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 Semiconductor oxide layer like ZnO and TiO2 coated FTO glass act as 

photoelectrode for dye-sensitized solar cells; enhanced power conversion by 

DSSCs is achievable through the selection of the optimum conditions for the 

fabrication process. A plasmonic effect of bio-synthesized silver nanoparticles 

(AgNPs) embedded in TiO2 photoanode was studied for performance 

improvement. Silver nanoparticles were synthesized using the cell-free extracts 

of Coelastrella sp MG257917, the properties of the nanoparticles were 

determined using UV-vis spectrophotometry, Fourier Transform Infrared 

Microscopy (FT-IR), Scanning Electron Microscopy (SEM), and Energy - 

Dispersive X-ray (EDX). The influence of the nanoparticles embedded at 

different quantity and different dye loading time on optical properties of the 

modified photoanode was carried out using UV-vis spectrophotometry. The 

fabricated cells were exposed to a dark and light intensity of 100 mW/cm2 to 

evaluate the solar to electrical conversion efficiency. The nanoparticles were 

spherical and the particle size ranged from 21 -105 nm. The EDX examination 

revealed that silver was the element with the highest composition (97.96 %). 

The optimum quantity of CO-AgNPs to TiO2 was 1:1 while the dye loading 

time was 15 hours. The solar to electrical conversion efficiency of the 

biosynthesized CO-AgNPs cells was 1.09 % (light) and 0.95 % (dark) while 

conversion efficiency of the TiO2 cell was 0.03 % (under light) and 0.004 % 

(dark). 
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1.0 Introduction 

Nanotechnology is a new area of research in science which involves the synthesis of nanomaterials from 

already existing materials ranging from living to non-living things. The resulting nanomaterials from the 

synthesis have been known to possess distinct optoelectronics and physical properties that have qualified 

them for application in wide areas (Castro et al. 2013). Nanoparticles (NPs) are very minute in terms of 

size but more reactive, this is because of the increased surface area of reaction which results in improved 

properties and reaction of the material (Vincy et al. 2017). Nanoparticles could either be naturally 

synthesized, engineered, or incidental (Vincy et al. 2017). Different methods exist through which metallic 

nanoparticles can be produced; these include physical and chemical methods. These methods are associated 

with the production of materials that are not easily biodegraded and it also has a deleterious effect on the 

immediate environment (Kumar et al. 2016). Biological Synthesis of nanoparticles using biologically based 

materials is recently encouraged because of low toxicity level, cost-effectiveness, and environment-

friendliness (Singaraelu et al. 2007). 

Nanoparticles have found wide applications in various fields which include: photography;  production of 

fluorescent tubes, laser and sensor; biological labelling; photocatalysts in photoreactions, optoelectronics, 

production of cosmetics, photonics coatings, drug delivery, production of antimicrobial agents, textile 

engineering, wastewater treatment, biotechnology and bioengineering (Niemeyer et al. 2003; Lee and 

Jeung 2005; Wiley et al. 2007; Soloveve et al. 2007; Buzea et al. 2007; Cheng et al. 2008; Cao et al. 2010; 

Son et al. 2011; Vilela et al. 2012). Nanoparticles have been synthesized from different biological materials 

and these include bacteria, fungi, plant, yeast, actinomycetes (Kaushik et al. 2010; Huh 2011; Nayanayanan 

and Sakthivel 2000, 2011). From all the biomaterials that have been considered previously, synthesis of 

nanoparticles from algae has not been fully exploited to the best of our knowledge. 

Synthesis of nanoparticles from algae has shown some advantages over other organisms equally used as 

bio-agent in synthesizing nanoparticles. These advantages include: reduction in time of synthesis (Thakkar 

et al. 2010; Rauwel et al. 2015) its application in scaling up of silver nanoparticles and absence of culture 

and maintaining process (Singh et al. 2012). Algae-based nanoparticles have been known for their 

antimicrobial activities against pathogenic organisms. Silver nanoparticles synthesized using Scenedesmus 

abundans (Aziz et al. 2014; Caulerpa racemosa (Kathiraven et al. 2014); Synechococcus sp, Phormidium 

sp, Gleocapsa sp, Spirulina sp, Lyngbya sp, (Sudha et al. 2012); Chlorella vulgaris, Chaetoceros 

calcitranta (Karthikeyan et al. 2015) and Neodesmus pupukensis (Omomowo et al. 2020) have been 

reported as potential antimicrobial agent against some pathogenic bacteria. The application of algal-based 

nanoparticles in optoelectronics especially in photovoltaic cells has been rarely reported. 

