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Abstract One kind of built-in silica adsorbent, which has

high adsorption selectivity to rutin, was synthesized using

molecular imprinting technology by the following steps:

synthesis of precursor from the reaction between water

soluble rutin (as template molecule) and the functional

monomer chloropropyltriethoxysilane, co-hydrolysis of

the precursor and tetraethoxysilane (TEOS), sol-gel aging

process, and removal of template molecules. The results of

adsorption experiment show that this adsorbent has a

high adsorption capacity for rutin, and good adsorption

selectivity towards rutin even under the interference of a

flavone with a similar structure. TEM photos suggest that

nanocaves corresponding to rutin were formed inside the

adsorbent while FTIR spectra indicate that new bond was

generated during the recognition process.

Keywords silica adsorbent, molecular imprinted techno-

logy (MIT), selective adsorption, rutin

1 Introduction

Flavones are an important active component of Chinese

traditional medicine and natural drug, having many

remarkable pharmacological effects such as anti-oxida-

tion, anti-cancer, cardiovascular protection and anti-

inflammation. They have a wide application prospect.

At present, organic solvent extraction is the common

method for extracting flavones and is based on choosing

an appropriate solvent consistent with the polarity and

water-solubility of flavones. Common methods for sepa-

ration and purification of flavones include column chro-

matography, thin-layer chromatography and lead salt

deposition. These procedures have considerable draw-

backs such as poor selectivity and low efficiency so their

industrial applications have been restricted [1–3].

Molecular imprinting technique is a method for syn-

thesizing polymers with high selective adsorption towards

given molecules (template molecules). The technique has

been developed and widely used in many aspects in the last

twenty years [4–8]. At present, the main methods for pre-

paration of molecularly imprinted polymers (MIPs)

include pre-organized approach and self-assembly

approach but the recognizing and binding processes are

usually accomplished in organic solvents. Since most

active components of Chinese traditional medicines and

natural products are water-soluble, the development of a

special selective adsorbent which can be molecularly

imprinted and which has the ability to recognize the tem-

plate in aqueous solutions [9–12] is of prime interest.

In order to selectively separate rutin, a water-soluble

flavone, from the crude solution, a novel silica adsorbent

was prepared on the basis of previous studies [13–14] by

using rutin as the template molecule, chloropropyl-

triethoxysilane as the functional monomer and tetra-

ethoxysilane as the cross-linker. The adsorption

performance of the adsorbent was studied [15].

2 Materials and experiments

2.1 Materials

The rutin was purchased from Tianjin Pharmaceutical

Academy. The soybean isoflavone with a purity higher

than 98% was obtained from the North China

Pharmaceutical Corporation. The chloropropyltriethoxy-

silane was purchased from Tianjin Shengbin Chemical

Ltd. The acetamide, ethyl ether, chloroform, anhydrous

ethanol, tetraethoxysilane (TEOS) and hydrochloric acid

were all analytical reagents.

The materials were characterized with a 721 spectro-

photometer (No. 3 Analysis Apparatus Corporation,

Shanghai), a transmission electronic microscope (TEM,

Tecnai.G2.F20, FEI corporation, Holland), an infrared
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optical spectrometer (FTIR, MAGNA. IR560. Nicolet

corporation, USA) and high performance liquid chro-

matograph (HPLC, SPD–10AVP).

2.2 The preparation of silica adsorbent

In order to prepare the precursor, 0.1 g rutin as template
is reacted with 2 mL, 4 mL, 8 mL chloropropyltriethoxy-

silane, separately for 10 h. Then 2 mL acetamide as cata-

lyst was added into the precursor solution. After that

20 mL, 30 mL, 40 mL TEOS were added, respectively.

The mixture was hydrolyzed in water for 2–8 h. After

hydrolysis and polymerization, a silica gel was formed

by keeping the mixture at room temperature for 3–12

days. The gel was aged and dried at 80uC and then ground
in a pestle and mortar. Finally, the materials obtained

were extracted with 50% ethanol aqueous solution and

the novel silica adsorbent was obtained.

2.3 The adsorption experiment in static state

1 mg/mL rutin solution was prepared by taking 80% eth-

anol aqueous solution as solvent. 2 g silica adsorbent was

put into a conical flask. Then 50 mL of the rutin solution

was added. The solution was shaken in a water bath at a
constant temperature. The concentration of rutin was

analyzed by a spectrophotometer at fixed intervals [12].

The adsorption capacity can be calculated by Eq. (1) and

the curve of adsorption kinetics was drawn.

Q~
Co{Ceð Þ|V

m

Q: the adsorption capacity, mg=g;

Co: the initial concentration, mg=mL;

V : the solution volume, mL;

m: the mass of adsorbent, g;

Ce: the equilibrium concentration, mg=mL

ð1Þ

2.4 The selectivity of the adsorbent

The mixed solution containing 1 mg/mL of rutin and

1 mg/mL of soybean isoflavone was prepared by using

80% ethanol aqueous solution as solvent. The adsorption

experiment was repeated under the same conditions as

those used in the experiment in 2.3. The concentration

was analyzed by high performance liquid chromato-

graphy (HPLC) at fixed intervals.

