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Table S1. Average particles diameters determined by DLS measurements and TEM images: 
monodisperse seed (S), core (C), core-interlayer (CI) and core-interlayer-shell (CIS) particles of 
red, green and blue films. 

 

Fig. S1 TEM of seed, core, core-interlayer (CI) and core-interlayer-shell (CIS) particles of red, 
green and blue films, scale bar 100 nm.
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Fig. S2 FESEM images of the surface and cross-section of ordered RGB SMPC films. Scale bar 
is 2 µm.

Fig. S3 Photographs of a typical red SMPC film, original, stretching and recovered state taken in 
the dark environment with flash light. Transparent adhesive tape was used on both ends to fix the 
stretched film. The effective stretch length was attributed to the middle portion. 
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Fig. S4 DSC curves of SMPC films with transform temperature (Tg of shell material) at 12, 4 and 
-11 oC, respectively.

   

Fig. S5 Photograph of a typical red SMPC films.

Fig. S6 Photographs of a typical red film under different strains in the white background.

4



Table S2. Effective reflective index ( ), (111) plane distances ( determined from SEM 𝑛𝑒𝑓𝑓 𝑑𝑆𝐸𝑀 

images and  by calculations), reflected ( ) and calculated ( ) peak position of the red, green 𝑑𝐶 𝜆𝑅 𝜆𝐶 

and blue films with various CIS diameters (D) and deviation ( ) between  and .𝛿  𝜆𝑅  𝜆𝐶 

Sample D [nm] 𝑛𝑒𝑓𝑓  [nm]𝑑𝑆𝐸𝑀  [nm]𝑑𝐶 [nm]𝜆𝑅 [nm]𝜆𝐶  [%]𝛿

Red 248 1.510 205 202 635 619 2.6

Green 219 1.488 183 179 559 545 2.6

Blue 191 1.529 153 156 487 468 4.1

 is calculated according to Equation (1) mentioned below;  is calculated by , and matches 𝑛𝑒𝑓𝑓 𝑑𝐶
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𝐷

well with ;  is measured from reflected spectra at normal incidence angle; is calculated 𝑑𝑆𝐸𝑀 𝜆𝑅 𝜆𝐶 

according to the Bragg’s diffraction equation;  is calculated by Equation (3).𝛿

Table S3. Calculated strains along thickness direction ( ) and (111) plane distance (d), reflected (
𝜀𝑍

) and calculated ( ) peak position of the red film with various tensile strains ( ) and the 
𝜆𝑅 𝜆𝐶 𝜀𝑋

deviation ( ) between  and . 𝛿  𝜆𝑅  𝜆𝐶 

 [%] 𝜀𝑋 0 5 10 15 20 25 30 35 40 45 50

 [%]𝜀𝑍 0 1.8 3.6 5.4 7.2 9 10.8 12.6 14.4 16.2 18

d [nm] 208 204 201 197 193 189 186 182 178 174 171

 [nm]𝜆𝑅 662 645 634 622 610 594 585 575 563 547 545

[nm]𝜆𝐶 637 625 614 603 591 580 568 557 545 534 522

 [%]𝛿 3.9 3.2 3.3 3.2 3.2 2.4 3.0 3.2 3.3 2.4 4.4

 is calculated from  assuming a Poisson ratio of 0.36 typically observed for similar polymer 𝜀𝑍 𝜀𝑋

PMMA; d is calculated using and the initial (111) plane distance with 0 % tensile strain is 208 𝜀𝑍, 

nm which can be estimated from , the diameter of CIS nanoparticles (D=255 nm);  is 
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𝐷 𝜆𝑅

determined from reflected spectra at normal incidence angle; is calculated according to 𝜆𝐶 

5



Equation (2),  is 1.532 calculated by Equation (1);  is calculated by Equation (3).𝑛𝑒𝑓𝑓 𝛿

Calculation of effective refractive index of opal films

Taken the green film as an example, its effective refractive index  can be calculated with 𝑛𝑒𝑓𝑓

,     (1)𝑛 2
𝑒𝑓𝑓 = ∑𝑛2

𝑖𝑉𝑖

Equation (1) is volume-weighted average refractive index for the whole film. The refractive 
indices of PS, PEA and PiBMA are 1.592, 1.469 and 1.477 respectively. The diameters of core (

), core-interlayer ( ) and core-interlayer-shell ( ) are 186, 198 and 219 nm respectively 𝐷𝐶 𝐷𝐶𝐼 𝐷𝐶𝐼𝑆

according to TEM images. Their relevant volume ratios can thus be calculated. 

