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1. INTRODUCTION 
 
Plants are essential to balance the nature and people's lives 

(http://www.infoplease.com/encyclopedia/science/plant-importance-plants.html).  

Research on plants enriches our intellectual life and adds to our knowledge about other life 

processes. The results of research on plant systems also can teach us how to approach 

problems in agriculture, health, and the environment. They are important in regulating 

climate, chemical and biologic conditions of the soil and water. Photosynthetic plants are 

the source of the fossil fuels and they provide the most readily harvested source of 

renewable energy for tomorrow (National Center for Biotechnology Information, 2016). 

Due to the advantages of plants in terms of availability, ecofriendliness, non -

toxic nature, plants have been chosen in the present study. 

Currently the world’s environment is greatly affected by pollution. Pollution is the 

major problem for living organisms and others. Water is the main source for living 

organisms for their survival. Water is polluted by various means such as industries, 

factories, human beings, animals, thermal etc. Eichhornia crassipes or water hyacinth is 

a free-floating perennial aquatic plant seen plentifully in the tropical water bodies. Each 

plant can produce thousands of seeds each year, and these seeds can remain viable for 

more than 28 years. Eichhornia crassipes are vigorous growers known to double their 

population in two weeks (http://www.flowersofindia.net).This invasive weed poses 

multiple hazards ranging from ecological and economical to social. It tends to endanger 

biodiversity, causes eutrophication, shelters pests, clogs fresh waterways, affects 

agriculture and aquaculture, hampers shipping and recreational activities (Patel, 2012). 

Indian Government has been spending lots of money for removing Eichhornia 

crassipes and it is thrown as waste. It is a worldwide problem and it causes pollution to 

water bodies throughout the world. In February 2016 (The Hindu, Feb 24, 2016 Page No-

2) our government has approved Rs.30 lakhs for cleaning the Eichhornia crassipes in 

Singanalloor lake at Coimbatore city. The government has spent 20.90 lakhs for the same 

purpose in February 2015 (The Hindu, Feb 2, 2016). The Public Works Department (PWD) 

had sent proposal for removing the weeds or hyacinth in the river Cauvery (The Hindu, 

Dec 9, 2016). 

          The Boat house in Singanalloor Lake in Coimbatore district, Tamilnadu, India was 

started with the aim of creating a tourist spot with aesthetic appearance. For the last few 

years this boat house is not functioning due to the algal bloom of Eichhornia crassipes 

which has stripped off the lake from its aesthetic appearance. Eichhornia crassipes 
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decays in a short period deteriorating the water body, affecting the growth of flora and 

fauna. It also acts a store house of micro organisms. 

 

Figure 1. Paper clipping- The Hindu, Feb 24, 2016 Page No-2 

Eichhornia crassipes is an excellent source of biogas because of its high content 

of hydrocarbons (Times of India, Feb 11, 2013), (Shanab et al., 2017). E.crassipes is an 

effective and inexpensive biomaterial for dye removal from aqueous dye solutions and 

industrial effluents (Wanyonyi et al., 2013). The bleached Eichhornia crassipes is an 

efficient adsorbent for cationic dyes (Zawahry et al.,2016),used in the removal of organic 

and inorganic pollutants from waste water (Shanab et al.,2017) and determining soil type 

(Wang et al.,2017). Water Hyacinth is used for making handicrafts at Lake Alaotra, 

Madagascar (Rakotoarisoa et al., 2016) and for the removal of nitrate (NO3 
−) (Jaya et al., 

2015). The methanol extract shows mild anticancer activity (Lenora et al., 2015).The 

antimicrobial activity of different extracts (Kayathri et al.,2015) and anti-inflammatory 

activity on formaldehyde induced pawo edema in Male Swiss Albino mice is reported 

(Jayanthi et al., 2013). The reducing power of the aqueous extract and fractions – ethanol, 

aqueous, methanol and aqueous- of water hyacinth evaluated for their reducing power 

capability, crude root extracts (final concentrations 0.25–2.5%) showed 100% efficiency. 

The methanolic leaf extract (50%) at different doses (200 mg/kg body weight to 500 mg/kg 

body weight) showed good response against B16F10 in vivo melanoma tumour bearing 

hybrid mice models (from Swiss Albino female and C57BL male). Some fractions exhibited 

selective anticancer activity against liver cancer cell lines, while other fractions exhibited 

high anticancer activity against hormone dependent tumour types (cervix and breast 

cancers) (Tulikaet al., 2015).  

Considering the aforesaid environmental problems initiated by water hyacinth 

it is necessary to remove it from the water bodies to save our environment. Also 
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there are many pharmaceutical applications of the plant. Hence this plant has been 

chosen for the study. 

Nanotechnology provides a new platform for innovation in all fields of research, 

particularly within the context of meeting the challenges involved in the move toward 

greener and more eco-friendly processes. Recent developments in nanoscience have 

already played an important role in reducing the formation and emission of certain 

pollutants. Furthermore, other developments in the field of nanotechnology have led to an 

upsurge in the commercial uptake of several types of manufactured nanoparticles. These 

nanoparticles and nanomaterials have been applied in various fields, such as in 

electronics, sensors, and even in the biomedical space, due to the immense range of 

useful and diverse properties that are intrinsic to certain nanoparticles (Khenfouch et al., 

2016). 

The earliest application of nanoscale materials occurred in systems where 

nanoscale powders could be used in their free form, without consolidation or blending. For 

example, nanoscale titanium dioxide and zinc oxide powders are now commonly used by 

cosmetics manufacturers for facial base creams and sunscreen lotions. Nanoscale iron 

oxide powder is now being used as a base material for rouge and lipstick. Paints with 

reflective properties are also being manufactured using nanoscale titanium dioxide 

particles. In biomedical areas, structures called liposomes have been synthesized for 

improved delivery of therapeutic agents. Liposomes are lipid spheres about 100 

nanometers in diameter they have been used to encapsulate anticancer drugs for the 

treatment of AIDS-related Kaposi’s sarcoma. Several companies are using magnetic 

nanoparticles in the analyses of blood, urine, and other body fluids to speed up separation 

and improve selectivity. Other companies have developed derivatized fluorescent 

nanospheres and nanoparticles that form the basis for new detection technologies. These 

reagent nanoparticles are used in new devices and systems for infectious and genetic 

disease analysis and for drug discovery (https://www.nap.edu/read/10395/chapter/3#10). 

Even today various disease like diabetes, cancer, Parkinson’s disease, Alzheimer’s 

disease, cardiovascular diseases and multiple sclerosis as well as different kinds of serious 

inflammatory or infectious diseases (e.g. HIV) constitute a high number of serious and 

complex illnesses which are posing a major problem for the mankind. Nano-medicine is an 

application of nanotechnology which works in the field of health and medicine. Nano-

medicine makes use of nano materials, and nano electronic biosensors. In the future, nano 

medicine will be beneficial to molecular nanotechnology. The medical area of nano science 

application has many projected benefits and is potentially valuable for all human races 

(Nikalje et al., 2015). 

http://www.tandfonline.com/author/Khenfouch%2C+M


4 
 

           Hence in the present work it is aimed to synthesize nano particles and explore 

their captivating applications in technological and pharmacological areas. 

 
The chemical and physical methods are widely used in the synthesis of nano 

particles. Bio-mediated synthesis methods have been suggested as alternative ways to 

produce noble metal nanoparticles. These simple techniques have low costs and can be 

conducted in eco-friendly ways indeed; various approaches to the biosynthesis of gold 

nanoparticles (GNPs) have been demonstrated. These include the use of micro-organisms, 

fungi, or plants. In the bio-mediated techniques, the organisms can be used to achieve 

active uptake of gold ions from a solution, reduce them to neutral gold atoms, and form 

gold nanoparticles. Plant extracts are used in a simple, low-cost, and bio-mediated 

approach for the production of nanostructures with low cytotoxicity levels (Klekotko et al., 

2016). 

              A metallic nanoparticle has widespread use in biology, pharmacy and medicine 

and hence biosynthetic methods are being considered to prepare these nanoparticles. The 

use of plant extracts has gained great importance due to the fact that most of the plants are 

generally inexpensive, available, and nontoxic. Moreover, plant extracts are rich in different 

types of reducing and capping agents. Since gold nanoparticles are considered more 

biocompatible than other metallic nanoparticles, research studies performed on green 

synthesis of gold nanoparticles using plant extracts and different applications of these 

nanoparticles have been reviewed and discussed (Noruzi et al., 2015). 

In the present study the synthesis of gold nano particles has been attempted 

by an eco-friendly method. A comprehensive search of literature survey for green 

synthesis of gold nano particles using various plant extract unveiled sparse work 

with Eichhornia crassipes plant extracts.Accordingly this plant was chosen for the 

present work. 

Research is always re-searching to end up in the newer findings. Hence various 

methods are used to prepare gold nano particles such as, at room temperature, high 

temperature, sonication, pH variation method, solar method and optimization of the method 

by concentration variation of gold chloride and that of plant extract.  

There are several techniques available to confirm the formation of gold nano 

particles. Few common techniques include:  

 Transmission Electron Microscopy 

 Scanning Electron Microscopy 

 Atomic Force Microscopy(AFM) 

 Dynamic Light Scattering(DLS) 
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 X-Ray Photoelectron Spectroscopy 

 Powder X-Ray Diffraction(XRD) 

 Fourier Transform Infrared Spectroscopy(FTIR) 

 Matrix –Assisted Laser Desorption / Ionization  

 Time - Of- Flight Mass Spectrometry(MALDI-TOF) 

 Dual polarization Interferometer 

 Nuclear Magnetic Resonance(NMR) 

 Nanoparticles Tracking Analysis(NTA)for tracking of the Brownian motion 

Selected aforesaid techniques have been employed in the present study to 

confirm the formation of nanoparticles. 

It is the foremost task of a research to explore its applications once a novel material 

or procedure is found. Literature survey revealed gold nanoparticles to possess anticancer 

potential. Carbon nanoparticles and graphene are used in drug delivery applications. 

Hence it is attempted to explore the anticancer potential of the synthesized nanoparticles 

and graphene. 

‘Cancer’ - the word still conjures up deep fears of a silent killer that creeps up on us 

without warning. Cancer, evoking such desperation has become a metaphor for grief and 

pain, a scourge straining our intellectual and emotional resources. The numbers are such 

that we come across a patient, a family member or a friend frequently. There are over 20 

million people living with cancer in the world today. The term cancer is used generically for 

more than 100 different diseases including malignant tumors of different sites (such as 

breast, cervix, pros-tate, stomach, colon/rectum, lung, mouth, and leukemia, sarcoma of 

bone, Hodgkin disease, and non-Hodgkin lymphoma). Common to all forms of the disease 

is the failure of the mechanisms that regulate normal cell growth, proliferation and cell 

death. Ultimately, there is a progression of the resulting tumor from mild to severe 

abnormality, with invasion of neighboring tissues and, eventually, spread to other areas of 

the body. 

Cancer is a leading cause of death group worldwide and accounted for 7.4 million 

deaths (around 13% of all deaths) in 2004. The main types of cancer including 

 Lung (1.3 million deaths/year) 

 Stomach (803,000 deaths) 

 Colorectal (639,000 deaths) 

 Liver (610,000 deaths) 

 Breast (519,000 deaths). 
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More than 70% of all cancer deaths occurr in low- and middle-income countries. 

Deaths from cancer worldwide are projected to continue rising, with an estimated 11.5 

million deaths in 2030 (World Health Organisation, 2009). Nanotechnology provides 

tremendous opportunities for multimodal, site-specific drug delivery to these disease sites 

and gold nanoparticles further offer a particularly unique set of physical, chemical and 

photonic properties with which to do so ( Dreaden et al., 2012). 

Green synthesis of silver nanoparticles (AgNPs) using the aqueous extract of dried 

jujube fruit and coating onto the graphene oxide (GO + AgNPs) showed potential cytotoxic 

activity against human cervical cancer cell line (HeLa) (Sreekanth et al., 2016). The 

cytotoxic effects against MKN-28 (Adenocarcinoma), Hep3B (Heptocellular carcinoma), 

and MG-63 (Osteosarcoma) cells were evaluated using tetrazolium-based assay (Pati et 

al., 2016). Mappia foetida leaf extract mediated gold nanoparticles conjugated with 

activated folic acid and doxorubicin complex are found to be toxic for human cancer cells 

viz., MDA-MB-231, HeLa, SiHa and Hep-G2 (Yallappa et al., 2015). Andrographis 

paniculata Leaf extract mediated gold nanoparticles have significant effect on HeLa 

(human cervical cancer) and MCF-7 (human breast cancer) cell lines (Babu et al., 2012). 

This study reveals the scope for Water hyacinth mediated nanoparticles in 

several applications and its applications are aimed at extending to the field of 

pharmacology. A composite form with gold nanoparticles and graphene would be 

prepared and its anti cancer efficiency tested against cancer cell lines. 

Nowadays graphene is universally known as a promising material. Hence, the 

development of eco-friendly synthesis methods for this material is of great importance. 

Around the world, research institutions are trying to develop ways to revolutionize the 

production of graphene sheets of the highest quality. One of the most cost effective ways is 

possible by the reduction of graphene oxide into RGO (Reduced graphene oxide). 

Xanthomonas oryzae pv. oryzae (Xoo) is a representative phytopathogenic 

bacterium causing bacterial infections in rice. The antibacterial activity of graphene 

suspended in different dispersants against Xoo was performed. Graphene oxide (GO) 

exhibits superior bactericidal effect even at extremely low dose in water (250 μg/mL), killing 

almost 94.48 % cells, in comparison to common bactericide bismerthiazol with only 13.3 % 

mortality. The high efficiency in inactivating the bacteria on account of considerable 

changes in the cell membranes caused by the extremely sharp edges of graphene oxide 

and generation of reactive oxygen species, which may be the fatal factor for bacterial 

inactivation ( Chen et al., 2013). 

The multiple graphene-based composite materials developed for antimicrobial 

applications is provided, with an analysis of the different chemical fictionalization routes 
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used to modify graphene and graphene oxide with biocidal compounds. Graphene-based 

nonmaterials are used in the development of novel antimicrobial surfaces and coatings. 

Finally, promising avenues for material development are identified and critical questions 

surrounding graphene-based nonmaterials are discussed, providing a guide for future 

development and application of antimicrobial graphene-based materials (Soroush et al., 

2016). The potential applications of graphene-based materials are increasingly recognized 

for their special physico-chemical and biological properties. In particular, graphene and 

graphene oxide as the foundation of nanocomposites have garnered much interest among 

researchers in many fields (Liu et al., 2016). 

Reducing graphene oxide is achieved in a number of ways. Though they are all 

methods based on chemical, thermal or electrochemical, the most commonly employed 

methods to chemically reduce graphene oxide to graphene use hydrazine or its derivatives 

as the reducing agent. However, they are highly hazardous and explosive (Lee et al., 

2014). Due to this environmental safe eco-friendly methods are required. 

The synthesis and application of reduced graphene oxide occupies the 

highest position in the field of research prompted to make an attempt to prepare it 

using Eichhornia crassipes and exploring its pharmacological application.  

Energy problem will be the top critical problems that humans may face in the 

coming 50 years, which was pointed out by Professor Smalley of Rice University in the 

USA (Hamakawa, 2002). China intends to spend more than $360 billion through 2020 on 

renewable power sources like solar and wind (Asia Pacific, 2017). Solar energy is the 

most readily available source of energy. It does not belong to anybody and is also the most 

important of the non-conventional sources of energy because it is non-polluting and, 

therefore, helps in lessening the greenhouse effect. India receives solar energy equivalent 

to over 5000 trillion kWh/year, which is far more than the total energy consumption of the 

country (http://edugreen.teri.res.in/explore/renew/solar.htm). A solar cell is an electronic 

device which directly converts sunlight into electricity. Light shining on the solar cell 

produces both a current and a voltage to generate electric power. Many attempts have 

been made by several researchers to prepare solar cells of higher efficiency. Solar cell can 

be of different types such as Micro morph Cells (Tandem-Cell Using a-Si/μc-Si), 

Monocrystalline Solar Cell (Mono-Si), Multijunction Solar Cell (MJ), Nanocrystal Solar Cell, 

Perovskite Solar Cell ,Photo electrochemical Cell (PEC),Polymer Solar Cell ,Polycrystalline 

Solar Cell (Multi-Si),Quantum Dot Solar Cell, Thin Film Solar Cell (TFSC) (Bagher et al., 

2015). 

The Dye-Sensitized Solar Cell (DSSC) provides a technically and economically 

credible alternative concept to present day p–n junction photovoltaic devices. In contrast to 

http://topics.nytimes.com/top/news/international/countriesandterritories/china/index.html?inline=nyt-geo
https://www.nytimes.com/pages/world/asia/index.html
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the conventional systems where the semiconductor assume both the task of light 

absorption and charge carrier transport the two functions are separated here. Light is 

absorbed by a sensitizer, which is anchored to the surface of a wide band semiconductor. 

Charge separation takes place at the interface via photo-induced electron injection from the 

dye into the conduction band of the solid. Carriers are transported in the conduction band 

of the semiconductor to the charge collector. The use of sensitizers having a broad 

absorption band in conjunction with oxide films of nanocrystalline morphology permits to 

harvest a large fraction of sunlight. Nearly quantitative conversion of incident photon into 

electric current is achieved over a large spectral range extending from the UV to the near 

IR region. Overall solar (standard AM 1.5) to current conversion efficiencies (IPCE) over 

10% have been reached. There are good prospects to produce these cells at lower cost 

than conventional devices (Grätzel, 2003). Commercial applications, which were held up 

due to chemical stability problems, are forecast in the European Union Photovoltaic 

Roadmap to  significantly contribute to renewable electricity generation by 2020 (Bagher et 

al., 2015). 

Natural dye as well as organic dyes can be used in the DSSCs. Natural dyes 

obtained from plant parts, fruits and vegetables are used as dyes of higher efficiencies (ᵑ)of 

power conversion of DSSCs devices has achieved above 10% (Zeng et al.,2010,Qin et 

al.,2008:Horiuchi et al.,2004:Koumura et al.,2006:Snaith et al.,2009). The use of 

synthetic dyes as sensitizer in DSSC provide better efficiency and high durability, but they 

suffer from several limitations such as higher cost, tendency to undergo degradation, and 

usage of toxic materials. These limitations have opened up for alternate sensitizers that are 

bio compatible natural sensitizers. Natural sensitizers contain plant pigments such as 

anthocyanin, carotenoid, flavonoids, and chlorophyll that are responsible for chemical 

reactions such as absorption of light as well as injection of charges to the conduction band 

of TiO2 by the sensitizer. Therefore, dyes containing these pigments can easily be 

extracted from natural products like fruits, flowers, leaves, seeds, barks etc and can be 

employed as sensitizer for DSSC (Shalini et al., 2015). 

As energy crisis is a major problem today, solar cell is expected to overcome 

this problem especially DSSC. Considering the applications of gold nanoparticles 

and reduced graphene oxide prepared using Eichhornia crassipes, it is intended to 

use these nanopartilces as the coating materials in solar cells and study their 

efficiency. 
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1.1 Objectives of the study 
 

The important objectives of the work done on” Bio fabrication of gold and graphene 

nano particles – Anticancer and Solar cell application “are given below: 

 To analyze the previous work done on solar cell fabrication, gold nano particles and 

reduced graphene oxide from various important e-resources. 

 To prepare Graphene oxide by the use of oxidizing method. 

 To prepare reduced graphene oxide with the use of Eichhornia crassipes plant 

extract. 

 To determine the surface morphology of the RGO by recording the scanning 

electron microscope (SEM). 

 To synthesize the gold nano particles with the use of Eichhornia crassipes plant 

extract. 

 To prepare the gold nano particles using Oven heating method with Eichhornia 

crassipes. 

 To confirm the formation of gold nano particles using UV spectroscopy. 

 To analyze the pharmacological application of the graphene and gold nano particles 

synthesized via Eichhornia crassipes.   

 To determine the anti- proliferative efficiency of the synthesized nano particles by 

MTT assay. 

 To fabricate a low cost dye sensitive solar cell using reduced graphene oxide, gold 

nano particles and its composite and aqueous extract of water hyacinth respectively 

by using various light sources. 

 To measure the current density and voltage flow through the prepare solar cell 

using various prepared compounds. 
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1. REVIEW OF LITERATURE 
 

                A review of literature aids to carry out a research work in a systematic manner. A 

detailed review on synthesis of gold nano particles, its pharmalogical application and  solar 

cell fabrication has been carried out.The consolidated review work is given in the following 

pages. 

2.1 Taxonomic Hierarchy of Eichhornia crassipes 

                The species was discovered in 1823 by the German naturalist C. von Martius 

(Téllez et al., 2008). According to the Integrated Taxonomic Information System (ITIS) 

the Taxonomic Hierarchy of Eichhornia crassipes is given below, 

Kingdom Plantae  – plantes, Planta, Vegetal, plants 

Subkingdom Viridiplantae 

Infrakingdom Streptophyta  – land plants 

Superdivision Embryophyta 

Division Tracheophyta  – vascular plants, tracheophytes 
 

Subdivision Spermatophytina  – spermatophytes, seed plants, phanérogames 

 Class Magnoliopsida 

 Superorder Lilianae  – monocots, monocotyledons, monocotyledons 

 Order Commelinales 

  Family Pontederiaceae – pickerel-weed 

  Genus Eichhornia Kunth – water hyacinth, water-hyacinth 

 Species  Eichhornia crassipes (Mart.) Solms – common water-hyacinth, water 
hyacinth, floating waterhyacinth, floating water hyacinth, common 
water hyacinth 

 

 

2.1.1 Chemical constitution of Eichhornia crassipes 

                   Fresh plant contains 95.5% moisture, 0.04% N, 1.0% ash, 0.06% P2O5, 0.20% 

K2O, 3.5% organic matter. On a zero-moisture basis, it is 75.8% organic matter, 1.5% N, 

and 24.2% ash. The ash contains 28.7% K2O, 1.8% Na2O, 12.8% CaO, 21.0% Cl, and 

7.0% P2O5. The CP contains, per 100 g, 0.72 g methionine, 4.72 g phenylalanine, 4.32 g 

threonine, 5.34 g lysine, 4.32 g isoleucine, 0.27 g valine, and 7.2 g leucine (Matai and 

Bagchi, 1980). Water hyacinth roots naturally absorb pollutants, including such toxic 

chemicals as lead, mercury, and strontium 90 (as well as some organic compounds 

believed to be carcinogenic) in concentrations 10,000 times that in the surrounding water 

(Jafari, 2010; kumar, 2012).  

             Phenolic compounds-p-hydroxybenzoic, ferulic, chlorogenic, protocatechuic, 

vanillic, p-coumaric (Martyn and Cody, 1983), and o-hydroxy phenols (Martyn et al, 

1983), phenolic compounds are detected in the leaves (Anjana and Matai, 1990; Center 

and Wright, 1991).4-Methylresorcinol, 2-methylresorcinol, catechol, pyrogallol, and 

genetisic, p-hydroxybenzoic, syringic, vanillic and salicylic acid,Flavonoids-kaempferol, 
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orientin (Nyananyo et al, 2007), quercetin, isovitexin, and kaya flavone (Lata and Dubey, 

2010) are also present in the shoot and rhizome3,Alkaloids- 18, 19-secoyohimban-19-oic 

acid, and 16, 17, 20, 21-tetradehydro-16-(hydroxymethyl)-methyl ester (Shanab et al,2010; 

Shanab et al, 2011),Terpenoids- indole compounds and gibberellins ,Sterols such as 

Campesterol, stigmasterol and sitosterol(Goswami et al .,1983), Glycosides and Tannins 

like compounds, (Silva et al., 2006), 3,7,11,15-Tetramethyl-2-hexadecen-1- ol, phytol 

(Muthunarayanan et al .,2011) Etc. E. crassipes showed the highest contents of calcium 

(1.51%), magnesium (3,916.67 mg kg-1), manganese (1,233.33 mg kg1), zinc (81.83 mg kg-

1), iron (5,425.00 mg kg-1) and copper (25.83 mg kg-1) (Silva et al., 2006). 

 

2.2 Reduced graphene oxide 

            Graphite oxide was first prepared by Oxford chemist Benjamin C. Brodie in 1859, 

by treating graphite with a mixture of potassium chlorate and fuming nitric acid. He reported 

synthesis of "paper-like foils" with 0.05 mm thickness. 

(https://en.wikipedia.org/wiki/Graphite_oxide). The completely oxidised compound can 

then be dispersed in a base solution such as water, and graphene oxide is then produced. 

Reducing graphene oxide is produced by number of ways.  

2.2.1 Preparation of Plant based graphene oxide   

            Graphene oxide was synthesized using the chemical exfoliation method and 

reduced using Melissa officinalis (Melisa) extract. Characterization studies were carried 

out using UV–Vis, Fourier Transform Infrared Spectroscopy (FTIR), Thermo Gravimetric 

Analysis (TGA), Zeta Sizer (ZS), X-Ray Powder Diffraction (XRD), Scanning Electron 

Microscopy (SEM) and Transmission Electron Microscopy (TEM) images and its cytotoxic 

and proliferative effects were examined using a minimum essential media elution test and a 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. The results showed 

that RGO–HA (1%) composites are biocompatible and even though they are proliferative at 

concentrations lower than 25% (Elif et al., 2017). 

