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Supplementary Figures and Tables

[bookmark: _Hlk164001597]Fig. S1 Structural color palettes adjusted by combination of periods and heights. a Optical image of a structured color palette under normal incidence. b Optical image of a structured color palette under 45 ° incidence. Scale bar: 20 μm

[bookmark: OLE_LINK3]Fig. S2 HSV color space. a Schematic diagram of HSV color space. Each color is represented by Hue (H), Saturation (S), and Value (V). b In OpenCV, the unfolded graph of Hue and Value without considering Saturation. The H parameter represents color information, that is, the position of the spectral color, with a value range of 0 to 180. The range of V and S is 0-255

[bookmark: _Hlk164001650]Fig. S3 The influence of heights and periods on structural colors. a Distribution of structural colors with different heights at a period of 1.4 μm under normal incidence in the CIE color space chromaticity diagram. b Distribution of structural colors with different periods at a height of 1.4 μm under normal incidence in the CIE color space chromaticity diagram. c Under normal incidence, the hue of structural colors with the height of 1.4 μm varies with the period. d The distribution of structural colors with different heights at a period of 1.4 μm under 45° incidence in the CIE color space chromaticity diagram. e Dstribution of structural colors with different periods at a height of 1.4 μm under 45° incidence in the CIE color space chromaticity diagram. f Under 45° incidence, the hue of structural colors with the period of 1.4 μm varies with heights



Fig. S4 The swelling performance of hydrogel materials. a Optical images of beam structures with nominal length (L0) of 50 μm printed using 25 and 27.5mW laser power respectively. Scale bars: 30 μm. b The swelling rate (the rate of change of body length λ (λ=(L-L0)/L0)) curve of hydrogel in different pH

[bookmark: _Hlk164001671]Fig. S5 Scanning electron micrographs (SEM) of printed grid structures and measurement of height and period. a SEM image of 45 ° tilted grid structures with heights from 2.0 μm to 3.2 μm and periods from 2.0 μm to 4.0 μm. Scale bar: 50 μm. b Measured grid linewidth w1 of vertical grating and measured height as a function of nominal height. c Measured grid linewidth w2 of horizontal grating and measured period as a function of nominal period

[bookmark: _Hlk164001703]Fig. S6 Optical images of dynamic structural colors with different heights and periods under 45 ° incidence at different pH values. Scale bar: 100 μm

[bookmark: _Hlk164001731]Fig. S7 The position of dynamic structural colors in the CIE chromaticity chart varies with pH. a The structural color change of a dynamic grid with a height of 3.2 μm and a period of 2.0 μm. b Dynamic grid with height of 3.2 μm and a period of 2.4 μm. c Dynamic grid with height of 3.2 μm and a period of 2.8 μm. d Dynamic grid with height of 3.2 μm and a period of 3.2 μm. e Dynamic grid with the height of 3.2 μm and a period of 3.6 μm. f Dynamic grid with a height of 3.2 μm and a period of 4.0 μm

[bookmark: _Hlk177373187]Fig. S8 The deformation process of grid structure. a Image sequences of deformation of the grid structures when the pH change from acid to alkaline. Scale bar:20 μm. b The variation curve of the horizontal body length of the grid structures over time from Fig. S8a. c Image sequences of deformation of the grid structures when the pH change from to alkaline to acid. Scale bar:20 μm. d The variation curve of the horizontal body length of the grid structures over time from Fig. S8c
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Fig. S9 The stability of the dynamic structural colors over multiple working cycles. a Optical images of grid structures array when environmental pH switches between 2 and 12 over 70 cycles. Scale bar: 100 μm. b Quantity change curves (red curves) and failure rate change curves (blue curves) for normal dynamic structural colors as the number of cycles increases
[image: ]
Fig. S10 Printing error and chromaticity error of grating structures. a SEM images of grating structures array with a nominal height of 1 µm, scale bar: 100 μm. and partial enlarged image of the end of the grating structure at a 60° tilt angle, scale bar: 1 μm. b Actual heights of the 16 grating structures highlighted in red boxes in Fig. S9a. c The error curve of the actual height relative to the nominal height. d The error curve of the actual hue relative to the nominal hue.
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[bookmark: _Hlk164001771][bookmark: _Hlk176765111]Fig. S11 The grayscale design for displaying and hiding textual information. a The grayscale image of the word "HAPPY NEW YEAR!" is composed of a horizontal grid, with a period of 5 μm and a height of 1 μm. b A grayscale image with a background color composed of vertical grids, with a period of 2 μm and a height of 1 μm. Scale bars: 100 μm
[image: ]
[bookmark: _Hlk164001806]Fig. S12 Optical images of unoptimized dynamic grid arrays hiding information in deionized water and displaying information in alkaline solution and leaving slight traces in acid solution
[image: ]
Fig. S13 Structural colors of the grid structure arrays when the array was placed in nine solutions with different pH from pH 2.6-10.8. a Optical images of structural color of the grid structure arrays when the array was placed in nine solutions with different pH from pH 2.6-10.8. Scale bar: 100 μm. b Average of hue values of the five grid structures in the array at different pH values and the fitting curves by Boltzmann function. A1 and A2 represent the maximum and minimum hue values of the structural colors within the interval pH 2-12, respectively.
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[bookmark: _Hlk164001833]Fig. S14 The preparation of microfluidic chips. a Template replication of microfluidic chips. b Optical image of microfluidic channels. Scale bars: 300 μm
[image: ]
Fig. S15 The integration of dynamic structured color arrays and microfluidic device. a A photo of a printed dynamic structured color array. b A photo of the integration of a dynamic structured color array and microfluidic channels. c Photo of the micro injection pump and observation system

Table S1 Summary of existing works of micro structures with dynamic structural colors
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Supplementary Videos
[bookmark: _Hlk168994936]Video S1 Structural colors transitions from water to air
Video S2 Dynamic structural colors change with pH
[bookmark: OLE_LINK41]Video S3 Dynamic structural colors under normal incidence and 45° incidence
Video S4 Dynamic structural colors for information encryption
Video S5 Dynamic structural colors for visualizing pH diffusion
Video S6 Integrating dynamic structural colors in microfluidics
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