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Abstract Insoluble B-cyclodextrin polymers were prepared from B-cyclodextrin (B-CD) using epichlorohydrin
(EPI) as crosslinking agent under basic conditions. The polymers were characterized by Fourier Transform Infrared
(FTIR), Thermogravimetry (TG), X-ray diffraction (XRD) and TG-FTIR. The results demonstrated that the polym-
erization between EPI and B-CD indeed occurred, and a number of CD rings were interconnected to form a
three-dimensional network. Moreover, different factors influencing the polymerization, e.g. molar ratio of EPI to
B-CD, the concentration of NaOH and reaction temperature, have been investigated. The polymer prepared under
the optimal conditions (the molar ratio EPI: B-CD of 44, the NaOH concentration 50% in mass, and the temperature
at 65 °C) showed excellent thermal stability and insolubility in organic solvents or strong acid/base. In addition, the
B-cyclodextrin polymers also presented high catalytic activity for aqueous oxidation of benzyl alcohol with hy-

pochlorite as oxidant.
Keywords

1 INTRODUCTION

Cyclodexrtrin (abbreviated as CD) is cyclic oli-
gosaccharide composed of six, seven or eight glu-
copiranose units linked by glycosidic bonds (as a,
and y-CD, respectively) [1]. They have a hollow trun-
cated cone shape that is hydrophilic at the periphery
and hydrophobic in the central cavity. It is known that
B-cyclodexrtrins (abbreviated as f-CD) can form in-
clusion complexes with different guest molecules in
aqueous solution or in the solid state [2]. Hence, B-CD
has been widely employed in various organic reactions
e.g. oxidation, reduction, ring opening and hydrolysis
in aqueous solution [3]. However, for the reactions
catalyzed by B-CD in previous works [4-11], generally
large amount of solvent is required for extracting or-
ganic compounds from the mixture and recycling
B-CD catalyst, making these processes less benign.
Therefore, immobilization of B-CD is crucial for the
industrial applications of those reaction systems.

Insoluble B-CD polymer (abbreviated as f-CDP)
is drawing much attention due to its recyclability, easy
recovery and cost-effectiveness [12]. It has been widely
used in many fields, e.g. chemistry (organic and polymer
synthesis) [13-16] and catalysis (oxidation, reduction,
substitution reaction and so on) [17-19]. Two synthetic
methods have been applied to prepare insoluble 3-CD
polymer. One is that B-CD molecules are attached as
pendent groups on other polymer chains via radical
polymerization of the functional B-CD monomers
such as acrylolyl cyclodextrin (B-CD-A) [20]. Through
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the reaction of B-CD molecules with bifunctional
crosslinking agents such as epichlorohydrin (abbrevi-
ated as EPI) is another way to prepare B-CDP [21, 22].

The preparation [23-27], characterization [28, 29],
properties [30, 31] and application [32, 33] of B-CD
polymers have been well investigated. The B-CD poly-
mers also showed excellent catalytic activity for the
oxidation of benzyl alcohol, which is comparable with
B-CD [5]. Properties of the insoluble B-CD polymers
would be influenced by the preparation process.
However, few publications were reported on polym-
erization process in order to obtain insoluble polymers
of different crosslinking degrees. In this paper, the
controllable preparation of insoluble B-cyclodextrin
polymers and precise tuning of their performances
were well demonstrated by Fourier Transform Infrared
(FTIR) and Thermogravimetry (TG). These catalysts
are metal-free, making these processes more environ-
mentally-friendly.

2 EXPERIMENTAL

2.1 Materials and reagents

B-CD (=99.0%, Shanghai Boao Corp , China),
epichlorohydrin (EPI, analytical grade, Tianjin Damao
Chemical Reagent Factory, China). All other chemi-
cals were purchased from Guangzhou Chemical Re-
agent Factory, China. All reagents and solvents were
of analytical grade and used without further purifica-
tion unless indicated.
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2.2 Polymer synthesis

According to previous reports [22, 25, 27], a typi-
cal procedure for preparing p-CD polymer was de-
scribed as follows. B-CD (5 g, 0.44 mmol) was mixed
with 8 ml NaOH (50%, by mass) solution and me-
chanically stirred for 20 min till B-CD was dissolved
completely. Then, 15 ml EPI was added in dropwise
as the mixture was heated gently up to 65 °C. The re-
action mixture was polymerlzed at 65 °C under vig-
orous stirring (200 rmin”"). After stirring for about
1-2 h, precipitate could be observed, and the viscosity
of the solution was also increased. The solution was
mixed with 100 ml acetone, and the insoluble polymers
were poured into water. The resultant product was
filtrated, and further washed with acetone in a Soxhlet
extractor for 24 h. After drying in vacuum oven at
80 °C for 12 h, the polymer product was crushed and
granulated to 160-250 pm in diameter.

