
Molar variation of water:alkoxyde in the preparation of SiO2-DA materials and its 
effect on dopamine release from an implantable reservoir in the brain. 

Tessy López1,2, Emma Ortiz2, Dulce Esquivel2, Esperanza García3 

 
1Universidad Autonoma Metropolitana-Xochimilco. México D. F., México. tessy3@prodigy.net.mx 

2Laboratorio de Nanotecnología. Instituto Nacional de Neurología y Neurocirugía. México D. F., México. emma170@hotmail.com, dduullccee@hotmail.com 

3Laboratorio de Neuroinmunología. Instituto Nacional de Neurología y Neurocirugía. México D. F., México. egarcia@innn.edu.mx 

 
 

ABSTRACT 
 
In the present work the one-step sol–gel process using 

silicon ethoxide (TEOS) has been used to prepared 
amorphous SiO2-Dopamine materials varying the molar 
water:TEOS ration (rH2O) of  10, 20 and 40  respectively. 
The  main purpose is to determined the influence of the rH2O  
variation on the final physic-chemical properties of silica-
dopamine materials and its subsequent effect on the 
dopamine release properties. Several technique were used 
to characterized the result materials and  a typical in-vitro 
dopamine release experiment was performed. The result 
materials consist of aggregated of nanoparticles that 
generate mesopores ranging from 33 to 59 Å. There is not a 
direct correlation between the increase rH2O with the textural 
properties and dopamine release. We suppose that the 
dopamine release not only is affected by the textural 
properties but also by the formation of superficial Si-OH 
groups and their interaction with dopamine molecules. 

 
 
 

Keywords: SiO2-Dopamine materials, dopamine release, 
water:TEOS ration, reservoir, brain. 
 

1 INTRODUCTION 
 
Biocompatibility, bioactivity, capacity to regenerate 

bone and ability to act as controlled release systems of 
biologically active species have been crucial propeties of 
silica to gain interest in the medical field. Specially, sol-gel 
silica are a particular class of porous materials with unusual 
properties such as high specific surface area (500–1200 
m2/g), high porosity (80–99.8%) and fine nanostructure 
(50nm) [1]. These pores can be filled with many different 
molecules such as drugs or biologically active species, and 
SiO2 can be used as a local drug release system. All these 
properties to mentioned before are resulted from a well 
controled sol-gel process.  

 
Many factors influence the hydrolysis and condensation 

rate of the sol–gel process, which in turn determine the 
properties of the final material. Among these factors are: 
pH, water amount, organic and inorganic additive addition, 
starting materials. By nature the xerogels obtained by the 

sol-gel process have a high hydroxylated surface [2]. In 
principle, the hydroxylation degree can be affected by to 
change the water amount used during the hydrolysis step 
and as consequence each xerogel will have a different 
release behavior with respect to them prepared with other 
amounts of water. Have been reported that the superficial 
OHs groups provide great chemical and physical 
stabilization to the entrapped drug by interaction of them 
with functional groups of the drugs that commonly consist 
of carboxylic acid, amines, hydroxyls, betwenn others [3]. 
In dependence on the strength of these interactions 
commonly of nature weak of hydrogen bridges type, the 
loading and release drug kinetic is expected. 

  
It is expected that in silica the presence and amount of  

superficial silanol groups (Si-OH) will have a direct effect 
on the dopamine release kinetic. In previou papers we 
reported the successful stabilization of dopamine in 
nanostructured silica and then we proposed for the 
treatment of Parkinson’s disease the use of an implantable 
reservoir in the striatum nucleus to release dopamine in 
prolonged time [4, 5]. As a continuation of previous papers 
and with the aim to optimizing the adequate SiO2-DA 
reservoir, in te prent work, we studied as effect to varied the 
rH2O used during the preparation of silica-dopamine 
materials on the dopamine release from a silica reservoir.  

 
2 EXPERIMENTAL 

 
Three different materials to base of silica-Dopamine  

were prepared by the sol-gel method when the molar ration 
water:alkoxyde (rH2O) was varied at 10, 20 and 40. The final 
samples were named SiO2-DA-XH2O, where, X is the rH2O 
respectively used. The general procedure is stated below. 

 
2.1 Sample preparation  

SiO2-DA-XH2O. The samples were prepared from 
hydrolysis-condensation of TEOS (sigma-aldrich 98%) at 
room temperature. The amount necessary of TEOS was 
mixed with ethanol under stirring.  Dopamine was 
dissolved in water and dropped into alcohol/alcoxide 
solution, under N2 atmosphere as was reported before [3, 4]. 
Once the gel was obtained, this is dry and keeps in nitrogen 
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atmosphere. The final samples were named as SiO2-DA-
10H2O, SiO2-DA-20H2O, and SiO2-DA-40H2O. 

