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Abstract  
Herein we describe a method for the effective extraction and qualitative detection of quinine and 
chlorophyll. Both compounds can be successfully extracted from Cinchona tree bark (Cinchona pubescens 
Vahl) using nothing but household materials, usually cheap and easily acquired items available in any 
hardware store. During a first step, solid-liquid extraction with reflux, using an organic solvent both 
compounds are retained. Afterward, the compounds are partitioned between water and paint solvent. The 
organic phase containing the chlorophyll is saved, and the aqueous layer is acidified. Finally, an ultraviolet 
(UV) light is used to provoke fluorescence in both compounds. 
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Background 
Cinchona pubescens (a Rubiaceae, usually called red Cinchona or quina) is a native tree from Central 
and South America (Aymard, 2019). Cinchona bark contains quinoline alkaloids (ca. 6.5 g/100 g) 
including quinine (representing 70 to 90 g/100 g alkaloids), quinidine (a quinine isomer, 1 g/100 g 
alkaloids), cinchonine, and cinchonidine (the 6-dimethoxy analogs), among others, as major 
components (Noriega et al., 2015; Murauer & Ganzera, 2018). Quinine demand has increased 
due to their extensive uses, especially as a treatment for malaria (Gachelin et al., 2017; Gupta et 
al., 2017; Singh & Sharma, 2019). Besides, Aryl-amino alcohols have been reported to possess 

antiviral activity (D’Alessandro et al., 2020). In fact, quinine was recently explored as a possible 
treatment against SARS-CoV-2 infection (Große et al., 2020). Quinine has also been proposed to 
inhibit muscular acetylcholine evoked disruptions (Gisselmann et al., 2018). In commercial non-
alcoholic tonic beverages (e.g., tonic water and related soft drinks), quinine is added as a flavoring 
agent (as it imparts a bitter taste and a refreshing sensory stimulation) (Liu et al., 2020). 

Historically, C. pubescens bark has been used to extract pharmacoactive compounds (Canales et al., 
2020). Traditional alkaloids are extracted using quicklime and an aromatic solvent (Boratyński et 
al., 2019). As a lignocellulosic material, C. pubescens is also expected to contain considerable 
quantities of chlorophylls as described for other plant species (e.g., Eucalyptus saligna, Johnstone 
et al., 2012; Johnstone et al., 2014).  

Separation techniques are still current and essential procedures to understand and practice for 
any undergrad chemistry student. As such, both extraction methods are commonly found as part 
of chemistry students’ curricular activities. Several laboratory approaches have been developed 
to teach them in the lab, especially those such as solid-liquid (Naviglio et al., 2015; Ciaccio & 
Hassan, 2020) and liquid-liquid extraction (see, for example, Turner, 1994; Radford et al., 2013; 
Usher et al., 2015; Celius et al., 2018; Sampaio et al., 2020). As quinine and chlorophyll’s 
fluorescence is quite evident, we expect to introduce students to fluorescence processes and, 
hopefully, down the road, they can relate this observed behavior with modern chemical analyses. 

State of the literature  
 Quinine has historically been extracted from Cinchona bark tree to exploit its therapeutic value. 
 Overall, few educational experiments focus on solid-liquid extraction. 
 Some liquid-liquid extraction experiments are available, and a small number have been recently 

published for developing at-home. 
 Several experiments regarding fluorescence (including those based on the extraction of active 

compounds from plants) are available for which presence in a laboratory is required. 
 Only one experiment regarding quinine fluorescence was encountered, while no laboratory 

experience regarding chlorophyll fluorescence from Cinchona was found. 
Contribution of this paper to the literature  
 Improving knowledge in natural products as quinine (an alkaloid) and chlorophyll (a photosynthetic 

pigment) are two compounds extracted from trees form the genus Cinchona. 
 Using a single experiment to show the student two different extraction techniques (solid-liquid and 

liquid-liquid extraction). 
 Teaching principles of fluorescence with two different fluorescent compounds extracted from the 

same source. 
 The experiment will contribute to the gamut of hand-on homeschooling experiments available; few 

are available regarding fluorescence. 
 Meanwhile the experiment could easily be transferred in full, on laboratory experience if so desired. 
 This experiment is versatile enough to be used to highlight concepts from several undergrad courses, 

including General and Organic Chemistry. 
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There are several examples of natural fluorescence (Darken, 1961; Marshall & Johnsen, 2017; 
Taboada et al., 2017), so some familiarization with the phenomenon is expected. Finally, some 
laboratory experiments have already been described that help the student relate and to understand 
fluorescence (Clarke & Oprysa, 2004; Rivera-Figueroa et al., 2004; MacCormac et al., 2010), 
including those pertaining to fluorescent compounds from trees (Muyskens, 2006; Muyskens & 
Vitz, 2006; Acuña, 2007; Wharton et al., 2018). Additionally, we refer the reader toward 
experimental discussions concerning principles in fluorescence (see for example, Tausch et al., 
2017) and photosynthesis in biological systems (Atici & Atici, 2012). 

