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ABSTRACT 
Contamination like oil and organic pollutants in water has a severe problem for 

aquatic life and human being; it is a need to preserve their life. These contaminants 

are added due to frequent oil spill accidents, and industrial as well as domestic 

waste. There is a need to develop methods and materials that show excellent ability 

to separate the oil and organic contaminants from water. Recently, 

superhydrophobic coated sponges, metals mesh, membranes and porous materials 

plays crucial role to separate oil and water from oil-water mixture. The micro and 

nonporous of substrate facilitate to enter liquid into it and 

superhydrophobic/superoliophilic property of substrate surface resist water and 

allows oil to enter into porous substrate. The various surface modified organic metal 

oxide nanoparticles are used to develop superhydrophobic surface on porous 

substrate. Among them SiO2 nanoparticles is promising material to preparation of 

superhydrophobic surface because of their cost-effectiveness and easy synthesis 

techniques.    This review focused on silica modified porous sponge, metal meshes, 

membrane and porous substrate for scalable oil-water separation application. 
 

KEYWORDS 
Superhydrophobic, Oil-water separation, porous sponge, Metal mesh and 

membrane. 

…………………………………………………………………………………………. 

1. INTRODUCTION 
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Frequent oil spill accidents and industrial chemical spills occurred in the sea and the 
ecosystem damage; such incidents have spread to impact the offspring. Therefore, 
considerable surviving organisms for several years after the impact [1-2] efforts have 
been done to remove oil and organic solvents from water.  Due to this extensive 
current research is focussed on the development of superhydrophobic materials for 
effective oil-water separation. To achieve superhydrophobic sponges, surface 
roughness and low surface energy materials play a crucial role. The various methods 
such as dip coating, immersion, spray coating; hydrothermal methods, chemical 
vapor deposition, surface etching, solvothermal methods, layer-by-layer assembly 
and electrochemical treatment describe a modification of sponges for oil and water 
separation [3-4]. At present, traditional technologies, including in situburning [5], 
bioremediation [6], chemical dispersant methods [7], skimming [8], and the use of 
sorbents [9] are used to clean up spilled oils or organic pollutants. However, many of 
these strategies involve energy intensive and slow processes, have low clean-up 
capacities or create secondary pollution during the clean-up process, restricting their 
widespread practical applications [10-11]. To realize the hierarchical structures on 
different material surfaces, a series of strategies, such as sol-gel coating [12], 
chemical vapor deposition [13], plasma etching [14], template processing [15], 
lithographic patterning [16], etc. have been adopted [17]. The superhydrophobic 
surfaces on which water achieves water contact angle higher than 150°and sliding 
angle less than 5°are attracting minds of researchers due to their efficient oil-water 
separation efficiency [18]. 

Recently, Wu et al. [19] have prepared a highly flexible superhydrophobic 
PDMS@F-SiO2 coating for self-cleaning and drag-reduction applications via a two-
step spraying of PDMS and F-SiO2 nanoparticles. However, it is common that 
inorganic particles normally tend to agglomerate due to the interparticle forces 
stemming from the Vander Waals, capillary and electrostatic forces [20], which leads 
to phase separation during the fabrication process and tends to diminish the quality of 
the coating through cracks or weak adhesive to the substrates. Gao et al. [21] 
prepared PVDF/SiO2 coated superhydrophobic porous membranes using a spraying 
technique. These membranes could be used to separate the oil-water mixtures but are 
not applicable to surfactant stabilized water-in-oil emulsions because of their large 
pore sizes. Li et al. [22] prepared the hydrophobic CS by incomplete combustion of 
hydrocarbons from the middle of a candle flame. The PU sponge was immersed in 
the solution of CS, SiO2 and PU resin to achieve stable superhydrophobicity. The 
CS-SiO2-PU sponge was shown excellent oil-water separation efficiency. The CS-
SiO2-PU sponge showed excellent oil-water separation efficiency from hot water, 
acidic solutions, alkaline solutions and salt solutions.  

In this review, the sophisticated, facile and low-cost methods for fabrication of 
superhydrophobic porous material for oil-water separation application are discussed. 
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The 3D sponges, metal meshes, membrane and cotton fabrics are used as substrate 
for scalable oil-water separation application.  

 

2. SUPERHYDROPHOBIC SURFACES FOR OIL-WATER SEPARATION 

2.1 Superhydrophobic Sio2 Modified Sponges for Oil-Water Separation 

Zhang et al. [23] have fabricated the superhydrophobic surface by using VTMS 
and SiO2 via immersion method. The schematic of preparation of superhydrophobic 
sponge is shown in Figure-1.  It was shown a water contact angle of 153.2° and roll-
on angle of 4.8°. The oil is quickly absorbed by superhydrophobic sponge which can 
be shown the superoliophilic property of a modified sponge. The IR peak at 1078 cm-

1 shows the presence of the O-Si-O bond present in the material. It was showing the 
high separation efficiency of about 99.5%. It exhibited good saturated adsorption 
properties exceeding 70 g/g for all oils. It was shows outstanding characteristics of 
superhydrophobic sponge such as high porosity, small pore size and ultra-light mass. 
After 20 cycles, it was found that the adsorption ability of the modified melamine 
sponge for different oils decreased slightly. It shows outstanding stability and 
reusable performance. The modified sponge maintains an 89% of recovery rate even 
after 20 cycles. This method was used to prepare porosity and provides storage space 
for the adsorption of oil pollution. This superhydrophobic composite melamine 
sponge provided the possibility for practical application of oil-water separation. 

 

Figure-1. Schematic illustration of the preparation of superhydrophobic sponge. 
Images reprinted from [23], with permission from Elsevier, Journal of Chemical 

Engineering, Copyright 2020. 
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Liu et al. [24]. have fabricated a superhydrophobic sponge and polyester coated with 
SiO2-DTMS through an entrapment method. The Figure-.2 reveals the fabrication 
process of superhydrophobic sponge and polyester The SiO2 particles were 
introduced by growth on the substrate through the polymerization process, followed 
by the addition of DTMS as an adhesive, leading to a homogeneous and dense 
superhydrophobic membrane. The modified sponge was shown the water contact 
angle up to 172° indicating the water repellence was superior. This superhydrophobic 
sample had good hydrophobic stability even in acidic condition and it can show 
efficient oil-water separation. The amount of the absorbed oil was about 43-65 times 
of sponge own weight can be shown that the evaluation of the mass based on 
absorbed surface tension, density, viscosity of absorbed liquids. It exhibits stable oil 
storage under harsh environmental conditions in oil-water separation. The 
performance remained constant after 100 recycling sequences, even in a harsh water 
environment. 

 
Figure-2. Schematic illustration of the fabrication of a modified sponge and 

polyester. Images reprinted from [24], with permission from Elsevier, 
Copyright 2019. 

2.2 Superhydrophobic Sio2 Modified Metal Meshes for Oil-Water Separation 

 Zhao et al. [25] have prepared superhydrophobic SiO2 nanoparticles by 
improved Stober method and then coated on a chemically etched stainless steel mesh 
by one step dipping method to fabricate superhydrophobic SiO2 coated stainless steel 
mesh. The preparation process was simple, efficient and environmentally friendly. 
The experimental procedure is shown in Figure-3. It shows excellent oil-water 
separation properties, which can be widely used in oil-water separation. It was 
showing 153.3° water contact angle and 0° oil contact angle. The oil-water 
separation efficiency was nearly 96% by using this modified stainless-steel mesh. 
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The separation efficiencies were obtained repeatedly even after 40 cycles without 
noticeable deterioration. The superhydrophobic modified stainless steel mesh shows 
stability, durability and reusability. The SiO2 modified stainless steel mesh indicates 
good material for treating real oil-polluted water in different practical applications. 
This method shows high performance, oil-water separation in a short time and 
repeatedly in comparison with earlier works. 

 
Figure-3. Schematic illustration of the preparation of FSSM. Images reprinted 

from [25], with permission from Elsevier, Copyright 2019. 

Xiong et al. [26] have prepared SiO2 nanoparticles by an improved modified 
method by using TEOS and then coated on a stainless-steel mesh by spraying method 
to fabricate SiO2 coated stainless steel mesh. The Figure-4 illustrates schematic of 
preparation of the superhydrophobic stainless-steel mesh. The preparation process 
was efficient, simple and environmentally friendly. It shows good mechanical 
properties and oil/water separation performance. It was showing 156.4° oil contact 
angle and less than 100water contact angles. The oil-water separation efficiency was 
nearly 98.69% by using this modified stainless-steel mesh. The separation 
efficiencies obtained repeatedly even after 20 cycles without noticeable deterioration. 
The superhydrophobic modified stainless stell mesh shows stability, durability and 
reusability. The SiO2 modified stainless steel mesh indicates excellent material for 
treating oil-polluted water in different practical applications. This method shows an 
easily scaled-up preparation process, stable mechanical and thermal properties, 
offering new prospects for efficient oil/water separationin comparison with earlier 
works. 
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Figure-4 (a) Schematic diagram illustrating the fabrication of air 

superhydrophilic-superoleophobic membrane. (b) Scheme of the oil/water 
separation. Images reprinted from [26], with permission from Elsevier, Journal 

of Colloid and Interface Science, Copyright 2021. 

2.3 Superhydrophobic Sio2 Modified Porous Substrates for Oil-Water 
Separation 

              Gu et al. [27] have prepared a membrane (SiO2/Polyurethane membrane) 
with porous structure rough surface and hydrophobic epidermis by surface 
modification to construct a rough surface and low-energy epidermis on electrospun 
polyurethane membrane. The schematic of experimental procedure is shown in 
Figure-5.  The superhydrophobic SiO2/PU porous membrane prepared by chemical 
modification on the membrane shows a water contact angle 152.1° and low sliding 
angle 6°. This membrane was used for different aqueous solutions like water, saline 
solution, alkaline solution acidic solution. The porous membrane shows low air 
permeability and high-water vapor transmission rate. It shown good oil absorption 
capacity. It was shows high oil-water separation efficiency above 98.5%. The 
absorption capacity of the modified membrane does not show severe degradation 
even after 30 separation cycles which indicating a highly stable absorption 
performance of modified membrane. It provided the potential for eater repellent, 
breathable applications and oil-water separation in long term use. 

 



 

  Page 7 

 

 

 

 
Figure-5. The preparation scheme of superhydrophobic SiO2/PU membrane. 

Images reprinted from [27], with permission from Elsevier, App. Sur. Sci. 
Copyright 2019. 

Wei and their co-researchers [28] have  obtained the SiO2 nanoparticles from ethanol 
and ammonium hydroxide with TEOS. TheSiO2 nanoparticles were isolated by 
repeated centrifugation in ethanol followed by drying in a vacuum oven. A facile 
strategy was presented to prepare silica particles grafting. The sprayable solution be 
easily applied to different porous substrates to achieve durable superhydrophobic 
coating (schematically shown in Figure-6). The surface shows a separation 
efficiency of 98.8% dealing with oil-water mixture. The oil absorption capacity of 
immersion coated polyurethane sponge was demonstrated higher than pristine 
polyurethane sponge an 39 g/g which would benefit from the presence of lipophilic 
PSAN and higher porosity contributed by abundant nanoparticles. After 10 cycles of 
abrasion test the remained separation efficiency of above 96% and water contact 
angle of 151° confirmed the mechanical durability. This sponge shows facile, 
environmentally friendly, mechanical and chemical stability. 
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Figure-6. Schematic illustration of preparation of modified superhydrophobic 
surface for oil-water separation. Images reprinted from [28], with permission 

from Elsevier, Copyright 2021. 

2.4 Superhydrophobic Sio2- Polymer Composite Based Membrane for Oil-
Water Separation 

Li and their co-workers [29] have fabricated the superhydrophobic surface by using 
PVDF and SiO2 via sugar template method. The schematic of preparation method is 
shown Figure-7. It was shown in a water contact angle of 155.68° and roll-on angle 
of nearly 6°. The prepared superhydrophobic PVDF oil/water separation membrane 
had low water adhesion performance and ultrahigh separation efficiency of nearly 
99.98% in terms of the oil purity in the filtrate. The recycling performance over 20 
cycles. This membrane has excellent potential for use in various large-scale practical 
applications, water purification treatment and the separation of commercially 
relevant emulsions. The possibility of large-scale production and low manufacturing 
costs of this sponge is very promising advantages for oil-water separation 
application. 
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Figure-7. Schematic illustration (A) and structural evolution (B) for the 
formation of adhesive-free superhydrophobic SiO2 nanoparticles decorated 

PVDF oil-water separation membranes [29]. Images reprinted from [29], with 
permission from Elsevier, Copyright 2018. 

Bai et al. [30] have coated cotton fabric by sol-gel processed SiO2 The as-prepared 
fabric was immersed in the solution of FeCl3, thiophene and CH2Cl2 solution. Then, 
the modified fabric was washed with ethanol and dry it. Figure-8 reveals the 
experimental procedure of preparation of superhydrophobic fabric. The modified 
fabric shows water contact angles above 160°. The strongest peak at 1050 cm-1 
belongs to the Si-O bond indicating that SiO2 particles have been coated on the 
cotton fabric. The modified cotton fabric shows outstanding resistance to ultraviolet 
irradiation, high temperature, low temperature, organic solvent, immersion and 
excellent durability even after 8 months. The as-prepared fabric was showing the 
capability in various chemical exposures. It was showing good anti-dirt and anti-frost 
properties. The modified superhydrophobic cotton fabric was used as filter 
membrane for the gravity driven oil-water separation with high separation efficiency 
and excellent reusability. By using, this modified cotton fabric, both immiscible and 
emulsified oil-water mixtures could be separated. The efficient oil-water separation 
was also achieved under harsh conditions. The superhydrophobic fabric shows 
potential for the fast, coat-effective treatment of oil spill accidents and industrial oily 
sewage. 
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Figure-8. Schematic Illustration of the fabrication process of the PTh/SiO2@CF 
[30]. Images reprinted from [30], with permission from Elsevier, Adv. Mater. 

Interfaces, Copyright 2021. 

3. CONCLUSION 

This review highlights, SiO2 nanoparticles are unique, their fabrication requires little 
control of external parameters such as surface modification. It is very beneficial 
economically, facile and straightforward to synthesize. The SiO2nanoparticles coated 
sponge/mesh has been developed by using SiO2nanoparticles and different polymers. 
The absorption/separation investigation demonstrates that, the SiO2surface is highly 
efficient and stable in absorbing a wide range of oil and organic solvents. It can be 
believed that, the SiO2coated superhydrophobic materials are very useful for oil-
water separation. It shows various tremendous results with SiO2-polymer composite 
in various mechanical conditions. Hence this review is helpful to upcoming 
researchers to develop highly scalable superhydrophobic surfaces for efficient oil-
water separation applications. 
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ABSTRACT 
Plant-mediated synthesis of nanomaterials has been increasingly gaining popularity 

due to its eco-friendly nature and cost-effectiveness. In the present study, we have 

synthesized NiO nanoparticles by a simple and cost-effective green synthesis method 

using “parthenium hysterophorus” leaf extract. The leaf extract of Parthenium 
hysterophorus acts as a reducing as well as a capping agent for the synthesis of 

nickel oxide (NiO) nanoparticles. This method allows the synthesis of nanoparticles, 

which was confirmed by UV-vis spectroscopy and X-ray diffraction (XRD) 

Characterization. The absorbance of NiO nanoparticle is seen at 313 nm while it has 

11.5 nm crystallite size. 

KEYWORDS 
Parthenium hysterophorus, Green synthesis, NiO nanoparticles.  

………………………………………………………………………………………. 
1. INTRODUCTION  

Nanoparticles represent a particle with a nanometer size of 1-100 nanoscale materials 
has unique and superior physical and chemical properties compared to their bulk 
structure, due to an increase in the ratio of the surface area per volume of the material 
/particles. Nanostructure Science and technology is a broad and interdisciplinary area 
of research and development activity that has been growing explosively worldwide in 
the past few years. It has the potential for revolutionizing the ways in which 
materials and products are created and the range and nature of functionalities that can 
be accessed [1]. The most widely studied nanomaterials are metal nanoparticles 
because they are easier to synthesize [2]. For these reasons, many research groups 
have an increasing interest in the development and study of these materials. 

