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A uranyl Schiff base complex [UO2{OC6H4N¼C(H)C6H4O}:H2O] has been immobilized inside the periodic mesopore channels of
MCM-41 by the impregnation route. The samples have been characterized by XRD, N2 adsorption/desorption, TG-DTA, DR UV–vis,
29Si MAS NMR and FTIR techniques. While the host is found to retain its structural integrity, the surface area and the pore volume

decrease considerably as a result of the intrapore confinement of complex molecules. The spectroscopy results indicate that the complex

molecules are anchored with the silanol groups of MCM-41 via hydrogen bonding.
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1. Introduction

Mesoporousmolecular sieves have receivedmuchatten-
tion during recent years owing to their very high surface
area (800–1000m2 g�1), tailored pore sizes (20–100 Å)
and good thermal stability [1]. These characteristics make
mesoporous materials ideal candidates as shape-selective
catalysts, as hosts for the heterogenization of homoge-
neous catalysts and as supports for metal/metal oxide
catalysts [2,3]. Also, the internal surface hydroxyl groups
in MCM-41 provide convenient anchoring sites on which
inorganic metal complexes can be immobilized. The physi-
cal entrapment ofmetal complexes in themicro-/mesopore
space provides many advantages, such as shape selectivity,
enhanced activity, site isolation, stability, etc., that cannot
be realized in the homogeneous phase or using conven-
tional supports. Although recent reports on the catalytic
performance of uranium complexes are quite promising
[4–6], no report on the heterogenization of uranyl com-
plexes in molecular sieves is available so far. In pursuance
of our interest in uranium-based catalysts [7,8], we report
here a study of the encapsulation of a uranyl Schiff base
complex in MCM-41 silicate molecular sieves. The
nature of the host–guest interaction in the ensuingmaterial
has been investigated byDRUV–vis, 29SiMASNMRand
FTIR spectroscopy.

2. Experimental

2.1. Preparation of ligand [HOC6H4N¼C(H)C6H4OH]

The ligandwas prepared by condensing 2-aminophenol
with salicylaldehyde in benzene, according to the

procedure reported in the literature [9,10]. The sample
was characterized on the basis of chemical analysis
(experimental composition: C, 73.0%; H, 5.42%; N,
6.40%; calculated values: C, 73.2%; H, 5.57%; N,
6.57%), melting point (185 8C) and 1H NMR in CDCl3
(�: 7.4–7.0 ppm).

2.2. Preparation of uranyl Schiff base complex
[UO2{OC6H4N¼C(H)C6H4O}:H2O]

The uranyl Schiff base was prepared by dropwise
addition of a benzene suspension of uranyl acetate,
UO2(OAc)2:2H2O (772mg (1.82mmol) in 25ml), to a
benzene solution of the ligand (388mg, 1.82mmol in
25ml) under constant stirring at room temperature. The
solution was evaporated in vacuo to give an orange-
colored solid (850mg, 94% yield). The product was
characterized as [UO2{OC6H4N¼C(H)C6H4O}:H2O].
The chemical composition of the product was found to
be: C, 32.0%; H, 1.8%; N, 2.7%, against the following
values calculated for the above formula: C, 31.3%; H,
2.2%; N, 2.8%.

2.3. Complex encapsulation

Mesoporous MCM-41 was synthesized hydrother-
mally according to the reported procedure [1]. The immo-
bilization of the uranyl Schiff base complex was achieved
by the impregnation method. Prior to impregnation, the
template-free MCM-41 was heated under vacuum
(�10�4 torr, 493K, 5 h) followed by cooling to ambient
temperature. The uranyl Schiff base complex (12mg in
20ml of CH2Cl2) was added without any exposure to
air and the mass was kept overnight under agitation.
The buff-yellow solid was subsequently recovered by
evaporating the solvent under ambient conditions. In
order to ensure the removal of excess complex from the
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external surface, the sample was washed thoroughly with
dichloromethane until the filtrate was colorless. The
sample was then dried in an air oven at 353K for 5 h
and is referred to as USB/MCM-41 in the text for brevity.