 Dye-sensitized solar cells (DSSCs) are photovoltaic cells which absorbs photon energy from sunlight and 

efficiently converts solar into electrical energy with the aid of different photoelectrochemical components 

which are inexpensive (Lim et al. 2014; Fan et al. 2017). Different components interact together in DSSCs 

for its effective performance. These components include an electrode, electrolyte, counter electrode, and 

light-absorbing dye. When the cell is exposed to light, the dye material absorbs photon energy of a known 

value resulting in excitation of an electron. This electron migrates from the positively charged dye and gets 

deposited on the metal oxide semiconductor which has a wide bandgap, it then moves through the electrode 

to an external circuit (Gallegos and Alvarado, 2015; Dumbrava et al. 2016). 

 A semiconductor or photoanode can effectively improve the performance of DSSCs if it has a large surface 

area and the thickness which can enhance the rate and impact of dye loading unto it (Rothenberger et al. 

1999). The use of nanomaterials as photoanodes has been reported as the best choice in harvesting of light 

and extraction of charges thereby resulting in enhanced photovoltage, photocurrent, and fill factor (Panchal 

and Shah 2015). Titanium oxide has been commonly used as photoanodes because it is cheap, readily 

available, non-toxic and has a wide energy bandgap (Frank et al. 2004; Green et al. 2005; Nazeeruddin et 

al. 2011). Apart from TiO2 as photoanodes, zinc oxide has also been adopted as photoanode having the 

second-best performance after TiO2 (Keis et al. 2002; Longyue et al. 2006; El- Agez et al. 2012). 

 The performance of DSSC also depends on the morphology, phase compositions, and other properties 

(Alivov and Fan 2009; Li et al. 2009). Improving the performance of TiO2 has been achieved by mixing 
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TiO2 with different size, phase composition, and morphology (Zhang et al. 2008; Liu and Aydil 2009). 

Also, TiO2 has been coated with metals to enhance its performance as photoanode, the challenge 

encountered using these metal coated photoanode was thermal instability (Mcevoy 2007; Yella 2011; 

Macaira 2013). In order to improve the performance of photoanodes without the use of toxic chemicals or 

metals which can result in thermal instability, there is need to investigate materials which are non -toxic 

and at the same time stable in operation. The use of algal mediated nanoparticles as co-photoanode material 

to enhance the performance of DSSCs has been rarely documented. In this work, silver nanoparticles 

synthesized using microalgae were used as co photoanode material with TiO2. 

2.0  Materials and Methods 

  2.1 Harvesting and preparing microalga powder 

 Coelastrella sp MG257917 previously isolated in our lab was cultured in BG 11 medium (Adenigba et al., 

2020). The culture flask was incubated under natural light and the flasks were shaken twice daily to allow 

uniform penetration of light. The alga biomass was harvested on the 21st day using a centrifuge at 5000 

rpm for 20 min. The biomass of the alga was washed with sterile distilled water to remove the culture 

medium that was present in the cell (Aziz et al. 2014). The algae powder was obtained by drying the filtrate 

obtained at 80oC. 

2.2 Synthesis of silver nanoparticles from microalgae 

Silver nanoparticles were synthesized from the microalgae following the work of Aziz et al. (2014). One 

gram of algal powder was hydrolyzed by adding 100 ml of distilled water to the powder and boiled at 100oC 

for 20 minutes. The cell-free extract of the microalga was removed from the mixture in a centrifuge at 5000 

rpm for ten minutes. To synthesis silver nanoparticles from the extract, 90 ml of 1 mM AgNO3 was added 

to 1 ml of the extract. The mixture was observed for colour change.  

2.3 Characterization of silver nanoparticles synthesized from microalgae 

Bioreduction of silver nanoparticles was first observed with the change in colour and the spectra of the 

reaction mixture were measured using a Double beam spectrophotometer using a quartz cuvette of 1 cm 

optical path length with spectra range from 300 and 800 nm. The silver nanoparticle of the microalga was 

prepared for scanning electron microscopy (SEM) to determine the size and morphology of the 

nanoparticles. The elemental composition of the silver nanoparticles was measured with the same 

equipment. FT-IR measurement was carried out using Fourier-transform infrared spectroscopy (FTIR, 

Nicolet Avatar, Thermo, US) in the range of 4000-400 cm-1 was used to determine the presence of the 

different functional groups present in the silver nanoparticle. 

2.4  Extraction of dye from the macroalga  

Organic dye was prepared from a macroalga, Eichhornia crassipes. Eichornia crassipes were washed with 

distilled water, dried, and ground to powder. One gram of the powder was immersed in 100 ml of absolute 

ethanol; the mixture was left for 48 hrs. The solution was filtered using Whatman filter paper (125 mm), the 

biomass was discarded while the dye- ethanol solution was obtained. The solution was placed in a rotary 

evaporator to remove the solvent from the dye. The UV absorption spectrum of the dye was measured and 

the dye was used as a sensitizer in DSSCs.  

