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Abstract 
Measurement of the fluorescence comportment of Bougainvillea xbuttiana flowers embedded in 
silica xerogels matrix prepared with two different water to tetraethyl-orthosilicate [Si(OC2H5)4] 
ratio molar of 11 and 5, without heat-treatment, we report the grade of biostability of compound. 
The structural comportment for the PSI and PSII present in Bougainvillea flower is similar to the 
structural comportment for these photosystems present in leaves when they are incorporated on 
inorganic matrix such as silica xerogels. The contribution of the natural pigment of this kind of 
flower such as betalains which consist of betaxanthins and betacyanins, determines their colors 
contributed in the range of wavelength from about 550 nm to 660 nm. 
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1. Introduction 
Photosynthesis takes place on and in the thylakoid membranes. The proteins and organelles involved in the light  
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reactions are located in and on the thylakoid membrane and in higher plants, this membrane is located in chlo-
roplast. 

The higher plants are an efficient system to absorb and transfer the energy through photosynthetic apparatus. 
The immobilization of organic pigments on inorganic media may be useful for the design of energy conver-

sion devices [1]. 
Pigments such as the chlorophyll and betalains present in centrospermae family as the Bougainvillea which 

basic structural unit is the betalamic acid, are used to be incorporated on inorganic matrix of silica xerogel. 
Betalains is a water soluble nitrogenous compound located in the cell vacuoles and is divided into betacyanins 

and betaxanthins. Betacyanins have a violet coloration whereas bataxanthins have a yellow pigment. Betalains 
have nutraceutical and they are beneficial to health [2] [3]. Betalains become more and more important in food 
industry since they are used in the production of yoghurt, ice-cream, jellies, dressings, and cold drinks [4]. 

Betalains are water-soluble pigments with high antiradical capacity which bestow bright colors in flowers and 
fruits [5] [6]. Traditionally, betalains have been defined as condensation products of betalamic acid with differ-
ent amines and amino acids, but the implication of the pigments structure for their properties has been investi-
gated few years ago, and the betalains recovered practically are not studied.  

In this work, by measurement of the fluorescence comportment of Bougainvillea xbuttiana flowers embedded 
in sol-gel amorphous bulk samples prepared with two different water to tetraethyl-orthosilicate [Si(OC2H5)4] ra-
tio molar without heat treatment, we report the grade of biostability of compound. 

The higher plants are an efficient system to absorb and transfer the energy through photosynthetic apparatus. 
This situation can be used to take advantage to prepare materials based in extract of plants for eventually de-
signing efficient optically and electro-optical based sol-gel encapsulated biomolecules [7]. For this, it is neces-
sary to understand the structural evolution of extracted components embedded in silica xerogel matrix, as well as 
the interaction between the pigments embedded, with the inorganic matrix under heat treatment in which the 
matrix goes from gel to glass transition, and then correlate with optical properties.  

2. Experimental Method 
Silica xerogels matrix is prepared from the sol-gel polymerization of alcoxides. Hydrolysis occurs when tetrae-
thyl-orthosilicate (TEOS) and water are mixed in a mutual solvent, generally ethanol, according with the fol-
lowing chemical reaction: 

( ) ( ) ( )2 5C H OH
2 5 2 2 5 2 54 4

Si OC H H O Si OC H OH C H OH.xx
x x

−
+ → +  

Condensation occurs between either two silanol or a silanol and a hydroxyl group to form a bridging oxygen 
or a siloxane group Si-O-Si. A molecule of water or an ethanol molecule is eliminated. The silica tends to form 
linear molecules that are occasionally cross linked. These molecular chains entangle and form additional 
branches resulting in a three-dimensional network. 

In the sol-gel process the amount of water strongly influences the structure of the final product [8] [9]. Vary-
ing the H2O/TEOS ratio (R), it is possible to produce structural modifications in the SiO2 glass network without 
significant deviations from stoichiometry.  

We have reported that the low water content, such as the R = 5 used in this work, promotes the formation of a 
glass with a more open structure [10]. The use of values above R = 5, such as R = 11, promotes the formation of 
close structure and thus a three-dimensional network is obtained using this molar ratio [10]. The structural sta-
bility of organic species into xerogel matrix are influenced by the silica xerogel network, we evaluate their in-
fluence using this two molar ratio of R = 5 and R = 11 corresponding to formation of open and close structure, 
respectively. 

The organic extract is added before the hydrolysis process occurs thus this aggregates participate in the hy-
drolysis process and in the condensation process are incorporated in the silica network through a π-d interaction 
between organic extract with the empty d orbital of silicon of silica gel matrix, which stabilizes the organic spe-
cies in silica xerogel [11] [12]. The result is a covalently bonded active molecule within the xerogel structure. 