             Green synthesis for the reduction of GO was carried out using aqueous leaf 

extracts of Paederia foetide L. The prepared GO and green RGO were characterized by 

using ultraviolet–visible, Raman and Fourier transform infra-red spectroscopic analysis.The 

morphology of the green RGO was characterized by transmission electron and scanning 

electron microscopy. Dynamic light scattering was used for zeta potential measurement 

and correlated with the morphology of the sheets. Electrical conductivity was also 

measured to check the extent of reduction of GO to RGO (Chattopadhyay et al., 2016). 

Bio-synthesis of graphene by a using Artemisia herba-alba Asso (AHAA) natural 

extract. UV–VIS, Raman, XPS spectroscopies and TEM microscopy investigations 

confirmed the reduction, and the conversion of graphene oxide to few-layered reduced 

graphene oxide the optical and electrical properties of graphene can be modulated. Hence, 
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AHAA can be an effective chelating agent to produce graphene sheets (Khenfouch et al., 

2016) 

T. bellirica fruit (pericarp) aqueous extracts as green reducing and stabilizing agent for 

graphene synthesis from graphene oxide (GO). The synthesized RGO was characterized 

using UVVisible, XRD, SEM, TEM and FTIR techniques (Maddinedi et al., 2016). 

           Reduced graphene oxide nanosheets were prepared by using caffeine as the 

reductant. The samples of GO, before and after reduction with caffeine have been 

characterized by X-ray diffraction, Raman, Fourier transform infrared, X-ray Photoelectron 

spectroscopy, thermogravimetric analysis and transmission electron microscopy, The 

obtained graphene nanosheets from natural raw graphite are potential biomaterial for many 

biomedical applications, including nanocarriers for targeting and localized drug delivery, 

bioimaging and biosensing (Thu Ha Thi Vu et al., 2015). 

            The bioreduction of GRO using Salvadora persica L. (S. persica L.) roots 

(miswak) extract as a bioreductant is reported. The developed eco-friendly method for the 

reduction of GRO could provide a better substitute for a large-scale production of 

dispersant-free graphene and graphene-based materials for various applications in both 

technological and biological fields such as electronics, nanomedicine, and bionic materials 

(Khan et al., 2015). 

             The preparation of a silver–reduced graphene oxide (Ag–RGO) nanocomposite 

using Potamogeton pectinatus (Po) plant extract is reported. The size, morphology and 

crystallinity of the as-prepared nanomaterials were studied with an explanation for the role 

of Po in the synthesis. A preliminary antibacterial experiment was developed to ensure the 

enhanced antibacterial effect of the Ag–RGO nanocomposite. The results indicated that the 

majority of the silver nanoparticles “AgNPs” were formed in a spherical shape with small 

sizes ranging from 11 to 20 nm. IR spectroscopy results indicated the role of amine and 

hydroxyl groups from Po in the reduction and capping processes. The preliminary 

antibacterial examination ensured the enhanced antibacterial effect of the Ag–RGO 

nanocomposite (Sedki et al., 2015).  

           Water-soluble and cytocompatible graphene using Ginkgo biloba extract (GbE) as 

a reducing and stabilizing agent the biocompatibility effects of graphene in MDA-MB-231 

human breast cancer cells is reported. X-ray diffraction studies confirmed the crystalline 

nature of graphene. SEM was used to investigate the surface morphologies of GO and Gb-

rGO. AFM was employed to investigate the morphologies of prepared graphene and the 

height profile of GO and Gb-rGO. The formation of defects in Gb-rGO was confirmed by 

Raman spectroscopy. The biocompatibility of the prepared GO and Gb-rGO was 

investigated using a water-soluble tetrazolium 8 assay on human breast cancer cells. GO 

exhibited a dose-dependent toxicity, whereas Gb-rGO-treated cells showed significant 

biocompatibility and increased ALP activity compared to GO (Gurunathan et al., 2014) 

http://www.tandfonline.com/author/Khenfouch%2C+M
http://pubs.rsc.org/en/results?searchtext=Author%3AMohammed%20Sedki
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             Reduced graphene oxide (RGO) was prepared from graphite oxide (GO) by using 

pollen grains (Pgs) of Peltophorum pterocarpum as a reducing agent, and studied for its 

electrochemical behavior. Cyclic voltammetry studies showed the good electrochemical 

performance of RGO with a maximum specific capacitance of 27.1 F g−1 (at a scan rate of 5 

mV s−1) (Rahman et al., 2014). 

 Preparation of graphene (PE-HRG-Ag) via simultaneous reduction of both 

graphene oxide (GRO) and silver ions using Pulicaria glutinosa plant extract (PE) as 

reducing agent is reported. The preparation of PE-HRG-Ag nanocomposite is monitored by 

using ultraviolet–visible (UV-Vis) spectroscopy, powder X-ray diffraction (XRD). The as-

prepared PE-HRG-Ag nanocomposities display excellent surface-enhanced Raman 

scattering (SERS) activity, and significantly increased the intensities of the Raman signal of 

graphene (Abdulhadi et al., 2014). 

An ecofriendly process of reduction of graphene oxide using aqueous extract of 

Amaranthus dubius under refluxing method UVVisible spectrophotometer was used to 

monitor the formation of reduced graphene oxide (AKRGO). The crystallite size of 

nanographene was confirmed by XRD analysis and Scherrer’s formula. FTIR spectral 

analysis revealed the reduction of graphene oxide using aqueous extract of Amaranthus 

dubius. The morphology of the synthesized graphene was examined by SEM analysis 

(Firdhouse et al., 2013). 

Cherry, Magnolia, Platanus, Persimmon, Pine, Maple, and Ginkgo are compared for 

their abilities to reduce graphene oxide. The optimized reaction conditions for the reduction 

of graphene oxide were determined as for Cherry (Prunus serrulata), reaction time: 12 h, 

composition of the reaction mixture: 16.7% v/v of plant leaf extract in total suspension, and 

temperature: 95˚C. The degree of reduction caused by Cherry leaf extract was analyzed by 

elemental analysis and X-ray photoelectron spectroscopy. The reduction of graphene oxide 

was also confirmed by ultraviolet-visible spectroscopy, Fourier transform-infrared 

spectroscopy, Raman spectroscopy, X-ray diffraction, transmission electron microscopy, 

and thermo gravimetric analysis (Geummi et al., 2013) 

2.2.2 Preparation of Single layer graphene oxide 

Graphene oxide (GO) films with two-dimensional structure were successfully 

prepared via the modified Hummer method. Comprehensive characterizations of the 

properties of GO films were conducted. TEM and DFM analyses showed single and double 

lamellar layer structure and a thickness of 2~3 nm. X-ray diffraction (XRD) was selected to 

measure the crystal structure of GO sheet. Fourier-transform infrared spectra analyzer (FT-

IR) was used to certify the presence of oxygen-containing functional groups in GO films. 

UV-VIS spectrometer and TGA analyzer indicated excellent optical response and 

outstanding thermal stability. Elemental analyzer (EA) and X-ray photoelectron 

spectroscope (XPS) analyzed the components synthetic material. (Song et al., 2014). 
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The comparison between two kinds of single-layer reduced graphene oxide (rGO) 

sheets, obtained by reduction of graphene oxide (GO) with the electrochemical method and 

hydrazine vapor reduction, referred to as E-rGO and C-rGO, respectively. Although there is 

no morphology difference between the E-rGO and C-rGO films but the reduction process to 

obtain the E-rGO and C-rGO films is quite different. In addition, E-rGO shows better 

electrocatalysis towards dopamine than does C-rGO (Wang et al., 2012). 

2.3 Gold nano particles 

Gold nanoparticles are really small, with a diameter of 5 nm or less, they can be 

used as a catalyst to help reactions. Researchers attach molecules to gold nanoparticles 

that are attracted to diseased regions of the body, such as cancer tumours, and other 

molecules such as therapeutic drug molecules. This enables the functionalized gold 

nanoparticles to be used to in targeted drug delivery. Another property that gold 

nanoparticles have is the capability to convert certain wavelengths of light into heat. As with 

all metals, gold contains electrons that are not tied to a particular atom but free to move 

throughout the metal. These electrons help to conduct a current when a voltage is applied 

across the conductor (http://www.understandingnano.com/gold-nanoparticles.html). 

2.4 Synthesis gold nano particles using plant extract 

The synthesis of gold nanoparticles (AuNPs) has been carried out using the root 

and leaf extracts from Vetiveria zizanioides and Cannabis sativa, respectively.The 

synthesized AuNPs were characterized by a peak at 538 nm in the UV-visible spectrum. 

SEM images revealed that all particles were spherical with a narrow size range of 10–

35 nm. Antifungal activity of AuNPs was tested for different fungal pathogens using 

standard disk diffusion method.The results suggest that the synthesized AuNPs can be 

useful as effective antifungal agent. It is confirmed that AuNPs are capable of rendering 

high antifungal efficacy and has a great potential for anti-fungal therapy (Swain et al., 

2016). 

The synthesis and physicochemical investigation of gold nanoparticles using an 

aqueous extract of Monotheca buxifolia (Flac.) is reported.The formation of AuNPs was 

confirmed by UV–Vis spectroscopy showed an absorption peak at around 540 nm. FTIR 

was used to identify the chemical composition of gold nanoparticles and Au-capped plant 

extract. The presence of elemental gold was also confirmed through EDX analysis. SEM 

analysis of the gold nanoparticles showed that they have a uniform spherical shape with an 

average size in the range of 70–78 nm. The antioxidant activity of Monotheca buxifolia 

(Flac.) extract and Au-capped with the plant extract was also evaluated using FeCl3/K3 [Fe 

(CN)] 6 in vitro assay (Anwar et al., 2016). 

Swertia chirata, a critically endangered medicinal plant has been explored for its 

reducing ability to synthesize polyshaped gold nanoparticles (AuNP).Characterzing of gold 

nano particles by UV–Vis spectra showed a plasmon resonance peak at 540 nm. TEM 
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analysis revealed that the average crystalline size of the particles was 50 nm and they 

were polyshaped viz. spherical, hexagonal and nanotriangles. XRD analysis confirmed the 

crystalline nature. The possible mechanism of biosynthesis was predicted by FTIR. The 

process of AuNP biosynthesis was optimized by response surface methodology (RSM) and 

maximum biosynthesis was achieved under the optimized condition of 17.24 % leaf extract, 

pH 4.6, gold chloride concentration 4 mM and temperature 53.61 °C ( Saha et al.,2016). 

The optimization and fabrication of gold nanoparticles (Au-NPs) using Delonix 

regia leaf extract is reported. Ultraviolet–visible spectroscopy analysis showed a surface 

Plasmon resonance peak for prepared Au-NPs at 542 nm, Transmission electron 

microscopy analysis showed that the particles were spherical and 4–24 nm in size. Energy 

dispersive X-ray spectroscopy analysis displayed a 2.2 keV peak corresponding to the pure 

phase gold nanocrystal. X-ray diffraction proved the fabrication of crystalline Au-NPs with 

face-centered cubic geometry. Furthermore, ζ potential (−15 mV) and Fourier transform 

infrared data suggested the role of polar polyphenolic compounds of leaf extract in 

fabrication and stabilization process. Biofabricated nanoparticles are demonstrated to have 

catalytic activity for the reduction of toxic nitro-organic pollutant o-nitroaniline (Dauthal et 

al., 2016). 

Gold nanoparticles were synthesized using a water extract of Artemisia capillaris 

(AC-AuNPs), and their catalytic activity was evaluated in a 4-nitrophenol reduction reaction 

in the presence of sodium borohydride.Surface plasmon resonance bands shows band at 

534~543 nm.Spherical nanoparticles with an average size of 16.88 ± 5.47~29.93 ± 9.80 nm 

were observed by transmission electron microscopy. The face-centered cubic structure of 

AC-AuNPs was confirmed by high-resolution X-ray diffraction analysis. Based on 

phytochemical screening and Fourier transform infrared spectra, flavonoids, phenolic 

compounds, and amino acids present in the extract are suggested to contribute to the 

reduction of Au ions to AC-AuNPs. The removal of extracts greatly enhanced their catalytic 

activity by up to 50.4 %. The uses of simple centrifugation can be applied to other metallic 

nanoparticles that are green synthesized with plant extracts to enhance their catalytic 

activity (Lim et al., 2016). 

Synthesis and stabilization of gold nanoparticles formed using aqueous turnip leaf 

extract under ambient conditions the formation of gold nanoparticles was monitored using a 

UV-Vis spectrophotometer and the maximum absorption peak (λmax) at 535 nm with a visual 

color change to pinkish-red confirmed the gold nanoparticles. Further characterization was 

done.The as-synthesized gold nanoparticles showed rapid catalytic reduction of methylene 

blue (MB) dye to leuco MB in the presence of sodium borohydride (NaBH4) ( Narayanan et 

al.,2015). 

Gold nanoparticles (Au-NPs) were synthesized using of the brown marine algae 

Sargassum muticum (S. muticum) aqueous extract as both a reductant and a capping 
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agent.The formation of Au-NPs was confirmed through the presence of an absorption peak 

at 550 nm using a UV–Vis spectrophotometer. A TEM image showed that the particles are 

spherical in shape with a mean size of 5.42 ± 1.18 nm. The capping of anionic bio-

compounds on the surface of nanoparticles was confirmed by zeta potential measurement 

(−35.8 mV) and is responsible for the electrostatic stability.The bio-synthesized Au-NPs are 

expected to have notable applications in pharmaceutical and biomedical applications 

( Namvar et al.,2015). 

Green synthesis of gold nanoparticles (AuNPs) has been described utilizing the 

bark extract of Abroma Augusta L. and chloroauric acid under very mild reaction 

conditions. The bark extract acted as a both reducing and stabilizing agent. The catalytic 

activity of the freshly synthesized gold nanoparticles has been demonstrated for the sodium 

borohydride reduction of 4-nitrophenol to 4-aminophenol, and the kinetics of the reduction 

reaction have been studied spectro photometrically (Das et al., 2015). 

The black cardamom extract has been used as a reducing agent for 

HAuCl4.3H2O. Fourier transform infrared spectroscopy (FTIR) studies, a tentative 

mechanism of reduction of Au nanoparticles has also been proposed which includes 

oxidation of 1, 8-cineole to 2-oxo-1,8-cineole. The effect of pH on the synthesis of Au 

nanoparticles has been carried out (Singh et al., 2015). 

Synthesis of gold nanoparticles with bacterium Zooglea ramigera Biosynthesized 

gold nanoparticles was spherical in shape of the size range of 4–16 nm (by transmission 

electron microscopy). X-ray diffraction and specific area electron diffraction shows face 

centered cubic (FCC) crystalline phase with the crystalline size of 19 nm. Gold 

nanoparticles showed excellent antibacterial activity against Gram-positive Staphylococcus 

aureus, Streptococcus pyogenes and Gram-negative Pseudomonas aeruginosa, 

Escherichia coli bacterial pathogens. The gold nanoparticles showed anti-tuberculosis 

impact in investigation against Mycobacterium tuberculosis H37RV. A hypothesis for 

antibacterial action of gold nanoparticles was also explained (Srivastava et al., 2015). 

Biosynthesis of gold nanoparticles (AuNPs) has been obtained from Pseudomonas 

aeruginosa and Rhodopseudomonas capsulata bacteria. The important parameter, 

which controls the size and shape of AuNPs, was pH value.The AuNPs were characterized 

by UV–Vis whose absorbance measured at 540 nm followed by transmission electron 

microscopy showed the formation of AuNPs in the range of 20–80 nm in diameter at pH 

6.5. Scanning electron microscopy revealed the AuNPs ranging from 50 to 70 nm; Fourier 

transform infrared spectroscopy confirmed the formation of AuNPs in the range of 4,000–

400 cm−1. The results spherical AuNPs in the range of 10–20 nm were observed at pH 

value of 7 whereas a number of nanoplates were observed at pH 4 (Singh et al., 2014). 

The gold nanoparticles was synthesized by using Hibiscus rosa-sinensis.The 

surface Plasmon resonance found at 520 nm confirmed the gold nanoparticles synthesis. 



17 
 

The spherical sized nanoparticles in the size range of 16–30 nm were confirmed by 

Transmission Electron Microscope (TEM). The stability of the nanoparticles is very well 

proved in the in vitro stability tests. The biochemical like alkaloids and flavonoids play a 

vital role in the nanoparticles synthesis was identified using the Fourier Transform Infrared 

Spectroscopy (FTIR). Combining the phytochemical and microwave heating, the rapid 

synthesis of gold nanoparticles is the novel process for the medically applicable gold 

nanoparticles production (Yasmin et al., 2014). 

The Magnolia kobus plant extract produces a diverse mixture of extracellular gold 

and silver nanocrystals with a majority of polydispersed spheres; however, there are a 

significant number of homogeneously sized triangles, pentagons, and hexagons (Lee et 

al., 2014). 

The bark extracts of the traditional ayurvedic medicinal plant Saraca indica. The 

polyphenolic compoundswhich present in plant acted as the reducing agent as well as the 

stabilizing agent without any additional capping agent. Surface plasmon resonance, 

HRTEM, AFM, X-ray diffraction, and FTIR studies have been carried out to characterize the 

nanoparticles. Gold nanoparticles synthesized were of triangular, tetragonal, pentagonal, 

hexagonal, and spherical shapes. The synthesized gold nanoparticles have been used as a 

catalyst for the reduction of 4-nitrophenol to 4-aminophenol at room temperature and the 

kinetics of the reduction reaction has been studied.In the presence of 0.3 mL stabilized 

AuNP solution (60 mg L−1), the rate constant was calculated to be 0.29 min−1 (Dash et 

al.,2014). 

Punica granatum juice has been used for the synthesis of gold nanoparticles 

(AuNPs) at room temperature under very mild conditions.The AuNPs were characterized 

by surface plasmon resonance spectroscopy, high resolution transmission electron 

microscopy, fourier transform infrared spectroscopy and X-ray diffraction studies. Catalytic 

activity of the synthesized colloidal AuNPs has also been demonstrated. Utilizing the UV–

visible data, the catalytic rate constant (k) was calculated to be 0.22 min−1 (Dash et al., 

2014). 

Sonochemical synthesis of gold nanoparticles by using piper betle leaf broth as a 

reducing and capping agent is reported. The aqueous reaction of medium containing gold 

nanoparticles showed a peak at 540 nm was studied by UV-Vis spectra.The crystalline 

structural characteristics of a biomolecules hosted gold nanoparticles were studied by X-

ray diffraction. The morphology of nanoparticles was analyzed by scanning electron 

microscopy. The stoichiometric chemical composition of elemental presence in the medium 

was determined by energy dispersive spectrum. The presences of biomolecules which are 

act as capping agents around the nanoparticles were studied by Fourier transform infrared 

spectroscopy (Mallikarjuna et al., 2013). 
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Natural precursor Prunus armeniaca (apricot) fruit extract was used as a reducing 

agent for the nanoparticle synthesis.The synthesized nanoparticles were characterized. 

Dose-dependent scavenging activity was observed for Au-NPs and Ag-NPs in both DPPH 

and ABTS in-vitro assay. 50 % scavenging activity for DPPH were 11.27 and 16.18 mg and 

for ABTS 3.40 and 7.12 mg with Au-NPs and Ag-NPs, respectively (Dauthal et al., 2013). 

Biosynthesis of gold nanoparticles using Padina gymnospora is reported in 

literature. The UV–vis spectrum of the aqueous medium containing gold ion showed peak 

at 527 nm corresponding to the plasmon absorbance of gold nanoparticles. Scanning 

electron microscopy showed the formation of well-dispersed gold nanoparticles. FTIR 

spectra of brown alga confirmed that hydroxyl groups present in the algal polysaccharides 

were involved in the gold bioreduction. AFM analysis showed the results of particle sizes 

(53–67 nm) and average height of the particle roughness (60.0 nm). X-ray diffraction (XRD) 

spectrum of the gold nanoparticles exhibited Bragg reflections corresponding to gold 

nanoparticles.This environment-friendly method of biological gold nanoparticle synthesis 

can be applied potentially in various products that directly come in contact with the human 

body, such as cosmetics, and foods and consumer goods, besides medical applications 

(Singh et al.,2013). 

 Green synthesis of gold nanoparticles has been carried out using the algae extract 

of Turbinaria conoides.The broad surface plasmon resonance band was centered at 520 

to 525 nm which indicates polydispersed nanoparticles. Transmission electron microscopy 

and selected-area electron diffraction analysis show the morphology and crystalline 

structure of synthesized gold nanoparticles with the size range of 6 to 10 nm. The four 

strong diffraction peaks were observed by X-ray diffraction; it confirmed the crystalline 

nature of synthesized gold nanoparticles. The carboxylic, amine, and polyphenolic groups 

were associated with the algae-assisted synthesized gold nanoparticles which was 

confirmed using Fourier transform-infrared spectroscopy.Thus, algae-mediated synthesis 

process of biomedically valuable gold nanoparticles is a one-spot, facile, convenient, large-

scaled, and eco-friendly method ( Kumar et al.,2013). 

The leaf extract of Acacia nilotica (Babool) has been used for the synthesis of 

gold nanoparticles in water at room temperature under very mild conditions.The gold 

nanoparticles were characterized by HRTEM, surface plasmon resonance spectroscopy, 

and X-ray diffraction studies. The synthesized gold nanoparticles have been used as an 

efficient catalyst for the reduction of 4-nitrophenol to 4-aminophenol in water at room 

temperature (Majumdar et al., 2013). 

Aspergillus fumigatus was used for the intracellular synthesis of gold 

nanoparticles. Stable nanoparticles were produced when an aqueous solution of 

chloroauric acid (HAuCl4) was reduced by A. fumigatus biomass as the reducing agent.The 

produced nanoparticles were then characterized by Fourier transform infrared 



19 
 

spectroscopy (FT-IR), scanning electron microscope (SEM), energy dispersive 

spectroscopy (EDS) and X-ray diffraction spectroscopy (XRD). SEM images of sample 

revealed that the nanoparticles were spherical, irregularly shaped with indefinite 

morphology. Biosynthesized gold nanoparticles were in the range of 85·1–210 nm in size. 

The presence of gold nanoparticle was confirmed by EDS analysis. Crystalline nature and 

face-centred cubic structure of synthesized gold nanoparticle was confirmed by XRD 

pattern (Bathrinarayanan et al., 2013). 

Synthesis of gold nanoparticles (GNP) using the aqueous extract of red tomato 

(Lycopersicon esculentum). This biosynthesized GNP in the presence of sodium dodecyl 

sulfate has been used as a colorimetric sensor to detect and estimate the pesticide, methyl 

parathion (Barman et al., 2013). 

The green synthesis of gold nanometre scale particles using the leaf extract from 

an indigenous Australian plant Eucalyptus macrocarpa as both the stabilising agent and 

the reducing agent is well known. Formation of the gold nanometre sized particles was 

confirmed and characterised by UV-visible spectroscopy, X-ray diffraction, transmission 

electron microscopy and field emission scanning electron microscopy. The antibacterial 

activity of the synthesised gold particles was also quantified using the sensitivity method of 

Kirby–Bauer (Poinern et al., 2013).  

The biological synthesis of gold nanoparticles using the culture supernatant of 

Bacillus subtilis and its combined antibacterial and antifungal activities with various 

antibiotics were observed against clinical isolates (Thirumurugan et al., 2012). 

Gold nanoparticles (NPs) were synthesized using Semecarpus anacardium leaf 

extracts.NPs were quantified using UV and ICP-AES analysis. These were characterized 

using Transmission electron microscopy, Fourier transform infrared spectroscopy and X-

ray diffraction. TEM images of the particles formed with green extract, boiled extract and 

green biomass showed that the particles were of different shapes and sizes (Raju et al., 

2011). 

The extracellular production of Ag and Au nanoparticles was carried out from the 

leaves of the plants, Tridax procumbens L. (Coat buttons), Jatropa curcas L. 

(Barbados nut), Calotropis gigantea L. (Calotropis), Solanum melongena L. 

(Eggplant), Datura metel L. (Datura), Carica papaya L. (Papaya) and Citrus aurantium 

L. (Bitter orange) by the sunlight exposure method. Among these T. procumbens, J. 

curcas and C. gigantea plants synthesized <20 nm sized and spherical-shaped Ag 

particles, whereas C. papaya, D. metel and S. melongena produced <20 nm sized 

monodispersed Au particles. Qualitative characterization was done by UV–vis 

spectroscopy and transmission electron microscopy (TEM), respectively. X-ray diffraction 

(XRD) and X-ray photoelectron spectroscopy (XPS) were used for structural 

confirmation.Fourier transform infrared spectroscopy (FTIR), provided evidence for the 
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presence of amino groups, which increased the stability of the synthesized nanoparticles 

(Rajasekharreddy et al., 2010). 

Biosynthesis of spherical gold nanoparticles and gold nanoplates was achieved at 

room temperature and pH 2.8 when cell extract from the metal-reducing bacterium 

Shewanella algae was used as both a reducing and shape-controlling agent.The yield of 

gold nanoplates prepared with S. algae extract was four times higher than that prepared 

with resting cells of S. algae. The resulting biogenic gold nanoparticle suspensions showed 

a large variation in color, ranging from pale pink to purple due to changes in nanoparticle 

morphology (Ogi et al., 2010). 

Addition of microwave-exposed aqueous extracellular anti-malignant guava 

(Psidium guajava) leaf extract to the aqueous gold chloride solution yielded stable 

polyshaped gold nanoparticles of high composition.The formation of nanoparticles was 

understood from the UV–visible and X-ray diffraction studies. The size and shape analysis 

was done using field emission scanning electron microscopy, transmission electron 

microscopy, and atomic force microscopy. Zeta potential experiment shows that the bio-

functionalized gold nanoparticles colloidal solution obtained as above will maintain its 

stability even after 30 weeks of storage (Raghunandan et al., 2009). 