2.5  Determination of optimum conditions for the efficiency of dye-sensitized solar cells. 

2.5.1 Determination of the optimum quantity of titanium dioxide and nanoparticles as photoanode 

Three gram (3g) of TiO2 nanopowder was poured into 25 ml of ethanol, the mixture was sonicated for 45 

minutes at 90 °C on a hot plate with a magnetic stirrer until a homogenous paste was obtained. Suspension 

of silver nanoparticles of Coelastrella sp (CO-AgNPs) and TiO2 were prepared using different mixing ratio 

to determine the best quantity of each material which will give the highest absorbance. The volume of the 

nanoparticles suspension ranged from 1 ml to 6 ml with one step while the quantity of TiO2 added to the 

nanoparticles was 1 ml and this was made constant. Optical characterization was carried out to determine 

the best concentration.  
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2.5.2  Determination of the best dye loading time 

The best algal silver nanoparticle -TiO2 mixing ratio from the previous experiment was selected. Six different 

substrates were prepared for this experiment. The substrates were placed in the dye and were withdrawn 

from the dye every 3 hours (i.e 3, 6, 9, 12, 15, and 18 hrs). The substrates were characterized after 18 hours 

and the absorbance of each dye loading time was calculated and compared.   

2.6  Fabrication of dye-sensitized solar cell                                                                                                                                                                                                                                       

2.6.1  Assemblage of dye-sensitized solar cell  

The optimum conditions obtained above were adopted in the fabrication of algal dye-sensitized solar cells. 

The Doctor Blade technique was used in the deposition of the CO-AgNPs +TiO2 on the conductive glass 

while a control photoanode with the only TiO2 without any nanoparticles was also prepared. The 

photoanodes were placed on a hot plate to be heated at 150 °C for 10 min. Each photoanode was dipped into 

a dye solution for the optimum dye loading time obtained in the earlier experiment. The counter electrode 

was prepared by using a graphite pencil to deposit graphite on the conductive side of the glass. The anode 

was removed from the dye solution, rinsed with ethanol, and combined with the cathode, Lugol's iodine 

which was used as the electrolyte was placed in between the two electrodes. A binder clip was used to hold 

the electrodes together. 

2.6.2  Current-Voltage (IV) characterization of the fabricated algal-based DSSC  

The fabricated DSSC of each microalga was characterized to obtain both the photocurrent and voltage using 

a solar simulator (Newport model No. 9600) with incident light power of 100 mW/cm2 (AM 1.5). The cell 

surface area exposed to the light was 1 cm2. The cell was exposed to light and dark to investigate the 

behaviour of the bio-synthesized AgNPs cells under different conditions. 

3.0 Results and Discussion 

The addition of 1 mM AgNO3 to the cell-free extract of Coelastrella sp resulted in a colour change of the 

mixture from pale green to brown within 25 minutes of incubation (Figure 1). The rapid colour change was 

compared with existing reports on the biosynthesis of nanoparticles using algae. The colour change from 

light green to brown observed in the synthesis of silver nanoparticles in this work is in line with the report 

of Dubey et al., 2009; Ahmad et al., 2003; Aziz et al., 2014; Karthikeyan et al., 2015. A similar change in 

colour was observed in the silver nanoparticles synthesized from microalgae. The colour change was 

reported to be a result of excited electrons which are the outcome of plasmon vibrations. 

 

Figure 1: Progressive colour change in the bio-synthesized AgNPs (A= 1 mM AgNO3; B= mixture of 

Coelastrella sp and AgNO3 at 0 hr; C= synthesis at 25 minutes; E= synthesis at 30 minutes). 
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3..2 UV-visible absorption spectrophotometry 

The bioreduction process was further monitored using UV-vis spectrophotometer, the surface plasmon 

resonance of the nanoparticles of Coelastrella sp was at 430 nm (Figure 2). This absorption spectrum was 

similar to those reported for silver nanoparticles of Turbinaria conoides, a brown marine alga which had a 

broad spectrum at 420 nm (Rajeshkumar et al. 2012). Karthikeyan et al. (2015) also reported synthesis of 

AgNPs from both C.vulgaris and C. calcitrans with a strong Plasmon vibration at 436 nm and 420 nm 

respectively. Aziz et al. (2014) reported a broad peak of 420 nm from AgNPs synthesized from 

Scenedesmus abu. 

 

Figure 2:  UV-vis spectrum of silver nanoparticles synthesized from Coelastrella sp. 

