when the DSCs are fabricated. 

Liquid electrolyte based solar cells suffer from some 

practical limitations such as solvent evaporation, 

leakage and sealing imperfections despite their higher 

performance. Also, solid electrolytes show inferior 

performance due to poor wetting ability of the 

semiconductor network and low conductivity. 

Therefore, application of gel polymer electrolyte in 

DSCs has become important due to its cohesive 

nature of a solid and diffusive nature of a liquid. The 

use of gel electrolyte will sacrifice the performance of 

the DSCs to certain extent due to low ion mobility. In 

order to avoid these drawbacks associated with the 

gel electrolyte, this study focused on the use of the 

composite liquid/gel electrolytes.  

EXPERIMENTAL  

Preparation of gel electrolyte 

The plasticized gel electrolyte was prepared by 

mixing 0.225 g of polyacrylonitrile (Aldrich), 0.525 g 

of ethylene carbonate (Aldrich 98%), 0.750 g of 

propylene carbonate (Sigma-Aldrich 99%), 0.152 g of 

tetrapropylammonium iodide (Aldrich 98%) and 

0.020 g of iodine (Aldrich 99%). Then the electrolyte 

was stirred at 80 °C, until the mixture turned into a 

clear, homogeneous, viscous gel. Next, the hot gel 

electrolyte was pressed, by sandwiching it between 

two clean glass plates to obtain a free-standing 

polymer film and then it was subsequently dried in a 

vacuum desiccator overnight, at room temperature, to 

remove any absorbed moisture. 

Preparation of working electrode 

Colloidal SnO2 (3.00 cm3, Alfa Aesar 15% in H2O), 

acetic acid (10 drops, Aldrich 99.7%), Triton X-100 

(3 drops, Lobachemie, Mumbai, India), 0.04 g of 

CaCO3 (Aldrich 99%) and ethanol (40.0cm3, Sigma-

Aldrich 99.8%) were mixed thoroughly and the 

resulting SnO2/CaCO3 suspension was sprayed onto a 

FTO glass plates at 150 °C. Then, samples were 

sintered at 500 °C for 30 minutes and allowed to cool 

down to 80 °C. Next, the samples were immersed in a 

dye solution (Indoline D358, 3.0x 10-4 M in 1:1 

volume ratio of acetonitrile/tert-butyl alcohol) for 12 

hours. Then the dye coated-SnO2/CaCO3 films were 

rinsed with acetonitrile to remove any physically 

adsorbed dye molecules. The gel electrolyte was 

subsequently sandwiched between the 

FTO/SnO2/CaCO3 working electrode and a lightly-

platinized FTO counter electrode to assemble the 

solar cell device and then the commercial liquid was 

injected into the assembled device.   

Characterizations  

The film morphology and the performance of the 

solar cell device was studied usingdifferent 

characterization techniques Crystallographic 

characterization of the composite SnO2-based films 

was done by means of Powder X-ray diffraction 

(XRD) using a Siemens D5000 X-ray diffractometer 

with the Cu Kα radiation (λ = 0.1540562 nm) at a 

scan rate of 1° min-1. The photovoltaic performance 

of the DSCs was measured by a solar simulator 

(PECCELL PEC-L01) with a source meter (Keithley 

2400) at 25oC under AM 1.5 (100 mW cm-2) 

illumination. The total irradiated area of the DSCs 

was 0.25 cm2. The Linear sweep voltammetric studies 

were carried out using an Autolab (PGSTAT12) at a 

scan rate of 1 mV s-1 from +0.1 V to -0.6 V. 

RESULTS AND DISCUSSION  

XRD studies were conducted to examine the 

composite nature of fabricated film. Fig. 01 shows 

XRD spectra obtained for SnO2/CaCO3 composite 

system with the respective plane values. The SnO2 

(ICDD PDF 77-0451) peaks appear at 2θ values of 

26.62°, 54.91°, 58.29°, 61.81°. The presence of 

CaCO3 (ICDD PDF 83-1762) in the composite 

system was verified by peaks at 2θ values of  33.73°, 

39.57°and 51.81°. 
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Fig. 01: XRD patterns of the composite SnO2/CaCO3 systems.   

 

Linear sweep voltammetry measurements were 

conducted in order to study the diffusivity of I3
- ions 

in the electrolytes. The diffusivity values were 

calculated using equation (1) [11-13]. 

