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ABSTRACT

The use of chemical substances in educational chemistry laboratories has unsubstitutable
didactic objectives. However, it is a two-sided coin where the murky one involves associated
dangers and mismanagement. For many years a myriad of teachers throughout the world have
been using minute amounts of substances to reduce the ecological impact of school
experimentation as well as costs, dangers, time, space, and fright. This has been called
Microscale (or Small-scale) Chemistry. [AJCE, 2(1), January 2012: Special Issue]
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WHAT IS MICROSCALE CHEMISTRY AND WHAT ARE ITS BENEFITS?

Microscale techniques help to reduce environmental pollution, costs, exposure to

chemicals, experimentation time, space, fear to chemicals, raw material depletion, etc. They also
help to increase environmental awareness, safety, savings, experimental variety and easiness.
Microscale Chemistry experiments typically use microliters or micromoles of at least one of the
reagents (1). With these attributes it is not surprising that Microscale Chemistry has spread like
wildfire mainly in developing countries (2). The American Chemical Society has endorsed this
methodology, and its prestigious Journal of Chemical Education has featured over 300 papers
dealing with it. From qualitative to quantitative experiments and comparisons, there is a wealth of
information to support any of the assertions above. Other education journals interested include:

e Chemistry Education Research and Practice (U.K.)

e The Chemical Educator (USA)

e Biochemistry and Molecular Biology Education (USA)

e Australian Journal of Education in Chemistry (AUS)

e Education in Chemistry (U.K.)

e African Journal of Chemical Education (Ethiopia)

e Educacion Quimica (Mexico)

A list of books on the field is given in the appendix of this paper.
WHERE DID IT START AND WHERE IS IT BEING USED?
The adoption of Microscale Chemistry for the teaching of Chemistry in Africa and Asia is

largely due to the immense efforts of Dr. John Bradley, an English photochemist who became
professor at the University of the Witwatersrand in South Africa, and of his collaborators. They took

an interest in bringing laboratory experiences to the schools of South Africa, particularly to the
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black students (who in the period of Apartheid had little opportunity to go to school). Bradley
developed chemistry kits featuring very small amounts of chemicals and miniature laboratory
equipment, naming these as microchemistry experiments. He set up a small plant to manufacture
these kits and eventually established the Radmaste Learning Center at this university to prepare
written experiments and teacher guides. This enabled real laboratory chemistry to reach the majority
of schools in South Africa and Bradley was honored by the State for this (3, 4).

The UNESCO's Division of Basic and Engineering Science embraced Bradley's Global
Microscience Project to spread it throughout the world and it continues doing so in association with
IUPAC, the Radmaste Center, the International Organization for Chemistry for Development
(IOCD), and the International Foundation for Science Education (South Africa). Alexandre
Pokrovsky (at IOCD and formerly at UNESCO) joined Bradley in his Foundation for Science
Education (3, 4). The course materials can be downloaded from the UNESCO website (5). Figure 1
shows a map showing the UNESCO associated centers and the countries and territories where

UNESCO workshops have been run (6).
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Figure 1. UNESCO associated centers and countries and territories where UNESCO workshops
have been run (6).

Other groups have been active in these geographical areas and in Europe and Oceania. (See
their books in the Appendix).

On the other hand, the adoption of Microscale Chemistry for the teaching of Chemistry in
America can be chiefly traced back to the influence of the US National Microscale Chemistry
Center (NMCC, at Merrimack College, USA) and of the Mexican Center for Green and Microscale
Chemistry (MCGMC, at Universidad Iberoamericana - Mexico City) which NMCC helped
establish. A recent summary of Microscale Chemistry activity in Latin America is available (2). In
the US, many other groups have pushed this technique with impressive results. (See their books in
the Appendix).

WHAT ARE THE PERSPECTIVES FOR THE FUTURE?
Microscale Chemistry has developed profound roots throughout the world which will make
the tree grow quite high for the years to come. Both developed and underdeveloped countries will

continue benefiting from this approach.




AJCE, 2012, 2(1), Special Issue

REFERENCES

1. Ibanez, J. G., Hernandez-Esparza, M., Doria-Serrano, C., Fregoso-Infante, A., Singh, M. M.
Environmental Chemistry: Microscale Laboratory Experiments. Springer, New York. 2008.

2. lbanez, J. G. Guest Editor. An Introduction to Microscale Chemistry in Latin America.
European Chemistry and Chemical Engineering Education Network Newsletter. November
2011. http://ectn-assoc.cpe.fr/news/letter/2011/10/1210 201111 .htm

3. http://unescoscience.blogspot.com/2006/11/global-microscience-project-gpme.html

4. http://www.iocd.org/global_microsci.shtml

5. http://portal.unesco.org/science/en/ev.php-
URL_ID=5052&URL_DO=DO_TOPIC&URL_SECTION=-465.html

6. http://www.unesco.org/new/en/natural-sciences/science-technology/basic-and-engineering-

sciences/science-and-technology-education/the-global-microscience-experiments/

APPENDIX: BOOKS ON MICROSCALE CHEMISTRY

Russo, T. Microscale Chemistry for High School General Chemistry. Kemtec Educational,
Kensington, MD, 1986.