Persimmon (Diopyros kaki) leaf extract is used for the synthesis of bimetallic 

Au/Ag nanoparticles.UV-visible spectroscopy was monitored formation of Au/Ag 

nanoparticles. SEM images showed that large Au/Ag particles of 50–500 nm were formed 

with some cubic structure, while pure Ag particles obtained by reduction of only Ag+ ion 

were smaller with diameter of 15–90 nm and predominantly spherical. The atomic Ag 

contents of the bimetallic Au/Ag nanoparticles from EDS and XPS analysis were 36 and 71 

wt%, respectively, suggesting that bimetallic Au core/Ag shell structure was formed by 

competitive reduction of Au3+ and Ag+ ions with Persimmon leaf extract (Song et al., 

2008). 

2.5 Anticancer activity of gold nano particles 

Gold nanoparticles (GNPs) were achieved using the Albizia amara Roxb plant 

extract. The formation of GNPs was confirmed by a change of color from yellowish green to 

purple with a characteristic peak at 543 nm. Further, the characterization of the synthesized 

GNPs showed their crystalline nature, functional groups, size and dispersed shapes, purity 

and Bragg’s reflections of face centered cubic structure.During the DPPH assay, the GNPs 

and leaf aqueous extract showed the scavenging activity of 74 and 65 %, respectively and 

their in vitro IC50 inhibitory values (µg ml−1) were; 47.77 (HeLa) and 72.28 (Vero). The Gram 

positive, Staphylococcus aureus (MTCC 96) was found to be more sensitive to GNPs 

(16 mm) than the leaf aqueous extract (12 mm) (Balasubramani et al., 2016). 

Green synthesis of gold nanoparticles (AuNPs) prepared using water extract from 

galls of Rhus chinensis. AuNP characterization was performed using ultraviolet–visible 
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(UV–vis) spectroscopy, transmission electron microscopy, field-emission scanning electron 

microscopy, and X-ray diffraction analysis. Element composition was detected via energy 

dispersive X-ray analysis. The sizes of AuNPs ranged from 20 to 40 nm, and they had oval 

and spherical shapes. The cytotoxic effects against MKN-28 (Adenocarcinoma), 

Hep3B (Heptocellular carcinoma), and MG-63 (Osteosarcoma) cells were evaluated using 

tetrazolium-based assay.The AuNPs induced cytotoxicity in a dose-dependent manner, 

and morphology upon cell death was differentiated via fluorescent microscopy using 4,6-

Diamidino-2-pheynylindole dihydrochloridehydrate staining which predicted apoptosis ( Pati 

et al.,2016). 

Mappia foetida leaves extract is used as bioreductant for the synthesis of gold 

nanoparticles and their application in the efficient delivery of doxorubicin to human cancer 

cells.The formation of gold nanoparticles is evident from their characteristic optical 

absorption at ~560 nm. FCC structure of gold nanoparticles was confirmed by using X-ray 

diffraction pattern. Fourier transform infrared spectroscopy shows the bioactive molecules 

from plant extract capped on the surface of gold nanoparticles and conjugation of 

doxorubicin along with activated folic acid as navigational molecules for targeted drug 

delivery. Such a conjugation of gold nanoparticles is characterized by their weight loss, 

~35–40 %, due to thermal degradation of plant biomass and conjugated drug along with 

receptor, as observed in thermogravimetric analysis. The spherical shaped gold 

nanoparticles (Φ 10–20 nm) are observed by field emission scanning electron microscopy 

and transmission electron microscopy images and the expected elemental composition by 

energy dispersive X-ray spectroscopy. Gold nanoparticles conjugated with activated folic 

acid and doxorubicin complex is found to be toxic for human cancer cells viz., MDA-MB-

231, HeLa, SiHa and Hep-G2. Furthermore, the amount of drug released was maximum at 

pH 5.3 (an ambient condition for intravenous cancer drugs) followed by pH 7.2 and pH 6.8 

(Yallappa et al., 2015). 

The biological syntheses of silver and gold nanoparticles from Gymnema sylvestre 

leaf extract and there in vitro free radical scavenging efficacy as well as antiproliferative 

effect in Hep2 cells. The average size of synthesized GYAgNPs and GYAuNPs was found 

to be 33 and 26 nm, respectively, by DLS particle size analyzer. TEM analysis indicated 

spherical shape of GYAgNPs and GYAuNPs and in EDX.The cytotoxic effect of GYAgNPs 

and GYAuNPs in Hep2 cells was examined by MTT assay in which GYAgNPs displayed an 

IC50 value of 121 µg ml−1, while GYAuNPs produced up to 38 % of inhibition at the 

maximum concentration of 250 µg ml−1 used (Nakkala et al., 2015). 

Gold nanoparticles (AuNPs) were synthesized by sonication using ethanolic leaf 

extract of Andrographis paniculata. Investigation done for optimum parameters for AuNP 

synthesis and functionalization with polycaprolactone-gelatin (PCL-GL) composites.TEM 

images showed that nanoparticles were spherical in shape with a size range from 5 to 75 
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nm. EDX analysiASQSs revealed the presence of molecular oxygen and carbon on the 

surface of AuNPs. The synthesized AuNPs were tested for their effect on HeLa (human 

cervical cancer) and MCF-7 (human breast cancer) cell lines and found to be nontoxic and 

biocompatible (Babu et al., 2012). 

The use of ethanolic extract of Fagopyrum esculentum leaves for the synthesis of 

gold nanoparticles.The synthesized nanoparticles were characterized by UV-visible, 

transmission electron microscopy (TEM), high resolution TEM (HRTEM) and were found to 

be spherical, hexagonal and triangular in shape with an average size of 8.3 nm. The 

crystalline nature of the gold nanoparticles was confirmed from X-ray diffraction (XRD) and 

selected-area electron diffraction (SAED) patterns.Fourier transform infrared (FT-IR) and 

energy-dispersive X-ray analysis (EDX) suggested the presence of organic biomolecules 

on the surface of the gold nanoparticles.Cytotoxicity tests against human HeLa, MCF-7 and 

IMR-32 cancer cell lines revealed that the gold nanoparticles were non-toxic and thus have 

potential for use in various biomedical applications (Babu et al., 2011). 

2.6 Fluorine doped Tin Oxide (FTO) 

Spray pyrolysis technique has been used to deposit Fluorine doped Tin Oxide 

(FTO) thin films. Optical constants such as refractive index (n), extinction coefficient (K) 

and the absorption coefficient of the FTO thin films were determined using 

spectrophotometric measurement of transmittance, absorbance and reflectance in the 

spectral range from 172 to 1100nm. The maximum value of transmittance was in the range 

of 77% to 86%. Furthermore, the effect of annealing temperature and the annealing 

condition on optical band gap (Eg) was studied. The optical band gap was found to be 

within the range of 3.50 to 4.0 eV (Abdullahi et al., 2014).  

Spray pyrolysis deposition (SPD) technique has been employed to prepare large 

area fluorine-doped tin oxide (FTO), nanocrystalline TiO2 and catalytic Pt films for dye-

sensitized solar cell (DSC) module. The transparent conducting FTO film gave low sheet 

resistance 8 Ω and average visible light transmittance exceeded 80 %. Large area (15 x 15 

cm2) DSC module prepared here shows efficiency 7.4 % at AM-1.5 simulated sun light 

(Kaneko et al., 2010). 

2.7 Natural dye based solar cell 

Dye sensitized solar cells (DSSC) were fabricated using titanium dioxide 

nanoparticles sensitized by using extracted from Acacia concinna pod it showed solar 

light to electron conversion efficiencies of 0.69 and 1.17 % respectively. The pre dye 

treated TiO2 based DSSC showed 69 % improvement in efficiency when compared to that 

of conventional DSSC (Ananth et al., 2016). 

P. amaryllifolius leaves are rich in chlorophyll and widely used as natural colorant 

to impart deep green colour to food products. A Polyiodide used as a electrolyte solution. 

Pt coated FTO was used as counter electrode.The photoelectrochemical performance of 
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the fabricated DSSC based on this dye showed 0.14 mA/cm2 short circuit current (JSC) and 

0.125 V open circuit voltage (VOC) (Zanan et al.,2016). 

Betalain pigments extracted from Red Bougainvillea glabra flower as natural dye 

sensitizers were fabricated the plasmonic silver nanoparticles (Ag NPs) into the pores of 

mesoporous TiO2 electrodes by successive ionic layer adsorption and reaction (SILAR) 

method. I–V characteristics of the devices were measured by solar simulator (AM1.5 at 100 

mW/cm2). The plasmonic enhanced-DSSC giving a short-circuit current density (Jsc), fill 

factor (FF), and power conversion efficiency (PCE) of 1.01 mA cm−2, 0.77, and 0.27 %, 

respectively. This development amounts to 50 % efficiency enhancement over the 

reference DSSC that had a short-circuit current density (Jsc), fill factor (FF), and power 

conversion efficiency (PCE) of 0.7 mA cm−2, 0.57, and 0.18 %, respectively ( Isah et al., 

2016). 

Anthocyanin (An) and chlorophyll (Chl) dyes have been extracted from black rice 

and fragrant screwpine (Pandanus amaryllifolius) leaves respectively using methanol 

as solvent. The photoelectrode prepared by dipping in anthocyanin solution first and then in 

chlorophyll solution for the same duration showed the best efficiency of 0.81 % with 

Jsc = 2.64 mA cm−2, Voc = 0.46 V and FF = 0.63 for DSSC (Shah et al., 2016). 

DSSC’s sensitized by Trigonella extracted using water as a solvent exhibited 

better performance with efficiency of 0.215 %. The performance of the fabricated DSSCs 

was attempted to enhance by acid treatment of the FTO substrates with HNO3, H3PO4, and 

H2SO4 (Batniji et al., 2016). 

Bracts of Bougainvillea spectabilis and the leaves of Euphorbia cotinifolia using 

acidified (0.1 M HCl) distilled water and ethanol separately.The highest open circuit voltage 

(Voc = 0.549 V) and short circuit current density (Jsc = 0.592 mA/cm2) were obtained 

respectively under 100 mW/cm2 illuminations.The highest power conversation efficiency (η) 

was 0.175 % ( Yazie et al.,2016). 

Dye-sensitized solar cells were fabricated using natural dyes extracted from 

common pear (Opuntia dillenii) and red tamarind (Tamarindus indica). Betalain and 

anthocyanin were identified as the main pigments that sensitize the semiconductor TiO2 

film. The best conversion efficiency of 0.47 % was achieved from betalain dyes and 0.14 % 

from anthocyanin dye-sensitized solar cell [under standard Air Mass 1.5 illumination 

(85 mW cm−2)]. The mixture of dye (1:1 mixture) adsorbed onto TiO2 exhibited an efficiency 

of 0.20 % (Ramamoorthy et al., 2016). 

Rutile-phase seagrass-like-arranged TiO2 nanorods have been sensitized by 

flowers of Sesbania grandiflora, leaves of Camellia sinensis and roots of Rubia 

tinctorum. The sensitized TiO2 nanorods-based films have been used as photoanode in 

natural dye-sensitized solar cells. The films were photoelectrochemically active, and the 

fabricated solar cells had short-circuit photocurrent density (JSC) lying in the range of 3.7–
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4.7mAcm−2. The efficiency of the fabricated natural dye-sensitized solar cells was found to 

lie in the range of 0.6–1.036 %, respectively (Akila et al., 2016). 

The Brazilian pigment-rich Caesalpinia sappan heartwood extract was used as 

dye-sensitized solar cells (DSSC) fabricated using pure and pre dye treated TiO2 

nanoparticles sensitized by natural dye showed solar light to electron conversion 

efficiencies of 1.09 and 1.65 %, respectively. The pre dye treated TiO2-based DSSC 

showed 51 % improvement in efficiency when compared to that of conventionally prepared 

DSSC (Ananth et al., 2015). 

The ethanolic extract of anthocyanins from Vitis labrusca grape has been used in 

the sensitization of TiO2 electrodes and production of a Grätzel cell. The prepared Grätzel 

cell presents a short-circuit current of 0.045 mA/cm2, above that of the cell sensitized with 

commercial N719 dye, which was 0.032 mA/cm2. However, the open circuit voltage was 

0.293 V, lower than that sensitized with N719 (0.335 V). The fill factor of the anthocyanin 

sensitized cell was 46.19 %, higher than that of the N719 sensitized cell, 42.72 % (Szostak 

et al., 2015).  

The solar cell’s was prepared by using Green Cabbage tested under an indoor 

room light, a halogen lamp and direct sunlight. The experimental results greatest 

photoelectric conversion efficiency (η) of up to 0.1%, an open-circuit voltage (VOC) of 532 

mV, and a short-circuit current density (Jsc) of 1.2 mA/cm2 (Amadi et al., 2015). 

Solar cell was fabricated using chlorophyll extracted from green leaves of 

Chromolaena odorata were investigated. The nanocrystalline ZrO2–TiO2 films were 

synthesized by the precipitation synthesis. The samples were characterized using X-ray 

diffraction, UV–vis absorption spectroscopy, Fourier transform infrared spectroscopy and 

scanning electron microscopy. The photoelectrodes were prepared using ZrO2–TiO2 

sensitized with the chlorophyll dye and the counter electrodes using reduced graphene 

oxide.The power was 10 mW cm–2. The fill factor, Pmax, Jsc and Voc of the cell was 

calculated to be 38.1%, 9.6 μW, 0.279 mA cm–2 and 0.091 V, respectively. The conversion 

efficiency was obtained to be about 0.1% (Pai et al., 2015). 

The effect of the Pedalium Murex (P. Murex) leaf extract The open circuit voltage 

(Voc), short circuit current density (Isc) and efficiency (η) of the constructed DSSC were 

determined (Marimuthu et al.,2015). Extracts from roots of Beta vulgaris were used as 

natural sensitizers in photoelectrochemical solar cells. Applied CeO2–TiO2 to natural dye 

sensitizer solar cells as a photoelectrode.Short-circuit current density (Jsc) and open-circuit 

voltages (Voc) of 9.0 mA cm−2 and 680 mV, respectively, were obtained, and an effective 

energy conversion efficiency of 3.5 % was achieved ( Upadhyay et al.,2014). 

Ipomea pescaprae, Imperata cylindrica (L.) Beauv, and Paspalum conjugatum 

Berg extracts containing quercetin 3-O-β-d-glucofuranoside, graminone B, and chlorophyll 

a. The dyes have been successfully sensitized the dye-sensitized solar cell. The cells were 
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illuminated under 100 mW/cm2 AM 1.5 condition. The acidic treatments have been 

successfully improving the cell efficiencies of I. pescaprae dye from 0.45 to 0.53 %, I. 

cylindrica dye from 0.44 to 0.48 %, and P. conjugatum dye from 0.50 to 0.69 %. Moreover, 

the addition of coadsorber into I. pescaprae dye is able to improve its cell efficiency from 

0.53 to 0.55 % with Jsc of 3.738 mA/cm2, Voc of 0.393 V, and the FF of 0.377. The 

combination of dyes from I. pescaprae with efficiency of 0.27 % and P. conjugatum with 

efficiency of 0.55 % could be improved to be 0.76 % (Prima et al., 2014). 

The photo electrochemical performance of the DSSC of the main pigment 

betacyanin obtained by separation and purification from the beetroot extract showed that 

the photo voltage and photocurrent 435 mV, 9.86 mA, respectively. The overall conversion 

efficiency of nano WO3 coated TiO2 dye-sensitized solar cells exhibit a higher conversion 

efficiency of 2.2% (Tripathi et al., 2013). 

Nanocrystalline TiO2 dye-sensitized solar cells have been fabricated using TiO2 

photo electrode sensitized using the extracts of red rose and table rose as natural 

sensitizers The extracts having anthocyanin pigment (pelargonidin, peonidin and cyanidin), 

which have hydroxyl and carboxylic groups in the molecule can attach effectively to the 

surface of TiO2 film. The solar cell constructed using the red rose sensitized TiO2 photo-

electrode exhibited a short-circuit photocurrent of 4.57 mA/cm2 and a power conversion 

efficiency of 0.81 % and that of table rose sensitized TiO2 photo-electrode exhibited a short 

circuit photocurrent of 4.23 mA/cm2 and a power conversion efficiency of 0.67 % 

(Gokilamani et al.,2013). 

Dye sensitized solar cells (DSSC’s) were constructed from black raspberry 

(Rubus Ideaus), black carrot (Daucuscarota L.) and rosella juice (Hibiscus Sabdariffa 

L.). Platinum-coated counter electrode and liquid Iodide/Iodine electrolyte solution were 

used to fabricate DSSC’s. The efficiencies of solar cells produced with black carrot, rosella 

and black raspberry juice were calculated as 0.25%, 0.16% and 0.16% respectively, under 

a sunny day (Tekerek et al., 2011). 

Dye sensitized solar cells (DSSC) were fabricated using Allamanda cathartic, 

Bougainvillea spectabilis and Cosmos sulphureus dyes obtained from Fijian flowers. 

The photoanodes were made from electro-phoretiaclly grown Titanium dioxide films coated 

with dyes. DSSCs with Cosmos sulphureus exhibited the best efficiency of 0.54% followed 

by Allamanda cathartic (0.40%) and Bougainvillea spectabilis (0.38%) (Narayan et al., 

2011). 

2.7.1 Review on DSSC from various e-resources 

In order to know the importance of using the synthesized nanoparticles in solar cell 

applications it was attempted to study the number of literature work available in various e-

resources. 
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Following table shows the number of references taken from the various e-resources 

focused on solarcell.  

 

Table: 1       Review on DSSC from various e-resources 

T- Total number of publications; A-no.of articles; C-no.of chapters; R-no of reference work 

entry; P-Protocol; B-Books;J-no of journals;W-Webpages 

S.no Key words Sprinker link Elsevier 
 

T A C REW P B    A W B J 

1 FTO 10,283 5827 4,368 70 18 - 372 4 1 59 

2 FTO plate 1336 888 431 11 6 - 19 - 1 18 

3 Solar cell 90074 50647 37067 2251 80 29 7060 6930 186 1460 

4 Solar cell fabricated 
using natural dye 

1981 1188 710 83 - - 80 2 - 74 

5 Solar cell facricated 
using organic dye 

2833 1690 1023 119 1 - 256 4 - 169 

6 Solar cell fabricated 
using inorganic dye 

1916 1076 747 93 - - 141 6 1 99 

7 Solar cell fabricated 
using plant extract 

1081 320 699 62 - - 108 85 - 69 

8 Solar cell fabricated 
using graphing 

1423 879 475 69 - - 1690 4 5 28 

9 Solar cell fabricated 
using graphene 
oxide 

1216 744 410 62 - - 970 4 2 249 

10 Solar cell fabricated 
using plant based 
reduced graphene 
oxide 

1089 633 394 62 - - 62 - - 61 

11 Solar cell fabricated 
using reduced -
graphene oxide 
using water 
hyacinth 

- - - - - - 1 - - 1 

12 Solar cell fabricated 
using nano particle 

3513 2383 974 156 - - 851 3 5 355 

13 Solar cell fabricated 
using natural nano 
particles 

1762 1063 602 97 - - 335 3 - 185 

14 Solar cell fabricated 
using metal nano 

4241 2901 165 175 - - 822 2 8 300 

15 Solar cell fabricated 
using non metal 
nano particle 

1853 1014 751 88 - - 227 1 1 205 

16 Solar cell fabricated 
using gold nano 
particle 

1298 644 576 78 - - 219 1 2 120 

17 Solar cell fabricated 
using natural dye + 
gold nano particle 

441 185 204 22 - - 41 2 - 35 

18 Solar cell fabricated 
using plant extract 
+ metal 

32 261 618 53 - - 123 78 - 65 

19 Solar cell fabricated 
using plant extract 
+ Inorganic metal 

94 136 330 28 - - 41 2 - 35 
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20 Solar cell fabricated 
using plant extract 
+ nano particle 

318 118 172 28 - - 123 78 - 65 

21 Making of solar cell 
using plant extract 
+ gold nano particle 

11 3 5 3 - - 71 9 - 62 

22 Solar cell 
fabrication using 
water hyacinth plant 
extract 

23 3 19 1 - - 1 - - 1 

23 Makingsolar cell 
using graphene + 
Gold nano particle 

421 208 189 24 - - 106 8 - 92 

24 Fabrication of solar 
cell using 
grapheneoxide + 
gold nano particle 

320 155 146 19 - - 51 5 - 43 

25 Solar cell 
fabrication using 
Reduced graphene 
oxide + nano 
particle 

603 339 229 35 - - 179 10 - 144 

26 Solar cell fabricated 
using Reduced 
garaphene oxide + 
Gold nano particle 

298 138 141 19 - - 117 10 - 96 

27 Making solarcell 
using plant based 
Reduced graphene 
oxide + Gold nano 
particle 

89 32 48 9 - - 25 - - 26 

28 Solar cell 
fabrication using 
water hyacinth 
reduced graphene 
oxide + Gold nano 
particle 

- - - - - - 1 - - 1 

 

Analyis of data from the various chemistry resources such as Sprinker and Elsevier 

reveals the following: 

 The fabrication of solar cell is preferably done by organic dye over the natural dye 

 Graphene oxide using solar cell fabrication is higher than that of reduced graphene 

oxide. 

 The work related to the solar cell fabrication with reduced graphene oxide using 

Eichhornia crassipes was found very less in all the resources. 

Analysis of the literature search reveals research in solar cell fabrication using 

Eichhornia crassipes and its compounds to be less but more viability of research 

work of using Eichhornia crassipes in solar cell application 

. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MATERIALS  AND  METHODS 



28 
 

3. Materials and Methods 
 

The study which is aimed to preparing gold nano particles by various methods and 

preparing reduced graphene oxide using Eichhornia crassipes (Mart.) Solms as reducing 

agent has been carried out. Attempt has been made to explore the pharmological and 

photovoltaic application of the prepared nanomaterials. 

The materials and methods adopted in this study are given below. 

3.1 General 

               All the chemicals used in the study are of AR grade. Deionized and doubly 

distilled water were used throughout the study. The chemicals and samples are weighed by 

using Electronic balance (Uni Bioc 1987). Sonication method was used to preparing 

nanoparticles by using Ultrasonic bath-(Digital Ultrasonic cleaner LMUC series. Microwave 

method for preparing nano particles from plant extracts were carried out in LG model ECN: 

MS-1947C/01 of output power Max-1200W microwave oven. 1x1 & 2x2 cm FTO glass 

plates were used to prepare the solar cell. The current and voltage was measured using 

Kusam Meco 405 multimeter. The UV Spectrometer (Biospec-nano (230V)) was used to 

measuring the absorbance of the nano particles. 

           SEM analyses were carried out to find the surface morphology of the nanomaterials. 

Magnetic stirrer (REMI 1MLH) used for stirring involved in the graphene oxide from 

graphite powder. Refluxing method was carried out for the preparation of reduced 

graphene oxide. The anti caner studies were carried out on the reduced particles formed by 

well plate method. 40 V tungsten lamp was used as a light source for DSSC. 

             Refluxing apparatus used to prepare the reduced graphene oxide by Hummer’s 

method. The functional group of nano particles was identified by using FTIR (Perkin Elmer) 

spectroscopy. Centrifuge machine (REMI RM12C) used to separating the solute and 

precipitate. Hot air Oven (181818 size, 1750W, SL.NO:2/470) was used to produced gold 

nano particles. 
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Figure 4: Photograph of 
Multimeter KUSAM-

MECO405 

Figure 7: Photography of 
Refluxing apparatus  

 

Figure 5: Photography of Centrifuge 

machine (REMI RM12C)  

Figure 3: Photography of 

1750 W Hot air Oven 

Figure 2: Photograph of 
Magnetic Stirrer REMI 1MLH 

 

Figure 6.Photography of LG model 

Microwave oven 
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3.2 Preparation of reagents for the study 

3.2.1 Preparation of hydrogen peroxide solution 

          Hydrogen peroxide (30%) was prepared using 30 ml H2O2 in 100 ml and stored in 

brown bottle. This solution was used for the preparation of Graphene oxide. 

3.2.2 Preparation of 10% HCl solution  

Hydrochloric acid (10%) solution was prepared by dissolving 10ml concentrated 

hydrochloric acid in 100ml distilled water. 

3.2.3 Preparation of Iodine solution 

Iodine solution was prepared by dissolving Potassium Iodide and Iodine (2:1) in 4ml 

distilled water. The two solutions were mixed together and stored in brown bottle for further 

use. 

3.2.4 Purification of ethanol 

Ethanol was purified by Distillation as reported earlier (Helmenstine, 2017). 

3.3 Preparation of stock solutions  

3.3.1 Preparation of gold chloride solution 

            Gold chloride (3 mM) solution was prepared and refrigerated for further use. 

3.4 Collection of plant 

             Eichhornia crassipes (Mart.) Solms was collected from a local water body in 

Coimbatore 

3.4.1 Preparation of aqueous extract by boiling method  

Fresh plant of Eichhornia crassipes (Mart.) Solms was heated in a beaker with 

distilled water. Then the hot solution was initially filtered using cotton and then using 

Whatmann no 42 filter paper then the solutions was closed tightly and it was taken for 

further studies. 

3.5 Phytochemical tests  

Preliminary Phytochemical test of the extracts of E. crassipes (Mart.) Solms. was 

carried out as per standard procedure (Jayanth et al., 2011). 

3.5.1 Test for Alkaloids 

1) Mayer’s test 

A fraction of extract was treated with Mayer’s test reagent (1.36 g of mercuric 

chloride and 5 g of potassium iodide in 100 ml water) and observed for the formation of 

cream colored precipitate. 