    

    (1) where F is the 

Faraday constant, Jlim is the limiting diffusion 

current density, is the concentration of triiodide 

ions, n is the number of electrons involved in redox 

reaction and l is the distance between the two 

electrodes. The transport of I3- ions towards the 

cathode surface by diffusion and the rate of electron 

transfer reactions are the prominent factors which 

affect the current generation of the system. The 

calculated apparent diffusion coefficients of triiodide 

ions in the liquid-, gel- and liquid/gel-electrolytes are 

tabulated in the Table 01. We will utilize these data to 

explain the photovoltaic performance of DSCs 

fabricated using these electrolytes. 

 

 

 

Table 01. Apparent diffusivity values of liquid-, gel- 

and liquid/gel-electrolytes.  

Electrolyte Jlim ( x 

10-4 A)  ( x 10-6 

cm2 s-1) 

Liquid 10.2 6.70 

Gel 0.55 0.39 

Liquid/gel 4.57 3.00 

According to the results obtained the gel electrolyte 

shows lowest diffusivity of triiodide ions. This might 

be due to the cohesive nature of the gel electrolyte. 

The composite liquid/gel system shows comparable 

tiiodide diffusivity. This can be attributed to the 

filling of the pores in the gel by liquid electrolyte as 

the polymer network arrange in random manner when 

the formation of the gel electrolyte.  

Table 02. Photovoltaic parameters of DSCs with 

liquid-, gel- and liquid/gel-electrolytes.  

System Electrol

yte 

JSC 

(m

A 

cm-

2) 

VOC 

(m

V) 

FF Efficien

cy (%) 

SnO2/CaC

O3 

Liquid 14.

7 

704 0.55

0 

5.50 

Gel 11.

6 

636 0.67

8  

5.00 

Liquid/g

el 

13.

3 

637 0.62

5 

5.30 
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SnO2 

Liquid 9.1
4 

490 0.35
0 

1.60 

Gel 7.6

7 

460 0.35

4 

1.25 

According to the results in Table 02, liquid 

electrolyte based composite SnO2/CaCO3 DSCs 

shows highest efficiency values with the highest short 

circuit current density and open circuit voltage 

values. Generally, SnO2 based DSCs show low 

performance due to its high recombination property. 

By introducing an ultrathin outer layer of CaCO3 on 

top of the SnO2 nanocrystalline network, this 

recombination effect can be reduced to some extent. 

 The results of the current density and voltage for the 

composite SnO2/CaCO3 DSCs can be explained as 

follows. The very fine outer layer of CaCO3 on SnO2 

particles strongly adsorbs the D358 dye molecules 

and the electrons from photoexcited dye molecules 

will effectively tunnel through the coating layer and 

reach the conduction band of the SnO2 while 

acquiring a lower energy. Then the back tunneling 

will be greatly reduced by the barrier layer according 

to equation (2).  

     

    (2) 

where T is the tunneling transmission coefficient, Vo 

is the barrier height, a is the barrier with and 

 

The coating layer formation and its action can be 

explained as follows. As the composite SnO2/CaCO3 

system sinters at temperature of about 500 oC, CaCO3 

will sinter firmly onto the SnO2 outer surface whereas 

their sintering each other is weak. Then the 

interconnected SnO2 nanocrystalline network fully 

covered by interconnected CaCO3 particles will 

supply a surface for adsorption of the dye molecules. 

The dye molecules are more strongly adsorbed and 

higher adsorbed dye amount onto CaCO3 coating 

layer (5.1 x 10-5 mol L-1 cm-2) than the SnO2 surface 

(4.0 x 10-5 mol L- 1 cm-2 ) can be observed as the 

high isoelectric point of CaCO3 ( ~11.0 pH) assists 

the dye adsorption. The outer shell firmly covered 

with dye molecules and coating layer will not allow 

triiodide ions to penetrate through the barrier layer 

and reach into SnO2 and recombine with injected 

electrons. The reduction of recombination will shift 

the Fermi level of SnO2 upwards, as a result, the 

energy difference between the Fermi level and redox 

potential will increase thus increasing the VOC of the 

device.  The bare SnO2-based solar cell device gave a 

VOC value of about 470 mV, although the theoretical 

value lies of about 550 mV.  However, presence of 

CaCO3, the system showed VOC value around 700 

mV. The very high VOC value can be considered to 

be due to the sifting of Fermi level above the 

conduction band of SnO2 as a result of reduction of 

the recombination of the solar cell device.  