Mills, J. L.; Hampton, M. D. Microscale Laboratory Manual for General Chemistry, Random
House, N.Y. 1988.

Mayo, D.W., Pike, R.M., & Butcher, S.S. (1989). Microscale Organic Laboratory (2nd ed.).
New York: John Wiley & Sons, Inc.

Williamson, K.L. (1989). Macroscale and Microscale Organic Experiments. Lexington, MA:
D.C. Health and Company.

Pavia, D.L., Lampman, G.S., & Engel, R.G. (1990). Introduction to Organic Laboratory
Techniques: A Microscale Approach. Philadelphia: Saunders College Publishing.

Thompson, S. Chemtrek-small-scale experiments for general chemistry. New Jersey: Prentice-
Hall, 1990.

Mayo, D.W., Pike, R.M., Butcher, S.S., & Trumper, P.K. (1991). Microscale Techniques for
the Organic Laboratory. New York: John Wiley & Sons, Inc.

Szafran, Z., Pike, R.M., & Singh. (1991). Microscale inorganic chemistry: A comprehensive
laboratory experience. New York: John Wiley.

Nimitz, J. S. Experiments in Organic Chemistry: From Microscale to Macroscale. Prentice-
Hall, Englewood Cliffs, N.J. 1991.

Szafran, Z. Pike R. M., Singh, M. M. Microscale Inorganic Chemistry: A Comprehensive
Laboratory Experience. John Wiley, N.Y. 1991.

Breuer, S. W. Microscale practical organic chemistry. Lancaster: Lancaster University, 1991.
Szafran, Z.; Pike, R. M.; Foster, J. C. Microscale General Chemistry Laboratory: With
Selected Macroscale Experiments. John Wiley, N.Y. 1993.

Waterman, E.L. (1993). Small scale chemistry laboratory manual. Manlo Park, CA: Addison-
Wesley Publishing Co.

Allen, C. B.; Bunce, S. C.; Zubrick, J. W. Annotated list of laboratory experiments in
chemistry from the Journal of Chemical Education 1957-1992. Washington DC: A C S,
1993.

Ehrenkranz, D.F. Chemistry in microscale: a set of microscale laboratory experiments.
Dubuge, lowa: Kendall/Hunt Pub. Co. (1993).




AJCE, 2012, 2(1), Special Issue

e Ehrenkranz, D.F. Chemistry in microscale: a set of microscale laboratory experiments with
teacher guides. Dubuge, lowa: Kendall/Hunt Pub. Co. (1993).

e Mayo, D.W., Pike, R.M., Trumper, P.K., & Fickett, P.M. (1994). Instructor’s Manual,
Microscale Techniques for the Organic Laboratory. Third Edition. New York. John Wiley.

e Mayo, D.W., Pike, R.M., & Trumper, P.K. (1994). Microscale Organic Laboratory with
Multistep and Multiscale Syntheses (3rd ed.). New York: John Wiley & Sons, Inc.

e Slater, A.; Rayner-Canham, G. Microscale chemistry-laboratory manual. Don Mills, Ontario:
Addison-Wesley, 1994,

e Williamson, K. L. Macroscale and Microscale Organic Experiments, 2nd Ed. D. C. Heath
and Company, Lexington, MA, USA. 1994,

e Campbell, B. N.; McCarthy Ali, M. Organic Chemistry Experiments, Microscale and Semi-
Microscale. Brooks/Cole Publishing Company. Pacific Groove, CA, USA. 1994,

e Singh, M. M.; Pike, R. M.; Z. Szafran, Microscale And Selected Macroscale Experiments
For General And Advanced General Chemistry: An Innovative Approach. John Wiley, N.Y.
1995.

e Waterman, E. L.; Thompson, Stephen. Small-scale chemistry-laboratory manual. Don Mills,
Ontario: Addison-Wesley, 1995.

e Pavia, D. L.; Lampman, G. M.; Kriz, G. S.; Engel, R. G. Introduction to Organic Laboratory
Techniques: A Microscale Approach, 2nd. Ed. Saunders College Publishing, Forth Worth,
TX, USA. 1995.

e Szafran, Z.; Pike, R. M.; Singh, M. M. Microscale Chemistry for High School. Kendall/Hunt
Publishing Company. Dubugue, lowa. 1996.

e Skinner, J. Microscale Chemistry. The Royal Society of Chemistry, London, 1997.

e Harwood, L. M., Chris J. Moody and J. Percy. Experimental Organic Chemistry: Preparative
and Microscale, 2nd Ed., 1998. 728 pp. 0-632-04819-0.

e Skinner, J. (compiler). Microscale Chemistry: Experiments in Miniature, 1st Edition. Royal
Society of Chemistry, London, 1998. 192 pp. 1-87034-349-2.

e Pavia, Donald L., Gary M. Lampman, George S. Kriz, and Randall G. Engel Introduction to
Organic Laboratory Techniques: A Microscale Approach 3rd Edition. Brooks/Cole, USA,
1999. 773 pp. 0-030-26566-5.

