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Supplementary Figure 18. Additional FE-SEM images of the self-assembled superstructures 
made of (a,b) TRD ZIF-8 particles with t = 0.57; (c,d) TRD ZIF-8 particles with t = 0.38; and 
(i,f) octahedral UiO-66 particles. Scale bars: 10 µm (c), 3 µm (a,e), 2 µm (b), and 1 µm (d,f). 
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Supplementary Figure 19. N2 sorption isotherm of the plastic crystal made of TRD ZIF-8 
particles with t = 0.57.  

 

	  

	  

 

Surface area = 1201 m²/g 

Slope = 2.343 

Intercept = 2.15e-03 

Correlation coefficient, r = 0.9999 

C constant = 1086 

Pore volume = 0.52 cm3/g 
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Supplementary Figure 20. N2 sorption isotherm of the ordered superstructure made of RD 
ZIF-8 particles. 

 

	  

	  

 

Surface area = 1168 m²/g 

Slope = 2.977 

Intercept = 2.788e-03 

Correlation coefficient, r = 0.9999 

C constant = 990 

Pore volume = 0.53 cm3/g 
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Supplementary Figure 21. N2 sorption isotherm of the ordered superstructure made of 
octahedral UiO-66 particles.  

 

 

	  

 

Surface area = 1240 m²/g 

Slope = 2.827 

Intercept = 0.033 

Correlation coefficient, r = 0.9999 

C constant = 835 

Pore volume = 0.47 cm3/g 

  



	  
	  

28	  

Supplementary Section 2: Determination of the Effective Refractive 
Indexes and Shifts of the Photonic Band Gaps 
 

A. Effective refractive index of the dense ZIF-8 framework 

In order to calculate the theoretical shifts of the band gap of the photonic crystal made of 

TRD ZIF-8 particles (size: 210 ± 10 nm) due to the inclusion of guest molecules, we first 

determined the effective refractive index of the dense ZIF-8 framework (nfram) without 

considering the pores. To do this, we determined the effective refractive index of the 

activated photonic crystal using the Bragg-Snell law (Equation 1): 

λ!"#$%!#&' = 2dn!"#$%!#&'    (1) 

where λ!"#$%!#&' is 522 nm (as measured from the reflectance spectra; Figure S8) and d is the 

interplanar distance of 184 nm. The effective refractive index n!"#$%!#&', which corresponds 

to the photonic crystal free of water, was found to be 1.42. This value is in good agreement 

with the value (1.40) obtained by spectroscopic ellipsometry performed on the activated 

photonic crystal self-assembled from 210-nm TRD ZIF-8 particles (Supplementary Fig. S16). 

We then calculated the occupancy of the interparticle voids in the photonic crystal according 

to Equation 2: 

Vvoid = 1 – f (2) 

where f is the packing fraction of the rhombohedral packing (f = 0.86) and Vvoid is 0.14. 

Owing to their porous nature, ZIF-8 crystals comprise the solid framework and the 

micropores. The theoretical micropore volume of ZIF-8 is 0.54 cm3/g, which corresponds to a 

volumetric occupancy of 50%. From the N2 sorption isotherm of the photonic crystal, we 

measured a pore volume of 0.57 cm3/g, which is quite close to this theoretical value. 

Accordingly, in the photonic crystal the fraction of volume that corresponds to the dense ZIF-
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8 framework (Vfram) is 0.43; that which corresponds to accessible micropores (Vmicro), is also 

0.43; and that representing interparticle voids (Vvoid), is 0.14. Combining the volume fractions 

for the micropores and the interparticle voids, and considering then that the resulting space is 

filled with air, yields an air-volume fraction (Vair) of 0.57 in the photonic crystal.  

The effective refractive index of the activated photonic crystal can also be calculated 

according to Equation 3:  

 

n!"#$%!#&' = V!"#$n!"#$! +   V!"#n!"#!    (3) 

 

where nair is 1.00.1 From this equation, the effective refractive index of the dense ZIF-8 

framework (nfram) is calculated to be 1.83.  

 

B. Effective refractive index of the as-made (water-loaded) photonic crystal 

The TGA of the as-made photonic crystal shows that it contains 21% (w/w) water (Figure 

S8). Considering that the density of ZIF-8 is 0.925 g/cm3,2 this amount of water corresponds 

to a volume fraction of water (Vwater) of 0.21 in the total photonic crystal. Therefore, the as-

made photonic crystal is composed of the dense ZIF-8 framework (Vfram = 0.43, nfram = 1.83), 

water (Vwater = 0.21, nwater = 1.33)3 and air (Vair = 0.36, nair = 1.00). From Equation 4, the 

effective refractive index of the as-made photonic crystal is calculated to be 1.47 (see also 

Table S1). 

n!"-‐!"#$ = V!"#$n!"#$! + V!"#n!"#! +   V!"#n!"#!    (4) 
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C. Shifts in the band gaps of the photonic crystals upon exposure to alcohols	  

The alcohol sorption isotherms measured for the photonic crystal (Figure S12) revealed that it 

can take up to 35% (w/w) of MeOH, EtOH, or i-PrOH, or up to 38% (w/w) of n-BuOH. 

These uptake values are equivalent to a volume fraction of 0.35 for MeOH, EtOH, and i-

PrOH (VMeOH, VEtOH and Vi-PrOH ), or 0.37 for n-BuOH (Vn-BuOH). With these values, the 

micropore filling of ZIF-8 particles is 81% for MeOH, EtOH, or i-PrOH, or 86% for n-

BuOH. Using Equation 4, but substituting the water molecules with the corresponding 

alcohol molecules, the effective refractive indexes of the photonic crystal upon exposure to 

each alcohol is calculated to be: 1.51 for MeOH; 1.52 for EtOH; 1.53 for i-PrOH; and 1.54 

for n-BuOH. The expected band gaps can then be calculated using the Bragg-Snell law. The 

obtained values are 556 nm for MeOH, 559 nm for EtOH, 561 nm for i-PrOH, and 567 nm 

for n-BuOH. These results and the experimental ones are summarised together in Table S1.   
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Supplementary Table 1: Experimental and calculated refractive indices and band gaps of the as-made 
photonic crystal (particle size: 210 ± 10 nm) before evacuation and subsequent exposure to different 
alcohols. 

Guest 
molecule 

Refractive 
index of 
guest 

molecule 
n

guest
 

Pore 
filling of 

the 
guest 

molecule 
(%) 

Experimental 
refractive 

index n
exp 

§
 

Calculated 
refractive 
index n

cal 
* 

Experimental 
band gap 
λ

c

††
 (nm) 

Calculated 
band gap 
λ

c
** (nm) 

Water 1.33 49
 †

 1.49 1.47 552 543 

Methanol 1.334 81 
‡
  1.52 1.51  561 556 

Ethanol 1.364 81 
‡
 1.53 1.52 562 559 

isopropanol  1.384 81 
‡
 1.53  1.53 564 561 

n-Butanol 1.404 86 
‡
 1.54 1.54 568 567 

†
 Measured from TGA 

‡ 
Measured from sorption isotherms 

§
 Measured from the slope of the interplanar distance vs. the experimental band-gap plot 

* Calculated using the equation n!"" = V!"#$n!"#$! + V!"#$%n!"#$%! +   V!"#n!"#! . 
††

 Measured from UV-Visible reflectance spectra 
** Calculated using the Bragg-Snell law 