The significant increase of JSC is possibly due to the 

following reasons. One is the reduction of 

recombination of the injected electrons with the 

oxidized dye molecules and the redox species in the 

electrolyte. Second is the boost of injected electrons 

due to the increase of adsorbed dye attachments. 

Third is fast generation of iodide ions at counter 

electrode which help regeneration of dye molecules 

due to the higher diffusivity.    

The effect of the composite liquid/gel system is 

noteworthy. It shows 15% of significant increase of 

JSC with respect to the device which contains only 

gel electrolyte. As we employed same composite 

SnO2/CaCO3 system for the liquid-, gel-, liquid/gel- 

electrolytes, the only effect comes from the 

electrolyte for the variation of JSC. Since a gel 

electrolyte shows cohesive nature, it gave the lowest 

triiodide ion diffusivity. This will lead to slower 

generation of iodide ions at counter electrode and 

faster recombination of injected electrons with 

triiodide ions. When composite liquid/gel electrolyte 

is employed, liquid electrolyte will fill into the pores 

in the polymer network thus enhancing the diffusivity 

of triiodide. Also, this electrolyte system will lead to 

better wetting or contact with the semiconductor 

network. Perhaps first the liquid electrolyte fills into 

to the pores of the semiconductor network and then it 

covered by the gel electrolyte and thereby the liquid 

electrolyte will trap in the solar cell device without 

leakage. 
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CONCLUSIONS 

We can conclude that the results we obtained imply 

the fact that the composite liquid/gel system gave a 

significant increase of performance compared to the 

device fabricated with pure gel electrolyte. The use of 

a gel-based electrolyte could eliminate some of 

practical limitations associated with the use of liquid 

electrolyte but the use of a gel electrolyte sacrifices 

the cell efficiency up to some extent. Employment of 

the composite liquid/gel electrolyte is expected to 

circumvent the problems such as leakage, solvent 

evaporation and sealing imperfections associated with 

liquid and drawbacks accompanied with gel 

electrolyte due to its low ion mobility, at once. The 

pores filling of the liquid electrolyte into the polymer 

network and tapping into the pore of nanocrystalline 

semiconductor network will help increase the JSC of 

the solar cell device. Suppression of back tunneling 

by barrier layer will also support to enhance the VOC 

of SnO2/CaCO3 composite system.     
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Abstract 

The facile hydrothermal synthesis of two vanadium oxide nanostructure compounds (1) and (2) were 

synthesized using the 2:1:400 mol ratio of ammonium metavanadate (NH4VO3), zinc acetate 

dihydrate [Zn(CH3COO)22H2O] and water in the present of hydrochloric for compounds (1) and 

acetic acid for compounds (2) to adjust the pH of the solution to 3. The structure, morphology and 

composition of the as-synthesized products were characterized by field emission scanning electron 

microscopy (SEM), powder X-ray diffraction (XRD), Thermogravimetric analysis (TGA) and 

differential thermal analysis (DTG) measurement and Fourier transform infrared spectroscopy (FT-

IR). SEM images show the nanobelt morphology of (1) and flower like nanobelt morphology of (2) 

with length of 3–6 micrometers in (1) and several tens of micrometers in (2) respectively. Their 

XRD patterns reveal the set of 1D vanadium oxide nanobelts, characteristic of (00l) reflections. 

Based on FT-IR, XRD and TGA results, the chemical formulae of the as-obtained nanobelt (1) and 

flower like nanobelt (2) are the family of NH4V4O10 nH2O. 

Keywords: hydrothermal synthesis, 1 D nanostructure, vanadium oxide nanobelt, flowerlike 

nanobelt, acid effect 

INTRODUCTION 

Over a few decades, vanadium oxide and its 

derivative compounds have been a great research 

interest as a new class of quasi-one-dimensional 

inorganic nanostructures (1D) (Liu et al., 2004; 

O’Dwyer et al., 2006; Chang et al., 2007; Xu et al., 

2004; Wu et al., 2004). This is because of their 

properties that differ from those of zero-dimensional 

structures. The physical properties of these inorganic 

nanostructures fundamentally related to their sizes 

and morphologies, such as nanobelt (Lui et al., 2005; 

Yua et al., 2006; Zhang et al., 2006; Chang et al., 

2007; Wang et al., 2008, nanoribbon (Kong et al., 

2004;Maa et al., 2009), nanowire (Wu et al., 2004; 

Wang et al., 2008, nanorod (Xu et al., 2004), 

nanotube (O’Dwyer et al., 2006; (O’Dwyer et al., 

2007; Pillai et al., 2000), nanofibre (Lutta et al., 

2005), nanobundle (Wang et al., 2008) and 

nanoflower (Parida et al., 2011; Maa et al., 2009). 

