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A series of molecularly imprinted polymers (MIPs) containing equal amounts of iron(III) were pre-
pared by the polymerization of acrylamide and ethylene dimethacrylate in the presence of the tem-
plate of 0-, m-, or p-nitrobenzyl alcohol (NBA) and a FeCls complex. The samples were characterized
by scanning electron microscopy, Nz adsorption, and Fourier transform infrared spectroscopy. The
catalysts exhibited high catalytic activity and unique substrate recognition in the oxidation of benzyl
alcohol derivatives in water using 30% H:0: as the oxidant. The conversion of p-NBA was 80% over
the p-Fe(IlI)-MIP catalyst when the template molecule was p-NBA, which had a good fit with the
substrate. However, the conversion of p-NBA was less than 58% over o-Fe(III)-MIP or m-Fe(III)-MIP
due to the mismatch of the substrate with the cavities of the Fe(III)-MIP. The results indicated that
the Fe(III)-MIP samples contained molecular recognizable shapes and sites in their cavities that
match the corresponding substrate. The special recognizing cavities of the Fe(III)-MIP catalyst ex-
hibited unique substrate recognition, and therefore the selectivity for the substrate was improved.
© 2013, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.
Published by Elsevier B.V. All rights reserved.

1. Introduction

leaves behind an imprinted cavity with a recognizing ability for
the imprint species [2-4]. Known as the “template’s memory”,

Molecularly imprinted polymers (MIPs) with binding sites
complementary to the imprint molecule in terms of the shape
and position of the functional groups are of interest in the fields
of chiral stationary phases, solid phase extraction, mimetic
enzyme catalysts, controlled release of drug, and membrane
separation technology [1]. To fabricate MIPs, functional mon-
omers and templates are first allowed to form a self-organized
architecture using covalent, non-covalent, or complex self-as-
sembly. Polymerization in the presence of a cross linker is then
performed to fix the self-organized architecture. The subse-
quent removal of the template from the polymeric matrix

molecular imprinting can be a promising technique to acquire a
catalyst that specifically recognizes special reactants because it
should be possible to mimic the shape of the templates by im-
printing and also at the same time introduce suitable catalytic
groups and binding sites into the active sites in a predeter-
mined orientation. Therefore, constructing a catalytically active
center with a special structure and function in MIP imprinted
cavities would open up new ways for the design of highly active
and highly selective new catalysts [5-8].

Metal ions are commonly introduced into the MIP imprinted
cavities for the fabrication of molecularly imprinted catalysts
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(MICs). By assembling with a metal as the pivot, the monomer
and template are bridged through coordination binding [9].
This provides higher fidelity of the imprinted material and
therefore improves the specific recognition of imprinted spe-
cies [10,11]. Hence, research in molecularly imprinted polymer
catalysts containing metal ions has practical importance.

The selective oxidation of benzyl alcohol derivatives to the
corresponding aldehyde compounds is an important reaction
in fine chemicals and organic synthesis [12]. Traditionally, di-
lute nitric acid is used to catalyze the reaction to give the cor-
responding aldehyde compounds, but equipment corrosion and
environmental pollution are inevitable in the process [13,14].
Therefore, it is desirable to develop a novel green and envi-
ronmentally benign catalyst for the oxidation. Based on the
excellent performance of Fe(III) in the selective oxidation reac-
tion with H20: as oxidant [15,16], and the effect of the metal ion
for stabilizing the MICs and regulating the reactivity, a series
MIPs containing equal amounts of Fe(IIl) were prepared by the
polymerization of acrylamide and ethylene dimethacrylate in
the presence of the template of 0-, m-, or p-nitrobenzyl alcohol
(NBA) and a FeCls complex. The catalytic performance of the
MICs was investigated in the oxidation of benzyl alcohol deriv-
atives in water using H202 as the oxidant. The MICs exhibited
high catalytic activities and unique substrate recognition in the
oxidation due to the high binding affinity of the active sites and
the “template’s memory” of the imprinted cavity.

2. Experimental
2.1. Preparation of Fe(lll)-MIP

0-NBA, m-NBA, p-NBA, acrylamide (AM), divinyl benzene,
and ethylene glycol dimethacrylate (EGDMA) were obtained
from Alfa Aesar. Ferric chloride, azobisisobutyronitrile (AIBN),
dimethyl sulfoxide (DMSO), and toluene were laboratory grade
reagents from local suppliers. All solvents were purified by
standard procedures before use.

The preparation of Fe(Ill)-MIPs with different template
molecules is outlined in Scheme 1. Anhydrous FeCl3 (0.525
mmol) and o-NBA (0.75 mmol) were dissolved in a mixture of
toluene (5 ml) and DMSO (5 ml). AM (3 mmol), EGDMA (15
mmol), and AIBN (0.1 g) were then added and the mixture was
given an ultrasonic treatment. The resulting solution was
purged with dry Nz for 15 min. Polymerization was performed
at 60 °C for 24 h under vacuum. The solvents were removed
and the polymer was ground and sieved to yield particles in the
size range of 50-60 pum. The solids were decanted from acetone
(10 ml) three times. The polymer was Soxhlet extracted with a
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mixture of methanol and acetic acid (9/1, v/v) until the tem-
plate molecule was completely removed, and the polymer was
dried under vacuum at 40 °C. The powder obtained was de-
noted as o-Fe(IlI)-MIP. The MICs of m-Fe(III)-MIP and p-Fe(III)-
MIP were also prepared by the above similar preparation pro-
cedure. The Fe(Ill) content in the prepared catalysts was 0.3
mmol/g, which was measured by complexometry.

For comparison, the blank non-imprinted polymer (denoted
as NIP) and non-imprinted polymer containing Fe(III) ion (de-
noted as Fe-(III)NIP) were also prepared by a similar prepara-
tion procedure to Fe(IlI)-MIP except for the addition of the
template molecule. The Fe(Ill) content in the Fe(IIl)-NIP was
calculated to be 0.3 mmol/g from the complexometry result.

