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Abstract 

Smart photoluminescent nanocomposite surface coating was prepared for simple industrial 

production of long-persistent phosphorescence and superhydrophobic wood. The 

photoluminescent nanocomposite coatings were capable to continue emitting light in the dark 

for prolonged time periods that may reach 1.5 hrs. Difference ratios of lanthanide-doped 

aluminum strontium oxide (LASO) nanoparticles immobilized into polystyrene (PS) was 

developed as a nanocomposite coating for wood substrates. To accomplish transparency to the 

prepared nanocomposite coating, LASO was efficiently dispersed in the form of nano-scaled 

particles to ensure homogeneous dispersion without agglomeration in the polystyrene matrix. 

The coated woods showed an absorption band at 374 nm and two emissive bands at 434 and 

518. The luminescence spectra showed both long-persistent phosphorescence as well as

photochromic fluorescence relying on the LASO ratio. The improved superhydrophobicity and 

resistance to scratching of the coated woods can be attributed to the LASO NPs incorporated 

in the polystyrene matrix. In comparison to the uncoated wood substrate, the coated LASO-PS 

nanocomposite film displayed also photostability and high durability. The current study proved 

potential high-scale manufacturing of smart wood for a number of applications, such as safety 

directional signs in buildings, household products, and smart windows. 
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1. Introduction

Stimuli-responsive products are materials that respond by switching their behaviors to an 

external stimulus, such as light, chemicals and solvent polarity [1–3]. Both of phosphorescence 

and fluorescence are two forms of light-induced emissive luminescence. If this light-induced 

emission disappears right after the ultraviolet excitation source is switched off; then the case is 

fluorescence. If the emission lingers; then the case is afterglow phosphorescence which may 

continue for fractions of a second or even few seconds (phosphorescence) up to few hours 

(long-persistent photoluminescence) [4]. Long-lasting photoluminescence has been an 

important light-responsive observable fact utilized in the fabrication of smart commodities with 

the ability to emit light in darkness after excitation with an external light source, such as an 

ultraviolet  device [5], sunlight and even visible indoor light . Long-lasting luminescence was 

utilized for different purposes, such as safety signs that have been developed as paints or strips 

to lead public to a secure place in emergency cases such as fire and electricity blackout [5–7]. 

Long-lasting luminescence can be attributed to the high capacity of a material to store light 

upon irradiation with an excitation light source. Then, this material continues releasing the 

stored energy for an extended time periods [8]. Currently, different long-lasting phosphors of 

different colors have been developed as primary emitters, such as Y2O2S: Mg2+, Ti4+ for red 

emission [9], SrAl2O4: Eu2+,Dy3+ for greenish emission [10], and CaAl2O4: Eu2+,Nd3+ for bluish 

emission [11]. Those long-lasting inorganic phosphors are characterized by high quantum yield, 

bright colors, high reversibility, and high thermal, chemical and photostability. Long-lasting 

rare earth doped phosphors are of particular interest [12–14]. They have been used in the 

fabrication of many commercial commodities, such as optical sensors, light emitting diodes, 

luminous indicators, emissive displays, switches and smart textiles [15–17]. Amongst them, the 

lanthanide-doped aluminum strontium oxide (LASO; SrAl2O4: Eu2+, Dy3+) has been an 

outstanding phosphor due to its distinguished characteristics, such as long-lasting 

phosphorescence (>10 hours), non-radioactivity, non-toxicity, high brightness and 

recyclability [18,19]. In general, long-lasting photoluminescent materials consist of two key 

constituents, including crystals of collective elements and light traps [20]. The crystal is the 

photoluminescent ingredient which can be charged upon excitation with light energy, while the 

traps have the long-lasting ability to hold the stored light for extended time periods. Thus, the 



crystals continue discharging light after excitation. This extended time periods of light 

phosphorescence is supported by the traps, such as Eu2+ and Dy3+ [21].  