2) Wagner’s test 

A fraction of extract was treated with Wagner’s reagent (1.27 g of iodine and 2 g of 

potassium iodide in 100 ml water) and observed for the formation of reddish brown colour 

precipitate. 
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3) Dragentroff’s test 

A small amount of extract treated with dragendroff’s reagent (solution of potassium 

Bismuth Iodide) and observed the formation of red precipitate. 

3.5.2 Test for Flavonoids 

1) Sodium hydroxide test 

A small amount of extract was treated with aqueous sodium hydroxide and 

hydrochloric acid, observed for the formation of yellow orange colour. 

2) Sulphuric acid test  

A fraction of the extract was treated with concentrated H2SO4 and observed for the 

formation of orange colour. 

3) Aqueous ammonia test  

Extract of water hyacinth treated with aqueous ammonia and observed the 

formation of yellow orange colour. 

3.5.3 Test for Sterols 

1) Liebermann-Burchard test 

 Extract (1ml) was treated with chloroform, acetic anhydride and drops of H2SO4 

was added and observed for the formation of dark pink or red colour. 

2) Salkowski’s test 

              Add 1ml chloroform to the extract and concentrated sulphuric acid added to the 

mixture and the formation of blue layer in chloroform indicates the presence of sterols. 

3.5.4 Test for Terpenoids 

1) Liebermann-Burchard test  

Extract (1ml) was treated with chloroform, acetic anhydride and drops of H2SO4 was 

added and observed for the formation of dark green colour. 

3.5.5 Test for Anthraquinones 

1) Borntrager’s test 

About 50 mg of powdered extract was heated with 10% ferric chloride solution and 

1ml concentrated HCl. The extract was cooled, filtered and the filtrate was shaken with 

diethyl ether. The ether extract was further extracted with strong ammonia; pink or deep 

red colourations of aqueous layer indicate the presence of anthraquinone. 

3.5.6 Test for Anthocyanin 

1) NaOH test 

A small amount of extract was treated with 2M NaOH and observed for the 

formation of blue green colour. 
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3.5.7 Test for Proteins 

1) Ninhydrin test (Aqueous) 

The extract was treated with aqueous ninhydrin and observed for the presence of 

blue colour, indicating the presence of amino acid or purple colour indicating the presence 

of protein. 

3) Biuret test 

The extract was heated in distilled water and filtered. The filtrate is treated with 2% 

copper sulphate solution, to this added 95% ethanol and potassium hydroxide and 

observed for the formation of pink ethanolic layer. 

3.5.8 Test for Phenols 

1) Ferric chloride test 

The fraction of extract was treated with 5% ferric chloride and observed for the 

formation of deep blue or black colour. 

2) Lead acetate test 

The extract was treated with lead acetate solution and observed for the formation of 

yellow precipitate. 

3.5.9 Test for Quinones 

A small amount of extract was treated with concentrated HCl and observed for the 

formation of yellow colour precipitate. 

3.5.10 Test for Carbohydrates 

1) Molisch’s test for Carbohydrates 

Few drops of Molisch’s reagent were added to each of the portion dissolved in 

distilled water; this was then followed by addition of 1 ml conc. H2SO4 by the side of the 

test tube. The mixture was then allowed to stand for two minutes and then diluted with 5 ml 

distilled water. Formation of a red or dull violet colour at the interphase of the two layers 

was a positive test. 

2) Fehling’s test for free reducing sugar 

About 0.5 g of each extract was dissolved in distilled water and filtered. The filtrate 

was heated with 5 ml equal volumes of Fehling’s solution A and B. Formation of a red 

precipitate of cuprous oxide was an indication of the presence of reducing sugars. 

3.6 Preparation of Graphene oxide (Modified Hummer’s method) 

             Graphene oxide was prepared by modified Hummer’s method. Graphite powder 

(0.5 g) was treated with concentrated sulphuric acid (11.5 ml) in ice-cold condition and 

stirred for 1/2 h. 1.5g of Potassium permanganate was added gradually over a period of 

30 min at temperature 20°C for 2 hours. 23 ml doubly distilled water was added to the 

mixture and maintaining the temperature bellows 100 C for 30 minutes. Finally 30% 

Hydrogen peroxide (70 ml) was added until the solution turned pale yellow colour. The 

obtained solution was filtered with 10 % hydrochloric acid to remove the metal ions and 
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repeated washing with double distilled water to obtain pure graphene oxide. Thus, the 

obtained graphene oxide was homogenized using an Ultrasonic homogenizer and dried in 

vacuum to get few layer nanographene. 

3.6.1 Preparation of plant extract for reduced graphene oxide 

Aqueous extract (100 mg) of E. Crassipes was sonicated with 100 ml distilled water 

at 300 C for 30 minutes. Then it was filtered using Whatman – 42 filter paper and kept for 

further study. 

3.6.2 Reduction of Graphene oxide using plant extracts (Firdhouse et al., 2014) 

Prepared plant extract of E. Crassipes is used for reducing the graphene oxide. 

Graphene oxide (180mg) was sonicated with 360 ml double distilled water for 30 min to 

obtain a stable suspension. The stable solution was treated with 30ml aqueous extract of 

E. Crassipes and refluxed. The temperature is maintained at 900C - 100 0C for 6 hours. The 

brown colour solution changed to black colour indicating the complete the reduction 

reaction. Then it was again sonicating for one hour in sonic bath, after sonication solution it 

was filtered using Whatman -42 filter paper then dried. 

3.7 Characterization of Reduced Graphene oxide 

The reduced graphene oxide was characterized by using the following 

spectroscopy techniques. 

 

 UV–Vis spectroscopy 

 Fourier Transform Infrared Spectroscopy analysis 

 Scanning Electron Microscopy analysis 

3.7.1 UV- Visible spectroscopy  

UV–Vis spectral analysis was performed using UV-Visible spectrometer (Biospec-

nano (230V)).UV-Visible spectroscopy techniques quantify the light that is absorbed and 

scattered by a sample. The reduction of graphene oxide was also monitored by UV- Visible 

spectroscopy and it is a basic tool to confirm the formation of reduced graphene oxide. 

3.7.2 Fourier Trasform Infrared Spectroscopy 

FTIR provides an excellent means to visualize the chemical composition of different 

wheat varieties and it is very quick, reliable and cheaper analytical technique non 

destructive technique, provides precise measurement which requires no external 

calibration, increases speed, collecting a scan every second has minimum sample 

preparation (Amir et al., 2013).FTIR spectral measurements were analyzed with the 

resolution of 0.2 cm-1 for reduced graphene oxide 

3.7.3 Scanning Electron Microscopy (SEM) 

Electron Microscopes are scientific instruments beam of high-energy electrons to 

generate a variety of signals electrons to examine objects on a very fine scale. This 

examination can yield information about the topography (surface features of an object), 
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morphology (shape and size of the particles making up the object), composition (the 

elements and compounds that the object is composed of and the relative amounts of them) 

and crystallographic information (how the atoms are arranged in the object) (Voutou and 

Stefanaki, 2008). Scanning Electron Microscopy uses a focused at the surface of solid 

specimens. A two-dimensional image is generated that displays spatial variations in 

properties including chemical characterization, texture and orientation of materials 

(https://www.labtesting.com/services/materials-testing/metallurgicaltesting/sem 

analysis/). SEM analysis was taken to finding the surface of the reduced graphene oxide. 

3.8 Preparation of the extract for gold nano preparation 

Aqueous extract of E. Crassipes (1g) was sonicated with 100 ml distilled water at 

300 C for 30 min. Then the extract filtered using Whatmann no 42 filter paper. The filtered 

solution was taken for preparation of gold nano particles. 

3.8.1 Synthesis of gold nano particles using plant extract 

The gold nano particles using E. crassipes plant extract was synthesized by using 

following methods as per the procedure reported (Firdhouse et al., 2013). 

 Room temperature method  

 High temperature method ( Hot Air Oven method) 

 Microwave method 

 Sonication method 

3.8.2 Synthesis of gold nano particles by room temperature method 

In this room temperature method 1ml Gold chloride was used with 1.5ml plant 

extract. The formation of gold nano particles was confirmed by the visible colour change of 

the mixture from pale yellow to wine red colour. UV analysis was carried out to confirm the 

formation of gold nanoparticles. 

3.8.3 Synthesis of gold nano particles by sonication  

In sonication method, gold chloride 1ml treated with 1.5ml plant extract and the 

experiment carried out in Ultra – sonication bath (PCI Ultrasonics (1H)).The formation of 

nanoparticles was confirmed by the colour change and recording the corresponding UV 

absorbance. 

3.8.4 Synthesis of gold nano particles by microwave method  

Gold chloride (1ml) and plant extract (1.5ml) were micro waved in an oven and the 

formation of gold nanoparticles confirmed by the colour change and recording the UV 

absorbance. 

3.8.5 Synthesis of gold nano particles by Oven heating method 

The gold nano particles were synthesized by treating various concentrations 1ml, 

1.5ml, 2ml, 2.5ml and 3ml of E. crassipes aqueous extract with a fixed volume of gold 

chloride solution (1ml ) respectively and the formation of gold nano particles was confirmed 
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by the colour changed from yellow to wine red colour and the corresponding UV 

absorbance. 

3.9 Characterization of Gold nanoparticles 

3.9.1 UV-visible spectrophotometer 

Formation of gold nano particles from various methods was analyzed using UV-

visible spectrophotometer as it is the first tool to confirming the formation of gold nano 

particles. 

3.9.2 Fourier Trasform Infrared Spectroscopy (FTIR) 

Prepared gold nano particles by Hot Air Oven method was centrifuged and the 

residue was subject to FTIR analysis. 

3.10 Analyzing the application of synthesized nanoparticles 

Application of prepared gold nano particles and reduced graphene oxide using 

water hyacinth was carried out in the field of Pharmacology and energy related applications 

i.e.for the fabrication of solar cell. 

3.10.1 Preparation of synthesized nanoparticles for anticancer studies. 

The synthesized nano particles were tested for anti-cancer efficiency. 50µl, 100 µl, 

150 µl, 200 µl, 250 µl concentrations of synthesized nano particles were prepared and 

used. MTT assay was adopted to study the cyctotoxicity and cytoviability of the 

nanomaterial. 

3.11 Pharmacological analysis of application of synthesized graphene and gold 

nanoparticles 

3.11.1 MTT assay for determination of anticancer  efficacy of the synthesized 

nanoparticles (Babu et al., 2011). 

3.11.2 Cell line 

MCF-7 (Human breast cancer) cells were maintained in the Minimal Essential 

Medium (MEM) containing 1.0 mmol/L sodium pyruvate, 0.1 m mol/L nonessential amino 

acids, 1.5 g/L sodium bicarbonate, 2 mmol/L L-glutamine supplemented with 10 % FBS 

(heat inactivated) and 1 % antibiotic-antimycotic solution (1000 U/mL penicillin G, 10 

mg/mL streptomycin sulphate, 5 mg/mL gentamycin, and 25μg/mL amphotericin B). The 

cells were cultured at 37°C in a humidi fied incubator (Heal Force, HF 160 W, China) 

supplemented with 5%CO2. The statistical software SPSS version 17.0 was used for the 

analysis. P value <0.01 was considered significant. 

 3.11.3 Cell treatment procedure 

To examine the cytotoxicity of prepared compounds, monocultures of the MCF-7 

cell lines were incubated with increasing concentrations of filter (0.2 micron) sterilized 

compounds for 24 h and the cell viability was estimated by MTT dye conversion assay. 

Cells not exposed to compounds were taken as control. For MTT assay MCF-7 cell were 

seeded (1104) in a 96-well plate (Cell Bind, Corning). After 24 h of growth, the medium was 
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replaced with the serum free medium that contained varied concentrations of prepared 

compounds (from 50 to 250 μg/ μl). After 24 h of treatment the media was removed and 

cells were washed with phosphate-buffered saline (PBS, 0.01 mol/L, pH = 7.2). All the in 

vitro experiments were done in triplicate, and the experiments were repeated at least thrice. 

3.11.4 MTT assay 

3-[4, 5-dimethylthiazol-2-yl] 2, 5- diphenyltetrazolium bromide (MTT) is a yellow 

water soluble tetrazolium salt. A mitochondrial enzyme in living cells, 

succinatedehydrogenase, cleaves the tetrazolium ring, formazan. Therefore, the amount of 

formazan produced is directly proportional to the number of viable cells.  

            After 48 h of incubation, 15μL of MTT (5mg/mL) in phosphate buffered saline (PBS) 

was added to each well and incubated at 370C for 4h. The medium with MTT was then 

discarded and the formed formazan crystals were solubilised in 100μL of DMSO and then 

measured the absorbance at 570 nm using micro plate reader the percentage cell viability 

was then calculated with respect to control as follows: 

 

% Cell viability = OD value of experimental sample / OD value of experimental 

control) x 100 

 

3.12 Analysis of nano particles in solar cell application 

The application of prepared gold nano particles, reduced graphene oxide, its 

composite and water hyacinth plant extract in different combination in Dye sensitizing solar 

cell applications has been analysed. 

3.12.1 Making positive electrode for DSSC  

Dye sensitized solar cell was created by adopting the following procedure. 

 Initially the two equal- sized (2x2 cm) FTO Glass plate was washed with distilled 

ethanol and dried. After the washing the plates were handled only at the edges. The 

conductive side of the plate was identified by using multimeter which in the resistance 

value .This conductive side was used for coating process. Conductive side of the one plate 

faces up. A transparent tape was applied on the four sides of the plate to overlap 

1millimeter of the edges to preventing the overflow of the coated materials on the plate. 

Titanium dioxide was ground for 30 minutes in mortar using piston to make a paste and 

coated on the glass plate uniformly. Dried the glass plate on a hot plate for 30 minutes. The 

conductivity was checked using multimeter. 

3.12.2 Making negative electrode for DSSC 

Another glass plate was tested to find the conductivity side and a thin carbon 

coating was applied on the conductive side uniformly by using graphite pencil.  
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3.12.3 Coating the glass plate by using synthesized compounds 

Titanium di oxide coated plate was prepared (similar procedure adopted in 3.12.1). 

Gold nano particles, reduced graphene oxide and composite of gold nano particles with 

reduced graphene oxide and E.crassipes extract were used in fabricating a solar cell by 

coating these nanomaterials onto the pre-prepared FTO plate. After the coating 

conductivity was checked using multimeter. 

3.12.4 Making the Dye Sensitizing Solar cell 

A drop of freshly prepared Iodine solution was applied to the carbon coated plate. 

The carbon coated plate was placed on the titanium di oxide coatings touching in such 

manner so that the plates are slightly offset and allowed the iodine solution to soak through 

the plate coatings so they are covered completely. When the cell is exposed to the light 

source the cation relays its positive charge from TiO2 plate to an iodide ion in solution and 

restores the dye to its original state. Current is generated when the electrons in TiO2 move 

through an external circuit and recombine with the oxidized iodide species at the counter 

electrode. An alligator clip was attached to the sides of the two coated plates. 

3.12.5 Calculating the efficiency of solar cell 

 The black wire of the multimeter was connected to the clips which were connected to 

the exposed titanium dioxide coating. This plate serves as the negative electrode or 

cathode of the solar cell. 

 The red wire of the multimeter was connected to the clip which was connected to the 

exposed carbon coating. This portion serves as the positive electrode, or anode of the 

solar cell. 

 The solar cell was exposed to the sun light and tungsten lamps with the cathode facing 

the light sources. 

 The current and voltage generated by the solar cell was measured by using Kusam 

Meco 405 multimeter. 

 The efficiency of the solar cell by using the formula 

 

Efficiency = Jsc*FF*Voc/Pin*A 
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4. RESULTS AND DISCUSSION 

 

“Do something new and expect new result” - Sunday Adelaja 

 

The results and discussion of the study entitled “Bio fabrication of   gold and 

graphene nano particles – Anticancer & Solar cell application” are reported in the 

following pages. 

The applications of gold nano particles and reduced graphene oxide were 

confirmed from the review of past literature, following that the synthesis of these two 

compounds were done and confirmations were made in this study, and their applications 

were analyzed. The systematic output of the study is given below. 

 

4.1 Phytochemical assessment of Eichhornia crassipes 

Preliminary Phytochemical screening of the extracts and solvent fractionates of 

aqueous extracts of Eichhornia crassipes was carried out and the results of the 

corresponding metabolites are tabulated (Table 2). 

 

Table 2: Results of Phytochemical assessment of Eichhornia crassipes 

 

 

S.No. 

 

 

Aqueous extract 

 

1.Alkaloids  

a. Meyers test + 

b.Wagner’s test + 

c.Dragentroff’s test - 

2.Flavonoids  

a.NaOH Test - 

b. H2SO4 test + 

c.Aqueous ammonia test - 

3.Sterols  

a.Liebermann-Burchard test + 

b.Salkowshi test + 

4.Terpenoids  

a.Liebermann-Burchard test - 
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5.Anthroquinone  

a.Borntrager’s test - 

6.Anthocyanins  

a.NaOH test - 

7.Proteins  

a.Ninhydrin test - 

b.Biuret test - 

8.Phenols  

a.Ferric chloride test - 

b.Libermann’s test - 

c.Lead acetate - 

9.Quinones  

a.HCl test - 

10.Carbohydrates  

a.Molisch test + 

b.Fehling’s test + 

 

 

Various metabolites such as Alkaloids, Flavonoids, Sterols, Anthroquinone, 

Quinones, and Carbohydrates are present in Eichhornia crassipes showed in table 2. 

The presence of the aforesaid secondary metabolites and also reducing sugar is 

anticipated to play a role in the synthesis of gold nanoparticles and graphene oxide. 
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Figure 8: Photography of Phytochemical assessment of Eichhornia crassipes 

 

Secondary metabolies like Alkaloids and flavonoids play a major role in 

pharmacological activity. Alkaloid (18, 19-Seco-15 beta-yohimb) was shown to exert potent 

antibacterial, antialgal and moderate antifungal activities (Sanaa et al., 2010). Flavonoids 

are a group of polyphenolic substances present in Eichhornia crassipes plants and are 

responsible for various biochemical and antimicrobial activities. They exert their antioxidant 

activity via radical scavenging, metal ion chelation, and membrane protective efficiency 

(Kumar et al., 2014). Terpenoids, polyphenols, sugars, alkaloids, phenolic acids, and 

proteins, play an important role in the bioreduction of metal ions, yielding nanoparticles. 

Alkaloids and flavonoids play a vital role in the nanoparticles synthesis (Yasmin et al., 

2014). 

Terpenoids are a class of diverse organic polymers synthesized in plants from five-

carbon isoprene units, which display strong antioxidant activity (Shankar et al., 2003). 

Terpenoids play a key role in the transformation of silver ions into nanoparticles in 

reactions using extracts from geranium leaves. Eugenol, the main terpenoid of 

Cinnamomum zeylanisum (cinnamon) extracts, was found to play the principal role in the 

bioreduction of HAuCl4 and AgNO3 to nanoparticles (Singh et al.,2010). 

Photography of Phytochemical 

assessment of Eichhornia 

crassipes 
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Flavonoids are a large group of poly phenolic compounds that comprise several 

classes: anthocyanins, isoflavonoids, flavonols, chalcones, flavones, and flavanones, which 

can actively chelate and reduce metal ions into nanoparticles. Flavonoids contain various 

functional groups capable of nanoparticle formation. It has been postulated that the 

tautomeric transformations of flavonoids from the enol-form to the keto-form may release a 

reactive hydrogen atom that can reduce metal ions to form nanoparticles.  

Ocimum basilicum (sweet basil) extracts it is the transformation of flavonoids 

luteolin and rosmarinic acid from the enol- to the keto-form that plays a key role in the 

formation of silver nanoparticles from Ag ions (Ahmad et al., 2010).Moreover, the internal 

mechanism of the conversion of ketones to carboxylic acids in flavonoids is likely to be 

involved in Au3+ ion reduction. Isolated flavonoids and flavonoid glycosides have the ability 

to induce the formation of metal nanoparticles. 

 Apiin (apigenin glycoside) was extracted from Lawsonia inermis (lawsonite 

thornless, henna) and used for the synthesis of anisotropic gold and quasi-spherical silver 

nanoparticles with an average size of 21–30 nm (Kasthuri et al., 2009).  

Amino acids were found to differ in their ability to bind metal ions and to reduce 

them. Amino acids such as lysine, cysteine, arginine, and methionine are capable of 

binding silver ions (Gruen et al., 1975).  Aspartate can reduce tetrachloroauric acid to form 

nanoparticles (Manda et al., 2002). 

 Protein molecules facilitating the formation of nanoparticles from metal ions display 

high reducing activity and high potential for attracting metal ions to the regions of 

ammolecule that are responsible for reduction, but that their chelating activity is not 

excessive (Glusker et al., 1999). 

 

 

 

4H+ [Au3+Cl4] ‐ + 12 H+ + 12e‐ → 4 Au0 + 16HCl 

  

 

 

 

 

 

Gold chloride solution                                Water hyacinth aqueous extract 

 

 

 

 

Mechanism of the formation of gold nano 

particles 
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4.2 Synthesis of gold nano particles using plant extract 

The gold nano particles using E. crassipes plant extract was synthesized by using 

following methods such as  

 Room temperature method  

 High temperature method ( Hot Air Oven method) 

 Microwave method 

 Sonication method 

The results of the of the synthesis work is given below 

4.2.1 Synthesis of gold nano particles by room temperature method 

The aqueous extract of E. Crassipes (1.5ml) treated with gold chloride (1ml) 

solution and the colour of the mixture changed from yellow to wine red colour (Figure.9).  

The gold nano particles were formed within 8 hours. The room temperature 

maintained at 32˚C. 

   

 

Figure:-9 photography of synthesized gold nano particles using 

E. Crassipes at room temperature method 

 

The formation of gold nano particles were confirmed by UV absorption. The 

absorbance obtained at 530 nm range (Figure10). 

 

Room temperature method 

1.5 ml Plant extract and 1ml 

Gold Chloride solution 
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No. 50 
 

Sample Name : WHAU ROOM TEMP 

Measurement Mode : Photometric 

Wavelength(nm) : 220 250 320 370 430 500 600 780 
 

DateTime : 17/04/04 12:47:23 

 
 
 
 
 
 
 
 
 

OD220 : 34.276 

OD250 : 23.372 

OD320 : 11.249 
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OD780 : 0.438 
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Item Result 

Pathlength (mm) 0.189 

Dilution 1.000 

 

 

 

Figure 10: - UV-Visible spectrum of gold nano particles prepared at room 

temperature 

 

The formation of gold nanoparticles was investigated by UV-visible 

Spectrophotometer. The Surface Plasmon Resonance band appears at 540nm and peak 

intensity increases as concentration of the gold chloride increases (Firdhouse et al., 

2013). 

The appearance of the lower color confirms the formation of gold nanoparticles in 

the reaction mixture and efficient reduction of the Au3+ to Au0.Colored solution allowed 

measuring the absorbance against distinct wavelength to confirm the formation of AuNPs. 

A gradual increase in the intensity of absorbance band without any shift with increasing 

time from spectra indicates the slow reduction of Au3+ to Au0( Bhau et al.,2015). 

The red wine color of the prepared colloidal GNPs solution is a result of absorbing 

specific parts of the visible light spectrum, mainly at the surface plasmon resonance which 

corresponds to the green visible light. However, what appears for us is the complementary 

color which is red wine. The red wine color may be considered as a pointer of the quality of 

the prepared sample (Alzoubi et al., 2015). 

In the present the wine red nanoparticles were formed in 8 hours. In order to 

reduce the time required for synthesis of goldnanoparticles attempts were made to 

utilize other methods too. 
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4.2.2 Synthesis of gold nano particles by sonication method 

           A conventional ultrasonic bath may become a simple apparatus was used without 

an additional heater or magnetic stirrer under atmospheric conditions to examine the 

feasibility of forming aqueous GNPs. Gold nano particles using Eichhornia crassipes plant 

extract were prepared using ultra sonic bath and the formation of gold nano particles was 

confirmed by the colour change from yellow solution to wine red colour (Figure11). 

 

 

 

Figure: 11 Synthesized gold nano particles using E. Crassipes prepared by 

sonication method 

 

Nano gold was formed within 10 minutes and formation of gold nano particles 

was confirmed by UV-Visible spectrum. The UV absorbance was obtained in 530 nm 

is given in Figure 12. 

 

Sonication method 

1.5 ml Plant extract 

and 1ml Gold 

Chloride solution 
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No. 54 
 

Sample Name : WHAU SONICATION 

Measurement Mode : Photometric 

Wavelength(nm) : 220 250 320 370 430 500 600 780 
 

DateTime : 17/04/04 12:56:01 
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Figure 12: - UV-Visible spectrum of gold nano particles prepared by 

sonication method 

 

4.2.3 Synthesis gold nano particles using E. Crassipes by microwave method 

Microwave method is the most easy and less time consuming method for the 

preparation of gold nano particles.The formation of gold nano particles was prepared and 

confirmed by the colour change from yellow to wine red colour (figure 13). 
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Figure13: Synthesised gold nano particles using E. Crassipes prepared by 

microwave method 

In 1986 the use of microwaves was first reported by Gedye (Gedye et al., 1986) for 

rapid organic synthesis, observing the advantages of this technique such as fast heating 

and reaction completion (Gedye et al., 1991: Tierney et al., 2005). 

This technique has been applied now to develop an alternate methodology to 

synthesize metallic nanoparticles at relatively short times, allowing a good control of size 

distribution, and of great importance, it does not require necessarily the use of additional 

reducing agents (Hernandez et al., 2010). 

