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nanocomposites with two and more orthogonal optical functions are
indispensable for all optical processing devices since the information
security is envisioned to be greatly improved.

Since the image and color generated by the holographic polymer
nanocomposites are basically structural, loading phosphors is expected
to be an effective way to add the orthogonal optical functions to current
holographic polymer nanocomposites. Toward this end, Goldenberg
and Tomita have fabricated luminescent holographic polymer nano-
composites that are ultraviolet (UV)-sensitive by incorporating LaPO4:
Ce3+, Tb3+ nanoparticles [18] or CdSe quantum dots [16]. The former
shows a high diffraction efficiency of 80% while the latter shows a large
diffraction efficiency up to 100%. By contrast, here we fabricate lumi-
nescent holographic polymer nanocomposites with a diffraction effi-
ciency of ∼92% by incorporating near-infrared (NIR) light sensitive
upconversion nanocrystals (UCNCs) since the NIR light is less harmful
and background-free. Particularly, the lanthanide doped UCNCs re-
present several distinct advantages. With the step-wise multiphoton
absorption upon exposure to the NIR light, UCNCs are able to generate
nonlinear anti-Stokes emissions in the UV or visible wavelength regime
[19]. More importantly, UCNCs represent distinct characteristics such
as large anti-Stokes shift, sharp emission bands, controllable emission
wavelength, long photoluminescence lifetime, tunable crystal
morphologies and phases [20,21]. In addition, UCNCs with the same
morphology and phase but distinctive emission colors are readily
achieved [22], which opens the possibility to encode holographic
polymer nanocomposites with distinct emission colors. To the best of
our knowledge, despite the amazing progress on the design, synthesis
and application of UCNCs, the assembly of UCNCs into mesoscale or-





∼30 s when further raising the UCNR-1 loading, because the large
amount of rigid inorganic UCNRs give rise to a high storage modulus at
the gel point (inset in Fig. 4c and Fig. S6).

4.3. Holographic patterning

Holographic polymer nanocomposite films are readily patterned
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