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Abstract. This study explores how undergraduate organic chemistry courses
may incorporate green chemistry concepts. It gives a summary of the findings
and explains the rationale for integrating ecologically friendly practices into
education. The article aims to demonstrate the possible benefits of incorporating
green chemistry topics at the fundamental level of organic chemistry instruction
by examining teaching strategies and providing case studies. Emphasis is placed
on the transformative impact of integration on student learning and the broader
environmental landscape that promotes a more sustainable and environmentally
friendly approach to chemistry education. The article includes examples of
laboratory exercises, featuring the application of green chemistry concepts in
the synthesis of banana oil and acetylsalicylic acid. Through these experimental
works, students' theoretical knowledge of stereochemistry, reaction processes,
and the synthesis and analysis of organic molecules are strengthened. In
particular, the aspirin and isoamyl acetate synthesis helps explain the processes
of the esterification and acetylation reactions. Additionally, by demonstrating
essential techniques like extraction, reflux, and recrystallization, these types of
experiments help undergraduate students become more proficient in the lab.
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Green chemistry principles in the organic teaching laboratory: an environmentally benign synthesis of banana
oil and aspirin

Introduction

In the dynamic landscape of modern chemistry, where sustainability and environmental
responsibility are increasingly prioritized, the integration of green chemistry principles into
laboratory practices has become paramount. Organic chemistry, as a cornerstone of chemical
education, stands at the forefront of this revolution. This article explores the innovative realm
of "Organic Chemistry Lab Exercises Created by Using Green Chemistry Concepts," delving into
the profound implications of infusing sustainable practices into the very fabric of hands-on
chemical experimentation.

Traditionally, undergraduate organic chemistry laboratories conjure images of complex
syntheses, intricate reactions, and a trail of chemical byproducts. However, the imperative
to align chemical education with environmental stewardship has ushered in a new era.
Green chemistry, defined by its commitment to designing processes that minimize the use of
hazardous substances and reduce environmental impact, has reshaped the way we approach
the teaching and learning of organic chemistry [1]. The Scheme illustration (Figure 1) outlines
the significance and driving factors behind the integration of green chemistry concepts into
organic chemistry lab courses. It visually represents the rationale and benefits of incorporating
ecologically friendly practices into chemical education.

Figure 1 The significance and reasons for integrating green chemistry concepts into organic
chemistry lab courses

A brief description of the meaning and driving factors behind the integration of green
chemistry concepts into organic chemistry laboratory courses are provided bellow:

1. Green chemistry lab exercises minimize the use of hazardous chemicals and reduce
the generation of waste [2]. This promotes environmentally sustainable practices and helps
minimize the impact of laboratory activities on ecosystems.
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2. By using greener alternatives and reducing the reliance on toxic substances, organic
chemistry labs become safer environments for both students and instructors. This contributes
to a healthier and more secure workplace [3].

3. Green chemistry emphasizes the efficient use of resources. Lab exercises designed with
green chemistry concepts often involve fewer steps, reducing the overall consumption of
reagents and energy [4]. This efficient use of resources aligns with sustainable practices.

4. Green chemistry lab exercises often mimic or use principles applied in industrial
processes that prioritize sustainability. This approach provides students with a more realistic
understanding of how chemistry is practiced in the professional field [5].

5. Integrating green chemistry into lab exercises allows educators to instill the importance
of sustainability and responsible chemical practices in the next generation of chemists [6].
Students gain an understanding of their role in minimizing the environmental impact of
chemical processes.

6. Green chemistry lab exercises typically generate less waste and require fewer steps
involving harmful chemicals. This reduction in waste production contributes to a decreased
environmental footprint associated with laboratory activities [7].

7. Green chemistry lab exercises align with and often exceed regulatory standards for
environmental protection and safety [8]. Adhering to these standards ensures that educational
institutions are compliant with legal and ethical guidelines.

8. Green chemistry encourages innovative thinking and problem-solving. Designing lab
exercises with green principles challenges students to find alternative, environmentally friendly
methods, fostering creativity and critical thinking skills [9].

9. As industries increasingly adopt green chemistry principles, students exposed to these
concepts in lab exercises are better prepared for future careers [10]. Understanding and
practicing green chemistry can give students a competitive edge in the job market.

10. Embracing green chemistry in educational settings enhances the public perception of
the chemical sciences. Demonstrating a commitment to sustainability and responsible practices
helps build trust and support from the community [11].