 

3.1.3 Scanning Electron Microscopy 

The determination of both morphology and size of the nanoparticles was carried out using SEM. The 

polydispersed nanoparticles have a spherical shape with size ranging from 21 -105 nm (Figure 3). The 

spherical shape could be as a result of the presence of some capping agents which have adhered to the 

surface of the AgNPs (Vivek et al. 2011). Spherical shaped silver nanoparticles from Caulerpa racemosa 

ranged in sizes from 5 to 25 nm, this was lower than the nanoparticles synthesized in this work. Sudha et 

al. (2013) synthesized nanoparticles from some cyanobacteria isolated from the mangrove forest. The 

nanoparticles were polydispersed and spherical with sizes ranging from 44 to 79 nm. 
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Figure 3: SEM image of silver nanoparticles synthesized from Coelastrella sp 

3.1.4 Energy- dispersive x-ray 

The EDX carried out on CO-AgNPs showed that silver was the most prevalent element and the weight 

composition of 97.96 % and a strong energy signal at 3 keV (Figure 4).  

 

Figure 4:  EDX of silver nanoparticles from Coelastrella sp 

3.1.5 Fourier transform infrared spectroscopy 

The FT-IR spectroscopy reveals the presence of different functional groups with peaks at 3287 cm-1, 2103 

cm-1, and 1637 cm-1 (Figure 5). These are typically broad peak H - bond of alcohol, C≡C and C≡N stretching 

vibrations, and olefinic C=C stretch of alkenes. The functional groups which took part in the synthesis of 

the nanoparticles were H-bond of alcohol, C≡C and C≡N stretching vibrations, and olefinic C=C stretch of 

alkenes (Devi and Bhimba 2012). These functional groups were responsible for the capping and 
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stabilization of nanoparticles (Castro et al. 2013). Similar to the FTIR analysis in this study, Zheng et al. 

(2015) reported the participation of aromatic compounds, alkane, or amine as capping agents for silver 

nanoparticles in seawater. 

 

 

Figure 5: FTIR spectra of silver nanoparticles synthesized from cell-free extract of Coelastrella. sp. 

 3.2 Uv-Vis absorption Studies of Extracted Dye from E. crasspies 

The dye extracted from Eichornia crassipies had five different absorbance peaks at 414.0 nm, 504 nm, 536 

nm, 608 nm, and 666 nm (Figure 6). It was able to absorb light at both ultraviolet and visible region. 

Absorbance at 666 nm suggests the presence of chlorophyll while the other spectra confirm the presence 

of other pigments apart from chlorophyll. This agrees with a report by Adedokun et al. (2016) that 

carotenoids absorb spectra with wavelength ranging from 400 -550 nm. Also, Dumbrava et al. (2016) 

extracted dye from Enteromorpha intestinalis and had absorbance spectra with two broad bands and two 

peaks on 413 nm and 663 nm which confirm the presence of both carotenoids and chlorophyll. Chlorophyll 

is important for energy harvesting, energy conversion from solar to chemical energy, and transfer of 

electrons to the photoanode (Adedokun et al. 2017). However, carotenoids are also important pigments in 

photosynthetic organisms like algae. They aid in solar energy absorption for photosynthesis and also 

prevent the destruction of chlorophyll from the effect of excessive light (Armstrong and Hearst, 1996). 

  

 

Figure 5:  UV -vis absorption spectra of dye extracted from Eichornia crassipies 
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3.3 Optimum conditions for the efficiency of dye-sensitized solar cells.  

3.3.1 Optical properties of nanoparticles at different TiO2 and nanoparticles concentration  

Different quantity of Coelastrella sp based silver nanoparticles were embedded in TiO2  nanopowder, the 

optical properties of each suspension in terms of absorbance and reflectance were measured. The optimum 

quantity with the highest absorbance of 3.14 a.u at 252 nm for CO-AgNPs was 1:1 (1 ml of AgNPs in 1 ml 

of TiO2). Much has not been reported on the use of AgNPs from microalgae as co photoanode material 

with TiO2. The cells had maximum absorbance mostly at the ultraviolet region with reflectance at the 

visible region for all the CO-AgNPs while the maximum reflectance of 34.33 % at 484.75 nm was obtained 

at 1:2 (Figure 6).  The maximum absorbance was obtained at 1:1 and the lowest reflectance was obtained 

at the same combination. The higher the absorbance of the cell, the lower the reflectance. 

 

Figure 6: Optical properties of TiO2 and silver nanoparticles from Coelastrella sp at different 

concentrations. 

 

3.6 Effect of different dye loading time on the optical properties of microalgal mediated cells 

 The TiO2 and silver nanoparticles coated substrate of each micro-alga with the highest absorbance from 

the previous experiment were immersed in the dye. They were removed at different dye loading hours (3 

hours, 6 hours, 9 hours, 12 hours, 15 hours, and 18 hours). The substrate was characterized to determine 

the absorbance and reflectance at each dye loading time. The dye loading time for AgNPs substrate of 
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Coelastrella sp with the maximum absorbance of 4.32 a.u at 248 nm was 15 hours, while the reflectance 

of  34.83 % at 998.94 nm was at 18 hours (Figure 7). The optical measurement in terms of absorbance and 

reflectance showed that the longer the cells stayed in the dye, the better the performance of the cell. Taya 

et al. (2013) reported the extraction of natural dyes from both fresh and dried materials, the optimum dye 

loading time for the cell in spinach extract was 12 hours. 

