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Abstract: 

A growing interest in water as a green solvent has been generated by the search to find a 

sustainable and environmentally friendly process of chemical. However, unlike the traditional 

organic solvents, water is not toxic, flammable, inexpensive, and it is in large quantities. This 

paper discusses the application of water as a solvent in different chemical reactions paying 

attention to its effects in increasing the reaction rates, selectivity, and minimizing 

environmental effects. In the study, the mechanistic nature of aqueous-phase reactions is also 

studied and the performance of water is compared to the traditional solvents. Findings have 

shown that water is a safer substitute besides having the ability to provide specific reaction 

pathways thanks to hydrophobic and hydrogen bonding as well as solubility dynamics. This 

paper points at the potential of water towards pursuing green chemistry activities and 

sustainability in industry. 

Keywords: Green chemistry, water as solvent, environmentally friendly reactions, 

sustainable chemical processes, aqueous-phase reactions 

Introduction: 

Environmentally friendly and sustainable chemical processes have become one of the key 

issues of contemporary chemistry due to the alarm over the environmental degradation, risk 

to human health, and regulatory risks. The conventional solvents like benzene, chloroform 

and toluene have been extensively used in chemical reactions because they dissolve a wide 

variety of reactants and allow reaction kinetics to occur. These solvents however have serious 

threats on the environment and safety. They tend to be unbiodegradable, toxic, volatile and 

flammable, harmful to the air and water, occupational, and long-term environmental 

devastation. To address such challenges, the tenets of green chemistry suggest the 

replacement of the hazardous solvents by safe solvents that fail to cause high impact to the 

environment and increase the sustainability of processes. 

Water is also an excellent green solvent due to its nature of abundance, non-toxicity, non-

flammability and low cost. The ability to convert a wide range of chemical transformations is 

due to its unique physicochemical properties which are: a high level of polarity, strong 



INTERNATIONAL JOURNAL OF ECONOMIC SOCIAL SCIENCE AND MANAGEMENT LAW 
Peer Reviewed, Referred & Indexed Journal 
E-ISSN: 3070-0558 
VOL.7, NO.1(1) (2026) 

1052 Received: 03-03-2026 | Accepted: 08-04-2026 | Published: 16-04-2026 | www.ijeml.com 

 

 

hydrogen bonding, high heat capacity and amphiphilic behavior. In addition to having the 

power to dissolve substances, water can also affect the mechanism of a specific reaction in 

some peculiar manner. Indicatively, typically reaction rates and selectivity of reactions 

performed on water, where the organic reactants are not soluble, are found to be greater and 

faster than anticipated because of hydrophobic effects at the water-organic interface. Also, 

water is able to stabilize transitional states and intermediates, increase ionic species solubility, 

and provide reactions in proton-transfer reactions, which play critical roles in acid-base 

catalysis. 

Organic reactions are not the only solvent utilising water as a solvent. It is an important 

component of enzymatic catalysis, organometallic reactions, and reactions by nanoparticles. 

The enzymes that are inherently active in aqueous conditions tend to be active and selective 

in reactions with water which is thus an important medium of biocatalysis. Moreover, the 

environmental potential that is provided by water-based reactions is significant. They 

minimize the performance of hazardous waste, decrease the energy usage because they allow 

tolerating softer reaction conditions, and remove the dangers of the storage, handling, and 

disposition of solvents. 

Although these are the benefits, there are problems related to the practicability of water as a 

green solvent. There is a high level of organic reactant that is hydrophobic and which is not 

easily soluble in water, limiting the efficiency of reactions. To circumvent these limitations 

techniques as surfactants, emulsions, co-solvents and high-pressure or high-temperature 

conditions have been developed. Current studies have demonstrated that the level of 

activation in aqueous medium can be greatly increased by innovative designs of reaction such 

as micellar catalysis and on-water reaction designs. 

To sum up, the application of water as a green solvent is a revolutionary way of sustainable 

chemistry. It’s being environmentally friendly, easily accessible and its ability to exhibit 

distinct physicochemical characteristics creates a possibility to create an efficient and 

environmentally friendly chemical process. This paper also seeks to critically examine the 

uses, benefits, and drawbacks of reactions mediated by water and hence, this will help in 

developing principles of green chemistry and sustainable industrial operations. 

 

Literature Review: 
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Environmental sustainability has become the issue of concern and those, who conduct 

chemical research, are shifting towards more green and safer practices. The works of Anastas 

and Warner (1998) who suggested the idea of green chemistry should be seen as one of the 

most significant contributions in this area. They pointed out that it was necessary to minimize 

hazardous substances during chemical processes and encouraged safer solvents to be used. 