Recognizing this shift, many undergraduate chemistry programs have integrated green
and sustainable chemistry concepts into the organic chemistry laboratory curriculum [12].
Moreover, a variety of green chemistry laboratory manuals are readily available [13-14]. These
initiatives aim not only to enhance laboratory safety but also to reduce the volume and toxicity of
waste [15-16]. Additionally, they have been found to engage and inspire students [17], fostering
a greater appreciation for ethics in science [18].

By integrating green and sustainable chemistry into the organic chemistry laboratory
curriculum through research- or project-based pedagogies, numerous benefits can be
realized. These include the promotion of scientific learning, cognitive and critical thinking
skills, and problem-solving abilities. Such integration also contributes to deeper, cumulative
learning experiences and has the potential to improve retention rates, graduation rates, and
post-graduation achievements of future chemists. Thus, incorporating the concepts of green
chemistry into undergraduate organic chemistry lab courses not only aligns with the ethos of
environmental responsibility but also enhances the overall quality and effectiveness of chemical
education.
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The aim of the article is to provide examples of lab activities that use green chemistry ideas to
make banana oil and acetylsalicylic acid (commonly known as aspirin). These experiments help
students understand stereochemistry, how reactions happen, and how to make and study organic
molecules better. Making aspirin and banana oil in the lab helps students learn about esterification
and acetylation, important chemical reactions. Plus, they learn important lab skills like extraction,
reflux, and recrystallization, which makes them better at working in the lab. In the next part of our
article we navigate through the multifaceted significance of infusing green chemistry principles
into organic chemistry 2 lab exercises for first-year undergraduate students.

Research methods

Green Synthesis of Banana Oil (Isoamyl Acetate):

Objective: Synthesize banana-scented ester using green chemistry principles.

Description of reaction: The green synthesis of banana oil, or isoamyl acetate involves an
esterification reaction between acetic acid (often from vinegar) and isoamyl alcohol (derived
from banana essence) (Figure 2), producing isoamyl acetate and water as a result. This reaction
is catalytic, as a catalyst we use a sulfuric acid.
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Figure 2 Green synthesis reaction of isoamyl acetate

This reaction is catalytic, as a catalyst we use a sulfuric acid. List of required reagents and
equipment for this reaction are provided in Table 1.

Table 1
List of required reagents and equipment for green synthesis of banana oil

Materials

1. Isoamyl alcohol

2. Acetic acid

3. Sulfuric acid

4. Water

5. Sodium carbonate solution

6. Separatory funnel or funnel with stopcock

7. Condenser for distillation
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Figure 3 provides a visual representation of the procedure for conducting the green synthesis
experiment of isoamyl acetate. Students are required to adhere to the step-by-step instructions
outlined in the detailed procedure:

1. In a small flask, mix 10 mL of isoamyl alcohol with 5 mL of acetic acid.

2. Add a few drops of sulfuric acid as a catalyst.

3. Swirl the mixture and set up a water bath to heat it gently (do not boil).

4. Allow the reaction to proceed for about 30 minutes.

5. After the reaction, cool the mixture and transfer it to a separatory funnel.

6. Add an equal volume of water to the funnel and shake gently to form two layers.

7. Drain the lower aqueous layer and keep the organic layer.

8. Neutralize the remaining acid in the organic layer by washing it with a sodium carbonate
solution.

9. Collect the organic layer and perform a simple distillation to isolate isoamyl acetate.

10. Smell the pure product to experience the banana scent.
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Figure 3 Schematic illustration of green synthesis of isoamyl acetate

Green Synthesis of Aspirin:

Objective: Synthesize aspirin using environmentally friendly reagents and methods.

Description of reaction: The green synthesis of aspirin involves an esterification reaction
between salicylic acid and acetic anhydride. (Figure 4) In this reaction, salicylic acid reacts with
acetic anhydride to produce acetylsalicylic acid (aspirin) and acetic acid as a byproduct. This
reaction is catalytic, as a catalyst we use a phosphoric acid.
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Figure 4 Green synthesis reaction of acetylsalicylic acid

This reaction is catalytic, as a catalyst we use phosphoric acid. List of required reagents and
equipment for this reaction are provided in Table 2.