 Reduction takes place during the interaction of microwave radiation with reagents 

in the reaction system forming reducing species in situ without the need of mixing other 

chemicals as reducing agents, thus eliminating additional contamination sources. In this 

microwave approach, thermal and non-thermal effects can take place, where an increase 

of thermal energy occurs due to absorption of microwaves as a function of the dielectric 

properties of the irradiated molecules from chemicals in the reaction system. Solvents can 

reach temperatures above their boiling points as superheated liquids. Based on this, a 

kinetic or thermodynamic product can be designe (Galema et al., 1997) in this process the 

reaction is controlled through the setting of temperature, power and time of reaction. 

The gold nano particles was formed within 45 seconds by microwave 

heating.The UV absorbance was obtained in 520-535 nm range and the spectrum of 

the gold nano particles given in (figure 14) 

 

 

 

 

 

Microwave method 

1.5 ml Plant extract 

and 1ml Gold 

Chloride solution 
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No. 53 
 

Sample Name : WHAU MICROWAVE 

Measurement Mode : Photometric 

Wavelength(nm) : 220 250 320 370 430 500 600 780 
 

DateTime : 17/04/04 12:53:27 
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Figure 14: - UV-Visible spectrum of gold nano particles prepared by 

microwave method 

4.2.4 Synthesis gold nano particles using E. Crassipes by Hot Air Oven heating 

method 

 The main advantages of hot air oven such as sterilisation of those substances 

which gets spolied during moist heat sterilization the method employed used to produce 

gold nano particles. The gold nano particles were synthesized by treating various 

concentrations viz 1ml, 1.5ml, 2ml, 2.5ml and 3ml of E. crassipes aqueous extract with a 

fixed volume of gold chloride solution (1ml) respectively and the formation of gold nano 

particles was confirmed by the colour changed from yellow to wine red colour ( figure 15). 
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Figure15: Gold nano particles synthesized prepared by hot air oven method 

 

The time required for the formation of gold nano particles using Eichhornia 

crassipes by hot air oven method is given in tables 3 and 4. 

 

Table 3. Various concentrations of Eichhornia crassipes with constant ratio of gold 

chloride 

Concentration of WH 

(ml) 

Concentration of AuCl3 

(ml) 

Time (min) Colour of the 

nanoparticle 

formed 

1 1 5 Wine red 

1.5 1 10 Wine red 

2 1 15 Wine red 

2.5 1 26 Wine red 

3 1 32 Wine red 

 

 

Table 4. Various concentration gold chloride of with constant ratio of Eichhornia 

crassipes 

Concentration of WH 

(ml) 

Concentration of AuCl3 

(ml) 

Time (min) Colour of the 

nanoparticles 

formed 

1 1.5 25 Wine red 

1 2.5 35 Dark blue 

 

The above tables show that as the plant concentration increases the time taken for 

the formation of gold nano particles was increased from 5-32 minutes, similarly increasing 

the concentration of gold chloride solution time of formation of gold nano particles 



49 
 

increased. The plant metabolites act as capping agents for the reduction of gold chloride 

and hence equal quantity of both gold chloride and plant extract are solicited. The UV 

absorbance for the synthesized gold nano particles gives absorption bands in the region 

510-535 nm range. 
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Figure.16 UV – Visible spectrum of extract and AuCl3 in ratio 1:1 
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Figure.17 UV – Visible spectrum of Plant extract and AuCl3 in ratio 1.5:1 
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No. 24 
 

Sample Name : WHAU C 2+1 

Measurement Mode : Photometric 
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Figure.18 UV – Visible spectrum of Plant extract and AuCl3 in ratio 2:1 
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Figure.19 UV – Visible spectrum of Plant extract and AuCl3 in ratio 2.5:1 
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No. 30 
 

Sample Name : WHAU E 3+1 

Measurement Mode : Photometric 
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Figure.20 UV – Visible spectrum of Plant extract and AuCl3 in ratio 3:1 
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Figure.21 UV – Visible spectrum of AuCl3and Plant extract in ratio 1.5:1 
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Sample Name : WHAU F 1+2.5 
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Figure.22 UV – Visible spectrum of AuCl 3 and Plant extract in ratio 2.5:1 

4.3 Synthesis of reduced graphene oxide using Eichhornia crassipes 

Reduced graphene oxide was prepared using the aqueous extract of Eichhornia 

crassipes by refluxing method. The extract was used as reductant. The completion of the 

reduction reaction was indicated by the brown colour solution changing to black colour 

(figure23) and also confirmed in the next step through UV absorbance analysis. 

 

Figure 23: Photography of synthesized reduced graphene oxide using 

Eichhornia crassipes aqueous extract 
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The UV absorbance spectrum for synthesized reduced graphene oxide using 

Eichhornia crassipes gives the band at 262 nm. 
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Figure 24: - UV-Visible spectrum of reduced graphene oxide prepared using 

Eichhornia crassipes aqueous extract 

 

The UV–Vis spectrum shows an absorption peak at 234 nm for graphene oxide 

corresponding to the p–p* transition of aromatic C–C bonds. The absorption peak for 

graphene at 274 nm confirms the reduction of graphene (Firdhouse et al., 2013). 

A red shift UV for reduced graphene oxide which is due to the electronic 

configuration in graphene in the reduction of graphene oxide. The absorption peak of 

graphene oxide attributed to π– π * transition of aromatic C–C ring. The UV spectra of 
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reduced graphene oxide on the other hand show the red shift. This absorption peak is 

attributed to n– π * transition of C–O bonds now embedded by exfoliation and intercalation 

on the graphene (Thema et al., 2013). 

4.4 UV spectrum for nano composite 

UV spectrum taken for the composition of gold nano particles and reduced 

graphene oxide using Eichhornia crassipes is given in figure 25. 
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Figure 25. UV-Visible spectrum for nano composite 
 

4.5. Characterization of nano compounds 

4.5.1 Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR is a rapid, nondestructive, time saving method that can detect a range of 

functional groups and is sensitive to changes in molecular structure. The synthesized gold 

nano particles and reduced graphene oxide using Eichhornia crassipes plant extract were 

analysed in FTIR spectrum. 
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 In FTIR spectra the finger print region of carbonyl groups shows C=O stretching in 

the region 1650-1950 cm -2. Absence of carbonyl peak in the FTIR of graphene indicates 

the formation of reduced graphene oxide in (Fig. 26). 

The FTIR spectra of AuNPs with absorption peaks at 3350.22, 3842.20, 3749.62, 

3448.72, 2924.09, 2376.30, and 601cm-1 were observed (Fig. 27). The spectra obtained to 

characterize the interaction between HAuCl4 and plant extract has a strong peak at 

3448.72 cm-1 showing the presence of -OH group (stretch H bonded, strong broad) and 

2924.09 cm -1  shows -C-H stretching along with the above mentioned peaks, δ C=O is 

observed at 601.79 cm-1. In IR, peaks1627 cm-1 may be due to stretching vibrations of -

C=C. All the above the peaks indicate the functional groups in the plant extract embedded  

gold nano particles and the metabolites present in gold nano particles responsible for the 

reducing property of the extract. 

 

 

 

 

 

 

 

Figure 26. FTIR spectrum of reduced graphene oxide 
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Figure 27. FTIR spectrum of gold nano particles prepared by Hot Air Oven 

method 

 

4.5.2 Scanning Electron Microscopy (SEM) analysis of synthesized nanoparticles 

The surface morphology of graphene oxide investigated by means of Scanning 

Electron Microscopy (SEM) with the EDX detector is given in figure 28. 

Its shows highly-wrinkled graphitic layers proving that there is a distortion in the 

graphene layers due to the linkage of the residual oxygen after thermal reduction, while 

large nanosheet sizes are preserved. 
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Figure 28. Surface morphology of the reduced graphene oxide  

 

4.6 Anti-proliferative efficiency of the synthesized nanoparticles using MTT assay 

The results of the cell growth inhibition by gold nano particles, reduced graphene 

oxide and its composite against MCF-7 breast cancer lines for various concentrations 

50µg/ml, 100 µg/ml, 150 µg/ml, 200 µg/ml, 250 µg/ml is given below. Doxorubicin Standard 

used for this analysis and IC50 – Values of respective Compounds taken at 48 hrs. 

As the concentration of the gold nano particles increases the cell growth decrease 

and it was found to be the higher anticancer activity of nano particles at 200μg/mL Figure 

29.  

The results obtained in the present study showed that reduced graphene oxide 

using E. crassipes had a very moderate anticancer activity at 50 μg/ml. Increase in the 

concentration of the samle decreases the percentage of cell viability. Figure 30 Shows that 

the reduced graphene oxide has anticancer property against MCF-7 cell lines. 

 Figure 31 shows the anticancer property of the composite made of gold nano 

particles and reduced graphene oxide.  With increase in concentration the cell viability 

decreases as given in table 7. 

 

Table 5. Percentage of Cell viability of gold nano particles against MCF-7 cell lines 

 

Concentration of gold nano 

particles(μg/mL) 

% Cell viability 

50 96 

100 53 

150 42 

200 35 

250 35 
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Figure 29: Anticancer activity of synthesized gold nano particles against 

MCF-7 cell lines 

Table 6. Percentage of Cell viability of few layer graphene against MCF-7 cell lines 

 

Concentration of gold nano 

particles(μg/mL) 

% Cell viability 

50 97 

100 75 

150 54 

200 29 

250 23 

 

 

Figure 30: Anticancer activity of synthesized reduced graphene oxide against MCF-7 

cell lines 
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Table 7. Percentage of Cell viability of composite against MCF-7 cell lines 

 

Concentration of gold nano 

particles(μg/mL) 

% Cell viability 

50 96 

100 65 

150 56 

200 44 

250 40 

 

 

 

 

 

Figure 31: Anticancer activity of composite of WHRGO and WHAuNP’S against MCF-

7 cell lines 

 

The present study shows the cytotoxic activity of the compounds viz. reduced 

graphene oxide, gold nano particles and nanocomposite against MCF-7 cell line as given in 

the table 8. 
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Table 8. Cytotoxic activity of Complexes (µg/ml) 

 

Compound name MCF-7 Cytotoxicity 

% 

CS 120± 1.0 

RS 140± 0 

GS 120±1.0 

DOX 16 ±1.5 

 

CS-Composite made out of nanogold and nanographene; RS-Reduced 

graphene oxide; GS- Gold nano particles; DOX-Standard. 

 

These results clearly portray that the compared to standard the samples used in the study 

give appreciable results. The present research work substantiates the use of nanoparticles 

and also water hyacinth in anti-cancer studies. 

 

4.7 Solar cell application of synthesized nano compounds 

 

Synthesized gold nano particles (8 µl -10µl) ,  reduced graphene oxide (8 µl -10µl) 

and its composite (8 µl -10µl) , plant extract of water hyacinth (10 µl -12µl) in different 

combinations were separately coated onto FTO plates for recording the use of these 

nanomaterials in Dye Sensitizing Solar Cell applications. Photovoltaic measurements 

employe a 40W tungsten lamp. The light absorbance of the prepared solar cell was 

confirmed with measure the current and voltage of the solar cell and current and voltage 

characteristics of the synthesized nano compounds at different time interval is given in 

table 9. IV graph was plotted for the prepared solar cell and I sc: 6.43 Micro Amp, Voc : 

0.496 Volt  values are obtained. 

 
Figure 32. IV Graph of prepared solar cell using water hyacinth plant extract 
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Table 9. Current and voltage characteristics of solar cells fabricated 

with prepared nano particles 

 

Size of 

the 

plate 

Sensidizer Current (µA) Voltage(V) 

Zero 

timing 

After 5 

exposing 

After 10 

exposing 

Zero 

timing 

After 5 

exposing 

After 10  

exposing 

1.3x1.3 WHRGO 

 

0.71 3.11 00.26 0.1779 0.098 0.0056 

1.3x1.3 WHAuNP’S 

 

0.015 02.65 1.26 0.161 0.3447 0.0134 

1.3x1.3 Composite 

 

0.03 01.25 00.24 0.004 0.0543 0.0201 

1.3x1.3 WH extract 

 

0.05 0.4572 0.39 00.38 0.538 0.3744 

 

The light-scattering layer has been shown to act as a photon-trapping system and 

equally active in photovoltaic generation itself (Zhang et al., 2007). Cell efficiencies 

measured were 5% in dye sensitized solar cells using only the light-scattering TiO2 layer. 

The short circuit current density and cell performance significantly increase as nanorods 

length increases because a higher amount of the adsorbed dye on longer nanorods, 

resulting in improving conversion efficiency (Kim et al.,2006). Electrolyte containing 

I/I3redox ions are used in DSSC to regenerate the oxidized dye  molecules and hence 

completing the electric circuit by mediating electrons between the nanostructured electrode 

and counter electrode (Seigo Ito et al .,2008).  

The present study reveals that the water hyacinth mediated graphene  obtained by 

reducing graphene oxide when used as coating material in the fabrication of solar 

cell gives appreciable results revealing the scope and viability of use of water 

hyacinth in the synthesis of nanomaterials and thence its use in solar cells 
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5. SUMMARY AND CONCLUSION 

 

Based on the Results and Discussions the study on “Bio fabrication of gold and 

graphene nano particles –Anticancer and Solar cell application”, the following are the 

conclusions arrived at: 

 

 Preliminary Phytochemical test of the extracts of E. crassipes (Mart.) Solms. showed 

the presence of various metabolites such as alkaloids, flavonoids, sterols, 

anthroquinone, quinones and carbohydrates. 

 From the literature the metabolites present in the E. crassipes (Mart.) Solms extracts 

which might have been responsible for the synthesis of gold nano particles. 

 Various methods were employed to synthesize gold nano particles by the reduction of 

gold chloride with plant extract. 

 In room temperature method the gold nano particles were produced in 8 hours. 

 In sonication method gold nano particles using plant extract were formed within 10 

minutes. 

 In microwave assessed method the gold nano particles were produced in 45 seconds. 

 The gold nano particles were synthesized using oven heating method with different 

concentrations of the plant extract and the constant amount of gold chloride viz versa. 

The gold nano particles formed within 5 minutes. 

 In oven heating method the concentration the plant extract increases the time taken to 

form the gold nano particles al so increases, similarly gold chloride solution 

concentration increases the formation of the gold nano particles were increased. 

 Reduced graphene oxide was prepared using Eichhornia crassipes by Hummer’s 

method. 

 The gold nano particles and Reduced graphene oxide were characterized using 

Surface Plasmon Resonance was obtained in the range of 520 – 540 nm and 262 nm 

respectively. 

 FTIR analysis shows the formation of gold nano particles and reduced graphene oxide. 

Selected groups in the FTIR of plant extract were found to be missing in the 

nanoparticle embedded plant extract revealing the  role of these functional groups in 

the reduction process 

 The SEM analysis shows the the surface of the synthesized reduced graphene oxide. 

Reduced graphene oxide shows highly-wrinkled graphitic layers. 

 Bio synthesized gold nano particles and reduced graphene oxide were tested for cell 

viability for 50 µl, 100 µl, 150µl, 200 µl, 250 µl respectively.The anti cancer activity of 

the synthesized compounds against MCF-7 cell line were confirmed. 
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 Prepared nano compounds were used to fabricate environment- friendly solar cells. 

 The synthesized nanomaterials on a 1.3x1.3cm plate are capable to produce voltage 

and current with micro amounts of compound. 

 Increasing the amount of compound used as coating materials and increasing the size 

of the plate current and voltage, and concentration of the electrolyte were found to be 

some of the dependant factors in solar cell fabrication. 

 Use of different lamps also affects the photovoltaic performance. A 40V tungsten lamp 

produces more current then room temperature.  

 

Scope for future work: 

 

 Anticancer activity study of reduced graphene oxide obtained using Eichhornia 

crassipes with other cancer cell lines 

 Preparing and characterization of the single layer graphene oxide 

 Improving the current voltage for calculating the fill factor and efficiency is needed 

and the application of these solar cells is recommended as future work. 

 

 

 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 
 



64 
 

REFERENCES 
 

 Abdul Hai Alami,Di Zhang,Camilia Aokal,Jehad Abed,Ideisan Abu Abdoun,Hussain Ala
wadhi,2016, “Influence of Magnetic Field on the Mesoporous Structure of Fe-Cu 
Compounds in Dye-Sensitized Photovoltaic Cells”, Metallurgical and Materials 
Transactions E, 3(1): 37–45. 

 Abdulhadi H. Al-Marri , Mujeeb Khan , Merajuddin Khan , Syed F. Adil, Abdulrahman 
Al-Warthan, Hamad Z. Alkhathlan , Wolfgang Tremel , Joselito P. Labis ,Mohammed 
Rafiq H. Siddiqui , and Muhammad N. Tahir ,2014 “Pulicaria glutinosa Extract: A 
Toolbox to Synthesize Highly Reduced Graphene Oxide-Silver Nanocomposites” 
International Journal of Molecular Sciences, 16(1): 1131–1142. 

 Agnès Feurtet-Mazel,Stéphane Mornet,Laëtitia Charron,Nathalie Mesmer 
Dudons,Régine Maury-Brachet,Magalie Baudrimont,2016, “Biosynthesis of gold 
nanoparticles by the living freshwater diatom Eolimna minima, a species developed in 
river biofilms”, Environmental Science and Pollution Research, 23( 5):4334–4339. 

 Ahmed Ibrahim El-Batal,Abd-Algawad M Hashem,Noha M Abdelbaky,2013, “Gamma 
radiation mediated green synthesis of gold nanoparticles using fermented soybean-
garlic aqueous extract and their antimicrobial activity”, SpringerPlus,2:129 

 Aijo JohnK,Johns Naduvath,Sudhanshu Mallick,Jacob W. Pledger,S. K. Remillard,P. A. 
DeYoung,Manju Thankamoniamma,T. Shripathi,Rachel Reena Philip ,2016, 
“Electrochemical Synthesis of Novel Zn-Doped TiO2 Nanotube/ZnO Nanoflake 
Heterostructure with Enhanced DSSC Efficiency”, Nano-Micro Letters,8(4): 381–387. 

 Akbar Yasmin, Kumaraswamy Ramesh, Shanmugam Rajeshkumar (2014) 
“Optimization and stabilization of gold nanoparticles by using herbal plant extract with 
microwave heating”, Nano Convergence, 1:12. 

 Akila.Y ,N. Muthukumarasamy,S. Agilan,S. Senthilarasu,Dhayalan Velauthapillai,2016, 
“Sea grass like arranged TiO2 nanorods sensitized by natural dyes for solar cell 
applications” Applied Physics A,122:719. 

 Ali A. Alshatwi,Jegan Athinarayanan,Vaiyapuri Subbarayan Periasamy,2015,“Green 
synthesis of bimetallic Au@Pt nanostructures and their application for proliferation 
inhibition and apoptosis induction in human cervical cancer cell” Journal of Materials 
Science: Materials in Medicine 26:148. 

 Alzoubi. F. Y,J. Y. Alzouby,M. K. Alqadi, H. A. Alshboul, and K. M. 
Aljarrah,2015,“Synthesis and Characterization of Colloidal Gold Nanoparticles 
Controlled by the pH and Ionic Strength” Chinese Journal of Physics,53(5). 

 Amal Batniji,Monzir S. Abdel-Latif,Taher M. Agez,Sofyan A. Taya,Hatem Ghamri,2016, 
“Dyes extracted from Trigonella seeds as photosensitizers for dye-sensitized solar 
cells” Journal of Theoretical and Applied Physics,10(4): 265–270. 

  Amalina .M. N, M. Rusop, 2014, “The Performance of Solid-State Dye Sensitized Solar 
Cells with Mist-Atomized CuI as the Hole Conductors”, Recent Trends in 
Nanotechnology and Materials Science, 49-62 

 Ananth.S, P. Vivek, T. Arumanayagam, P. Murugakoothan, 2015, “Pre dye treated 
titanium dioxide nanoparticles synthesized by modified sol–gel method for efficient dye-
sensitized solar cells”, applied physics, 119(3):989–995. 

 Ananth.S,T. Arumanayagam,P. Vivek,P. Murugakoothan (2016) “Enhanced 
photovoltaic behavior of dye sensitized solar cells fabricated using pre dye treated 
titanium dioxide nanoparticles” Journal of Materials Science: Materials in 
Electronics,27(1): 146–153. 

 Andery Lim, Dk Nur Fhatihah Binti Pg Damit, Piyasiri Ekanayake, 2015, “Tailoring of 
extraction solvent of Ixora coccinea flower to enhance charge transport properties in 
dye-sensitized solar cells” Ionics, 21(10): 2897–2904. 

 Andrea Alzate, María Esperanza López, Claudia Serna, Oberlando Gonzalez, 
2016,”Gold Recovery from Electronic Waste by Pressure Oxidation” Proceedings of the 
2nd World Congress on Mechanical, Chemical, and Material Engineering (MCM'1Paper 
No. MMME 109 DOI: 10.11159/mmme16.109. 

http://library.avinuty.ac.in:2061/journal/40064
http://library.avinuty.ac.in:2061/journal/40820
http://library.avinuty.ac.in:2061/journal/40094
mailto:aamalina.muhamad@gmail.com


65 
 

 Angshuman Khan , Mayukh Mondal, Chiradeep Mukherjee, Ratna Chakrabarty, 
Debashis De, 2015, “A Review Report on Solar Cell: Past  

 Ang-sun Park, Seon-mi Eom, Dong Ho Seo, Yong-gun Shul, 2010, “Preparation of 
highly ordered TiO2 nanotubes on Ti-foil for dye-sensitized solar cells”, Research on 
Chemical Intermediates, 3(1): 77–82. 

 Anna Pratima Nikalje, 2015, Nanotechnology and its Applications in Medicine”, 
Medicinal chemistry, 5:2. 

 Anna V. Tugarova, Andrei M. Burov, Marina M. Burashnikova, Alexander A. Kamnev, 
2014,”Gold (III) Reduction by the Rhizobacterium Azospirillum brasilense with the 
Formation of Gold Nanoparticles”, Microbial Ecology, 67(1):155–160. 

 Ansari .S. G ,Fatima Tuz-Zehra,H. Fouad,Azza S. Hassenein,Z. A. Ansari “Effect of 
flower extracts on the photoconversion efficiency of dye sensitized solar cells fabricated 
with Sn-doped TiO2 ,2015, Journal of Materials Science: Materials in Electronics,26(7): 
5170–5174. 

 Anuj Narayan Mishra,Seema Bhadauria,Mulayam Singh Gaur,Renu Pasricha, 2010 
“Extracellular microbial synthesis of gold nanoparticles using fungus Hormoconis 
resinae” , JOM,62: 45. 

 Asha R Pai, Bipin Nair,2015”Synthesis and characterization of a binary oxide ZrO2–
TiO2 and its application in chlorophyll dye-sensitized solar cell with reduced graphene 
oxide as counter electrodes” Bulletin of Materials Science,38(5):1129–1133. 

 Ashok Kumar.K,K. Subalakshmi,J. Senthilselvan ,2016, “Effect of mixed valence state 
of titanium on reduced recombination for natural dye-sensitized solar cell applications” 
Journal of Solid State Electrochemistry,20(7): 1921–1932. 

 Ashwani Kumar Singh, O. N. Srivastava, 2015, “One-Step Green Synthesis of Gold 
Nanoparticles Using Black Cardamom and Effect of pH on Its Synthesis”, Nanoscale 
Research Letters, 10:353. 

 Ashwani Kumar Singh, O. N. Srivastava, 2015, “One-Step Green Synthesis of Gold 
Nanoparticles Using Black Cardamom and Effect of pH on Its Synthesis”,Nanoscale 
Research Letters,10:353. 

  Asiq. O. S , V. Chellasamy, N. Ponpandian, S. Amirthapandian, B. K. Panigrahi , P. 
Thangadurai,2014“A facile green synthesis of reduced graphene oxide by using pollen 
grains of Peltophorum pterocarpum and study of its electrochemical behavior”, RSC 
Advances, 100.Assessment of Its Antibacterial Property”, Journal of Cluster Science, 
26(3):675–692.  

 Atnafu Guadie Assefa,Ayal Adugna Mesfin,Mulugeta Legesse 
Akele,Addis KokebAlemu,Bhagavanth Reddy Gangapuram,Veerabhadram Guttena,Ma
dhusudhan Alle,“Microwave-Assisted Green Synthesis of Gold Nanoparticles Using 
Olibanum Gum (Boswellia serrate) and its Catalytic Reduction of 4-Nitrophenol and 
Hexacyanoferrate (III) by Sodium Borohydride” Journal of Cluster Science:1–19. 

 Atsushi Terazono , Masahiro Oguchi, Aya Yoshida, Ruji P. Medina, 
Florencio C. BallesterosJr ,2016“Material Recovery and Environmental Impact by 
Informal E-Waste Recycling Site in the Philippines” Sustainability Through Innovation in 
Product Life Cycle Design,197-213. 

 ayachandra Reddy Nakkala,Rani Mata,Ekta Bhagat,Sudha Rani,2015, “Green 
synthesis of silver and gold nanoparticles from Gymnema sylvestre leaf extract: study 
of antioxidant and anticancer activities”, Journal of Nanoparticle Research, 17:151. 

  Bahar. S,B. Babamiri ,2014,”Determination of Zn(II) in rock and vegetable samples 
after acidic digestion followed by ultrasound-assisted solid-phase extraction with 
reduced graphene oxide as novel sorbent, in combination with flame atomic absorption 
spectrometry”,Journal of the Iranian Chemical Society, 11(4):1039–1045. 