2.3 Characterization

The FTIR spectra of the samples were measured
by KBr pellet. All the infrared spectra were recorded
on a Bruker TENSOR 37 FTIR spectrometer with the
wavenumber rangmg from 400 to 4000 cm ™' and resolu-
tion of 4 cm™. The X-ray powder diffraction (XRD)
patterns were measured on a Rigaku Denki MAX IIT
diffractometer with Na-filtered Cu K, radiation. Step-
scans were recorded for all samples in the § range of
5°-80°. The XRD peaks were analyzed using the Ri-
gaku program ‘JADE-5’. Thermogravimetry Analysis
(TGA) experiments were performed on a Netzsch
STA-449C thermal analysis system The flow rate of
nitrogen was about 40 ml'min_' and a heating rate of
10 °C'min~" was employed. For TG-FTIR measure-
ments, the transfer line and the head of the TG balance
were heated at a constant temperature of 320 °C and
the spectral region was 4000-400 cm ™.

2.4 Measurement of B-CD content in B-CDP

B-CD content of water-insoluble polymers was

determined via elemental analysis on a Vario EL ana-
lyzer (Elementar Analysensysteme, Hanau, Germany).
The results were corrected taking into account the
humidity of the samples, obtained from thermogra-
vimetry analysis (Netzsch, STA-449C) as previously
reported [34]. For water-soluble polymers, the content
of B-CD was measured using the determination of re-
ducing sugars with tetrazolium blue after acidic hy-
drolysis, as previously reported [35].

2.5 Solubility of B-CDP

The B-CD polymer was dispersed in different
solvents (water, methanol, ethanol, acetone, ethyl ace-
tate, hexane, 0.5 mol-L™ sulfuric acid, 1 mol-L™ so-
dium hydroxide). Each sample (3 g) was dispersed in
25 g solvent at 60 °C for 4 h with magnetic st1rr1ng
Then the mixture was centrifuged at 10000 rrmin~" for
15 min. The supernatant was taken and dried in a
vacuum drier, and the mass of the remained polymer
was measured for the calculation of solubility.

2.6 Catalytic performance

A typical experiment was carried out in a 100 ml
three-necked flask fitted with a reflux condenser and
magnetic stirrer. 2.615 g B-cyclodextrin polymer was
dispersed in 25 ml water at 50 °C. Then, 0.108 g ben-
zyl alcohol and 5 ml 7.5% NaClO were added slowly
while stirring for 3.0 h. The reaction mixture was ex-
tracted by ethyl acetate and subsequently analyzed by
GC (Agilent 7890) with naphthalene as an internal
standard.

3 RESULTS AND DISCUSSION
3.1 Studies on polymerization reaction

3.1.1 Effect of molar ratio of EPI to -CD on the
polymerization

A series of B-CD polymers were prepared with
different molar ratios of EPI to B-CD, and the results
are summarized in Table 1. Insoluble polymers could

Table 1 Effect of the EPI/B-CD molar ratio on the polymerization products@

B olrmi  mn comenes | PObmeramemmee Ul e Sveling fato
1 11 300 58.9% very soft gel soluble — —
2 22 225 50.4% soft gel soluble — —
3 33 129 48.3° hard gel insoluble 2.7 2.5
4 44 110 43.4° particle insoluble 34 2.9
5 55 106 39.39 particle insoluble 2.9 2.6
5 66 95 33.0° particle insoluble 2.4 2.3

® EPI/B-CD = 44/1(molar ratio, mass ratio=3.6/1), 65 °C.
@ Based on the calculation method from literature[35].
® Based on the calculation method from literature[34].
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not be obtained as the molar ratio of EPI/B-CD was
less than 22, even though the reaction time was pro-
longed to 300 min (Entry 1). From soluble products to
insoluble products, the critical molar ratio of EPI to
B-CD was 33 (Entry 3). It could also be known that the
polymerization time and B-CD content of the polymers
decreased with increasing molar ratio of EPI to B-CD.
The B-CD polymers produced with high EPI/B-CD
ratios are a three-dimensional network mixture con-
taining CD units joined by single or multiple glyceryl
links. It is insoluble in aqueous solutions, but swells
strongly. The result is in good agreement with previ-
ous reports [10].