Due to the current health crisis due to the COVID-19 outbreak, classes have suffered 
interruptions as lockdowns have been implemented worldwide. Though educational strategies 
have been implemented to ameliorate this issue (Mahmood, 2020), chemistry laboratories are 
especially challenging to migrate to an online approach. Some efforts have been made to translate 
laboratory some of these experiences to other media (see, for example, Buchberger et al., 2020; 
McKnelly et al., 2020); still, hands-on experiments as a means for the student to acquire the 
needed manual ability and skill necessary in chemistry is a must. Performing experiments at home 
using readily and commercially available substances and even commonly found in households in 
an alternative. In some cases, other colleagues have “converted” the kitchen into a provisional 
laboratory (see, for example, Shultz et al., 2020; Al-Soufi et al., 2020).   

Herein, we describe an extraction method of quinine and chlorophyll from dried Cinchona tree 
bark. The student will explore the principles of two different partitioning methods, solid/liquid-
liquid extraction. Additionally, qualitative phenomena related to fluorescence for both 
compounds extracted are also studied. 

Experimental Procedure 
Part I. Solid-liquid extraction of chlorophyll and quinine from tree bark 

Measure ¼ cup (ca. 20 g) of the dried and ground bark sample (Figure 2a) into a 150 mL beaker 
or a similar opened-mouth container. In this first step, alkaloid recovery must be considered. 
Then, assuming 5 g alkaloids/100 g bark, 20 g of bark will theoretically render 1 g alkaloids. A 
considerable amount since quinine must be below 83 mg kg-1 in drinks (according to the FDA, 
Feás et al., 2009) and still will provide notable fluorescent lighting. After that, ½ cup (ca. 100 mL) 
of 95-96 mL/100 mL ethanol was added to the sample.  

In another container, a pellet or a flake of sodium or potassium hydroxide is dissolved. Both 
these substances can be found in commercially available drain openers (e.g., Pure Lye!, Crystal 
lye, or Crystal Drāno, Figure 2b). If sodium hydroxide is used, the flake can be dissolved in the 
least amount of water possible and then added to the extraction solvent. If potassium hydroxide 
is used, it can be dissolved directly in the solvent. The base will favor the QS form of the quinine 
(Figure 1).  

 
Figure 1. Structure of the quinine molecule various species at different pH values (modified from 
Joshi & Pant, 2015). 

A simple reflux system is prepared as follows: a glass containing ice and water is placed on top 
of the beaker, has more ice available to keep the temperature shock constant throughout the 
process, and an aluminum foil is placed at the junction between the beaker and the glass with ice.  

The reflux system is placed in a water bath (this setup can very well be a kitchen pan with a small 
portion of water set in the stove, Figure 2d), and it is heated slowly until the mixture starts to 
boil and constant condensation of the solvent can be perceived at the surface of the aluminum 
foil. From that point on, the same temperature is kept for an additional 30 min (a temperature 
that should be near the ethanol boiling point of ca. 78 °C or 173 °F, if available, this can be 
verified using a thermometer, Figure 2c).  

 
Figure 2. Extraction steps during quinine and chlorophyll from Cinchona 

Solid-liquid extraction is a common laboratory technique and noteworthy. It has been used in 
teaching laboratories to extract polyflavonoids from lignocellulosic biomass (i.e., tree bark; Parajó 
et al., 2008).  
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In this case, ethanol was selected as an adequate solvent as both quinine and chlorophylls are 
readily soluble. However, it should be noted that a variety of components have been identified 
from cinchona bark [e.g., dimers and trimers proantocianidoles tannins, catechin tannins, 
flavonoids, catechin, kaempferol, apigenin and quercetin, glycosides, organic acids (quinotanic 
acid, cinconic red), monoglycosides such as quinovic acid (3β-hydroxyurea-hydroxybenzoic acid) 
and terpene compounds (Noriega et al., 2015)] that can be coextracted. However, it has been 
reported that alkaline ethanol media can favor the precipitation of some tannins (Gong et al., 
2014).  

The mixture is then removed from the water bath, it is allowed to cool to room temperature, and 
the glass with ice is retired. The mixture is sifted through a coffee filter, and the filtrate is saved 
(Figure 2e). The filtrate container is then set in the stove and placed under mild heating and 
gentle stirring (avoiding any splashing), and kept in these conditions until dry (Figure 2f).  