 
2.2 Characterization 

The pore size, the surface area and the volume of pore 
data were obtained from the N2 adsorption-desorption 
isotherms, which were obtained from an ASAP 2010 
Micromeritic apparatus. The pore size distribution and the 
pore volume were calculated using the Barrett, Joyner, and 
Halenda (BJH) theory from desorption isotherm step. 
While, the surface area was calculated using the Brunauer, 
Emmett, and Teller (BET) method. The Fourier 
Transformed-Infrarred (FTIR) spectra were measurement in 
an IR-Affinity Shimadzum Spectrophotometer of a 
translucent wafer consisting of a mix of KBr-sample. 
Transmission Electronic Microscopy (TEM) was used to 
determinated of the morphology of the samples using a 
EM910 Carl Zeis microscope with acceleration of 120KV.    
 
2.3 in vitro dopamine release tests. 
 

A typical in-vitro drug release experiment was 
performed: A silica-dopamine dispositive of approximately 
2-3 mg was immersed in 50 ml of a solution of perchloric 
acid-sodium metabisulfite. At predetermined time an 
aliquot of   3.0 µl was removed from the release medium 
for its analysis. Dopamine release was quantified by High 
Resolution Liquid Chromatography (HPLC) associated 
with electrochemical detection.  Peaks were integrated with 
a Perkin-Elmer Turbochrom Navigator 4.1 data station. 
Calibration curves were constructed by injection of known 
concentrations of the  dopamine standard into the 20 µl 
loop of the chromatograph. Dopamine concentrations were 
obtained by interpolation on the respective standard curve. 
All samples were analyzed in triplicate 
 

 
3 RESULTS AND DISCUSSION 

 
Silica materials have a three-dimensional porous 

network when are obtained by the sol-gel process due to the 
dimmers and trimmers formed by the hydrolysis and 
condensation of tetraethoxysilane (TEOS) that rapidly 
condense into mostly cyclotetrasiloxanes or 
cyclohexasiloxanes. The three-dimensional network is built 
upon aggregation of the nanometric particles formed by 
condensation of those cyclosiloxanes, yielding a porous wet 
gel  that when is dried forms a powder with high surface 
area and porosity. From the photographs taken with the 
electronic microscope we can observed both the formation 
of the porous sol-gel silica network formation as the 
aggregation of the nanoparticles such as is shown in figures 
1a and 1b. From this last image is possible to determine that 
there are a heterogeneous size of these aggregates but all 
fall within to the nanometric scale.  

 

The nitrogen adsorption-desorption techique allowed us 
to quantify the porosity observe for the TEM images. The 
textural properties of the silica-dopamine materials were 
obtained from N2 adsorption-desorption isotherms, which 
aren’t shown here. The specific surface area (SBET) was 
determined using the Brunauer-Emmett-Teller (BET) 
method, and the total pore volume (Vp) and the average 
pore diameter (Dp) were obtained using the Barret-Joyner-
Halenda (BJH) method. The results obtained for all samples 
are shown in Table 1. From these data we could infer that 
all the samples have pores with a average diameter size (Dp) 
higher than 33 Å and that all the values fall in the mesopore 
intervale to  accordance with the IUPAC pore classification. 
The surface area for all samples drastically doesn’t change 
with the increase in the amount of water used during the 
hydrolysis of TEOS ranging from 539 m2/g to 569 m2/g. 
Nonetheless, the average pore diameter and the pore 
volumen increased when we increased the rH2O of 10 to 20, 
after them were reduce when rH2O is increased to 40. 

 
Recently [6], was reported for titania materials prepared 

by sol-gel method and containig an anticonvulsant drug a 
similar behaviour by vary of rH2O during the hydrolisi step 
of Titanium(IV) tetrabutoxide. One of the main finding in 
this paper  was that there is not a direct correlation between 
the increase of  rH2O and the textural properties. Alike that 
with titania with silica in our case first decrease the surface 
area when we changed the rH2O=10 to rH2O=20 however 
when rH2O is increasing at 40 the surface area is similar in 
value with the sample with rH2O=10. Although, in our case 
the second rH2O=10 is greather that the second and the third 
rH2O reported for titania we to believe that rH2O variation had 
the same influence in the reaccions that were carried out in 
the  sol-gel process and as result the final materials had 
diferent structural properties. These results confirm that this 
process of the synthesis allows to desing the material to 
accordance a specific request with only changed any of the 
synthesis parameters.  

    
The FT-IR and 13C NMR studies previously reported 

[4], established the sucessful stabilization of dopamine 
within  the network  structure of silica. When by FTIR were 
identified the different peaks derived from the dopamine 
infrared spectrum. The most important were them localized 
at 3350 cm-1, 3205 cm-1, and 3034 cm-1 that correspond to 
stretching vibrations of the OH, CN, and NH functional 
groups of dopamine, respectively. The same peakes were 
identified in silica-dopamine materials suggesting that 
dopamine was successfully loaded in the silica sol–gel 
matrix and that the drug is stable. 