Wood structure is distinguished by porous and fibrous tissue scaffolds observed in both stems 

and roots of wooden plants. It consists of cellulosic fibrous entities dispersed in lignin 

bulkiness. It has been utilized in many fields, such as paper industry, flooring, furniture, boats, 

shelters and houses [22,23]. Coated woods have been more interesting in the fabrication of smart 

commodities owing to its low thermal conductivity, high optical transmittance and mechanical 

toughness. Thin coatings are two dimensional functional films characterized by large surface 

area, high flexibility and light weight. These advantages result in improved elasticity, 

tensibility and strength in comparison to the corresponding three dimensional bulk substrates 

[24,25]. Thin coatings have been important for a range of applications, such as filters, electronic 

devices, drug delivery, antireflective coatings and photovoltaics. This can be attributed to their 

economical processing employing small quantities of raw materials [26,27]. Nano-scaled 

materials have been utilized to present innovative features to polymer substrates [28–35]; 

therefore, composite coatings immobilized with nano-scaled materials have particularly 

attracted high interest owing to their significant characteristics, such as transparency, water-

repellency, electrical conductivity and optical and antimicrobial advantages [36,37]. Nano-scaled 

materials have been applied as fillers in different matrices as they have a great ability to 

maintain transparency of those matrices [36,37]. Thus, nanocomposite coatings have been 

appropriate substrates for a variety of advanced applications. Different surface coatings have 

been reported for woods to enhance their performance, such as avoiding environmental 

degradation and physical damages, in addition to enhancing their mechanical, thermal and 

functional properties [38]. However, luminescent woods with high photostability still require the 

development of innovative coatings with improved mechanical characteristics. Polymer 

nanocomposite coatings have demonstrated excellent mechanical characteristics in terms of 

hardness and toughness [39–43]. In order to build up efficient organic/inorganic nanocomposite 

coatings, inorganic nanoparticles such as graphite, nanoclay and carbon nanotubes have been 

applied as fillers in a polymer matrix for a variety of functional applications such as textiles, 

foodstuff packaging, cosmetics, pharmaceutics and optics [44]. Polystyrene is a commercial 

glassy thermoplastic polymer characterized by a variety of physical features, such as high 

dimensional stability, high-quality strength, as well as good electrical and thermal 

performance. Hence, polystyrene has been utilized for various fields, such as foodstuff 

packaging, automobile parts, appliances and electronics [45–48]. Polystyrene films are 

distinguished by good light-transmittance and high stability to aging even at high temperatures; 



thus, they have been broadly used for many optical devices, such as optical data storage discs 

[49–51].  

The production of long-lasting photoluminescence wood by coating with a nanocomposite of 

polystyrene and LASO NPs has not been reported yet. Herein, we study the first example of 

long-lasting photoluminescent and superhydrophobic coated wood for a diversity of potential 

applications, such as safety signs, gentle indoor and outdoor lighting, decorations and smart 

windows. The present study presents a simple strategy toward the development of glow-in-the-

dark coated woods with high hardness, photostability, reversibility and low-cost. The long-

lasting photoluminescence woods were prepared by coating with a nanocomposite of 

polystyrene and LASO NPs. The decay time and photoluminescence properties were explored. 

The LASO NPs were investigated by TEM, while the morphological features of coated woods 

were studied by SEM, EDX and XRF. The coated woods showed different colors underneath 

diverse circumstances. Those colors included colorless underneath the visible light, intense 

green underneath UV, and greenish in the dark. This was proved by CIE Lab coordinates, and 

UV-Vis absorption and emission spectral results. The superhydrophobic properties and surface 

toughness were also explored. The current coating can be applied to woods toward a variety of 

potential commercial applications, such as household products, safety directional signs in 

buildings, and smart window. The current concept can be utilized to provide different 

lightening conditions in buildings and household products, such as windows, curtain walls, 

pavements and parks, as well as directional signs on highways and streets. This will allow 

reducing energy consumption toward green and sustainable building environments. 

2. Experimental section

2.1. Materials  

Basswood slabs (2 mm thickness, 7.5 cm length and 2.5 cm wideness) were supplied from the 

local market in Egypt. The materials applied in the preparation of LASO, including boric acid, 

aluminum oxide, strontium carbonate, dysprosium oxide and europium oxide were obtained 

from Sinopharm Ltd, China. Polystyrene (280 kDa) and toluene (solvent to disperse 

polystyrene and LASO NPs) were obtained from Aldrich.  