Part II. Chlorophyll and quinine separation by liquid-liquid extraction. 
The resulting viscous extract from part I was dissolved completely using 1 tablespoon (ca. 10 mL) 
of preheated water at 60 °C (140 °F), followed by another 10 mL of paint thinner (turpentine or 
mineral/white spirits will do fine). The mixture is transferred to a 25 mL graduated cylinder with 
a stopper (a tall glass container with a cap will do) and shook. After a few resting moments, two 
distinguishable phases should be apparent (the denser phase will be the aqueous layer) (Figure 
2g). A small fraction of ethanol is added to the mixture; this will rupture any potential emulsions 
and increase quinine solubility in water. Fluorescence of quinine has been reported not to be 
quenched by ethanol (Linnewiel & Visser, 1962). A common practice in troubleshooting 
emulsions formed during extraction is the addition of NaCl to increase the aqueous layer polarity. 
However, Cl- ion has already demonstrated a quencher quinine fluorescence (Gutow, 2005). 
Using a dropper or an injectable syringe, the organic phase was separated and transferred to 
another container (Figure 3a-c).  

 
Figure 3. Liquid-liquid extraction of quinine and chlorophyll and recovery steps 

At this point, the student should keep in mind several keynotes. When a soluble material is 
subjected to a system with two immiscible solvents, A and B, the substance will distribute itself 
among them (Jones & Champion, 1978). After extraction, the system will return to equilibrium, 
which means SoluteA ⇌  SoluteB. For such a system, the equilibrium constant can be written as 
KD (partition coefficient) = [Solute]B/[Solute]A (Jones & Champion, 1978).  

Then, the rate of mass exchange between the liquid phases can be expressed by the fundamental 
equation of the mass exchange: 𝑑𝑑𝑑𝑑 = 𝐾𝐾 𝛥𝛥𝑑𝑑𝛥𝛥 𝑑𝑑𝑑𝑑, where 𝑑𝑑𝑑𝑑 is the amount of substance passing 
from one phase to the other, 𝑑𝑑𝛥𝛥 is the surface of contact of the phases, 𝑑𝑑𝑑𝑑 is the time of contact, 
𝛥𝛥 is the driving force of the diffusion process (𝛥𝛥𝛥𝛥 or 𝛥𝛥𝛥𝛥), and 𝐾𝐾 is the mass-exchange coefficient 
(Plyashkevich & Zamyshlyaeva, 1970). 

In this case, two segregations co-occur; chlorophyll will mostly part toward the paint thinner and 
quinine to the aqueous layer. Then for the systems in this experiment, the equilibrium is 
chlorophyll (in water) ⇌ chlorophyll (in thinner), and quinine (in water) ⇌ quinine (in thinner). 
And their respective equilibrium constants 𝐾𝐾𝐷𝐷 = [Chlorophyll]thinner/[Chlorophyll]water and 𝐾𝐾𝐷𝐷 = 
[Quinine]thinner/[Quinine]water.  

Chlorophyll molecules are conjugated tetrapyrroles joint with two cyclopentanone rings, linked 
together by methylene bridges, with magnesium as a central atom (the hydrophile). These 
molecules contain a propionic acid chain esterified with the phytol, a diterpene alcohol, as well 
(the hydrophobe, Schoefs, 2002). For example, the molecular formula for chlorophyll a is 
C55H72MgN4O5, a compound that reflects green light (500-570 nm wavelength), imparting plants 
with their characteristic color. Hence, chlorophyll is water-insoluble, but is readily dissolved in 
organic solvents such as ethanol, acetone, ether, and chloroform (Schryver, 1909).  

Meanwhile, quinine (with a formula C20H24N2O2) is a moderately lipophilic compound and has a 
log p value of 3.4 (Kow, octanol–water partition coefficient) and has an aqueous solubility of 0.5 
mg mL-1 at 15 °C (Strauch et al., 2011). On another hand, quinine sulfate is sparingly soluble in 
water (i.e., one part in 500 parts of water at 100 °C) (Strauch et al., 2011; Kacprzak, 2013).  
An additional 10 mL of diluent was added to the remaining aqueous phase; the cylinder covered, 
shook, and settled as described above (Figure 3e-f). This procedure is repeated yet another time, 
for a total of 3 extractions. The organic extract was placed under UV light, and the solution’s 
reddish hue characteristic of chlorophyll was observed. 

Part III. Generation of quinine sulfate in the aqueous phase. 
Once the aqueous phase has been separated from the organic phase (Figure 4a), add a drop of 
sulfuric acid (car or motorcycle battery acid or drain opener/acid drain cleaner) to the aqueous 
phase. As the acid is poured with each drop, momentary cloudiness is to be expected, and 
turbidity will somewhat decrease. Battery acid will improve this effect, as lead ions in the solution 
will produce lead (II) tannates (Wall et al., 1969). As pH decreases by the addition of sulfuric acid, 
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alkaloid sulfates, and bisulfates are produced. As a diprotic weak base, quinine has a pKa1 and 
pKa2 of 4.34 and 8.43 at 20°C, respectively (Schulman et al., 1974; Strauch et al., 2011) appearing 
as a free base at high pHs and as one of its ionized forms (QS+ or QS2+) at lower pHs (Figure 1, 
Strauch et al., 2011).  