2.2. Determination of the Fe content

The catalyst (~0.1 g) was calcined at 500-600 °C for 5 h to
remove the organic components in the catalyst. The residue
was transferred to a conical flask, treated with aqua regia (4
ml), and boiled to dry three times. The mixture was dissolved in
distilled water (5 ml) and added into the glycine-hydrochloric
acid buffer solution (10 ml). The pH value of the solution was
adjusted to 2-3 by the addition of sulfosalicylic acid (5 drops,
100 g/L). The resulting solution was heated to 60 °C. The wine
colored solution was titrated with EDTA (0.01 mol/L) until the
solution was colorless. The Fe(IIl) ion content was determined
from the average value of three repeated measurements [16].

2.3. Detection of the template-monomer interaction and the
intervention of FeCl3

The template molecule (2.5 ml) was placed into a sample
cell of the UV-vis spectrometer, and then the functional mono-
mer (100 pl) was added repeatedly at room temperature. The
change of the UV absorption bands after each addition was
used to detect if there was template-monomer interaction. The
template-FeCls interaction and monomer-FeCls interaction
were also detected by a similar method [17].

2.4. Characterization

The morphology of the samples was observed by using a
JSM-6360LV scanning electron microscope (SEM). The Nz ad-
sorption-desorption experiments were performed at —196 °C
on a Micromeritics TriStar 3000 sorptometer. The sample was
degassed under 1.33 x 10-3 Pa at 80 °C overnight before meas-
urement. The analytical data were processed by the BET equa-
tion for surface area and by the BJH model for pore size distri-

Removal of
nitrobenzyl
AIBN, EGDMA alcohol
60 °C

Scheme 1. Preparation of the Fe(III)-MIP catalyst.
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bution. Fourier transform infrared spectra (FT-IR) were ob-
tained using KBr with a resolution of 2 cm-1 and scans in the
range 400-4000 cm-! using an AVATAR 370 spectrophotome-
ter. UV-vis spectra were recorded on a Perkin Elmer Lambda
19 UV-vis spectrophotometer in the range 200-600 nm.

2.5. Catalyst testing

In a typical experiment, Fe(IlI)-MIP (0.1 g), benzyl alcohol
derivatives (1.8 mmol), and deionized water (15 ml) were
charged in a 50 ml round bottom flask. The pH value was ad-
justed to 2. The mixture was heated to 80 °C under continuous
stirring. H20 (5 ml) containing 0.75 ml of H202 (30 wt%) was
added dropwise to the above mixture at a rate of 0.1 ml/min.
After the reaction, the mixture was cooled to room tempera-
ture. The reaction products were extracted with ethyl ether and
dried with anhydrous NazSO4. The products were analyzed by
an Agilent 6890N gas chromatograph (HP-624 capillary col-
umn, 30 m x 0.25 mm) with a flame ionization detector (FID)
using N2 as carrier gas and were further identified by GC-MS
using an HP 5790 series mass selective detector.

3. Results and discussion
3.1. Design of the Fe(Ill)-MIP

The molecular self-assembly of template-monomers is a
prerequisite for the fabrication of imprinting. Normally, de-
pending on the monomer-template interaction, the imprint is
achieved by arranging polymerizable monomers around a
guidable template. By assembling with a metal as the pivot, the
monomer and template are bridged through coordination
binding.

Taking the design of p-Fe(IlI)-MIP for example, Fig. 1(a)
presents the observed UV-vis spectra used to monitor the
p-NBA-FeCls interaction. Using the mole proportion recipe in
Section 2.3 as the control and an initial point, FeCl3 and p-NBA
were mixed. As shown in Fig. 1(a), the mixture containing equal
amounts of FeCls and p-NBA showed a characteristic band at
285 nm. The addition of more p-NBA resulted in a shift of the

UV absorption band with increasing absorbance. The shift in-
creased with an increase in the added amount. The shift in the
absorption band reached a maximum (290 nm) when the add-
ed p-NBA reached a critical value (corresponding to 5:1 of
p-NBA:Fe(III) molar ratio). Beyond the critical value, there was
no additional shift and only an increasing absorbance of the
absorption band was observed. These observations strongly
indicated an interaction existing between p-NBA and FeClz and
that the interaction was subsequently saturated by the adding
of the quintuple amount of p-NBA.

Figure 1(b) presents the observation of UV-vis spectra to
monitor the AM-FeCls interaction. Using the mole proportion
recipe in Section 2.3 as the control and an initial point, AM and
FeCls were mixed. As shown in Fig. 1(b), the mixture containing
AM and FeCls (2/1) showed a characteristic band at 271 nm. An
increase in the added amount of AM also resulted in a shift of
UV absorption band and increasing absorbance. The shift in the
absorption band achieved a maximum (274 nm) when the
added AM reached a critical value (corresponding to 8:1 of
AM:Fe(1II) molar ratio). Beyond the critical value, no additional
shift but only an increasing absorbance in the absorption band
was observed. These observations strongly indicated an inter-
action existing between AM and FeCls and that the interaction
was subsequently saturated by adding a stoichiometric amount
of AM.

The interaction between AM and p-NBA was also followed
by UV-vis spectra as shown in Fig. 1(c). Using the mole propor-
tion recipe in Section 2.3 as the control and an initial point, the
monomer and template were mixed. The mixture containing
equal amounts of AM and p-NBA showed a characteristic band
at 216 nm. Addition of AM resulted in a red shift of the UV ab-
sorption band and increasing absorbance. The shift in the ab-
sorption bands achieved a maximum (219 nm) when added AM
reached a critical value (corresponding to 4:1 of AM:p-NBA
molar ratio). Beyond the critical value, there was no additional
shift and only an increasing absorbance in the absorption band
was observed. It is the evidence that there is an interaction
between AM and p-NBA and that the interaction was subse-
quently saturated by adding a stoichiometric amount of AM.