𝑉𝐶 =

4
3

𝜋(
𝐷𝐶

2
)3

4
3

𝜋(
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)3
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= 0.613

𝑉𝐶𝐼 =

4
3

𝜋(
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2
)3

4
3

𝜋(
219

2
)3

= 0.739

𝑉𝐼 = 𝑉𝐶𝐼 ‒ 𝑉𝐶 = 0.126

𝑉𝑆 = 1 ‒ 𝑉𝐶𝐼 = 0.261

For the opal film with CIS nanoparticles, according to the recipe mentioned in the synthesis of 
particles part, volume ratio of each component can thus be calculated. Since the densities of all the 
monomers are very close, we simply chose the weight ratio as the volume ratio.

For the core, 

 𝑉𝐵𝐷𝐷𝐴 = 0.1𝑉𝐶 = 0.061

 𝑉𝑆𝑡 = 0.9𝑉𝐶 = 0.549

For the interlayer,
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 𝑉𝐴𝑀𝐴 = 0.1𝑉𝐼 = 0.013

 𝑉𝐸𝐴 = 0.9𝑉𝐼 = 0.113

For the shell,

 𝑉𝑖𝐵𝑀𝐴 = 0.6𝑉𝑆 = 0.157

 𝑉𝐸𝐴 = 0.4𝑉𝐼 = 0.104

Therefore,  can be calculated with Equation (1),𝑛𝑒𝑓𝑓

𝑛 2
𝑒𝑓𝑓

= ∑𝑛2
𝑖𝑉𝑖 = 𝑛 2

𝑆𝑡𝑉𝑆𝑡 + 𝑛 2
𝐵𝐷𝐷𝐴𝑉𝐵𝐷𝐷𝐴 + 𝑛 2

𝐴𝑀𝐴𝑉𝐴𝑀𝐴 + 𝑛 2
𝐸𝐴𝑉𝐸𝐴 + 𝑛 2

𝑖𝐵𝑀𝐴𝑉𝑖𝐵𝑀𝐴 = 1.5462 × 0.549 + 1.4562 ×

0.061 + 1.4362 × 0.013 + 1.4062 × (0.113 + 0.104) + 1.422 × 0.157 = 2.214

 𝑛𝑒𝑓𝑓 = 1.488

Similarly, refractive indices of red and blue films are 1.510 and 1.529. 

Calculation of reflected peak position of opal films

The reflected peak position of opal films can be calculated according to Bragg’s diffraction 
equation (Equation (2)),

      (2)𝜆 = 2𝑛𝑒𝑓𝑓𝑑sin 𝛼

where  represents the reflected peak wavelength of the film and d is the lattice constant and in 𝜆
our system is referred to (111) plane distance. 

For films with different sizes of CIS nanoparticles,  is calculated above and d is determined 𝑛𝑒𝑓𝑓

from the cross-section FE-SEM images of the film. Thus  can be obtained by Equation (2)    𝜆𝐶 

accordingly. 

Taken the green film as an example,  is 1.488 and d is 183 nm, thus 𝑛𝑒𝑓𝑓
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𝜆 = 2𝑛𝑒𝑓𝑓𝑑sin 𝛼 = 2 × 1.488 × 183 × 1 = 545 𝑛𝑚

Similarly, reflected peak positions of red and blue films are 619 and 468 nm, and the deviation ( ) 𝛿

between  and is calculated by, 𝜆𝑅  𝜆𝐶 

   (3)
𝛿 =

𝜆𝑅 ‒ 𝜆𝐶

𝜆𝐶
× 100%

The estimated results of calculated peak position  of the film match well with data measured 𝜆𝐶

from reflected spectra as the deviations are all below 5 %.
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