The mixture is continuously stirred as drops of the acid are added. With each drop, pH should 
be measured using universal indicator paper (sold online by several e-commerce platforms). If 
paper not available, the water-soluble pigment present in red cabbage (anthocyanin) can be used 
as an indicator. Briefly, the cabbage is roughly chopped, boiled for some minutes, and strained 
(Fortman & Stubbs, 1992).    

Repeat until you get a pH close to 4 (Figure 4b). In aqueous media, at a pH 4, the species QS2+ 
will predominate (Figure 1), a molecule which will render a stronger fluorescence by exhibiting 
higher values of extinction coefficient (ε) and a fluorescence quantum yields (ϕ) of 4.33 and 
5.40×103 cm-1 mol/L-1 and 0.55, respectively (Schulman et al., 1974). If using red cabbage, a lilac 
color tone will indicate a pH near 4. 

A solution with slight turbidity is still expected (Figure 4c). When the aqueous extract is placed 
under ultraviolet light, the solution should emit a faint blue light, characteristic of quinine 
(Figure 4d-e). A black-light or UV lightbulb (available in most hardware stores) will emanate 
sufficient radiation to match the absorption of quinine [excitation wavelength (𝜆𝜆𝑒𝑒𝑒𝑒 = 317/347 
nm for QS2+ at pH 2 in aqueous media)] and achieve emission at its correspondent lower energy, 
longer wavelength (i.e., 𝜆𝜆𝑒𝑒𝑒𝑒  = 448 nm) (Schulman et al., 1974), which will render the 
characteristic bluish hue. 

Suppose both phases are placed on the same container and let to rest, once under ultraviolet. In 
that case, the light, blue, and the red hue characteristic of both quinine and chlorophylls can be 
appreciated (Figure 4f). As part of the plants’ photosystem I/II (protein complexes in the light-
dependent reactions of oxygenic photosynthesis), chlorophyll a (.e.g, 𝜆𝜆𝑒𝑒𝑒𝑒 = 429 nm; 𝜆𝜆𝑒𝑒𝑒𝑒  = 661 
nm in ethyl ether) and b (𝜆𝜆𝑒𝑒𝑒𝑒 = 453 nm; 𝜆𝜆𝑒𝑒𝑒𝑒  = 643 nm) are the most responsible for the 
fluorescence emission (Bauer et al., 1972; Pedrós et al., 2008; Kalaji et al., 2014; Kalaji et al., 2017; 
Taniguchi & Lindsey, 2021). 

Hazards 
Sodium hydroxide, potassium hydroxide, and sulfuric acid are caustic or corrosive. These reagents 
can cause severe skin burns and eye damage and are harmful to the environment, especially 
aquatic life; their residues should not be discarded until neutralized. You should avoid breathing 
dust or vapors. Preferably, perform this experiment under the kitchen extractor or in a well 
ventilated area. If the skin is exposed, it should be washed thoroughly. If contact with eyes, rinse 
cautiously with water for several minutes. Remove contact lenses, if present and easy to do. 
Continue rinsing. If inhaled, the person should be removed to fresh air and keep comfortable for 
breathing. The student should wear eye protection, face protection, protective clothing, and 
gloves during the experiment’s duration. 

Acknowledgements 
We would like to thank Graciela Artavia for her valuable suggestions during the drafting of the 
manuscript. 

References 
Acuña, A. U. (2007). More thoughts on the Narra Tree Fluorescence. Journal of Chemical Education, 84(2), 231. 

https://doi.org/10.1021/ed084p231 

Al-Soufi, W., Carranza-García, J., & Novo, M. (2020). When the kitchen turns into a physical chemistry lab. Journal of 
Chemical Education, 97(9), 3090-3096. https://doi.org/10.1021/acs.jchemed.0c00745  

Atici, Ö., Atici, T. (2012). Investigating in biology syllabus topics at photosynthesis experiments of the effect student 
achievement and their diversification. The Journal of Turkish Educational Sciences, 10(1), 143-166. 

Aymard, G. A. (2019). A brief outline on current taxonomical and nomenclatural aspects of the genus Cinchona 
(Rubiaceae-Cinchoneae). Revista Académica Colombiana de Ciencias Exactas Físicas y Naturales, 43(supl), 234-241. 
https://doi.org/10.18257/raccefyn.1079  

Bauer, R. K., Szalay, L., & Tombacz, E. (1972). Migration of electronic energy from chlorophyll b to chlorophyll a in 
solutions. Biophysical Journal, 12(7), 731-745. https://doi.org/10.1016/S0006-3495(72)86117-4  

Boratyński, P. J., Zielińska-Błajet, M., & Skarżewski, J. (2019). Cinchona Alkaloids – Derivatives and Applications. In H-
J. Knöller (Ed.), The Alkaloids Chemistry and Biology. Amsterdam: Elsevier. 

