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Abstract: Nowadays green chemistry plays a vital role in organic chemistry. It minimizes the effect and use of hazardous 

substances on the environment and human health. The main goal of green chemistry is to use of green solvents (PEG, water, 

acetone, alcohol) eliminate the toxicity, uses of small quantity of catalyst and minimize the potential for chemical accident 

during work. Green chemistry is one type of chemistry where main focus is to eliminate or minimize the hazards by applying 

suitable process and raw materials. So it is more effective to pharmacists or chemists for avoiding this bad impact on human 

health, environment. Green chemistry also known as sustainable chemistry. Green chemistry is always interesting matter to 

pharmacists as well as chemists for synthesis pharmaceutical products. Green chemistry brings a new path for synthesizing safer 

chemical products. For manufacturing pharmaceutical products by using green chemistry, there have many criteria or methods 

that should be followed for synthesis chemical products during manufacturing condition. Some of these are prevention waste, 

Atom economy, less hazardous chemical syntheses, designing safer chemicals, safer solvents, design for more energy efficient 

chemical, use of renewable feed stocks, reduce derivatives in any compounds, catalysis, design for degradation, real time 

analysis for pollution prevention, inherently safer for accident prevention, etc. These methods should be considerable before 

synthesized chemical products by applying green chemistry for eliminating or minimizing hazardous in chemical products 

during synthesis. 
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I.      INTRODUCTION 

Chemistry is the interesting part in science from the beginning of the 17th century. Here have different types of molecules, 

compounds, complexes that show variety of properties in physical and chemical that should be known before handling of such 

chemicals. Sometimes hazardous occur during manufacturing times. In such case we need to apply green chemistry for avoiding of 

such difficulties or maximizing yield of products. So, green chemistry has a great significance in chemistry [1-2]. 

The definition and concept of green chemistry was projected by Anastas and Warner. Green chemistry is a set of principles that 

reduces or eliminate the use and production of hazardous materials in the manufacture cum application of chemical products. Paul 

T. Anastas is an American scientist, the Administrator for EPA’s office of research and development (ORD) widely known as 

“Father of green chemistry” for his contribution in the field of chemistry [1-3]. 

 

II.      HISTORY OF GREEN CHEMISTRY 

The green chemistry concept was formally developed at Environment protection agency in response to pollution prevention Act 

(1990). The concept was originated by Trevor kletzin in his paper (1978) where he proposed that chemists should seek processes for 

environment. In 1991, Paul T. Anastas coined the term Green Chemistry for first time. Paul T. Anastas is called as father of green 

chemistry [1, 3-4]. 

 

III.      CONCEPT OF GREEN CHEMISTRY 

The concept of  ‘green chemistry’ first introduced by Anastas in 1991 in a program organized by US Environmental protection 

agency (EPA). Green chemistry show a new way to the synthesis and application of chemical substances without producing any 

waste as a pollutant. Green chemistry is a set of 12 principles which mainly focused of protection of environment from pollution, 

use of non- toxic solvents, raw materials from renewable resource, biocatalysts. Now pollution and global warming is a serious 

problem in our daily life. As the number of industries increase the level of pollution increase simontensouly.  
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And because of increasing the environment concerns, green chemistry became much more important. Chemical industries are now 

interested  in this processes which are eco-friendly, much more economical, easier to undertake. Use of some solvents which are 

recoverable such as water, acetone, methanol, etc., have remarkable importance in green chemistry and known as green solvents 

[1,5-8]. 

 

IV.      TWELVE PRINCIPLES OF GREEN CHEMISTRY [1,2,5-9] 

 

 

 

 

 

 

 

  

 

 

Figure: Aspects of Green Chemistry [1,5,10] 

A. Prevent Waste 

Prevention of waste is better than to clean up waste after it has been generated. It also reduces the risks associated with waste and 

reduces the harmful effect of it on animal life and environment [5,6,11]. 