These nanomaterials have been demonstrated to 

exhibit electrochemical (O’Dwyer et al., 2007; Lutta 

et al., 2005; Wang et al., 2011; Zhang et al., 

2009),4,6,8,12,14,16,21,22 conductivity (Wang et al., 

2008; Chernova et al., 2009; Stanley Whittingham et  

al., 2004), magnetic (Parida et al., 2011; Fei et al., 

2008), optical properties (Parida et al., 2011) and 

their special potential applications in the design of 

advanced nanodevices (Lui et al., 2005; Wang et al., 

2008). 

One of the most challenges in synthetic work is how 

to control their sizes and morphologies in a precise 

manner. Although several techniques have been 

successfully applied such as hydrothermal synthesis 

(Law et al., 2004; Lin et al., 2010; Zhang et al., 

2006), sol-gel (O’Dwyer et al., 2007; Lutta et al., 

2005; Spahr et al., 1999) and rheological phase 

reaction method (Lin et al., 2010). Among them, 

hydrothermal synthesis proves as a promising 

methodology. 

However, the condition of hydrothermal process has 

also been widely concerned. To observe the growth 

on the size and morphology mechanism, one used 
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technique is the hydrothermal reduction method using 

acid as the reducing agent (O’Dwyer et al., 2006; 

Parida et al., 2011; Fei et al., 2008). An example is 

the (NH4)0.5V2O5 nanobelt which is synthesized 

using hydrochloric acid gave the 50–200 nm in 

diameter and several micrometers in length (Wang et 

al., 2011). Hydrothermal method in the present of 

hydrochloric acid at differences pHs of 2.5, 1.5 and 

0.5 gave different formulae of nanobelt NH4V4O10, 

nanowire (NH4)2V6O16∙1.5H2O and nanobundle 

(NH4)6V10O28∙6H2O respectively (Wang et al., 2008). 

This work obviously confirmed the effect of pH on 

structure, phase composition and morphology (Wang 

et al., 2008). 

It is clearly that the reducing agent is a key role on 

size and morphology in hydrothermal synthesis. 

However, the effect of different acid in hydrothermal 

method is still challenge and need more development. 

Herein, we report the hydrothermal synthesis of 

vanadium oxide nanobelts in the present of different 

acids hoping for new sizes and morphology. Various 

techniques such as SEM with EDS, TGA-DTG, XRD 

and FT-IR were used to characterize the morphology, 

composition and structure of the as-obtained 

compounds. 

EXPERIMENTAL 

Preparation of nanobelts (1) and flower like 

nanobelts (2) 

A mixture of NH4VO3 0.234 g (2 mmol), 

Zn(CH3COO)2·2H2O 0.220 g (1 mmol) and H2O (7.5 

mL) in a molar ratio of 2:1:400 was stirred for 30 

min. The pH of the yellow solution is 6.  To adjust 

the solution pH to 3, hydrochloric acid for compound 

(1) and acetic acid for compound (2) were added drop 

wise with stirring. Then, the solutions were 

transferred and sealed in a 23 mL Teflon-lined 

stainless steel autoclave, and heated to 180 °C under 

autogenous pressure for 4 days before cooling to 

room temperature. The acidity of the products was 

constant at pH 3. The products were filtered off, 

washed with water, and air-dried at room 

temperature. The yield was 78% based on vanadium 

for nanobelts (1) and 82% flower like nanobelts (2). 

 

Characterization 

 

Melting points measurement 

Melting points were determined in open glass 

capillaries and were measured on a Büchi melting 

point B-540 apparatus.  

Powder X-ray diffraction analysis 

The X-ray diffractometry (XRD) patterns were 

analyzed using X-ray diffractometer Rigaku (Japan) 

D/MAX RINT 2200-Ultima Plus. This diffractometer 

was equipped with graphite monochromatized Cu Kα 

radiation (λ=1.54178 Å). The accelerating voltage 

40 kV, the applied current 30 mA and the scan rate 

0.02 °/s were applied to record the pattern in the 2θ 

range of 2–70° which is used to characterize the 

crystalline phase of the products. 