 

Figure 7: Optical properties of Coelastrella sp AgNPs substrate at different dye loading time 

 

3.7 Power conversion efficiency of algal-based dye-sensitized solar cells  

The behaviour of the algal nanoparticles and TiO2 based DSSCs were examined under simulated 

solar light of 100 mW/cm2. The graph of the photocurrent produced against voltage was plotted for the cell 

under both light and dark conditions. The DSSC fabricated using AgNPs of Coelastrella sp embedded in 

TiO2 as photoanode had a maximum current density of 3.6 mA/ cm2 under illumination while 3.7 mA/ cm2 

was obtained without illumination (Figure 8). The cell which contained only TiO2 as photoanode had a 

photocurrent density of 0.05 mA/ cm2   under the light while 0.019 mA/ cm2   was the dark current density 

in the absence of light (Figure 9). 
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Figure 8: Photocurrent and voltage plots obtained under light and dark by Coelastrella sp AgNPs -TiO2 

based DSSC. 

 

Figure 9: Photocurrent and voltage plots obtained under light and dark by TiO2 based DSSC. 

Photoelectrochemical parameters which include: short circuit current (Jsc), open-circuit voltage (Voc), 

maximum current (Imax), maximum voltage (Vmax), fill factor (FF) and energy conversion efficiency (Ƞ) 

were extracted from the current and voltage (IV) relationship of the cell (Table 1). The bio-synthesized 

AgNPs based cell had solar to the electrical energy conversion efficiency of 1.09 % when exposed to light 

while the conversion efficiency of the cell in the absence of light was 0.95 %. On the other hand, the cell 

with only TiO2 as photoanode had a conversion efficiency of 0.03 % when exposed to light and 0.004 % in 

the absence of light. Algal based nanoparticles have found use in different areas, especially as antimicrobial 

and antioxidant agents. The photoelectronic properties of algal-based nanoparticles were harnessed in this 

work and the nanoparticles of Coelastrella sp was used in combination with TiO2 as photoanode in DSSC. 

There are different components in DSSC that interact to determine the overall efficiency of the cell.  
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The highest conversion efficiency was obtained with cells exposed to light rather than when expose to dark. 

The bio-synthesized AgNPs based photoanode performed best under both light and dark conditions while 

the least efficiency was from photoanode with the only TiO2. The performance of the bio-synthesized 

AgNPs based DSSCs could be as a result of the algal nanoparticles embedded in TiO2 nanopowder 

photoanode. As photosynthetic organisms, they contain chlorophyll which can serve as a photosensitizer. 

As a result, the algal nanoparticles could have possibly acted as both photoanode and sensitizer. The 

efficiency of 0.95 % from the algal-based AgNPs DSSCs obtained in the dark proved that microalgae as 

photosynthetic organisms have both light and dark cycles. The low conversion efficiency of the TiO2 could 

be attributed to the organic dye used as a sensitizer; the TiO2 photoanode anode is dependent on the 

efficiency of the dye which traps photon from the sun and transfers electrons to the photoanode. 

Table 1   Photoelectrochemical parameters for algal silver nanoparticles based DSSC and only TiO2 based 

DSSC. 

Cells Voc (V) Isc ( A) Imax(mA) Vmax (V) Fill factor Efficiency (%) 

SCO Light 0.98 0.0038 0.0025 0.6 0.40 1.09 

SCO Dark 0.98 0.0036 0.0020 0.62 0.35 0.95 

SC Light 0.96 0.00005 0.00035 0.86 0.062 0.03 

SC Dark 0.92 0.000019 0.000014 0.84 0.007 0.004 

Key; SCO= AgNPs of Coelastrella sp;  SC=Control 

3.8 Conclusion 

The DSSC was fabricated using a modified photoanode (1:1 of CO-AgNPs and TiO2), the power 

conversion efficiency was 1.09% and 0.95% when exposed to light and dark respectively. The enhancement 

of TiO2 photoanode with silver nanoparticles synthesized from a microalga was achieved. Optimization of 

the other parameters apart from the two investigated in this work needs to be done to achieve better 

performance with the modified photoanode. 

References 

Adedokun O, Kamil T, and Awodugba AO (2016). Review on Natural Dye-Sensitized Solar Cells 

(DSSCs). Int J  Eng Technol 2: 34-41. 

