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A urea-containing mesoporous silica with intraframework urea groups (UreaMS) was synthesized via
a surfactant-templated route by co-condensation of an organosilane precursor and tetraethoxysilane. The

material possesses hexagonal pores with a high
confirmed by the measurement of powder X-ray
characterization by chemical analysi®si MAS NMR
metric analysis, and FT-IR spectroscopy confirme

degree of uniformity and shows long-range order as
diffraction andablsorption isotherms. A detailed

, X-ray photoelectron spectroscopy, thermogravi-

d the integrity of urea groups inside the walls of the

material. The results revealed a density of one urea group per €ed.618licon atoms. The efficiency
of UreaMS for the adsorption of Fe(lll) cations was tested. A distribution coefficieiyet 700 mL

g ! and an adsorption capacity of 0.19 mmot gvere determined. X-ray photoelectron spectroscopy
confirmed the conservation of the oxidation stai® for the iron within the mesoporous silica material.

Introduction

Recently, silica-based mesoporous orgaifiorganic
hybrid materials have been the focus of materials reséafch.
The methods used to integrate organic functionalities into
siliceous mesoporous matrixes can be classified as follows:

(a) simple adsorption of an organic guest by a mesoporous

silica, (b) postsynthetic modification, e.g., grafting of organic

rests onto the walls of a mesoporous material, (c) co-conden-

sation of a silicon precursor like tetraethoxysilane (TEOS)
with a mono- or his-organosilane [e.g.,—Ri(OEt; or
(OEt):Si—R—Si(OEt)], and (d) condensation of a single-
source bis-organosilane (e.g., (O5f)-R—Si(OEty) precur-

sor, yielding to periodically mesoporous organosilica (PMO).
Methods (a) and (b) lead often to an inhomogeneous distribu-
tion of the organic groups in the material and to blocking of
the pores. The latter is a serious problem if the implemented
organic function is used to interact with an analyte. The use
of bis-organosilanes, with TEOS [method(c)] or as single-

source precursors [method(d)], leads to an integration of the

organic content in the materials framework, surpassing the
problem of the pore blockage. Furthermore, PMO materials
prepared by method (d) are characterized by a high loading
and homogeneous distribution of the organic residues.

complex organic functions like heterocyclég8One of the
drawbacks of PMOs is that not all bis-organosilanes can be
templated to create periodic materials. The lack of rigidity
of some organic precursors, which results in materials that
do not maintain their shape after the surfactant template
removal, solubility limitations, and an inappropriate hydro-
phobic/hydrophilic balance restrict the type of organic groups
incorporated in PMO$’ An alternative synthetic procedure
consists of co-condensation of the bis-organosilane with
TEOS [method (c)]. General advantages of the co-condensa-
tion method include the economic use of the precious bis-
organosilane, site isolation of the organic functions in the
resulting material, and the wider applicability than the more
restricted PMO approach. Thus, method (c) was used to
synthesize mesoporous silicas, which incorporate rather
complex organic moieties in the framework, such as pho-
toactive chromophoré%!®and chiral catalyst¥:?*In these
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examples site isolation and control of the density of the active  In the present work the preparation of a urea-containing
organic component play a decisive role in the optimal mesoporous silica (UreaMS) and its use for adsorption of
performance of the material. The latter would suffer from Fe(lll) are reported. UreaMS combines the large surface area
undesired interactions among the implemented organic of a mesoporous material with the advantage of intraframe-

functions, due to high loading.

The potential of appropriately functionalized mesoporous
materials in environmental applications, namely, for the
adsorption of transition metal cations, has been realized very
soon. Consequently, a large variety of materials with a metal
binding motif hanging in the pore channel has been prepared
by co-condensation of TEOS and mono-organosilanes pre-
cursors [e.g., RSi(OEt)]. Thiols, thiourea, and amines have
been used as metal ion binding motifs for the efficient
removal of toxic heavy metals like Hg(ll), Cu(ll), and
Cd(I1).22725 Also, thiol- and amino-functionalized materials
with larger pores than MCM-41 (e.g., SBA-15) have been
successfully applied for removal of heavy-metal ions, e.g.,
Hg(ll), Cu(ll), and Zn(I1)?62” However, the use of meso-
porous organosilica with intraframework metal binding

work urea groups as metal-binding motifs, avoiding the
problem of channel blocking by the organic function. The
material was prepared by surfactant-templated co-condensa-
tion of TEOS and a urea-derived bis-organosilane and fully
characterized by complementary methods, which revealed
the integrity of the organic urea residue in the pore walls.
It is interesting to note that although Fe(lll) is a nontoxic
metal and does not constitute a threat to human health, its
presence in drinking water is undesired. Already in a
concentration as little as 0.3 mg#l, Fe(lll) turns the water
into a reddish-brown color and leaves stains on laundry,
which are hard to remove. Therefore, iron in general is
considered a secondary and aesthetic contaminant.