 

B. Atom Economy 

In one word atom economy is the final product contains maximum proportion of the starting materials. Atom economy improves the 

reaction processes by reducing the waste of atoms from reactants to products. It is the ratio of “the mass of desired product” by “the 

total mass of products” and can be expressed by percentage. The concept of atom economy was developed by American chemist 

Barry Trost and is represented as follows: 

Percentage of atom economy = (Mass of desired product)/(Total mass of all reactants) × 100  

For example, Propane is obtained from the catalytic hydrogenation of propene at high temperature, where the atom economy is 100 

% [4,12]. 

 

C. Design Less Hazardous Chemical Syntheses 

There are many chemical products which are not only harmful but also produce toxicity when disposed of. But it is possible to 

reduce the injurious effects by using alternative eco-friendly feed stocks. This method of synthesis and generated substances possess 

no harmful effect on environment and human health. Chlorine is essential in many plastics and chemical industries nowadays for 

making plastics. The mercury cell process was used to make chlorine in the past. But the waste product of mercury has a worst 

effect on human health and environment.  The mercury cell-based chloro alkali process is the cause of minamata disease that struck 

Ontario in 1970 and severely affect native communities. Now the use of cellulose-based technology has used and the used of 

mercury cell decreased. It minimized the emissions of mercury in environment. An American agricultural biotechnology and 

agrochemical corporation, The Monsanto company developed a method for producing polyurethanes which eliminate the use of 

Monasto Company has developed a method of phosgene [12-13]. 

 

D. Designing Safer Chemicals 

Solvents have an important role in most of industry like pharmaceutical industry, chemical industry. It is not possible to avoid the 

use of solvents in all cases. For this reason, we can try to replace the toxic solvents with some others which are safe and non-toxic. 

As a case study in 2019 a cost-intensive ionic liquids are used as a solvent in alkylation of isobutene by China petroleum and 

Chemical crop. They made high-quality alkylate in the industrial scale [14]. 

 

E. Safer Solvents And Auxiliaries 

Solvents have an important role in most of industry like pharmaceutical industries. It is not possible to avoid the use of solvents in 

all cases. In many synthetic process solvents is required in a large volume.  
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For this reason, we can try to replace the toxic solvents like benzene, carbon tetrachloride, formaldehyde, etc., with some others 

which are safe and non-toxic. Carbon tetrachloride evaporated easily and creates air pollution. Benzene and formaldehyde are also 

harmful for human population. Now carbon tetrachloride had been substituted by chloroform while benzene had been substituted by 

toluene.  

Table: List of some replacing solvents [15-18] 

Solvents Adverse effects Replacing solvents 

N,N-dimethyl formamide Toxicity Acetonitrile 

Benzene Carcinogenic Toluene 

Hexane Toxicity Heptane 

Pyridine Carcinogenic Triethylamine 

n-pentane Low flashpoint n-heptane 

 

As a case study in 2019 a cost-intensive ionic liquids are used as a solvent in alkylation of isobutene by China petroleum and 

Chemical crop. They develop a large-quality of alkylate product that triggered in the industrial scale [3-4, 15]. 

 

F. Design For Energy Efficiency 

Green Chemistry deals with that chemical synthesis routes where need less amount of energy in reaction steps and also avoiding 

heating, cooling, vacuum condition in chemical synthesis routes. Requirements of energy should be recognized for their 

environmental effects. Synthetic methodologies should be applied at room temperature and pressure. There are so many reactions 

which need high temperature and pressure. But green chemistry shown us several ways to avoid these conditions like microwave 

chemistry, sonochemistry and so on. Uses of catalysts are also able to reduce the energy requirement of some chemical reactions. 

Now the use of microwave-heating process is applied for some organic reactions like intramolecular hetero-Diels-Alder cyclo 

addition of alkenyl-tethered 2(1H)-pyrazolines, cyclotrimerization reaction of diyne, etc. Some azoheterocycles i.e. pyrrole, indole, 

carbazole, react quickly with alkyl halides to give N-alkyl derivatives under microwave conditions [6-7, 16-17]. 