2.2. Preparation of LASO NPs 

According to previous procedure [52], a mixture of strontium carbonate (100 mmol), dysprosium 

oxide (1 mol), boric acid (20 mmol), aluminum oxide (200 mmol) and europium oxide (2 

mmol) was stirred in absolute ethanol (250 mL), and homogenized for about an hour by 

ultrasonic (25 kHz; Sonics Vibra-Cell Ultrasonicator) to guarantee a homogeneous dispersion. 



After drying at 90°C over 24 hrs, the admixture was crushed by a planetary ball mill system 

for 3 hrs, and exposed to sintering at 1300°C over 3 hrs under a reductive carbon environment. 

The generated fine particles were milled and exposed to sieving to provide LASO micro-scaled 

particles (9-28 μm). To guarantee a better dispersion of LASO particles, it was further grinded 

by the top-down method to produce LASO NPs [53]. Thus, the micro-scaled LASO particles 

(10.0 g) were put into a ball mill (stainless steel; 20 cm) on a vibrating bar. An additional SiC 

ball mill (0.1 cm) was repeatedly smashed with the LASO micro-scaled powder in the stainless 

steel vial and the vibrating slab for 24 hrs to produce LASO NPs.  

2.3. Preparation of luminescent coated wood 

In order to develop LASO-PS nanocomposite coating, toluene (30 mL) was applied as a solvent 

to disperse the LASO NPs at different ratios, including zero, 0.05, 0.1, 0.5, 1, 2, 4, 6, 8, 10, 12 

and 14 wt% (relative to the mass of polystyrene); represented by LASO-PS-0, LASO-PS-1, 

LASO-PS-2, LASO-PS-3, LASO-PS-4, LASO-PS-5, LASO-PS-6, LASO-PS-7, LASO-PS-8, 

LASO-PS-9, LASO-PS-10 and LASO-PS-11, respectively. Each admixture was stirred for 

about an hour and homogenized (35 kHz) for 15 minutes. PS (3 g) was then added to each 

admixture, stirred for about an hour, and homogenized (25 kHz) for 15 minutes to guarantee a 

complete dissolution of PS in toluene and homogeneous dispersion of LASO NPs in the PS 

solution to afford the corresponding LASO-PS nanocomposites. The wood substrates were 

immersed in the produced LASO-PS nanocomposite for 1-2 minutes, and dried at 120 °C over 

2 hrs. The immersion/drying procedures were repeated three times to give the corresponding 

long-lasting luminescent wood sample.  

2.4. Characterization analysis 

2.4.1. Morphologies measurements 

The SEM images were taken by Quanta (Czech) coupled to EDX TEAM analyzer to determine 

the elements contents of the coated woods. The chemical compositions of the coated woods 

were also determined by Axios Sequential XRF. The particle size and morphology of LASO 

NPs were studied by JEOL 1230 TEM (Japan). The LASO NPs were firstly dispersed in 

distilled water and homogenized (25 kHz) over 15 minutes for TEM analysis. 



2.4.2. Hydrophobic properties  

The water contact angle was studied by OCA15EC Dataphysics (Germany) employing 10 μL 

of water drops.  

2.4.3. Mechanical measurements 

The resistance to scratching and tensile strength of the composite films were investigated using 

HB scratch pencils and Shimadzu universal tensile testing instrument (ASTM D638M), 

respectively.  

2.4.4. Photoluminescence properties 

The UV-Vis absorbance and emission spectral curves were investigated by FP-8300 JASCO 

coupled with phosphorescence accessory to study the decay time. The photoluminescent wood 

substrates were irradiated at 365 nm utilizing an UV deice (6 W). 

2.4.5. Reversibility 

The photostability of the coated wood was studied by irradiation with UV at 365 nm for 5 

minutes. The coated wood was left in a dark box for 100 minutes to discharge light. The 

emission intensity was measured before and beneath the irradiation with UV over several 

cycles.  

2.4.6. Colorimetric studies 

CIE Lab and color intense (K/S) of the blank and treated woods were studied by Ultra-Scan-

Pro Hunter Lab (United States). The wood substrate was irradiated to UV, and then the 

colorimetric properties were determined before and beneath the irradiation with UV. Photos of 

LASO-PS-9 wood were reported by Canon (A710IS) camera. 