Experimental Section

motifs has been explored to a lesser extent. Surfactant-tem-

plated co-condensation of TEOS with 1,4-bis[3-(trimethoxy-
silyl)-propyl]ethylenediamine yielded mesoporous materials
for adsorption of Cu(l1}¥82°Effective Hg(ll) adsorption was
accomplished with mesoporous organosilica materials con-
taining tetrasulfide or heterocyclic isocyanurate bridging
groupst®3® Mesoporous organosilicas with cyclam units
integrated into the wall and hanging in the pore channels
have been used for Cu(ll), Co(ll), Eu(lll), and Gd(lll) com-
plexation3*~34 Further, a 4,5-dihydroimidazolium-derived
PMO showed enhanced perrhenate anion adsorgtiBe-
cently, PMOs with diphenyl ether or sulfide bridges in the

Materials. 1,4-Diaminobutane, 3-isocyanatopropyltriethoxysi-
lane, and tetraethoxysilane (TEOS) were obtained from Aldrich
(>98%). FeC4-6H,0 was from Sigma. Cetyltrimethylammonium
bromide (CTABr), which served as surfactant template in the
synthesis of the mesoporous silica, was also purchased from Aldrich.
All chemicals were used as received.

Synthesis of Urea-Derived Organosilane Compound (1Yhe
urea-derived organosilane compouhevas obtained as colorless
solid by reacting neat 1,4-diaminobutane and 3-isocyanatopropyl-
triethoxysilane at room temperature. The reaction was followed by
the disappearance of the characteristic IR signal for the isocyanate
group at ca. 2250 cm. [(EtO)sSi(CH,)sNHCONH]x(CHy)s.tH

channel walls have been reported, which are foreseen to bé\N\MR (CD;0OD, 300 MHz): 6 3.77 (q,J = 7.0 Hz, 12H, CHCH0),

promising candidates for intraframework metal complex-
ation36
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3.00-3.10 (m, 8H, CHN), 1.40-1.55 (m, 8H, CH), 1.17 (t,J =
7.0 Hz, 18H, Gi3CH,0), 0.53-0.59 (m, 4H, SiCH,). 13C
NMR (CDsOD, 75 MHz): 6 160.06 (G=0), 58.27 (CHCH,0),
42.62 (CHN), 39.46 (CHN), 27.44 (CH), 23.55 (CH), 17.41
(CHsCH,0), 7.19 (Si-CHyp). IR (KBr): 2928 (CH), 1635
(vco, amide 1), 1591 §ny, amide 11) cnTl. MS (ESI): mVz 583.3
(M + 1)).

Synthesis of Urea-Containing Mesoporous Silica (UreaMS).
UreaMS was obtained by using precurdoand TEOS as silicon
sources in a surfactant-templated co-condensation under basic
conditions, similar to previously reported methods (cf. Scheme
1).19-21.37 The following experimental conditions applied: and
TEOS were mixed with a 20% aqueous ammonia solution, water,
and CTABr. The initially formed gel was transferred into a
polyethylene container and heated at 353 K for 4 days. To maximize
the organic content of the resulting material, the ratio of THOS/
was varied. However, only from batches with molar ratios higher
than TEOSL 95:5, crystalline materials with a sufficient stability
upon removal of the template were obtained. In the case of a higher
organic content, the material collapsed after removal of CTABr. A
typical batch had the following composition (molar ratio): 5.0:
95.0:114.0:8.0:0.13: TEOS:HO:NH3(20%):CTABTr. The template
was removed by solvent extraction withheptane under acidic
conditions (diluted hydrochloric acid). The obtained material was
analyzed with regard to its organic and silicon content: C, 9.26%;
N, 3.10%; Si, 40.10%.