Table 2
List of required reagents and equipment for green synthesis of aspirin

Materials

1. Isoamyl alcohol
2. Acetic acid

3. Sulfuric acid
4. Water

5. Sodium carbonate solution

6. Separatory funnel or funnel with stopcock

7. Condenser for distillation

Figure 5 provides a visual representation of the procedure for conducting the green synthesis
experiment of aspirin. Students are required to adhere to the step-by-step instructions outlined
in the detailed procedure:

1. In a small flask, mix 2 grams of salicylic acid with 5 mL of acetic anhydride.

2. Add a few drops of phosphoric acid as a catalyst.

3. Stir the mixture and set up an ice bath to cool it.

4. Allow the reaction to proceed for about 15-20 minutes.

5. After the reaction, add the mixture to a cold water bath.

6. Add sodium bicarbonate solution to neutralize the excess acetic anhydride.

7. Collect the solid aspirin product by filtration.

8. Wash the aspirin with cold water and allow it to dry.
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Figure 5 Schematic illustration of green synthesis of aspirin
Results and discussion

Green Synthesis of Banana Oil: The synthesis of banana oil involves the esterification of
isoamyl alcohol and acetic acid, resulting in the formation of isoamyl acetate, which imparts
the characteristic aroma of bananas. This process aligns with green chemistry principles by
utilizing a green catalyst, sulfuric acid, and employing water as a solvent. Sulfuric acid is chosen
for its efficacy as a catalyst while minimizing environmental impact. The incorporation of water
as a solvent reduces the reliance on traditional organic solvents known for their hazardous
properties, further promoting sustainability in the laboratory setting.

Moreover, the use of a separatory funnel during the extraction process enhances the green
aspect of the experiment by minimizing waste generation. This technique allows for the efficient
separation of the desired product from impurities, thereby reducing the need for additional
purification steps and minimizing chemical waste.

The final product, isoamyl acetate, serves as an environmentally friendly flavoring agent
commonly used in food and beverage industries. Its production through green synthesis methods
not only demonstrates the feasibility of sustainable chemical processes but also highlights the
potential for environmentally friendly alternatives in industrial applications.

Green Synthesis of Aspirin: The green synthesis of aspirin, a widely used pharmaceutical
compound, exemplifies the application of green chemistry principles in drug synthesis. In this
process, acetic anhydride is employed as the esterification agent, and phosphoric acid serves as
the catalyst. These choices are made to minimize environmental impact while maintaining high
yields and reaction efficiency.

38 N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
Xumus. Teoepagpus. Ixon02us cepusicol
ISSN: 2616-6771. eISSN: 2617-9962



Green chemistry principles in the organic teaching laboratory: an environmentally benign synthesis of banana
oil and aspirin

Furthermore, the use of water for hydrolysis and sodium bicarbonate for neutralization
contributes to the overall greenness of the synthesis process. Water is a benign solvent that
avoids the use of hazardous organic solvents, while sodium bicarbonate offers a safe and
effective means of neutralizing excess acid without generating harmful byproducts.

The solid aspirin product obtained from the synthesis is a common over-the-counter
medication,underscoringthepracticalrelevanceofgreenchemistryapproachesinpharmaceutical
manufacturing. By adopting green synthesis strategies, such as those demonstrated in the
synthesis of aspirin, the pharmaceutical industry can reduce its environmental footprint while
meeting the global demand for safe and effective medications.

In summary, the green synthesis of banana oil and aspirin showcases the application of green
chemistry concepts in organic chemistry lab courses, offering students practical experience in
sustainable chemical synthesis. These experiments not only demonstrate the feasibility of green
methodologies but also underscore the importance of incorporating environmentally friendly
practices into chemical education and industrial processes.

Conclusion

Incorporating green chemistry concepts into organic chemistry lab exercises not only
contributes to environmental sustainability, but also enhances safety, resource efficiency, and
the overall educational experience for students. It aligns with current trends in the chemical
industry and prepares students for careers that prioritize environmentally friendly practices.
Undergraduate students study green chemistry concepts to understand and promote sustainable
practices in chemistry. It emphasizes environmentally friendly processes, minimizing the
use of hazardous substances and reducing the impact of chemical research and production
on the environment. This knowledge equips students to contribute to more sustainable and
responsible scientific practices in their future careers.
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M./1. Apxap6ekoBa, E.Q. TameHoB*
KeAK «/I.H. 'ymunes ambiHdaFsl Eypasus yammubik yHugepcumemi», AcmaHa, Kazakcmax

OpraHUKaJIbIK XUMMA 3epPTXaHACBIHAAFbI )KaChbL/I XUMHUAHBIH, IPUHIMITEPI:
6aHaH Malibl MEH aCIMPUHHIH, 3KOJIOTHSJIBIK, Ta3a CUHTeE3I