Buchberger, A. R., Evans, T., & Doolittle, P. (2020). Analytical Chemistry Online? Lessons learned from Transitioning a 
project lab online due to COVID-19. Journal of Chemical Education, 97(9), 2976–2980. 
https://doi.org/10.1021/acs.jchemed.0c00799  

Canales, N. A., Gress Hansen, T. N., Cornett, C., Wlaker, K., Driver, F., Antonelli, A., Maldonado, C., Nesbitt, M., 
Barnes, C. J., & Rønsted, N. (2020). Historical chemical annotations of Cinchona bark collections are comparable 
to results from current day high-pressure liquid chromatography. Journal of Ethnopharmacology, 249, 112375. 
https://doi.org/10.1016/j.jep.2019.112375  

Celius, T. C., Peterson, R.C., Anderson-Wile, A. M., & Kraweic-Thayer, M. (2018). From observation to prediction to 
application: A guided exercise for liquid-liquid extraction. Journal of Chemical Education, 95(9), 1626-1630.  
https://doi.org/10.1021/acs.jchemed.7b00779  

Ciaccio, J. A., & Hassan, K. (2020). Modified method for extraction of photosynthetic plant pigments for microcolumn 
chromatography. Journal of Chemical Education, 97(8), 2362-2365.  https://doi.org/10.1021/acs.jchemed.0c00503  

Clarke, R. J., & Oprysa, A. (2004). Fluorescence and light scattering. Journal of Chemical Education, 81(5), 705-707. 
https://doi.org/10.1021/ed081p705  

 
Figure 4. Neutralization and light absorbance steps for quinine and chlorophyll 

https://doi.org/10.1021/ed084p231
https://doi.org/10.1021/acs.jchemed.0c00745
https://doi.org/10.18257/raccefyn.1079
https://doi.org/10.1016/S0006-3495(72)86117-4
https://doi.org/10.1021/acs.jchemed.0c00799
https://doi.org/10.1016/j.jep.2019.112375
https://doi.org/10.1021/acs.jchemed.7b00779
https://doi.org/10.1021/acs.jchemed.0c00503
https://doi.org/10.1021/ed081p705


9 F. Granados-Chinchilla & L. F. Campos-Arguedas, At-home study of quinine and chlorophyll fluorescence 
 

IJPCE - International Journal of Physics and Chemistry Education, 15(1), 5-10  www.ijpce.org 

D’Alessandro, S., Scaccabarozzi, D., Signorini, L., Perego, F., Ilboudo, D. P., Ferrante, P., & Delbue, S. (2020). The use 
of antimalarial drugs against viral infection. Microorganisms, 8(1), 85. 
https://doi.org/10.3390/microorganisms8010085 

Darken, M. A. (1961). Natural and induced fluorescence in microscopic organisms. Applied Microbiology, 9(4), 354-360. 
https://doi.org/10.1128/am.9.4.354-360.1961  

Fortman, J. J. & Stubbs, K. M. (1992). Demonstrations with Red Cabbage Indicator. Journal of Chemical Education, 69(1), 
66. https://doi.org/10.1021/ed069p66.1 

Gachelin, G., Garner, P., Ferroni, E., & Tröhler, U., Chalmers, I. (2017). Evaluating Cinchona bark and quinine for treating 
and preventing malaria. Journal of the Royal Society of Medicine, 110(1), 31-40. 
https://doi.org/10.1177/0141076816681421 

Gisselmann, G., Alisch, D., Welbers-Joop, B., Hatt, H. (2018). Effects of Quinine, Quinidine and Chloroquine on Human 
Muscle Nicotinic Acetylcholine Receptors. Frontiers in Pharmacology, 9, 1339. 
https://doi.org/10.3389/fphar.2018.01339   

Gong, X., Li, Y., & Qu, H. (2014). Removing tannins from medicinal plant extracts using an alkaline ethanol precipitation 
process: A case study of Danshen injection. Molecules, 19, 18705-18720. 
https://doi.org/10.3390/molecules191118705  

Große, M., Ruetalo, N., Businger, R., Rheber, S., Setz, C., Rauch, P., Auth, J., Brysch, E., Schindler, M., & Schubert, U. 
(2020). Evidence that quinine exhibits antiviral activity against SARS-CoV-2 infection in vitro. Preprints. 
https://www.preprints.org/manuscript/202007.0102/v1  

Gupta, P., Narang, M., Gomber, S., & Saha, R. (2017). Effect of quinine and artesunate combination therapy on platelet 
count of children with severe malaria. Paediatrics and International Child Health, 37(2), 139-143. 
https://doi.org/10.1080/20469047.2016.1209883  