Adedokun, O.,Sanusi, Y.K., Awodugba. A.O. (2017). Pigment Extractsof Citrus Peels as Light Sensitizers 

for Dye-Sensitized Solar Cells. Journal of Materials Sciences and Applications 3 (1):1-7. 

Ahmad, A., Mukherjee, P., Senapati, S.,Mandal, D., Khan, M.I., Kumar, R., and Sastry, M. (2003). 

Extracellular biosynthesis of silver nanoparticles using fungus Fusarium oxysporum. Colloid 

Surf.B2, 8(4): 313-318. 

Alivov, Y., and Fan, Z.Y (2009) Efficiency of dye sensitized solar cells based on TiO2 nanotubes filled  

with nanoparticles. Appl Phys Lett, 95:063504 

Aziz,N., Fatma, T., Ajit, V., and Ram, P.(2014).Biogenic Synthesis of Silver Nanoparticles Using 

Scenedesmus abundans and Evaluation of Their Antibacterial Activity.Journal of Nanparticles, 

ArticleID 689419, 1-6 doi.org/10.1155/2014/689419. 

Buzea, C., Pacheco I. I., and Robbie, K. (2007). Nanomaterials and nanoparticles: sources and toxicity. 

Biointerphases, 2 (4): 17–71. 

Castro, L., Blázquez, M.L., Muñoz, J.A., González, F., and Ballester, A.(2013). Biological synthesis of 

metallic nanoparticles using algae. IET Nanobiotechnology, 7(3): 109-116.  

Cao, A., Lu, R., and Veser., G.(2010). Stabilizing metal nanoparticles for heterogeneous catalysis. Phys. 

Chem. Chem. Phys., 12:13499–13510. 

Cheng, Y., Samia, C.A., Meyers, J.D., Panagopoulos, I., Fei, B., and Burda, C. (2008). Highly efficient 

drug delivery with gold nanoparticle vectors for in vivo photodynamic therapy of cancer. J. Am. 

Chem. Soc., 130(32): 10643–10647. 

Devi, J.S., and Bhimba, B.V.(2012). Anticancer Activity of Silver Nanoparticles Synthesized by the 

Seaweed Ulva lactuca Invitro. Scientific Reports, 1: 242-246 



Archive of Science & Technology 1 (2020) 13 - 25 

V.O. Adenigba et al. /  Archive of Science & Technology 1 (2020) 13 – 25                     24 

Dubey, M., Seema, B., and Kushwah, B.S. (2009). Green synthesis of nanosilver particles from extract of 

Eucalyptus hybrid (safeda) leaf. Digest Journal of Nanomaterials and Biostructures 4(3): 537 - 

543. 

Dumbrava, A., Lungu, J., and Ion, A.(2016). Green seaweeds extract as co-sensitizer for dye sensitized 

solar cells. Chemistry& Chemical Engineering, Biotechnology, Food Industry,17(1):013 – 025. 

El-Agez, T.M., Tayyan, A.A., Alkahlout, A., Taya, S.A., and Abdel-Latif, M.S. (2012). Dyesensitized 

solar cells based on ZnO films and natural dyes. International Journal of Materials and Chemistry, 

2 (3): 105-110. 

Fan, Y.H, Ho, C.Y., and Chang Y.J. (2017). Enhancement of Dye- sensitized Solar Cells Efficiency Using 

Mixed-Phase TiO2 Nanoparticles as Photoanode. Scanning, Article ID 9152973, 7 pages. 

doi.org/10.1155/2017/9152973. 

Frank, H.A., and Brudvig, G.W. (2004). Redox functions of carotenoids in photosynthesis. 

 Biochemistry, 43: 8607–8615. 

Gallegos, C.D.R., and Alvarado, M.S.A.(2015). Analysis of the Stationary and Transient Behavior of a 

Photovoltaic Solar Array: Modeling and Simulation. International Journal of Computer 

Applications, 127 (4): 26-33. 

Green, A. N. M.,  Palomares, E., Haque, S. A.,Kroon J. M., and Durrant, J. R. (2005).Charge transport 

versus recombination in dye-sensitized solar cells employing nanocrystalline TiO2 and SnO2 films. 

J. Phys. Chem. B, 109: 12525–12533. 

Huh, A.J., and Kwon, Y.J. (2011). Nanoantibiotics: a new paradigm for treating infectious diseases using 

nanomaterials in the antibiotics resistant era. J Control Release, 156 (2): 128–145. 

Karthikeyan, P., Mohan, D., Abishek, G. and Priya, R. (2015). Synthesis of silver nanoparticles using 

phytoplankton and its characteristics. International Journal of Fisheries and Aquatic Studies, 2(6): 

398-401.  

Kathiraven, T.,Sundaramanickam,A., Shanmugam, N., and Balasubramanian, T. (2014). Green synthesis 

of silver nanoparticles using marine algaeCaulerparacemosa and their antibacterial activity against 

somehuman pathogens. Appl.Nanosci., 5:499–504. 

