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Study on Multimodal Color—switching Anti—counterfeiting Based on
Magnetically Responsive Photonic Crystals and Quantum Dots
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Abstract Counterfeiting is a growing global problem, which could be effectively curbed by developing novel anti-
counterfeiting materials. Responsive photonic crystals (RPCs) are one kind of promising materials for anti-counterfeiting
because of their vivid rainbow effect and stimulus responsive discoloration performance. In addition to RPCs, photolumines-
cence materials with intrinsic emission color, can also be used for anti-counterfeiting. As one of the most common photolu-
minescence materials, quantum dots (QDs) exhibit narrow emission width, saturated color, and tunable emission due to the
quantum confinement effect. Despite RPCs and QDs with tunable colors have shown great potential for anti-counterfeiting
and information encryption, most of their color variations are actuated by a single mode, which hinders their advanced appli-
cations. In this paper, taking advantage of the dynamic continuous magnetochromic property of Fe;Os@SiO2 (M) superpara-
magnetic colloids in organic solvents and the photoluminescence behavior of CdTe quantum dots (CdTe QDs) under the ex-
citation of UV light, a M/QDs/EG/PDMS composite film with multimodal color-switching function for anti-counterfeiting
was fabricated by encapsulating ethylene glycol (EG) droplets containing M colloids and CdTe QDs in elastomeric polydi-
methylsiloxane (PDMS). The internal structure, optical and mechanical properties were characterized by optical microscope,
fiber optical spectrometer, fluorescence spectrometer, digital camera and tensile testing machine. The results showed that the
composite film exhibited bright structural color instantaneously under application of a magnetic field. The diffraction wave-
length of the composite film displayed a continuous red or blue shift with the decrease or increase of the magnetic field inten-
sity, and the red or blue shifting range could reach 145 nm. Moreover, the composite film could emit bright fluorescence un-
der the excitation of UV light and exhibited good photoluminescence function. In addition, the composite film showed good
elasticity and the percentage of breaking elongation of the film could reach 132%, which provides a foundation for the appli-
cation of anti-counterfeiting by attaching on the surface of different materials. Furthermore, through the patterned design, a
patterned anti-counterfeiting film with rapid response to color change, reversible pattern hiding, and various color changes
can be prepared, which is conducive to its application in the field of information encryption and advanced anti-counterfeiting.
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Figure 1 The TEM images of Fe;04 clusters (a) and M colloids (b); the
TEM images of CdTe QDs synthesized with different hydrothermal time:
(c) 55 min; (d) 70 min; (e) 85 min
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Figure 2 (a) Series digital photos of the mixed solution of M/QDs/EG (M ca. 10 mg/mL, CdTe QDs ca. 2 mg/mL) under the condition that the magnetic
field is removed and applied; (b) reflectance spectra of the mixed solution of M/QDs/EG at various magnetic field strengths; (c, d) corresponding photo-
graphs and fluorescence spectra of the M/QDs/EG solution containing CdTe QDs with different average particle sizes under UV light: green-emission
fluorescence (2.05 nm); orange-emission fluorescence (2.70 nm); red-emission fluorescence (4.05 nm)
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Figure 3 (a) Series digital photographs of the M/QDs/EG/PDMS composite film under the condition that the magnetic field is removed and applied; (b)
reflectance spectra and (c) CIE chromaticity plot of the composite film at various magnetic field strengths; (d) optical microscopy images of the
M/QDs/EG/PDMS composite film under different magnetic field conditions: (i) no magnetic field applied; (ii) magnetic field applied
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Figure 4 (a) Corresponding digital photographs, (b) fluorescence spectra and (c) CIE chromaticity plot of the M/QDs/EG/PDMS composite film con-
taining CdTe QDs with different average particle sizes under UV light: (i) 2.05 nm, (ii) 2.70 nm, (iii) 4.05 nm
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