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Recovery of Caffeine from Organic Chemistry Laboratory Experiments to Enhance Waste
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Abstract

This study investigated the recovery of crude caffeine extract waste generated from an undergraduate
organic chemistry experiment on caffeine extraction from dried tea leaves as a replacement for commercial
caffeine standards in laboratory courses. Purification by sublimation was selected for its efficiency, safety, and
cost-effectiveness. The purified caffeine was obtained as a white crystal with 69.0% recovery, pH 5, and a melting
point of 237.5 °C. Thin-layer chromatography showed an R; value consistent with the standard, indicating
acceptable purity. Fourier Transform Infrared Spectroscopy (FTIR) revealed characteristic absorption bands at 1,695
and 1,648 cm™ (C=0), 1,598 cm™ (C=N), and 1,358 cm™ (C-N of N-CH,). The *H NMR spectrum displayed four
singlets at o) 3.41, 3.59, and 4.00 ppm (3H each, N-C CH;) and 7.51 ppm (1H, H-8), matching standard caffeine.
These results confirm the compound’s structural identity and suitability for instructional use, particularly in
spectroscopic analysis. This approach eliminates the cost of purchasing standard caffeine, reduces waste from
expired reagents, lowers hazardous waste management demands, and minimizes complications related to
controlled chemical importation. It also increased the waste management score under the Thai Laboratory Safety
Standard (ESPRel) by 1.54%. Overall, the strategy supports Sustainable Development Goal 12 (Responsible

Consumption and Production) by promoting resource efficiency and circular practices in teaching laboratories.

Keywords: Caffeine; Crude extract; Organic chemistry; Enhancement of safety practice of research laboratory in

Thailand; Sustainable development goals
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% Transmittance
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