The FTIR spectra of the B-CD polymers with
different molar ratios of EPI to B-CD were presented
in Fig. 1. With increasing EPI/B- CD the band of O—H
stretching vibration at 3422 cm™' for the hydroxyl
groups of the polymers weakened gradually, accom-
panying with the enhancement of the asymmetrlc
stretching vibration of —CH, at 2876 cm , which
indicated that the reaction of the hydroxyl groups of
B-CD with EPI. Meanwhlle the intensity of C—O—C
stretching at 1036 cm™' decreased with the increasing
molar ratio of EPI to B-CD, demonstrating that the
crosslinking degree increased by the increasing amount
of EPI. Therefore, it is possible to obtain a series of
B-CD polymers with different crosslinking degrees by
varying the molar ratio of EPI to B-CD.

4000 3000 2000 1000
wavenumer/cm™!

Figure 1 FTIR spectra of p-CD (a) and B-CDP prepared
with different molar ratios of EPI/B-CD: (b) EPI/B-CD =
1:1, (¢c) EPI/B-CD=22:1, (d) EPI/B-CD=33 : 1, (e)
EPI/B-CD=44 : 1, (f) EPI/B-CD=55:1, (g) EPI /B-CD=
66 : 1

The TG curves for the B-CDPs were presented in
Fig. 2. A typical TG curve (a) with a large mass loss
peak at 310 °C, corresponding to the decomposition of
B-CD, was for pure B-CD. Meanwhile, the characteris-
tic thermal profiles of cross-linked products (b—g)
were distinguishable and the mass loss peaks were
shifted more than 310 °C for the insoluble polymers.
Such results indicated that the stability of the insolu-
ble polymers was improved significantly after polym-
erization. The result shows that the molar ratio of
EPI/B-CD has significant influence on the structure of
final products. From the TG analysis, the decomposi-
tion temperature of B-CDP of EPI/B-CD=44 is 380
°C, which is higher than those of other molar ratios,
indicating the optimal molar ratio of EPI/B-CD is 44.

100 v

mass/%

100 200 300 400 500 600
7/°C

Figure 2 TG curves of B-CD (a) and B-CDP prepared with

different molar ratio of EP/B-CD: (b) EPI/B-CD=11 : 1, (¢)

EPI/B-CD=22 1, (d) EPI/B-CD=33 : 1, (e¢) EPI/B-CD =
4 : 1, (f) EPI/B-CD=55 1, (g) EPI/B-CD=66 : 1

3.1.2  Effect of NaOH concentration on the polym-
erization

The effects of NaOH concentration on the syn-
thesized polymers have been investigated, and the
results were summarized in Table 2.

As shown in Table 2, it seemed that the polymeri-
zation was closely related with the NaOH concentra-
tion. The use of 20% NaOH solution tends to accelerate
the reaction between B-CD and EPI to form water solu-
ble polymer (Entry 1). Moreover, when the polymeri-
zation was carried out in the presence of 20% NaOH,
the reaction rate was 5-10 times faster than that with
50% or 60% NaOH (Entries 4, 5). It indicated that low

Table 2 Effect of NaOH concentration on the polymerization@‘

By Naowre R0 B e oty et Swellng facor
1 20 28 61.4% soft gel soluble — —
2 30 35 59.17 hard gel insoluble 2.8 25
3 40 55 52.07 particle insoluble 2.9 26
4 50 110 43.4° particle insoluble 3.4 2.9
5 60 210 40.6° particle insoluble 33 2.8

® EPI/B-CD = 44/1(molar ratio, mass ratio = 3.6/1), 65°C.
@ Based on the calculation method from literature[35].
® Based on the calculation method from literature[34].
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concentration favored to soluble linear polymer instead
of insoluble crosslinked one. However, insoluble poly-
mers could be produced when the concentration of
NaOH was over 30% (Entry 2). It could be attributed
to the favorable deprotonation of C-2 or C-3 carbon
atoms in B-CD glucopyranose units with increasing
NaOH concentration, which resulted in the cross-linking
agent which could react easily with B-CD [36]. The
higher the concentration, the less the insoluble of B-CDP
in water was. As the NaOH concentration was up to
60%, B-CD could not dissolved completely, and the
B-CD content in the polymers also decreased to 40%.

The FTIR spectra for the prepared B-CD poly-
mers with different NaOH concentration were pre-
sented in Fig. 3. The variation of characteristic peaks
is similar to that for different molar ratio of EPI/B-CD,
as discussed above. With increasing NaOH concentra-
tion, linear structure polymer was further cross-linked
into three-dimensional network.