(36) Hunks, W. J.; Ozin, G. AChem. Commur2004 2426-2427.
(37) Benitez, M.; Bringmann, G.; Dreyer, M.; GéaciH.; lhmels, H;
Waidelich, M.; Wissel, KJ. Org. Chem2005 70, 2315-2321.
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Test of Fe(lll) Adsorption by UreaMS. The potential of
UreaMs for Fe(lll) adsorption was tested in a procedure similar to
reported oned*2835Fifty milligrams of UreaMS was suspended
in 5 mL of a 0.48 mM solution of Feg6H,O in water. This
suspension was sonificated for 1 h, after which the solid was filtered
off. The Fe(lll) uptake was monitored by measuring the UV
absorption aflmax = 295 nm of the initial and final solutione{gs
= 2200 M1 cm™, this work). The distribution coefficientk()
was determined using eq?4:26:28.35

Ke=(c — @)
with ¢, as the initial metal ion concentratiorty as the ion
concentration after adsorptiosen as the volume of the solution
(in mL), andmygsas the amount of adsorbent (in g). UreaMS loaded
with Fe(lll) to its maximum capacity (FeUreaMS) was prepared
in the following way: a suspension of 100 mg of UreaMS in 10
mL of a 40 mM aqueous solution of Fe(lll) was stirred for 24 h.
After this time the solid was filtered off and washed with copious
amounts of water. After air-drying, a slightly yellowish material
was obtained. Iron analysis of this material {fi¢reaMS) was done
by dissolving the solid in HF and performing atomic absorption
spectrometry (AAS). An iron content of 10.4 mg (0.19 mmol) per
1 g of UreaMS was determined.

Materials Characterization. The IH and*3C NMR spectra of
precursorl were measured with a Bruker AV-300 spectrometer
using d;-methanol as solvent and tetramethylsilane (TMS) as
internal standard. The infrared spectrumlofias recorded with a

Cf)Vsolr{(CfmadQ

FT/IR-460 plus Jasco spectrometer. PXRD data were collected on

a Phillips X'Pert diffractometer using CudKradiation withA =
1.5406 A. Bragg-Brentano geometry was provided by a secondary
graphite monochromator. Nadsorption isotherms were recorded

at 77 K with a Micromeritics ASAP 2000 instrument. The specific
surface area was determined by the BET (Brunna&@nmett-
Teller) method and the pore size distribution by the BJH (Barrett
Joyner-Halenda) method using the desorption branch of the
isotherm plot.2°Si MAS NMR (magic angle spinning-nuclear
magnetic resonance spectroscopy) of UreaMS was done on a Bruker
400 spectrometer with a zirconia rotor spinning at 5.5 kHz.
Thermogravimetric analysis (TGA) was performed under air in the
range of 298-1073 K (5 K mirrt) with a thermoanalyzer Netzsch
STA 409 EP. FT-IR spectra of vacuum-degassed, self-supported
pellets of the solid samples were recorded at 373 K with a Nicolet
710 FT spectrophotometer. X-ray photoelectron spectroscopy (XPS)
of compressed pellets of the materials was performed with an
ESCALAB 200A spectrometer using MgdKradiation. Binding
energies were corrected to the binding energy of Si 2p (103.4 eV
for Si0,).38 Additionally, UreaMS and FeUreaMS were analyzed

by diffuse reflectance UV/vis spectroscopy of powder samples with
a Varian Cary 5G UV/vis spectrophotometer.

Results and Discussion

Chemical Composition of UreaMS.Elemental analysis
for carbon and nitrogen as indicators for the implemented
organic functionality revealed ca. 1.1 mmol of urea groups
per 1 g ofUreaMS, which is in the same order of magnitude
as for other functionalized materials designed for metal-ion
adsorptior?22527.33.39The experimental C/N ratio (3.0) is

(38) Dane, A.; Demirok, U. K.; Aydinli, A.; Suzer, S. Phys. Chem. B
2006 110, 1137-1140.

Liu, C.; Lambert, J. B.; Fu, LJ. Mater. Chem2004 14, 1303~
1309.

