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Fig. 5. Principles of green chemistry. 
S o u r c e: [25]

4. Cleaner procedures. The development of cleaner procedures as alternatives to conventional chemical 
synthesis and transformations has been facilitated by advances in green chemistry [28].

5. Adaptive design. The goal of sustainable design is to completely remove or reduce the negative effects 
on the environment and human health through careful designs. Chemical synthesis procedures can be made 
more sustainable by using this idea.

6. Scalable manufacturing. Recent studies have concentrated on the scalable, sustainable manufacturing of nano-
carbons from biomass. To make other chemical synthesis procedures more sustainable, same strategy can be applied.

For chemical synthesis processes to have less of an environmental impact, sustainable synthesis methodo
logies are crucial. Chemical synthesis processes can be made more sustainable by employing green chemistry 
concepts, quicker routes and alternative methods, artificial intelligence and machine learning, cleaner processes, 
sustainable design, and scalable production, to name a few tactics [29].

Sustainable reaction conditions
Energy-efficient alternatives. There are the following energy-efficient alternatives.
1. Microwave-assisted reactions. A possible environmentally friendly method to create nanomaterials and 

nanocomposites is microwave-assisted reactions. An oscillating microwave electromagnetic field interacts with 
polarisable molecules or ions to cause microwave heating of homogenous liquids. Microwaves lack the ne
cessary energy to directly activate or break chemical bonds. Heat must first be created from microwave energy. 
Due to microwave flash-heating’s effectiveness, reaction times have been drastically shortened from days and 
hours to minutes and seconds. At room temperature, it has been demonstrated that microwave-assisted reactions 
improve reaction efficiency. When using microwave heating to change organic matter, less energy is used than 
when using traditional heating [30]. Photocatalysed processes have also made use of microwave assistance. 
By simultaneously exposing the metal-oxide photocatalyst TiO2 to UV light and microwave radiation in reac-
tions occurring during wastewater treatment, the microwave effect in photocatalysed reactions was established. 
It was established that the microwave effect in photocatalysed reactions increases the lifetime and utilisation 
efficiency of electrons generated by UV light in the photocatalyst. The rate of electron transfer is accelerated 
by the electromagnetic wave effects in a TiO2 photocatalysed process by reducing the recombination of exci
ted electrons with photogenerated holes [31].

2. Photochemical reactions. Another efficient alternative is photochemical processes. They are chemical pro-
cesses that light triggers. They may be used to create complicated compounds in a single step and are frequently 
utilised in organic synthesis. Since almost two decades ago, microwave-enhanced photochemical processes have 
been studied. It was established that the microwave effect in photocatalysed reactions increases the lifetime and 
utilisation efficiency of electrons generated by UV light in the photocatalyst. Chemical reactions can be carried 
out with less energy by using energy-efficient alternatives like microwave-assisted reactions and photochemical 
reactions. At room temperature, it has been demonstrated that microwave-assisted reactions increase reaction 
efficiency, and microwave heating uses less energy than traditional heating for organic transformations. Organic 
synthesis frequently employs photochemical processes, which can be used to manufacture complex compounds 
in a single step [32].