4000 3000 2000 1000 0
wavenumer/cm™!

Figure 3 FTIR spectra of B-CD (a) and B-CDP prepared

with different NaOH mass concentration: (b) 20%, (c) 30%,
(d) 40%, (e) 50%., ( f) 60%

The TG curves of B-CDP prepared were pre-
sented in Fig. 4. As discussed above, the insoluble
polymer prepared with 50% NaOH concentration ex-
hibited better thermal stability than the others since
B-CD is entrapped into crosslinked network of insolu-
ble polymers. Therefore, the optimal NaOH concen-
tration for the crosslinking reaction is 50%.

3.1.3 Effect of reaction temperature on the polym-
erization
The effect of temperature was also investigated,

mass/%

0 C Il 1 1 1
100 200 300 400
7/°C

Il
500 600

Figure 4 TG curves of B-CD (a) and B-CDP prepared
with different NaOH concentrations: (b) 20%, (c) 30%, (d)
40%, (e) 50%, (f) 60%

and the results were summarized in Table 3. As shown
in Table 3, it seemed that polymerization was not sig-
nificantly dependent on reaction temperatures. Insolu-
ble polymers could be obtained even if the tempera-
ture was as low as 35 °C (Entry 1). However, the reac-
tion rate dramatically changed when the polymeriza-
tions were carried out at different temperature. The
reaction rate increased rapidly with raising tempera-
ture. The time required for crosslinking decreased
from 520 min to 30 min while the reaction tempera-
ture rose from 35 °C to 75 °C. Therefore, the higher
temperature is helpful for the polymerization. How-
ever, from the viewpoint of the volatility of EPI, the
optimal reaction temperature was 65 °C.

Figure 5 showed the FTIR spectra of polymers
produced at different temperature. From Fig. 5, it could
be found that the variation of characteristic peaks for
these polymers were not obvious, which again dem-
onstrated that structure of the B-CD polymers was not
significantly related to synthesized temperatures.

The TG curves of B-CDP prepared at different
temperature were given in Fig. 6. The conclusion that
polymerization was not significantly dependent on the
reaction temperature could also be confirmed from Fig. 6.

3.2 Plausible mechanism for the synthetic reaction

B-CD polymers were prepared from the reaction
between B-CD and epichlorohydrin in alkaline solu-
tion. The plausible reaction processes were presented

Table 3 Effect of reaction temperature on the polymerization”

Entry 7/°C Time/min  B-CD content®/% Polymer appearance Water solubility Swelling capacity/ml water-g™" Swelling factor

1 35 520 452 particle insoluble 2.5 2.4
2 45 320 44.8 particle insoluble 2.4 2.3
3 55 160 44.0 particle insoluble 33 2.8
4 65 110 434 particle insoluble 3.4 2.9
5 75 30 42.5 particle insoluble 2.3 2.2

® EPI/B-CD = 44/1(molar ratio, mass ratio = 3.6/1), 65 °C.

@ Based on the calculation method from literature[34].
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Figure 5 FTIR spectra of B-CD (a) and B-CDP pre- Figure 6 TG curves of f-CD (a) and p-CDP prepared at

pared at different temperature: (b) 35 °C, (¢) 45 °C, (d) different temperature: (b) 35 °C, (c) 45 °C, (d) 55 °C, (e)
55 °C, (e) 65 °C, (f) 75 °C 65 °C, (f) 75 °C
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Figure 7 Schematic illustration of reaction between f-CD and EPI
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in Fig. 7. Firstly, B-CD molecules reacted with
epichlorohydrin (Reaction 1). The side chain obtained
could further react in two different ways: (a) the ep-
oxyde ring could react with another hydroxyl group of
another B-CD molecule (Reaction 3); (b) the epoxyde
ring was hydrolysed (Reaction 2), and the product
could react with another EPI (Reaction 4), then po-
lymerized with another B-CD molecules (Reaction 5).
When the molar ratio of EPI/B-CD was less than 33,
structure of B-CD polymers remained straight chain
and was soluble in water. Otherwise, EPI could react
with CD molecules and/or itself (polymerization step)
(Reaction 6). The resulting polymer was a mixture
containing CD units joined by repeating glyceryl link-
ers. A number of CD rings were interconnected and a
three-dimensional network was formed. The matrix of
the B-CD polymers became insoluble. Both soluble
and insoluble polymers could be obtained respectively
if the experimental conditions i.e. concentration of
B-CD in NaOH solution, molar ratio of EPI/B-CD,
temperature, reaction time and also the NaOH con-
centration in the solution were well controlled [21, 37].