3. Results and discussion

3.1. Fabrication of long-lasting luminescent wood 

Different ratios of LASO NPs were dispersed in toluene, stirred and homogenized by ultrasonic 

to achieve a homogeneous dispersion. PS was added to each suspension, and the admixture 

was stirred, and then homogenized to give the corresponding LASO-PS composite. Wood 

substrates were dip-coated in the produced LASO-PS composites. To facilitate the preparation 

of luminescent translucent coating, the prepared LASO micro-scaled particles were initially 

subjected to the top-down grinding to provide the nano-scaled particles [21]. The particle 



diameter was evaluated by TEM images to illustrate a diameter of 14-23 nm as depicted in 

Figure 1.  

Figure 1. TEM photos of LASO nano-scaled particles. 

3.2. Morphological measurements 

SEM images (Figure 2) showed that no substantial differences were detected between LASO-

PS-0 and the luminescent woods demonstrating a smooth surface with lowest roughness which 

was found to increase with increasing the ratio of LASO NPs. However, the uncoated wood 

demonstrated a fibrous surface (Figure 2). Furthermore, no differences were detected on the 

coated surfaces with increasing LASO NPs. The existence of the rare earth doped aluminum 

strontium oxide within the coated polystyrene layer was verified by studying the elemental 

compositions of the coated film using EDX spectral analysis as demonstrated in Figure 3. 

Table 1 illustrates the chemical contents of LASO-PS-9 at three selected sites on the wood 

surface to show similar ratios of elements verifying a homogeneous dispersion of LASO NPs 

within the surface coating. The elemental mapping of LASO-PS-9 was also explored to show 

a consistent dispersion of LASO NPs on the coated film. The elemental ratios of the monitored 

elements matched their ratios used in the preparation of the composite integrated with LASO. 

The luminescent coating consisted of polystyrene (C and O) as the major hosting bulk and 

LASO (Sr, Al, Dy and Eu) as the minor trapped material. 



Figure 2. SEM images of LASO-PS-0 (a, b, c), and LASO-PS-9 (d, e, f). 

Figure 3. EDX spectra (a) and mapping (b) of LASO-PS-9. 

Table 1. Chemical compositions (wt%) of LASO-PS-0, LASO-PS-1, LASO-PS-9 and LASO-

PS-11 at three selected sites (S1, S2 and S3) on the sample surface. 

Wood C O Al Sr Eu Dy 

LASO-PS-0 S1 58.54 41.46 0 0 0 0 

S2 58.65 41.35 0 0 0 0 



S3 58.89 41.11 0 0 0 0 

LASO-PS-1 S1 57.13 40.33 1.12 0.86 0.20 0.16 

S2 57.15 40.17 1.15 0.94 0.25 0.14 

S3 57.22 40.10 1.19 0.84 0.24 0.11 

LASO-PS-9 S1 55.28 38.63 2.82 1.83 0.83 0.61 

S2 55.12 39.01 2.71 1.72 0.85 0.59 

S3 55.34 38.60 2.80 1.79 0.78 0.68 

LASO-PS-11 S1 54.23 37.16 3.41 2.82 1.35 1.03 

S2 54.17 37.19 3.44 2.88 1.28 1.04 

S3 54.11 37.25 3.47 2.83 1.33 1.01 

Both XRF and EDX have been applied to determine the elemental compositions of a definite 

surface. Nonetheless, XRF typically reports the elemental compositions with an identification 

limit >10 mg/kg. EDX is a superior system that has been used to determine the elemental 

compositions of a definite surface at a higher detection limit and lower error [54]. XRF spectra 

of LASO-PS-9 (surface area of 1.88 cm2) detected only SrO (35.42 w%) and Al2O₃ (64.58 

w%). However, the remarkably low contents of Eu and Dy were not detected by XRF. The 

elemental constitution of LASO was studied by XRF and EDX, which matched with their 

corresponding ratios used in the composite preparation.  

