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ABSTRACT 

Olive oil doped Nanosilica is successfully prepared by wet chemical synthesis method. Samples were analyzed by a 
variety of techniques, including X-ray diffraction, FTIR, absorption and emission spectrometers to report the capability 
of Sol-Gel technology on preparing of silica monolith as a host material for Olive oil, and investigate the effect of con- 
verting Olive oil to a solid state on its optical properties. Some absorption bands of Olive oil are disappearing from ab- 
sorption spectrum of doped silica. Only single strong fluorescence peak was appearing in fluorescence spectrum of pure 
Olive oil at wavelength around 678 nm which attributed to chlorophylls, while fluorescence spectrum to doped sample 
shows two strong fluorescence peaks at the wavelength 681 nm and 585 nm which attributed to chlorophylls and Vita- 
min E respectively. The doping process enhances fluorescence activity of Olive oil through enhancing intensity of the 
fluorescence peak corresponding to Vitamin E. Absorption and fluorescence spectrums to doped silica sample give a 
good indication in direction of using Sol-Gel technique to prepare for Olive oil doped SiO2 as an optical active material. 
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1. Introduction 

Virgin olive oil, due to its high price, is a target for adul- 
teration with low price/quality oils. Fluorescence spec- 
troscopy has been used to determine the authenticity of 
olive oils [1]. Many papers have been published in recent 
years on the use of fluorescence in vegetable oils [2-9]. 
Sayago et al. [7] applied fluorescence spectroscopy for 
detecting hazelnut oil adulteration in virgin olive oils. 
Kyriakidis and Skarkalis [8] showed that emission fluo- 
rescence spectra of virgin olive oils between 400 and 700 
nm measured at excitation wavelength 365 nm have clear 
differences compared with the spectra of other vegetable 
oils. Virgin olive oils present two low peaks at 445 and 
475 nm (related to conjugated hydroperoxides), one in- 
tense peak at 525 nm (due to Vitamin E) and another 
peak at 681 nm (due to chlorophylls) [8]. The very low 
intensity of the peaks at 445 and 475 nm is due to their 
large content on monounsaturated fatty acids and phenol- 
lic antioxidants, which provide more stability against 
oxidation. All refined oils show only one intense peak at 
445 nm. It is due to fatty acid oxidation products formed 
as a result of the large percentage of polyunsaturated 
fatty acids present in these oils. 

F. Guimet Vila [5,9] study Excitation-Emission Matrix 

EEMs of virgin and pure olive oils in the range λex = 300 - 
400 nm, λem = 400 - 695 nm. He shows that emission 
peak at the range 600 - 695 nm is attributed to chloro- 
phylls (Figure 1), while emission peak at the range 400 - 
600 nm is attributed to oxidation products and Vitamin E 
(Figure 2).  

According to Figures 1 and 2, we can note that the 
two fluorescence peaks which attributed to chlorophylls 
and Vitamin E have a maximum intensity when excita- 
tion wavelength around 400 nm and 350 nm respectively. 
Also we can note that the second fluorescence peak is 
weaker in comparison with the first fluorescence peak. 

The purpose of this paper is to report the capability of 
Sol-Gel technology on preparing of silica monolith as a 
host material for Olive oil, and investigate the effect of 
converting Olive oil to a solid state on its optical proper- 
ties. Major optical properties are determined from analy- 
sis of absorption and emission spectra to both of pure 
Olive oil and prepared doped silica sample. 

2. Experimental 

2.1. Samples Preparation 

Sol-Gel process was used to preparing Silicon nanostruc- 
tures monolith because it’s capable to producing highly  
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(a)                                                           (b) 

Figure 1. EEMs of a virgin (a) and a pure (b) olive oil between λex = 300 and 400 nm, λem = 400 and 695 nm [5]. 
 

    
(a)                                                           (b) 

Figure 2. EEMs of a virgin (a) and a pure (b) olive oil between λex = 300 and 400 nm, λem = 400 and 600 nm [5]. 
 
homogeneous metal oxide nanoparticles as well as its 
facility for dopant addition [10,11]. 

The doped and un-doped samples were synthesized by 
sol-gel method from tetraethylorthosilicate (TEOS) (Al- 
drich 98%), Ethanol (EtOH 99.9%) from GCC, hydro- 
chlor ic acid (HCl, 34.5%) from BDH. Deionized water 
was used for the hydrolysis of (TEOS) and preparation of 
pure and doped SiO2 sol. The reaction was performed at 
a cooler water jacket (i.e. the solution was cooled by wa- 
ter at temperature (10˚C - 15˚C). The amount of each 
chemical in this procedure was TEOS:H2O:EtOH:HCl = 
1:1:10:0.1 in molar ratio. All solution was prepared as 
follows: 1 mole of tetraethylorthosilicate (TEOS) and 1 
moles of ethanol (EtOH) were mixed and stirred for 10 
min. While stirring, 0.1 M catalysts in water were added 
dropwise to the solution until water to TEOS molar ratio 
of R = 2 are attained. For dopand samples, a 0.6 ml com- 
mercial Syrian Olive oil was used and added with ethanol 
before mixing with TEOS. All solutions were then stirred 
at room temperature for 2 hours further and aged for 24 
hours before use.  

After aging for 24 hour, first drying occurred for 2 
hour at temperature 60˚C. Then samples left in room 

temperature without covers in order to permit solvent 
evaporation through the drying process. Figure 3 shows 
a Snapshot for prepared doped sample. 

2.2. Samples Characterization 

Structural characterizations of the doped and un-doped 
SiO2 samples were done by X-ray diffraction (XRD). θ - 
2θ scans were recorded using ITAL-STRUCTURE dif- 
fractometer equipped. While Mid-IR spectra were ob- 
tained for the prepared samples using FT-IR spectrome- 
ter, Shimadzu, on KBr pellets of the samples.  