Gutow, J. H. (2005). Halide (Cl-) quenching of quinine sulfate fluorescence: A time-resolved fluorescence experiment for 
physical chemistry. Journal of Chemical Education, 82(2), 302-305. https://doi.org/10.1021/ed082p302  

Johnstone, D., Tausz, M., Moore, G., & Nicolas, M. (2014). Bark and leaf chlorophyll fluorescence linked to wood 
structural changes in Eucalyptus saligna. AoB PLANTS, 6, plt057. https://doi.org/10.1093/aobpla/plt057  

Johnstone, D., Tauz, M., Moore, G., & Nicolas, M. (2012). Chlorophyll fluorescence of the trunk rather than leaves 
indicates visual vitality in Eucalyptus saligna. Trees, 26, 1565-1576. https://doi.org/10.1007/s00468-012-0730-7  

Jones, M. M. & Champion, G. R. (1978) A simple liquid-liquid extraction experiment for freshmen. Journal of Chemical 
Education, 55(2), 119. https://doi.org/10.1021/ed055p119  

Joshi, S., & Pant, D. D. (2015). Interaction of quinine sulfate with anionic micelles of sodium dodecylsulfate: A time-
resolved fluorescence spectroscopy at different pH. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 
148, 49-59. https://doi.org/10.1016/j.saa.2015.03.115  

Kacprzak, K. M. (2013). Chemistry and Biology of Cinchona Alkaloids. In K. G. Ramawat, J. M. Mérillon (Eds.), Natural 
Products. Berlin: Springer Verlag. https://doi.org/10.1007/978-3-642-22144-6_22  

Kalaji, H. M., Schansker, G., Brestic, M., Bussotti, F., Calatayud, A., Ferroni, L., Goltsev, V., Guidi, L., Jajoo, A., Li, P., 
Losciale, P., Mishra, V. K., Misra, A. N., Nebauer, S. G., Pancaldi, S., Penella, C., Pollastrini, M., Suresh, K., 
Tambussi, E., Yanniccari, M., Zivcak, M., Cetner, M. D., Samborska, I. A., Stirbet, A., Olsovska, K., 
Kunderlikova, K., Shelonzek, H., Rusinowski, S., & Bąba, W. (2017). Frequently asked questions about 
chlorophyll fluorescence, the sequel. Photosynthesis Research, 132, 13-66. https://doi.org/10.1007/s11120-016-
0318-y  

Kalaji, H. M., Schansker, G., Ladle, R. J., Goltsev, V., Bosa, K., Allakhverdiev, S. I., Brestic, M., Bussotti, F., Calatayud, 
A., Dąbrowski, P., Elsheery, N. I., Ferroni, L., Guidi, L., Hogewoning, S. W., Jajoo, A., Misra, A. N., Nebauer, S. 
G., Pancaldi, S., Penella, C., Poli, DB., Pollastrini, M., Romanowska-Duda, Z. B., Rutkowska, B., Serôdio, J., 
Surech, K., Szulc, W., Tambussi, E., Yanniccari, M., & Zaivak, M. (2014). Frequently asked questions about in 
vivo chlorophyll fluorescence: practical issues. Photosynthesis Research, 122, 121-158. 
https://doi.org/10.1007/s11120-014-0024-6  

Linnewiel, H. A., & Visser, B. J. (1962). Fluorescence of quinine in an alkaline medium and in absolute ethanol. Nature, 
195, 699.  https://doi.org/10.1038/195699a0 

Liu, D. T., Besser, G., Oeller, F., Mueller, C. A., & Renner, B. (2020). Bitter Taste Perception of the Human Tongue 
Mediated by Quinine and Caffeine Impregnated Taste Strips. Annals of Otology, Rhinology & Laryngology, 129(8), 
813-820. https://doi.org/10.1177/0003489420906187   

MacCormac, A., O’Brien, E., & O’Kennedy, R. (2010). Classroom activity connections: Lessons from fluorescence. 
Journal of Chemical Education, 87(2), 685-686. https://doi.org/10.1021/ed100262t  

Mahmood, S. (2020). Instructional Strategies for Online Teaching in COVID-19 Pandemic. Human Behavior and Emerging 
Technology, 3, 199–203. https://doi.org/10.1002/hbe2.218 

Marshall, J., & Johnsen, S. (2017). Fluorescence as a means of colour signal enhancement. Philosophical Transactions of the 
Royal Society B, 372, 20160335. https://doi.org/10.1098/rstb.2016.0335  

McKnelly, K. J., Howitz, W. J., Lam, S., & Link, R. D. (2020). Extraction on paper activity: An active learning technique 
to facilitate student understanding of liquid-liquid extraction. Journal of Chemical Education, 97(7), 1960-1965. 
https://doi.org/10.1021/acs.jchemed.9b00975  