Nickel oxide (NiO) is widely used in catalysis [3], optical fibers [4], magnetic 
materials [5], as a cathode material in the battery [6], gas sensors [7], fuel cells [8], 

mailto:gbk_chem@unishivaji.ac.in
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and electrochromic films [9], etc. because of their high chemical stability, 
electrocatalysis, electron transfer capability, and super-capacitance properties. Many 
researchers are greatly motivated due to their quantum size effect, surface effect, 
macroscopic tunnel effect, and volume effect, and also have a low material cost. 

NiO is used as a catalyst in organic transformation but in various organic 
solvents at elevated temperatures. To accomplish the manipulation of nanostructure 
nickel oxide a variety of strategies such as evaporation [10], thermal decomposition, 
sputtering, electro decomposition [11], and sole-gel [12] techniques have been 
employed. But the drawback of conventional methods is high cytotoxicity with low 
productivity and is not environment friendly. Therefore, we have selected a cost-
effective, productive, eco-friendly biogenic method for nanoparticle synthesis.  

Nickel oxide nanoparticles has been synthesized by using Nephelium 

lappaceus L peel extract [14], Moringa laoleifera extract [15], aqueous extract of 
Tamarix serotine [16], Agathosma Betulina natural extract [17], hydrongea 

paniculata [18] flower extract, calotropis procera leaf extract [19], using Arabic 
Gum, aegle marmelos leaf extract [20]. 

Parthenium hysterophorus is species of flowering plant in the aster family in 
the native American tropics. It is common invasive species in India, Australia, and 
part of Africa. The leaf extract gives Allelopathic chemicals, P. hysterophorus act as 
a reducing as well as a stabilizing agent in the synthesis of nanoparticles and 
commercial enzyme production and additive in biogas production. 

2. MATERIALS AND METHOD  

Nickel chloride (NiCl2), and 90% Ethanol were purchased from Loba Chemicals Pvt. 
Ltd, Mumbai, (MAH), Parthenium hysterophorus leaves were collected from the 
university campus.  

2.1 Instrumentation 

The absorption spectrum was acquired at room temperature by using Specord 210 
plus, Analytikjena UV-Vis spectrophotometer with the use of 1 cm quartz cuvette. 
High speed centrifugation model REMI R-24 was applied for centrifugation 
operation. The phase and purity of the synthesized NiO NPs was confirmed by using 
XRD analysis (Bruker D8 Advance) using CuKα radiations. 
2.2 Preparation of Leaf Extract  

Leaves of Partheninum hysterophoruos were collected, washed 2 times with distilled 
water, and dried naturally. The dried leaves were ground gently in mortar pestle to 
form a fine powder of leaves. This powder reflux with 90% ethanol in a 250 mL 
round bottom flask with the help of an electric heating mantle for 20 min. then the 
leaf extract was filtered through Whatman filter paper No. 41. The filtrated leaf 
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extract was then centrifuged in order to remove unwanted biomaterials from the leaf 
extract. This leaf extract is used for further experiments (Figure- 1.). 

 
Figure- 1.  Schematic of Green Synthesis of NiO Nanoparticles from P. 

Hysterophorus Leaves. 

2.3 Preparation of Nickel Oxide Nanoparticles  

The NiO nanoparticles were synthesized by using analytical reagent grades such as 
NiCl2 (99%). About 100 mL of leaf extract was heated in a 250 mL beaker by using 
an oil bath up to 80 ℃ consequently NiCl2 (4.0 g) was added to the heated leaf 
extract and stirred constantly with help of a magnetic stirrer the solution was further 
heated up to its complete dryness. The dried powder is washed with 500 mL distilled 
water and calcined to 400 ℃ for 6 hr. to lead to the formation of NiO nanoparticles 
(Figure- 1.). 

3. RESULT AND DISCUSSION  

As synthesized NiO NPs were characterized and confirmed through different 
analytical techniques.  

3.1 Uv Visible Spectroscopy Technique  

The optical absorption of NiO was studied by UV-visible spectrometer. The optical 
absorption of NiO NPs was described within the wavelength range of 300-400 nm. 
The absorption edge was seen at 313 nm for NiO NPs. [21] (Figure- 2.). 
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Figure- 2. UV-vis spectra of NiO NPs. 

3.2 X-Ray Diffraction Technique             

The crystal structure of NiO NPs was studied via X-ray diffraction (XRD) technique 
having Cu Kα radiation (λ- 1.54 Å) in the range (2Ɵ- 10 to 80o). The X-ray 
diffraction data (Table- 1.) have been recorded for the powder sample of NiO NPs 
shown in Figure- 3. The data shows distinct peaks at 2Ɵ of 37.08, 43.15, 62.70, 
75.24, and 79.13. These peaks were identified as peaks of cubic NiO crystallites with 
various diffraction planes (111), (200), (220), (311), and (222). 

 

Figure- 3. XRD spectra of NiO NPs. 



 

 Page 16 

 

 

 

The XRD pattern revealed the formation of the cubic phase of NiO with lattice 
constant a = 4.1771 Å. The other peak observed at (2Ɵ) of 31.500 which have 
identified as Ni2O3 corresponds to the [002] crystal plane. 

Table -1. 2Ɵ Values, hkl Planes, Observed ‘d’ Values, The Standard ‘d’ Values 
of NiO Nano Particles.  

 

 A peak observed at 2Ɵ of 45.23 has been identified for Ni [111] phase. 
‘d’ value calculated by the formula (Equation -1). 

n λ = 2d sin Ɵ        -(1) 

where ‘λ’ is the wavelength, ‘n’ is integral, ‘Ɵ’ is the angle of diffraction. 
Further, the average crystallite size was calculated using a well-known Debye-
Scherrer’s formula (Equation- 2). 




cos

9.0
=D        -(2) 

where,  is the wavelength of X-rays (1.5406 Å), β the full width at half maximum 
(in radian) of the peak, D is the diameter of the crystallite, and Ɵ is Bragg’s angle of 
the XRD peak. Further, the average crystallite size estimated using Scherrer’s 
formula is approximately 11.5 nm [13]. 

4. CONCLUSION  

The cost-effective, sustainable green synthesis of NiO nanoparticles has been 
investigated using parthenium hysterophorus leaf extract, which act as a capping and 
reducing agent. Here, green leaf extract helps with the reduction of nickel material at 
the nanoscale. The XRD features have revealed the formation of the cubic phase of 

Sr. 
No. 

2Ɵ (Degree) 
Observed 

2Ɵ (degree) 
Standard 

hkl planes Observed ‘d’ 
values 

Standard ‘d’ 
values 

1 37.08 37.06 111 2.4221 2.4110 

2 43.15 43.095 200 2.1335 2.0880 

3 62.70 62.62 220 1.4801 1.4764 

4 75.24 75.09 311 1.2614 1.2591 

5 79.13 79.185 222 1.2089 1.2055 
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NiO nanoparticles with a crystallite size of 11.5 nm. The NiO nanoparticles show 
maximum absorbance at 313 nm wavelength.  
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ABSTRACT 
Pyrazole and its derivatives, due to their diverse biological activities, have gained 

tremendous attention from researchers in synthetic as well as application 

perspectives. Due to such promising activities, the study of pyrazole-containing 

compounds has the utmost importance in the heterocyclic field. Many methods and 

procedures have been developed and used for the synthesis of pyrazole derivatives 

during the last two decades. The traditional methodologies used for the synthesis of 

pyrazole compounds were found to possess certain disadvantages like prolonged 

reaction time, use of organic/toxic solvents, high-temperature reaction, lesser yield 

of products, purity of compounds, etc. To overcome these difficulties, researchers 

have been using an eco-safe way i.e., use of microwaves for the synthesis of pyrazole 

compounds. The synthesis of pyrazole has been made very easy and simple by using 

the microwave-assisted protocol. The present review provides information about 

microwave-assisted synthetic procedures of bioactive pyrazole compounds. 

Researchers may utilize this information for their future endeavours.   

 
KEYWORDS 

Pyrazole, Microwave, Antimicrobial, Eco-friendly synthesis, etc. 

…………………………………………………………………………..……………. 

1. INTRODUCTION 

Among the five-membered heterocycles, pyrazoles are the most studied class of 
moieties from azole family. Pyrazole based compounds possess promising and 
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diversified applications in the medical, agriculture and technology fields [1-2] as 
well as they are used as brightening agents [3]. The presence of this nucleus in 
pharmaceutical agents like potent anti-inflammatory drug, celecoxib, antipsychotic 
drug, CDPPB, an analgesic, betazole, anti-depressant, fezolamine have described the 
wide pharmacological potential of the pyrazole compounds [4]. Further, these 
compounds were found to exhibit anticancer [5-15], antidepressant [16-17], 
anticonvulsant [18-19], anti-inflammatory [20], anti-tubercular [21], antiviral [22], 
antipyretic [23], antimicrobial [24-26], antioxidant [27], antifungal [28-30], as well 
as pyrazole derivatives, serve as sodium channel blockers [31], potent neuraminidase 
inhibitors [32], etc. In spite of these, they show other wide biological properties [33-
36].  

N

N

CF3

S

O

O
NH2

CH3

celecoxib

anti-inflammatory drug

N

N NH

O N

CDPPB

anti-psychotic drug

analgesic

betazole

N

NH
NH2

N
N

N

CH3

CH3

fezolamine

anti-depressant  

Figure-1. Some representative pyrazole compounds as drugs. 

Researchers are focusing on design and development of greener and eco-friendly 
methodologies to carry of heterocyclic synthesis in an efficient and easy manner. The 
best tool that can be utilized for this purpose is the use of microwaves in synthetic 
method. It is now considered an emerging technology in the field of organic 
synthesis. Microwave synthesis represents a major breakthrough in synthetic 
chemistry methodology, a dramatic change in the way chemical synthesis is 
performed and in the way it is perceived in the scientific community. Microwave 
provides a powerful way to do synthetic chemistry in green approach. Nowadays, 
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drug discovery and development in the pharmaceutical and academic areas carried 
out through new enabling technology like microwave irradiation. Microwave 
provides a powerful way to do synthetic chemistry in green approach [37]. The 
advantages to carry microwave assisted organic transformations are the higher yield 
of product with excellent purity, minimization of time and prominent acceleration of 
reaction rate [38-39]. Due to microwave synthesis technique, expansion of scientific 
creativity in organic chemistry takes place. By using this technique organic reaction 
carried out in minutes or in seconds, instead of spending hours or even days by 
convention way [40]. Microwave synthesis effectively carried out to any reaction 
scheme which occurs rapidly with improving yields and producing cleaner 
chemistries [41-44]. So, the use of microwaves could be very useful technique for the 
synthesis of biologically active pyrazole derivatives.  

2. Synthesis of pyrazole and its hybrid compounds- 

Sumit Sood et. al. [45] (2020) have synthesized pyrazole-4-carbonitriles and 1-
(thiazol-2-yl)-1H-pyrazole-4-carbonitriles. In first step, they prepared the OPC-VH 
reagent (Scheme 1) by the reaction of DMF with o-phthaloyl dichloride in 2-
chlorotoluene as solvent. Then, the condensation of pyrazole-4-carbaldehydes with 
hydroxylamine hydrochloride generated corresponding oxime derivative in situ 
which was on subsequent treatment with OPC-VH reagent in DMF afforded the 
pyrazole-4-carbonitrile derivatives (Scheme 2). Further, this procedure has been 
successfully employed in the synthesis of 1-(thiazol-2-yl)-1H-pyrazole-4-
carbonitriles (Scheme 3). The prepared derivatives were screened against Gram-
positive Bacteria Bacillus cereus and Staphylococcus aureus; Gram negative bacteria 
Escherichia coli and Yersinia enterocolitica and antifungal activity checked using 
Candida albicans. These derivatives showed moderate to good antibacterial and 
antifungal activities. 

 

Scheme 1 
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Scheme 2 

 
Scheme 3 

Sarkate et. al. [46] (2020) reported the synthesis of new Substituted-3-Methyl-1-
Substituted Phenyl-1H-Pyrazole. In this method, substituted 1-phenylbutane-1,3-
dione (1 mmol), phenylhydrazine (1 mmol), ZnO (10 mmol) with solvent was added 
and this mixture subjected to MW irradiation (800 W), for 2–4 min to give the 
products (Scheme 4). The yield of products found in the range of 96-98%. The mild 
reaction conditions, stirring at reflux temperature, good to excellent yields, easy 
workup, and easily available substrates are some advantages of this method over 
conventional protocol. 
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Jasril et. al. [47] (2019) reported the synthesis of four pyrazoline derivatives viz. 3-
(4-methoxyphenyl)-5-naphthalene-1-yl-1-phenyl-4,5-dihydro-pyrazole, 3-(4-
methoxyphenyl) -5-naphthalene-1-yl-4,5-dihydro-1H-pyrazole, 3-(2-
methoxyphenyl)-5-naphthalene-1-yl-1-phenyl-4,5-dihydro pyrazole and 3-(2-
methoxyphenyl)-5-naphthalene-1-yl-4,5-dihydro-1H-pyrazole were obtained via 
intermolecular cyclization of substituted chalcones and hydrazine derivatives. The 
mixture was irradiated under MW radiations for 2-4 minutes at 180 W power to give 
target pyrazolines (Scheme 5). The synthesized compounds were screened for 
toxicity and antioxidant activity. The two chalcone compounds was found to be more 
toxic with LC50 0.97 and 11.47 µg/mL, respectively. Further, the compound 3-(2-
methoxyphenyl)-5-naphthalene-1-yl-4,5-dihydro-1H-pyrazole possessed high 
antioxidant activity with IC50 of 4.47 µg/mL. 