3.3 Characterization

3.3.1 FTIR measurement

The FTIR spectra for the prepared B-CDP with
different reaction time were presented in Fig. 8. The
FTIR spectra of B-CDP (2, 3, 4) are different from that
of [3 CD (1). The stretching Vlbratlon of O—H at 3422
cm ' gradually reduced and the asymmetric stretching
vibration of —CH, at 2876 cm ! intensified with
raising temperature. Such changes are obvious evi-
dences for crosslinking between B-CD and epichloro-
hydrin during the reaction. Furthermore, comparing
with B-CD, the significantly weaker and w1der absorp-
tion of C—O and C—O0—C at 1036 cm™" also indicated
the occurrence of the cross-linked products. It was
found that the absorption status of C—0 and C—O0—C
at 1036 cm™' is an indication for its solubility. When
the product is soluble, where the shape and intensity
of the peak at 1036 cm ' will consistent with that

4000 3000 2000 1000
wavenumer/cm™!

Figure 8 FTIR spectra of B-CDP with different synthetic
time (Reaction conditions: Molar ratio of EPI to B-CD was
44’ 1, the concentration of NaOH was 50%, 65 °C)

1—0 min (B-CD); 2—30 min; 3—60 min; 4—110 min (final
product)

of B-CD, otherwise, the absorption of C—O and
C—0—C will become weaker and wider. It maybe due
to that the chain length increased with the prolonged re-
action time, in which the structures of polymer underwent
a transition from linear chains to three-dimensional
networks, leading to the product change from soluble
to insoluble. The results were in good agreement with
Delval’s reports [38].

3.3.2 XRD measurement

Figure 9 shows the XRD patterns of B-CD (1),
unpurified B-CDP (3) and purified B-CDP (2). As it
can be observed, the diffraction pattern of 3-CD showed
several sharp peaks for a crystalline compound. While
for B-CDP, a mild hump ranging from 15°-25°, pointing
to the amorphous nature for the polymer. The XRD
results suggested the cross-linkage between EPI and
B-CD. The characteristic peaks in the unpurified f-CDP,
were in good agreement with -CDP. But the typical
peaks associated with NaCl crystalline were observed
either. For purified B-CDP, its X-ray pattern does not
show these NaCl peaks, indicating NaCl byproduct
has been removed completely. Accordingly, filtering
and careful wash were necessary for removing resid-
ual linker and byproducts from the polymer [39].

2000
1500
o o
z 3
§ 1000
k=
Of 1 1 1 L |l

0 20 40 60 80
200(°)

Figure 9 X-ray diffraction curves (Reaction conditions of
B-CDP: Molar ratio of EPI to B-CD was 44 : 1, the concentra-
tion of NaOH was 50%, 65 °C)

1—p-CD; 2—B-CDP; 3—unpurified B-CDP; 0 NaCl

3.3.3 TG-FTIR measurement

The TG curves for B-CDP and B-CD was shown
in Figs. 2 and 10, respectively. The decomposition
stages, the corresponding temperature ranges and es-
timated mass loss for B-CD and B-CDP were listed in
Table 4.

The first stage for thermal decomposition of -CD
was related to dehydration within 40-140 °C, the cor-
responding mass loss was 13%. The second stage was
related to the decomposition of framework and mass
loss of 75% was observed. However, B-CDP exhibited
only a single decomposition stage ranging from
310-450 °C, and mass loss of 95% were depicted.

The gaseous products emitted from TG analysis
were detected by Fourier transform infrared spectros-
copy (FTIR). The temperature dependence of intensity
agrees well with the temperature dependence of DTG
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Figure 10 TG Curves of B-CD

Table 4 End of degradation temperature of
different samples

End temperature Temperature range of Mass loss

Sample /°C degradation/°C /%
B-CD 670 40-140, 290-400 88
B-CDP 670 320-420 95

® Reaction conditions of B-CDP: Molar ratio of EPI to B-CD
was 44 1, concentration of NaOH was 50%, 65 °C.

curve, and the intensity of gas emission reaches its
maximum at 320 °C and 410 °C for B-CD and -CDP,
respectively. They are the different temperatures of the
maximum loss rate during pyrolysis and combustion.
The spectrograms at 320 °C and 410 °C in B-CD and
B-CDP residues pyrolysis are shown in Fig. 11. As to
B-CD, the main compounds emitted at 320 °C are
identified as carbon dioxide (CO,), which indicated
carbon dioxide was emitted in the pyrolysis and