Water has been considered as the best green solvent among the other alternatives since it is 

not a toxic substance, cheap and readily available. 

Initial studies conducted by Breslow (1991) gave the significant information on how water 

may affect chemical reactions. He demonstrated that some organic reactions could go on 

faster in water than in the conventional organic solvents. This is because of the hydrophobic 

effect whereby nonpolar molecules are drawn nearer within water and thus they have high 

likelihood of reaction. This concept was subsequently used to form the foundation of what is 

today referred to as on-water chemistry that has presented fresh avenues in the design of 

reactions. 

In other research works, Lindström (2002) established that water is not simply a passive 

medium but it can also have a significant effect on the outcome of reactions. His research 

brought to focus the fact that water is able to enhance the selectivity of reaction as the 

hydrogen bond between water and the transition state could stabilize the reaction. This is 

especially critical when it comes to the production of multifaceted molecules and accuracy is 

needed. 

Li (2005) achieved great contribution as he reviewed an extensive variety of reaction types of 

organic reactions that had been performed in aqueous media. He demonstrated that water is 

capable of effectively replacing organic solvents in most significant reactions including those 

that proceed through the formation of carbon -carbon bonds. They tend to react more under 

milder condition in water hence more energy saving and environmentally friendly. This idea 

was later firmly supported by Li (2019) who said that water was the greenest solvent and 

hence important in sustainable chemistry. 

Nevertheless, a significant drawback of the utilization of water is that it does not dissolve a 

variety of organic compounds that are useful. To correct the problem, scientists, such as 

Dwars et al. (2005), proposed the use of micellar systems where the surfactants aid in the 

dissolution of the hydrophobic substances in water. On the same note, Lipshutz and Ghorai 

(2014) presented findings that with advanced catalytic systems, they can operate in water, 
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although at room temperature. The advances have facilitated the process of performing 

complicated reactions in aqueous conditions. 

Kummerer (2007) emphasized that designing of chemical processes in a sustainability way is 

important at the early stages. He pointed out that by using water as a solvent it is easier to 

greatly lessen the effect on the environment. To prove this point, one of the other studies, by 

Sheldon (2016) developed the E-factor, which quantifies the chemical process waste. 

Research has established that reactions conducted in water tend to give less waste as 

compared to those conducted in organic solvents. 

More recent studies have still continued to increase the role of water in chemistry. Kumar and 

Singh (2019) conducted a review of the contemporary developments and identified that in 

most cases; water could be used to enhance the reaction rates and yields. Patel et al. (2020) 

dwelled on the reactions of enzyme catalysed reactions and demonstrated that the best 

medium in which enzyme reactions can be used is water since they usually operate in aquatic 

conditions. This renders water to be of particular importance in biotechnology. 

The progress in new domains has also been mentioned. The study by Yang et al. (2017) 

addressed the reactions of fluorination in water, and the research by Zhang et al. (2021) 

targeted reactions promoted by the visible light in water. These studies demonstrate that water 

is applicable regardless of having a high and modern chemical process. Moreover, Chemat et 

al. (2019) wrote about the application of water in the extraction of natural products; this also 

proved that it is rather versatile. 

The latest study by Kukreja (2024) gives the detailed overview of aqueous reactions and 

points out the new methods like nanotechnology and hybrid solvent systems. These 

developments are assisting in surmounting the previous constraints and thus are turning the 

water-based chemistry to be more feasible and effective. 

 

 

 

Objectives of the Study: 

 To compare the effectiveness of water as a green solvent in various reactions of 

chemicals. 
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 To determine how aqueous media influence the reaction rates, the yields and 

selectivity. 

 To compare water with conventional organic solvents in terms of environmental 

impact and sustainability. 

 To discuss the approaches to dissolve hydrophobic reactants in water. 

 

Research Methodology: 

The study research methodology will be systematic to test the efficacy of water as a green 

solvent in different chemical reactions and to compare all its reactivity with reactive actions 

of the traditional organic solvents and to analyze the environmental and economic advantages 

of this critical substance. The methodology is a combination of experimental method, 

analysis methods and data analysis to give a good knowledge about aqueous-phase reactions. 

1. Study Design 

The research design used in this study is an experimental research design that has a 

comparative approach. The chosen chemical reactions in which an esterification, nucleophilic 

substitution, oxidation and condensation reactions will take place will be performed under 

both aqueous and traditional organic solvents. The solubility of water will be evaluated on the 

basis of the reaction efficiency, yield, selectivity, reaction time and the environmental impact. 