 

Scheme 5 

Ch. Subramanyam et. al. [48] (2018) treated a mixture of chalcone (0.01 mole) with 
phenyl hydrazine hydrochloride (0.01 mole) under the influence of microwave 
irradiation in microwave oven at the power of 490 W for 2-3 minutes to give 4-[(1,5-
diphenyl-4,5-dihydro-1H-pyrazol-3-yl)amino]phenol derivatives (Scheme 6).  
The prepared pyrazole compounds were subjected to in vitro anti-inflammatory 
screening by using Albumin denaturation method and Membrane test method. 
Among the all compounds, 4-{[5-phenyl-1-(pyridin-4-yl)-4,5-dihydro-1H-pyrazol-3-
yl]amino}phenol, 4-{[1-(4-fluorophenyl)-5-phenyl-4,5-dihydro-1H-pyrazol-3-
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yl]amino}phenol and 4-{[1-(4-nitrophenyl)-5-phenyl-4,5-dihydro-1H-pyrazol-3-
yl]amino}phenol have shown potent anti-inflammatory activity. 
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Scheme 6 

Shailendra Jain [49] (2018) have reported the microwave-assisted synthesis of 
benzimidazolyl pyrazole derivatives. Different benzimidazolyl chalcone dibromides 
treated with hydrazine hydrate under microwave irradiation at 300-Watt power for 3-
5 minutes (Scheme 7). The synthesized compounds were tested for antifungal 
activity against C. albicans and A. niger and for antibacterial activity against E. coli, 

P. aerginusa, B. subtilis and K. pneumonia in vitro at a concentration of 300mg/ml. 
Amongst the all derivatives, the compound 2-(4-bromo-5-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)-1H-indole has shown highest antifungal activity against C. albicans 

and A. niger. Then, compounds 2-[4-bromo-5-(4-chlorophenyl)-4,5-dihydro-1H-
pyrazol-3-yl]-1H-indole and 2-{4-bromo-5-[4-(furan-2-yl)phenyl]-4,5-dihydro-1H-
pyrazol-3-yl}-1H-indole have shown highest antibacterial activity against E. coli, K. 
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pneumonia and P. aeruginosa. Diflucan and coffrioxane were used as standard drugs 
for the comparison of antifungal and antibacterial activities respectively. 
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Scheme 7 

S. M. Gomha et. al. [50] (2017) reported thiophene incorporated pyrazole derivatives 
under microwave irradiation. The reaction of (2E)-1-(thiophen-2-yl)-3-(thiophen-3-
yl)prop-2-en-1-one with hydrazine derivatives in presence of catalytic amount of 
acetic acid in microwave oven was carried out at the power of 500 W (120 0C) for 5-
10 minutes to generate corresponding pyrazoline derivatives (Scheme 8). 
Antimicrobial activity of prepared compounds was done using agar disc diffusion 
method. Some of the derivatives have shown promising results for their antimicrobial 
activity.  
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Dhivare et. al. [51] (2016) synthesized bis-pyrazole derivatives using microwave 
irradiation having antibacterial and antifungal activity. In this method, different bis-
chalcones with N-phenyl glutamide moiety were prepared which on further treatment 
with hydrazine hydrate under microwave irradiation of the power of 640 W 
generated bis-pyrazole compounds within 3-6 minutes (Scheme 9). The compound 
(3Z,4Z)-3,4-bis-(4-hydroxy-3-methoxybenzylidene)-7-(4-chlorophenyl)-
3,3a,3b,4,5,7-hexahydro-2H- piperidine-[2,3-c,5,4-c] dipyrazole, (3Z,4Z)-3,4-bis-(4-
hydroxy-3-methoxybenzylidene)-7-(3-chloro-4-fluorophenyl)-3,3a,3b,4,5,7-
hexahydro-2H- piperidine-[2,3-c,5,4-c] dipyrazole and (3Z,4Z)-3,4-bis-(4-hydroxy-
3-methoxybenzylidene)-7-(2,4,5-trichlorophenyl)-3,3a,3b,4,5,7-hexahydro-2H- 
piperidine-[2,3-c,5,4-c] dipyrazole were found to be active as antifungal agents. 
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Scheme 9 

Novel pyrazole-4-carbaldehyde derivatives were synthesised using microwave 
irradiation method by Selvam et. al. [52] (2014) The synthesized compounds were 
confirmed by spectral methods and subjected to screen analgesic and anti-
inflammatory activities. 1-(4-fluorophenyl)-3-phenyl-1H-pyrazole-4-carbaldehyde, 
1-(4-chlorophenyl)-3-phenyl-1H-pyrazole-4-carbaldehyde and 1-(4-chlorophenyl)-3-
phenyl-1H-pyrazole-4-carbaldehyde showed good analgesic and anti-inflammatory 
activities (Scheme 10). 



 

 Page 27 

 

 

 

 

Scheme 10 

Kalirajan, et al. [53] (2013) synthesized novel pyrazole substituted 9-anilino acridine 
derivatives by reacting a solution of 0.0025 mol of the corresponding chalcones in 20 
ml of absolute ethanol and 0.2503 g (0.005 mol) of hydrazine hydrate (99%) under 
microwave irradiation. The reaction was carried out at the power of 140 W (20% 
power) for about 15 to 20 minutes (Scheme 11). The synthesized derivatives when 
tested for anti-microbial activity, 5-phenyl and 5-(4-OH)-phenyl derivatives showed 
highest activity. 

N

NH

O

R

chalcone derivatives

R
1
NHNH2, EtOH

110 or 140 W, 10 to 20 min

N

NH

N

R

N

R
1

pyrazole substituted 9-acridine derivatives 



 

 Page 28 

 

 

 

 

Scheme 11 

Harendra K. Sharma and Manoj Sharma [54] (2012) subjected a mixture of 6-
chloropriazine-2-carboxylic acid hydrazide (0.001 mole), benzoyl nitriles (0.001 
mole), catalytic amount of glacial acetic acid (≈5-6 drops) and dry methanol (2 mL) 
to microwave irradiation for 10-15 minutes to give (5-amino-3-arylpyrazol-1-yl)(6-
chloropyrazin-2-yl)-methanones (Scheme 12). The condensation of 6-chloropriazine-
2-carboxylic acid hydrazide with benzoyl nitriles generate hydrazone intermediate 
which undergo intramolecular attack of nitrogen atom on cyano group to produce 
target compounds. All the compounds were confirmed with the help of spectral 
analysis. The yield of synthesized derivatives found to be good. 

 
Scheme 12 

Sahu Sudeep et. al. [55] (2011) have reported the synthesis of fluro-pyrazoles 
containing 5-[(Z)-benzylideneamino]-2-fluoro-N-phenylaniline moiety. The different 
chalcones (0.01 mol) were reacted with phenyl hydrazine (0.01 mol) in a beaker 
containing ethanol and few drops of glacial acetic acid under microwave irradiation 
to give pyrazole derivatives (Scheme 14). The synthesized compounds were 
screened for anti-inflammatory activity using formali induce rat paw edema model. 
The derivatives have shown moderate to good anti-inflammatory activity after 
comparison with standard drug diclofenac sodium. 
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Scheme 14 

Biradar and Mugali [56] (2008) have synthesized different thiadaizinyl-pyrazole 
compounds containing indole moiety from microwaves induced reaction of ethyl 2-
hydrazinyl-5-oxo-5,6-dihydro-4H-1,3,4-thiadiazine-6-carboxylate with chalcones of 
substituted acetophenone and substituted indole-3-carboxaldehydes in presence of 
AcOH in ethanol as solvent (Scheme 15). 

 
Scheme 15 

Sauzem et. al. [57] (2008) reported the microwave-assisted synthesis of novel 3- or 
4-substituted 5-trifluoromethyl-5-hydroxy-4,5-dihydro-1H-1-carboxyamidepyrazoles 
by rapid one-pot cyclocondensation of 4-alkoxy-1,1,1-trifluoromethyl-3-alken-2-
ones with semicarbazide hydrochloride (Scheme 16). The synthesized compounds 
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were confirmed by spectral analyses and X-ray crystal structure studies. The 
synthetic pathway designed in the exploration of the bioisosteric replacement of 
benzene present in salicylamide with a 5-trifluoromethyl-4,5-dihydro-1H-pyrazole 
scaffold. The prepared derivatives could be used as promising moieties for future 
development of novel analgesic and anti-inflammatory drugs. Higher yields, shorter 
reaction time and operationally simple method are some key advantages of the 
reported work. 

 
Reagents and conditions:  

(i) NH2NHCONH2.HCl, MeOH/H2O, Py, MW, 100 W, 70 0C, 2.2 bar, 4 min 

Scheme 16 
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Table: Summary of activities of pyrazole derivatives 

Pyrazole derivative Biological/Pharmacological 
activity 
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3. CONCLUSION 

Pyrazole based compounds have been used as therapeutic agents. Pyrazole nucleus 
represents major pharmacophore with diverse biological activities. The study of 
bioactive character of pyrazole has become interesting field of drug discovery. The 
modification on the position 1, 3, 4 and 5 in pyrazole moiety affect or enhance the 
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biological properties drastically. The structure-activity relationship studies of 
reported pyrazole derivatives give more focus on improvement of the inherent 
biological and pharmacological properties. The synthesis of pyrazole derivatives can 
be accomplished by using microwave irradiation in easiest way. Here, we have 
described an overview of some microwave assisted and operationally simple 
synthetic procedures to find out library of functionalized pyrazole compounds and a 
wide range of biological and pharmacological activities shown by these pyrazole 
derivatives. 
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ABSTRACT  
Nanoparticles have generated interest among researchers because of their numerous 

applications. Among the noble metals Ru NPs and Ru containing nanoparticles such 

as bimetallic nanoparticles eg. Ru/Pd, Ruthenium oxide nanoparticles RuO2, 

supported nanoparticles. Ruthenium supported on CNTs etc. is in focus due to its 

wide applications in biocatalyst, antimicrobial, anticancer, antifungal, 

photocatalysis and supercapacitor. Now a days researchers are focused on to the 

development of a green, biocompatible, and eco-friendly method for the synthesis of 

NPs. Biosynthesis is one such method that involves the use of natural resources for 

reducing and stabilizing agents for Nanoparticle synthesis. In the present review, we 

are summarizing the biosynthesis of ruthenium-containing nanoparticles their 

characterization, and their applications and to highlight its potential. 

KEYWORDS 
Biosynthesis, Green synthesis, Ru NPs. 

…………………..…………………..…………………..……………………………... 

1. INTRODUCTION 

Nanotechnology involves the design, synthesis, and application of particles ranging 
from 1-100 nm range. Nanotechnology is an emerging field yet challenging field for 
modern research. Nanoparticles show different physical, chemical, and optical 
properties from that of the bulk material [1]. Metal nanoparticles attain the attentions 
of researchers. Because due to their higher surface area to volume ratio, they show 
wide applications range. NPs can be synthesized by different methods which are 
chemical, Physical, and biological methods. These methods include two main 
approaches for the synthesis of NPs which are top-down and bottom-up methods. In 
the top-down approach, we go from bulk material to nanoscale and in the bottom up 
from atoms clusters towards the nanoparticles [2-3]. Bottom-up method involves 
physical vapor deposition [4]. sol-gel method [5], chemical reduction method[6], 
biological method[7].  Top-down methods include ball milling[8], laser ablation [9], 
and sputtering[10], (as shown in Fig.1) Among these methods biological methods 
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gain lots of attention because it overcomessome disadvantages of conventional 
physical and chemicalmethods. It is an environment-friendly method which less 
toxic, cost-effective,simple method, and less chemical waste. Nanocatalysts 
synthesized from this show selectivity, high yield, recyclability, and less chemical 
deposition [11-12], (as shown in Fig.2). Ru NPs Synthesized by this method can 
efficiently shows these characteristics. Biosynthesis of Ru involves Plants, and 
microorganisms. Ru NPs synthesized by using bio-reductionwork as agood catalyst 
and significant anticancer and antibacterial agent [13-14] (as shown in Fig. 3). 
Present review containsbiosynthesis of ruthenium containing nanoparticles, their 
characterization by various techniques and their application. 

 

Fig.1: Methods of synthesis of nanoparticles. 
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Fig. 2: Key merits of Biosynthesis. 

 

 

 

Fig. 3:Applications of Ru NPs. 
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2. BIOSYNTHESIS  

In the early days, noble metal nanoparticles like platinum, silver,palladium,and 
ruthenium are widely used in different areas. Conventional methods used for the 
synthesis of NPs require high-temperature, pressure also there may occur binding or 
deposition of toxic chemicals or material on the surface of nanomaterial which 
reduces their use in biomedicine [15-16]. So, there is a need to develop a green, 
biocompatible method for the synthesis of these nanoparticles. Biosynthesis is a 
green method in which nanoparticles are synthesized by using natural resources such 
as bacteria, yeast,fungi, and plant parts like leaves, stem, seeds, flowers, fruit, roots, 
and bark [17-19]. From the study biomolecules present in natural resources like 
proteins, flavonoids, and phenols work as reducing as well as capping agents [20-21]. 

2.1Biosynthesis of Ru NPs 

Among noble metal nanoparticles, Ru NPs are cheap and productive [22]. Ruthenium 
nanoparticles and ruthenium oxide nanoparticles show various applications like a 
catalyst in hydrogenation[23], nanocatalyst in redox reactions[24], an electrocatalyst 
for hydrogen evolution[25]. 

2.1.1 Biosynthesis of Ru/CNTs NPs from Gloriosa superba leaf extract: 

Kasi Gopinath et al. reported the synthesis of Ru NPs from Gloriosa superba leaf 
extract, Ru NPs were synthesized by stirringaqueous leaf extract with a solution of 
RuCl3 at 1000 c for 20 min. Synthesized nanoparticles were characterized by UV Vis, 
fluorescence spectra,FTIR, XRD, SEM, and EDX.  FTIR shows that cholidonic, 
superbine, Colchicine, glorisol, phytosterils, and stigmasterol biomolecules present 
in leaf extract are responsible for the reduction and capping of synthesized 
nanoparticles. A fluorescence emission peak observes at 464 nm which shows the 
Ru=N Pi bond. XRD confirms hexagonal crystalline structure with peaks at 
38.420(100), 42.20(002), 43.980(101), 58.320(102), and 69.420(110). SEM analysis 
Shows spherical morphology with a size range of 25-90 nm.Ru NPs show good 
antibacterial activity against gram-positive and gram-negative bacteria[26]. 

2.1.2 Synthesis of Ru NPs supported on carbon nanotube  

In another work, Yao Ma et al. synthesizeRu NPs supported on carbon nanotubes 
from Cacumen platycladi leaf extract by adsorption- reduction method. Supported 
nanoparticles were synthesized by stirring CNTs with an aqueous solution of RuCl3 
on an oil bath for 1 hr. at 600c after that leaf extract was added to it. These NPs were 
Examined by various analytical techniques. TEM analysis showswell-
dispersedspherical NPs on CNTs with an average sizeof 3.6nm. Various polyols like 
flavones and reducing sugars help in bioreduction this was revealed by FTIR (as 
shown in Fig.5).EDX shows the synthesis of Ru NPs. nanoparticle shows catalytical 



 

 Page 40 

 

 

 

activity in hydrogenation of benzene to cyclohexane (Scheme:1) at temperature 800c, 
4 MPA pressure, with time length 0.5 hr.gives 99.9% yield with turnover Frequency 
(TOF) value 6983.09 h-1. It shows recyclability up to six cycles (Ma Y. et al.2014). 

Ru/CNTs

800c, 4 MPa, 0.5 h

 

Scheme 1: Ru/CNTs catalyzed hydrogenation of benzene to cyclohexane. 

2.1.3 Green synthesis of RuO2NPs by Acalypha indica 

Leaf extract of Acalypha indicapotentially used for synthesis RuO2 NPs by 
S.K.Kannan.Leaf of Acalypha indicaextract was stirred with RuCl3.xH2O solution at 
900c for 2 hr. and obtained powdered sample was calcinated at 6000c. Synthesized 
ruthenium oxide nanoparticles were elliptical spherical with size ranging from 6-25 
nm. XRD shows an orthorhombic structure with Bragg’s diffraction plan at 
28.270(110), 40.650(020), 43.000 (210), 58.250 (220), 69.080(301), and 73.610(311). 
Non-defined morphology with agglomerate particles observed by SEM. Thepresence 
of elemental Ru was confirmed by EDX. Elliptical spherical nature of NPs observed 
by TEM analysis. The size distribution of synthesized NPswas examined from DLS 
which shows the average size distribution was 386.4 (d.nm). These RuO2NPs show 
good antibacterial activity against S. marcescens, P. aeruginosa, E. coli, and S. 
aureus microorganisms [27]. 

2.1.4 RuO2 NPs synthesis by Aspalathus Linearis:  

E. Ismail et al. show that RuO2 nanoparticles were synthesized by using leaf extract 
of Aspalathus linearis which was originally found in Southern Africa. Leaf extract 
contains various phenolic groups mainly aspalathin, a dihydrochalcone C-glucoside, 
flavones, and flavonols. Extract of Aspalathus linearis works as both a chelating and 
capping agent for nanoparticles. To synthesize RuO2 NPaqueous leaf extract was 
reacted with RuCl3.H2O solution of PH 3.8 at room temperature for 2 hr. and 
precipitate was further subject to annealing at 4000 c for 2hr for effective 
crystallization. Synthesized Np was 1.4- 4.3 nm in size and quasi-monodisperse 
spherical in shape.NPs were Characterized by using TEM, EDX, XRD, XPS 
Raman,SAED,and UV-VIS-NIR techniques. XRD shows Rutile Np with Braggs 
reflection plane at 28.00(110), 35.050(101), 40.50(111), and 54.240(211).BET surface 
area of such NPs was observed to be 136.1 m2/g Synthesized NPs show Water photo-
splitting response[28]. 