The standard method to extract compound of Bougainvillea is by crude extraction from frozen flower, washed 
with water, by simple grinding and mixing them with ethanol solvent [12]-[15]. For the extraction a concentra-
tion of 8 g of pink, red, yellow and violet flower of Bougainvillea for 20 ml of ethanol was used. The solution 
of ethanol and extract was centrifuged at 3000 rpm for 5 min at ambient temperature, and then filtered with a 
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Wattsman filter nr. 1. 
In order to obtain the organic composites extract of flowers of Bougainvillea embedded in xerogel matrix, a 

precursor material composed of tetraethyl-orthosilicate (TEOS), water, ethanol and pigments extract of Bou-
gainvillea flower was prepared. The set of samples were prepared using a constant ethanol to TEOS molar ratio 
of 4:1 and a molar ratio of water to TEOS (R) of R = 11 and R = 5. These quantities correspond to a high wa-
ter/TEOS ratio, needed to enhance the hydrolysis to assure a close amorphous structure for the as-prepared SiO2 
powder [10].  

The TEOS was dissolved in the ethanol with pigments using magnetic stirring for 15 min and then the water 
was added to the ethanol-TEOS solution using magnetic stirring for 10 minutes to form the starting material.  

Soft pieces of the gel were obtained after 48 h. Those pieces were ground to form a fine powder. 
The emission spectra measurements were carried out in a fluorescence spectrometers by Ocean Optics Inc. 

Model SF2000 using a reflectance diffused 45˚ configuration using a double fiber optic component, excited with 
an Omnicrome argon ion laser of 532 nm and filter HNF-532-1.0, in order to obtain the fluorescence contribu-
tion due to the photosystem II and the comportment under heat treatment. 

3. Results 
In recent studies has been reported that betaxanthins present emission maxima in the range 570 - 575 nm, the 
betacyanins non fluoresce and the combination of both compound present emission maximum above 580 nm 
[16] [17]. 

In Figure 1 we show the emission fluorescence spectra for silica xerogel with extract of Bougainvillea flower 
of pink, red, yellow and violet colors for R = 11. In the figure we can observe the typical fluorescence signal of 
chlorophyll corresponding to photosystem I (PSI) and photosystem II (PSII) located about at 720 nm and 670 
nm, respectively and a fluorescence band for low wavelength that give the peculiar color to the flower located 
about 580 nm. Thus, the flower contains chloroplast in which occurs photosynthesis. 

We can observe that the fluorescent band corresponding to PSI and PSII extended from 650 nm to 750 nm is 
practically the same for the different kind of Bougainvillea flower. 

During photosynthesis, once a photon is absorbed by a chlorophyll molecule which is the antennae system of 
PSI and PSII, the energy from that absorption is quickly transferred to the chloroplast, where it is used to drive 
chemical processes. When the chlorophyll is extracted, however, the absorbed energy can no longer be trapped, 
and the chlorophyll remits the energy by fluorescence. 

Photosynthesis takes place on and in the thylakoid membranes. The proteins and organelles involved in the 
light reactions are located in and on the thylakoid membrane and in higher plants, this membrane is located in 
chloroplast. 

 

 
Figure 1. Fluorescent emission spectra of Bougainvillea flower embedded in silica xerogel 
for R = 11, at the indicated colors.                                                     
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It is known that organic pigment embedded in silica xerogel present high bio-stability without changes in the 
structural properties of organic compound [7] [11] [18]. 

For the fluorescent band located about 580 nm we observed that the position depend that the particular colour. 
The position of this band is located at about 600 nm for the violet colour whereas the position is located at about 
573 nm for the yellow colour, which indicate different array of betalamic acid. This structural difference can be 
related with the betacyanins and betaxanthines, respectively. The position fluorescent band to red and pink 
flower is located at 582 nm and can be consider a combination of the two kinds of betalains compounds. The in-
tensity of these bands depends of the particular colour in which the relative intensity respect to the PSII intensity 
were 0.93 for the pink colour, 0.71 for the yellow colour, 0.54 for the red colour and 0.28 for the violet colour. 

Strucutrally, betaxanthins are defined as immonium condensation products of betalamic acid with amino acids 
or amines. Traditionally, betacyanins have been defined as condensation products of betalamic acid with cic-
lo-DOPA, usually glycosylated [19] [20]. 

The kind of samples for R = 5 has a different comportment, in Figure 2 we show the emission fluorescent 
spectra in which we can observe that the positions of the fluorescent PSI and PSII band, and in general the fea-
ture of the band not coincide, compared with Figure 1. We observed different intensities for the band corres-
pond to PSI depending of the colour of the Bougainvillea flower, whereas the position for the PSII band suffers 
a light blue shifted of 4 nm for the violet color, respect to the position of the PSII bands of the other three colors 
and a blue shift for the band assigned to betacyanins of 8 nm. Whereas the position of the corresponding low 
wavelength band of the other three colors is maintained at the position measurement for the samples prepared 
with R = 11 of Figure 1. 