Therefore, there were interactions between the monomer
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Fig. 1. UV-vis spectra of FeCls with the addition of p-NBA (a), of FeCls with the addition of AM (b), and of p-NBA with the addition of AM (c) at different
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and metal, the template and metal, and between the monomer
and template, and the interactions were saturated by adding a
stoichiometric amount of monomer or template. Too much
assembled monomer will give the binding framework a spatial
and steric mismatch with the template due to an over abun-
dance of functional groups (binding sites) that are distributed
randomly throughout the polymer. Too low an amount of as-
sembled monomer will give a polymer with an insufficient
quantity of functional groups to achieve complete self-assem-
bly. Thus, for the rational design of a highly specific imprint, a
stoichiometric amount of monomer is necessary. According to
the basic recipe (Section 2.1), 3 mmol of AM was employed to
synthesize these polymers. The p-NBA (0.75 mmol) was thus
used to be in accord with the stoichiometric saturated value
(4:1 of AM:p-NBA molar ratio). Based on the linkage of the piv-
ot, FeCls (0.525 mmol) is therefore required to achieve com-
plete self-assembly (i.e., the sum of (monomer/8) and (tem-
plate/5)). With this recipe, one can expect to get a binding
framework capable of stoichiometrically binding the imprint
species. This is a prerequisite for the preparation of highly spe-
cific imprints.

3.2. Characterization of the samples

3.2.1. SEM results

Figure 2 presents SEM images of the p-Fe(Ill)-MIP and
Fe(III)-NIP catalysts and the blank NIP. There were some cavi-
ties existing within p-Fe(Il)-MIP. From the preparation pro-
cess, these would be a consequence of imprinting. Using metal
as a pivot, the weak linkage between the monomer and tem-
plate now becomes a stronger coordination binding. After this
was fixed by polymerization, an imprint with a higher fidelity
was thus left behind. Furthermore, the obvious surface cavities
may be a result of the irregular accumulation of amorphous
MIP due to the participation of FeCls and p-NBA during the
polymerization. As expected, the absence of the template mol-
ecule in the polymerization led to less and smaller cavities
within the Fe(III)-NIP sample (Fig. 2(b)). The blank polymer
(NIP) presented a relatively smooth surface (Fig. 2(c)). Re-
garding the difference between the imprinted materials, it is
helpful to note the pivot role of the Fe(Ill) ion in the prepara-
tion process. As a result, the Fe(Il[)-MIP catalyst can be ex-
pected to display a higher specificity for the hydrolysis of the
imprint species. The imprinted cavity structure of the
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Fig. 3. Nitrogen adsorption isotherms (a) and pore size distribution (b)
of p-Fe(I11)-MIP (1), Fe(II)-NIP (2), and NIP (3)).

p-Fe(1I)-MIP sample was also confirmed by N2 adsorption iso-
therms.

3.2.2. N:adsorption isotherms

Nz adsorption isotherms that recorded the textural proper-
ties of p-Fe(IlI)-MIP, Fe(III)-NIP, and NIP are shown in Fig. 3.
The samples of p-Fe(IlI)-MIP and Fe(III)-NIP displayed typical
type 1V isotherms with a clear adsorption-desorption hystere-
sis loop at 0.4 < p/po < 0.8. The adsorption capacities of the two
samples increased dramatically at lower relative pressures
(p/po < 0.4), indicating the presence of micropores (diameter
<1.9 nm). The typical hysteresis loop at 0.4 < p/po< 0.8 in the
N2 adsorption isotherms of p-Fe(IlI)-MIP and Fe(III)-NIP indi-
cated the existence of some mesoporosity in the samples
[18,19], which resulted in capillary condensation and further
increased the adsorption capacity. At high relative pressure
(p/po > 0.9), the adsorption capacities increased rapidly, which
was probably due to the mesoporosity from the accumulation
of amorphous MIP. Meanwhile, the N2 adsorption isotherm
showed that there were no structural channels in blank NIP.
The textural properties of p-Fe(IlI)-MIP, Fe(III)-NIP, and NIP
are listed in Table 1. As expected, in comparison to Fe(III)-NIP,
p-Fe(IlI)-MIP possessed increased surface area, pore size, and
pore volume. In particular, the surface area of p-Fe(Ill)-MIP
was almost twice as large as that of Fe(III)-NIP. The results
further confirmed that the intimate participation of FeCls and

Fig. 2. SEM images of p-Fe(III)-MIP (a), Fe(III)-NIP (b), and NIP (c).
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Table 1 Table 2
Textural parameters of the samples. Oxidation of nitrobenzyl alcohol over the different catalysts.
Sample Ager/(m?/g) D/nm V/(cm3/g) Catalyst Conversion (%)
p-Fe(Il)-MIP 269 41 0.25 y 0-NBA m-NBA p-NBA
Fe(III)-NIP 149 3.9 0.17 — trace trace trace
NIP 27 — 0.09 NIP <5.0 <5.0 <5.0
o-Fe(II)-MIP 65 37 51

i ) o . N m-Fe(lII)-MIP 39 69 58
p NBA dl..lI‘ll‘lg the polymerization that res.ulte.d in the. 1mpr1nt.ed p-Fe(1ll)-MIP 36 42 80
cavities in the p-Fe(IlI)-MIP sample, which is consistent with Fe(I1)-NIP 34 33 49

SEM results.

3.2.3. FT-IR results

The p-Fe(Ill)-MIP, Fe(III)-NIP, and NIP samples were char-
acterized by FT-IR spectroscopy. As shown in Fig. 4, beyond the
fingerprint area, there were three main absorption bands in the
spectra in the ranges of 3400-3700, 2700-3200, and
1500-1800 cm-!, which can be assigned to the stretching of
N-H/C-H, C=N, and C-N, respectively [20]. The absorption
bands in the fingerprint area were from the C-C stretch [21].
The spectra of p-NBA and catalyst precursor with p-NBA are
also presented in Fig. 4 for comparison. As observed, the tem-
plate molecule of p-NBA displayed the O-H stretching band at
3510 cm-1, while this absorption band was shifted to 3443 cm-!
in the spectrum of the catalyst precursor, which confirmed the
formation of coordination binding between the hydroxyl group
(-OH) of p-NBA and the metal ion in the catalyst precursor.
After Soxhlet extraction with a mixture of methanol and acetic
acid (9/1, v/v), this characteristic absorption band associated
with p-NBA was dramatically decreased to almost the same
intensity as that of the blank polymer. The results showed that
the template molecule of p-NBA was eluted, leaving behind the
intact Fe(III)-MIP sample with the specific imprinted cavities.