Murauer, A. & Ganzera, M. (2018). Quantitative determination of major alkaloids in Cinchona bark by supercritical fluid 
chromatography. Journal of Chromatography A, 1554, 117-122. https://doi.org/10.1016/j.chroma.2018.04.038 

Muyskens, M. & Vitz, E. (2006). The fluorescence of Lignum nephriticum: A flash back to the past and a simple 
demonstration of natural substance fluorescence. Journal of Chemical Education, 83(5), 765-768. 
https://doi.org/10.1021/ed083p765  

Muyskens, M. (2006). pHantastic fluorescence. Journal of Chemical Education, 83(5), 768A-768B. 
https://doi.org/10.1021/ed083p768A  

Naviglio, D., Montesano, D., & Gallo, M. (2015). Laboratory production of lemon liqueur (Limoncello) by conventional 
maceration and a two-syringe system to illustrate rapid solid-liquid dynamic extraction. Journal of Chemical Education, 
92(5), 911-915. https://doi.org/10.1021/ed400379g 

Noriega, P., Sola, M., Barukcic, A., Garcia, K., & Osorio, E. (2015). Cosmetic antioxidant potential of extracts from 
species of the Cinchona pubescens (Vahl). International Journal of Phytocosmetics and Natural Ingredients, 2, 14. 
https://doi.org/10.15171/ijpni.2015.14  

Parajó, J. C., Dominguez, H., Santos, V., Alonso, J. L., & Garrote, G. (2008). Teaching sustainable development concepts 
in the laboratory: A solid-liquid extraction experiments. Journal of Chemical Education, 85(7), 972-975. 
https://doi.org/10.1021/ed085p972  

Pedrós, R., Moya, I., Goulas, Y., & Jacquemoud, S. (2008). Chlorophyll fluorescence emission spectrum inside a leaf. 
Photochemical & Photobiology Sciences, 7, 498-502. https://doi.org/10.1039/b719506k  

Plyashkevich A. M. & Zamyshlyaeva, M. D. (1970). Problems of liquid extraction in the chemical and pharmaceutical 
industry. Khimiko-Farmatsevticheskii Zhurnal, 4(10), 34-42. https://doi.org/10.1007/BF00763246  

Radford, S. A., Hunter Jr., R. E., Barr, D. B., & Ryan, P. B. (2013). Liquid-liquid extraction of insecticides from juice: An 
analytical chemistry laboratory experiment. Journal of Chemical Education, 90, 483-486.  
https://doi.org/10.1021/ed300389p  

Rivera-Figueroa, A. M., Ramazan, K. A., & Finlayson-Pitts, B. J. (2004). Fluorescence, absorption, and excitation spectra 
of polycyclic aromatic hydrocarbons as a tool for quantitative analysis. Journal of Chemical Education, 81(2), 242-
245. https://doi.org/10.1021/ed081p242  

https://doi.org/10.3390/microorganisms8010085
https://doi.org/10.1128/am.9.4.354-360.1961
https://doi.org/10.1021/ed069p66.1
https://doi.org/10.1177/0141076816681421
https://doi.org/10.3389/fphar.2018.01339
https://doi.org/10.3390/molecules191118705
https://www.preprints.org/manuscript/202007.0102/v1
https://doi.org/10.1080/20469047.2016.1209883
https://doi.org/10.1021/ed082p302
https://doi.org/10.1093/aobpla/plt057
https://doi.org/10.1007/s00468-012-0730-7
https://doi.org/10.1021/ed055p119
https://doi.org/10.1016/j.saa.2015.03.115
https://doi.org/10.1007/978-3-642-22144-6_22
https://doi.org/10.1007/s11120-016-0318-y
https://doi.org/10.1007/s11120-016-0318-y
https://doi.org/10.1007/s11120-014-0024-6
https://doi.org/10.1177/0003489420906187
https://doi.org/10.1021/ed100262t
https://doi.org/10.1002/hbe2.218
https://doi.org/10.1098/rstb.2016.0335
https://doi.org/10.1021/acs.jchemed.9b00975
https://doi.org/10.1016/j.chroma.2018.04.038
https://doi.org/10.1021/ed083p765
https://doi.org/10.1021/ed083p768A
https://doi.org/10.1021/ed400379g
https://doi.org/10.15171/ijpni.2015.14
https://doi.org/10.1021/ed085p972
https://doi.org/10.1039/b719506k
https://doi.org/10.1007/BF00763246
https://doi.org/10.1021/ed300389p
https://doi.org/10.1021/ed081p242


10 F. Granados-Chinchilla & L. F. Campos-Arguedas, At-home study of quinine and chlorophyll fluorescence 
 

IJPCE - International Journal of Physics and Chemistry Education, 15(1), 5-10  www.ijpce.org 

Sampaio, C. I., Sousa, L. F., & Dias, A. M. (2020). Separation of anthocyaninic and nonanthocyaninic flavonoids by liquid-
liquid extraction based on their acid-base properties: A green chemistry approach. Journal of Chemical Education, 
97(12), 4533-4539. https://doi.org/10.1021/acs.jchemed.0c00139  

Schoefs, B. (2002). Chlorophyll and carotenoid analysis in food products. Properties of the pigment and methods of 
analysis. Trends in Food Science & Technology, 13, 361-371. https://doi.org/10.1016/S0924-2244(02)00182-6  

Schryver, S. B. (1909). The chemistry of chlorophyll. Science Progress in the Twentieth Century (1906-1916), 3(11), 425-449.  