Anparna. 3epTTey 6aKajaBpUaT OpraHUKaJbIK XUMHUS KYpPCTaphl »Kacbl/l XMMUsI TY>KbIpbIM/AaMalapblH
KaJlal KaMTUTBIHBIH Taljaibpl. MakKasazja 3epTTey HoTHXKeJsepiHiH KpIcKalla Ma3MyHbl GepiireH
»K9He TYpaKThl TaXipubesiepai 6ijiM 6epy *KyieciHe eHri3y/liH Heri3ieMeci TyciH/ipiniei. MaKaniaHbIH,
MaKcaTbl - OKBITY CTpaTerusilapblH 3epTTey >XoHe KeHCTepAl YCbIHY apKbLIbl OpPraHUKaJbIK
XUMUSIHbI OKBITYABIH ipreJi JieHreiiHe >Kacbll XUMHUSI TAKbIPBIITAPbIH €HTi3y/liH MYMKiH 60JIaThIH
apTHIKWBLIBIKTAPBIH KepceTy. bysl mHTerpanuaaa cTy4eHTTepAiH OKYbIHA XKoHe KOpIlIaFaH OpPTaHbIH,
TypJieHAipyui acepiH KabblLijayblHa Haszap ayfapbliazbl. Cosl CUAKTbl XMMUS I9HIH OKBITYFa
HEFYPJIbIM TYPaKThl K9He 3KOJIOTUSJIBbIK TYPFbIJAH allKblH K63KapacThlH, OPHBIFYbIHA BIKNAJ eTejl.
Makasiafia 6aHaH Maiibl MeH aleTUJICAJHULU/ KbILIKbIIBIHBIH CUHTE3iH/le Kacbll XUMUs1 YFbIMAAPbIH
KOJIZIAHYAbI K6PCEeTETIH 3epTXaHabIK XaTThIFyJapAaH Mblcaagap KeaTipiared. Ocbl 3KClIepUMEHTTIK
KYMBICTAp/blH, HOTHXKeCIHAEe CTYLeHTTepAiH CTepeoxXUMHs, peaKLUs MNpoLecTepi, OpraHUKasbIK
MoJleKyJ/laJlap/blH, CUHTe3] MeH aHa/M3i TypaJjbl TeOPUsJIBbIK OiliMAepi HbIFasgjbl. ACNMPHH MeH
M30aMUJIALETATThIH, CUHTe3l sTepuduUKalusl >KoHe aLeTU/I[EeHY peaKLUsJapblHbIH MpoLecTepiH
TyciHZipyre keMekTecefi. COHbBIMEH KaTap, 3KCTPaKLUsA, AUCTUIALUSA KoHe KalTa KpUCTalAaHy
CUSIKTBI HeTi3ri aJjicTepAi KepceTy apKblLibl 3KCIEPUMEHTTEPAIH 6yJ1 Typ/epi 6akasaBpuaT 6ijnim
aJyliblJapblHA 3epTXaHaJbIK XaFfahaa HeFypJibIM Oi/iKTi 60J1yFa KeMeKTeces,.

Ty#iH ce3jep: opraHUKaJblK XUMHS, >KACbl XHUMHS, KACbLI CUHTE3, 3epTXaHAJBIK KOJIJAHY,
Y30aMuUJIaLeTaT, alleTHICATULIUI KbIIIKbIIbI.

M.J. Apxap6ekoBa, E.O. TameHnoB*
HAO «Espas3ulickuli HayuoHaabHblll yHU8epcumem umeHu JL.H. I'ymunesa», Acmana, KasaxcmaH

[IpyHUIUIBI 3eJIeHOW XMMUHY B y4e0HO J1Ta60paTOpUM OpraHu4ecKoil XUuMHH:
3KO0JIOTUYeCKH 6e30NacHbIM CHHTe3 6aHaHOBOI'0 MacJja M acCllupyHa