3.3.  Catalytic activity of the catalysts

3.3.1. Oxidation of single nitrobenzyl alcohol

Table 2 summarizes the catalytic activity of the synthesized
NIP, Fe(IlI)-NIP, and the o-, m-, p-Fe(IlI)-NIP catalysts in the
oxidation of benzyl alcohol derivatives in water using 30%

3443
(5) l
@
g e
£ @
e
/4
3510

e b e b e b b by PR |
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 4. FT-IR spectra of p-NBA (1), NIP (2), Fe(III)-NIP (3), p-Fe(III)-MIP
(4), and p-Fe(I11)-MIP precursor (5).

Reaction conditions: catalyst 0.1 g, substrate 1.8 mmol, 30% H:0: 0.75
ml, H20 15 ml, 80°C, 4 h.

H20: as the oxidant. As shown in Table 2, there was no conver-
sion of nitrobenzyl alcohol without a catalyst or with the NIP.
The conversion of the benzyl alcohol derivatives to the corre-
sponding benzaldehyde increased significantly when
Fe(III)-NIP or Fe(III)-MIP was used as the catalyst, indicating
the need for the Fe(lll) ion under the conditions employed
here. It is noteworthy that the Fe(III)-MIP catalyst exhibited
specific substrate recognition in the oxidation. When o-NBA
was used as the substrate, the o-Fe(IlI)-MIP catalyst showed
the highest activity with 65% conversion within 4 h at 80 °C.
However, m-Fe(I11)-MIP, p-Fe(1l1)-MIP, and Fe(I1I)-NIP were far
less active compared to o-Fe(ll[)-MIP, and they gave only
34%-39% conversion under the same conditions. The differ-
ence in catalytic activity is related to the imprinted cavity
structure of the Fe(IlI)-MIP samples. o-Fe(Ill)-MIP, with im-
printed cavities complementary to 0-NBA in terms of the shape
and position of functional groups, showed a substantially in-
creased affinity for o-NBA, which therefore enhanced the reac-
tivity [22,23]. While, the less suitable fit in shape and structure
between 0-NBA and the imprinted cavities in m-Fe(III)-MIP,
p-Fe(1II)-MIP, and Fe(III)-NIP resulted in less efficient catalysts
in the oxidation. The m-Fe(III)-MIP sample was also found to
exhibit the highest activity in the oxidation of m-NBA, affording
69% conversion. Only 33%-42% conversion were obtained
with o-Fe(ll[)-MIP, p-Fe(IlI)-MIP, or Fe(Ill)-NIP as catalysts.
Likewise, p-Fe(III)-MIP showed the highest activity in the oxi-
dation of the p-NBA due to the better affinity with p-NBA. The
results confirmed that constructing the catalytic active center
with a specific structure and function in the imprinted cavities
of the MIPs endowed the polymer with catalytic activity and
specific substrate recognition. The imprinted cavities in the
MIC were responsible for the substrate recognition and the
accelerated reaction rate. As expected, non-specific substrate
recognition was observed with Fe(III)-NIP in the oxidation of
0-, m-, and p-NBA due to the absence of imprinted cavities.

3.3.2. Oxidation of mixed nitrobenzyl alcohol

To provide further insight into the specific substrate recog-
nition of the Fe(IIl)-MIP samples, comparative reaction studies
were performed using mixed o-, m-, and p-NBA as the sub-
strate. The results are summarized in Table 3. The Fe(IlI)-MIP
samples showed highly specific substrate recognition and ca-
talysis towards the imprint species during the oxidation. When
o-Fe(III)-MIP was used as the catalyst, 0-NBA had the highest
conversion of the benzyl alcohol derivatives in the mixed sub-
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Table 3
Oxidation of mixed nitrobenzyl alcohol over the different catalysts.

Conversion (%)

Catalyst 0-NBA m-NBA p-NBA
o-Fe(11I)-MIP 70 28 31
m-Fe(III)-MIP 27 72 32
p-Fe(ll)-MIP 29 40 85

Reaction conditions: catalyst 0.1 g, mixed nitrobenzyl alcohols (0.6
mmol 0-NBA, 0.6 mmol m-NBA, and 0.6 mmol p-NBA) 1.8 mmol, 30%
H202 0.75 ml, H20 15 ml, 80°C, 4 h.

strates. The 70% conversion of 0-NBA was obtained within 4 h
at 80 °C. This can be explained by that the structure of 0-NBA is
complementary to the imprinted cavities and binding sites of
o-Fe(III)-MIP in terms of the shape and position of the func-
tional groups. A mismatch effect was observed for m-NBA and
p-NBA, and only 28% and 31% conversions were obtained,
respectively. Also, m-NBA was the most reactive of the benzyl
alcohol derivatives in the mixed substrates when m-Fe(III)-MIP
was used as the catalyst. Moreover, p-Fe(IlI)-MIP was more
reactive toward p-NBA due to a greater affinity. These results
provided further evidence for the specific substrate recognition
of the Fe(III)-MIPs.

3.3.3. Influence of reaction time

The reaction time played an important effect on the specific
substrate recognition of the Fe(III)-MIPs. The relationship be-
tween reaction time and specific substrate recognition of the o-,
m-, and p-Fe(III)-MIP in the oxidation of benzyl alcohol deriva-
tives was investigated. The results are illustrated in Fig. 5. In
general, a prolonged reaction time favored high conversion as
well as specific substrate recognition. The best imprinting ef-
fect for all the Fe(III)-MIPs was observed at 4 h. When 0-NBA
was used as the substrate, the o-Fe(IlI)-MIP exhibited much
higher activity, affording 65% conversion at 4 h, while the con-
version of 0-NBA over m-Fe(IIl)-MIP or p-Fe(IlI)-MIP was neg-
ligible. The imprinting factors of m-Fe(Ill)-MIP and
p-Fe(1lI)-MIP (ratio of the catalysis by o-Fe(IlI)-MIP compared
to m-Fe(III)-MIP and p-Fe(III)-MIP) are 1.67 and 1.81, respec-
tively. The imprinting factor decreased with prolonged reaction
time although the conversion of 0-NBA increased. The reduced
imprinting effect would be due to the access of the mismatched
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Fig. 5. Effect of reaction time on the oxidation of 0-NBA (a), m-NBA (b),
and p-NBA (c) over catalysts o-Fe(III)-MIP (1), m-Fe(IlI)-MIP (2), and
p-Fe(IIN)-MIP (3).