The relative intensity of these band for R = 5, in general are diminish and have values of 0.81 for pink color, 
0.40 for yellow color, 0.33 for red color and 0.15 for violet color respect to the PSII intensity. 

The blue shift comportment is related with decompose of structure of pigment present in chloroplast. In par-
ticular for the PSII the chlorophyll variation indicate denaturation of these species, mainly, the primary conver-
sion of chlorophyll to protein species, as phaeophytene [12] [21]. 

The denaturation is due to the participation of pigment extracted in the chemical reaction of hydrolysis and 
condensation. Chlorophyll and betalaine are a pigment that has been chemically altered to provide alkoxysilane 
functionality. This allows the chlorophyll molecule itself to participate in the hydrolysis and condensation reac-
tions along with the other alkoxide precursor. In particular betalaine are water soluble and to form crosslink for 
SiO2 is needed high water to TEOS ratio, thus for R = 11 contribute to structural bio-stability for the pigment 
embedded in silica xerogel.   

Thus, the water to TEOS ratio molar is determinant to obtain bio-stability of the pigments embedded in silica  
 

 
Figure 2. Fluorescent emission spectra of Bougainvillea flower embedded in silica 
xerogel for R = 5, at the indicated colors.                                         
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xerogels, for which required high values of R’s to assure the complete hydrolysis and condensation in the sol-gel 
reaction and minimizing the interaction with the matrix of the pigment incorporated. 

A complete analysis for the conditions of regulation of this interaction, i.e. in term of heat treatment, are ne-
cessary and are in course. 

The structural comportment for the PSI and PSII present in Bougainvillea flower are similar to the structural 
comportment for these photosystems present in leaves when are incorporated on inorganic matrix such silica 
xerogels [7] [15]. The denaturation of this photosystems related with chlorophyll decomposition in different 
proteins, generating fluorescence quenching centers at about 580 nm, must be present in Bougainvillea flower, 
among, the contribution of betalains, the natural pigment of this kind of flower, whose content of betaxanthins 
and betacyanins, which determine their colors, contributed in the same range of wavelength from about 550 nm 
to 660 nm. 

The components extracted of Bougainvillea flower include the chlorophyll. The chlorophyll is the component 
in photosynthesis that traps the solar energy so that it can be used to drive the production of carbohydrates from 
carbon dioxide and water. In plants the chlorophyll exists in two forms called chlorophyll a and b. 

During photosynthesis, once a photon is absorbed by a chlorophyll molecule which is the antennae system of 
PSI and PSII, the energy from that absorption is quickly transferred to the chloroplast, where it is used to drive 
chemical processes. When the chlorophyll is extracted from flowers, however, the absorbed energy can no long-
er be trapped, and the chlorophyll remits the energy by fluorescence. 

The comportment of PSII gives us information about the biostability of the compound. The formation para-
meter used to the formation of extract of flower embedded in silica xerogel matrix, such the water to TEOS ratio 
(R), are parameter that assure biostability for the chlorophyll species content as in the compound prepared in 
present study. In previous works, we have demonstrate that there is no significant change of fluorescence of 
chlorophyll species entrapped in silica xerogel up to 36 months kept in light and weather conditions, revealing 
no change in chlorophyll structure [11] [18]; thus the PSII remain structurally same in silica xerogel over a very 
long period of time. In particular, the maximum position of fluorescence of the PSII no change in terms of 
sol-gel aging time. Thus, we can assure that the compound remaining bioactive over a very long period of time.  

The connection that occurs between the two resonant systems, betalamic acid and the aromatic ring dihy-
droxyphenylalanine cycle conduce that the betacyanin do not fluoresce. However, when this is incorporate on 
inorganic matrix a fluorescent band of low intensity is observe at wavelength above 600 nm (violet curve in 
Figure 1 and Figure 2). For the compound prepared with R = 11 the intensity of this band is only 28% relative 
to the maximum corresponding to PSII (Figure 1), whereas the intensity of this band is 15 % relative to the 
maximum for compound prepared with R = 5. 

4. Conclusion 
In conclusion, extract of Bougainvillea xbuttiana flowers embedded in silica xerogel matrix presents a higher 
PSII biostability for samples prepared with a high water to TEOS molar ratio of R = 11, in comparison with ratio 
molar of R = 5, where due participation of chlorophyll content of Bougainvillea in the chemical process of hy-
drolysys and condensation, a variation of the PSII is presented, which altered the relative intensity for the fluo-
rescent band of batalaine, correlated with the color of flower 
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