2.1.5 Synthesis of Ru/Pt Bimetallic nanoparticles by Diospyros kaki 

Zhiguo Zhang et al. demonstrate the biosynthesis of Ru- Pt nanocatalyst from leaf 
extract of Diospyros kaki. nanoparticles were prepared by mixing a solution of RuCl3 
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and H2PtCl6 ·6H2O with leaf extract ina controlled thermostatic water bath for 1 hr. 
after that carbon support was added to it and the solution was again stirred for 1 hr. 
synthesized bimetallic Ru-Pt Np were characterized by using XPS,TEM,XRD, N2 
adsorption-desorption, TEM, HRTEM, TG analysis, and EDX.XPS analysis shows 
binding energy of 71.2 eV was for metallic Pt and 462.2 eV for metallic Ru and this 
result shows reduction of metal salt. TEM and HRTEM image shows quasi-sphere-
like particles. From XRD there is a decrease in crystalline form.Bimetallic Pt/Ru NPs 
show good catalytical activity in the hydrogenation of 
chloronitrobenzene(Scheme:2)in different condition but suitable conditions for 
hydrogenation was reaction temperature 500C, 1 MPa H2 pressure, about 
3000calcinated temperature, Ru/Pt molar ratio 1:1, 300 mg catalyst amount. 
Bimetallic NPs can be used up to five cycles [29]. 

NO2

Cl

NH2

Cl

Ru/Pt

H2,1 MPa, 500c,45min.

 

Scheme.2.: Ru/Pt nanoparticles catalyzed hydrogenation of o-
chloronitrobenzene to o-Chloroaniline. 

2.1.6 Biosynthesis of bimetallic Pd/Ru nanoparticles from Escherichia coli 

Jaime Gomez-Bolivar et al. investigated the synthesis of Ruthenium and bi-metallic 
Pd/Ru nanoparticles from Escherichia coliby using Na2PdCl4 and RuCl3.2H2O salts. 
Synthesized bimetallic nanoparticles were characterized by using 
EDX,HAADF,XPS,XAS,and STEM. XPS shows the presence of Pd (II), Pd(0),Ru 
(III), and Ru (IV) which was confirmed by X-ray absorption near edge structure 
(XANES) and extended X-ray absorption fine structure (EXAFS).This shows Pd/Ru 
core-shell structure.Synthesized Pd/Ru and Ru Np show upgrading of 5-
hydroxymethyl furfural (5-HMF) to 2,5 dimethylfuran (DMF) [30]. 

2.1.7 Green synthesis of Pd/Ru Bimetallic nanoparticles from Bacillus 
benzeovorans 

Jacob B. Omajali et al.synthesize Pd/Ru bimetallic nanoparticles from Bacillus 

benzeovorans.Synthesized Pd/Ru NPs were characterized by using HAADF, XPS, 
XAS, XRD, STEM, and EDX analysis.1-2 nm (Pd/Ru mixture) and 4-8 nm Pd@Ru 
Core shells these two NPs populations observed from HAADF analysis.The presence 
of Pd(0), Pd(II), Ru (III), and Ru(VI) were analyzed from XPS, but Ru (0) was not 
found to indicate RuO2 NPs were apparent.Bimetallic nanoparticles show catalytical 
activity in the conversion of 5-hydroxymethyl furfural to the fuel precursor 2,5-
dimethyl furan(Scheme:3)[31]. 
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Scheme:3 Ru/Pd Nanocatalyst catalyzed conversion of -hydroxymethyl furfural 
to the fuel precursor 2,5-dimethyl furan 

2.1.8 Biosynthesis of RuO2 NPs from Akarkara Anacyclus pyrethrum 

Nisha B. et al. reported the synthesis of RuO2 nanoparticles. For this synthesis root 
extract of Akarkara Anacyclus pyrethrumwas used.Akarkara Anacyclus pyrethrumis 
a medicinal Indian herb.RuO2 nanoparticles were synthesized by treating root extract 
with RuCl3.3H2O solution,then obtained precipitate was calcinated at 6000c for 3hr. 
The crystalline nature of NPs was observed by XRD analysis and the average 
crystalline sizecalculated by the Scherrer formula was 9.52 nm.SEM analysis shows 
uniform morphology. Spherical shape was observed by TEM with an average size of 
13 nm. Cyclic Voltammetry analysis indicates a high degree of charge-discharge 
reversibility and long-term electrochemical stability. Synthesize nanoparticles were 
characterized by using XRD, SEM, TEM with SAED and FTIR spectroscopy, and 
Cyclic voltammetry. RuO2 NPs show supercapacitor application [32]. 

2.1.9 Synthesis of Ru NPs from Pseudomonas aeruginosa SM1 

Sarvesh Kumar Srivastava et al.biosynthesize Ru NPs from Pseudomonas 

aeruginosa SM1 without the use of an external stabilizing agent, PH adjustment, or 
High temperature.Ru NPs were synthesized by adding Ammonium 
hexachlororuthenate(IV) [(NH4)2RuCl6] solution to the cell pellet at room 
temperature for 24 hr. TEM analysis shows that synthesized nanoparticles were 
spherical and some disk shape with size 8.3 ± 5.4 nm. Primary and secondary amines 
in organic compounds involved in reaction responsible for stabilization of NPs 
observed from FTIR. NPs were characterized by using FTIR, TEM, and XRD [33]. 

2.1.10 Biosynthesis of Ru NPs from Dictyota dichotoma 

Mohamed Yacoob Syed Ali et al. stem and leaf extract of Dictyota dichotoma 
marine algae used for the synthesis of Ru nanoparticles. Ru NPs were synthesized by 
incubating a mixture of a leaf-stem extract with Ruthenium aqueous solution for a 10 
min change in color to dark brown indicating the formation of Nanoparticles. 
Synthesized nanoparticles were examined by UV-visible spectroscopy SEM, 
EDAX,PXRD, and FTIR analysis. The presence of various functional groups of 
alcohols, esters, ethers, and alcohols binds with NPs and also provides stabilization 
which is confirmed by FTIR. XRD analysis shows two peaks at 380(111), and 
440(200) which indicate Face centered cubic structure. From SEM examination 
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synthesized nanoparticles were average of 30 nm in size.These Ru nanoparticles 
show anticancer activity against human cancer cell lines. Ru (II) NPs shows  

 efficiency to develop anticancer agent because they show low general toxicity, can 
mimic iron binding to molecule, and affinity to cancer tissues[34]. 

2.1.11Bio-synthesis of Ru NPs supported on nitric acid modified activated 
carbon from Cacumen platyclade. 

Yangqiang Huang et al. used Cacumen platycladi leaf extract for the synthesis of 
Ruthenium nanoparticles supported on Nitric acid-modified active carbon.Supported 
nanoparticles were prepared by impegrating modified activated carbon with RuCl3 
solution in a water bath at 600c for 1 hr. then leaf extract was added to it and stirred 
for 5 hr. synthesized nanoparticles were characterized by using BET, XRD, TEM, 
and FTIR.XRD analysis shows peaks at 26.50,and 44.50corresponding to hexagonal 
carbon, and ruthenium diffraction peaks were not observed which show Ru was 
highly dispersed on carbon.From FTIR modified Carbon support by HNO3 increases 
the oxide group on the surface which work as an anchor site and interacts with the 
catalytic site.these nanoparticles act as catalyst inliquid phase hydrogenation of 
2,2,4,4-tetramethylcyclobutane-1,3-dione to2,2,4,4-tetramethylcyclobutane-1,3-
diol(Scheme:4)(Hung Y. et al.2015). 

O

O

H2,1200c,4MPa,0.5h

Ru/AC-HNO3

HO

OH

 

Scheme:4 Ru Ru/AC-HNO3 NP catalyzed conversion of of 2,2,4,4-
tetramethylcyclobutane-1,3-dione to 2,2,4,4-tetramethylcyclobutane-1,3-diol 

2.1.12 Green synthesis of RuO2 Nanoparticles from Catharanthus roseus and 
Moringa oleifera leaf extract  

Table No. 1 Biosynthesis of Ru NPs fromPlant Parts. 
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S. M. Anjum and co-worker synthesized RuO2 NPs from leaf extract of Catharanthus 
roseus and Moringa oleifera leaf extract. For this 10 g dried leaf powder of 
Plant  Plant 

part used 
Size(n
m) 

Characterization Applications      Refere
nce 

Gloriosa 

superba 

 

Leaves 25- 90  UV-Vis, 
Fluorescencespectra,F
TIR, XRD, SEM, 
EDX 

Antibacterial activity  
[26] 

Cacumen 

platycladi  

 

Leaves 3.06  BET, TEM, HAADF- 
STEM-EDX, XRD, 
XPS, FTIR,TG, DTG 

Catalyst for 
hydrogenation of 
Benzene to 
cyclohexane 

 
 

[17] 

Acalypha 

indica 

Leaves  6-25  FTIR, XRD, SEM, 
EDX,TEM, 
DLS,TGA/DSC 

Antibacterial activity  
 

[14] 
Aspalathus 

linearis 

Leaves 1.4-4.3  TEM, EDX, 
XRD,XPS,Raman,SA
ED,UV-VIS-NIR 

Water Splitting 
response  

 
[28] 

Diospyros 

kaki 

 

Leaves - XPS, TEM,XRD,N2 
adsorption-desorption, 
TEM, HRTEM, TGA 

Catalyst in the 
hydrogenation of 
ortho-
chloronitrobenzene 

 
 

[29] 

Akarkara 

(Anac-

yclus 

pyrethrum) 

Root 13  XRD, SEM, TEM with 
SAED and FTIR 
spectroscopy,Cyclic 
voltammetry. 

Supercapacitor   
 

[33] 

Dictyota 

dichotoma 
Stem and 
leaves  

30  UV-
Vis,FTIR,SEM,EDAX
,PXRD. 

Anticancer activity   
[34] 

Cacumen 

platcladi 

Leaves 1.19 - 
0.08  

BET, XRD, TEM, 
FTIR, EDS 

Used as catalyst in the 
liquid phase 
hydrogenation of 2,2,4,4-
tetramethylcyclobutane-
1,3-dione to 2,2,4,4-
tetramethylcyclobutane-
1,3-diol 

[35] 

Catharanth

us roseus 

and  

Moringa 

oleifera 

Leaves 5.6 
and 
4.6  

UV-Vis. XRD, FTIR, 
EDX, HRTEM, DLS 

antibacterial activity 
and shows good 
catalytical activity 
against Methylene 
Blue dye. 

 
 
[12] 
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Catharanthus roseus and Moringa oleifera was taken and boiled at 800c in water bath 
for about 30 min. This leaf extract was filtered through Whatman No. 1 Paper. 20 ml 
of each leaf extract was added dropwise to 0.1 M RuCl3.xH2O solution at 800c for 2 
h. Color change from yellowish green to dark brown indicated formation of 
Nanoparticles. RuO2 NPs were characterized by various techniques such as UV-Vis., 
XRD, FTIR, HRTEM, EDX, DLS. UV-Vis shows an intense sharp peak for 
Catharanthus roseus at 320 nm and for Moringa oleifera at 330nm. XRD pattern 
shows orthorhombic crystal structure forCatharanthus roseusextract with crystal 
plane (110), (020), (210), (220),(301) andMoringa oleifera extract with crystal plane 
(110), (020), (210), (220), (301) and (311). HR-TEM shows a spherical structure 
with a particle size 5.6 nm for Catharanthus roseus and a spherical structure with 4.6 
nm size. These synthesized NPs shows antibacterial activity and shows good 
catalytical activity against Methylene Blue dye. 

 Table No. 2 Biosynthesis of Ru NPs from Microorganisms. 

 
3. CONCLUSION 

Among noble metal nanoparticles, ruthenium metal attracted the attention of 
researchers because of its numerous applications in biology, catalysis, photocatalysis, 
and many more.biosynthesis method follows green chemistry principle using water 
as a green solvent and non-toxic biomass extract alga, bacteria, fungi, plant extract 

Microorganism Size 

(nm) 

Characterization Applications      Reference 

Escherichia coli 

 

- EDX, HAADF, XPS, 
XAS, STEM. 

Catalyst in 
upgrading 5-
Hydxoxy methyl 
into liquid fuel 
precursors 

      

 

    [30] 

Bacillus 

benzeovoran 

 

- HAADF, XPS, XAS, 
XRD, STEM, EDX. 

Catalyst in 5-
hydroxymethyl 
furfural (5-HMF) to 
the fuel precursor 
2,5-dimethyl furan 

 

 

   [31] 

Pseudomonas 

aeruginosa 
SM1 

8.3-
5.4 

 

TEM, FTIR, XRD  

              - 

    

  [32] 
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like leaves, stem, flower, bark, seeds for synthesis. The Ru NPs were characterized 
by using UV-Vis, SEM, TEM, XRD, EDAX, FTIR, DLS, SAED,and TG techniques. 
Ru NPs show application in antibacterial activity,Anti-cancer activity, bio-
catalysis,etc. Our study will help the researcher to develop biocompatible, 
ecofriendly biocatalyst, anticancer, and antimicrobial agents containing Ru NPs. In 
future Ru NPs will be in demand as biocatalyst and biomedical applications. 
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ABSTRACT 
Solar cells are one of the emerging tools for utilization of solar energy effectively 

and further solar energy conversion for sustainable development. As moving from 

first generation solar cells to third generation solar cells, the cost of fabrication, 

performance and feasibility of devices observed to be altered which primes to focus 

on third generation solar cells. Hence forth, the DSSCs, perovskite solar cells, 

QDSSCs, organic solar cells, etc. have been highly appreciated throughout research 

community in terms of wide variety of materials and strategies deployed to design 

such devices. Subsequently, the photovoltaic device performance can be analyzed 

using various techniques such as current-voltage measurement, solar efficiency 

calculation, electrochemical impedance spectroscopy, Mott Schottky analysis, etc. 

This review focusing on the brief overview to emerging solar cells as well as various 

measurement techniques for knowing solar photo voltaic devices. 

 

KEYWORDS 
Solar cells, third generation solar cells, IV, IPCE, Mott-Schottky, EIS 

…………………………………………………………………………………………. 

1. INTRODUCTION 

In the 21st century, renewable sources such as wind, water, solar, and geothermal, 
etc., have the potential to replace the existing non-renewable sources to meet the 
energy needs of human beings. This is due to their various features such as giant 
availability, environmental benign, cheaper or cost effective, available everywhere 
[1], etc. According to the Perez et al, the availability of renewable and non-renewable 
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energy reserves available on the plant is shown in Figure-1. [© R. Perezet al.]
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Figure-1. Comparing finite and renewable planetary energy reserves (Terawatt-

years). Total recoverable reserves are shown for the finite resources. Yearly 
potential is shown for the renewables. 

From the Figure-1, it is revealed that the sun is emitting an energy of 23000 
TW per year; while wind, biomass, hydro, geothermal, tides resources providing the 
energy of 70-120, 2-6, 3-4, 0.3-2, 0.3 TW per year, respectively. Comparatively, the 
non-renewable resources are called as finite energy resources; which having total 
available energy are of around 1655 TW only. Therefore, among both the resources, 
solar energy is most abundant, freely available for maximum days per year, eco-
friendly, etc. Therefore, solar energy has been considered as an important source for 
energy harvesting. Solar energy is converted into electrical energy using a device 
through photovoltaic effect called as solar device. With invention of first solar cell by 
American Scientist Charles Fritts in 1883 onwards, investigators continuously 
progressing in terms of designing the different materials, device architectures and 
assembly so as to reach the next-generation performance, as well as low-cost devices 
[2]. Since last few decades, the solar cell technology has grown as extraordinary 
source of renewable energy to meet the global energy needs. This can be illustrated 
with the help of Figure-2, which displays the dominance of solar cells over other 
strategies to generate electricity. For last three years i.e., 2018, 2019 and 2020, out of 
total electricity generation among renewable sources, solar cells comprised the most 
effectual conversion about 33%, 22% and 16% respectively. So, it is conceivable to 
say that this technology has been playing a vital role in concern with scientific, 
economic as well as social point of the view. 
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Figure-2.The annual growth for renewable electricity generation by sources, 

2018-20.(IEA(2020),Global Energy Review 2020, IEA, Paris.) 