AHHOTanusA. B 3TOM Hccaej0BaHUM pacCMaTpPUBAETCs, KaK KYpPCbl OPraHUYeCKOW XUMHUU JJis
CTYZEHTOB 0OaKasjiaBpyMaTa MOIYT BKJIOYAaTb KOHLENLIUM 3eJeHOW XMMHU. B HeM JaeTcs KpaTkoe
U3JI0KEHHEe pe3y/JbTaTOB M O00DbACHAETCS O0OOCHOBAaHME HHTerpaluy 3KOJOrMYecKH Oe30MacHBIX
NpaKkTUK B o6pa3oBaHMe. llesib cTaTbM - NPOJAEMOHCTPHUPOBATh BO3MOXKHBbIE MNpPEHMYyIecTBa
BKJIDUEHUS] TEM 3eJIeHOW XMMUM Ha QyHJlaMEHTAJbHbIA yPOBEHb MpPENnofaBaHHUs OpPraHUYecKOH
XUMUHU NyTeM U3y4eHUs CTpaTerui npenosaBaHus U NpeLoCTaBAeHUS TEMAaTHYECKUX UCCIel0BaHUM.
Oco6oe BHUMaHMe yAessieTcs NpeobpasyoolieMy BJMAHUIO MHTerpalyMu Ha obOydyeHHe CTY[JeHTOB
U 6oJjiee HIMPOKUHN 3KOJOTMYECKUH JaHAWAPT, KOTOPbIK CIOCOGCTBYyeT 6oJiee YCTOMYUBOMY U
9KOJIOTUYECKH YUCTOMY MOAXOAY K XMMHYEeCKOMy o6pa3oBaHHIO. B cTaTbe HpuBeseHbl NMpHUMepbl
JIabOpaTOPHBIX 3aHATUH, IeMOHCTPUPYIOI e IPUMEHEHNE KOHIENUH 3eJIeHOW XUMUHU IPU CUHTEe3e
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06aHaHOBOT'0 MacJia Y alleTUJICAJIMIIUIOBOM KUCJIOTHI. byiarojjapsi 3TUM 3KciepuMeHTaJbHBIM paboTaM
YKPEIJISIOTCS TeOpeTUYeCKHe 3HAHUS YYaLUXCs 110 CTEPEOXHMHUH, peaKIIMOHHBIM IIPOLeCcaM, CHHTEe3y
W aHaJIU3y OpraHUYeCcKUX MOJIEKYJl. B 4acTHOCTH, CUHTe3 acUpuHa U HW30aMHJalleTaTa MOMOraeT
O0OBSICHUTh MPOLLECChl peaKuUd 3TepuUKANUU U aleTUIUpoBaHUsd. Kpome TOro, /leMOHCTpUpPYS
OCHOBHbIE METO/Ibl, TAKHe€, KaK 3KCTPaKIUs, OTTOHKA U ePEeKPUCTANLIN3ALHS, IKCIIEPUMEHTBI TAKOTO
THUIIA IOMOTAIOT CTy/leHTaM OaKaJlaBpyUaTa CTaTh 60Jiee ONbITHBIMU B JIA60PATOPHBIX YCIAOBHUSIX.

Kiio4yeBble c0Ba: opraHuyeckasli XUMUs, 3ejieHass XUMMMUs, 3ejleHbId CUHTe3, JlabopaTOpHOe
IpHMeHeHHe, U30aMUJIaLleTaT, alleTUJICATUIIMI0BAsA KUCIOTa.

Information about authors:

Tashenov Yerbolat Ordabekovich - corresponding author, Doctor Ph.D, Senior Lecturer of the
Department of Chemistry, L.N. Gumilyov Eurasian National University, K. Munaitpasov str., 13, 010008,
Astana, Kazakhstan.

Arkharbekova Moldir Dauletkyzy - 1st year Master student of «Teacher training in Chemistry»
speciality, L.N. Gumilyov Eurasian National University, K. Munaitpasov str, 13, 010008, Astana,
Kazakhstan.

Tawenos Ep6onam OpdabGekoeuu - xaT-xabap yutiH aBtop, PhD, JL.H. 'ymuneB atbingarsl Eypasus
YJITTBIK, yHUBepcUTeTI xuMus KadeApacblHbIH aFa OKbITYyIIbICH], K. MyHalTnacos ke, 13, 010008,
AcTtana, KazakcTtaH

Apxapé6exoea Mendip Jlayaemkusi3wl - JLH. T'ymuieB atbiHfarbl Eypasusi yATThIK YHUBEPCUTETI
«XuMus nefarortTepid gasp/aay» MaMaHIbIFbIHBIH, 1 Kypc MaructpaHThl, K. MyHaliTnacoB ke, 13,
010008, Actana, Kazakctan

Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms
and conditions of the Creative Commons Attribution (CC BY NC) license (https://creativecommons.org/
licenses/by-nc/4.0/).

42 N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
Xumus. Teoepagpus. Ixon02us cepusicol
ISSN: 2616-6771. eISSN: 2617-9962