Conversion (%)

substrate into the imprinted cavities in the oxidation after pro-
longed reaction time. A similar effect of reaction time on the
specific substrate recognition of the Fe(IlI)-MIPs was also ob-
served in the oxidation of m-NBA and p-NBA (Fig. 5(b) and (c)).
The results further confirmed that the molecular recognition
and specific catalysis by Fe(IlI)-MIPs is a result of shape and
structure complementarity between the imprinted cavities and
substrate.

4. Conclusions

Highly substrate-selective Fe(III)-MIPs were prepared by
using the templates of 0-, m-, or p-NBA and a ferric(III) trichlo-
ride complex. By combining a template-imprinted memory
with Fe(Ill) ion active sites, the polymer catalysts showed
highly specific molecular recognition and catalysis toward the
imprint species in the oxidation of benzyl alcohol derivatives in
water with 30% H202. Therefore, the molecular imprinting
technique offers potential for developing tailored catalysts for
special substrates.
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P A AL R B3 T-58%. 1X KB Fe(I11)-MIPHE (b 71 254 v HAT 5 )4 43 VT BC A BRI 23 Ji 5 R i, R 2 3R B &
— U, BITHE S T AR R B

KR TR REY, BN, SREEEATAEYD, AR IR

§ 5 B 9 2013-01-09. #:% H #1: 2013-05-14. 4 iz H #1: 2013-08-20.

*3E B R AL HiE: (0731)88872576; 1£ E: (0731)88872531; ., F 1z 44: yiyangtanrong@126.com

“E B £ AL B iE: (0731)88872576; & H: (0731)88872531; ., F 12 44: yindh@hunnu.edu.cn

e kF: B R EKHFL4(21003044, 20973057); ## 4 B K HHF A 4£(101)6028); ## 4 % F T & AR E0 # E A

AR SC B 3 ST H, F AR i Elsevier iRt 7E ScienceDirect E 4 fg (http://www.sciencedirect.com/science/journal/18722067).

MIPE[TIE 2 [ AR S A R Bk 45 A AN D RE (R AL T 1
O, NBEUE T PR R R R R DT R T — 2%
Hrg e,

FETRE AR SRR 7> T TR, )@ 7 IR

1. A

illl

59T EE £ D (MIP) & — R 2 1] Gy R 5 fr
25 S A T R A A S R R Y, 1

FUEEEM . ARG AR, BB, 25
WDERE S Iy B BRSO R B Y R A O L Tt 3
B yE A S L AR B R T 5 Ty ik
P 25 A AR 7, IR F0 8 TR E . RSB
8 45 AR 1) 8 A AL R 1) 23 T BN I R A AL R
(MIC), AT DA 1 26 FH 3 24 IO B R i BT % — iR
S e PR B 2 O, L AT DI i 30 FH 3 24 ) B AR A 2
IR R 5 D UL e 1) 45 5 0 5 LA AL AR T
T PRI DA, A AT R B Y e e A e . DRI, A

A G B S HE RO P Y, BRI T 4 B IR HiE )
T8 CRIAEARAA AR P D 2, 7T 5 b 18 v BV AR ) R
JEE, {737 BV IR A0 B B A AL TR i R A e L X
FAT X R BUR B — IR K ZhBE, AT 3R =i fiE AL
PR R B ECO. DR, BT 4 T B IR A SR
<5 AR AP 7R B H TR A VR 03 A 0o i v e A 7R e R 3k
B AT B S B 1R 5 SO N A

7% F AT AR ) e B S A 2R R L ) SR A S )
TR A S A AL A A Bl £ B B i R, A
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T 4 5% R ARG T2 K2 R R R Ak
A, AP AR P R ) A% R RN R S G ) R A
W G IR ML) SO B G R L2 A A=
B FETFe(IN)TE LAH 0, 8 SR 13 £ 1 S Ak
IS PR S A T DR 4 T S A T A B
R 43 - B3 58 6 DA A TR AR s A A A T A2 ) R 4
TER, BATRHA 5 FEREF A, 4373 Lho-, m-Flp-fiff 2K
HIEE(NBA) 5 FeClo WAL & 0 AR 73 F, 125 F BNl s
i PR R Fe(NIT AL V5 1 Hp oy, BTt FE & T X B 11 43
T E IR AW sk Fe(I) i 4k 7 o-Fe(ll)-MIP,
m-Fe(111)-MIP Flp-Fe(11)-MIP, 72 % 1 &A1 LK N i
7911, 30% HoOp Ay A8 A, 771 ) R I A58 36 1 A4 s 7 110 A
ATE AR A PR .

2. SLWESD

2.1. Fe(11)-MIPRYEI&

0-NBA, m-NBA, p-NBA, 4 i i (AM), — 2 Jfi %
RN F L I 7 R IS (EGDMA) Y Alfa Aesariz 7], FeCls,
B2 5 T 5 (AIBN), — i 3 T A (DMSO) F1 F 24y [
FERF. SN A FIZNaH B CaH, [ 7K 5 13 .

4% - BRI B8 A W Fe (L) -MIP (1 1) 4% n B R LT 7.
#0.525 mmol & 7K FeCl3 A10.75 mmol o-NBAI A 215 ml
255 mI DMSOMIR G T, IR FHE, H A3
mmol AM, 15 mmol EGDMAF10.1 g AIBN, 7¢ 43 1§ % #2
&), RS 4220 mIBE R, RS, JEN,L5 minfk
O,, A I, 60 'CHAGI KR E24 h. REVI R G
W BE 330200 H 57, FH P ER (9 m) i3k, R L8R
(AL 9:1) VR A W AE BB, 2R IR AR B e B AR 43 7,
LA B R A TS A AN AR 7. BRI,
T 40 CHZ TS, 13305 1 BN R G W) U m)
Fe(I) {1k 51, i Ao-Fe(1Il)-MIP. 1t4F, 43 5] PAm-NBA
Jp-NBA 5 T 7K FeCl [ L & 9 A AR AR 43 1, [R5 4%
m-Fe(111)-MIPFp-Fe(l11)-MIP. X F4& &3 ik, ME b
= AR AR Fe(II) F & R A AH 1R, 2925 0.030
mmol/g.

