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Abstract

Traditional molecularly imprinted polymer (MIP) prepared from bulky samples 
may lose its selectivity during the crushing procedure. In this work, we report a one-
step approach to prepare MIP materials in the shape of mesoporous silica particles. 
The mesoporous silica particles were prepared in the presence of template molecules 
in order to gain selectivity for the template molecules. After thorough rinsing, re-
absorption experiments showed that L-tyrosine templated silica particles PL-t absorbed 
more L-tyrosine than its enantiomer D-tyrosine, and serotonin-templated silica particles 
Ps absorbed more serotonin than its analogue, tryptophan. These results demonstrated 
that templated silica particles have the capability of selective absorption of the 
template molecules. 

INTRODUCTION
A molecularly imprinted polymer (MIP) is a templated 

polymer that is designed to recognize specific molecules [1-3].The 
molecular imprinting technique usually includes a polymerization 
process in the presence of a template molecule that is extracted 
afterwards, which leaves cavities in the imprinted polymer 
matrix with affinity to the template molecule. The MIP artificial 
receptors offer significant advantages due to their low cost and 
freedom of molecular design. MIP polymers have been used in 
applications such as chemical separations, solid phase extraction, 
catalysis, drug release, chemical and biological sensors, etc. [4-
9]. The imprinted molecules include sugars, amino acids, nucleic 
acids, alkaloids, vitamins, proteins, enzymes, antigens, drug 
molecules, pesticides, herbicides, dyes, etc.[10-15].

MIP was originally prepared based on “bulk” or solution 
polymerization. After polymerization, the polymeric block is 
crushed and sieved to obtain particles at micro-to nano-scale 
sizes in order to effectively remove the template form the MIP 
[1]. This method is the most common MIP technique due to its 
simplicity and versatility. However, one problem related to 
this process is the rupture of the cavity and its subsequent loss 
in selectivity of the MIP. Another challenge is the selection of 
appropriate monomers and cross-linkers in order to create 
adequate binding sites complementary to the functional groups 
and topological structures of the template molecules [2].

Several methods have been developed to improve the 
performance of MIP, such as Hierarchical method and the 
polymerization packed bed method for the recognition of small 
to large molecules such as protein [3-15]. However, one of the 
key issues that has limited the practical applications of MIPs is 
still the lack of facile and robust methods to make MIPs in the 
formats required by the industry. 

In this work, we report a one-step approach to prepare 
MIP materials in the shape of mesoporous silica particles. 
The mesoporous silica particles were prepared with several 
small molecules as templates for selective recognition of these 
molecules for the proof-of-concept study. 

EXPERIMENTAL

Materials

L-tyrosine, D-tyrosine, and tetraethyl orthosilicate (TEOS, 
98%) were purchased from Sigma-Aldrich, Inc (Milwaukee, 
WI).Serotonin and L-tryptophan were obtained from Alfa 
Aesar (Reston, VA). D-fructose, Span 80, light mineral, oil 
and hydrochloric acid were purchased from Fisher Scientific 
(Waltham, MA). The structures of these molecules are shown in 
Figure (1). 

Preparation of silica particle and gel: The silica particles 
with templates were prepared in water/oil system in acidic 
conditions according to an existing reported method [16]. In a 
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typical procedure, TEOS (5.2 g) and EtOH (5 ml) were mixed in a 
beaker under stirring and3 ml 0.375 g/ml serotonin or 0.18 g/mL 
L-tyrosine and 1.25 mL of 0.2 M HCl solution were added in the 
mixture. Then, light mineral oil (50 g) and Span 80 (20 g) were 
added in the solution. The reaction was heated up to 40 °C and 
proceeded for 3 days. The silica particles were separated from 
the mixture by centrifugation (centrifuge 5810R, Eppendorf, 
Germany) and washed with acetone and EtOH respectively. After 
synthesis of the particles, all of the templates were removed with 
water in a Soxhlet extractor for 3 days. Control experiments were 
conducted with non-porous silica gel powders purchased from 
Fisher Scientific. 

Characterization: The surface areas and pore volumes were 
analyzed by using a nitrogen adsorption-desorption isotherm 
(ASAP model 2010, Micromeritics, America). Dry silica samples 
were degassed at 473 K and 1.33 Pa for 4hours.N2 absorption-
desorption isotherm measurement was carried out at 77 K in 
liquid nitrogen. Surface areas and pore volumes of the samples 
were calculated by the Brunauer-Emmett-Teller (BET) method 
and Barrett-Joyner-Halenda (BJH) method. Scanning Electron 
Microscopy (SEM) images of the silica particles were obtained on 
a Hitachi Tabletop SEM (TM-1000).