2.4. Characterization

Powder XRD, N2 adsorption/desorption, FTIR, DR
UV–vis and 29Si MAS NMR techniques were employed
to characterize the samples. XRD patterns of the samples
were recorded in the 2� region of 1–108 using nickel-
filtered CuK� radiation in a STOE diffractometer. A
Sorptomatic-1990 surface area analyzer was used for
N2 adsorption/desorption measurements. Prior to sur-
face area measurements, the samples were evacuated
(�10�3 torr) at 523K for 8 h. However, USB/MCM-41
was pretreated at a lower temperature of 373K in
order to preserve the integrity of the loaded complex.
The uranium content, as estimated by colorimetry, was
found to be �6.5wt%. FTIR spectra were recorded in
the 4000–400 cm�1 region using a JASCO model 610
FTIR spectrometer at a resolution of 4 cm�1. For this
purpose, KBr pellets of the samples (2wt%) were
employed, and for each spectrum 100 scans were co-
added. The UV–vis reflectance spectra were recorded
on a Shimadzu UV-260 spectrophotometer. 29Si MAS
NMR spectra were recorded on a Bruker NMR (model
DPX 300) spectrometer and the chemical shifts were
measured with respect to tetramethylsilane.

3. Results and discussion

3.1. XRD

The XRD pattern of the uranyl Schiff base encapsu-
lated in MCM-41 (figure 1) matched closely with that of
the parent MCM-41. The presence of well-defined (100),
(110) and (200) reflections indicated that the molecular
sieves retained their integrity and the crystallinity was
preserved after encapsulation.

3.2. Surface area and pore size distribution

The adsorption/desorption isotherms of nitrogen (at
77K) for both the pristine MCM-41 silica (solid curve)
and the USB/MCM-41 sample (dotted curve) are shown
in figure 2. The inset shows the pore size distribution, cal-
culated from the desorption branch of the isotherm using
the Barrett–Joyner–Halenda (BJH) method. The iso-
therms of both the samples are of type IV (IUPAC classi-
fication [11]), that are typical of mesoporous materials
[1,12,13]. The presence of the combined hysteresis loops
of type H3 and H4 [11] over the p=po range 0.3–1.0 with
inflection at p=po in the 0.20–0.30 region and at �0.9 sug-
gest that, along with the slit-shaped mesopores, macro-
pores caused by particle–particle porosity (textural

porosity) are also present in both the samples. A summary
of the characteristics of the two samples is given in table 1.
The decreases in the surface area, pore size and pore
volume in the case of USB/MCM-41 (table 1, figure 2
dotted curve) are all indicative of the intrapore confine-
ment of the uranyl Schiff base complex in the mesoporous
channel of MCM-41 silica.

3.3. UV–vis spectroscopy

Curves (a) and (b) in figure 3 are the UV–vis spectra of
a uranyl Schiff base complex in its free and encapsulated
form, respectively. As compared to sharp overlapping
bands at around 328, 420, 428, 445, 469, 485 and
504 nm in the UV–vis spectrum of uranyl acetate, arising
due to well-reported vibronic transitions within the
uranyl group [14,15], the spectrum of the uranyl Schiff
base (figure 3(a)) showed a broad band (�max=480 nm)
along with some unresolved shoulders at around 274,
320 and 376 nm, which may be a consequence of the clo-
sely spaced intraligand/UO2þ2 and ligand charge transfer
to the uranyl group. This envelope was found to be blue
shifted (�max=440 nm) on encapsulation of the complex
in MCM-41 (figure 3(b)). The origin of such a shift has
been assigned previously to the polarity of the adsorbent
surface [16,17]. The mesopore walls of MCM-41 consist
exclusively of a dense arrangement of Si–O–Si and Si–O–
H groups, which is therefore hydrophilic in nature and
may behave like a polar (solid) solvent. It is thus likely
that the Si–OH groups are involved in hydrogen bonding
with the uranyl oxygen and with the oxygen/nitrogen
atoms of the ligand (scheme 1).