Generally, the solar cells are categorized into three different generations, 
depending on type of materials deployed for their fabrication. Among these 
generations, first generation is highly matured solar cell technology and hence it is 
dominated in the market. In the first generation, the photovoltaic devices are 
fabricated either by crystalline silicon (c-Si) or Gallium Arsenide (GaAs) wafers. In 
connection to the materials properties, GaAs has 
thedirectopticalbandgapof1.43eVat300K, while c-Si have an indirect optical band 
gap of 1.12 eV at 300K and hence GaAs exhibits remarkable optical properties 
compared to silicon [3],[4]. Therefore, GaAs based solar devices offer the highest 
conversion efficiency (29.1%) to that of c-Si based photovoltaic devices (26.7%) 
[5],[6], but still have not yet been chosen for commercialization. Because, the 
starting materials (such as gallium and arsenic) are much expensive, rare, and toxic. 
But silicon is most abundant, less toxic compared to GaAs, and hence the c-Si-based 
photovoltaic devices are commercialized well than that of GaAs [7]. However, the 
fabrication process for making silicon wafers is tedious, highly expensive and hence 
having higher overall cost of such devices; which limits the excessive use of silicon-
based solar devices. In order to overcome the laggings of first-generation solar 
devices, scientists have been focusing on the development of the materials under 
second generation solar devices [8]. Second-generation solar devices are also known 
as thin-film devices, fabricated by depositing one or more thin layers of the materials 
on the substrates viz. glass, plastic, and metals, etc. [9]. Copper indium gallium 
diselenide (CIGS), cadmium telluride (CdTe), and amorphous thin-film silicon (a-
Si), etc. are the different materials utilized in this generation. The advantages of this 
second-generation device are ease thin film deposition, cheap starting materials, 
lower amount of the materials, thickness dependent properties controls, etc.; 

https://www.iea.org/reports/global-energy-review-2020
https://www.iea.org/reports/global-energy-review-2020
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however, the efficiency is somewhat lower than the first-generation solar devices. 
The reported laboratory efficiency of CIGS and CdTe-based devices is around 20% 
[10]. Though the devices under second generation are cheaper, but less efficient than 
conventional c-Si as well as having less film life time (below20years), are the major 
constraints and hence their commercialization share is less than 20% worldwide in 
the last three decades [11]. In addition, according to Schokley-Quiseer limit, the 
another major constraint for these first-generation and second generation solar cells 
(single-junction) is in terms of their theoretical efficiency; which would be reached 
up to 33.7 % under the standard conditions (unconcentrated, AM 1.5 solar spectrum, 
1.34 eV optical band, 1000 W/m2)[12]. In order to overcome these constraints of 
first- and second-generation solar cells, researchers have been focused towards the 
new generation, which is commonly known as third generation solar cells or 
emerging photovoltaic or hybrid solar cells [13]. This is due to the different ways 
such as intermediate band positions [14], photon up-conversion [15], hot electron 
capture [16], multiple exciton generation [17], thermal photon up-conversion [18], 
etc. In addition, the fabrication processes as well as material architectures of third 
generation solar devices are easier than the first and second generations. Above 
Figure-3 indicates the number of publications related to the third-generation solar 
cells from last five years, which reflects the dominance over the development of third 
generation solar cells which include dye sensitized solar cells (DSSCs), quantum dot 
sensitized solar cells (QDSSCs), Perovskite as well as organic solar cells [19],[20]. 
In addition, emerging hybrid solar devices such as quantum dot sensitized, dyad-
sensitized, etc. have been focused highly so as overcome the constraints of the mono-
type sensitized solar devices [21]. Further, in connection to analyze the performance 
of solar devices in terms of current density, charge transfer resistance as well as 
carrier density, the various measurement techniques have been utilized to date. It is 
beneficial to study such techniques for knowing the solar cell performance. 

 
Figure-3. Year wise number of publications related to third generation 

photovoltaic from2017 onwards based on the number of articles published on 
Elsevier platform dated up to13th July 2021. 

https://en.wikipedia.org/wiki/Concentrator_photovoltaics
https://en.wikipedia.org/wiki/Air_mass_(solar_energy)
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In this connection, the present review focuses on the various measurement 
techniques like current-voltage (IV), incident photon to current conversion (IPCE), 
electrochemical impedance spectroscopy (EIS) and Mott Schottky analysis to 
recognize the performance of photovoltaic devices. Along with this, different factor 
which are affecting the solar efficiency, are also being described in this review. 

2. MEASUREMENTS FOR KNOWING PHOTOVOLTAIC DEVICES 
PERFORMANCE 

2.1.Current-Voltage(I-V) Measurements 

The power conversion efficiency of a solar device is studied through the 
measurement of photocurrent formed with respect to the bias potential and hence it is 
measured through the current-voltage plot. Therefore, I-V measurement is essential 
for the evaluation of the various parameters of the solar cells include short-circuit 
current, open-circuit voltage, fill factor, efficiency, etc. [22]. Basically, I-V plot is 
measured by using three different methods such as, photovoltaic output with constant 
illumination (variable resistor), photovoltaic output with variable illumination and 
diode forward in dark current. Among these methods, the photovoltaic output with 
constant illumination is commonly used method. With constant illumination of 
known intensity, a resistive load is varied between short-circuit and open-circuit 
(zero to infinity) conditions by measuring the voltage and the current output at the 
respective terminals. Figure-4 shows the circuit diagram used during the 
measurement of I-V of the solar cells. This method is only applicable to low-power 
devices since resistors for higher power are hardly available. Load resistors are not 
recommended for photovoltaic module characterization because short-circuit is not 
exactly measured. In addition, the reverse bias characteristics cannot be determined 
using this method. However, the use of load resistors to evaluate the performance of 
a solar device or module can provide an inexpensive way of approximating its 
performance. In Figure-4, the load resistor is increased manually in the different 
steps. In each step, the voltage and the current (actually the voltage across a shunt 
resistor) are sensed using a pair of handed digital multi-meter. It is reported that 
change in the load resistor makes the process very slow, so solar radiation and 
thermal conditions could be changed during the measurement. The system presented 
employs a set of resistors as load. An array of relays, controlled by a computer card, 
is used to select the combination of resistors to achieve a specific resistive load. The 
resistors are chosen to obtain a good spread of points around the “knee” of the curve. 
Two A/D channels of the computer card are used in order to measure each I-V pair. 
With this approach, manual operation over the resistor is avoided and the acquisition 
time is improved [23]. 
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Figure-4. Schematic representation of equivalent circuit of a solar cell with 

series and shunt resistance. 

For an ideal solar cell, the shunt resistance is very high and hence its 
contribution in I-V measurement is neglected. The photovoltaic output can be 
measured as (equation-1),  𝐼 = 𝐼𝐿−𝐼𝑂 {exp [ 𝑒𝑛𝐾𝑇 (𝑉𝐿−𝐼𝐿𝑅𝑆)] − 1} − 𝐼𝑃ℎ … … … … . . (1) 

Where, IL is the light or photo-generated current, Io is the reverse saturation 
current, e is charge on charge carrier, n is ideality factor, K is Boltzmann constant, T 
is temperature, VL is the applied voltage across the terminals of the diode, Rs is series 
resistance, Iph is light generated current. Since solar cell acts as a generator, I-V 
measurement can also be obtained in fourth quadrant through four quadrant power 
supply. The circuit diagram with nature of I-V plot of fourth quadrant system is 
indicated in Figure-5(a-b).  

Figure-5. Schematic representation of a) Four-Quadrant power supply scheme, 
b) I-V characteristics in 1st, 2nd and 4th quadrant. Reprinted with the permission 

of reference [21]. 
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In 2nd method, the light generated current (IPh) of solar device can also be 
measured with respect to change in illumination intensity. In this method, at every 
light intensity setting, the short-circuit current (ISC) and open circuit voltage (VOC) of 
the solar devices can be measured as indicated in equation-2: 𝐼𝑃ℎ = 𝐼𝑆𝐶−𝐼𝑂 [exp ( 𝑒𝑛𝐾𝑇  𝑉𝑜𝑐) − 1] … … … … . . (2) 

In 3rd method, solar device is tested like a diode in dark by applying the external dc 
power supply in the forward bias. The I-V characteristics can be observed into the 
first quadrant of the I-V plane. It is described by equation-3 as follow:  𝐼 = 𝐼𝑂 {exp [ 𝑒𝑛𝐾𝑇 (𝑉𝐿−𝐼𝐿𝑅𝑆)] − 1} … … … … . . (3) 

In concern with all three methods, the ideal current-voltage plot of a solar cell is 
shown in Figure-6. 

 
Figure-6. Current voltage (I-V) curve of solar cell 

On the basis of I-V characteristics curve, the following solar cell parameters 
are measured for knowing the overall performance. 

2.1.1. Short-circuit current (ISC) 

Current flows through a cell at zero bias voltage called as the short-circuit current 
(ISC); which is shown in the Figure-7. The generation and collection of ISC is due to 
the light generated carriers. For ideal photovoltaic devices with moderate resistive 
loss, ISC and the light generated current are identical. The ISC depends on the different 
factors such as, the area of the solar cell, number of photons, the spectrum of incident 
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light, optical properties and collection probability. In addition, the variation in 
illumination intensity significantly affects the ISC. Changes in the illumination 
intensity between 102 to10−2 mW·cm−2 causes a proportional change in the ISC for all 
solar cells. In representative investigations, ISC is directly proportional to the number 
of the photons absorbed by the semiconducting material. The ISC is also evaluated by 
taking the product between short-circuit current density (JSC) and cell area and it is, 
represented as in equation-4. 

ISC=JSC.A …………………. (4) 

 
Figure-7. Current flows through a cell at zero bias voltage called as the short-

circuit current (ISC). 

2.1.2. Open-circuit current (VOC) 

The open circuit voltage (Voc), is the maximum voltage available from a 
solar cell at zero current density in that device. The open – circuit voltage 
corresponds to the amount of forward bias on the solar cell. Due to the bias of the 
solar cell junction with the light generated current. In solar device, the Voc depends 
on the work function of the Fermi energy of the photo anode and electrolyte as well. 
The equation of open circuit current is found by setting the net current equal to zero 
in the solar cell and it gives equation,  

VOC = 𝑛𝐾𝑇𝑞 𝑙𝑛 [( 𝐼𝐿𝑛𝐾𝑇 
) − 1]- IL…………… (5) 

2.2.3. Fill Factor 

Fill factor is one of the parameters used to know performance of photovoltaic 
devices; which measures the maximum power (deliverable power) of a solar cell at 
conjunction of Voc and Isc.  
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Figure-8. Indication I-V curve for measurement of fill factor. 

So, the fill factor is a measure of the squareness of the solar cell and is also 
the area of the largest which fit in the I-V curve. In above figure the red line (output 
current), blue line (incident voltage), as a function of voltage. Also, short circuit 
current (ISC) and open-circuit voltage (VOC) as well as maximum power point (Vmp, 
Imp) are shown in above figure. The fill factor is calculated by using the following 
equation-6,  FF % = 𝑃𝑚𝑎𝑥𝐽𝑠𝑐 .𝑉𝑜𝑐 = 𝐽𝑚𝑎𝑥.  𝑉𝑚𝑎𝑥𝐽𝑠𝑐 .  𝑉𝑜𝑐 …………. (6) 

The diode characteristics of solar cells can be measured with this factor. For 
an ideal diode, the parameter must be unity. As the higher fill factor, the diode will 
be more ideal. In solar device, due to the losses occurring by recombination and 
transport, the fill factor is usually found between 0.6 and 0.85. In solar cells, it is 
observed that shunt and series resistance act as limiting factors. Large shunt 
resistance and low series resistance in solar cells lead to high fill factor FF.  

2.1.3. Solar cell efficiency (η) 

The photovoltaic device is a device, which converts the solar energy into electricity, 
such conversion is measured in terms of power conversion efficiency (PCE) of the 
device, and it is indicated as ‘η’. The efficiency of solar cell is defined as the ratio of 
output electrical power at maximum power point on the curve is divided by incident 
light power. It can be illustrated in equation-7,  𝑃𝐶𝐸 (𝜂) = 𝐹𝐹  ×  Jsc  ×  Voc𝑃𝑖𝑛 …………………. ….. (7) 

Where, 𝜂 is called efficiency of solar cell, Jsc is short circuit current density, 

Voc is open circuit current voltage, FF is fill factor and Pin is incident input power. To 
allow for effective comparison of device performance, an international standard for 
input power is used. This standard is an incident spectrum of AM 1.5 G, with an 



 Page 58 

 

 

 

` 
 

intensity of 1000 W/m2 (100 mW/cm2), whereas the cell is at a temperature of 250C. 
These solar output parameters reveal the overall performance of solar devices. 

2.1.4. Shunt resistance (Rsh) 

The shunt resistance, simply estimates the slope of any I-V curve at the short circuit 
point (V = 0) and this is equal to -1/RSh. The shunt resistance is defined as the resistor 
having very low value of resistance in a circuit (see Figure-9). 

 
Figure-9. Representation for shunt resistance. 

2.1.5. Series Resistance (Rs)  

The series resistance is a bulk resistance of the of the diode and contact resistance. 
The main effect of series resistance is to reduce the fill factor, and also change the 
Isc, but it does not change the VOC [24],[25]. These changes affected on the efficiency 
and the performance of photovoltaic devices. Various methods are used to measure 
the series resistance such as, illumination curve method (Wolf and Rauchenbach 
1963), p-n junction dark forward characteristics method (Imamura and Portscheller 
1970), the method due to Rajkanan and Shewchun (1979) and high level of excitation 
method due to Agarwal et al (1981). Among these method, the series resistance can 
be calculated by using the illumination curve method and it can be represented in 
equation-8. 𝑅𝑆 = 𝑅𝑆𝑂 − (𝑛𝑉𝑡ℎ𝐼𝑂 ) exp (− 𝑉𝑂𝐶𝑛𝑉𝑡ℎ) … … … … . . (8) 

Where, VOC is the open circuit voltage (V), RS is the series resistance, RSh is 
the shunt resistance (Ω). RS is the reciprocal of slope of I-V curve at open circuit 
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point (Ω) (see Figure-10). 

 
Figure-10. Representation for series resistance 

2.1.6. Reverse saturation current   

Reverse saturation current is defined as a measure of the "leakage" of carriers across 
the p-n junction in reverse bias[26]. This lekage is the result of carrier recombination 
in the neutral regions on the either side of the junction.  

 
Figure-11. The effect of reverse satuartion current of solar cell. 

The Figure-11 indicates the effect of reverse satuartion current of solar cell. The 
reverse saturation current can be calculated by using following equation-9,  
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𝐼𝑂 = (𝐼𝑆𝐶 − 𝑉𝑂𝐶𝑅𝑆ℎ) exp (− 𝑉𝑂𝐶𝑛𝑉𝑡ℎ) … … … … . . (9) 

2.1.7. Light or Photo-generated current  

The photo generated current involves two key processes, the first is the absorption of 
incident photons to create electron-hole pairs.  The generation of electron-hole pairs 
occurred by the energy of incident photon is greater than the band gap. However, the 
electrons carrier from p-type materials and holes carriers from n-type materials are 
always in meta-stable form. While in in second process, it collects these electron-
hole carriers by the p-n junction. And also, separate these electron and holes by the 
action electric filed in the p-n junction without the recombination. After that, these 
electron-hole pairs can be calculated by using the following formula-10 [27].  𝐼𝐿 = 𝐼𝑆𝐶 (1 + 𝑅𝑆𝑅𝑆ℎ ) + 𝐼𝑂 {exp ( 𝐼𝑆𝐶𝑅𝑆𝑛𝑉𝑡ℎ − 1)} … … … … . . (10) 

Where, IL is the light or photo generated current, I0 is the reverse saturation 
current, RS is the series resistance, RSh is the shunt resistance, Vth is thermal 
voltage at 300 K (V), n is the ideality, ISC is the short-circuit current. 