Absorption spectra were measured at room tempera- 
ture with TupCen UV-VIS Spectrometer. Emission spec- 
tra were measured at room temperature by using Solar-
Lab mono chromatore. As excitation source we used the 
405 nm/250 mW Laser diode. For comparison, further 
more absorption and emission spectra were measured to 
pure Olive oil. 

3. Result and Discussion 

Crystalline phases were not observed in the olive oil 
doped samples in agreement with the X-ray diffraction 
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measurements as shown in Figure 4. The broad peaks 
presented of doped monoliths at about 2θ ~ 24.2˚, show 
that the Olive oil can be randomly distributed in the SiO2 
network. 

Fourier transform infrared (FTIR) absorption spectra 
in the range of 4000 - 400 cm−1 were taken. The FTIR 
spectrum of doped and un-doped samples was illustrated 
in Figure 5. The characteristics vibrational bands of sil- 
ica were found in the FTIR spectra. Where; the absorp- 
tion bands at about 472 cm−1, 808 cm−1 and 1100 cm−1 
which were due to bending, symmetric stretching and 
asymmetric stretching vibrations of Si-O-Si groups re- 
spectively. The band at around 960 cm−1 which is as- 
cribed to stretching vibration of silanol (Si-OH) groups 
[12,13], indicates the amount of these groups in the silica 
network [12]. The amount of silanol groups is propor- 
tional with the ratio of condensation reaction of Sol-Gel 
method, and indicates that condensation reaction dose 
not completely finished. 

Another two bands were appeared at around 1600 cm−1 

and 3400 cm−1. These two bands were the characteristics 
vibration of O-H bond in water molecules [12], and in- 
dicating that the drying process at 60˚C dose not com-  
 

 

Figure 3. Snapshot for prepared silica sample doped with 
Olive oil. 
 

 

Figure 4. X-ray diffraction patterns of SiO2 doped with 
Olive oil. 

 

Figure 5. FTIR spectrums for samples: (A) SiO2 doped with 
Olive oil and (B) Pure SiO2. 
 
pletely trap the water molecules from the pores of silica 
Xerogel network. 

UV/Vis absorption spectrums in the range of 250 - 850 
nm were taken at room temperature to pure olive oil and 
to prepared doped silica and presented in Figure 6. Ab- 
sorption spectrum of pure olive oil has a strong two peak 
around wavelength at 409 nm and 668 nm, with three 
other weak peaks appears at wavelength around 506 nm, 
534 nm and 610 nm [2,3]. All these peaks are disappear-
ing from absorption spectrum of doped silica, in which it 
could see only wide absorption peak cover most of UV 
region. That’s mean silica matrix effect on optical prop- 
erties of Olive oil through changing of its absorption 
bands. 

To determine the optical characteristics of the samples, 
photoluminescence measurements were carried out using 
the 405 nm/250 mW Laser Diode for excitation. Fluo- 
rescence spectrums in the range of 450 - 900 nm were 
taken at room temperature to pure Olive oil and to pre- 
pared silica doped with Olive oil and presented in Figure 
7. The fluorescence spectrum of pure Olive oil in range 
600 - 695 nm have a peak around the wavelength 678nm 
which attributed to chlorophylls [5,9]. The fluorescence 
peak at the range 450 - 600 nm does not appears which 
could be attributed that the fluorescence peak is so weak 
in comparison with other fluorescence peak. 

The fluorescence spectrum of doped sample show two 
fluorescence peaks, first one in range of 600 - 695 nm 
appear at wavelength 681 nm which attributed to chloro- 
phylls. The seconds peaks in range of 450 - 600 nm ap- 
pear at wavelength 585 nm which attributed to Vitamin E 
[5,8,9]. Unlike with fluorescence spectrum of pure Olive 
oil, the intensity of the second peak becomes strong with  
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Figure 6. Absorption spectrums for: (A) Pure Olive oil and 
(B) SiO2 doped with Olive oil. 
 

 

Figure 7. Fluorescence spectrums for: (A) Pure Olive oil 
and (B) SiO2 doped with Olive oil. 
 
wide bandwidth and somewhat larger than the intensity 
of first peak. That’s mean the doping process enhanced 
of fluorescence activity of Olive oil especially in the 
range of 450 - 600 nm. According to Figure 2, it can 
note that SiO2 host medium effect on the second fluores- 
cence peak (attributed to Vitamin E) and shift the peak 
location intensity to wavelength around 585 nm. 

4. Conclusions  

The Olive oil doped Nanosilica is successfully prepared 
by wet chemical synthesis method. The doped prepared 
Nanosilica sample has amorphous structures, and seems 
to be transparent and unbroken which due to the suitable 
Sol-Gel parameters used. Some absorption bands of 
Olive oil are disappearing from doped silica absorption 
spectrum. Fluorescence spectrum of pure olive oil shows 

only a single strong fluorescence peak at 678 nm which 
attributed to chlorophylls, while fluorescence spectrum 
of doped sample shows two strong fluorescence peaks at 
the wavelength 681 nm and 585 nm which attributed to 
chlorophylls and Vitamin E respectively. A peak shift 
was recorded on the Vitamin E fluorescence peak.  

The doping process enhances of fluorescence activity 
of Olive oil especially at the range of 450 - 600 nm 
through enhancing intensity of the fluorescence peak 
corresponding to Vitamin E.  

Absorption and fluorescence spectrums to doped silica 
sample give a good indication in direction of using Sol- 
Gel technique to prepare of Olive oil doped SiO2 as an 
optical active material. 
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