3.4. FTIR spectroscopy

Spectra (b) and (c) in figure 4 represent the limited
region IR bands of MCM-41 and USB/MCM-41,
respectively. Spectrum (a) shows the comparative vibra-
tional bands of the free uranyl Schiff base complex. The
IR bands at 933 and 869 cm�1 observed in figure 4(a)

Figure 1. XRD pattern of uranyl Schiff base immobilized in MCM-41.
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may be assigned to the asymmetric �asym(U¼O) and the
‘‘infrared forbidden’’ symmetric stretching �asym(U¼O)
vibrations of the uranyl group, respectively. Such an
appearance of the forbidden symmetric vibration has
been ascribed previously to the crystal field effect [18].
The assignments for the �(U¼O) vibrations agree with
those reported previously for the related complexes
[9,10]. Weak overlapping bands at similar frequencies
may be discerned in the case of the spectrum of the
encapsulated zeolite sample (figure 4(c)), indicating the
presence of the uranyl Schiff base complex. Other
bands in this region, i.e. at 946 and 916 cm�1 may be
attributed to CH bending and the phenyl ring vibrations
of the complex [19]. No such features are seen in the host
sample (figure 4(b)). A broad band seen in spectra (b)

and (c) at 963 cm�1 may be ascribed to �Si–O� defect
sites [20]. The blue shift in the �(UO2þ2 ) band at
933 cm�1 by �6 cm�1 in the case of the IR spectrum of
USB/MCM-41 as compared to free complex (figure
4(a)) and a similar shift in other bands observed in spec-
trum (c) may be attributed to the perturbation in the
uranyl symmetry due to its interaction with the silicate
matrix, as shown in scheme 1.

Figure 2. N2 adsorption/desorption isotherm for pristine MCM-41 (solid lines) and USB/MCM-41 (dotted lines). Inset shows the BJH pore size distribu-

tion for the two samples.

Table 1

Nitrogen physisorption data for pristine MCM-41 silica and USB/MCM-41

sample

Sample SBET, N2
(m2 g�1)

Pore radius,

rPN2 ðBJHÞ
(Å)

Pore volume

(cm3 g�1)

Pristine MCM-41 848 14.6 0.935

USB/MCM-41 671 13.3 0.584 Figure 3. DR UV–vis spectra of uranyl Schiff base complex (a) in free and

(b) in encapsulated form in MCM-41.
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3.5. NMR spectroscopy

Figure 5 shows the 29Si MAS NMR spectra of MCM-
41 and USB/MCM-41. Signals at �=�90, �101 and
�110 ppm (figure 5(b)), attributable to Q2, Q3 and Q4
sites of MCM-41 (Qn ¼ Si(OSi)n(OH)4�n) are in agree-
ment with the reported values [21]. Although the
chemical shifts for these sites in USB/MCM-41 (figure

5(a)) are affected only nominally, the peak intensity of
the Q3 site is reduced considerably, i.e. from a value of
�47% on a pristine MCM-41 sample to a value of
�34% for USB/MCM-41. These subtle changes indicate
again that the hydroxyl protons of SiOH groups (Q3 site)
are interacting with the phenolate/uranyl oxygen atoms
of the complex (scheme 1). Such effects of the guest
molecules on the position and the intensity of MAS

Scheme 1. Schematic of the mode of immobilization of uranyl Schiff base

within the inner surface of MCM-41; L¼H2O.

Figure 4. FTIR spectra of (b) MCM-41and (c) USB/MCM-41; (a) is that the free complex.

Figure 5. 29Si MAS NMR spectra of (a) USB/MCM-41 and (b) MCM-41.
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NMR spectra peaks of MCM-41 have been reported
previously [22].

4. Conclusion

The present work demonstrates the immobilization of
the uranyl Schiff base complex within the mesopores of
MCM-41. The complex molecules appear to be hydrogen
bonded to the silanol groups (Q3 sites) of the inner sur-
face of MCM-41, at the same time maintaining their
integrity.
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