3.3. Mechanical behavior 

The mechanical performance is a major feature that influences the durability of the coated 

wooden substrates. The key inspiration of selecting polystyrene as a coating matrix was to 

accomplish a smooth photoluminescent surface at high transparent appearance and lowest 

roughness [55,56] Thus, both of scratching and tensile tests were investigated to inspect the 

mechanical performance of the coated luminescent films. Both blank and coated woods were 

exposed to the scratching test to inspect their scratching resistance. The scratching pencil 

hardness examination method has been an effective practice to assess the scratching resistance 

of films [57]. Scratching pencils with hardness in the range of 6B-9H were initially sharpened 

and utilized to scratch the composite film coated on the wood samples. The uncoated wood 

substrate could not uphold their resistance to scratching beyond the 6B pencil hardness. LASO-

PS-0 was capable to resist scratching up to 3B pencil. However, the wood substrates, from 

LASO-PS-1 to LASO-PS-11, were capable to resist scratching up to B, HB, HB, F, F, H, 2H, 



3H, 4H, 4H and 4H, respectively. Therefore, an improved resistance to scratching was observed 

upon increasing the ratio of LASO NPs. The effect of the LASO ratio on the tensile strength 

(TS) of the PS film is demonstrated in Figure 4. LASO improved the TS of the PS film owing 

to the high surface area of LASO NPs, which acted as a stress transferring mediator in the 

composite. This induced plastic deformation in the PS film; and therefore, enhanced the TS. 

Therefore, the TS of the PS film increased upon increasing LASO ratio. The enhanced TS of 

the PS films can also be ascribed to the development of intermolecular hydrogen bonding 

among the wood cellulose and polystyrene. This facilitates the creation of 3D polystyrene 

network entrapping the LASO nanoparticles on the wood surface [58,59]. Thus, the development 

of 3D network could be enhanced by aluminum existing in the elemental composition of 

LASO, which can function as a coordination cross-linker among the negative charges on PS 

surface leading to a higher molecular weight 3D network [60,61]. 

Figure 4. TS of LASO-PS composite films. 

3.4. Hydrophobic properties 

The contact angle was determined and summarized in Table 2. We were not able to determine 

a water contact angle for the uncoated wood. LASO-PS-0 displayed an average contact angle 

of 98.4°, which improved to 118.6° for LASO-PS-1 owing to the inclusion of LASO NPs. The 

-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0

5

10

15

20

25

30

35

40

45

50

T
e
n

s
il
e
 S

tr
e
n

g
th

 (
M

P
a
)

Phosphor (w%)



values of contact angles increased from 118.6° to 152.6° with raising the ratio of LASO from 

LASO-PS-1 to LASO-PS-8, which can be attributed to the improved film roughness. 

Nonetheless, the contact angles were almost stable with raising the ratio of LASO from LASO-

PS-8 to LASO-PS-11. This can be attributed to the highly increased ratio of LASO NPs to 

result in decreasing the surface roughness due to the highly decreased spaces between LASO 

NPs.  

Table 2. Hydrophobic screening of the wooden samples. 

Wood Contact angle (°) 

LASO-PS-0 98.4 

LASO-PS-1 118.6 

LASO-PS-2 125.2 

LASO-PS-3 134.2 

LASO-PS-4 139.3 

LASO-PS-5 144.5 

LASO-PS-6 148.7 

LASO-PS-7 151.1 

LASO-PS-8 152.6 

LASO-PS-9 152.5 

LASO-PS-10 152.6 

LASO-PS-11 152.4 

3.5. Coloration measurements 

To generate a translucent film on a wood substrate, LASO NPs must be dispersed efficiently 

in PS. The luminescent woods with lowest ratio of LASO, from LASO-PS-1 to LASO-PS-3, 

were capable to produce bright green color only under UV irradiation. This color was instantly 

disappeared upon removing the UV source to indicate ultraviolet-induced fluorescence-based 

photochromism. On the other side, the woods with higher ratios of LASO, from LASO-PS-4 

to LASO-PS-11, displayed green emission beneath UV source and continued to emit light in 

the dark indicating long-lasting phosphorescence. The luminescent films demonstrated a 

transparent appearance as the coated woods showed a brown color similar to the uncoated 



wood. Small differences were detected in K/S (Table 3) beneath the daylight with raising 

LASO, from LASO-PS-0 to LASO-PS-11, verifying the transparency of the composite coating 

film. Similarly, slight increase was detected in K/S under UV compared to that beneath the 

visible daylight to designate a color shift of the transparent LASO-PS to bright green. K/S 

increased with increasing the ratio of LASO to indicate the generation of greener shades 

(Figure 5).  