Field emission scanning electron microscope 

The surface morphology was determined by field 

emission scanning electron microscope (FE-SEM) 

using a JEOL JSM-6700F microscope with an 

energy-dispersive X-ray (EDX) fluorescence 

analyzer. An accelerating voltage is 0.5 kV to 30 kV 

with vary magnifications. 

Fourier transform infrared spectroscopy 

The Fourier transform infrared (FT-IR) pattern was 

recorded on a Jassco 660 Plus spectrometer by 

standard KBr disk method. The measured range is 

between 400 to 4000 cm−1.  

Thermal analysis 

Thermal analyses (thermogravimetry (TGA) and 

derivative thermogravimetry (DTG) are carried out 

on using Perkin Elmer TGA7 thermal analyzer. The 

sample was placed in platinum crucible (0.1 cm3) and 

studied under air atmosphere with flowing rate of 10 

C min−1. 

RESULTS AND DISCUSSION 

Compounds (1) and (2) are bronze thin platelets 

which are typical for vanadium oxide structure.1 

These compounds don’t melt at limited temperature 

of a Bushi melting point apparatus, confirmed that 

their melting points are more than 350 C. 

Fortunately, the hydrothermal preparations of (1) and 



Proceedings of 2nd International Conference on Nanoscience and Nanotechnology, Vol. 2, 2015, pp. 61-74 

63 

(2) gave the good yields of 78 % and 82% 

respectively. 

SEM-EDX analysis 

Nice looking crystalline compounds (1) and (2) were 

chosen for SEM/EDX analysis using the optical 

microscope. The crystal morphologies for the 

selection of compounds (1) and (2) were given in 

Figures 1 and 2 respectively. 

             

Figure 1  SEM images at different magnifications of 

nanobelt compound (1) adjusted the pH with 

hydrochloric acid.  

 

              

 

Figure 2 SEM images at different magnifications of 

flower like nanobelt compound (2) adjusted the pH 

with acetic acid. 

 

At the pH 3 and in the presence of HCl, the 

morphology of compound (1) consists of nanobelts. 

At high magnification, the irregular separate 

nanobelts exhibit well-defined facets with the straight 

morphology, typical of the geometrical shape of 

nanobelts (Yua et al., 2006; Zhang et al., 2006). 

The results from EDX spectra of compound (1) also 

showed that the nanobelts contain V, O and Cl atoms 

as shown in Figure 3. However, the atom ratio of V 

with O cannot be determined because of the 

overlapping peaks (Liu et al., 2004). 
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Figure 3  EDX pattern of the as-synthesized product (1). 
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Figure 4 EDX pattern of the as-synthesized product (2). 
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The width and the length found in nanobelts (1) are in 

the range of 3–6 μm and 66 nm respectively. These 

morphology parameters are longer than those found 

in NH4V4O10 nanobelts prepared using oxalic acid 

(Zhang et al., 2006), hydrochloric acid at pH 2.5 

(Wang et al., 2008), but slightly shorter than those 

found in (NH4)0.5V2O5 nanobelts (Wang et al., 

2011). Furthermore, some of the ribbon-like 

nanobelts stick together as shown in a high-

magnification SEM image in Figure 1. 

At the same pH as nanobelts (1), SEM images of 

compound (2) surprisingly exhibit the rectangular 

cross-section flower like nanobelt. The flower like 

nanobelt (2) reveals the entire smooth surface. 

Interestingly, these nanopetals were ca. 20-120 nm 

width, and several ten microns length which are 

extraordinary compare to typical ammonium 

vanadate nanobelts (Zhang et al., 2006). Its length 

and the width are also greater than other vanadium 

oxide nanoflower (Parida et al., 2011; Maa et al., 

2009). Astonishingly, these nanopetals of flowers like 

nanobelt (2) linked to each other to form 3D 

flowerlike structures as intensively demonstrated by 

the SEM images. In between the flower petals, many 

pores with different diameter sizes can be clearly 

seen. These pores may improve the chemical 

properties of the extraordinarily high capacity (Zhang 

et al., 2009). The EDX studies on compound (2) 

exhibited the existence of the elements of V and O as 

shown in Figure 4. Both compounds have similar 

patterns excepted the evidence elements of chlorine 

in compound (1). 