e Cruz, R.; Manuais em Fasciculos. Tecno Microescala: Uma Empresa Ecologicamente
Correta. Asseta Faculdades de Tatui, Brasil. 1999.

e Mayo, Dana W., Ronald M. Pike and Peter K. Trumper. Microscale Organic Laboratory
with Multistep and Multiscale Syntheses. 4th Edition. John Wiley, New York. 2000. 688 pp.
0-471-32185-0.

e Bell, Charles E., Allen K. Clark and Douglas F. Taber. Organic Chemistry Laboratory:
Standard and Microscale Experiments. 3rd Edition. Brooks/Cole, USA, 2001. 700 pp. 0-03-
029272-7.

e Mayo, Dana W., Peter K. Trumper and R. M. Pike. Microscale Techniques for the Organic
Laboratory. 2nd Edition. John Wiley, New York, 2001. 336 pp. 0-471-24909-2.

e Gilbert, John C. and Stephen F. Martin. Experimental Organic Chemistry: A Miniscale and
Microscale Approach (with Spectroscopy CD-ROM. 3rd Edition. Brooks/Cole, USA, 2002.
896 pp. 0-03-034063-2.




AJCE, 2012, 2(1), Special Issue

e Pavia, Donald L., Gary M. Lampman, George S. Kriz, and Randall G. Engel. Microscale and
Macroscale Techniques in the Organic Laboratory. 1st Edition. Brooks/Cole, USA, 2002.
375 pp. 0-03-034311-9.

e Mohrig, Jerry R., Christina Noring Hammond, Paul F. Schatz, and Terrence C. Morrill.
Modern Projects and Experiments in Organic Chemistry (Miniscale, Standard-taper
Microscale, Williamson Microscale). 1st Edition. W. H. Freeman, USA. 2002. 504 pp. 0-
7167-9779-8 (Miniscale and Standard Taper Microscale); 0-7167-3921-6 (Miniscale and
Williamson Microscale)

e Williamson, Kenneth L. Macroscale and Microscale Organic Experiments 4th Edition.
Houghton Mifflin, USA, 2003. 818 pp. 0-618-19702-8.

e Szafran, Zvi, Ronald M. Pike and Judith C. Foster. Microscale General Chemistry
Laboratory with Selected Macroscale Experiments. 2nd Edition. John Wiley, New York,
2003. 624 pp. 0-471-20207-X.

e Mohrig, Jerry R., Christina Noring Hammond, Paul F. Schatz, and Terrence C. Morrill.
Techniques in Organic Chemistry: Miniscale, Standard-Taper Microscale, Williamson
Microscale. 1st Edition. W. H. Freeman, USA. 2003. 312 pp. 0-7167-6638-8.

e Schoffstall, Allen M., Barbara A. Gaddis, and Melvin L. Druelinger. Microscale and
Miniscale Organic Chemistry Laboratory Experiments. 2nd Edition. McGraw Hill , New
York . 2004. 0-07-294338-6.

e Lehman, John W. Microscale Operational Organic Chemistry: A Problem-Solving Approach
to the Laboratory Course. 1st Edition. Prentice Hall, USA. 2004. 864 pp. 0-13-033518-5.

e Bishop, Carl B., Muriel B. Bishop, and Kenneth W. Whitten. Standard and Microscale
Experiments in General Chemistry. 5th Edition. Brooks/Cole, USA, 2004. 592 pp. 0-534-
42457-0.

e Landgrebe, John A. Organic Laboratory Microscale and Standard Scale Experiments. 5th
Edition. Brooks/Cole, USA, 2005. 608 pp. 0-534-49627-X.

e Hugerat, Muhamad; Schwarz, Peter; Livneh, Mordechai, Eds. “Microscale Experimentation
for All Ages”. The Academic Arab College for Education: Haifa, Israel (2006). 441 pp.

e |banez, J. G., Hernandez-Esparza, M., Doria-Serrano, C., Fregoso-Infante, A., Singh, M. M.
Environmental Chemistry: Microscale Laboratory Experiments. Springer, New York. 2008.
238 pp. ISBN 978-0-387-49492-0.

e Mayo, D. W.; Pike R. M.; Trumper, P. K. Microscale Organic Laboratory: With Selected
Multistep and Multiscale Syntheses. 5th. Edition. John Wiley, N.Y. 2010.

e Mohrig, J. R, Hammond, C. Noring, & Schatz, P. F. (2010). Techniques in organic
chemistry: miniscale, standard taper microscale, and Williamson microscale. 3rd ed. New
York, NY: W.H. Freeman & Co.

e Williamson, Kenneth L., Masters, Katherine M. Macroscale and Microscale Organic
Experiments. Cengage, USA. 2011.

e El-Marsafy, M.; Schwarz, P.; Najdoski, M. Microscale Chemsitry Experiments using Water
and Disposable Materials. Kuwait Chemical Society, Nuzha, Kuwait. 2011. 157 pp. ISBN
978 608 65076 3 3.