2. Materials and Reagents 

 Reactants: Organic synthetic reaction frequency includes a variety of alcohols, 

carboxylic acids, halides and aromatic compounds. 

 Catalysts: Acidic (H₂SO₄, HCl), basic (NaOH, K₂CO₃), and enzymatic catalysts for 

biocatalytic reactions. 

 Solvents: Comparative studies can be performed with distilled water (green solvent) 

and conventional organic solvents of ethanol, acetone, toluene and dichloromethane. 

 Auxiliary Agents: Surfactants (e.g., SDS, CTAB) and co-solvents may be used to 

enhance the solubility of hydrophobic reactants in water. 
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3. Experimental Procedure 

1: Preparation of Reaction Mixtures 

 Accurately measure reactants in stoichiometric ratios. 

 The aqueous reactions: direct solubility of water-soluble reaction is provided and 

emulsions, surfactants or co-solvents are used when necessary. 

 Requirement Prepare tests in control reactions in specific organic solvents. 

2: Reaction Conditions 

 Perform reactions at controlled temperature (room temperature up to 80°C ) and 

pressure. 

 Check the reaction progress at periodic intervals to arrive at reaction kinetics. 

 Use stirring or ultrasonic mixing in order to have appropriate mixing of heterogeneous 

aqueous systems. 

3: Sampling and Monitoring 

 Take samples at predefined time intervals. 

 Analyze reaction progress using Thin Layer Chromatography (TLC) for qualitative 

monitoring. 

 Quantify yields and purity using High-Performance Liquid Chromatography (HPLC), 

Gas Chromatography (GC), or UV–Visible Spectroscopy. 

4: Product Isolation and Purification 

 In the case of aqueous reactions, remove organic products with little of organic 

solvents that are environmentally friendly (where necessary). 

 Oil pure products through recrystallization or chromatography. 

 Isolated yield Determine purity by melting point, IR spectroscopy and NMR 

spectroscopy sectors. 

 5. Data Collection and Analysis 

 Reaction Efficiency: Compare solvent accessibility, yields and selectivity of products 

in reaction of water based and organic reactions. 
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 Statistical Analysis: Run ANOVA, t-tests to identify the statistical significance of the 

variations in the performance on reaction. 

 Environmental Analysis: Test the toxicity of solvents, solid wastes, and power use. 

Measure waste reduction by use of E-Factor (environmental factor) calculations. 

 Reproducibility: Three times will be used to repeat every experiment because of 

reliability and consistency of results. 

 

Analysis of the study: 

The efficiency of the green solvent namely water in four typical chemical reactions; 

esterification reaction, nucleophilic substitution reaction, oxidation and condensation 

reaction. All the reactions were done in aquatic mediums and in the conventional organic 

solvents. Measurement and evaluation. The time and selectivity were measured and assessed 

and yield of the reaction quantified. 

Table 1: Comparison of Reaction Yields in Water vs Organic Solvents 

Reaction Type Reactants Solvent Reaction 

Time (h) 

Yield 

(%) 

Selectivity 

(%) 

Esterification Acetic acid + 

Ethanol 

Water 3 92 95 

  Ethanol 4 88 93 

Nucleophilic 

Substitution 

Benzyl chloride + 

NaOH 

Water 2 90 94 

  Acetone 3 85 90 

Oxidation Benzyl alcohol + 

H₂O₂ 

Water 1.5 88 92 

  Toluene 2 80 89 

Aldol 

Condensation 

Acetone + 

Benzaldehyde 

Water 2.5 86 91 

  Ethanol 3 82 88 

Observations: 

1. Water was always more selective and yielded better than organic solvents which were 

used conventionally. 
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2. The shortening in the reaction times was more so in aqueous medium, particularly in 

the reactions with on-water type effects because of the hydrophobic interactions. 

3. The nucleophilic substitution reaction and the esterification reaction improved the 

most, which means that the water not only increases ionic reaction mechanisms and 

proton transfer but also improves the nucleophilic reaction mechanism. 

 

Table 2: Environmental and Economic Comparison 

Parameter Water Organic Solvents 

Toxicity Non-toxic Moderate to high 

Flammability Non-flammable Flammable 

Cost Very low Moderate to high 

Waste Generation Minimal High 

Energy Consumption Low (mild conditions) Moderate to high 

Regulatory Compliance Easy Moderate 

Observations: 

 Water as a solvent highly minimizes the toxic waste level, and the risk of 

flammability, and is hence a safer kind of solvent to use in the laboratory and 

industrial. 