Chromatographic condition is as follows: mobile phase,

methanol-water-glacial acetic acid (40:60:5); temperature

of column, 30uC; velocity of flow, 0.8 mL/min; detection

wavelength, 254 nm.

The adsorption capacity for rutin and soybean isofla-

vone can be calculated by Eq. (1).

2.5 The desorption experiment

After the adsorption reached saturation, the silica adsorb-

ent was separately desorbed by ethanol, methanol, chlo-

roform and ethyl ether, respectively at 70uC. The

desorption time was 6 h and the desorption rate (R) was

calculated by Eq. (2).

R~
Cr|Vr

Co{Ceð Þ|V
|100%

Cr: the concentration of the desorption solution, mg=mL;

Vr: the volume of the desorption solution, mL

ð2Þ

2.6 The characterization of the silica adsorbent

TEM and FTIR were used to characterize the morpho-

logy and its inner binding, respectively.

3 Results and discussion

3.1 The optimization of preparation process of silica

adsorbent

The amount of rutin was fixed at 0.1 g and the adsorption

temperature was fixed at 70uC. The effect of other factors
on adsorption performance is shown in Table 1.When the

amounts of rutin, chloropropyltriethoxysilane, TEOS,

acetamide and water are 0.1 g, 10 mL, 30 mL, 2 mL

and 10 mL, respectively, the adsorption capacity of rutin

on No.4 silica adsorbent is highest at 5.70 mg/g. However,

the adsorption capacity of No. 6 blank adsorbent pre-

pared under the same conditions but without rutin as

template is only 2.70 mg/g. So, the preparation condition

of No.4 is favorable.

3.2 The effect of temperature on adsorption

performance

Figure 1 is the adsorption curve of No.4 adsorbent in

static state. For the common physical adsorption, the

saturated adsorption capacity declines with increasing

temperature because of the increase in desorption rate.

Table 1 Static adsorption capacity of adsorbents to rutin

adsorbent No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

rutin/g 0.1 0.1 0.1 0.1 0.1 0

reaction time/h 2 2 4 8 4 8

chloropropyltriethox

ysilane/mL

10 6 4 10 6 10

TEOS/mL 20 30 40 30 20 30

Acetamide/mL 1 2 3 2 1 2

H2O/mL 10 15 20 10 20 10

adsorption capacity/mg?g21 5.32 5.20 5.01 5.70 5.12 2.70

Synthesis of silica adsorbent and its selective separation for flavone 321



It can be seen from Fig. 1 that the adsorption capacity

and the time to reach the equilibrium also increase with

increase in temperature. When the adsorption temper-

ature is 70uC, the adsorption capacity reaches 5.70 mg/g

and the time to reach equilibrium is 3 h. The reason is that

the energy of physical adsorption is less than 63–84 kJ/

mol while the energy of chemical adsorption is less than

84–126 kJ/mol. A rise in temperature, therefore, favors

chemical adsorption. When the temperature is raised, it

becomes easier for the adsorbent to reach the activity

energy of combination and the chemical adsorption capa-

city increases. However, the adsorption temperature

should be lower than 70uC because of the effumability

of ethanol and the instability of rutin.

3.3 The selectivity of adsorbent

Soybean isoflavone is another natural material with a

structure similar to rutin as can be seen from Fig. 2. In

this experiment, No. 4 silica adsorbent and No.6 blank

adsorbent were added to a mixed solution containing

1 mg/mL of rutin and 1 mg/mL of soybean isoflavone at

70uC. The results indicate that the silica adsorbent has a

high selectivity as can be seen in Table 2. The total

adsorption capacity of No. 4 adsorbent is 5.501 mg/g.

The equilibrium adsorption capacity for rutin is

4.301 mg/g, which is 78.2% of the total adsorption capa-

city, while the capacity for soybean isoflavone is only

1.199 mg/g under the same conditions. So, the selectivity

coefficient reaches 4.143. As for the blank adsorbent, the

final adsorption capacities for rutin and soybean isofla-

vone are nearly equal and are 1.331 mg/g and 1.234 mg/g,

respectively. The selectivity coefficient is only 1.083. The

results above show that there are still a few non-specific

adsorption sites in the silica adsorbent and these sites are

physical adsorption ones which have no selectivity

towards rutin and soybean isoflavone and can adsorb

both of them. When the template rutin molecules in the

silica adsorbent are eluted out, the nanocaves with a shape

matching the template appear. No such nanocaves with

recognizing function appear in the blank adsorbent. Thus,

the adsorption effects of the two adsorbents are widely

different – the silica adsorbent has a high selectivity for

rutin, while the blank ones has no selectivity at all.