Figure 5. Absorption spectral curves of LASO-PS coated woods. 

The absorbance maxima of LASO-PS were detected at 374 nm owing to the colorless character 

of the composite films, while the emission maxima were detected at 518 nm to designate a 

bright green color. LASO-PS-0 displayed slight differences in L*, a* and b*. Underneath the 

visible daylight, the luminescent woods demonstrated considerable differences in L*, a* and 

b* with increasing the ratio of LASO. L* decreased at the higher ratios of LASO due to the 

color change from colorless (LASO-PS-1 to LASO-PS-9) to slightly off-white (LASO-PS-10 

to LASO-PS-11). Underneath UV, L* decreased as a result of increasing the green shade 

monitored at the higher ratios of LASO. Underneath the visible daylight, negligible differences 

were observed in -a* and +b* at the higher ratios of LASO to confirm transparency of the 

composite film. Underneath the UV source, both -a* and +b* increased compared to the 

corresponding values underneath the visible daylight due to the color change from colorless to 
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green. With increasing the ratio of LASO, the -a* increases and +b* decreases underneath UV 

source due to the LASO ratio-dependent greener color. Instantaneously after removing away 

the UV device, the luminescent woods, from LASO-PS-1 and LASO-PS-3, instantly retrieved 

their brown status to signify fluorescence emission. On the other side, the luminescent woods, 

from LASO-PS-4 and LASO-PS-11, showed long-lasting phosphorescence emission together 

with the increased -a* and +b* values. Nonetheless, small increments were detected with 

increasing LASO more than LASO-PS-9 to indicate that the best long-lasting emission was 

monitored for LASO-PS-9. 

Table 3. Coloration screening of wooden samples under visible (Vis) and (UV) lights. 

3.7. Photoluminescence spectra 

The brown background of the coated wood substrates was found to enhance the optical 

identification of the color change to intense green under the ultraviolet device, and green-

yellow in the dark (Figure 6). The luminescent woods, from LASO-PS-1 to LASO-PS-3, 

showed fluorescence emission beneath ultraviolet lamp with immediate reversibility upon 

removing the lamp. Thus, those fluorescent woods displayed no emission directly after 

removing away the UV lamp. The luminescent woods, from LASO-PS-4 to LASO-PS-11, with 

higher ratios of LASO demonstrated slow reversibility and glow-in-the-dark indicating long-

lasting luminescence. After excitation with ultraviolet, the decreased absorption and emission 

intensities of LASO-PS-9 were followed versus time (Figure 7). The absorption intensity was 

detected to increase at 374 nm with increasing the irradiation time (5-80 seconds). On the other 

side, two emissions were detected at 434 and 518 nm. The intensity at 434 nm was stable versus 

time, while the intensity at 518 nm proportionally increased versus time. This was associated 

with a color change from brown to green under UV, and to greenish-yellow in the dark. PS 

Parameters 0% 0.05% 0.1% 0.5% 1% 2% 4% 6% 8% 10% 12% 14% 

K/S Vis 0.56 0.73 0.79 0.82 0.91 0.97 1.01 1.07 1.13 1.25 1.40 1.56 

UV 0.49 1.42 1.50 1.62 1.73 1.86 2.05 2.33 2.50 2.63 2.75 2.98 

L* Vis 79.55 78.50 78.12 77.71 76.53 74.23 72.44 69.18 65.05 65.00 64.04 63.86 

UV 78.03 69.81 68.73 65.50 65.67 63.90 62.14 59.82 57.73 57.42 57.07 56.84 

a* Vis -1.02 -0.91 -0.84 -0.76 -0.73 -0.69 -0.64 -0.50 -0.40 -0.36 -0.28 -0.17

UV -1.00 -2.93 -3.08 -3.22 -3.52 -3.85 -3.96 -4.8 -5.26 -6.21 -7.52 -8.05

b* Vis 1.34 1.88 1.98 2.12 2.42 2.88 3.02 3.44 3.90 4.00 4.25 4.47 

UV 1.39 10.85 10.28 9.83 9.75 8.70 7.53 6.71 6.24 5.91 5.73 5.30 



acted as an organic matrix trapping LASO NPs. No major effects were observed in the 

photoluminescence performance of the coated woods which demonstrated optical activity 

almost identical to that of LASO NPs [62].  