 Balavigneswaran. K, T. Sujin Jeba Kumar, R. Moses Packiaraj, S. Prakash, 2014, 
“Rapid detection of Cr (VI) by AgNPs probe produced by Anacardium occidentale fresh 
leaf extracts” Applied Nanoscience, 4(3): 367–378. 

 Banasree Sharma,Debraj Dhar Purkayastha,Subhenjit Hazra,Moirangthem Thajamanbi
,Chira R. Bhattacharjee,Narendra Nath Ghosh,Jayashree Rout,2014, “Biosynthesis of 
fluorescent gold nanoparticles using an edible freshwater red alga, Lemanea fluviatilis 

mailto:angshumankhan2910@gmail.com
http://pubs.rsc.org/en/results?searchtext=Author%3AO.%20S.%20Asiq%20Rahman
http://pubs.rsc.org/en/results?searchtext=Author%3AV.%20Chellasamy
http://pubs.rsc.org/en/results?searchtext=Author%3AN.%20Ponpandian
http://pubs.rsc.org/en/results?searchtext=Author%3AS.%20Amirthapandian
http://pubs.rsc.org/en/results?searchtext=Author%3AB.%20K.%20Panigrahi
http://pubs.rsc.org/en/results?searchtext=Author%3AP.%20Thangadurai
http://pubs.rsc.org/en/results?searchtext=Author%3AP.%20Thangadurai
mailto:terazono@nies.go.jp
http://library.avinuty.ac.in:2061/journal/11051


66 
 

(L.) C.Ag. and antioxidant activity of biomatrix loaded nanoparticles” Bioprocess and 
Biosystems Engineering, 37:2559–2565. 

 Bárbara A. Milaneze,Jairo P. Oliveira,Ingrid Augusto,Wanderson J. Keijok,Andressa S. 
Côrrea,Débora M. Ferreira,Otalíbio C. Nunes,Rita de Cássia R. Gonçalves,Rodrigo R. 
Kitagawa,Vinícius G. Celante,André Romero da,Silva,Ana Claudia H. Pereira,Denise C.
 Endringer,Ricardo P. Schuenck,Marco C. C. Guimarães ,2016, “Facile Synthesis of 
Monodisperse Gold Nanocrystals Using Virola oleifera” Nanoscale Research 
Letters,11:465 

 Bhau .B.S, Sneha Ghosh, Sangeeta Puri, B.Borah, D.K.Sarmah, Raju Khan , 
2015,”Green synthesis of gold nanoparticles from the leaf extract of Nepenthes 
khasiana and antimicrobial assay Adv. Mater. Lett. 6(1), 55 – 58. 

 Boya Dai,Lei Fu,Lei Liao,Nan Liu,Kai Yan,Yongsheng Chen,Zhongfan Liu.2011, “High-
quality single-layer graphene via reparative reduction of graphene oxide’, Nano 
Research,4(5): 434–43. 

 Calderón-Ayala. G, M. Cortez-Valadez, P. G. Mani-Gonzalez, R. Britto Hurtado, J. I. 
Contreras-Rascón, R. C. Carrillo-Torres, Ma. E. Zayas, S. J. Castillo, A. R. Hernández-
Martínez, M. Flores-Acosta, 2017”Green synthesis of reduced graphene oxide using 
ball milling” Carbon Letters, 21: 93-97. 

  Chandrasekharam.M,G Rajkumar,Ch SrinivasaRao,T Suresh,P Y Reddy,Y Soujanya(2
011) “Ruthenium(II)- bipyridyl with extended π-system: Improved thermo-stable 
sensitizer for efficient and long-term durable dye sensitized solar cells” Journal of 
Chemical Sciences , 123(5): 555–565. 

 Chaohong Shi,Nengwu Zhu,Yanlan Cao,Pingxiao Wu,2015,” Biosynthesis of gold 
nanoparticles assisted by the intracellular protein extract of Pycnoporus sanguineus 
and its catalysis in degradation of 4-nitroaniline”, Nanoscale Research Letters,10:147 

 Che-Hsien Lin,Chuen-Horng Tsai,Fan-Gang Tseng,Yang-Yen Yu,Hsuan-
Chung Wu,Chien-Kuo Hsieh,2015,“Low-Temperature Thermally Reduced Molybdenum 
Disulfide as a Pt-Free Counter Electrode for Dye-Sensitized Solar Cells” Nanoscale 
Research Letters,10:446. 

 Chien-Chen Wu, Dong-Hwang Chen, 2007, “A facile and completely green route for 
synthesizing gold nanoparticles by the use of drink additives” Gold Bulletin, 40(3):206–
212. 

 Christelle Pau Ping Wong, Chin Wei Lai , Kian Mun Lee and Sharifah Bee Abd 
Hamid,2015”Advanced Chemical Reduction of Reduced Graphene Oxide and Its 
Photocatalytic Activity in Degrading Reactive Black 5” Materials, 8(10):7118-7128. 

 Cunxi Cheng,Jihuai Wu,Yaoming Xiao,Yuan Chen,Haijun Yu,Ziying Tang,Jianming Lin,
Miaoliang Huang,2012, “Preparation of titanium dioxide-double-walled carbon 
nanotubes and its application in flexible dye-sensitized solar cells” Frontiers of 
Optoelectronics,5(2): 224–230. 

 Daniela N CorreaLlantén,Sebastian A Muñoz,Ibacache,Miguel E Castro,Patricio A Muñ
oz,Jenny M Blamey,Daniela N CorreaLlantén,Sebastian A Muñoz,Ibacache,Miguel E C
astro,Patricio A Muñoz,Jenny M Blamey,2013, “Gold nanoparticles synthesized by 
Geobacillus sp. strain ID17 a thermophilic bacterium isolated from Deception Island, 
Antarctica” Microbial Cell Factories,12:75. 

 Debabrata Chatterjee,Swapan Kumar Moulik,Lingamallu Giribabu,Ravi Kumar Kanapar
thi(2014) “Dye sensitization of a large band gap semiconductor by an iron(III) complex” 
Transition Metal Chemistry,39(6): 641–646. 

 Deene Manikprabhu, K. Lingappa, 2013, “Microwave assisted rapid bio-based 
synthesis of gold nanorods using pigment produced by Streptomyces coelicolor 
klmp33”, Acta Metallurgica Sinica (English Letters) 26(5): 613–617. 

 Dehua Xiong, Wei Chen, 2012, “Recent progress on tandem structured dye-sensitized 
solar cells” Frontiers of Optoelectronics, 5(4): 371–389. 

 Dipannita Parial,Priya K. Gopal,Santanu Paul,Ruma Pal,2016,”Gold (III) bioreduction by 
cyanobacteria with special reference to in vitro biosafety assay of gold 
nanoparticles”,Journal of Applied Phycology,28(6):3395–3406. 

 Dk Nur Fhatihah Pg Damit,Kalpana Galappaththi,Andery Lim,Mohammad Iskandar Petr
a,Piyasiri Ekanayake,2016, “Formulation of water to ethanol ratio as extraction solvents 

http://library.avinuty.ac.in:2061/journal/12039
http://library.avinuty.ac.in:2061/journal/12039


67 
 

of Ixora coccinea and Bougainvillea glabra and their effect on dye aggregation in 
relation to DSSC performance” Ionics,1–11. 

 Eepsita Priyadarshini,Nilotpala Pradhan,Lala Behari Sukla,Prasanna Kumar Panda,Bar
ada Kanta Mishra,2014, “Biogenic synthesis of floral-shaped gold  

 Eka Cahya Prima, Brian Yuliarto, Veinardi Suendo, Suyatman, 2014, “Improving 
photochemical properties of Ipomea pescaprae, Imperata cylindrica (L.) Beauv, and 
Paspalum conjugatum Berg as photosensitizers for dye sensitized solar cells”,Journal 
of Materials Science: Materials in Electronics,25(10): 4603–4611. 

 Eka Cahya Prima,Mariya Al Qibtiya,Brian Yuliarto,Suyatman,Hermawan Kresno Dipojo
no,2016, “Influence of anthocyanin co-pigment on electron transport and performance 
in black rice dye-sensitized solar cell” Ionics,22(9): 1687–1697. 

 Elena P. Vetchinkina,Ekaterina A. Loshchinina,Ilya R. Vodolazov,Viktor F. Kursky,Lev A
. Dykman,Valentina E. Nikitina,”Biosynthesis of nanoparticles of metals and metalloids 
by basidiomycetes. Preparation of gold nanoparticles by using purified fungal phenol 
oxidases” Applied Microbiology and Biotechnology, 1–16. 

 ellasamy Panneerselvam,Jayapal Subramaniam,Al Thabiani Aziz,Marcello Nicoletti,Sur
esh Kumar,Akon Higuchi,Giovanni Benelli “Nanofabrication of Graphene Quantum Dots 
with High Toxicity Against Malaria Mosquitoes, Plasmodium falciparum and MCF-7 
Cancer Cells: Impact on Predation of Non-target Tadpoles, Odonate Nymphs and 
Mosquito Fishes",Journal of Cluster Science, 1–19. 

 Ermias Libnedengel Tsege,Hong Ha Thi Vu,Timur Sh. Atabaev,Hyung-Kook Kim,Yoon-
Hwae Hwang,2016, “Effect of Er3+ and Yb3+ co-doping on the performance of a ZnO-
based DSSC” Journal of the Korean Physical Society,6(12): 1381–1389. 

 F. T. Thema, M. J. Moloto, E. D. Dikio, N. N. Nyangiwe, L. Kotsedi, M. Maaza, and M. 
Khenfouch,2013 ,“Synthesis and Characterization of Graphene Thin Films by Chemical 
Reduction of Exfoliated and Intercalated Graphite Oxide “Journal of Chemistry. 

 Faghri Zonooz.N, M. Salouti, R. Shapouri, J. Nasseryan (2012), “Biosynthesis of Gold 
Nanoparticles by Streptomyces sp. ERI-3 Supernatant and Process Optimization for 
Enhanced Production”, Journal of Cluster Science, 23(2): 375–382. 

 Farideh Namvar,Susan Azizi,Mansour B. Ahmad,Kamyar Shameli,Rosfarizan Mohama
d,Mahnaz Mahdavi,Paridah Md. Tahir,2015, “Green synthesis and characterization of 
gold nanoparticles using the marine macroalgae Sargassum muticum” Research on 
Chemical Intermediates ,41(8), pp 5723–5730 

 Feng Chen,Yanwei Wang,Jun Ma,Guangcan Yang,2014, “A biocompatible synthesis of 
gold nanoparticles by Tris(hydroxymethyl)aminomethane” ,Nanoscale Research 
Letters,9:220. 

 Gachumale Saritha Reddy, Sambandam Anandan, 2015, “Fabrication of dye sensitized 
solar cells with different anchoring mode based triphenylamine dyes”, Applied Solar 
Energy, 51(2): 120–128. 

 Gadadhar Barman,Swarnali Maiti,Jayasree Konar Laha (2013), “Bio-fabrication of gold 
nanoparticles using aqueous extract of red tomato and its use as a colorimetric sensor” 
Nanoscale Research Letters, 8:181. 

 Gajanan Ghodake, Dae Sung Lee, 2011,”Green synthesis of gold nanostructures using 
pear extract as effective reducing and coordinating agent”, Korean Journal of Chemical 
Engineering, 28(12): 2329–2335. 

 Ganesan Arun,Muthukumarasamy Eyini,Paramasamy Gunasekaran,(2014),“Green 
synthesis of silver nanoparticles using the mushroom fungus Schizophyllum commune 
and its biomedical applications” ,Biotechnology and Bioprocess Engineering, 
19(6):1083–1090. 

 Garg .H. P, “Solar Cells’, Advances in Solar Energy Technology, 279-383. 
 GenTian Yue,JiHuai Wu,YaoMing Xiao,JianMing Lin,MiaoLiang Huang,LeQing Fan,Yin

g Yao,2013,  “A dye-sensitized solar cell based on PEDOT:PSS counter electrode”, 
Chinese Science Bulletin, 58(4): 559–566. 

 Gérrard Eddy Jai Poinernr,Peter Chapman,Xuan Le,Derek Fawcett(2013), “Green 
biosynthesis of gold nanometre scale plates using the leaf extracts from an indigenous 
Australian plant Eucalyptus macrocarpa” Gold Bulletin, 46(3): 165–173. 

mailto:g.poinern@murdoch.edu.au


68 
 

 Geummi Lee and Beom Soo Kim, 2013”Biological Reduction of Graphene Oxide Using 
Plant Leaf Extracts”Wiley Online Library (wileyonlinelibrary.com), (2):463-9. 

 Gokilamani.N ,N. Muthukumarasamy,M. Thambidurai,A. Ranjitha,Dhayalan Velauthapill
ai,T. S. Senthil,R. Balasundaraprabhu,2013, “Dye-sensitized solar cells with natural 
dyes extracted from rose petals” ,Journal of Materials Science: Materials in Electronics, 
24(9): 3394–3402. 

 Gokilamani.N ,N. Muthukumarasamy,M. Thambidurai,A. Ranjitha,Dhayalan Velauthapill
ai,2013, “Utilization of natural anthocyanin pigments as photosensitizers for dye-
sensitized solar cells” Journal of Sol-Gel Science and Technology, 66(2): 212–219. 

 Gokilamani.N, N. Muthukumarasamy, M. Thambidurai, A. Ranjitha, 
Dhayalan Velauthapillai, 2014, “Grape pigment (malvidin-3-fructoside) as natural 
sensitizer for dye-sensitized solar cells”, Materials for Renewable and Sustainable 
Energy, 3:33. 

 Gopinath.K, A. Arumugam (2014), “Extracellular mycosynthesis of gold nanoparticles 
using Fusarium solani” Applied Nanoscience, 4(6): 657–662. 

 Goswami . N, D. Saikia, P. K. Gogoi, 2013, “Synthesis and Characterization of 
Photoanode of Nanostructured TiO2 Sensitized by Natural Dyes for Application in 
DSSC”, 143: 503-513. 

 Govindasamy Balasubramani,Rajendiran Ramkumar,Ramalingam Karthik Raja,Dilipku
mar Aiswarya,Chandrasekaran Rajthilak.Pachiappan Perumal,2016“Albizia amara 
Roxb. Mediated Gold Nanoparticles and Evaluation of Their Antioxidant, Antibacterial 
and Cytotoxic Properties” Journal of Cluster Science, 1–17. 

 Govindasamy Balasubramani,Rajendiran Ramkumar,Ramalingam Karthik Raja,Dilipku
mar Aiswarya,Chandrasekaran Rajthilak,Pachiappan Perumal,2016, “Albizia amara 
Roxb. Mediated Gold Nanoparticles and Evaluation of Their Antioxidant, Antibacterial 
and Cytotoxic Properties”, Journal of Cluster Science,1–17. 

 Grinberg.V. A ,A. V. Medved’ko,V. V. Emets,S. A. Kurzeev,S. A. Kozyukhin,A. E. Baran
chikov,V. K. Ivanov,V. N. Andreev,E. A. Nizhnikovskii,2014, “Cyclometalated ruthenium 
complex as a promising sensitizer in dye-sensitized solar cells” Russian Journal of 
Electrochemistry,50(6): 503–509. 

 GuiXiang Xie,JianMing Lin,JiHuai Wu,Zhang Lan,QingHua Li,YaoMing Xiao,GenTian Y
ue,HaiFeng Yue,MiaoLiang Huang,2011, “Application of upconversion luminescence in 
dye-sensitized solar cells”,Chinese Science Bulletin,56(1): 96–101. 

 H. Abdullah,A. Omar,M. Z. Razali,M. A. Yarmo,2014, “Photovoltaic properties of ZnO 
photoanode incorporating with CNTs for dye-sensitized solar cell application” Ionics, 
20(7): 1023–1030 

 Haolong Li, Christoph Bubeck 2013”Photoreduction processes of graphene oxide and 
related applications” Macromolecular Research, 21(3):290–297. 

 Hatem S. El-Ghamri,Taher M. El-Agez,Sofyan A. Taya,Monzir S. Abdel-
Latif,Amal Y. Batniji 2014 “Dye-sensitized solar cells with natural dyes extracted from 
plant seeds” Materials Science-Poland, 32(4):547–554. 

 Hee Hyun Gong,So Hyun Park,Sang-Soo Lee,Sung Chul Hong,2014, “Facile and 
scalable fabrication of transparent and high performance Pt/reduced graphene oxide 
hybrid counter electrode for dye-sensitized solar cells” International Journal of Precision 
Engineering and Manufacturing,15(6): 1193–1199. 

 Hee Kyeong Kim,Myung,Jin Choi,Song,Hyun Cha,Yean Kyoung Koo,Sang Hui Jun,Seo
nho Cho,Youmie Park,2013,“Earthworm extracts utilized in the green synthesis of gold 
nanoparticles capable of reinforcing the anticoagulant activities of heparin”, Nanoscale 
Research Letters,8:542.  

 Henry-Silva, G.G, Camargo, A.F.M,2006 “Chemical composition of floating aquatic 
macrophytes used to treat of aquaculture wastewater” Planta daninha,24(1).   

 Hiroki Ago, 2015 “CVD Growth of High-Quality Single-Layer Graphene”, Frontiers of 
Graphene and Carbon Nanotubes, 3-20. 

 Hiroyuki Inano , Keiichi Tomita, Tatsumi Tada, Naoki Hiroyoshi,2016,“Recovery of 
Metals from E-Waste Mediated by Molten CRT Lead Glass”Sustainability Through 
Innovation in Product Life Cycle Design, 525-536. 

mailto:nandita_10@rediffmail.com
mailto:inano-hiroyuki@hro.or.jp


69 
 

 Hong Hee Kim,Cheolmin Park,WonKook Choi,Sungjae Cho,ByungJoon Moon,Dong Ick
 Son ,2014, “Low-temperature-fabricated ZnO, AZO, and SnO2 nanoparticle-based dye-
sensitized solar cells” Journal of the Korean Physical Society , 65(9): 1315–1319. 

 Hong Lin,Wen-li Wang,Yi-zhu Liu,Xin Li,Jian-bao Li, 2009, “New trends for solar cell 
development and recent progress of dye sensitized solar cells” Frontiers of Materials 
Science in China,3:345. 

 Hong-Gang Ni, 2012, “Mass Emissions of Pollutants from E-Waste Processed in China 
and Human Exposure Assessment” Global Risk-Based Management of Chemical 
Additives II (23):279-312. 

 Huifang Liu, Linlin Zhong, KyuSik Yun, Monica Samal, 2016,”Synthesis, 
characterization, and antibacterial properties of silver nanoparticles-graphene and 
graphene oxide composites”, Biotechnology and Bioprocess Engineering, 21(1):1 

 Hyo Jin Shim,Dong Wook Kim,Changjin Lee,Yongku Kang,Dong Hack Suh,2008,“In 
situ crosslinked ionic gel polymer electrolytes for dye sensitized solar cells”, 
Macromolecular Research ,16(5): 424–428. 

 Iara Mendes Maciel,Maria José Otero,Martino,Raúl Barba Tamaro,Luis José Andrés 
Menendez,2014, “Development of sensitized solar cells by photosynthetic pigments” 
BMC Proceedings,8:P242. 

 İbrahim Karteri, Mahit Güneş, 2016, “Synthesis of reduced graphene oxide-phosphorus 
nanocomposites with a new approach for dye sensitized solar cells applications” 
27(11): 11502–11508. 

 Jae Yong Song, Beom Soo Kim, 2008, Biological synthesis of bimetallic Au/Ag 
nanoparticles using Persimmon (Diopyros kaki) leaf extract”, Korean Journal of 
Chemical Engineering, 25(4): 808–811. 

 Jaikumar .M, 2012, International Journal of Recent Scientific Research 3(2):95 – 102. 
 Jairo Pinto Oliveira,Adilson Ribeiro Prado,Bárbara Altoé Milaneze,Wanderson Juvêncio

 Keijok,Dominik Lenz,Josimar Ribeiro,Moises Renato Nunes,Ribeiro,Maria José Pontes
,Breno Valentim Nogueira,Marco Cesar Cunegundes Guimaraes,2014,”Gold 
nanoparticles synthesis to application as nano biosensors”,BMC Proceedings,8:249 

 Jannathul Firdhouse.M ,P. Lalitha,2013 “Eco-friendly synthesis of graphene using the 
aqueous extract of Amaranthus dubius” Applied Science Innovations,5 (2) :253 – 259. 

 Jannathul Firdhouse M., Lalitha P. , 2014,”Phyto-reduction of graphene oxide using the 
aqueous extract of Eichhornia crassipes (Mart.) Solms”,International Nano Letters, 4(4): 
103–108. 

 Jannathul Firdhouse. M, P. Lalitha, 2016 “Nanosilver-decorated nanographene and 
their adsorption performance in waste water treatment” Bioresources and 
Bioprocessing, 3:12. 

 Jayanthi. P, P.Lalitha*, and Shubashini.K.Sripathi, 2011, “Phytochemical investigation 
of the extracts of Eichhornia crassipes and its solvent fractionates” Journal of Pharmacy 
Research,4(5),1405-1406 

 Jayanthy S Panicker,Bijitha Bala,Suraj Soman,Tanwistha Ghosh,Vijayakumar C Nair( 
2016), “Thiophene-bithiazole based metal-free dye as DSSC sensitizer: Effect of co-
adsorbents on photovoltaic efficiency”, Journal of Chemical Sciences,128(1): 101–110. 

 Jianguo, Xinzhi Wang, and Chang-Tang Chang, 2014 “Preparation and 
Characterization of Graphene Oxide” Journal of Nanomaterials, (A) 276143: 6. 

 Jie Shen,Rui Cheng,Yudan Luo,Yiwei Chen,Xiaohong Chen,Zhuo Sun,Sumei Huang,2
015, “Growth of NiS/graphene nanocomposites for enhanced performance of dye 
sensitized solar cells”, Journal of Solid State Electrochemistry, 19(4): 1045–1052. 

 Jifu Zhao, Guilin Chen, Shuiyuan Chen, Qingying Ye, Binglin Hu, Zhigao Huang 
,“Synthesis and characterization of TiO2 photoanode treated by tetrabutyl titanate sol 
for DSSC application” Journal of Materials Science: Materials in Electronics,1–5. 

 Jingying Li,Changjin Liang,Chuanjing Ma,2015, “Bioleaching of gold from waste printed 
circuit boards by Chromobacterium violaceum” Journal of Material Cycles and Waste 
Management, 1(3): 529–539. 

 Juanni Chen, Xiuping Wang, Heyou Han, 2013, “A new function of graphene oxide 
emerges: inactivating phytopathogenic bacterium Xanthomonas oryzae pv. 
Oryzae”,Journal of Nanoparticle Research,15:1658. 

http://library.avinuty.ac.in:2061/journal/10008


70 
 

 K. Susmitha,M. NareshKumar,L. Giribabu,S. Narendra Babu,M. Raghavender,2016, 
“Noble metals (Ag, Au, Pt) functionalized carbon nanohorns as alternate counter 
electrodes for dye sensitized solar cells”,Journal of Materials Science: Materials in 
Electronic 27(6):5802–5809. 

 Kadarkarai Murugan,Devaraj Nataraj,Anitha Jaganathan,Devakumar Dinesh,Sudalaima
ni Jayashanthini,Christina Mary Samidoss,Manickam Paulpandi.C,Kalaiselvan.S,K. Bal
achandran,S. Karthikeyan,R. Venckatesh,2016,“Botanical Hydrocarbon Sources based 
MWCNTs Synthesized by Spray Pyrolysis Method for DSSC Applications” Silicon: 1–7. 

 Kanchana Amarnath,Nina Liza Mathew,Jayshree Nellore,Chagam Reddy Venkat Sidda
rth, Jayanthi Kumar, 2011, “Facile synthesis of biocompatible gold nanoparticles from 
Vites vinefera and its cellular internalization against HBL-100 cells” Cancer 
Nanotechnology, 2(1): 121–132. 

 Kannan Badri Narayanan, Hyun Ho Park, 2015, “Homogeneous catalytic activity of gold 
nanoparticles synthesized using turnip (Brassica Rapa L.) Leaf extract in the reductive 
degradation of cationic azo dye” Korean Journal of Chemical Engineering, 32(7):1273–
1277. 

 Karki.B ,J. J. Nakarmi,P. K. Mandal,S. Chatterjee,2013, “Effect of organic dyes on the 
performance of ZnO based dye-sensitized solar cells” Applied Solar Energy, 49(1): 40–
45. 

 Kasim U. Isah,Bukola J. Jolayemi,Umaru Ahmadu,Mohammed Isah Kimpa,Noble Alu,2
016, “Effect of silver nanoparticles intercalated into mesoporous betalain-sensitized-
TiO2 film electrodes on photovoltaic performance of dye-sensitized solar cells”,Materials 
for Renewable and Sustainable Energy,5:10. 

 Kasim Uthman Isah,Umar Ahmadu,Adamu Idris,Mohammed Isah Kimpa,Uno Essang U
no,Muhammed Muhammed Ndamitso,Noble Alu(2015), “Betalain pigments as natural 
photosensitizers for dye-sensitized solar cells: the effect of dye pH on the photoelectric 
parameters” Materials for Renewable and Sustainable Energy,4:39. 

 Ki-Hyun Kim,Seung-Min Lee,Min-Hye Seo,Sang-Eun Cho, Won-Pill Hwang,Sung-
Hae Park, Young-Keun Kim, Jin-Kook Lee, Mi-Ra  ,2012,“Syntheses of organic dyes 
based on phenothiazine as photosensitizers and effects of their π-conjugated bridges 
on the photovoltaic performances of dye-sensitized solar cells” Macromolecular 
Research,20(2): 128–137. 