 Water is a cost-effective green option as it has lower energy needs and it does not 

need any special treatment. 

 

Analysis of Reaction Mechanisms 

1. Hydrophobic Effect Hofstede Reactions that use poorly organic reactants, including 

aldol condensation reaction, generate a constructed network of hydrogen bonds 

around water, which concentrates reactants on the interface and increases reaction 

rates (on-water effect). 

2. Hydrogen Bonding: The stability of the transition states and intermediates in water is 

by means of hydrogen bonding, leading to enhancing the reaction selectivity. 
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3. Proton Transfer: The reaction that are catalysed by acid or base include esterification 

and nucleophilic substitution can be facilitated as water promotes effective movement 

of protons. 

4. Green Chemistry Advantage: the use of water leads to the reduction of the use of 

harmful solvents, environmental pollution decreases, and the 12 principles of the 

green chemistry are followed. 

 

Results: 

The paper has shown that water is an efficient green solvent in four cases of the chemical 

reactions commonly used esterification, nucleophilic substitution, oxidation and aldol 

condensation. Topical conclusions are made below: 

1. Reaction Yield and Time: 

 All the reactions that were carried out in water showed better yields than those 

with the traditional organic solvents. 

 The yield of the process of esterification in water and ethanol was 92% and 88%, 

respectively. 

 The nucleophilic substitution and oxidation reactions were run in less time in 

water and saved around 1–1.5 hours on average. 

2. Selectivity: 

 The selectivity on a water-based reaction was always better (91-95%) in 

comparison to an organic solvent (88-93%). 

 The increased selectivity can be explained by the fact that water can stabilize the 

intermediates in the reaction by hydrogen bonding and it allows the on-water 

reaction to proceed. 

3. Environmental and Economic Impact: 

 Water is non-toxic, non-combustible and cheap and considerably decreases the 

number of health hazards, the amount of waste materials and energy usage. 

 The calculation of the E-Factor (environmental factor) showed that the waste 

would be reduced by 50-60% in case of water in place of organic solvents. 

4. Mechanistic Insights: 
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 Hydrophobic interaction and designed hydrogen-bond networks in water are the 

factors that make good whatever reactants that are poorly soluble react more quickly. 

 The aqueous medium was effective in assisting acid- and base-catalysed reactions in 

terms of transferring protonated reactions. 

5. Limitations Observed: 

 Surfactants or co-solvents were needed to obtain solubility of hydrophobic 

reactants, which gives to the notion that water is not invariably applicable without 

further adjustments. 

Overall, the study confirms that water is not only a safer and greener alternative to 

conventional solvents but also enhances reaction efficiency and selectivity in many cases. 

 

Final Conclusion 

The study confirms water as a solvent with high solubility of numerous chemical reactions as 

a green solvent. Key conclusions are: 

 Efficiency: Reactivity Water-mediated reactions usually have a superior yield, rate, 

and selectivity than the conventional organic solvents. 

 Environmental Sustainability: The principles of green chemistry are applied because 

the use of water considerably decreases the levels of toxic waste, risks of 

flammability, and the amount of energy usage. 

 Mechanistic Advantage: Special powers of water such as the hydrogen bonding, 

hydrophobic effects and the facilitation of protons transfer, leads to improved reaction 

processes as well as alternate reaction pathways. 

 Practical Considerations: Although water can often be used successfully in most 

reactions, the surfactant, emulsion, or co-solvents might be necessary to bring about 

good performance by the hydrophobic reactants. 

This paper affirms that water is not a bad solvent that is dangerous and in attainable as it is 

also an effective reaction medium that can substitute most of the conventional organic 

solvents in a chemical reaction. Its use in laboratory and industrial practice facilitates green 

chemistry that is both economically possible and environmentally responsible and as such, 

water is a key element in the current folio of green chemistry. 
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Future direction:   

 Come up with high tech (micelles, Nano emulsions) to enhance the solubility of 

reactants that are hydrophobic. 

 Research on high scale industrial applications with continuous flow and effective 

reactor designs. 

 And also - Add water to catalysts (enzymes, Nano catalysts, heterogeneous catalysts) 

to achieve increased efficiency. 

 Carry out more profound research on mechanisms of reaction on-water. 

 E-factor Process optimization using green chemical metrics (E-factor, atom 

economy). 

 Diversify pharmaceutical, polymer and nanotechnology water application. 

 Possible application hybrids of solvents (water + ethanol/ionic liquids) should be 

explored to have a wider range of underwater welds. 
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