Adsorption experiment

A certain amount of organic molecules were dissolved in 
deionized (DI) water. 10 mg of the rinsed silica particles or 
silica powders were suspended in 10 ml sample solution and the 
mixtures were shaken at 60 r/min (4°C) for 4 h. The amounts 
of the absorbed compounds were quantified by using ultraviolet 
spectrophotometer (UV-3600, Shimadzu, Japan).All assays were 
performed in parallel and repeated at least three times.

RESULTS AND DISCUSSION
Pang et al., reported [16], that when small molecules, acting 

as a template, are added during the gelation process, porous 
silicon gels are formed. Most of the following work in the porous 
silicon gels focused on the absorption capability of the gels. We 
hypothesize that when the templates are removed, these residual 
binding sites may be used for selective binding of template 
molecules. 

We prepared porous silica particles (in both micro- and 
nano scale) with L-tyrosine and serotonin as templates for 
two MIP silica particles, PL-t and Ps, for selective recognition of 
L-tryosine and serotonin, respectively. L-tyrosine and D-tyrosine 
were used to verify whether the PL-t can distinguish chiral amino 
acids. Serotonin and tryptophan were used to test whether Ps 
particles can recognize molecules with similar structures since 
the structure of serotonin and tryptophan are similar (Figure 1). 

The SEM image of the porous silica particles Ps was shown 
in Figure (2), as compared to silica gel powders without pores. 
The silica particles were in the form of spheres with varying 
diameters from nano to micro size, while the silica gel powders 
showed irregular shapes.

We utilized the N2 adsorption-desorption isotherms 
experiment to measure the surface area of synthesized silica 
particles. BET surface areas of the materials under different 
pressures (P/P0, 0 ~ 1) were shown in Figure (3). The pore 
parameters of the silica particles and silica powders were 
summarized in Table (1). The results showed that the surface 
areas of both porous particles were significantly higher than 
those of silica powders without pores.

We compared the selective adsorption capability of these 
particles. UV spectra showed that the L-tyrosine templated silica 
particles PL-t absorbed more L-tyrosine (31.8%) than D-tyrosine 
(25.9%) (Figure 4), demonstrating that the templated particles 
have the capability of selective absorption of the template 
molecules. 

Similar behavior was observed for serotonin-templated silica 
particles, Ps. Table (2) shows Ps absorbed more serotonin (44.7%) 
than tryptophan (37.8%), which confirmed that templated silica 
particles have a preference to re-absorb the template molecule. 
Although the difference between these two numbers appears 
small, the molecular recognition capability of the Ps is more than 
it appears. In a control experiment, a porous silica particle (Pf) 
prepared in the same procedure with fructose was used as the 
template showed no absorption selectivity towards serotonin 
(36.4%) and tryptophan(36.9%), but these numbers are close 
to the 37.8% absorption of tryptophan by Ps (Table 2). This 
suggests that 37.8% of absorption of tryptophan by Ps was non-
selective due to the large surface areas of Ps, and the extra 18.3%, 
i.e. (44.7%-37.8%)/37.8%, mainly comes from the specific 
recognition of serotonin beyond the nonselective absorption. 
In the control experiments, silica powders showed very low 
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Figure 1 Structures of template and test molecules used in our 
experiments.

Figure 2 SEM images of the porous silica particles (left) and a silica 
gel material (right).
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biology and engineering, particularly as an affinity material 
for detection and separation of small molecules or solid phase 
extraction. 
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Figure 3 N2 adsorption-desorption isotherms of the porous silica 
particle Ps.

Figure 4 UV absorption of an 8×10-5 M solution of tyrosine before 
(black line) and after (red line) addition of silica particle PL-t..

adsorbing capacity for both chemicals 0.3% for serotonin and 
0.2% for tryptophan. 

CONCLUSION
We developed a cost-effective molecularly imprinted polymer 

technique that may have applications in the fields of chemistry, 

Table 1: Pore size and porosity of the porous silica particle and silica 
powders.

Sample Template BET surface area 
(m2/g)

Total pore volume 
(cm3/g)

powder - 14 0.02

PL-t L-tyrosine 376 0.16

Ps Serotonin 518 0.25

Table 2: Adsorption capacity of Ps for serotonin and tryptophan.

Sample Template Guest solution Absorption change 
percentage%

Ps Serotonin
Serotonin 44.7%

Tryptophan 37.8%
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