Powder X-ray diffraction results 

XRD was used to characterize the crystalline phase 

and the purity of these two compounds as shown in 

Figures 5 and 6.  

 

 

Figure 5 X-ray diffraction patterns of as obtained nanobelt (1) prepared in the present of hydrochloric acid. 
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Figure 6 XRD patterns of as obtained flowerlike nanobelt (2) prepared in the present of acetic acid. 

 

The observed peaks of nanobelt (1) can be perfectly 

indexed to monoclinic crystalline phase which is in 

good agreement with the JCPDS, No. 31-0075 

(JCPDS ICDD), confirming the phase composition of 

nanobelts (Zhang et al., 2006). All of the peaks in 

flowerlike nanobelt (2) are slightly shift (around 0.3°) 

to the higher degrees compare to nanobelt (1), 

indicating that the different acids have obviously 

effected on the crystalline phase. The XRD pattern 

were not similar to those of crystalline V2O5 (Maa et 

al., 2009; Menezes et al., 2009) and (NH4)2VOCl4) 

(JCPDS, No. 20-1371) (JCPDS ICDD) or any zinc 

vanadium oxide compounds such as ZnV2O6 (Liu et 

al., 2009), Zn3(VO4)2 (Pitale et al., 2011; Ni et al., 

2010; Wang et al., 2012), Zn3(OH)2V2O7nH2O (Ni 

et al., 2009; Ni et al., 2010; Ni et al., 2009), but 

similar to that given for (NH4)4V6O16 2O 

(JCPDS ICDD card no. 51-0376), nanowire 

(NH4)0.5V2O5 

(NH4)0.5V2O5 (Wang et al., 2011), and NH4V4O10 

(Wang et al., 2011; Zhang et al., 2009; Wang et al., 

2008; Zhang et al., 2006). 

Furthermore, the strong and sharp peaks suggest that 

the as-synthesized products are well-crystallized. 

Considering the peaks in both compounds, the strong 

reflections at 2θ<15° are 00l peaks, typical for the 

vanadium oxide layers (Liu et al., 2004). They appear 

that most of the nanobelts packed along (00l). 

Interestingly, no peaks of any other phases or 

impurities were detected. Compared our XRD pattern 

with the previously report NH4V4O10 (Wang et al., 

2011; Wang et al., 2008; Zhang et al., 2006) and 

NH0.25V2O5 (Wang et al., 2011), the strongest peak 
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(001) is given in XRD pattern of the as-obtained 

sample, and the other peaks are relatively weak, 

indicating these nanobelts grow along (00l) direction 

(Zhang et al., 2006). 

 

Fourier transform infrared spectroscopy results 

The infrared (FT-IR) spectra of compounds (1) and 

(2) are shown in Figures. 7 and 8 which clearly 

confirm the existence of ammonium vanadate hydrate 

compound (Wu et al., 2004; Yua et al., 2006; Wang 

et al., 2011; Wang et al., 2008). These two 

compounds show similar peak excepted the peaks 

which are over than 1600 cm−1. The terminal V=O 

bonds in both compounds, occur at same 1002 cm−1 

region (Yua et al., 2006; Wang et al., 2008; Menezes 

et al., 2009) which is slightly different from its 

starting materials NH4VO3 at 997 cm–1 (Phetmung et 

al., 2008), and slightly lower than that of the IR band 

of V5+=O in crystalline V2O5 showed at 1015–

1020 cm−1 (Wang et al., 2008; Maa et al., 2009). The 

peak is attributed to the stretching vibration between 

vanadium and oxygen atoms and correspond to 

ribbon-like nanobelts (NH4)0.5V2O5) (Wu et al., 

2004; Wang et al., 2011; Wang et al., 2008). The FT-

IR bands found at 766 cm−1 is ascribed to V-O-V 

antisymmetric stretching mode (Yua et al., 2006), but 

the bands found close to 540 cm−1 are corresponded 

to V-O-V bending (Wu et al., 2004; Yua et al., 2006; 

Wang et al., 2008; Menezes et al., 2009). No 

evidence band below 500 cm-1 which correspond to 

the stretching vibration Zn–O-V (Yua et al., 2006). 