T EEL, A% T A E AR S A YI(NIP) B K
2 AE B3R B8 A 11 B B Fe (1) HE AL 75 (Fe(111)-NIP), i1 4%
T FRBRAN IR 73141, HE i AE S o-Fe(111)-MIPAH[A].
22. BEUFISKESEHNE

FRELZ10.1 gfi £k 57, 7£500-600 °CHEHE5 h, [ 2518
I BIA LS, H AR R Bk EE A e 7 BN HE T,
IINA mIEK, 2T, B3R, IS mIZE /K

AR AR, J5 IIN10 mIZ L 2R - 3R BR 2% vh s i, 1Y
pH = 2-3, i A\ 53 s 25 7K #% 12 (100 g/L), BT 45396 ¥ #4
F]60°C, FIEDTA A ¥ (0.01 mol/L) ¥ 52 2 ¥ 41 0 4 2%
AT 3R, BP0,
2.3. FeCl5ThRE SR A RAEIR 4 F 814 E1E F B9 H i

FEF R T, HL2.5 mIBE AR AW T 48 - 1T LG i K
Wt A X100 pl Ty BE SRR VAR N AR,
o B 5 R S T VU ' E (AR A SR i AR AR 23
SR AR EAE R, SR BUHE, J3 0K Ty e B A R A%
BN ZIFeCl I, FI &8 UOR A 5 TR
A FE T,
2.4. ENFIRFRIE

1k 70 T 3 B ISM-6360LV 7Y 1 4 H T & ik B
(SEM)MLEL. FF i 1) LU 2 1H AR AN L 45 74 7E Micromeritics
TriStar 3000 7 4 #2 W Bt 4% - F—196 °Cll 5&, #f 5 7£.80
°C R 2 AL EE 2 JE 71/NT1 x 107° Pa, LR AR
HBETVETHE, FLA2 7 i R HBIH TR THE. ZL4h ki
(FT-IR)IISEZEAVATAR 370FI 21 AN F kAT, $4
70 [E14000-400 cm™, 2 HE 32 em™. 48 4b- AT WL (UV-vis)
W IR B 72 Perkin Elmer/A &) Lambda 197 UV-vis Yt B4
W, K TG 200-600 nm.
2.5, fEALTIME RN

7£50 ml 3] J& b il A 4Kk i A 0.1 g Fe(IlT)-MIP, 1.8
mmol NBAFI15 ml 2 877K, T MpHIE 2, HiFt T
hn#44280 °C. #£0.75 mhid AL E(30%) FH5 ml 2= & 17K
FikEJE, LLO.1 mi/min ()35 i 22 18 i N I ik R rp. [
SERUE, B E R, FH CBREIBIR, A AP, B
7K Na,SO, T8, 724K FIHP 579084 GC-MS1¥ 52 P, F
Agilent 68907 SAH (A 1A% 5E & 43 AT

3. ZR5ITR

3.1. Fe(I11)-MIPHYi& it

B 53 5 Dy e B A4 2 8] ) [ 2H 2% 2 ) gt B 2
RETATHR. 2R 5 Bk A B 5, SR D Re
(15 [7) iy HE 2 LEARAR A BB, TR pl— A 1 A e IR 2 21 4%
M. &8 B SRR T T, 156 T Ak AR A 5 R
Iy FIEE &8 5 2 T R O A B8 g Rk, IR T M RE
FAAAR SR B AR S AR .

LA p-Fe(111)-MIP ] ¥ 1t Jy il . £ FeCls ¥ ¥ (0.2
mmol/L) H i1 N AH [F] ¥R FE 1 p-NBA, Wi 8278 & ¥ 1 1)
UV-visytiti 454k, ILEIL(a). T LLE H, 24FeCla 554 4
T p-NBAZE BE /R IR & I, ¥ VR AE 285 nm A H I IR YAz Ui
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b & p-NBA R & 14 0, 06 Kk A Ar ke, BB BE 32 i 3
. X R FeCl 5p-NBAZ B &4 THI HAEH. R
FeCla fIp-NBARI 45 14, P 3 2 18] (1 /E FH B 1% A2 e A 20
B Mp-NBANNI A & FeCls 1545 I, 47 E 48 4 e
K IA B 5 K 9290 nm. E— 25 I\ p-NBA, FF1iE 5 4K
WA Og B B 38 T i A A AR 4. AL, FeCla 5 p-NBAZ
VF1) S T A 0 2 P P o7 41 255 P A 2 B B N LS.

7EFeCla¥A ¥ (0.2 mmol/L) H in A AH R B2 i T BE 5
A, WL E AT 2 18] (4 AH ELAE F X UV-vis ot i ¥ 52,
5 R W L(b). AM/IFeCIBE /R L N 2:10, B &V A
271 nmAb H B, FLBE TR GV AME R 3 0
MRS, %45 FAUES T FeClabk T 5 p-NBAZ [A] £+
EEGERSL, 165 D) fe sk AMZ (8147 75 A8 A .
4 AM/FeCl3 B 7K L Ry 8: 11, 4RI 48 AR AT e 0k 3] d
KoN274 nm; BE— 518 IIAM F B, R AE 28 A W AT U i
IS IIAE LA B AR, PR, AM 5 FeCla 2 [A] 52 B 58
AR A A 1 R LG 8L,