2900 2350 1725 1100
B35 T Y Ty

24°C :

combustion of B-CD. While for B-CDP, the character-
istic peak of CO, appeared at 385 °C. Compared with
B-CD, the intensity at 2900 cm™' corresponded to the
CH-stretching vibration for B-CDP was significantly
increased, which demonstrated that the length of the
polymer chain was longer than the carbon chain of -CD.
From the comparison of the TG and TG-FTIR profiles,
B-CDP presented higher thermal stability due to the
association with EPI, such similar behavior was observed
in the copolymers such as poly(N-vinylimidazole-co-
ethyl methacrylate) [40].

3.3.4  Solubility of f-CDP

The solubility of B-CDP in various solvents, in-
cluding acidic and basic solution in Table 5 suggest
that the solubility of B-CD polymer was lower than
0.2% in all solvents studied, whether they are polar,
non-polar, or strong acid and base solutions. It seemed
the solubility of the polymer in sulfuric acid (Entry 8)

Table 5 Solubility of B-CDP in different solvents”

Entry Solvent Solubility/%
1 water 0. 06
2 acetone 0.07
3 hexane 0.10
4 methanol 0.15
5 ethanol 0.13
6 ethyl acetate 0.09
7 1.0 mol-L™" NaOH 0.05
8 0.5 mol-L™" H,SO,4 0.18

® B-CDP/solvent = 1/8.33 (by mass).
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Figure 11 FTIR spectra of gases released by heating of f-CD (a) and -CDP (b) at different temperatures (Reaction condi-
tions of B-CDP: Molar ratio of EPI to B-CD was 44 : 1, the concentration of NaOH was 50%, 65 °C)
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O
yield: 65%
©/\OH B-CD polymer, NaClO, 50 °C

NaClO, 50 °C

\@Ao

yield: 8%

Figure 12 Oxidation of benzyl alcohol to benzaldehyde in the presence or absence of B-CDP [Reaction condition: benzyl al-
cohol (1 mmol), p-CDP (2.000 g, EPI to B-CD = 44 : 1), 2 ml NaClO of 7.5% (by mass), temperature (50 °C), 200 r-min”']

and alcohols (Entries 4 and 5) were higher than in
other solvents. From Table 5, it could be observed that
the polymer has some characteristics such as highly
hydrophilic, excellent swells in aqueous solutions and
insoluble in organic solvents. The soluble fractions
could be oligomers or unpolymerizations B-CD de-
rivatives, and the majority of the polymer was com-
prised of insoluble fractions. A number of B-CD rings
are interconnected and a three-dimensional network is
formed [41].

3.4 Catalytic activity

The oxidations of benzyl alcohol were employed
for evaluating catalytic activity of B-CDP, as illus-
trated in Fig. 12. In a control experiment, the oxida-
tion of benzyl alcohol was conducted in the absence of
B-CDP. The yield of benzaldehyde was only 8% after
60 min reaction without -CDP. However, benzyl al-
cohol was oxidized to benzaldehyde with the yield of
65% and maximal yield (ca. 72%) was obtained with
2 g of B-CD, indicating yield of benzaldehyde in-
creased with increasing the amount of B-CD. The re-
sults demonstrate that B-CD is crucial for the oxida-
tion of benzyl alcohol and are in good agreement with
the previous report [10], and also confirm that B-CDP
could effectively catalyze the oxidation of benzyl al-
cohol. It should be noted that the immobilized p-CDP
has overcome the shortcoming related to the recycle of
B-CD.

4 CONCLUSIONS

Insoluble B-CDP was synthesized by B-CD using
EPI as crosslinking agent under basic conditions. The
preparation of insoluble B-CDP by carefully control-
ling polycondensation has been investigated. The po-
lymerization degree was closely related to the initial
molar ratio of EPI/B-CD, NaOH concentration and
reaction temperature. Influencing factors were inves-
tigated and the optimal polymerization conditions
were molar ratio of EPI to B-CD was 44 : 1, reaction
temperature was 65 °C and the concentration of

NaOH was 50%. The characterization of FTIR, TGA,
XRD and TG-FTIR demonstrated that EPI crosslinked
well B-CD, and the polymer possessed a remarkably
high swelling capacity in water. The polymer pre-
sented excellent thermal stability, insolubility and
catalytic activity for the oxidation of benzyl alcohol to
benzaldehyde.
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