2.2. Effect other Parameters on Photovoltaic Devices  

2.2.1. Ideality Factor  

This factor is also said to be emissivity factor, which gives the information about 
how closely diodes track the ideal diode equation, which is very convenient formula 
for current as the function of voltage [28].  So, with help of this parameter one can 
comment on second order effects present in material since the diode not follow the 
ideal equation. The ideality factor can be measured by using equation-11.  𝑛 = [𝑉𝑚 + 𝑅𝑆𝑂 𝐼𝑚 −  𝑉𝑂𝐶  [𝑉𝑡ℎ {ln( 𝐼𝑆𝐶 − 𝑉𝑚/𝑅𝑆ℎ𝑂 − 𝐼𝑚) − ln(𝐼𝑆𝐶 − 𝑉𝑂𝐶/𝑅𝑆ℎ) + 𝐼𝑚/(𝐼𝑆𝐶  − { 𝑉𝑂𝐶/ 𝑅𝑆ℎ𝑂})}] … … (11) 

Where, RShO is the reciprocal of slope of I-V curve at short circuit point (Ω). Vm is 
the voltage at MPP (V), Im is the current at MPP (V). 

It is useful to describe the possible recombination arisen via band to band. 
When there is no recombination within space charge region, the ideality factor relates 
the standard efficiency of device with value of n=1. As recombination occurs, the 
value of ideality factor undergoes variation. This behavior of ideality factor can be 
illustrated with the help of following Figure-12 and Table-1.  
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Figure-12. Typical current voltage performance of solar cell with respect to 

ideality factor. 

Recombination Type 
Ideality 
factor Description 

SRH, band to band (low 
level injection) 

1 
Recombination limited by minority 

carrier. 

SRH, band to band (high 
level injection) 

2 
Recombination limited by both carrier 

types. 

Auger 2/3 
Two majority and one minority carriers 

required for recombination. 

Depletion region (junction) 2 Two carriers limit recombination. 
Table-1. Relation between recombination process and ideality factor. 

Hence, the ideality factor plays dominance role in remarking the solar cell 
performance, as it gets affected by the output voltage as well as reverse saturation 
current though the device. This factor is also beneficial to define the heterojunction 
in the solar cells. When ideality factor is detected to be greater than 2, then it reveals 
the presence of shottky diode or heterojunction in solar cell [29].  

2.2.2. Effect of temperature  

Solar cell is a temperature dependent device, if increase the temperature reduces the 
band gap of semiconductor. The decrease in the band gap of semiconductor, with 
increase in temperature, it can be observed as increasing the energy of the electrons 
in the materials. The impact of temperature on photovoltaic devices or I-V curve, 
indicated in following Figure-13. 
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Figure-13. The variation of VOC with temperature (red line). 

2.2.3. Effect of light intensity  

The solar cell parameters change with changing the light intensity, such as short-
circuit current, open-circuit current, fill factor as well as the efficiency and also effect 
on series and shunt resistance. The intensity of light on solar cell is called the number 
of suns, i.e., 1 sun corresponds to standard illumination at AM 1.5 or 1 kW/m2. A 
photovoltaic module can be designed to operate under low light intensity (0 to 1 sun 
or 1kW/m2) conditions is called a flat plate module while the photovoltaic module 
can be designed by concentrated sunlight (greater than 1 sun i.e., 10 sun illumination 
or 10 kW/m2) are called concentrators.  

2.3 IPCE Measurement  

The IPCE stand for an incident photon to current efficiency and it is also called 
quantum efficiency. IPCE is used to measure the ratio of photocurrent versus the rate 
of incident photons for photovoltaic devices and also used to measure the band gap. 
In the DC IPCE method, at each stage, the wavelength of incoming monochromatic 
light is altered and the current of the photovoltaic device can be measured as shown 
in the Figure-14. There are two types of IPCE or quantum efficiency i.e., external 
quantum and internal quantum efficiency. The external quantum efficiency is the 
number of photo generated electrons per number of incident photons, on the device 
active area at a given wavelength [30], while internal quantum efficiency is the 
number of collected carriers per number of all absorbed photons by only the active 
absorber at a given wavelength [31]. 
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Figure-14. Schematic setup of IPCE technique 

The IPCE of the device can be calculated by equation-12,  

IPCE= 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠  IPCE =   𝐽𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑/ [𝑚𝐴𝑐𝑚−2𝐶−1]𝑃𝑖𝑛𝜆ℎ𝐶/𝜆 . 𝑚𝑊𝑐𝑚−2𝑒𝑉  

𝐼𝑃𝐶𝐸 (𝜆) = 1240 × 𝐽𝑠𝑐𝑃𝑖𝑛.𝜆  ……… (12) 

Where λ is the wavelength of incident monochromatic light (nm), Jsc is the 
short-circuit photocurrent density (μA/cm-2) and Pin (λ) is the monochromatic light 
intensity in the unit of (mW/cm -2) [32]. Initially, the incoming light intensity 
calibrated to 1 sun and Pin is measured with the help of a conventional Si detector. 
The primary beam is split into two equal beams, one for the Si detector while the 
other for the test sample. As well as if the intensity of incoming light is calibrated to 
1 sun then we can determine the short circuit current with the help of integrated IPCE 
(see equation-13) [33]. 𝐽𝐼𝑃𝐶𝐸 = ∑ Jmeasured𝑛𝑒𝑎𝑟 𝐼𝑅𝑛𝑒𝑎𝑟 𝑈𝑉 (𝜆) ,   = ∫ 𝐼𝑃𝐶𝐸 (𝜆). 𝑒. ᶲ𝑖𝑛(𝜆)𝑑𝜆𝑛𝑒𝑎𝑟 𝐼𝑅𝑛𝑒𝑎𝑟 𝑈𝑉 ………(13) 

Where, ᶲin is the incident photon flux and ‘e’ is the electron elementary charge. 
2.4 Electrochemical Impedance Spectroscopy (EIS)  

EIS is a non-destructive technique and is used to measure the electrical properties or 
electrochemical performance of any materials, by using the small amplitude and 
alternating current. So, this technique is widely used in various fields for the 
measurement of conductivity such as rechargeable batteries, solar cells, fuel cells, 
biosensors, coatings, sensors development, etc. In concern with solar cells, this EIS 
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technique is used to study kinetics of interfacial charge transfer process, charge 
transfer resistance, diffusion length for the charge carriers as well as electronic or 
ionic process occurring in the solar cells [34]. It is also analysing the corrosion 
performance of the coated aluminium panel with the use of an electrochemical cell, 
where alternating current (AC) scanned across a wide range of frequencies to obtain 
an impedance spectrum of the materials. EIS differs from direct current (DC) 
techniques; which allows researchers to investigate capacitive, inductive, and 
diffusion processes in the electrochemical cell or potentiostate. The basic 
instrumentation set up used in EIS measurement is illustrated in Figure-15. 

 
Figure-15. Schematic experimental set up of EIS for PEC measurements 

reprinted with the permission of reference [35]. 

Generally, EIS run through the three-electrode system such as working electrode 
(sample), counter electrode (graphite or platinum) and reference electrode (Saturated 
calomel electrode or silver/silver chloride). Then these electrodes are attached to the 
cell and can be filled with an electrolyte solution. The impedance spectra consist the 
measurement impedance measured as a function of frequency. Low frequency 
feature is correlated the diffusion of carriers in electrolyte system, intermediate 
frequency is exemplified the electron transport and back reaction observing at metal 
oxide/electrolyte interface, and further charge transfer at cathode is associated with 
high frequency feature. Also, the impedance data represented using Nyquist plot, 
where Impendence measured as vector. This plot includes the real impedance on X-
axis, and imaginary impedance on Y-axis. This can be illustrated by using following 
Figure-16 which was investigated by our research group for TiO2-based DSSCs for 
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studying the interfacial charge transfer behaviour with the variation of dopant [34]. 
For this investigation, the researchers examined the ohmic resistance and charge 
transfer resistance.  

 
Figure-16. Nyquist plot of the EIS spectra obtained from the representative 

TiO2/MWCNTs and Cr0.010@Ti0.990C NCs measured in the frequency range 
from 0.1 Hz to 1.2 MHz [30].  

Impedance can be calculated using following equation-14; 𝑍 = 𝐸𝑡𝐼𝑡 = 𝐸𝑜sin (𝜔𝑡)𝐼𝑜sin (𝜔𝑡+φ) …………(14) 

Where, Z is impedance, Et is potential at time, It is current at time, Eo is 
amplitude of the signal, ω is radial frequency and φ is phase shift.  
Thereafter, charge transfer resistance at the electrolyte/Pt-FTO interface is typically 
given for the equilibrium potential. is given by following equation-15;  𝑅𝐶𝑇 =  𝑅𝑇𝑛𝐹𝑖𝑜 ………… (15) 

Where, RCT is charge transfer resistance, R is molar gas constant, T the 
temperature, n is number of charge carriers, F the Faraday constant, and io is the 
exchange current density of the reaction. 

2.5 C-V Measurements (Mott-Schottky Plot) 

The technique is used to measure the capacitance as the functions of voltage in order 
to characterize the conducting behaviour of electrodes through metal-oxide-
semiconducting field effect transistor (MOSFET) i.e., Schottky barrier structures. 
The measurement also delivers the thickness of oxides, oxide charge, and defect 
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present in the materials etc. as well as to the junction of the solar cell in case of 
reverse bias. The Mott-Schottky (M-S) defines the properties such as flat band 
potential, doping density, donor/acceptor concentration, type of semiconducting 
materials, etc., by measuring the capacitance with respect to potential difference 
between electrode and electrolyte. For this measurement, plot comprises the 
reciprocal of square of capacitance verses the potential. 

This Mott-Schottky (M-S) measurement come to pass with execution of EIS 
over the range of applied potential. The capacitance of the space-charge layer can be 
derived from the impedance measurement and its relation with applied potential and 
flat band potential is given by following equation-16 of M-S analysis,  1𝐶𝑠𝑐2 = 2𝜖𝜖0𝑒𝑁𝑑 (𝑈 − 𝑈𝐹𝐵 − 𝐾𝑇𝑒 )………. (16) 

Where, CSC is capacitance of space-charge layer, ϵ and ϵo are dielectric 
constant and vacuum permittivity, respectively, K is Boltzmann constant, e is the 
electronic charge, U is applied potential, UFB is flat band potential, Nd is doping 
density, and T is the temperature.  Typical M-S plot is displayed in Figure-17.  

 
Figure-17. Mott-Schottky plot of reciprocal of square of capacitance with 

respect to the applied potential. The inset shows the equivalence circuit for the 
measurement. Where, RS: series resistance, RB: bulk semiconductor resistance, 

RCT: charge-transfer resistance, and CSS: surface-state capacitance [35]. 

Accordingly, a plot of reciprocal of CSC
2 versus U should disclose UFB as the 

linearly generalized intercept with the x-axis, while Nd will be proportionate to the 
inverse of the slope. Since all these parameters playing superseding role to remark 
the solar cell performance, it is essential to organize these parameters for studying 
the devices throughout the research investigation for inclusive consequences.  
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3. CONCLUSIONS  

Development of third generation solar cells is one of the vibrant areas of research in 
energy studies over the employment of first as well as second generation solar cells. 
Hence, in order to study the said generation of solar cells, present review have been 
comprised various points. It is conceivable to say that, the emerging hybrid solar 
devices such as QDSSCs, dyad-sensitized, DSSCs, organic and perovskite solar cells 
have been focused highly so as overcome the constraints of the existing generation 
solar cells. Also, in connection to measurement techniques for the performance of 
solar cells, various strategies such as IV, Impedance, Mott-Schottky analysis, etc. 
have been emphasized for determination of current efficiency, charge transfer 
resistance, carrier density, etc. for the synthesized materials.  
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ABSTRACT 
This Review provides a comprehensive analysis of recent developments in the 

research of tetraphenylethylene as well as triphenylamine (TPA) luminophores 

that are active in aggregation-induced emission and mechanochromic 

luminescence as their applications in a variety of sectors. It begins by going over 

the wide range of structural motifs that have been specifically useful in sensing. 

Tetraphenylethene/triphenylamine is used as a mechanoluminescent substance. 
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Tetraphenylethene, Triphenylamine, Aggregation-Induced Emission, 

Mechanochromic luminescence, aggregation-induced emission luminogens. 
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1. INTRODUCTION 

In recent years, tetraphenylethylene-based organic compounds have attracted a lot of 
attention due to their wide range of uses and exceptional selectivity, sensitivity, and 
outcomes. Aggregation-induced emission photophysical processes frequently include 
the building block tetraphenylethene/triphenylmethane. Aggregation-induced 
emission (aggregation-induced emission) compounds exhibit a propeller structural 
property when exposed to 365 nm UV light. Aggregates and solids should not be 
stacked [1]. It has long been known that TETRAPHENYLETHENE-derived probes 
are aggregation-induced emission-active due to tetraphenylethene’s hydrophobic 
properties. Tetraphenylethylene contains an outer ring of revolving aromatic phenyl 
rings that resemble a propeller. Recent studies have uncovered and demonstrated that 
the peripheral aromatic rings can freely rotate in diluted solutions [2]. The excited 
state causes nonradiative disintegration (decay).Tetraphenylethylene derivatives are 
the most frequently employed chromophore to explain complexation with metal ions 
because of their "Aggregation-Induced Emission" characteristics. The development 
of new chemosensors for metal ion detection involves functionalizing 
tetraphenylethylene-based molecular architecture with pendant coordinating sites for 
metal ions. Tetraphenylethene’s capacity to be detected is determined by its 
aggregation-induced emission properties, which depend on chromophore receptor 
sites' interaction with analytes [3]. 

1.1 Aggregation-induced emission  

Aggregation-induced emission, a type of photophysical phenomenon connected to 
the aggregation of chromophore moiety, was first proposed by B. Z. Tang and his 
team in 2001 [4]. In an aggregation-induced emission process, the amount of water in 
the mixture determines how quickly the weak or non-emissive luminogens become 
emissive as a result of the development of their aggregate. These astonishingly bright 
luminogens, also known as aggregation-induced emission luminogens have found 
extensive use as an intriguing material in numerous sectors as shown in Figure-1[5-
7]. 

1.1.1 Mechanochromicproperties  

In response to mechanical forces like grinding, heating, fuming, and 
crushing/rubbing, some smart materials, and molecules exhibit a special property 
known as mechanochromic luminescence (MC). Due to its possible applications in 
mechanosensory, security documents, and optical storage, the MC luminescence 
property has attracted considerable interest. When the solid sample was 
pulverized with a pestle and mortar, the color of tetraphenylethene-based materials 
changed substantially, as did the emission which is shown in Figure-2 [1]. 
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Figure-1. Photographic images of aggregation-induced emission (aggregation-
induced emission) in ACN: H2O mixtures with different water fractions 0 to 90 

% - (Top Image) Under ambient light (Daylight) (Bottom Image) Under UV 
Irradiation (365 nm). (“Photograph courtesy of ‘Kishor Jagadhane et al. 

Copyright ChemistrySelect 2022.”). 
MC luminogens modify their emission by altering their aggregate shape or 

molecular structure. Even though the first method is a general technique to control a 
luminogens emission, only a small number of MC luminogens based on this 
mechanism have been documented because of the imperfect and irreversible 
chemical processes in the solid state. Although each system has unique properties, 
the majority of described luminogens were able to produce MC fluorescence by 
having their morphology altered by mechanical stimulation. These luminogens can 
change between crystalline and amorphous states, a stable liquid crystalline phase 
and a metastable liquid crystalline phase, or between two different crystalline phases 
depending on the intermolecular interactions that are present before and after the 
application of mechanical stimuli, such as the -interaction, dipole-dipole interaction, 
and hydrogen bonding. It has also been discovered that some luminophore-doped 
polymer composites display the mechanochromism phenomena. Despite the 
reasonably apparent mechanisms for mechanochromism, few materials exhibiting 
MC luminescence had been identified before 2008, which was largely due to two 
factors. First, their syntheses' design strategy is still unclear. Second, the aggregation-
caused quenching (ACQ) effect, traps, or flaws in the aggregates cause the emission 
of several luminogens to be completely or partially quenched upon aggregate 
formation. As a result, creating MC luminogens becomes a difficult undertaking [8-
15]. 