7E p-NBA A 7(0.2 mmol/L) 5 il N AH [] 36 £ 1AM,
METRA R IUV-vis Gl Bk, 45 R E1(c). FTLLE
H, BAMEp-NBAZE B A, VR A IAE216 nmAk H
BRI, 24 AM 5 p-NBAEE /R L3 2 4: 10, 1% W g
WAL A% 22219 nm, UE B [ 2H 2R AH AR R B A,
E— B EEIMAMA &, WG FE R, (RS g4y B %A W
B, DRI, AM SRS T p-NBAZ (8] 5L 56 4 A2 BE
G EE IR L 41

gE LRI, PR EER . S5 E&E. SRS SR
ZAEAERCR AR BLAE A, I B 2930 s Ak st 2= —
S BRI, X R AR R BIRT. o ) SR B i
FREN 28 SR JE BB 45 s i T, 5 80 7 R S AR AR
A AIHEBIASKIAR; 1B AA T A A Bk S A ) v 25
GO H A, TR GRAIE e AR 4 T H 43
e, R 2T 2 0 AR AR i S8 A AR FE I B 4L
AT A BIMIPSHE AL 75 5 AM A 3 mmol, p-NBA A &
0.75 mmol, FeCl;FH#:0.525 mmol.
3.2, fEWFISRLE
321 SEMZFERIELER

P 2 1 p-Fe(I11)-MIP, Fe(111)-NIP F1NIP £ f ft] SEM
FE A, AT LA, p-Fe(11)-MIP B A5 B & 1) 26 T 45 i 45
M. X2 T R A 52 FeCla fip-NBA 1 3L [F] 52 i,
AR R SR A Y BORLTG E TE A HLAS e B ST HERR, AT T Ak
THERVRL A . X PR HERR A A s SR AR 4> TR B R
(1 B 2 O LB, A R T R B FEER A YA

P HOT Bk B . A IR 43 1 i Fe(111)-NIP, £
TRE IR P AZER 7 F M52, Yol 5 R mEo6,
B EHER D, e ARG YINIPE NS, &
W, AR W R s g, 455K, Lip-NBA S
FeClaZ& &M NAEMR 53, AN AT AAE SR & W &t g v g 2t
25 () ST ARG R RN 5 B 7 s S AR 43 1 52 4 DG 1) B
A7 X, T HL ] DAE SRS MR R il 2 B 58 I HERR Y
2, A R T mMIPSH R BE
3.2.2. N, IRPH-B IsE R

3l p-Fe(111)-MIP, Fe(111)-N1P FTNIP £ & 1) N, IR
- i PR 45 3 2 B FL A o0 AT T k. el AT AL, p-Fe(1N)-
MIPFIFe(111)-NIPFE it &5 5 26 351 0 #L BT IV B, 5501 2
p-Fe(I11)-MIP (17 W Fff it 28 7E1K 1% X (p/po < 0.4) b FHELR,
KA — € 2 B BSL(HL1E< 1.9 nm). 240.4 < p/po
< 0.8, X P AL} FT N S IR 2k A7 A2 — N 5 B8, R
TFAETR A LIS o A 7 BANEER, (% Rt — 25
#an. 1E 4 & 3(b), p-Fe(111)-MIPFIFe(111)-NIP A4 K} H1 1)
FAEFLAE 4.0 nmZE A A FL. 2p/po > 0.91F, W it &7
SRR BN, X W RS TC E T A W RURL I i T HERR AL
SHEH. NIPEERINIA B G R BFLESN. R1GH T L
AL S M. TRt p-Fe(1)-MIP I FLA%
FLARFA A L 2R 1 AR 28 = F-Fe(11)-NIP. oAb EL 3R THI AL
P Fe(I)-NIPHI 265, 1X 3K W p-Fe(111)-MIPHEAL 75 &
Tt 2 H 32 FeCl Fp-NBA [ 3L [A) 52 i, 5 3036 1 25 i 4
K. X EHSEMZE B %,
3.23. FT-IRER

KA MHEAR 73 Fp-NBA, 2= AR A YINIP, Fe(111)-NIP,
p-Fe(11)-MIP LL A2 A it KR B 43 5 ) p-Fe(111)-MIP i 44
MIFT-IRiE. W LLE H, # 4k T-3400-3700, 2700-3200 71
1500-1800 cmi™ &b H 3L 147 W YA e 43 73] U1 i - N—-H/C—H,
C=NFHIC-NH 4R, B 4MEFR LUK F 5 2 C-Clig
FER B P, B 2 T p-NBAFE 3510 e b HH FL
B 2 JE A A RO ;1T 7 p-Fe (LD -MIP R 4 Y, %45 1E
WAL U % 5113443 cm b, I SEFE SRS R RE PR 4 T
MR S SR TR T &R, £
FR (AR EL9:1) TR A M R IREE UM BR AR 73 T )5, X AE
U VH 2R, 2R BB AR 43 1 4 e . p-Fe(111)-MIP, NIP Al
Fe(I11)-NIPKIFT- IR B A — 2, W it BB i 7
BE IR R G
33, TREMELFIBELENE
33.1. B—NBASHLRRN

T2 HFESAE LA, A AR
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0-NBA, m-NBAE p-NBAS b [ B2 H ) AL 1 e HHER
AL, TEAEAG B LL 2 RS PINIP S AL A, B R
SEREER A, 2 LLFe(1N-NIPEEFe(111)-MIP A AL 7,
NBA S AL A2 Bl oK H S 1 36 PR B R . LU &
Fe(I11)-MIPE AL 71 32 B HS B B IR0 1R 7. Lho-NBA
WD, o-Fe(111)-MIP ) {44 35 14 #5¢ , 80 °C e %4 h,
JEE A AL 65%; T AH [F) S 82 2% 11, m-Fe(111)-MIP,
p-Fe(111)-MIPFITFe(I11)-NIP I fHE AL TE PEAR 24, SR %
1 H134%-39%. i 7€ 12 58 45 S R I, 3 DU A i Ak 7
Fe & &4 B2 2 5, £1°50.030 mmol/g. Bk, i i fi
700 3 1 22 00 DR L SR B s i 2 R A O]
o-Fe(I11)-MIP & 45 5 & 7 (0-NBA) £ #4141 [7] (1 B[ 728 ==
s FARU AL R, A ) T 2 08 1 b I B 47, R b T 4
it b 7 E 222 m-Fe(111)-MIP, p-Fe(111)-MIP F1
Fe(111)-NIP&E ¥4 o 5 45 55 0-NBASZE 1 T L 1 ElTiZE 25 s Al
P AL, BRI FE 0-NBASAY SR H ) i A v PR IS T
o-Fe(l11)-MIP. m-Fe(l11)-MIPX} m-NBA% AL J v & B HH
B A TE TR, R W) B AL R RT3k 69%,; T b
o-Fe(111)-MIP, p-Fe(I11)-MIP F1 Fe(111)-NIP Jy {§ 1k 5] B,
JES W B Ak R AN Ol 33%—42%.  [A] B Hi, p-Fe(111)-MIP Xt
p-NBAZL I H B A TE L. et m] L, 78 LURY) 73
TR T 1 43 BV 325 3R 4 B 2 o ) A A A
TP o T AR A A R B A B AR SRR S P e, BB
W T S R 2, S i k. Sk Fe (1) ) A B 2
EEYFe(1)-NIPEE 2544 th %A 5 A 431 UL AL 1) B 28
IR, AR NBASEAL SR H A B TR P R
33.2. EANBASILRR