3.4 The desorption and regeneration of silica adsorbent

In this experiment, No. 4 silica adsorbent is desorbed by

ethanol, methanol, chloroform and ethyl ether, respect-

ively. It can be seen from Table 3 that the desorption rate

using methanol is the highest at 92.1%, while the desorp-

tion rate using ethanol is second highest at 90.2%. The

desorption rate of chloroform is the lowest, only 65.4%.

So, methanol is the most favorable desorption solvent. On

the one hand, the silica adsorbent can be regenerated and

utilized repeatedly. At the same time, rutin can be recov-

ered. Selective separation of rutin can, thus, be achieved

using the silica adsorbent.

In the use of adsorbent, the adsorption capacity is influ-

enced by experimental conditions, factitious abrasion and

the insufficiency of desorption. Fig. 3 shows the relation

Fig. 1 Change of the adsorption capacity with time at dif-
ferent temperatures

Fig. 2 Molecular structure of rutin and soybean isoflavone
(a) rutin; (b) soybean isoflavone

Table 2 Selective adsorption of the adsorbent

item adsorbent

No.4 silica

adsorbent

No.6 blank

adsorbent

adsorption capacity for rutin Q1 (mg/g) 4.301 1.331

adsorption capacity for soybean

isoflavone Q2 (mg/g)

1.199 1.234

total adsorption capacityQ1 +Q2(mg/g) 5.501 2.565

the ratio of Q1 to Q2 3.587 1.078

selective coefficient 4.143 1.083

Table 3 Desorption rate of the adsorbent

desorption solvent adsorbed solute desorption rate

ethanol rutin 90.2

methanol rutin 92.1

chloroform rutin 65.4

aether rutin 73.4
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of adsorption capacity and reuse times. It can be seen

from Fig. 3 that the adsorption capacity declines only

slightly with reuse. The adsorption capacity after thirteen

cycles is 98.1% of the initial value indicating that the silica

adsorbent has a high recycling ability.

3.5 The characterization by FTIR

Curves 1 and 2 in Fig. 4 are FTIR spectra of rutin and

No.4 silica adsorbent, respectively. Comparing the two

curves, the peak of hydroxyl group at 3415.1 cm21 on

curve 2 is weakened obviously indicating that the phenolic

hydroxyl on rutin has reacted with the chloropropyl group

on the silica adsorbent. At the same time, there is a new

wide adsorption band at 1075 cm21, which is the Si–O–Si

asymmetric characteristic peak. It is shown that a three-

dimensional network structure has formed in the silica

adsorbent. Curves 3 and 4 in Fig. 5 are FTIR spectra of

No. 4 silica adsorbent and No. 6 blank adsorbent, respect-

ively. Comparing the two curves, the adsorption band of

C–Cl at 794 cm21 on curve 3 disappears indicating that C–

Cl reacts in the imprinting process so as to weaken the

adsorption peak. Thus it can be seen that the chloropropyl

group on the silica adsorbent reacts with the phenolic

hydroxyl on the rutin molecule. The process is a chemical

adsorption causing higher selective adsorption for rutin.

3.7 The characterization by TEM

Figure 6 is the TEM image of No.4 silica adsorbent after

eluting the template molecule. The pores can be easily seen

as white dots in the picture and their diameter is about

10 nm. The shape and size of these pores match the rutin

molecule and there are chloropropyl groups which exhibit

special recognition of the phenolic hydroxyl of the rutin

molecule in these pores. So on the one hand, these built-in

pores can sieve the molecules. On the other hand, the

Fig. 3 Absorption reactivation experiment of No. 4 absorb-
ent

Fig. 4 FTIR spectra of rutin (1) and adsorbent No.4 (2)

Fig. 5 FTIR spectra of adsorbent No.4 (3) and adsorbent
No.6 (4)

Fig. 6 TEM image of No.4 sample
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special molecular recognition that occurs between the

recognizing groups and the phenolic hydroxyl on rutin

both contribute to the highly special selective adsorption

performance of the silica adsorbent.

4 Conclusions

(1) When the amounts of rutin, chloropropyltriethoxy-

silane, TEOS, acetamide and water are 0.1 g, 10 mL,

30 mL, 2 mL and 10 mL, respectively and the hydrolyza-

tion time is 8 h, the prepared silica adsorbent has the high-

est adsorption capacity, which is 5.70 mg/g at 70uC.
(2) With increase in temperature, the adsorption capa-

city of the silica adsorbent for rutin increases.

(3) The selectivity experiment indicates that the silica

adsorbent has a high selective adsorption performance

and the selectivity coefficient of rutin in static state

reaches 4.143.

(4) The desorption experiment indicates that the

desorption rate is highest when methanol is used. The

desorption rate can reach 92.1%.

(5) FTIR and TEM show that chemical bonds are

formed in the imprinting process. There are nanocaves

matching the template molecule in the adsorbent and

groups with recognizing function exist in the nanocaves.
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