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1. Supplementary Figures 

 

 

Fig. S1| Three-dimensional phase segregation of ternary colloidal system a, The schematic of three-dimensional 

phase segregation of the ternary colloidal system. A mixture solution of L0, LEG4, and SQ2 sensitized TiO2 colloids 

is transferred into a transparent chamber. Different light illumination induces various vertical segregation. b, 3D 

distribution of the coloured colloids at different depths (Z=0, 80 μm) under red, green, and blue light illumination, 

respectively. L0 and LEG4 sensitized TiO2, SQ2, and L0 sensitized TiO2, SQ2 sensitized TiO2 are pushed up to the top 

under red, green, and blue light illumination, respectively. 
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Fig. S2| Spectra-selective active colloidal mixture as photochromic colloidal swarm. a, The photograph of SQ2, 

LEG4, and L0 sensitized TiO2 colloids and their mixed suspension, which appear as cyan, magenta, yellow and black 

ink, respectively. b, Modified 3LCD projector with optical filters. c, The normalized spectrum of the projector output 

for blue, green, and red light with (solid line) or without (dash line) optical filter. d, Experimental colour gamut 

of the photochromic colloidal swarm presented in a standard CIE-1931 colour space. 

 

 
Fig. S3| The scanning electron microscopy (SEM) image of monodispersed TiO2 microbeads. Scale bars: 10 µm. 
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Fig. S4| Molecular structure and absorption spectrum of organic dyes a, The molecular structure and maximum 

absorption wavelength of dye L0, LEG4, and SQ2. b, The normalized absorbance of ethanolic solution of dye (L0 

(yellow), LEG4 (magenta), and SQ2 (cyan)), with distinctive absorbance covering the visible spectrum.  

  

  

 

Fig. S5| Radial distribution function of dye-sensitized-colloid modulated with illumination. a-c, The 𝑔(𝑟) as a 

function of 𝑟/𝜎 for LEG4-LEG4 sensitized TiO2 colloids (a), SQ2-SQ2 sensitized TiO2 colloids (b), and LEG4-SQ2 

sensitized TiO2 colloids (c) under blue light (440-480 nm) illumination with various intensity (10 mW/cm2, 30 

mW/cm2, 50 mW/cm2, 70 mW/cm2, 90 mW/cm2). d-f, The 𝑔(𝑟) for SQ2-SQ2 sensitized TiO2 colloids (d), LEG4-

LEG4 sensitized TiO2 colloids (e), and LEG4-SQ2 sensitized TiO2 colloids (f) under red light (640-660 nm) illumination 

with various intensity (10 mW/cm2, 30 mW/cm2, 50 mW/cm2, 70 mW/cm2, 90 mW/cm2). 
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Fig. S6| Apparent pair potential of dye-sensitized-colloid modulated with illumination. a-c, The 𝑤(𝑟) as a 

function of 𝑟/𝜎 for LEG4-LEG4 sensitized TiO2 colloids (a), SQ2-SQ2 sensitized TiO2 colloids (b), and LEG4-SQ2 

sensitized TiO2 colloids (c) under blue light (440-480 nm) illumination with various intensity (10 mW/cm2, 30 

mW/cm2, 50 mW/cm2, 70 mW/cm2, 90 mW/cm2). d-f, The 𝑤(𝑟) for SQ2-SQ2 sensitized TiO2 colloids (d), LEG4-

LEG4 sensitized TiO2 colloids (e), and LEG4-SQ2 sensitized TiO2 colloids (f) under red light (640-660 nm) illumination 

with various intensity (10 mW/cm2, 30 mW/cm2, 50 mW/cm2, 70 mW/cm2, 90 mW/cm2).  
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2. Supplementary Tables: 

 

Table S1. Fitting parameters under various blue light illumination 

  
 
 

Table S2. Fitting parameters under various red light illumination 

 
 
 

Table S3. Expected layered phase behaviour under different illumination spectra 
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Table S4. The zeta potential of pristine TiO2 and different dye-loaded TiO2 

 
 

 

Table S5. Comparison of current state-of-the-art photochromic materials. 
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