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Figure 1. 'H NMR spectra of the (A) PLCNPs-1, (B) PLCNPs-4
samples, (C) Fluorescence spectra of the photoluminescent latex
nanoparticles excited at 420 nm and (C) UV-Vis spectra of the
photoluminescent latex nanoplarticles.
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Figure 2. Fluorescence properties of oxazolidine containing
functional nanoparticles in the latex state and printing of
anticounterfeiting inks on cellulosic papers
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Abstract 
Modification of functional polymer nanoparticles with Oxazolidine (OXOH) can led to development of a new category of advanced materials that have potential applications such as anticounterfeiting inks, chemosensors, drug-delivery systems and bioimaging. In this study, a new type of amide functionalized copolymer nanoparticles has been synthesized by emulsion copolymerization of methylmathacrylate (MMA) and methacrylamide (MAAm). The photoluminescent copolymer nanoparticles (PLCNPs) were prepared by physical modification of amide functionalized copolymer nanoparticles with OXOH. In addition, the obtained polymer nanoparticles were characterized by 1HNMR analyses, and optical properties were studied by fluorescent (excited at 420 nm) and UV-Vis specteroscopieis. Finally, prepared photoluminescent nanoparticles were used for development of flourescent papers and printing of fluorescent security tags on confidential documents. 
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Introduction 

The most significant method for preparation of photoluminescent polymer nanoparticles is physical post-polymerization modification of functional nanoparticles. Actually, the functional groups are helpful for stabilizing of photoluminescent organic compounds on the surface of polymer nanoparticles by hydrogen bonding interactions. Oxazolidine (OXOH) is a new class of photoluminescent organic compounds with a chemical structure close to spiropyran, that have responsivities with higher sensitivity (than to spiropyran) toward light, pH,  polarity and also metal ions. The higher sensitivity is resulted of presence of the positive charge nitrogen atom in indolenine ring that can influenced the electron resonance in OXOH by change of local polarity. On the other hand it was well known that photoluminescent materials based on Oxazolidine were used extensively for development of anticounterfeiting technologies, while the importance of water-based inks is higher than to other categories because of their ecofriendly nature without volatile organic compounds [1,2]. In here, the photoluminescence polymer nanoparticles were synthesized by physical modification of amide-functionalized polymer nanoparticles prepared by emulsion copolymerization, with an oxazolidine derivative.  After characterization of chemical structure of the samples by proton nuclear magnetic resonance (1HNMR), the optical properties of the photoluminescence nanoparticles were studied by UV-Vis and fluorescence spectroscopies. Afterward, the photoluminescence nanoparticles containing oxazolidine were used as ecofriendly water-based anticounterfeiting inks for printing of optical tags and encryption of information.
Experimental 
OXOH as a highly fluorescent organic chromophore was synthesized according to the literature [2]. Amide functionalized copolymer nanoparticles were prepared by emulsion polymerization. It must be continued for 3 h to complete of copolymerization. A solution of oxazolidine (0.2 g, or 5 wt% with respect to the amount of polymer in functional latexes) in ethanol (2 mL) was prepared and then used for physical modification of latex samples with solid content about 10 wt% under dropwise addition and stirrer at room temperature for 24 h to create a homogeneous solution.
Results and discussion 
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Characterization of amid functionalized copolymer nanoparticles by 1HNMR analyses  showed in figure 1A and 1B. After characterization of chemical structure of the PLCNPs-1 (pure PMMA) and PLCNPs-4 (copolymer based on 85 wt% of PMMA and 15 wt% of PMAAm)  samples, the optical properties of the PLCNPs-1 and PLCNPs-4 samples were studied by UV-Vis and fluorescence spectroscopies. Figure 1C displays obtained fluorescence spectra for samples with a concentration of 0.05 wt%. An increase in fluorescent emission intensity was observed for PLCNPs-4 in compared to PLCNPs-1 due to incorporation of amide functional groups to copolymer nanoparticles and subsequently their interactions with OXOH molecules by hydrogen bonding. Also Figure 1D displays UV-Vis spectra of PLCNPs samples with a concentration of 0.01 wt% (diluted with DI water). As expected, a remarkable hypsochromic shift (blue shift) was observed at λmax from 460 nm for PLCNPs-1 to 432 nm for PLCNPs-4. In addition, the intensity of absorbance peak was increased as a function of amide groups concentration. The fluorescent polymer nanoparticles containing OXOH could be used as water-based polymer inks for anticounterfeiting applications and printing of security tags on cellulosic paper by stamp printer. As shown in Figure 2, the fluorescent latex samples display different colors (under visible light) and fluorescence emissions (under UV light) depending on the  polarity of the polymer matrix. The printed security tags on cellulosic papers display orange fluorescentemission with high intensity and brightness which conformed the potential for using as ecofreindly water-based anticounterfeitng inks. 
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Conclusions 
In here, the photoluminescent polymer nanoparticles were synthesised by physical modification of amide functionalized polymer nanoparticles with OXOH molecules. The results indicated that optical properties of photoluminescent nanoparticles were influenced significantly by size and polarity of the amide functionalized polymer nanoparticles. Prepare photoluminescent nanoparticles were used as anticountefeitng inks for printing of security tags on cellulosic papers. The printed security tags displayed orange fluorescent emission with high intensity and brightness, and also have maximum printability and resolution under UV light irradiation (365 nm).
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