(39)
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The composition of the new material was further inves- Figure 2. XPS graphs for Si 2p, N 1s, and C 1s for UreaMS and respective
fgated by”*Si MAS NNIR spectroscopy. Two groups of _ seniolion s bses Caer clons (teda ulne) Te
signals can be distinguished in the spectrum (cf. Figure 1):

(a) three Q signals from silicon atoms without organic |uted peaks agree well with the expected ratio of the different
substitution and (b) two T signals related to organo-sub- carbons (alkyl CH and carbonyl &0) according to the
stituted silicon. The Q signals at91,—101, and—111 ppm chemical structure of the organic moig##3 The resulting
were assigned toQQ? and @ structures, respectively. The  C 1s binding energies were 284.9 and 288.0 eV, which
Q* signal, corresponding to fully condensed §i@ clearly  correspond to alkyl and carbonyl C atoms, respectitety.
dominating (ca. 59% of all silicon atoms, obtained by signal |t is important to note that XPS is a surface analysis method
integration), while the &signal caused by SKOH groups and gives information about the relative content of the

corresponds to ca. 29% of all silicon atoms. Thes@nal, analyzed element up to ca. 50 A depth. With use of the areas
related to partially condensed S(@QH),, contributes with  of the N 1s and Si 2p peaks, the density of urea groups within
only ca. 5%. The other signal group betwee0 and—50 the silica framework was estimated as one urea group per
ppm consists of a Tstructure element (peak at65 ppm), ca. 16 silicon atoms. The good correlation between this result

i.e., organo-substituted silicon without uncondensed hydroxyl and the ratio obtained by elemental analysig/ffuyea= 13)
groups (RSi@), contributing with 4% to the total of silicon  and by2°Si MAS NMR (ns/nuea = 14) suggests that the
atoms®2° Finally, a shoulder at-59 ppm (ca. 3%) was  urea groups are uniformly distributed between the exterior
assigned to T units (RSIQOH)84° The integration of the  and the interior of the material. Based on these data as well
signals indicates that UreaMS contains one uncondensedas the structural characterization (see below), the formation
silanol group per ca. 3 silicon atoms and one urea group perof subdomains with enriched organic content is therefore
ca. 14 silicon atoms. Based on the elemental analysis (cf.rather unlikely.
Experimental Section) of the material, a silicon/urea ratio  The thermogravimetric profile of UreaMS is depicted in
of ca. 13 can be estimated, which is in excellent agreementFigure 3. Upon heating under air, the material undergoes a
with the result obtained by NMR spectroscopy. total weight loss of 58%. The initial weight loss, until 393
UreaMS was further investigated by X-ray photoelectron K, was attributed to thermodesorption of water and corre-
spectroscopy (XPS) and the binding energies for C 1s andsponds to 37%. No significant weight loss (only ca. 4%)
N 1s were determined (cf. Figure 2). For N 1s a binding was observed in the corresponding thermal decomposition
energy of 399.9 eV was measured, which is in excellent range of the surfactant (39%13 K), indicating a major
agreement with the value for parent urea (399.9 €\As removal of the templat&:*44® The decomposition of the
expected, based on the chemical composition of the material,organic components of the material occurred between 513
the photoelectron spectra for C 1s contained more than oneand 923 K, leading to a total weight loss of 17%. Presumably,
component. The single contributions were determined by the rather extended temperature range is caused by several
deconvolution analysis using Gaussian functions. The fit was
performed in such a way that the areas under the deconvo-{42) Defosse, C.; Friedman, R. M.; FripiatBlll. Chim. Soc. Franc&975

1513-1518.
(43) Pradier, C.-M.; Salmain, M.; Zheng, L.; Jaouen,S&irf. Sci.2002
(40) Moreau, J. J. E.; Pichon, B. P.; Wong Chi Man, M.; Bied, C.; Pritzkow, 502-503 193-202.
H.; Bantignies, J.-L.; Dieudoriné.; Sauvajol, J.-LAngew. Chem., (44) Kruk, M.; Jaroniec, M.; Guan, S.; Inagaki, 5.Phys. Chem. B001,
Int. Ed. 2004 43, 203-206. 105 681-689.
(41) Chen, T.-L.; Xiao, S.-X.; Li, PInt. J. Quant. Cheml997, 64, 247— (45) Hamoudi, S.; Kaliaguine, $4icroporous Mesoporous Mate2003