Kaushik, N., Thakkar, M.S., Snehit, S., Mhatre, M.S., Rasesh, Y. (2010). Biological synthesis of metallic 

nanoparticles. Nanomed.Nanotechnol.Biol. Med., 2:257–262 

Keis, K., Magnusson, E., Lindström, H., Lindquist, S..E., and Hagfeldt, A. (2002). A 5% efficient 

photoelectrochemical solar cell based on nanostructured ZnO electrodes. Sol. Energy Mater. Sol. 

Cells., 73(1), 51–58. 

Kumar, B., Smita, K. and Cumbal, L. (2016). One pot synthesis and characterization of gold nanocatalyst 

using Sachainchi (Plukenetia volubilis) oil: green approach. IET Nanobiorechnology, 158: 55-60. 

Lee, H.J., and Jeong, S.H. (2005). Bacteriostasis and skin innoxiousness of nanosize silver colloids on 

textile fabrics. Text. Res. J , 75:551-556. 

Li, X., Cai, W., An, J., Kim, S., Nah, J., Yang, D., et al. (2009). Large-area synthesis of high-quality and 

uniform graphene films on copper foils. Science, 324, 1312–1314. 

Lim, J., Lee, M., Balasingam, S.K., Kim, J., Kim, D., and Jun, Y.(2013). Fabrication of panchromatic dye-

sensitized solar cells using pre-dye coated TiO2 nanoparticles by a simple dip coating technique. 

RSC Adv., 3: 4801–4805. 

Liu, B., and Aydil, E.S. (2009). Growth of Oriented Single-Crystalline Rutile TiO2  Nanorods on 

Transparent Conducting Substrates for Dye-Sensitized Solar Cells. J. Am. Chem. Soc., 131 (11): 

3985–3990. 

Longyue, Z., Songyuan, D., Weiwei, X., and Kongjia, W. (2006). Dye-Sensitized Solar Cells Based on 

ZnO Films. IOPScience, Plasma Science & Technology, 8 (2): 172-175. 

Maçaira, J.(2013). Review On Nanostructured Photoelectrodes For Next Generation Dye-Sensitized Solar 

Cells. Renewable And Sustainable Energy Reviews, 26: 837-852. 

Mcevoy, A. (2007). Applied Nanotechnology-The Dye-Sensitised Solar Cell, École Polytechnique 

Fédérale De Lausanne, Aarhus, Denmark. 

Narayana, K.B, and Sakthivel, N.(2010) Biological synthesis of metal nanoparticles by microbes, Adv. 

Colloid. Interface Sci.; Doi:10.1016/j.cis 201002:001. 

https://www.researchgate.net/scientific-contributions/2012504087_M_Dubey?_sg=LtSyWLCIK4vhCpuEdoisIYH1R8EGaXyjuZ-0n0k_9VzgXLJ7Wso7CP2oYmorC4GHE4d17lo.IWuN6Z70Zns1GsDod7vZJ1wSnOFTjBliNLp76KVnmpaWRJYwhBRXKuK4cB4aaX8gMKGg-HKAg8HCA2D7w97xHg
https://www.researchgate.net/profile/Bhadauria_Seema?_sg=LtSyWLCIK4vhCpuEdoisIYH1R8EGaXyjuZ-0n0k_9VzgXLJ7Wso7CP2oYmorC4GHE4d17lo.IWuN6Z70Zns1GsDod7vZJ1wSnOFTjBliNLp76KVnmpaWRJYwhBRXKuK4cB4aaX8gMKGg-HKAg8HCA2D7w97xHg
https://www.researchgate.net/scientific-contributions/2016646046_B_S_Kushwah?_sg=LtSyWLCIK4vhCpuEdoisIYH1R8EGaXyjuZ-0n0k_9VzgXLJ7Wso7CP2oYmorC4GHE4d17lo.IWuN6Z70Zns1GsDod7vZJ1wSnOFTjBliNLp76KVnmpaWRJYwhBRXKuK4cB4aaX8gMKGg-HKAg8HCA2D7w97xHg
https://pubs.acs.org/author/Liu%2C+Bin
https://pubs.acs.org/author/Aydil%2C+Eray+S


Archive of Science & Technology 1 (2020) 13 - 25 

V.O. Adenigba et al. /  Archive of Science & Technology 1 (2020) 13 – 25                     25 

Nazeeruddin, M.K., Baranoff, E., and Gratzel, M. (2011). Dye-Sensitized solar cells: A brief overwiew. 

Solar Energy, 85: 1172-1178. 

Niemeyer, M., Ceyhan, B., Hazarika, P. (2003) Oilgofunctional DNA-Gold Nanoparticle Conjugates. 