Schulman, S. G., Threatte, R. M., Capomacchia, A. C., & Paul, W. L. (1974). Fluorescence of 6-methoxyquinoline, quinine, 
and quinidine in aqueous media. Journal of Pharmaceutical Sciences, 63(6), 876-880.  
https://doi.org/10.1002/jps.2600630615  

Schultz, M., Callahan, D. L., & Miltiadous, A. (2020). Development and use of kitchen chemistry home practical activities 
during unanticipated campus closures. Journal of Chemical Education, 97(9), 2678-2684.  
https://doi.org/10.1021/acs.jchemed.0c00620  

Singh, R., & Sharma, B. (2019). Therapeutic potential of plant based natural compounds for malaria – Recent advances 
and future perspectives. EC Pharmacology and Toxicology, 7(10), 1078-1089. 

Strauch, S., Dressman, J. B., Shah, V. P., Kopp, S., Polli, J. E., & Barends, D. M. (2011). Biowaver monographs for 
immediate-release solid oral dosage forms: quinine sulfate. Journal of Pharmaceutical Sciences, 101(2), 499-508.  
https://doi.org/10.1002/jps.22810 

Taboada, C., Brunetti, A. E., Pedron, F. N. Neto, F. C., Estrin, D. A., Bari, S. E., Chemes, L. B., Lopes, N. P., Lagorio, 
M. G., & Faivovich, J. (2017). Naturally occurring fluorescence in frogs. PNAS, 114(14), 3672-3677. 
https://doi.org/10.1073/pnas.1701053114  

Taniguchi, M., Lindsey, J. S. (2021) Absorption and fluorescence spectral database of chlorophylls and analogues. 
Photochemistry and Photobiology, 97, 136-165. https://doi.org/10.1111/php.13319  

Tausch, M. W., Meuter, N., Spinnen, S. (2017). Photoprocesses in chemical education. Key experiments for core concepts. 
Educación Química, 28(3), 120-126. https://doi.org/10.1016/j.eq.2017.03.003  

Turner, D. E. (1994). An experiment to demonstrate the effect of pH on partition coefficients in liquid-liquid extraction. 
Journal of Chemical Education, 71(2), 173-174. https://doi.org/10.1021/ed071p173  

Usher, K. M., Simmons, C. R., Keating, D. W., & Rossi, H. F. (2020). Determination of niacinamide in lotions and creams 
using liquid-liquid extraction and high-performance liquid chromatography. Journal of Chemical Education, 92(5), 
907-910. https://doi.org/10.1021/ed500788q  

Wall, M. E., Taylor, H., Ambrosio, L., & Davis, K. (1969). Plant antitumor agents III: A convenient separation of tannins 
from other plant constituents. Journal of Pharmaceutical Sciences, 58(7), 839-841. 
https://doi.org/10.1002/jps.2600580709  

Wharton, J., Izaguirre, I., Surdock, A., VandenBerg, M., Bolhuis, S., Howard, J., Muyskens, M. (2018). Hands-on 
demonstration of natural substance fluorescence in simple tree extracts: Sycamore. Journal of Chemical Education, 
95(4), 615-619. https://doi.org/10.1021/acs.jchemed.7b00611  

 

 
 

https://doi.org/10.1021/acs.jchemed.0c00139
https://doi.org/10.1016/S0924-2244(02)00182-6
https://doi.org/10.1002/jps.2600630615
https://doi.org/10.1021/acs.jchemed.0c00620
https://doi.org/10.1002/jps.22810
https://doi.org/10.1073/pnas.1701053114
https://doi.org/10.1111/php.13319
https://doi.org/10.1016/j.eq.2017.03.003
https://doi.org/10.1021/ed071p173
https://doi.org/10.1021/ed500788q
https://doi.org/10.1002/jps.2600580709
https://doi.org/10.1021/acs.jchemed.7b00611

	Background
	Experimental Procedure
	Part I. Solid-liquid extraction of chlorophyll and quinine from tree bark
	Part II. Chlorophyll and quinine separation by liquid-liquid extraction.
	Part III. Generation of quinine sulfate in the aqueous phase.

	Hazards
	Acknowledgements
	References

