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Dyeing: A chemical process that results in color changes 
 

Misa NAKAMURA, Ruri INOUE, Ai MORINAGA, and Juri NAKAMURA 
 

Abstract  
Dynamic experiments are more fun because you can discover certain changes. Dyeing is one of the most visible chemical 

processes because the color changes as the process progresses. In this experiment, quercetin, anthocyanin, and indigo were used 
as dyes. Cotton fabrics were colored bright yellow or orange after being dyed with quercetin, a pigment obtained from onion 
skins. Several violet fruits, including Indian hawthorn, Hamahisakaki and blueberries were used as anthocyanin dye sources, 
where cotton was dyed light red or violet. However, the colors became greener and redder as the pH was changed from high and 
low. These changes indicate that dye molecules were adsorbed on cellulosic fibers. Indigo dyeing is a redox reaction-based 
process. When cotton was removed from the indigo solution, its color changed from green to indigo blue. Students were able to 
see the exact moment of oxidation, and this experience made them interested in the redox reaction.---------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
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2 Fe + O2 → 2 FeO
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Fig. 1  Structure of Quercetin-4’-O-β-glucoside. 
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Fig. 2  Structural transformations of Cyanidin-3,5-diglucoside depends on pH(3). 
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Fig. 3  Mechanism of Indigo dyeing(4). 
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Fig. 4  Structure of Cellulose. 
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C16H10O2N2  +  Na2S2O4  +  4 NaOH  →  C16H10O2N2Na2  +  2 Na2SO3  +  2 H2O 

 

Rhaphiolepis indica var. umbellata Eurya 
emarginata Persicaria tinctoria
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Fig. 5  Onionskin dyeing of cotton with; (a) no mordant, (b) Al3+ mordant, (c) Cu2+ mordant, (d) Fe3+ mordant,  
(e) protein coating (f) Al3+ mordant after protein coating, (g) Cu2+ mordant after protein coating,  

(h) Fe3+ mordant after protein coating. 
 

 
Fig. 6  Indian hawthorn dyeing of cotton(11) at ; (a) pH 4.99, (b) pH 6.06 (original), (c) pH 7.91. 

 

 
Fig. 7  Hamahisakaki dyeing of cotton(11) at ; (a) pH 3, (b) pH 5 (original), (c) pH 8. 

 

 

  
Fig. 8  Blueberry dyeing of cotton(11) at ; (a) pH 3.93 (original), (b) pH 6.79, (c) pH 9.39,  

(d) Al3+ mordant, (e) Cu2+ mordant, (f) Fe3+ mordant. 

Fig. 9  Indigo dyeing of cotton; (a) before oxidation, (b)rinsed in water, (c) rinsed in water after protein coating,  
(d) oxidated, (e) oxidated after protein coating, (f) added Sodium hydrosulfite, (g) added Sodium hydrate.
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