 Kislenko. S. A, R. Kh. Amirov, O. S. Popel’,I. S. Samoilov,2010,  “Dye-sensitized solar 
cells: Present state and prospects for future development,” Thermal Engineering , 
57(11): 969–975. 

 Krishnaiah Mokurala, Anvita Kamble, Parag Bhargava, Sudhanshu Mallick, 2015, “RF 
Sputtered Iridium (Ir) Film as a Counter Electrode for Dye-Sensitized Solar Cells” 
Journal of Electronic Materials, 44(11): 4400–4404. 

 Kupryashina.M. A ,E. P. Vetchinkina,A. M. Burov,E. G. Ponomareva,V. E. Nikitina,2013
,”Biosynthesis of gold nanoparticles by Azospirillum brasilense”Microbiology,82(6): 
833–840. 

 L. Giribabu,C. H. VijayKumar,M. Raghavender,K. Somaiah,P. Yella Reddy,P. Venkates
wara Rao,2008, “Functionalized zinc porphyrin as light harvester in dye sensitized solar 
cells” Journal of Chemical Sciences,120(5): 455–462. 

 Lawrence Amadi, Shaichi Sen Jenny, Asif Ahmed, Nikia Brown, Sunil Yadav, Destiny 
Brown, William Ghann, Alec Gayrama, Mintesinot Jiru, Jamal Uddin , 2015, “Creation of 
Natural Dye Sensitized Solar Cell by Using Nanostructured Titanium Oxide” 
Nanoscience and Nanoengineering,3(3): 25-32 

 Lina M, Haijun NiuIn, 2015, “Application of Carbon Nanotubes in Dye-Sensitized Solar 
Cells”, 391-413. 

 M. Khenfouch, R. Minnis Ndimba, A. Diallo, S. Khamlich, M. Hamzah, M. S. Dhlamini, 
show all,2016 “Artemisia herba-alba Asso eco-friendly reduced few-layered graphene 
oxide nanosheets: structural investigations and physical properties” Green Chemistry 
Letters and Reviews, 9( 2) :122-131 

 M. M. Stollenwerk,I. Pashkunova,Martic,C. Kremser,H. Talasz,G. C. Thurner,A. A. Abd
elmoez,E. A. Wallnöfer,A. Helbok,E. Neuhauser,N. Klammsteiner,L. Klimaschewski,E. v
on Guggenberg,E. Fröhlich,B. Keppler,W. JaschkeP. Debbage, 2010, “Albumin-based 

http://www.tandfonline.com/author/Khenfouch%2C+M
http://www.tandfonline.com/author/Minnis+Ndimba%2C+R
http://www.tandfonline.com/author/Diallo%2C+A
http://www.tandfonline.com/author/Khamlich%2C+S
http://www.tandfonline.com/author/Hamzah%2C+M
http://www.tandfonline.com/author/Dhlamini%2C+M+S


71 
 

nanoparticles as magnetic resonance contrast agents: I. Concept, first syntheses and 
characterization”, Histochemistry and Cell Biology, 133(4):375–404. 

 Maddinedi B., Sireesh; K. Mandal, Badal,2016 “Biofabrication of Reduced Graphene 
Oxide Nanosheets using Terminalia Bellirica Fruit Extract”, Carbon – Science and 
Technology, 12( 1):0974 – 0546. 

 Magdalena, Katarzyna Matczyszyn, Jakub Siednienko, Joanna Olesiak-Banska, 
Krzysztof Pawlik and Marek Samoc, 2016,“Environmentally friendly synthesis of gold 
nanoparticles” Nanotechnology, 10.1117/2.1201512.006210. 

 Maheshkumar Prakash Patil,Daniel Ngabire,Hai Ha Pham Thi,Min-Do Kim,Gun-
Do Kim,2016,  “Eco-friendly Synthesis of Gold Nanoparticles and Evaluation of Their 
Cytotoxic Activity on Cancer Cells” Journal of Cluster Science,1–14. 

 Maheswari, P. Venkatachalam, 2014, “Enhanced efficiency and improved 
photocatalytic activity of 1: 1 composite mixture of TiO2 nanoparticles and nanotubes in 
dye-sensitized solar cell” Bulletin of Materials Science, 37(6): 1489–1496. 

 Maheswari, P. Venkatachalam, 2015, “Performance Enhancement in Dye-Sensitized 
Solar Cells with Composite Mixtures of TiO2 Nanoparticles and TiO2 Nanotubes” Acta 
Metallurgica Sinica (English Letters), 28(3):354–361. 

 Makarov .V. V, A. J. Love, O. V. Sinitsyna, S. S. Makarova, I. V. Yaminsky, M. E. 
Taliansky,N. O. Kalinina, 2014, “Green” Nanotechnologies: Synthesis of Metal 
Nanoparticles Using Plants”,Acta Naturae, 6(1): 35–44.  

 Malihe Khalili, Mohammad Abedi, Hossein Salar Amoli, 2014, “Influence of saffron 
carotenoids and mulberry anthocyanins as natural sensitizers on performance of dye-
sensitized solar cells” Ionics, 1–9. 

 Mallikarjuna.K ,N. John Sushma, B. Deva Prasad Raju,2013,”Novel, Fast, Bio-
Derivatized Sonochemical Synthesis of Gold Nanoparticles by Using Piper betle Leaf 
Broth as a Reducing and Capping Agent” Advanced Nanomaterials and 
Nanotechnology, 143:41-49. 

 Manoj Singh,Natarajan Chandrasekaran,Amitava Mukherjee,Manish Kumar,A. K. Kuma
raguru ( 2014), “Cancerous cell targeting and destruction using pH stabilized 
amperometric bioconjugated gold nanoparticles from marine macroalgae, Padina 
gymnospora”,Bioprocess and Biosystems Engineering,37(9):1859–1869.  

 Manveen Kaur, N. K. Verma, 2013, “Performance of Eu2O3 coated ZnO nanoparticles-
based DSSC”, Journal of Materials Science: Materials in Electronics, 24(9):3617–3623. 

 Marimuthu.T ,N. Anandhan,T. Mahalingam,R. Thangamuthu,M. Mummoorthi(2015), 
“Effect of P. Murex on the properties of spin coated ZnO thin films for dye sensitized 
solar cell applications” Journal of Materials Science: Materials in Electronics 
,26(10):7577–7587. 

 Mazzucco. S, O. Stéphan, M. Kociak, C. Colliex, 2008, “EELS mapping of surface 
plasmons in star-shaped gold nanoparticles: morphological behaviour of optical 
properties from star to sphere” EMC 2008 14th European Microscopy Congress, 409-
410.  

 Michael B. Ross, Martin G. Blaber, George C. Schat, 2014, “Plasmonically Enhanced 
Dye-Sensitized Solar Cells”, Plasmonics: Theory and Applications, 125-147. 

 Michael Wykes, Fabrice Odobel, Carlo Adamo, Ilaria Ciofini, Frédéric Labat, 2016, 
“Anchoring groups for dyes in p-DSSC application: insights from DFT”, Journal of 
Molecular Modeling, 22:289. 

 Min-Saeng Kim,Doo-Man Chun,Jung-Oh Choi,Jong-Cheon Lee,Kwang 
Su Kim,Yang Hee Kim,Caroline Sunyong Lee,Sung-Hoon Ahn,2011, “Room 
temperature deposition of TiO2 using nano particle deposition system (NPDS): 
Application to dye-sensitized solar cell (DSSC)”, International Journal of Precision 
Engineering and Manufacturing,12:749 

 Mohammad Hossein Habibi,Maryam Mardani,Mehdi Habibi,Mahmoud Zendehdel,2016, 
“Enhanced photovoltage (Voc) of nano-structured zinc tin oxide (ZTO) working 
electrode prepared by a green hydrothermal route for dye-sensitized solar cell (DSSC)” 
Journal of Materials Science: Materials in Electronics,1–7. 

mailto:drdevaprasadraju@gmail.com


72 
 

 Mohammad Ramzan Parra, Fozia Z. Haque, 2015, “Optical study and ruthenizer (II) N3 
dye-sensitized solar cell application of ZnO nanorod-arrays synthesized by combine 
two-step process” Optics and Spectroscopy, 119(4): 672–681. 

 Mohammadhassan GholamiShabani,Afshin Imani,Masoomeh ShamsGhahfarokhi,Zeyn
ab Gholami,Shabani,Arezoo Pazooki,Azim Akbarzadeh, Gholamhossein Riazi,  
Mehdi Razzaghi,2016, “Bioinspired synthesis, characterization and antifungal activity of 
enzyme-mediated gold nanoparticles using a fungal oxidoreductase” Journal of the 
Iranian Chemical Society,13(11): 2059–2068. 

 Mohammadi,M. R,A. M. Bakhshayesh,F. Sadri,M. Masroor,2013,“Improved efficiency of 
dye-sensitized solar cells by design of a proper double layer photoanode electrodes 
composed of Cr-doped TiO2 transparent and light scattering layers”, Journal of Sol-Gel 
Science and Technology, 67(1): 77–87. 

 Mohammed Sedki, Mona B. Mohamed,  Manal Fawzy, Dalia A. Abdelrehim , Mohamed 
M. S. A. Abdel-Mottaleb,2015,”Phytosynthesis of silver–reduced graphene oxide (Ag–
RGO) nanocomposite with an enhanced antibacterial effect using Potamogeton 
pectinatus extract”, RSC Advances,22.  

 Mridula Tripathi, Priyanka Chawla, 2015, “CeO2-TiO2 photoanode for solid state natural 
dye-sensitized solar cell” Ionics, 21(2): 541–546. 

 Mridula Tripathi, Ruby Upadhyay, Ashutosh Pandey, 2013, “Novel dye based 
photoelectrode for improvement of solar cell conversion efficiency”, Applied Solar 
Energy, 49(1): 54–57. 

 Mridula Tripathi, Ruby Upadhyay, Ashutosh Pandey, P. K. Dubey, 2013, “Natural dye-
based photoelectrode for improvement of solar cell performance” Ionics, 19(8): 1179–
1183. 

 Muhammad azim khan, khan bahadar marwat, bakhtiar gul, fazli wahid, haroon khan, 
saima hashim, 2014,”Pistia stratiotes l. (araceae): Phytochemistry, use in medicines, 
phytoremediation, biogas and management options”, Pak. J. Bot., 46(3): 851-860,. 

 Mujeeb Khan 2015, “Green Approach for the Effective Reduction of Graphene Oxide 
Using Salvadora persica L. Root (Miswak) Extract”, Nanoscale Research Letters, 
10(281):1-9 

 Muthukumarasamy.M, N. Dhayalan Velauthapillai, Changhee Lee, 2013, “Synthesis 
and characterization of flower like ZnO nanorods for dye-sensitized solar cells” 
Thambidurai, Journal of Materials Science: Materials in Electronics, 24(7): 2367–2371. 

 N. Gokilamani,N. Muthukumarasamy,M. Thambidurai,A. Ranjitha,Dhayalan Velauthapill
ai,2015,, “Basella alba rubra spinach pigment-sensitized TiO2 thin film-based solar 
cells” Applied Nanoscience,5(3): 297–303. 

 Nabanita Chakraborty,Anupam Banerjee,Susanta Lahiri,Arpita Panda,Amar Nath Ghos
h,Ruma Pal, 2003,”Biorecovery of gold using cyanobacteria and an eukaryotic alga with 
special reference to nanogold formation – a novel phenomenon, Langmuir,19 (8): 
3550–3553. 

 Naghi Saadatjoo, Hadi Heydari, Ahmad Abdullahi and Mahdi Behzad, 2013.”Recovery 
of gold from computer circuit board scraps: the study of the effect of different 
reductants” Journal of Applied Chemistry, 8(27). 

 Naila Shahzad,Syed Mujtaba Shah,Shamsa Munir,Amina Hana,Uzma Jabeen,Erum No
sheen,Banafsha Habib,Arif Ullah Khan,Zubair Hassan,Muhammad Siddiq,Hazrat Hussa
in,2015, “Charge-Transfer Complexation at Carminic Acid–CdS Interface and Its Impact 
on the Efficiency of Dye-Sensitized Solar Cells” Journal of Electronic Materials,44(4): 
1167–1174. 

 Naiyf S. Alharbi,Kasi Bhakyaraj,Kasi Gopinath,Marimuthu Govindarajan,Shanmugasun
daram Kumuraguru,Subramanian Mohan,Periyannan Kaleeswarran,Shine Kadaikunna
n,Jamal M. Khaled,Giovanni Benelli,2016, “Gum-Mediated Fabrication of Eco-Friendly 
Gold Nanoparticles Promoting Cell Division and Pollen Germination in Plant Cells” 
Journal of Cluster Science,1–11. 

 Narayan. M, A. Raturi, 2011, “Investigation of some common Fijian flower dyes as 
photosensi-tizers for dye sensitized solar cellsabstract”, Applied Solar Energy, 47:112. 

 Natasha Anwar,Abbas Khan,Mohib Shah,Andaleeb Azam,Khair Zaman,Zahida Parven(
2016), “ The green synthesis of fine particles of gold using an aqueous extract of 

http://library.avinuty.ac.in:2061/journal/11449
http://pubs.rsc.org/en/results?searchtext=Author%3AMohammed%20Sedki
http://pubs.rsc.org/en/results?searchtext=Author%3AMona%20B.%20Mohamed
http://pubs.rsc.org/en/results?searchtext=Author%3AManal%20Fawzy
http://pubs.rsc.org/en/results?searchtext=Author%3ADalia%20A.%20Abdelrehim
http://pubs.rsc.org/en/results?searchtext=Author%3AMohamed%20M.%20S.%20A.%20Abdel-Mottaleb
http://pubs.rsc.org/en/results?searchtext=Author%3AMohamed%20M.%20S.%20A.%20Abdel-Mottaleb


73 
 

Monotheca buxifolia (Flac.) Russian Journal of Physical Chemistry A”, 90(13): 2625–
2632. 

 Nazar Ul Islam,Ibrahim Khan,Abdur Rauf,Naveed Muhammad,Muhammad Shahid,Moh
ammad Raza Shah,2015, “Antinociceptive, muscle relaxant and sedative activities of 
gold nanoparticles generated by methanolic extract of Euphorbia milii”, BMC 
Complementary and Alternative Medicine,15:160. 

 Neetu,Ishwar Chandra Maurya,Arun Kumar Gupta,Pankaj Srivastava,Lal Bahadur,2016
,“Extensive enhancement in power conversion efficiency of dye-sensitized solar cell by 
using Al-doped TiO2 photoanode” Journal of Solid State Electrochemistry,1–13. 

 Negese Yazie, Delele Worku, Abebe Reda, 2016, “Natural dye as light-harvesting 
pigments for quasi-solid-state dye-sensitized solar cells” Materials for Renewable and 
Sustainable Energy, 5:13. 

 Nicolás Alexis Órdenes,Aenishanslins,Luis Alberto Saona,Vicente María Durán 
Toro,Juan Pablo Monrás,Denisse Margarita Bravo,José Manuel Pérez-Donoso  ,2014, 
“Use of titanium dioxide nanoparticles biosynthesized by Bacillus mycoides in quantum 
dot sensitized solar cells” Microbial Cell Factories,13:90. 

 Nirlipta Saha, S. Dutta Gupta, 2016,”Biogenic Synthesis and Structural Characterization 
of Polyshaped Gold Nanoparticles Using Leaf Extract of Swertia chirata Along with 
Process Optimization by Response Surface Methodology (RSM)”, Journal of Cluster, 
Science, 27(4): 1419–1437. 

 Öztürk Elif, Özbek Belma, Şenel İlkay, 2017,”Production of biologically safe and 
mechanically improved reduced graphene oxide/hydroxyapatite composites” Materials 
Research Express, 4(1).  

 Padmini Pandey, Rajnish Kurchania, Fozia Z. Haque, 2015, “Rare earth ion (La, Ce, 
and Eu) doped ZnO nanoparticles synthesized via sol-gel method: Application in dye 
sensitized solar cells” Optics and Spectroscopy, 119 (4): 666–671. 

 Pala Rajasekharreddy, Pathipati Usha Rani, Bojja Sreedhar, (2010)” Qualitative 
assessment of silver and gold nanoparticle synthesis in various plants: a 
photobiological approach”, Journal of Nanoparticle Research, 12(5): 1711–1721. 

 Palanisamy Venkatachalam,Njathumkalayil George Joby,Narendran Krishnakumar,201
3,“Enhanced photovoltaic characterization and charge transport of TIO2 
nanoparticles/nanotubes composite photoanode based on indigo carmine dye-
sensitized solar cells” Journal of Sol-Gel Science and Technology, 67(3): 618–628. 

 Pankaj Kumar Singh, Subir Kundu, 2014, “Biosynthesis of Gold Nanoparticles Using 
Bacteria”, Proceedings of the National Academy of Sciences, India Section B: 
Biological Sciences 84(2):331–336. 

 Pier Paolo Pompa,Giuseppe Vecchio,Antonio Galeone,Virgilio Brunetti,Stefania Sabella
,Gabriele Maiorano,Andrea Falqui,Giovanni Bertoni,Roberto Cingolani,2011,”In Vivo 
toxicity assessment of gold nanoparticles in Drosophila melanogaster” ,Nano Research, 
4( 4): 405–413. 

 Prabakaran.K, S. Mohanty, S. K. Nayak, 2015, “PEO/PVdF–HFP electrolytes for natural 
dye sensitized solar cell applications: effect of modified nano-TiO2 on electrochemical 
and photovoltaic performance” Journal of Materials Science: Materials in Electronics, 
26 (6):3887–3897. 

 Prabhu.N ,S. Agilan,N. Muthukumarasamy,T. S. Senthil,2014,“Enhanced photovoltaic 
performance of WO3 nanoparticles added dye sensitized solar cells” Journal of 
Materials Science: Materials in Electronics,25(12): 5288–5295. 

 Prakash Piruthiviraj, Anita Margret, Poornima Priyadharsani Krishnamurthy, 2016, 
“Gold nanoparticles synthesized by Brassica oleracea (Broccoli) acting as antimicrobial 
agents against human pathogenic bacteria and fungi”, 6(4):467–473. 

 Pranav Vasanthi,Bathrinarayanan,Dilliganesh Thangavelu,Vasanth Kumar Muthukumar
asamy,Chamundeeswari Munusamy,Baskar Gurunathan,2013, “Biological synthesis 
and characterization of intracellular gold nanoparticles using biomass of Aspergillus 
fumigates”, Bulletin of Materials Science,36(7):1201–1205. 

http://iopscience.iop.org/volume/2053-1591/4
http://iopscience.iop.org/issue/2053-1591/4/1
http://library.avinuty.ac.in:2061/journal/10971
http://library.avinuty.ac.in:2061/journal/10854
http://library.avinuty.ac.in:2061/journal/10854
http://library.avinuty.ac.in:2061/journal/10854


74 
 

 Prasanta Sutradhar, Mitali Saha, 2015, “Synthesis of zinc oxide nanoparticles using tea 
leaf extract and its application for solar cell”, Bulletin of Materials Science, 38(3): 653–
657. 

 Prashant Mohanpuria, Nisha K. Rana, Sudesh Kumar Yadav, (2008),”Biosynthesis of 
nanoparticles: technological concepts and future applications”Journal of Nanoparticle 
Research,10(3): 507–517. 

 Pravin N. Didwal,Kalpana S. Pawar,Parameshwar R. Chikate,Ashutosh C. Abhyankar,
Habib M. Pathan,Rupesh S. Devan ,2016, “Titania sensitized with SPADNS dye for dye 
sensitized solar cell”, Journal of Materials Science: Materials in Electronics, 27(12): 
12446–12451. 

 Preeti Dauthal, Mausumi Mukhopadhyay, 2016, “Phyto-synthesis and structural 
characterization of catalytically active gold nanoparticles biosynthesized using Delonix 
regia leaf extract”, Biotech, 6:118. 

 Preeti Dauthal,Mausumi Mukhopadhyay,2013,“In-vitro free radical scavenging activity 
of biosynthesized gold and silver nanoparticles using Prunus armeniaca (apricot) fruit 
extract” Journal of Nanoparticle Research, 15:1366. 

 Preston B. Landon,Cody L. Gilleland,Jennifer Synowczynski,Samuel G. Hirsch,R. Gloss
er,(2007)” Synthesis of gold nano-wire and nano-dumbbell shaped colloids and AuC60 
nano-clusters”Journal of Materials Science: Materials in Electronics, 18(1): 415–418. 

 Priya Velammal. S, T. Akkini Devi, T. Peter Amaladhas, 2016, “Antioxidant, 
antimicrobial and cytotoxic activities of silver and gold nanoparticles synthesized using 
Plumbago zeylanica bark”, Journal of Nanostructure in Chemistry, 6(3):247–260.  

 Punuri Jayasekhar babu, Pragya sharma, Mohan Chandra kalita, and Utpal bora, 2011 
“Green synthesis of biocompatible gold nanoparticles Using Fagopyrumesculentum leaf 
extract,”Front. Mater. Sci., 5(4): 379–387. 

 Punuri Jayasekhar Babu,Sibyala Saranya,Pragya Sharma,Ranjan Tamuli,Utpal Bora,20
12, “Gold nanoparticles: sonocatalytic synthesis using ethanolic extract of Andrographis 
paniculata and functionalization with polycaprolactone-gelatin composites” Frontiers of 
Materials Science, 6(3) :236–249. 

 QingBei Li,JianMing Lin,JiHuai Wu,Zhang Lan,JiangLi Wang,Yue Wang,FuGuo Peng,M
iaoLiang Huang,YaoMing Xiao,2011, “Preparation of Gd2O3:Eu3+ downconversion 
luminescent material and its application in dye-sensitized solar cells”, Chinese Science 
Bulletin,56:3114. 

 Qingning Jiang,Zhiyuan Jiang,Lei Zhang,Haixin Lin,Ning Yang,Huan Li,Deyu Liu,Zhaoxi
ong Xie,Zhongqun Tian,2011,”Synthesis and high electrocatalytic performance of 
hexagram shaped gold particles having an open surface structure with kinks”,Nano 
Research 4(6): 612–622. 

 Rahul Zanan, Kalpana Pawar, Altafhusain Nadaf, Habib M. Pathan, 2016, “Dye 
sensitized solar cell based on TiO2 nanoparticles and chlorophyll from Pandanus 
amaryllifolius Roxb. Leaves” Journal of Materials Science: Materials in Electronics, 
27(12): 12452–12458. 

 Raj Karthik,Natarajan Karikalan,ShenMing Chen,Periyasami Gnanaprakasam,Chelladu
rai Karuppiah,2017,” Voltammetric determination of the anti-cancer drug nilutamide 
using a screen-printed carbon electrode modified with a composite prepared from β-
cyclodextrin, gold nanoparticles and graphene oxide”, 507-514. 

 Raja Ramamoorthy,Natarajan Radha,Govindaraj Maheswari,Sambandam Anandan,Su
bbaiah Manoharan,Rayar Victor Williams,2016, “Betalain and anthocyanin dye-
sensitized solar cells” Journal of Applied Electrochemistry,46(9): 929–941. 

 Rajesh W. Raut,Niranjan S. Kolekar,Jaya R. Lakkakula,Vijay D. Mendhulkar,Sahebrao 
B. Kashid,2010, “Extracellular synthesis of silver nanoparticles using dried leaves of 
pongamia pinnata (L) pierre” ,Nano-Micro Letters, 2( 2): 106–113. 

 Raju. D, Urmil J. Mehta, Sulekha Hazra, 2011, “Synthesis of gold nanoparticles by 
various leaf fractions of Semecarpus anacardium L”, tree, 25(2), 145–151. 

 Rakhi Majumdar,Braja Gopal Bag,Nabasmita Maity,2013”Acacia nilotica (Babool) leaf 
extract mediated size-controlled rapid synthesis of gold nanoparticles and study of its 
catalytic activity”, International Nano Letters,3:53. 



75 
 

 Ramakrishna.M, Dandamudi Rajesh Babu, R. M. Gengan, S. Chandra, G. Nageswara 
Rao, 2016, “Green synthesis of gold nanoparticles using marine algae and evaluation 
of their catalytic activity”, Journal of Nanostructure in Chemistry,6(1):1–13. 

 Ramamoorthy Raja,Maheswari Govindaraj,Maggie Dayana Antony,Karthika Krishnan,E
swaramoorthi Velusamy,Anandan Sambandam,Manoharan Subbaiah,Victor Williams R
ayar,2015 ,“Effect of TiO2/reduced graphene oxide composite thin film as a blocking 
layer on the efficiency of dye-sensitized solar cells” Journal of Solid State 
Electrochemistry,1–13. 

 Reza Hemmatzadeh,Ahmad Mohammadi, 2013, “Improving optical absorptivity of 
natural dyes for fabrication of efficient dye-sensitized solar cells” Journal of Theoretical 
and Applied Physics,7:57 

 Rodrigo Szostak,Eder Carlos Ferreira de Souza,Sandra Regina Masetto Antunes,Christ
iane Philippini Ferreira Borges,André Vitor Chaves de Andrade,Paul,Rong-Ho Lee, 
Chun-Han Chi, Yu-Chen Hsu, 2013, “Platinum nanoparticle/self-doping polyaniline 
composite-based counter electrodes for dye-sensitized solar cells”,Journal of 
Nanoparticle Research,15:1733. 