248. 59, 195-204.
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Figure 3. Thermogravimetric profile of UreaMs. Figure 5. Nitrogen adsorptiordesorption isotherms of UreaMS at 77 K.
The inset shows the pore size distribution determined from the desorption
4000 branch of the isotherm.
solvent extraction, a slightly lower spacindyd = 40.4 A)
3000 ~ and a hexagonal unit cell parameteraf= 46.6 A were
_ obtained.
3 To characterize UreaMS regarding its specific surface area
~ 200091 8 and pore size distribution, isothermal nitrogen adsorption
desorption measurements were performed. The isotherm plot,
shown in Figure 5, can be classified as type IV. The
10004 oo observation of an abrupt rise at 0.35 relative pressure due to
X g capillary condensation indicates a uniform mesoporous
structure?® characteristic of MCM-427 The isotherm is also
> 4 5 8 10 characterized by a small hy_steresis qup in the_rangs‘mf
20() of ca. 0.6-0.8, which is ascribed to the interparticle volume.

The BrunnauerEmmett-Teller (BET) specific surface area
was obtained as 584 7rg~!, and the BarrettJoyner-
chemical reactions (e.g., urea decomposition, oxidation Halenda (BJH) adsorption pore volume was estimated as 0.49
reactions, and “channel metamorphosis” via proton transfer cm?® g—*. The pore diameter distribution was determined from
from silanols to methylene group¥)Weight losses in a  the desorption branch of the isotherm, yielding an average
similar temperature range (57923 K) were observed for  pore size of 30 A (cf. inset of Figure 5). The narrow size
ethylene-bridged PMO¥:# Therefore, according to TGA,  distribution confirms the uniformity of the porous structure.
about 17 wt % of the UreaMS is due to the intraframework The thickness of the pore walls of UreaMS calculated by
organic content of the material, corresponding to 1.3 mmol subtracting the internal average pore size (30 A) from the
of urea units pel g of UreaMS (cf. result from elemental  spacing between the porem)is 16.6 A5°
analysis). Adsorption of Fe(lll) by UreaMS. An adsorption study
Materials Structure and Porosity. The degree of struc-  jth an initial Fe(lll) quantity significantly lower than the
tural order of UreaMS was investigated by powder X-ray nymber of theoretically available urea units yielded that 87%
diffraction (PXRD), as shown in Figure 4. The sharp peaks of the metal cation were adsorbed afteh of sonification
indicate long-range structural order. Moreover, the observa- cf. Experimental Section). The adsorption capacity of

tion of characteristic (100), (110), and (200) peaks points to yreamMS compares quite favorably with that of other meso-
a hexagonal mesostructure, akin to MCM44 Eurthermore, porous silicas used for the adsorption of Hg(ll), Cu(ll)

the XRD pattern exhibits a distinct signal assigned to the cations, or Re@ anionsl?2535 Application of eq 1 (cf.
(210) reflection. This rarely observed signal suggests that xperimental Section) led to a distribution coefficient<af
UreaMS can be considered as ideally hexagonally ord€red. — 700 mL gL Similar values Kq ca. 500-700 mL g%

For such structures the ratihod/diio = v3:1 is expected,  were obtained for perrhenate anion adsorption in acidic media
which is also obeyed by the material. As-synthesized, by a PMO with a 4,5-dihydroimidazolium-derived function-
UreaMS showed a sharp low-angle (100) peak at a spacingality.3® Higher K4 values (5306-39000 mL g?) for some

of dio = 41.2 A, while upon removal of the template by metal cations [e.g., Cu(ll) and Hg(ll)] have been reported
using other functionalized mesoporous siliéd¥ The

Figure 4. Powder X-ray diffraction pattern of UreaMS.
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Angew. Chem., Int. EQ200Q 39, 1808-1811.
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C. H.J. Phys. Chem. B200Q 104, 292—301. 7145.
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Figure 6. Diffuse-reflectance UV/vis spectra of UreaMS (full line) and
Fe—UreaMS (dotted line).

T
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potential re-usability of the material was demonstrated by
washing Fe(lll)-loaded UreaMS with 0.1 M HCI and copious
amounts of water. The use of the thus-obtained material in
a second Fe(lll) adsorption experiment led to a nonoptimized
value of 65% of the initial Fe(lll) loading.