2% 3y 0-Fe(111)-MIP, m-Fe(l11)-MIP 1 p-Fe(111)-MIP
BE i 7E0-NBA, m-NBAFIp-NBAZE & & W A AL S v o
AL RE. HER AT L, 24 LLo-Fe(111)-MIP A i 4471 B,
o-NBAM A4 5 51, 80 °C I %4 hoy70%. 1] H e i
NBAR AL ZAH 2, H W& FAK. o-Fe(lll)-MIPHA 5
B IR (1 0-NBASS K4 AR [ ¥ B 328 2 i AR AL R, A
FIF 3 5 1 Hh R Bt o-NBA; T H & I MINBAH A 5
0-Fe(111)-MIP £ 4 UL G 1) B 325 = Jis AR A7 i, FERe AL
FEFo-NBAMIMK. [EFEH, m-Fe(ll)-MIPXH R & JE ¥ b
(FIm-NBAZR I H 5 i (AR Ak 35 1, A6 AL %6 ] 1A 72%,
1M 0- A p-NBA [ ¥ {¥. 22 43 1l A 5 27% F132%. 1t 4,
p-Fe(111)-MIPXI VR & JEE A7) v i p-NBAZR L HH 55 v R fRE AL
T, FE Ak 2T IA 85%, T i 1k o- FIm-NBA [ 4 1k %
53 A 29%H140%. X — P UESE T LARA 71 i

BRI 73 E12E 5 ) H A kR (R A 1R il P R
333, RNAERIFN

43l Lho-, m-FIp-NBA N Y], 25 5L 1 J W I [a] %
o-Fe(l11)-MIP, m-Fe(111)-MIP Flp-Fe(111)-MIP A4 74 BE
s, 25 LS. W DUE B A R B A X
Fe(I11)-MIPE Je Wik 5 rp 25 3 I HS W Sk 1) e P iR o)
R, BB SO A (R ZE K, NBA K B 4k 2 2 2l 48 K,
JEADAR A e A B B W 2. [ R4 iR, BJI3ZE 24N ik 3]
K. LLo-NBANJEYIHT, o-Fe(I1)-MIPHE AL 75 ¥ ¢ =,
S8 4 h o-NBA I % 14 2 4 65%, 1 m-Fe(I11)-MIP F
p-Fe(111)-MIP 1% 43 7] 7 39% i1 36% (o-Fe(l11)-MIP 5
m-Fe(111)-MIP fi 1k ¥5 14 1) Lk 2 4 1.67, o-Fe(111)-MIP 5
p-Fe(111)-MIPH AL 3 14 1 L 2 9 1.81). S S B2 H 1] &2
6 h, o-Fe(l11)-MIP_Lo-NBAX: X, 23 1 22 72%, 11 'K A1 731
PEREA BT T % (0-Fe(111)-MIP5 m-Fe(11)-MIPHE LI PE 1)
Lt 2 N 1.44, o-Fe(111)-MIP 5 p-Fe(111)-MIP{# A4 75 P 1 th
#N1.38). X 0] RE A PR NI E] S KA TR HE, A8
NIESE ek v BN UN NP Sl VeS|
TEALTE YA He i, AT B T EIZE 25 X HA SR A R ) 1 .
H 15 B K2, LLo-NBA N JE ¥ i, m-Fe(111)-MIP FlI
p-Fe(111)-MIP34 KA BAG 55 Jes 47 DT IE F B 325 25 o i 22 B
HBU AL TE . PAm-NBA N JE I, m-Fe(111)-MIP
AR 11 5 5, IO 4 hi% Ak 28 5869%; 11 o-Fe(111)-MIP
Hip-Fe(HN)-MIPIE AR Y, N4 hisf m-NBAX: L2535l
X A 37% F1 42%. [&] ¥ b, 7€ p-NBA % 1L & B o,
p-Fe(111)-MIPZ I H 55 i IR HE AL TGP, S 4 hisf FL A%k
ik F/80%; 1fij o-Fe(111)-MIP ATm-Fe(111)-MIP{# 1k 5 |
55 Ak 2R 3 AN A 58% Fi149%. I 3k — 5 i W 1l 4
Fe(111)-MIPHE Ak 71| B A 5 AR RLEA) 56 42 VT C R I 1 25 i
S5 S 5 IR E e EAN I 2 A O A5, DR ETE S R AR
R I R — IR A R

4. ZEip

43 5 BLo-, m-F1p-NBA 5 FeCls FI it & 4 AR, il
#% 1 XFo-, m-Flp-NBAG A H il 14 1) 73— B9 E fe 44 771
o-Fe(111)-MIP, m-Fe(111)-MIP F1p-Fe(l11)-MIP. 7E LL/K N
T, I A SO AR I 2K B AT A I A A
REeb, 2 SRR A B A L e A 1, T HR B
HRF IR B AR I 1t . DRI, 2k A R B A TR
A, AT O — SRR R 25 A R A B AL SR A S ST
A A TR LT L.
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