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Introduction  
Mesoporous oxides, such as silica and alumina, are a suitable 

inorganic support due to its uniform wide channels that can 
immobilize organic molecules with chemistry activity. Its stability 
leads to better dispersion, biocompatibility and subsequent 
functionalization [1,2]. On the other hands, natural products as 
vanillin and eugenol compound are important sources to design 
new molecules, featuring unique modes of action, low toxicity, easy 
decomposition, environmental friendliness and desirable biological 
activities. In addition, vanillin and eugenol derivatives possess 
desirable antifungal, antibacterial and antioxidant activities [3]. 
However, a few studies on the application of these compound 
derivatives have been reported. Considering the potent antioxidant 
activity of eugenol and vanillin compounds, in the present work, 
vanillin, eugenol and their bis-compounds were synthesized and 
then supported in mesoporous silica and alumina. In particular,  
the focus was on the supporting of these active molecules into  

 
mesoporous oxides and on the evaluation of the antioxidant activity 
of these novel systems.

Experimental

Synthesis 

The active molecules, eugenol, vanillin, 5,5′-bis-eugenol [4] 
and 5,5′-bis-vanillin  [5], were synthetized as was reported in the 
respective references. Mesoporous oxides selected as inorganic 
support were silica and alumina which were prepared according to 
the bibliography [6,7]. The supporting of active molecules (9 wt %) 
on mesoporous silica and alumina were performed by a microwave-
assisted oven procedure [8].

Characterization of Materials 

Several techniques were employed to characterize the properties 
and structure of materials. They include N2 physisorption, wide 
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ARTICLE INFO abstract

Ordered mesoporous silica and alumina were functionalized with vanillin, eugenol and 
their bis-compounds through a microwave assisted process. The physicochemical charac-
terization of these materials confirmed the successful immobilization of these molecules 
onto the surface of these oxides, keeping the ordered mesopore structure of supports and 
the antioxidant activity of molecules. The results suggest the possibility of applying these 
materials as a new component of the packaging of aliment or cosmetic with antioxidant 
properties in the future. 
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and small angle X-ray diffraction (XRD), magnetic resonance 
nuclear (RMN), high resolution transmission electron microscopy 
(TEM), X-ray photoelectron spectroscopy (XPS) and Fourier 
transformation infrared spectroscopy (FTIR). Antioxidant activity 
of materials was determined using phosphomolybdenum method 
[8] and compared with butylhydroxytoluene (BHT) antioxidant and 
free active molecules.

Results and Discussion
All the active molecules (AM) were checked by melting 

points and spectroscopic studies (IR, 1H-NMR, 13C-NMR). The 
physical and spectral data confirmed the structures and purity 
of the compounds. From the geometrical structures of molecules 
optimized by DFT tools were obtained the molecular diameter 
(MD) values. The values were 6-8 Å for 1-2 molecules and 11-14 Å 
for 3-4 molecules. N2 adsorption/desorption isotherms of materials 
were determined in order to study their textural properties and 
results are reported in Table 1. All samples show N2 adsorption/
desorption curves corresponding to type IV isotherms as isotherms 

showed in Figure 1-up [9]. Considering the values of MD calculated 
of MA, it is possible to understand that these molecules can be easily 
located within the pores of these oxides. The embedding of MA into 
silica and alumina caused a reduction of specific surface area and 
the pore volume. The values of average pore diameter changed 
by the incorporation of MA on these material without modify 
the mesoporosity of materials [10].  The small-angle XRD (SAXS) 
patterns indicate the presence of uniform mesoporosity. As can be 
seen in Figure 1-down, the SAXS patterns for the samples exhibit 
characteristic peaks at 2 between 0.5º and 2.0º, indicating the 
presence of uniform mesoporous, which can be ordered or worm-
like [11]. For the samples with MA, the present of these compound 
on oxides gives rise to a decrease in the diffracted intensity (Figure 
1), likely attributed to the reduction of scattering contrast ascribed 
to the presence of the loaded molecules. TEM micrograph images, 
(Figure 2) clearly showed that these materials exhibit a regular 
worm-like channel motif and ordered structures. The packing of 
the cannel system is more or less random, as was reported by other 
authors [12,13].

Figure 1: (up) Nitrogen adsorption/desorption isotherms and (down) Small-angle X-ray scattering patterns of the silica and 
alumina materials A: Silica; B: Alumina; 1: vanillin; 2: eugenol; 3: bis-vanillin; 4: bis-eugenol.

Table 1: Textural parameters of materials.

Sample Specific Surface Area (m2/g) Pore Volume (cm2/g) Average Pore Diameter (Å)

A 578 1.68 116

A-1 405 0.90 90

A-2 418 0.92 87

A-3 264 0.61 92

A-4 387 0.78 83

B 266 0.90 136

B-1 172 0.75 174

B-2 164 0.72 178

B-3 134 0.46 137

B-4 157 0.54 158
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Note: A: Silica; B: Alumina; 1: vanillin; 2: eugenol; 3: bis-vanillin; 4: bis-eugenol

Figure 2: TEM images of A) A-4 and B) B-4 materials, A: Silica; B: Alumina; 1: vanillin; 2: eugenol; 3: bis-vanillin; 4: bis-
eugenol.

The analysis of FTIR spectra of materials indicating the strong 
interaction between MA present into pores of mesoporous oxides 
with surface hydroxyl groups of silica and alumina, respectively. 
Furthermore, XPS spectra alto provide evidence of this electrostatic 
interaction. To evaluate of synthetized materials as materials 
with antioxidant activity, was used the phosphomolybdenum 
method. Silica and alumina showed no antioxidant activity. On the 
other hand, the other samples presented antioxidant properties. 
Regardless of the concentration of the free compound, antioxidant 
potency decreased in the order: BHT > 3-4 > 1-2. The inhibitory 
effect of dimerized vanillin and eugenol are higher than that 
of monomeric molecules [1]. Active molecules embedding in 
mesoporous oxides presented higher antioxidant activity than 
that of free molecules. This was attributed to the increase in the 
solubility of MA in the molecule-soport system, as a result of 
their interaction with mesoporous oxides. Results suggest weak 
interactions of electrostatic nature (hydrogen bond) that connect 
actives molecules with OH groups present on the wall of silica 
or alumina. These interactions do not cause chemical changes in 
antioxidant property of molecules supported.

Conclusion
In summary, we had design new systems with ordered structure 

in which active molecules with antioxidant properties, which were 
functionalized on surface of mesoporous silica and alumina. The 
most important characteristic of these materials is the possibility of 
enhancement the antioxidant activity of the molecules embedding 
into mesoporous oxides. These findings give an important insight 
into these ordered mesoporous systems in the development of new 
antioxidant of packaging in the future.
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