In a further experiment the material was loaded with
Fe(lll) to its maximum extent by treatment with a higher
concentrated aqueous solution of Fe@0 mM), resulting
in Fe—UreaMS. Chemical analysis for iron yielded an
adsorption capacity of 10.4 mg (0.19 mmol)rpk g of
UreaMS. A recently published material with large pores and
covalently anchored pyoverdin ligands was shown to se-
quester highly selectively Fe(lll) from aqueous solutidhs.
However, the reported capacity for Fe(lll) uptake is consid-
erably lower than that for UreaMS (0.033 mmol of Fe per 1
g of solid versus 0.19 mmol of Fe pé& g of UreaMS).
Apparently, the number of organic functionalities in UreaMS
is higher than what is usually obtained by postsynthetic
modification of silica materials. Noteworthy, not all urea
units in UreaMS, but approximately one of every six, bind
Fe(lll). In other words, we reach already a saturation limit
in terms of the urea/Fe(lll) ratio, which would appear to make
the application of a PMO with a much higher urea content
rather uneconomical.

Fe-UreaMS was characterized by diffuse-reflectance
UV/vis spectroscopy (cf. Figure 6). The spectrum exhibited
a strong shoulder at ca. 250 nm with a long tailing up to

Benitez et al.
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Figure 7. FT-IR spectra of (a) UreaMS and (b) F&lreaMS recorded at
373 K.
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Figure 8. Fe 2p XPS graph for FeUreaMS.

bonding with silanol groups can, thus, not be excluded. The
amide Il band has its maximum at 1550 cmtypical for
noncyclic secondary amides with trans configuration between
the N—H and the GO groups, where the NH bending
and the G-N stretching modes interagt.

The FT-IR spectrum of FeUreaMS (at 373 K under
vacuum) was also recorded (cf. Figure 7) and revealed urea-
typical amide bands [1629 crh (vco, amide 1) and 1558
cmt (Onw, amide 11)] but slightly shifted as compared to
the unloaded UreaMS:-5 cn1t and+8 cn1? for amides |
and IlI, respectively. Two different binding modes for
Fe(lll) with urea can be imagined: either via NH or via the

400 nm. These spectral features were not present in the unCc=0 oxygen. An earlier detailed investigation of various
loaded UreaMS, as shown in the same figure. Therefore, theCation—urea Compk__‘.xeS, among them Fe(—|—||_)rea, revealed

new absorption band was ascribed to a Fefllilea complex.
Characterization of unloaded UreaMS by means of
FT-IR spectroscopy revealed amide bands with maxima at
1634 cm? (amide 1) and 1550 cnt (amide Il), typical for
urea (cf. Figure 72 The amide | band receives its major
contribution from the €O stretching mode and is sensitive
to hydrogen bonding. The large range of frequencies (ca.

100 cn1?) covered by the band suggests that more than one

contribution is present, probably resulting from hydrogen-

bonded and non-hydrogen-bonded carbonyls. Hydrogen

(51) Renard, G.; Mureseanu, M.; Galarneau, A.; Lerner, D. A.; Brunel, D.
New J. Chem2005 29, 912-918.
(52) Kim, J. T.J. Korean Chem. S0d97Q 14, 147-153.

that Fe(lll) binds preferentially to the carbonyl oxyden.
However, for this binding mode no strong shifts of the
corresponding IR bands have been observed, akin to the
situation in UreaMS. Recently, for Fe(lll)-doped diureasils
the dominant role of the urea=8€D oxygen in the binding

of the metal cation has also been emphast2édherefore,

a similar binding of Fe(lll) is assumed for UreaMS.
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Finally, XPS analysis of the FeUreaMS (cf. Figure 8) as compared to ureasils and (b) a higher metal binding
revealed two peaks corresponding to Fezqnd Fe 2p, at capacity than the large-pore material and no complications
711.2 and 725.3 eV, respectively, and a broad satellite peakdue to pore blocking. One of every six urea functions was
around 716.3 eV. These binding energies are characteristicfound to participate in Fe(lll) adsorption, which means that
of Fe(lll) cations:® confirming the preservation of the materials with higher organic content (e.g., PMOs) would
oxidation statet-3 for the iron in the material and the absence pe economically unreasonable in this case. The combination

of iron oxide clusters in UreaMS. of PXRD and N adsorption isotherm measurements proved
_ that a hexagonally ordered mesoporous material was ob-
Conclusions tained. The high efficiency of the material for the adsorption

A novel urea-containing mesoporous silica (UreaMS) was Of Fe(lll) was demonstrated.

prepared and characterized. The material possesses one urea
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