 Ruby Upadhyay,Mridula Tripathi,Priyanka Chawla,Ashutosh Pandey,2014,“Performanc
e of CeO2–TiO2-admixed photoelectrode for natural dye-sensitized solar cell” Journal of 
Solid State Electrochemistry,18(7):1889–1892 

 Rui Fang, WenJun Zhang, ShaSha Zhang, Wei Chen, 2016, “The rising star in 
photovoltaics-perovskite solar cells: The past, present and future”, Science China 
Technological Sciences, 59(7):989–1006. 

 Sampaio M, E. Thirumal, A. L. F. de Barros, 2016, “The effect of photo-anode surface 
morphology and gel-polymer electrolyte on dye-sensitized solar cells with natural dye” 
Journal of Materials Science: Materials in Electronics, 27(9): 9953–9961. 

 Sangiliyandi Gurunathan, Jae Woong Han, Jung Hyun Park, Vasuki Eppakayala, Jin-
Hoi Kim,2014 “Ginkgo biloba: a natural reducing agent for the synthesis of 
cytocompatible graphene” Int J Nanomedicine,9: 363–377.  

 Sangjoon Lee,Won Seok Choi,DongGun Lim,Eun Chang Choi,Byungyou Hong,2014, 
“Increase in the DSSC efficiency when using metal-coated carbon nanowall counter 
electrodes” Journal of the Korean Physical Society,65(3); 281–285. 

 Santhanam Needhidasan, Melvin Samuel, Ramalingam Chidambaram, 2014, 
“Electronic waste – an emerging threat to the environment of urban India”Journal of 
Environmental Health Science and Engineering, 12:36. 

 Sanusi Abdullahi,A.U. Moreh, B. Hamza, U. Sadiya, Z. Abdullahi, M. A. Wara,H. 
Kamaluddeen,M. A. Kebbe,and U. F. Monsurat. 2014, “Optical Characterization of 
Fluorine doped Tin Oxide (FTO) thin films deposited by spray pyrolysis technique  and  
annealed under Nitrogen atmosphere” International Journal of Innovation and Applied 
Studies, 9(2):947-955. 

 Sarang V. Muley, Nuggehalli M. Ravindra , 2014, “Graphene–Environmental and 
Sensor Applications”, Nanotechnology for Water Treatment and Purification, 22, 159-
224. 

 Sathya Sadhasivam,Parthasarathi Shanmugam,Murugan Veerapandian,Ramesh Subbi
ah,Kyusik YunThe, 2012, “Biogenic synthesis of multidimensional gold nanoparticles 
assisted by Streptomyces hygroscopicus and its electrochemical and antibacterial 
properties”, 25(2): 351–360. 

 Satish Bykkam,K. Venkateswara Rao,R. Nareshkumar,Ch. Shilpa,Chakra,2016“Few-
layered graphene decked with TiO2 nano particles by ultrasonic assisted synthesis and 
its dye-sensitized solar cell application”, Journal of Materials Science: Materials in 
Electronics,27(12): 12574–12581. 

 Satish U. Ekar,Ganga Shekhar,Yogesh B. Khollam,Poonam N. Wani,Sandesh R. Jadka
r,Mu Naushad,Manohar G. Chaskar,Santosh S. Jadhav,Alaa Fadel,Vijaykumar V. Jadh
av,Janardhan H. Shendkar, Rajaram S,2004,“Green synthesis and dye-sensitized solar 
cell application of rutile and anatase TiO2 nanorods “Journal of Solid State 
Electrochemistry, 1–6. 

mailto:n.m.ravindra@njit.edu


76 
 

 Saurabh Gupta, Shruti Bector, 2013, “Biosynthesis of extracellular and intracellular gold 
nanoparticles by Aspergillus fumigatus and A. flavus”,Antonie van 
Leeuwenhoek,103(5):1113–1123. 

 Sayantani Bhattacharya,Arunava Pal,Atanu Jana,Jayati Datta,2016,“Synthesis and 
characterization of CdS nanoparticles decorated TiO2 matrix for an efficient N3 based 
dye sensitized solar cell (DSSC)”, Journal of Materials Science: Materials in Electronics 
,27(12): 12438–12445. 

 Scenario, Recent Quantum Dot Solar Cell and Future Trends”, Advances in Optical 
Science and Engineering, 166:135-140. 

 Seo.H. K,Farheen,S.A. Ansari,Nazish Parveen,Shabeena Qadir,H. Fouad,H. S. Shin,M
oo Hwan Cho,S. G. Ansari,Z. A. Ansari “Effect of polyaniline concentration on the 
photoconversion efficiency of nano-TiO2 based dye sensitized solar cells” Journal of 
Materials Science: Materials in Electronics,1–7. 

 Shahan Shah, M. H. Buraidah,L. P. Teo,M. A. Careem,A. K. Arof,2016, “Dye-sensitized 
solar cells with sequentially deposited anthocyanin and chlorophyll dye as sensitizers” 
Optical and Quantum Electronics,48:219. 

 Shahla Hashemi,Zahra Asrar,Shahram Pourseyedi,Nazi Nadernejad,2016“Plant-
mediated synthesis of zinc oxide nano-particles and their effect on growth, lipid 
peroxidation and hydrogen peroxide contents in soybean”, Indian Journal of Plant 
Physiology,21(3): 312–317 

 Shanab SMM, Shalaby EA, Lightfoot DA, El-Shemy HA (2010) Allelopathic Effects of 
Water Hyacinth [Eichhornia crassipes]. PLoS ONE 5(10): e13200. 
doi:10.1371/journal.pone.0013200 

 Shankar Dash, Braja Gopal Bag, Poulami Hota, 2015, “Lantana camara Linn leaf 
extract mediated green synthesis of gold nanoparticles and study of its catalytic 
activity”, 5(3):343–350. 

 Shanmugam Rajeshkumar,Chelladurai Malarkodi,Gnanadhas Gnanajobitha,Kanniah P
aulkumar,Mahendran Vanaja,Chellapandian Kannan,Gurusamy Annadurai,2013, 
“Seaweed-mediated synthesis of gold nanoparticles using Turbinaria conoides and its 
characterization”, Journal of Nanostructure in Chemistry,3:44. 

 Shashank Kumar, Ramesh Kumar, Astha Dwivedi, and Abhay K. Pandey,2014,”In Vitro 
Antioxidant, Antibacterial, and Cytotoxic Activity and In Vivo Effect of Syngonium 
podophyllum and Eichhornia crassipes Leaf Extracts on Isoniazid Induced Oxidative 
Stress and Hepatic Markers Biomed”, Res Int, 10.1155/2014/459452. 

 Sheng-Lung Tu,Tao-Hsing Chen,Yen-Hsun Su,Ji-Hong Yang” ,2016, “Optoelectronic 
properties of morning glory as dye on TiO2 thin film” ,Optical and Quantum 
Electronics,48:92. 

 Shib Shankar Dash, Braja Gopal Bag, 2014, “Synthesis of gold nanoparticles using 
renewable Punica granatum juice and study of its catalytic activity”, Applied 
Nanoscience, 4(1): 55–59. 

 Shib Shankar Dash,Rakhi Majumdar,Arun Kanti Sikder,Braja Gopal Bag,Biplab Kumar 
Patra,2014, “Saraca indica bark extract mediated green synthesis of polyshaped gold 
nanoparticles and its application in catalytic reduction”, Applied Nanoscience,4(4):485–
490 

 Shufen Wu,Songjing Yan,Wei Qi,Renliang Huang,Jing Cui,Rongxin Su,Zhimin He, 
(2015), “Green synthesis of gold nanoparticles using aspartame and their catalytic 
activity for p-nitrophenol reduction”, Nanoscale Research Letters,10:213. 

 Siji Mathew, Karickal R Haridas, 2012, “Synthesis and properties of N, N, N′-tris-(2-
ethoxy-naphthalenen-1-yl) − N, N, N′ triphenylbenzene 1, 3, 5-triamine for dye 
sensitized solar cell” Bulletin of Materials Science, 35(1): 123–127. 

 Singh.M ,R. Kalaivani,S. Manikandan,N. Sangeetha,A. K. Kumaraguru,2013,“Facile 
green synthesis of variable metallic gold nanoparticle using Padina gymnospora, a 
brown marine macroalga” Applied Nanoscience,3(2):145–151. 

 Składanowski.M ,M. Wypij,D. Laskowski,P. Golińska,H. Dahm,M. Rai,“Silver and gold 
nanoparticles synthesized from Streptomyces sp. isolated from acid forest soil with 
special reference to its antibacterial activity against pathogens”,Journal of Cluster 
Science: 1–21. 

http://library.avinuty.ac.in:2061/journal/10854
http://library.avinuty.ac.in:2061/journal/10854
mailto:mhburaidah@um.edu.my
http://library.avinuty.ac.in:2061/journal/11082
http://library.avinuty.ac.in:2061/journal/11082
http://library.avinuty.ac.in:2061/journal/11671
http://library.avinuty.ac.in:2061/journal/12034


77 
 

 So Hyun Lee,Bipinchandra K. Salunke ,Beom Soo Kim,2014,“Sucrose density gradient 
centrifugation separation of gold and silver nanoparticles synthesized using Magnolia 
kobus plant leaf extracts”, Biotechnology and Bioprocess Engineering , 19(1): 169–174. 

 Soo Hyeon Lim,Eun-Young Ahn,Youmie Park,2016,“Green Synthesis and Catalytic 
Activity of Gold Nanoparticles Synthesized by Artemisia capillaris Water 
Extract’,Nanoscale Research Letters, 11:474 

 Soroush , Douglas Rice, Md Saifur Rahaman, François Perreault,2016,  “Antimicrobial 
Properties of Graphene Nanomaterials: Mechanisms and Applications” Graphene-
based Materials in Health and Environment,287-322 

 Sougata Ghosh,Sumersing Patil,Mehul Ahire,Rohini Kitture,Deepanjali D Gurav,Amit M 
Jabgunde,Sangeeta Kale,Karishma Pardesi,Vaishali Shinde,Jayesh Bellare,Dilip D Dha
vale,Balu A Chopade,2012, “Gnidia glauca flower extract mediated synthesis of gold 
nanoparticles and evaluation of its chemocatalytic potential”Journal of 
Nanobiotechnology, 10:17. 

 Sousan Gholamrezaei,Masoud Salavati-Niasari,2016, “Natural sensitizer for low cost 
dye sensitized solar cell based on Strontium Titanate nanoparticles” Journal of 
Materials Science: Materials in Electronics,27(3): 2467–2472. 

 Sreekanth, Muthuraman Pandurangan.T. V. M,Min-Ji Jung,Yong Rok Lee,In-
Yong Eom,2016, “Eco-friendly decoration of graphene oxide with green synthesized 
silver nanoparticles: cytotoxic activity” ,Research on Chemical 
Intermediates,42(6):5665–5676. 

 Sreekanth. T. V. M, P. C. Nagajyothi,N. Supraja, T. N. V. K. V. Prasad,2015, 
“Evaluation of the antimicrobial activity and cytotoxicity of phytogenic gold 
nanoparticles” Applied Nanoscience, 5(5): 595–602. 

 Subhajit Das, Braja Gopal Bag, Ranadhir Basu (2015), “Abroma augusta Linn bark 
extract-mediated green synthesis of gold nanoparticles and its application in catalytic 
reduction”, Applied Nanoscience, 5(7): 867–873. 

 Subrata Kundu,Anjali Pal,Sujit Kumar Ghosh,Sudip Nath,Sudipa Panigrahi,Snigdhamay
ee PraharajSoumen Basu,Tarasankar Pal,2005, “Shape-controlled Synthesis of Gold 
Nanoparticles from Gold(III)-chelates of β-diketones,” Journal of Nanoparticle 
Research, 7(6): 641–650. 

 Suhail A. A. R. Sayyed, Niyamat I. Beedri, Habib M. Pathan, 2016, “Spinach extract 
and Eosin-Y co-sensitized ceria photoanode for dye sensitized solar cell application: 
effect of dye adsorption time”, Journal of Materials Science: Materials in Electronics, 1–
7. 

 Suhail A. A. R. Sayyed,Niyamat I. Beedri,Vishal S. Kadam,Habib M. Pathan,2016,“Ros
e Bengal sensitized bilayered photoanode of nano-crystalline TiO2–CeO2 for dye-
sensitized solar cell application” Applied Nanoscience,6(6): 875–881. 

 Suresh Chandra, 2012,” Recent Trends in High Efficiency Photo-Electrochemical Solar 
Cell Using Dye-Sensitised Photo-Electrodes and Ionic Liquid Based Redox 
Electrolytes” Physical Sciences, 82(1): 5–19. 

 Swain.S ,S. K. Barik,T. Behera,S. K. Nayak,S. K. Sahoo,S. S. Mishra,P. Swain,2016,”G
reen Synthesis of Gold Nanoparticles Using Root and Leaf Extracts of Vetiveria 
zizanioides and Cannabis sativa and its Antifungal Activities”BioNanoScience, 
6(3):205–213. 

 Swapna Lilly Cyriac,B Deepika,Bhaskaran Pillai,S V Nair,K R V Subramanian ,2014, 
“Development of a new solid-state absorber material for dye-sensitized solar cell 
(DSSC)” Bulletin of Materials Science,37(3): 685–693. 

 Takashi Ogi, Norizoh Saitoh, Toshiyuki Nomura, Yasuhiro Konishi, 2010, “Room-
temperature synthesis of gold nanoparticles and nanoplates using Shewanella algae 
cell extract” Journal of Nanoparticle Research, 12(7):2531–2539. 

 Tapas k ghosh,shirshendu gope,dipak rana,indranil roy,gunjan sarkar,sourav sadhukha
n,amartya bhattacharya,krishnendu pramanik,sanatan chattopadhyay,mukut chakrabort
y,dipankar chattopadhyay,2016,”Physical and electrical characterization of reduced 
graphene oxide synthesized adopting green route” Bulletin of Materials Science, 39( 2): 
543–550. 

mailto:francois.perreault@asu.edu


78 
 

 Tekerek .S, A. Kudret, Ü. Alver (2011), “Dye-sensitized solar cells fabricated with black 
raspberry, black carrot and rosella juice” Indian Journal of Physics, 85(10): 1469–1476.  

 Thambidurai. M ,N. Muthukumarasamy,Dhayalan Velauthapillai,N. Sabari 
Arul,S. Agilan,R. Balasundaraprabhu,2011, “Dye-sensitized ZnO nanorod based 
photoelectrochemical solar cells with natural dyes extracted from Ixora coccinea, 
Mulberry and Beetroot” Journal of Materials Science: Materials in Electronics,22(11): 
1662–1666. 

 Thirumurugan,S. Ramachandran,Neethu Anns Tomy,G. J. Jiflin,G. Rajagomathi,2012,”
Biological synthesis of gold nanoparticles by Bacillus subtilis and evaluation of 
increased antimicrobial activity against clinical isolates”, Korean Journal of Chemical 
Engineering, 29(12): 1761–1765. 

 Thu Ha Thi Vu, 2015, “A new green approach for the reduction of graphene oxide 
nanosheets using caffeine” Bulletin of Materials Science, 38,(3): 667–671. 

 Tréguer-Delapierre.M,J. Majimel,S. Mornet,E. Duguet,S. Ravaine(2008), “Synthesis of 
non-spherical gold nanoparticles”, Gold Bulletin, 41(2):195–207. 

 Trinidad Ruiz Téllez, Elsa Martín de Rodrigo López, Gloria Lorenzo Granado, Eva 
Albano Pérez, Ricardo Morán López and Juan Manuel Sánchez Guzmán, 2008,”The 
Water Hyacinth,Eichhornia crassipes: an invasive plant in the Guadiana River Basin 
(Spain)” Aquatic Invasions 3(1): 42-53. 

 Tyagi Tulika, Agrawal Mala, 2015,“Pharmaceutical potential of aquatic plant Pistia 
stratiotes (L.) and Eichhornia crassipes” Journal of Plant Sciences,ISSN: 2331-0723 
(Print); ISSN: 2331-0731 (Online). 

 Vetchinkina,E. P ,A. M. Burov,M. V. Ageeva,L. A. Dykman,V. E. Nikitina,2013,”Biologic
al synthesis of gold nanoparticles by the xylotrophic basidiomycete Lentinula 
edodes”Applied Biochemistry and Microbiology, 49(4):406–411. 

 Vijay C Verma,Santosh K Singh,Ravindra Solanki,Satya Prakash,2011“Biofabrication of 
Anisotropic Gold Nanotriangles Using Extract of Endophytic Aspergillus clavatus as a 
Dual Functional Reductant and Stabilizer” ,Nanoscale Res Letter,6:16. 

 Vijay C Verma,Swechha Anand,Christian Ulrichs,Santosh K Singh,2013,“Biogenic gold 
nanotriangles from Saccharomonospora sp., an endophytic actinomycetes of 
Azadirachta indica A. Juss” International Nano Letters, 3:21. 

 Vijayaraj,R. Prabu,R. Suresh,S. Sundaramoorthy,D. Velmurugan,V. Narayanan ,2013, 
“Synthesis, crystal structure, magnetic, DSS cell, lifetime measurement, 
electrochemical, catecholase activity, and antimicrobial studies of mono and hetero 
binuclear cryptates”, Journal of the Iranian Chemical Society,10(1): 63–76 

 Villamagna. A. M and B. R. Murphy, 2010, Ecological and socio-economic impacts of 
invasive water hyacinth (Eichhornia crassipes): a review Freshwater Biology, 55(2). 

 Vinay Ananthachar, 2007, “Current and Next Generation Solar Cell Market Outlook”,  
ISES World Congress, I, V: 2951-2955. 

 Wu-yang Wang ,Da-peng Cao,Chao Wang ,Xiang-yu Zhang,Bao-xiu Mi ,Zhi-
qiang Gao,Zhong-cheng Liang,2016, “A higher performance dye-sensitized solar cell 
based on the modified PMII/EMIMBF4 binary room temperature ionic liquid electrolyte” 
Optoelectronics Letters,12(4): 245–248. 

 Wycliffe Chisutia Wanyonyi,John Mmari Onyari,Paul Mwanza Shiundu,2013,“Adsorptio
n of Methylene Blue Dye from Aqueous Solutions Using Eichhornia crassipes” Bulletin 
of Environmental Contamination and Toxicology ,91(3): 362–366. 

 Xiaodan Yan, Lingzhi Zhang, 2013, “Polyethylene glycol-modified poly (3, 4-ethylene 
dioxythiophene):poly(styrene sulfonate) counter electrodes for dye-sensitized solar cell” 
Journal of Applied Electrochemistry, 43(6): 605–610. 

 Xinde Jiang,Daohua Sun,Genlei Zhang,Ning He,Hongyu Liu,Jiale Huang,Tareque Odo
om-Wubah,Qingbiao Li ,2014, “Investigation of active biomolecules involved in the 
nucleation and growth of gold nanoparticles by Artocarpus heterophyllus Lam leaf 
extract”, Journal of Nanoparticle Research,15(6):11. 

 Xinwei Chen, Nengsheng Ye, 2016,”Graphene Oxide-Reinforced Hollow Fiber Solid-
Phase Microextraction Coupled with High-Performance Liquid Chromatography for the 
Determination of Cephalosporins in Milk Samples”, Food Analytical Methods, 9(9): 
2452–2462. 



79 
 

 Xueyang Liu,Jian Fang,Yong Liu,Tong Lin,2016, “Progress in nanostructured 
photoanodes for dye-sensitized solar cells” Frontiers of Materials Science, 10(3): 225–
237. 

 Yallappa.S ,J. Manjanna,B. L. Dhananjaya,U. Vishwanatha,B. Ravishankar,H. Gururaj,
2015, “Phytosynthesis of gold nanoparticles using Mappia foetida leaves extract and 
their conjugation with folic acid for delivery of doxorubicin to cancer cells”, Journal of 
Materials Science: Materials in Medicine, 26:235. 

 Yasmin Akbar, Kumaraswamy Ramesh, Shanmugam Rajeshkumar, 2014, 
“Optimization and stabilization of gold nanoparticles by using herbal plant extract with 
microwave heating”, Nano Converg, 1(1): 12. 

 Yaxiong Cao,Jun Cheng,Fang Zhang ,Xiaozhong Liang ,Jie Li ,Kunpeng Guo, 
Shihe Yang,2016,  “Molecular engineering of dithiafulvene organic sensitizers with 
pyridine acceptor for high efficiency dye-sensitized solar cells”, Science China 
Materials,59(10): 797–806. 

 Yi Zhang,Bao Zhang,Xiao Peng,Lin Liu,Shuo Dong,Liping Lin,Si Chen,Shuxian Meng,Y
aqing Feng ,2015, “Preparation of dye-sensitized solar cells with high photocurrent and 
photovoltage by using mesoporous titanium dioxide particles as photoanode material” 
Nano Research, 8(12): 3830–3841. 

 Yogesh Nangia,Nishima Wangoo,Nisha Goyal,G Shekhawat,C Raman Suri,2009, “A 
novel bacterial isolate Stenotrophomonas maltophilia as living factory for synthesis of 
gold nanoparticles” Microbial Cell Factories,8:39. 

 Yong Yu, Laosheng Wu, 2013 “Application of graphene for the analysis of 
pharmaceuticals and personal care products in wastewater”, Analytical and 
Bioanalytical Chemistry, 405(14):4913–4919. 

 Yongming Meng, Yu Lin, Yibing Lin, 2013, “Synthesis of two-dimensional ZnO 
nanosheet-structures for the application in dye-sensitized solar cells”, Journal of 
Materials Science: Materials in Electronics, 24(12): 5117–5121. 

 Yuanyuan Chen, Bao Zhang, Yaqing Feng, 2016, “N-doped TiO2 applied in low-
temperature-based dye-sensitized solar cells”, Research on Chemical Intermediates, 
42 (8): 6705–6718. 

 Yudan Luo,Jie Shen,Rui Cheng,Xiaohong Chen,Yiwei Chen,Zhuo Sun,Sumei Huang 
,2015, “Facile synthesis of mixed-phase cobalt sulfide counter electrodes for efficient 
dye sensitized solar cells” Journal of Materials Science: Materials in Electronics,26(1): 
42–48. 

 Yunyoung Noh, Ohsung Song, 2014, “Properties of a Ru/Ti bilayered counter electrode 
in dye sensitized solar cells”, Electronic Materials Letters, 10(1):271–273. 

 Yunyoung Noh, Ohsung Song, 2014, “Properties of the nano-thick Pt/W bilayered 
catalytic layer employed dye sensitized solar cells” Electronic Materials Letters, 
10(3):627–630. 

 Yu-Rim Bak,Gyeong-Ok Kim,Moon-Jin Hwang,Kwon-Koo Cho,Ki-Won Kim,Kwang-
Sun Ryu,2011, “Fabrication and performance of nanoporous TiO2/SnO2 electrodes with 
a half hollow sphere structure for dye sensitized solar cells”, Journal of Sol-Gel Science 
and Technology,58(2): 518–523. 

 Zeinab Sheikhloo, Mojtaba Salouti, Farzad Katiraee, 2011, “Biological Synthesis of 
Gold Nanoparticles by Fungus Epicoccumnigrum”, Journal of Cluster Science, 22(4): 
661–665.  

 Zhang Lan,Lu Liu,Miaoliang Huang,Jihuai Wu,Jianming Lin,2015, “Preparation of nano-
flower-like SnO2 particles and their applications in efficient CdS quantum dots 
sensitized solar cells” Journal of Materials Science: Materials in Electronics,26(10): 
7914–7920. 

 Zhao. M, M.-F. Zhou,H. Feng,  X.-X. Cong, X.-L. Wang,2016,”Determination of 
Tryptophan, Glutathione, and Uric Acid in Human Whole Blood Extract by Capillary 
Electrophoresis with a One-Step Electrochemically Reduced Graphene Oxide Modified 
Microelectrode”, Chromatographia,79(13): 911–      918. 

 Zhi Yang,Zhaohui Li,Xuxing Lu,Fengjiao He,Xingzhong Zhu,Yujie Ma,Rong He,Feng G
ao,Weihai Ni,Yasha Yi,2017, “Controllable Biosynthesis and Properties of Gold 
Nanoplates Using Yeast Extract”,Nano-Micro Letter,9:5. 

http://library.avinuty.ac.in:2061/journal/10337


80 
 

 Zhijuan Wang, 2012,”Comparative studies on single-layer reduced graphene oxide 
films obtained by electrochemical reduction and hydrazine vapor reduction” Nanoscale 
Research Letters, 7:161 

 Zuohua Liu,Haijian Feng,Xing Fan,Xiaoying Zhang,Jun Du,Guixin Cai,Changyuan Tao,
2014, “Wet-process preparation of nickel-based photoanode for TCO-less fiber-shaped 
dye-sensitized solar cells” ,Journal of Solid State Electrochemistry,18(3): 763–769. 

 http://link.springer.com/chapter/10.1007/978-81-322-2310-8_11 
 http://link.springer.com/chapter/10.1007/978-981-4451-48-2_64 
 http://www.ijias.issr-journals.org/ 
 http://www.understandingnano.com/nanoparticles.html 
 (http://www.flowersofindia.net/catalog/slides/Water%20Hyacinth.htm) 
 (http://www.infoplease.com/encyclopedia/science/plant-importance-plants.html). 
 https://phys.org/news/2016-02-sustainable-technique-recovers-gold-e-waste.html 
 https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=426

23 
 https://www.thoughtco.com/how-to-purify-alcohol-using-distillation-608263 
 http://www.pharmainfo.net/book/pharmaceutical-machines/hot-air-oven 

 

BIBLIOGRAPHY 

 William Kemp, 1987,”Organic Spectroscopy”English language book 

society/Macmillan, 58-60. 

 

 

 

 