Mechanochromic materials (also known as piezoceramic) can alter the color 
of their emission in response to certain external force stimuli, such as pushing, 
shearing, or grinding. Mechanochromic materials have gained a lot of attention as a 
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type of "smart material" due to their promising uses in optical storage, pressure 
sensors, rewritable media, and security ink. Due to low-pressure demand and good 
reversibility, changing the way of molecular packing (aggregation states) or 
intramolecular conformation to produce mechanochromism is more appealing than 
solid-state chemical processes for both fundamental research and practical 
applications. It has been discovered that the phase transition between the crystalline 
state and the amorphous phase frequently affects mechanochromic performances. 
The pressured sample's amorphous form makes it impossible to verify the molecular 
packing modes and configuration, which makes it more challenging to pinpoint the 
underlying causes of emission shift. The mechanochromic phenomena have thus far 
been attributed to changes in intramolecular planarity, stacking, H- or J-aggregation, 
and intermolecular interactions [16-20]. 

 

Figure-2. Under UV irradiation (365 nm), photographs of the mechanochromic 
phenomena of probe 1 exhibit how that color changes after grinding, fuming, 

and heating. (“Photograph courtesy of ‘Kishor Jagadhane et al. Copyright ACS 
Omega 2022.”). 

1.1.1.1 Applications 

New ideas inspire innovative applications. Wherever the RIR process is present, the 
aggregation-induced emission effect can theoretically be used to achieve desirable 
results. The only thing limiting the possibilities is likely our imagination. The 
aggregation-induced emission effect has been investigated in many laboratories, and 
much of the work has been focused on its applicability in optoelectronic and sensory 
systems. Due mostly to the ACQ issue, the device performances of OLEDs based on 
typical flat luminophores have been subpar. The aggregation-induced emission 
luminogens are emissive in their aggregate state, making them attractive building 
blocks for effective OLEDs. This is supported by the fact that an OLED based on 
silicon exhibits an external quantum yield (ZEL) of up to 8%, which is close to the 
upper limit for an EL device based on an organic singlet emitter [3,5,6,21]. All the 
reported and possible applications about the tetraphenylethene are shown in Figure-
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3and all the reported and possible applications about the triphenylamine are shown in 
Figure-4 [22-24]. 

 

Figure-3. Graphical Representation of applications of tetraphenylethene-based 
aggregation-induced emission materials. 

 

Figure-4. Graphical Representation of applications of triphenylamine-based 
aggregation-induced emission materials. 
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2. CONCLUSION 

In conclusion, it has been shown that tetraphenylethene and triphenylamine is the 
best raw material from which to create a variety of useful materials in the future. 
Because of their particular aggregation-induced emission activity in the solid state, 
and mechanochromic luminescence behavior upon mechanical force. 
tetraphenylethene/triphenylamine-based aggregation-induced emission luminogens 
are simple to create and modify. Although the benefit of aggregation-induced 
emission in tetraphenylethene derivatives has been used in some applications as 
described in this Review, we think there are still many other potential applications 
that have not yet been explored. We also believe that a large community of 
researchers will continue to build upon the research in this review. 
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ABSTRACT 
According to important position of heterocycles in synthetic organic chemistry 

world. Bis(indolyl)methane and Trisindolines acquired vital place due to its various 

important biological activities such as anticancer, antimicrobial, antitubercular, 

antifungal, anticonvulsant, spermicidal, and antioxidant activities, among others. 

Therefore, researcher synthesize bis(indolyl)methane and trisindolines by using 

various methodologies but some methods are required harsh reaction conditions, 

toxic chemicals therefore researcher go towards green methodologies that minimize 

use of toxic chemicals, uses green techniques such as ultrasonication, room 

temperature reaction instead of refluxing etc. So, the main purpose of this review is 

to provide a comprehensive summary of the various synthetic strategies that follows 

the green chemistry principles to synthesize Bis(indolyl)methane and Trisindolines. 

KEYWORDS 

Green Chemistry, Bis(indolyl)methane (BIMs), Trisindolines, Indole, Isatin, 

heterocycles. 
…………………………………………………………………………………………. 

1. INTRODUCTION 
Nitrogen containing heterocycles acquire an important position in the pharmaceutical 
industry. Out of various nitrogen containing heterocycles, indole is a very important 
biological scaffold. Indole is present in many natural products, including 
agrochemicals, pharmaceuticals, photochemistry, dyes, and so on  [1]. The aromatic 
bicyclic structure incorporating benzene ring fused with pyrrole ring is known as 
Indole [2]. Indole contains only one nitrogen atom, which is weakly basic in nature, 
like pyrrole. Because of its high-energy HOMO, indole is an electron-rich 
heteroaromatic system [3]. 

The most famous synthetic method is Fischer indole synthesis, first reported 
in 1883 [4]. After that lot of methods reported for synthesis of indole such as 
Nenitzescu synthesis[5], Ullmann reaction[6], Leimgruber-Batcho synthesis, Reissert 
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synthesis[7], Bartoli reaction[8] etc. All of these are interested in the synthesis of 
indole due to its important role in vital activity in humans and animals, such as the 
amino acids tryptophan [9], tryptamine, and serotonin, and the mammalian hormone 
melatonin, responsible for psychiatric health [10]. 

Among the many advantages of indole are the ability to generate other 
moieties by combining indole with other organic functionalities such as aldehyde, 
isatin, and alkyls, among others, to form highly versatile and biologically active 
scaffolds such as bis(indolyl)methane, tris(indolyl)methane, and trisindolines. 
Heterocyclic substances are abundantly present in nature and exhibits several 
biological activities that makes them important part of drug development which are 
supplements for maintain the healthy life. The majority of the important 
bis(indolyl)methane is isolated from natural sources in the terrestrial and marine 
environments. Therefore, they are natural products containing novel structures that 
show a wide range of significant biological properties. They are also very important 
according to pharmacy, such as in cancer chemotherapy with bis(3-indolyl)methane 
[11], where they exhibit antibiotic , antifungal, and antimicrobial activities [12-14]. 

Trisindolines are obtained by combining two molecules of indole with one 
molecule of isatin. Isatin is the core structure of various biologically active scaffolds 
and commercially available medications. Therefore, the combination of isatin and 
indole produces very potent molecules that are very interesting drugs; one of them is 
trisindolines. Trisindolines attracted the researcher from its first discovery due to its 
wide spectrum of pharmaceutical activities, such as anticancer[15], antimicrobial 
[16], antimycobacterial [17], antifungal, anticonvulsant, a-glucosidase inhibition 
[18], and spermicidal activities [19].Due to the wide range of biological applications, 
various synthetic methods for the synthesis of bis(indoyl)methane and trisindolines 
have been developed, of which only green methodologies are collected in this 
review. Because green methods reduce the use of toxic chemicals, choosing 
alternative energy sources to conventional heating such as microwave, sonication, 
etc., avoids or eliminates the use of solvents and catalysts that protect the 
environment. All of this is in accordance with Paul Anastas and John Warner's 
twelve principles of "green chemistry," which were proposed in 1990 and aid in the 
preservation of the earth's health [20].  

As a result, in this review, we collect all such green methodologies from 2003 
to 2021, such as ultra-sonication, microwave irradiation, ionic liquids, aqueous 
medium, grinding, solvents, and catalyst-free synthesis of bis(indole)methane and 
trisindolines, as follows:  

2. DIFFERENT GREEN METHODOLOGIES FOR SYNTHESIS OF BIS 
(INDOLYL) METHANE AND TRISINDOLINES 

Bis(indolyl)methane in which two indole moieties attached to same carbon atom. 
Indole ring is more reactive at position of 3-carbon atom, therefore here we collected 
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reactions of indole and aldehyde gives 3,3` Bis(Indolyl)methane. In trisindolines 
reaction between indole and isatin is also takes place at 3-carbon atom of indole ring. 

J. S. Yadav et al.[21] demonstrated that ecofriendly process for the synthesis 
of BIMsby using 1-butyl-3-methylimidazolium tetrafluoroborate ([bmim]BF4) or 1-
butyl-3-methylimidazoliumhexafluorophosphate ([bmim]PF6) ionic liquids. At room 
temperature stirring the indole, aldehyde or ketone in ionic liquids [([bmim]BF4) or 
([bmim]PF6)] for 4-5hrs gives the BIMs in 80-90% yield (Scheme 1). Ionic liquids 
are environmentally benign reaction media because they having no vapor pressure, 
increases rate of reaction and selectivity also. Ionic Liquids changes the anion and 
cation properties. Ionic liquids are alternative reaction media that avoids the use of 
toxic chemicals, volatile organic solvents which are dangerous to environment. 
Therefore, ionic liquid follows the green chemistry principle. 

Scheme-1. Synthesis of BIMs in Ionic liquids. 
Novel approach discovered by Xiao-Fei Zeng et al. [22] for synthesis of 

unsymmetrical bis(indolyl)alkanes (2) under ultrasonic irradiation. In recent years 
many organic transformations are catalyzed by ceric ammonium nitrate (CAN) 
because inexpensive, easily available and soluble in less hazardous organic solvent 
such as EtOH and MeOH for this reason it can easily participate in oxidation, 
oxidative addition, nitration, photo-oxidation, deprotection, graft polymerization 
etc.Reaction of indoles with (1H-indol-3-yl)(phenyl)methanol by using catalyst CAN 
and 2 ml EtOH was irradiated under ultrasound at r.t. for 2-5 hrs gives desired 
product with good to excellent yield (70-90%) (Scheme-2). 

Scheme-2. Synthesis of Unsymmetrical bis(Indolyl)alkanes under U.S. 

Parasa Hazarika et al.[23] Develop nonhazardous synthetic methodologies for 
synthesis of bis- (Indolyl) methane (3) and trisindolines (4) for that they 
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takealdehyde or ketone (1 mmol) which reacts with indole (2 mmol) and isatin (1 
mmol) treated with indole (2 mmol) in presence dodecylsulphonic acid (DSA) in 
water at room temperature (Scheme 3 and 4). Dodecylsulphonic acid acts as a 
Bronsted acid surfactant; that is, DSA plays a dual role, acting as both a water 
separator and as Bronsted acid, which catalyses an electrophilic substitution reaction. 
Dodecylsulphonic acid creates micelles with hydrophobic substances that help 
dissolve water insoluble reactants, due to which the reaction proceeds and produces 
the products in good yield. Here develop the economically and environmentally 
friendly protocol within a short period of time with excellent yield (92% in 30 
minute). 

Scheme-3. Synthesis of bis(indolyl)methane in aqueous media. 

Scheme-4. Synthesis of Trisindolines in Aqueous media. 
Solvent free synthesis is very green protocol demonstrated for synthesis of 

bis-indolylmethanes(5) and3,3’-indolyloxindole(6) derivatives by 
HeshmatollahAlinezhad et al. [24] by using cellulosic sulphuric acid (CSA).CSA is a 
solid acid catalyst which is easy to handle, non-explosive and eco-friendly. After the 
reaction, the catalyst can be easily recovered by simple filtering and reused in 
subsequent reactions with a slight decrease in yield.Mixture of indole, aldehyde or 
ketone with CSA (5mol%) was ground at room temperature for 15min gives BIMs in 
73-90% yield (Scheme-5). Then mixture of indole, isatin with CSA (5mol%) was 
ground at room temperature for 15min gives 3,3’-indolyloxindole in good yield 
(85%) (Scheme-6).  
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Scheme-5. Solvent free synthesis of BIMs by using CSA. 

Scheme-6. Solvent free synthesis of 3,3’-indolyloxindole by using CSA. 
Alum (KAl(SO4)2-12H2O) catalyzed synthesis of bis(Indolyl) methane(7) 

under ultrasound irradiation without solvent developed by Swapnil S Sonar et al. [25] 
in which indole (5mmol) and aldehyde or ketone derivatives (2.5mmol) with 10 
mol% Alum powder was irradiated under ultrasonication at ambient temperature for 
spectacular time (5-30 minute) gives Bis(Indolyl)methane (Scheme-7) with good 
yield (92%). Ultrasound and solvent free reaction save the energy, time, produce 
high yield, avoid use of toxic solvents and protect the environment.  

 

Scheme-7. Ultrasound assisted, solvent free Synthesis of Bis(indolyl)methane. 
Developed simple green methodology with excellent yield by Ratnadeep S. 

Joshi et al. [26] under Ultrasound irradiation. They mention 1-Hexenesulphonic acid 
sodium salt used as catalyst for organic transformation first time which is easy to 
handle that makes the reaction pathway very smooth and simple. A mixture of 1H-
indole (1 mmol), aldehyde (2 mmol) and 1-hexenesulphonic acid sodium salt (10 
mol%) was dissolved in minimum quantity of water with constant stirring then 
reaction mixture was irradiated under ultrasonic irradiation at ambient temperature 
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for appropriate time (45minute) which gives the derivatives of bis(indol-3-
yl)methanes (8) with 92% yield (Scheme-8). 

Scheme-8. In aqueous media Synthesis of bis(indol-3-yl) methane’s under 
ultrasound waves. 

Ji-Tai Li et al. [27] synthesize bis(indolyl)methanes(9) under ultrasound 
irradiation in aqueous media for that they use ABS (Dodecylbenzenesulfonic acid) as 
a catalyst which play dual role it acts as acid catalyst and also emulsifier in reaction 
due to which use of water as a reaction medium is possible.They take indole or N-
methylindole(2mmol), aromatic aldehyde (1 mmol), ABS (0.05 mmol), in 5ml water 
then reaction mixture was irradiated under ultrasonication(U.S.) at temperature 23-
25oC for appropriate time (10min) gives the good to excellent yield (85-98%) 
(Scheme-9). It is green synthesis of bis(indolyl)methanes by the use of 
ultrasonication which is clean, energy convenient, required less time, then next is 
aqueous medium which is cheap, abundantly available and last one is catalyst ABS 
which is less hazardous to environment and economically favorable. 

Scheme 9. Ultrasonic assisted Synthesis of bis(indolyl)methane. 
Karimi, Narges et al. [28] synthesized Oxindoles(10) Derivatives by using 

Brønsted Acidic Ionic Liquid [(CH2)4SO3HMIM][HSO 4] in aqueous that is on 
water.This ionic liquid also catalyzes esterification reaction, acetalization of carbonyl 
compounds and prins reaction.Reaction is carried out by indole, isatin and 12 mol% 
ionic liquid[(CH2)4SO3HMIM][HSO4] in 5ml water was stirred at room temperature 
for 35-70min thatafforded oxindole in good yield (85-92%) (Scheme-10). 
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Scheme-10. Synthesis of Oxindoles catalyzed by ionic liquid. 
Aqueous hydrotropic medium is a very attractive green solvent, which 

increases solubility of sparingly soluble organic reactants. Hydrotropes reduce the 
surface tension of water, which is a greener reaction medium. Hydrotrope is simple 
to make in a laboratory, lowering the final cost and making it less hazardous and 
easier to handle. Kamble et al. [29] developed the greener medium for the synthesis 
of bis(indolyl)methane (11) that avoids the use of organic solvent.Mixture of Indole 
and aldehyde in 50% Aq. Sodium paratoulene sulphonate (NaPTS) was stirred at 
room temperature for 20minute gave the bis(indolyl)methane in 91% yield (Scheme-
11).  