 

G. Use Of Renewable Feed Stocks 

It is better to use the chemical products which are made from renewable resources (example, agricultural products) rather than other 

equivalent chemicals. Green chemistry led to switch to use of biomass as a feedstock and a source of energy. Plant based products 

are in large quantity in nature and is a suitable resource for producing bioproducts and biofuels. For example, Dicarboxylic acid 

produced from petroselinic acid which is a fatty acid occur naturally in several vegetables and animals fats and oils. Now the use of 

biodiesel as an alternative source of fuel has increased tremendously as a result hazardous emission of motor vehicles decreased. 

Biodiesels are not toxic and biodegradable in water. With a flash point of 160° C, biodiesel is classified as a non-flammable liquid 

and this property safe the motor vehicle from such accidents when compared to gasoline and petro-diesel [8-10, 18]. 

 

H. Reduce Derivatives 

The use of temporary derivatives such as protecting or deprotecting groups, modification of physical or chemical processes should 

be avoided if possible. There are such steps in many chemical reactions which require additional number of reagents and can 

produce waste [9,14,19]. 

 

I. Catalysis 

Catalyst plays an important role in green chemistry. Stoichiometric reagents are the primary source of waste. But the use of suitable 

catalyst can minimize the waste, increase the selectivity of reaction and reduce the time of reaction. Biocatalysts (enzymes) are the 

natural substances derived from biological sources are biodegradable. There are so many advantages of biochemical reactions like 

they are stereo selective, chemo selective. For example, Fumarase enzyme is used for obtaining malic acid by hydration of fumaric 

acid. Penicillin is converted into 6-APA by the enzymepenacylase [10,13,18-20].  

 

J. Design Chemicals And Products That Degrade After Use 

Chemical products should be designed so that during the time of work chemical should be stable and after the work they can 

degrade easily and degradation products are non-toxic and not harmful for human life.  
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As an example, linear sodium dodecylbenzene sulfonate (SDBS) is used as a detergent which is less toxic and readily break down 

into small molecules and the process in eco-friendly also [8-9, 20-21]. 

 

K. Analyze In Real Time To Prevent Pollution 

Live monitoring of chemical reaction helps us to understand the real situation of the reaction. Real time analysis is an important part 

in chemical and allied industries to prevent the formation of any polluting substances and reduce the chances of potential threat to 

various probable hazards. It ensures the ultimate   safety of environment and animal life [6-9, 21-22]. 

 

L. Minimize The Potential For Accidents 

The ultimate aim of green chemistry is minimizing the risk of accidents. Chemicals which are used should be safe and inherently 

minimized the risk of accidents. It can protect industries and laboratories from accident and reduces the hazards [7-10, 22-25]. 

 

V.      CONCLUSION 

Pollution is now a big problem in front of us which affect environment and human health also. The concept of green chemistry is 

based on 12 principles helps to reducing harmful substances produced from many synthetic processes in chemistry. It is not possible 

to apply all 12 principles at the same time but it attempts to apply some principles at certain stages of reactions. The ultimate goal of 

green chemistry is to maintain economical balance and to protect the environment from chemical hazards. Some examples are as use 

of biocatalyst (enzymes), green solvents (water), alternative reaction conditions (i.e. microwave activation), etc. 

Conflict of Interest: Nil  

 

REFERENCES 

[1] P.T. Anastas, J.C. Warner; Green Chemistry: Theory and Practice; Oxford University Press, Oxford [England]; 1998; 30.  

[2] V.K. Ahluwalia, M. Kidwai; New Trendsin Green chemistry; Basic Principles of Green Chemistry; Kluwer Academic Publishers; 2004; 5-14. 

[3] M. Vian, C. Breil, L. Vernes, E. Chaabani, F. Chemat; Green solvents forsample preparation inanalytical chemistry; Current opinion in green chemistry and 

sustsinable chemistry; 2017; 5: 44-48. 

[4] A. Loupy; Solvent-free Microwave Organic synthesisas an Efficient procedure for Green chemistry; ChemInform; 2004; 7(2): 103-112. 

[5] K.V. Aken, L. Strekowski, L. Patiny; Ecoscale, a semi-quantitative tool to select an organic preparation based on economical and ecological parameters; 

Beilstein J.Org. Chem; 2006; 2(3): 1-7. 