Figure 6. Images of LASO-PS-9 under UV light (left), and glow-in-the-dark (right); the sample 

dimensions were 2 mm thickness, 7.5 cm length and 2.5 cm wideness. 

Figure 7. Emission spectral curves of LASO-PS-9 after excitation with UV for several time 

periods (5-80 s). 
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The LASO emission typically arises from 4f65D14f7 transition of Eu2+ ions. No emission 

band was detected for Eu3+ to prove a complete switch to Eu2+. This also proved that energy 

absorbed by Dy3+ transfered to Eu2+. Dy3+ has the ability to motivate the creation of traps to be 

transported into Eu2+, and then discharged or glow upon reverting Eu2+ to its ground state [63–

65] Durable luminescent materials typically have excellent reversibility to fatigue upon applying

coloration/discoloration process, which can be explored by studying the emission variations 

occurring to LASO-PS-9 at 518 nm. LASO-PS-9 was evaluated over repeated cycles of 

excitation to UV for 5 minutes and darkness for 100 minutes. The emission intensity was 

measured at 518 nm under UV and after 100 minutes in darkness. High photostability was 

observed without deterioration as shown in Figure 8. 

Figure 8. Emission intensities of LASO-PS-9 at 518 nm under UV and after 100 minutes in 

darkness. 

The emission maxima were monitored at 508 nm, which is slightly less than that of LASO NPs 

[54]. The absorption curve was detected in the range of 290-475 nm, while the emission curve 

was in the area of 375-650 nm. The decay time exhibited a non-linear relationship versus time 

as shown in Figure 9. The long-lasting emissive decay exhibited two stages. The primary stage 

was faster owing to the short time needed to keep electrons in the excitation status of Eu2+, 

while the second stage was slow owing to the shallow and deeply trapped energy centers of 
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Dy3+. Lanthanides have been monitored as ionic trapping entities with high capacity to increase 

the exhausting time of light. Hence, the intensity of phosphorescence associated basically to 

the amount of ionic traps; whilst the persistent time depends on how deeply is the trapped 

energy [66,67]. 

Figure 9. Decay time of some selected coated woods. 

4. Conclusions

In summary, we successfully developed long-lasting photoluminescent and hydrophobic 

woods coated with a polystyrene composite immobilized with nanoparticles of lanthanide-

doped aluminum strontium oxide. The coated woods displayed fluorescence photochromism 

at the lower ratios of the luminophore as high as 0.5 wt%. Long-lasting phosphorescence was 

detected at the higher ratios of the lanthanide-doped luminophore as low as 0.75 wt%. The 

phosphor nano-scaled particles were evaluated by TEM to show diameters of 14-23 nm. The 

morphologies were studied by XRF, EDX and SEM. The hydrophobic activity was also 

explored by recording the changes in the water contact angle with increasing the ratio of the 

phosphor nanoparticles to demonstrate an increased hydrophobic activity of 98.4-152.6°. As 

confirmed by decay time, CIE Lab measurements and emission/excitation spectral curves, the 

composite coating exhibited a color shift from colorless (374 nm) to green (518 nm) under UV 

and to green-yellow in the dark. The coated woods demonstrated high reversibility, durability 
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and photostability. The mechanical performance, including resistance to scratching and tensile 

strength, of the composite coatings were screened to display improvements with increasing the 

phosphor ratio. The current study showed a good approach to develop multifunctional coatings 

onto wood substrates, which can be easily applied to other surfaces such as metals and 

ceramics, toward a potential industrial manufacturing for a diversity of applications, such as 

emergency signs and energy-saving smart windows. 
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Facile production of smart superhydrophobic nanocomposite for wood coating toward 

long-lasting glow-in-the-dark photoluminescence 

Mehrez E. El-Naggara*, Ali Aldalbahib, Tawfik A Khattaba, Mokarram Hossainc

Photoluminescent coated wood was prepared for potential glow-in-the-dark superhydrophobic 

products. Rare earth strontium aluminate dispersed in polystyrene film was coated onto wood. 

Color changes were detected from brown under daylight to green under UV light. High 

photostability was monitored against UV light.  