 

Scheme-11. Synthesis of Bis(indolyl)methane in aqueous hydrotropic medium. 
YaghoubSarrafi et al. [30] prepared derivatives of 3,3-di(indolyl)oxindoles 

(12) in 88-95% yield within 30 minutes employing 0.3 g Amberlyst-15 catalysed 
reaction of indole (1mmol) and isatin (0.5 mmol) in aqueous medium at 70oC 
(Scheme-12). Amberlyst-15 is highly effective that can increase reactivity and 
selectivity of several organic synthesisIt is a green protocol because first, Amberlyst 
15 is a heterogeneous catalyst that is recovered after completion of the reaction and 
reused, and second, the solvent system is water, which is easily available 
andenvironmentally friendly because it reduces the use of toxic chemicals, which 
reduces the cost of final synthesis. These are some notable features of given protocol. 
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Scheme 12. Synthesis of 3,3-di(indolyl)oxindoles by using Amberlyst 15 in 
Aqueous media. 

Organic synthesis in aqueous medium is one of the important green 
prospective due to aqueous medium having lots of advantageous such as 
nonhazardous to human and also to the environment, its availability. sulfonic acid-
functionalized mesoporous silica Nanoparticles (SAMSNs) are heterogenous acid 
catalyst easy to separate, non-corrosive, environmentally and economically 
compatible.Therefore Ebrahim Mehrasbiet al. [31] prepare 3,3di(indolyl)oxindoles 
(13) by using sulfonic acid-functionalized mesoporous silicaNanoparticles 
(SAMSNs) in aqueous media. Indole (2mmol), isatin (2mmol) and SAMSNs 
(0.06gm) taken in 3ml water was stirred at 60oC for 10 minute at high temperature 
they found 98% yield (Scheme-13) and room temperature required more time and 
yield is also less (88%). 

 

Scheme-13. Synthesis of 3,3-di(indolyl)oxindoles catalyzed by SAMSNs. 
An efficient ultrasound-promoted synthesis of bis(indole) (14) derivatives 

was disclosed by Somayeh Rahimi et al. [32] using 12-tungstophosphoric acid 
(H3PW12O40). 12-tungstophosphoric acid (H3PW12O40) is a heteropolyacids (HPAs) 
 and highly stable catalyst.Reaction between indole and 2-(pyridylmethylene) 
malononitriles or 3-(pyridyl) acrylates using 12-tungstophosphoric acid (3 mol%) in 
water was refluxed at 90oC under silent and ultrasound irradiation gave the 
bis(indole) in 94-93% within time of 11hrs for salient and 15min. for sonication 
(Scheme-14). 
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Scheme-14. Synthesis of bis(indole) derivatives in the presence of H3PW12O40. 

Deep eutectic solvents are good alternatives to regularly used organic solvent 
because they are environmentally friendlier, nonflammability, having low melting 
points and cheaper. Deep eutectic solvent has analogous physicochemical properties 
to ionic liquids.So NEDA SEYEDI  et al. [33] utilized ZnCl2/Urea as a Deep 
Eutectic Solvent (DES) under ultrasonication for the preparation of 
Bis(indolyl)methane (15). Reaction between carbonyl compound (1mmol), indole 
(2mmol), DES (1eq) was irradiated under ultrasonication at 60oC for 10-25 min. 
which given the Bis(indolyl)methane with 80-92% yield (Scheme-15).  

 

Scheme-15. Synthesis of Bis(indolyl)methanes in DES. 
Mohammad Ali Amrollahi et al. [34] again used H3PW12O40 in aqueous 

media for the synthesis of Bis(indolyl)methane under ultrasound irradiation.12-
tungstophosphoric acid (H3PW12O40) acts like heteropolyacids (HPAs) that catalyzed 
several organic reaction in aqueous medium such as Diels–Alder reactions, oxidative 
dehydrogenation of alcohols and amines, preparation of dihydropyrimidinones, 
preparation of oximes.Here they perform reaction between aldehyde (0.5mmol), 
indole (1mmol) and active methylene compound (0.5mmol) and catalyst H3PW12O40 
(3.4 mol%) in 8ml water which was irradiated under ultrasonicated at 90oC for 10-
15min. gave the Bis(indolyl)methane (16) in 80-95% yield (Scheme-16). In this 
methodology aqueous media and ultrasonication both are green protocols that save 
the energy, economy and also environment. 
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Scheme-16. H3PW12O40   Catalyzed Synthesis of Bis(indolyl)methane in aqueous 
media. 

Expanded Perlite-PPA (EP-PPA), as a novel, green and efficient 
heterogeneous catalyst developed by Marzieh Esmaielpour et al. [35] for the green 
synthesis of derivatives of bis(Indolyl)methane (17) in aqueous media.Expanded 
Perlite-Polyphosphoric acid (EP-PPA) is a protic acidic heterogenous catalyst. The 
catalytic activity of expanded perlite-PPA is effective up to six cycles.Mixture of 
indole (2 mmol), Benzaldehyde (1 mmol) and EP-PPA (0.04 g) in H2O (3 mL) was 
stirred at 60oC for 10min gave the desired product in 98% yield (Scheme-17). EP-
PPA is an inexpensive and efficient catalyst for the electrophilic substitution 
reactions. 

Scheme-17. Synthesis of Bis(indolyl)methane in presence of EP-PPA. 
Catalyst free synthesis is one of the vital green perspectives which follow the 

green chemistry principle such as avoids the use of toxic and harmful chemicals. 
Under this circumstances Ge Gao et al.[36] demonstrated that in aqueous Ethyl 
Lactate (EL), catalyst free synthesis of Bis(Indolyl)Methane (18) and 3,3-
Bis(Indolyl)oxindoles (19). Under ultrasound irradiation indole reacting with 
aldehyde or isatin in EL: H2O (3:2) that obtained the product with good to excellent 
yield (85-95%) at room temperature (Scheme 18 and 19). 
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Scheme-18. Catalyst free synthesis of bis(indolyl)methane. 

 

Scheme-19. Catalyst free synthesis of 3,3-bis(indolyl)oxindoles. 
Nikofar et al. [37] prepare the Symmetrical and Unsymmetrical 

Di(indolyl)indoline-2-ones (20) by two methods such as solvent free stirring and 
grinding by using HNO3@nano SiO2 as catalyst. They compare the results obtained 
from these two methods; both methods give 80–90% yield, but the difference is the 
time required to complete the reaction; grinding requires less time (2–5 minutes) and 
stirring requires more time (20–40 minutes).That is catalyst not only increases yield 
but also reduces time. Nanoparticle catalyses the reaction in very less amount that 
reduces waste generation after completion of reaction. Symmetrical and 
Unsymmetrical trisindolines were prepared by reacting isatin (1 mmol) and two same 
or different indoles (2 mmol) without solvent only in presence of catalyst 
HNO3@nano SiO2 (Scheme-20). 

 

Scheme-20. Solvent free synthesis of Symmetrical and Unsymmetrical 
Di(indolyl)indoline-2-ones. 

A green protocol for catalyst free synthesis of BIMs(21) was disclose by Yi-
Shu Zhao et al. [38]. Reacting 2-methylindole and aryl aldehydes in EtOH-H2O (1:1) 
under blue LEDs for 4hrs produces series of BIMs with good yields (90-98%) 
(Scheme-21) has been accomplished. Reactions assisted under visible light in the 
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absence of a catalyst can fully fulfill the requirements of a mild reaction pathway and 
ecological friendliness; as per the author, implementation of visible light is the best 
strategy for the synthesis of BIMs. 

 

Scheme-21. Catalyst free Synthesis of bis(indolyl)methane under Blue LED. 

According to Green Chemistry principles thiamine hydrochloride showed 
high atom economy and a small E-factor for the reaction. Therefore 
SivagamiMathavan et al. [39] utilizes environmentally and economically friendly, 
recyclable aminocatalyst thiamine hydrochloride for synthesis of bis(indolyl)methane 
(22) and tris(indolyl)methane (23). Indole reacted with aldehyde in presence of 
catalyst thiamine hydrochloride (1 mol%) at room temperature for 1-3hrs gave 
bis(indolyl)methane in 80-92% yields (Scheme-22). tris(indolyl)methane prepared 
by reaction between indole, isatin and thiamine hydrochloride (1 mol%) at room 
temperature within 1-3 hrs with 80-90% yield (Scheme-23). Thiamine hydrochloride 
(vitamin-B1) (VB1) is a non-toxic, biodegradable, easily available, inexpensive and 
environmentally benign catalyst. 

 

Scheme-22. Thiamine hydrochloride catalyzed solvent free synthesis of 
bis(indolyl)methane. 

 

Scheme-23. Thiamine hydrochloride catalyzed solvent free synthesis of 
tris(indolyl)methane. 
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One more green protocol such as solvent and catalyst free synthesis of BIMs 
under visible light reported by Baliram S. Hote et al. [40]. Without any solvent and 
catalyst indole and aldehyde reacted with each other under visible light irradiation 
produces BIMs (24) in 25-40min. with 80-90% yield (Scheme 24). Photochemical 
reactions are a well-known example of green methodology because they decrease or 
eliminate the generation of hazardous waste. According to them, these 
photochemical reactions are significantly advantageous because they take place by 
absorption of a photon, which does not generate any residue. As a result, overall 
reactions performed under light irradiation are very mild and environmentally 
friendly. 

 

Scheme-24. Synthesis of bis(indolyl)methane under visible light. 

Harish K. Indurthi et al. [41] reported microwave (MW) assisted synthesis of 
Bis(Indolyl)methane (25) without use of solvent. Reaction is catalyzed by Seralite 
SRC-120 which is commercially available, cheap and strongly acidic cation 
exchange resin that shows the good reactivity under microwave heating. The catalyst 
seralite SRC-120 support the reactants under microwave irradiation. Microwave 
reduces the reaction time with good yield. In reaction vial, indoles (1.0 mmol), 
aldehydes/ketones (0. 5 mmol), and seralite SRC-120 were mixed well. The sealed 
reaction vial was irradiated under microwave at 450W within 5-10minute gave the 
BIMS with good yield (80%) (Scheme-25). 

 

Scheme 25. Microwave assisted synthesis of bis(indolyl)methane. 
Xiaohan Yuan et al. [42] was reported first HFIP-promoted catalyst-free 

synthesis of 3,3-di (indolyl)indolin-2-ones (26). Hexafluoro-2-propanol (HFIP) is 
used green solvent in organic transformations due to its strong H-bond donating 
(HBD) properties. HEIP gives nucleophilic substitution reactions, heteroarylation 
due to which it easily promotes the synthesis of 3,3-di (indolyl)indolin-2-ones. Here 
model reaction obtained at various temperature and study shows that as temperature 
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increases yield increases and reaction time decreases. Then at 75oC indole and isatin 
in HFIP (2 ml) gives 94% of 3,3-di (indolyl) indolin-2-ones within 1hr (Scheme-26). 

 

Scheme-26.  HFIP-promoted catalyst-free synthesis of 3,3-di (indolyl)indolin-2-
ones. 

Synthesis of bis(indolyl)methanes (27) under solvent drop-grinding (SDG) 
method was coined by Kiyoshi Tanemura et al.[43] By using small amounts of 
organic solvents or ionic liquids. In this protocol they use different solvents and 
observe the effect of solvents out of which few are organic solvents eg. MeCN or 
THF and remaining are ionic liquids such as 1-butyl-3-methylimidazolium 
tetrafluoroborate ([bmim]BF4), 1-ethyl-3-methylimidazolium 
trifluoromethanesulfonate ([emim]OTf), 1-butyl-3-methylimidazolium 
bis(trifluoromethylsulfonyl) imide ([bmim]NTf2), 1-ethyl-3-ethylimidazolium 
bis(trifluoromethylsulfonyl)imide ([emim]NTf2), and [bmim]PF6. Among them, 
THF, [emim]NTf2, and [bmim]PF6 was effective for the synthesis of 
bis(indolyl)methane. Solvent drop-grinding (SDG) requires very little solvent and is 
extremely valuable for expensive ionic liquids. The reaction between indole, isatin 
and in presence of catalyst Sc(OTf)3 gives BIMs within 10-20 min in 90-92% yield 
(Scheme-27). 

 
Scheme-27.  Synthesis of BIMs by Solvent Drop-Grinding method. 

Zhiqiang Wuet al.[44] was developed ball milling solvent free synthesis of 
unsymmetrical bis(indolyl)alkanes (28) using Lewis acid-surfactant-SiO2 composite 
nanocatalyst (LASSC) (AlCl3.6H2O+SDS+SiO2).It is a Friedel-Crafts alkylation 
without solvent under ball milling produces bis(indolyl)alkanes at room temperature 
is newly developed strategies. LASSC catalysts are easy to prepare, less toxic, 
readily recovered and recycled several times. Sample tube containing aromatic 
aldehyde (0.5 mmol), different substituents indoles (0.5 mmol) and nanocatalyst (0.5 
mmol) was placed in ball mill at 60Hz gives 93% yield within 8mins (Scheme-28). 
This protocol is operationally simple and required mild reaction conditions. 
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Scheme-28. Solvent-free synthesis of unsymmetrical bis(indolyl)alkanes. 

Table-1. Comparative study of Synthesis Bis(indole)methane and Trisindolines. 

Sr. 
No 

Reagent Condition Time Yield (%) References 

1 [([bmim]BF4) or 
([bmim]PF6)] 

R.T. 4-5 hrs 80-90 [17] 

2 ceric ammonium nitrate 
(CAN) 

EtOH/US/RT 2-3 hrs 70-90 [18] 

3 Dodecylsulphonic acid 
(DSA) 

H2O/ RT 30 min 90 [19] 

4 Cellulosic sulphuric 
acid (CSA) 

RT 15 min 90 [20] 

5 Alum (KAl(SO4)2- 
I2H2O) 

RT/US 5-30 min 92 [21] 

6 1-Hexenesulphonic acid 
sodium salt 

H2O/US 45 min 92 [22] 

7 Dodecylbenzenesulfoni
c acid 

23-25oC 10 min 85-98 [23] 

8 Ionic Liquid 
[(CH2)4SO3HMIM][HS

O4] 

H2O/ RT 35-70 
min 

85-92 [24] 

9 Sodium paratoulene 
sulphonate (NaPTS) 

H2O/ RT 20 min 91 [25] 

10 Amberlyst 15 H2O/ 72oC 30 min 88-95 [26] 
11 sulfonic acid-

functionalized 
mesoporous silica 

Nanoparticles 
(SAMSNs) 

H2O/ 60oC 10 min 98 [27] 

12 12-tungstophosphoric 
acid (H3PW12O40) 

H2O/ 
90oC/US 

15 min 94-93 [28] 

 
13 

Deep Eutectic Solvent 
(DES) - ZnCl2/Urea 

60oC/US 10-25 
min 

80-92 [29] 
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14 H3PW12O40 H2O/ 
90oC/US 

10-15 
min 

80-95 [30] 

15 Expanded Perlite-PPA 
(EP-PPA) 

H2O/ 60oC 10 min 98 [31] 

16 HNO3@nano SiO2 RT 20-40 
minutes 

80-90 [32] 

17 Blue LEDs EtOH-H2O 
(1:1) 

4 hrs 90-98 [33] 

18 Thiamine hydrochloride 
(vitamin-B1) (VB1) 

RT 1-3 hrs 80-92 [34] 

19 Visible light  25-40 
min 

80-90 [35] 

20 Seralite SRC-120 microwave at 
450W 

5-10 min 80 [36] 

21 Hexafluoro-2-propanol 
(HFIP) 

75oC 1 hrs 94 [37] 

22 Sc(OTf)3 RT 10-20 
min 

90-92 [38] 

23 (AlCl 3.6H2O+SDS+SiO
2) 

 8 min 93 [39] 

 
3. CONCLUSION 
Bis(indolyl)methane and Trisindolines are very important biological scaffolds due to 
this more than century researcher works on synthesis and proceed towards to 
developing more greener methodologies that minimizes environmental pollution, 
reduce use of toxic chemicals, less energy consumption techniques. Therefore, in this 
review we collect all such green methodologies and gives idea to developed more 
greener and sustainable techniques in upcoming years.   
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