No evidences of Zn-Cl or V-Cl vibration bands 

(Wellington et al., 2008). The stretching and bending 

vibrations of water appear at 3426 cm−1 and 1632 

cm−1 of compound (1) and 3426 cm−1 and 1632 cm−1 

of compound (2) (Wu et al., 2004; Yua et al., 2006). 
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Figure 7  The FT-IR graph of compounds (1). 
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Figure 8  The FT-IR graph of compounds (2). 
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From both compounds, the N–H stretching and 

bending of ammonium group bands are at around 

3100-3200  cm−1 and 1400 cm−1 as appeared in 

(NH4)0.26 Na0.14V2O5)  and are ascribed to the 

asymmetric stretching vibrations and the symmetric 

bending vibration of (NH4)+ (Wu et al., 2004; Yua et 

al., 2006; Wang et al., 2008; Fei et al., 2008). The 

peaks at over 3400 and around 1610-1640 cm-1 can 

be assigned to the symmetric stretching and bending 

vibrations of H–O–H of H2O, respectively. 

Based on FT-IR results, it might be implied that no 

certain amount of chloride ion in nanobelt (1) is 

embedded between the vanadium oxide layers, but 

water molecules. Thus, the chemical formula of the 

as-obtained nanobelts (1) and flower like nanobelt (2) 

could be described as (NH4)4V6O161.5H2O and 

NH4V4O10nH2O respectively, which are the family 

of NH4V4O10nH2O. 

Thermal analysis results of nanobelts (1) and 

flowerlike nanobelts (2) 

Thermal decomposition TGA and DTG profiles of 

these two compounds are similarity as shown in 

Figures. 9 and 10.  

 

 

Figure 9  TGA-DTG curves of nanobelts (1). 
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Figure 10  TGA-DTG curves of  flower like nanobelts (2). 

 

The DTG curve of nanobelt (1) and flower like 

nanobelts (2) records the endothermic peaks. The two 

sharp endothermic peaks occurred during the 

temperature range of 40-220 ºC and range 221-440 

ºC.  The other peaks appear very small endothermic 

(Maa et al., 2009). 

The complicated TGA curve registers a total weight 

loss about 9.5 % in nanobelt (1) and about  8.5 % in 

flower like nanobelts (2). These total weight losses 

are very small amount which are related to the 

decomposition of water molecules and the phase 

transformations (Ni et al., 2009). Although these two 

thermograms are complicates, an only 1% different 

weight lose between nanobelts (1) and flowerlike 

nanobelts (2) may point to the present of chloride 

anion of nanobelts (1) as shown in the EDX  

spectrum.  

However, for these two compounds, the first thermal 

decomposition step represents the removal of 

physisorbed water. Next step of decomposition 

corresponds to the complete decomposition of NH3. 

The third step in compound (1) is corresponded to the 

decomposition of chloride. Interpreting from their 

thermograms, it can be summarized the 

decomposition of compounds (1) and (2) as the 

equations below. 

NH4V4O10.nH2O +(1/2) O2  2V2O5 + 

NH3 + (n+1)H2O 

As known, when the pH of hydrochloric acid of the 

system is smaller than 3, it plays an important role to 

control the formula structure, size and morphologies 

(Wang et al., 2008). For our work, since the shape 

and morphologies differed by the present of different 

acids, it can be deduced that acids play a crucial role 

to improve the morphology of the products when the 

pH of the system is 3. Although the mechanism of the 

effect of acids on the shape and morphology of the 

products is unclear, it would be of great importance in 

hydrothermal synthesis, and worth to be further 

research. 

CONCLUSION 

By using the same starting materials and conditions 

except the types of acids (hydrochloric vs. acetic 

acids), hydrothermal synthesis of compounds (1) and 

(2) gave the good yield of 78% and 82% respectively. 

The SEM observations confirmed a plate-like 
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morphology and exclusively belt-like nanostructures 

of (1) with length of 3–6 micrometers and the flower 

like nanobelt morphology of (2) with the length of 

several tens of micrometers and nanopetals were ca. 

20-120 nm width, and several ten microns length 

which are extraordinary which linked to each other to 

form 3D flowerlike structures, indicating that the 

different acids have obviously effected on the 

crystalline morphology. Their XRD patterns reveal 

the set of 1 D vanadium oxide nanobelts, 

characteristic of (00l) reflections. Based on the 

evidences of FT-IR, XRD and TGA, the chemical 

formula of the as-obtained nanobelt (1) and 

flowerlike nanobelt (2) are the family of 

NH4V4O10nH2O. 
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