 
In aditon, we determinated that dopamine molecules 

were completely stable in the silica nanomaterial due to a 
white powder was obtained such as previously we reported 
[5], and  also this is in agreement with the 13C-nuclear 
magnetic resonance spectroscopy analysis, which indicated 

NSTI-Nanotech 2011, www.nsti.org, ISBN 978-1-4398-7138-6 Vol. 3, 2011464



that drug degradation was not observed, as also was before 
reported [4]. 

 
Is well know that the sol-gel silica surface contain 

hydroxyl groups or superficial silanol groups (Si-O-H) 
that can be identified by the sign at around 950 cm-1  
observed by FTIR. Altouhg, have been  reported that fully 
hydroxylated silica contains 4.6 OH/nm2 as was measured 
by various authors y reported by Mueller et al.[7] and that  
this value can be considered as a physical constant, 
independent of the silica type and structural characteristics, 
e.g., specific surface area (SSA), type of pores, or pore size 
distribution. However,  knowledge of the surface properties 
is required to understand the physicochemical principles 
involved. Since silanol groups can interact with drug 
molecules it is important to controled the surface nature of 
silica. For example, it was discussed previously[6], the 
degree of titania surface coverage with hydroxyl groups 
(hydroxylation degree) plays an important role in the 
strength of the drug-matrix interaction, therefore affecting 
the profile of the anepileptic drug release.  

     
 

 
Sample 
 

SBET 
 (m

2/g) 
Dp 

 (Å) 
Vp 

 (cc/g) 
SiO2-DA-10H2O 569 33 0.57 
SiO2-DA-20H2O 539 59 0.85 
SiO2-DA-40H2O 566 39 0.55 

Table 1: Textural properties of SiO2-dopamine materials, 
where SBET is the specific surface area, Dp  is the average 
pore diameter,  and Vp is the total pore volume.  

     The in vitro dopamine release profiles of the samples 
prepared with different amount to water  are shown in 
Figure 2. The dopamine release tests were carried out 
during one week, and in general terms from the three 
profiles we can see that there are two different stages of 
dopamine release. During the first stage a fast dopamine 
release is observed within the first 30 h. By this time 
approximately 24 %  of DA was released from TiO2–DA-
10H2O,  30 % from TiO2-DA-20H2O and 26%  from TiO2-
DA-40H2O samples respectively. After this point the 
liberation became slow till one week.  

     We can to explain the behaviour dopamine release in 
terms of two factor: The pore size and the formation of 
superficial silanol gropus (Si-OH).  Dopamine molecules 
from sample prepared with a rH2O=20 are released more 
easily in comparison with the other samples. This behavior 
is attributed to the pore size due to  this sample has the 
largest pore size of 59 Å then the dopamine molecules have 
space  where them can move easily. We suggest that in the 
second step  dopamine release is slow due to the 

interactions between SiOH an dopamine, causing to 
dopamine takes loger times in leave the mesoporous 
structure of silica.  

 

Figure 1: Transmission electronic micrographs of (A)  
SiO2-DA-10H2O at 80000X magnification and (B) SiO2-DA-

20H2O at 200000X magnification. 

     The sample with a rH2O=10 shows an intermediate 
dopamine release rate due to, first this sample has the 
smallest pore size of 33 Å meaning that the dopamine 
molecules have a small space to their difussion causing 
difficult to leave the mesoporous structure of silica. Second, 
these molecules out faster because probably have less 
superficial OH of all samples. Therefore, this last fact is not 
a parameter that affect the dopamine release, we think that 
the dopamine release in this samples is more affected by the 
pore size. Finally, the sample with a rH2O=40 presents the  
slower dopamine release of all samples, in coparison with 
of the previous sample both have a similar pore size. The 
only difference is the amoun of water used during their 
preparation, suggest that  superficial OH groups were 
produced more in this last sample causing mores 
interaciones witn dopamine. Therefore in this case the slow 
release is caused by the Si-OH-DA interactions rather than 
by the pore size. 
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     In short, from the comparison between the textural 
properties and dopamine release, we determined that the 
most rapid release follows the next order: SiO2-DA-20H2O> 
SiO2-DA-10H2O>SiO2-DA-40H2O, nevertheless, 
hypothetically we declare  that the interactions between 
SiOH and dopamine is a crucial factor that has a effect on 
the dopamine release properties. As a present research, we 
are quantifying the surface Si-OHs by the FTIR method 
using the peak generated at 920 cm-1 taht correspond to 
these species and in order to do a correlation between the 
amount of Si-OH formed in the surface of silica and the 
amount of dopamine release. 
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Figure 2: Dopamine release profiles of the  sol-gel SiO2-
DA-XH2O samples prepared by using different molar 

water:TEOS ration during their synthesis. 

 

4 CONCLUSIONS 
 
The variation of molar water ration during the TEOS 

hydrolysis yields materials with different textural 
properties. There is not a direct correlation between the 
increase rH2O with the textural properties and dopamine 
release. We conclude that the dopamine release not only is 
affected by the textural properties but also by the formation 
of superficial Si-OH groups and their interaction with 
dopamine molecules. 
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