[6] C.J.Li, T.H.Chan; Comprehensive Organic Reactions in Aqueous Media; Wiley Interscience; 2007; 2: 1-3. 

[7] T. Deligeorgiev, A.Vasilev, J.J. Vaquero, J. Alvarej-Builla; A green synthesis of isatoic anhydrides from isatins with urea -hydrogen peroxide complex and 

ultrasound; Ultrason Sonochem; 2007; 14(5): 497-501. 

[8] W.Wardencki, J.Curylo, J.Namiesnik; Greeen Chemistry-current and future Issues; Polish Journal of Environmental Studies; 2005; 14 (4): 389-395. 

[9] A.S. Goldman, K. I. Goldberg; Activation and Functionalization of C-H Bonds; ACS Symposium Series 885; American Chemical Society, Washington, 

DC: 2004. 

[10] I.T. Horváth; Encyclopedia of Catalysis; Wiley, New York; 2002; 6. 

[11] L.J.Geng, Ji-Tai Li, S-X.Wang; Application of Grinding Method of Solid state organic synthesis; Chin.J.Org .Chem; 2005; 25 (5): 608-613. 

[12] A.G. Griesbeck; Organic synthesis using photoredox catalysis; Beilstein Journal of Organic Chemistry 2014; 10: 1097-1098.  

[13] K. Yamamoto, T. Tosa, K. Yamashita, I. Chibata; Continuous production of L-malic acid by immobilized Brevibacterium ammoniagenes cells; European 

Journal of Applied Microbiology and Biotechnology; 1976; 3: 169-183.  

[14] R. J. Ouellette, J. D. Rawn; Organic Chemistry Structure, Mechanism, and Synthesis; Elsevier, Boston; 2014; 1: 491-534. 

[15] A. Acardi, G. Bianchi, S.D. Giuseppe, F. Marinelli; Gold catalysis in the reaction of 1,3-dicarbonyls with nucleophiles; Green Chemistry; 2003; 5: 64-67. 

[16] Jumina, H.R. Setiawan, S. Triono, Y.S. Kurniawan, Y. Priastomo, D. Siswanta, A.K. Zulkarnain, N. Kumar; C-Arylcalix[4]pyrogallolarene Sulfonic Acid: A 

Novel and Efficient Organocatalyst Material for Biodiesel Production; Bulletin of the chemical Society of Japan; 2020; 93(2): 252-259. 

[17] F. Mavandadi, A. Pilotti; The impact of microwave-assisted organic synthesis in drug discovery; Drug Discovery Today; 2006; 11 (3-4): 165-174. 

[18] L. Vaccaro; Green Chemistry; Beilstein Journal of Organic Chemistry; 2016; 12: 2763-2765. 

[19] A. Singh, S. Singh, N. Singh; Green Chemistry; Sustainablity An Innovative Approach; Journal of Applied Chemistry; 2014; 2 (2): 77-82. 

[20] B.F. Straub, R. Gleiter, C. Meier, L.H. Gade; Organometallic chemistry; Beilstein Journal of Organic Chemistry; 2016; 12: 2216-2221. 

[21] K.L. Hull, M.S. Sanford; Catalytic and highly regioselective cross-coupling of aromatic C-H substrates; J Am Chem Soc.; 2007; 129: 11904-11905. 

[22] D.R. Stuart, K. Fagnou; The catalytic cross-coupling of unactivated arenes; Science; 2007; 316: 1172-1175. 

[23] H. Chen, S. Schlecht, T.C. Semple, J.F. Hartwig; Thermal, catalytic, regiospecific functionalization of alkanes; Science; 2000; 287: 1995-1997. 

[24] E.J. Beckman; Oxidation reactions in CO2: Academic exercise or future green processes?; Environ Sci Technol.; 2003; 37: 5289-5296. 

[25] P.G. Jessop, T. Ikariya, R. Noyori; Homogeneous catalytic-hydrogenation of supercritical carbon-dioxide; Nature; 1994; 368: 231-233. 



 