 Angew. Chem. Int. Ed; 42:5766-5770. 

Omomowo, I.O., Adenigba V.O., Ogunsona, S.B., Adeyinka, G.C., Oluyide, O.O., Adedayo, A.A., and 

Fatukasi, B.A. (2020). Antimicrobial and antioxidant activities of algal – ediated silver and gold 

nanoparticles. IOP Conf. Series; Materials Science and Engineering 805: 012010. 

Panchal, H., and Shah, K., and Padharia, M. (2015). Dye Sensitized Solar Cells - An Alternative to Silicon 

Based Photovoltaic Technology. Retrieved from https://bit.ly/2NeLy3H. 

Quester, K., Avalos-Borja, M. and Castro-Longoria, E. (2013). Biosynthesis and microscopic study of 

metallic nanoparticles. Micron, 54(55): 1-27. 

Rajeshkumar, S., Chellapadian, K. and Gurusamy, A. (2012). Green synthesis of silvernanoparticles using 

marine brown algae Turbinariaconoides and its antibacterial activity. Int.. J. Pharm. Bio. Sci., 3(4): 

502 – 510. 

Rauwe, P., Küünal, S., Ferdov, S., and Rauwe, E. (2015). A review on the green synthesis of silver 

nanoparticles and their morphologies studied via TEM. Adv Mater Sci Eng.,9: 682-749. 

Rothenberger, G., Comte, P., and  Graetzel, M. (1999). Solar Energy Mater. Solar Cells  58, 321-336. 

Singaravelu, G., Arockiyamari, J., Ganesh, K.V., and Govindaraju, K. (2007). A novel extracellular 

synthesis of monodisperse gold nanoparticles using marine alga, Sargassum wightii Greville. 

Colloids Surf B Biointerfaces, 57: 97–101. 

Singh, V.P., Srivastava, P.K., and Prasad, S.M. (2012). Differential effect of UV-B radiation on growth, 

oxidative stress and ascorbate-glutathione cycle in two cyanobacteria under copper toxicity. Plant 

Physiol. Biochem, 61:61–70. 

Solovev, A.Y., Potekhina, T.S., Chernova, I.A. (2007) Track membrane with immobilized colloid silver 

particles. Russ. J. Appl. Chem., 80(3):438-442. 

Son, Y., Yeo, J., and Moon, H.(2011).Nanoscale electronics: digital fabrication by direct femto second 

laser processing of metal nanoparticles, Adv. Mater., 23, (28): 3176–3182. 

Sudha, S.S., Rajamanickam. K.,  andRengaramanujam, J. (2013). Green synthesis of silver nanoparticles 

using marine algae Caulerparacemoseand their antibacterial activity against some human 

pathogens. Indian J Exp Biol., 52: 393–399. 

Taya, S.A T. M. El-Agez, H. S. El-Ghamri, and M. Abdel-Latif, (2013). Dye-sensitized  solar cells using 

fresh and dried natural dyes. International Journal of Materials         Science and Applications, 2: 37- 42.  

Thakkar, K.N., Mhatre, S.S. and Parikh, R.Y. (2010). Biological synthesis of metallic nanoparticles. 

Nanomed Nanotechnol Biomed, 6: 257–262. 

Vilela, D., González, M.C., Escarpa, A. (2012). Sensing colorimetric approaches based on gold and silver 

nanoparticles aggregation: chemical creativity behind the assay. A review. Anal. Chim. Acta, 

751:24–43 

Vincy, W., Jasmine, M., Sukumaran, S., and Jeeval,S.(2017). Algae as a source for synthesis of 

nanoparticles- A Review. International Journal of Latest Trends in Engineering and Technology. 

Special Issue- International Conference on Nanotechnology: The Fruition of Science, 005-009. 

Vivek M., Kumar P.S., Steffi S., and Sudha S.(2011). Biogenic silver nanoparticles by Gelidiella acerosa 

extract and their antifungal effects. Avicenna J. Med. Biotechnol., 3:143–148. 

Wiley, B.J., Chen, Y., McLellan, J.M., Xiong, Y., Li, Z., Ginger, D. (2007) Synthesis and optical 

 properties of silver nanobars and nanorice. Nano. Lett., 7:1032-1036. 

Yella, A. (2011). Porphyrin-Sensitized Solar Cells with Cobalt (II/III)–Based Redox Electrolyte Exceed 

12 Percent Efficiency. Science, 334 (6056): 629-634. 

Zhang, L., Shi,Y.,Peng, S.,Liang, J., Tao, Z., and Chen, J. (2008). Dye-sensitized solar cells made from 

BaTiO 3-coated TiO2nanoporous electrodes. Journal of Photochemistry and Photobiology A 

Chemistry, 197(2):260-265. 


