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Preparation and Characterization of Grafted Collagen Confined in Mesoporous Silica
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Abstract: A novel hybrid biological-inorganic material was prepared by filling grafted collagen in mesoporous sil-
ica structure. The grafting was realized by reaction between collagen and methyl methacrylate monomer. The for-
mation of mesoporous silica precursor using tetraethyl orthosilicate as a template and cetyltrimethylammonium
bromide as an assembly surfactant was completed in ammonia system at room temperature. A simple calcination
treatment produced the mesoporous silica structure. An ultrasonic dispersion process was employed to immobilize
grafted collagen chain in a three-dimensional mesoporous silica structure. The XRD pattern showed the presence
of a three-dimensional meso-structure with the a, b, and ¢ parameters of 0.68, 0.37 and 1.64 nm. Nitrogen ad-
sorption-desorption isotherms showed that the as-prepared composite sample had a surface area up to 273 m?- g™,
a large pore volume of 0.13 em*+g™ and pore centered diameter of 3.4 nm with a relatively narrow pore size dis-
tribution. The infrared emissivity of the composite at 8~14 pm wavelength was 0.323, which was very low, indi-

cating a potential application of the composite in areas such as photoelectronics and infrared camouflage.
Key words: hybrid; mesopore material; collagen; infrared emissivity
0 Introduction tracted a great deal of attention because of their in-

tricate microstructures and enhanced physical and

Hybrid organic/inorganic composites have at- chemical properties!"?. In this field, recent interests
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and advances have been focused on the ability to im-
mobilize, manipulate and assembly organic molecules
on a solid inorganic substrate®¥. Both noncovalent and
covalent approaches have been developed to anchor

Solu-

tion casting is a commonly used noncovalent method

various polymer molecules on solid substrates.
to prepare hybrid polymer composites, and spin coat-
ing is the most popular technique when a flat sub-
strate is used. However, these physically absorbed
films can be easily removed from the substrate by just
rinsing with a solvent. Covalently immobilized polymer
molecules can be firmly attached to the substrate and
are therefore more robust toward environmental and
processing conditions. They are especially desirable
for applications such as sensors and devices operating

under fluidic conditions. Techniques such as graft

™8 self-as-

polymerization ®9, electrostatic adsorption !
sembly”'" and photochemistry!"” have been available
to attach polymer thin films covalently on solid sub-
strates. Most covalent immobilization methods involve
chemical derivatization of the substrate and/or the
polymer, and sometimes the synthetic chemistry can
be complicated and challenging. Therefore the surface
modification of inorganic matrices has emerged as an
alternative method to control the physical and chemi-
cal properties of polymer-inorganic matrix composites.
In this aspect, mesoporous silica with a regular struc-
ture composed of internal channels has aroused con-
siderable interests since its pore size can be varied
within mesoscale range!. Thus, these materials are
suitable host frameworks for other materials. For in-
stance, these mesoporous silica materials are excellent

matrices for the anchoring of organometallic species!*

Bl and the resulting composites find interesting appli-
cations fields such as precursors of magnetic ceramics
and catalysts!'®,

Collagen is an appealing polymer material be-
cause its novel and unique architecture!"” provides a
large number of functional groups in a compact space!'™.
The use of this biopolymer material is currently gener-
ating increasing interest in a number of areas™. To
incorporate well-defined,  highly branched collagen
chains into the channels of mesoporous silica is inter-
esting as it may provide access to novel mesoporous
materials with special properties and functions.

Here, we report a simple procedure to prepare

mesoporous  silica architecture and incorporate the
grafted collagen chains into this structure. In this pro-
cess the interactions of both hydrogen-bonding and
covalent binding are involved to form the hybrid com-
posites. The formation of composite is performed in a
solution system with a simple and rapid supersonic
dispersion process. The structure described provides
new opportunities for their applications in areas such
as photonics, photoelectronics and infrared camou-

flage.
1 Experimental

1.1 Materials

Collagen was purchased from Beijing Taozheng
Chemical Agent Co. Ltd. Other chemicals were pur-
Lid.  All

2,2" -azo-bis-iso-buty-

chased from Shanghai Chemical Agent Co.
reagents were analytical pure.
ronitrile (AIBN, 99.9wt%) was recrystallized from ab-
solute alcohol to prevent from auto-polymerization.
Stabilized MMA was distilled under reduced pressure
in a nitrogen atmosphere and used immediately.
1.2 Procedures

1.2.1 Preparation of grafted collagen matrix

2.0 g collagen was 160 mL
methanol-water (1:3 w/w). Calculated amount of MMA

dissolved in
monomer (0.5 mol-L™") was added into the solution
followed by the 1:1 mixture of 0.01 mol L™ ammoni-
um cerium nitrate (CAN, 99.9wt%) in 1 mol-L™ nitric
acid and 0.01 mol-L™ AIBN in methanol (as a poly-
The system was heated to 60 °C

and maintained at this temperature for 2 hours with

merization initiator).

vigorous stirring in a nitrogen atmosphere. The resul-
and the ob-

tained product was washed with distilled water and

tants were then separated by filtration,

extracted with acetone to remove the loosely bound
homopolymer. This process was continued until free
from homopolymer.

1.2.2  Preparation of mesoporous silica structure

25 mL distilled water, 0.276 g CTAB, 420 mL
0.43 mol ammomium hydroxide and 1.46 mlL TEOS
were mixed with rapid stirring. After 5 minutes the so-
lution turned opacity and the pH was 9.4, indicating
the silica being hydrolyzed. After 3 hours the pH rose
to 10.2 and the system was separated by filtration.
The obtained product was washed with distilled water

and dried in a vacuum cabinet to produce mesoporous
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silica precursor. The surfactant in the precursor was
removed by calcination in air at 500 “C for 4 hours to
obtain mesoporous silica structure.

1.2.3  Preparation of grafted collagen-mesoporous

silica nanocomposite

3:1 (w/w) mixture of grafted collagen matrix and
mesoporous-silica were completely dispersed in
ethanol and stirred for 8 hours. The target composites
were obtained through ultrasonic vibration for 4 ~6
hours, the final product was refrigerated at 0 °C for 2
hours to remove impurities, then was separated in
room temperature.
1.3 Characterization

The FTIR spectra were recorded on a Nicolet
57DX spectrometer in the 4 000~400 cm™ wavenum-
ber range using KBr pellets. X-ray powder diffraction
(XRD) patterns were recorded using a scanning Scin-
tag XDS 2000 diffractometer with a diffractometer
beam monochromator and Cu Ko radiation source.
Scattering patterns were collected form 3° to 70° with
The thermal

characters were determined by using a TGA/DTA ap-

a scan time of 5.0 s per 0.02° step.

paratus operated in the conventional TGA/DTA mode
(TMDSC, TA Q-600, TA Instrument) at the heating
rate of 20 C *min™" to simultaneously determine the
correlation of temperature and weight loss and the re-
action heat of materials in a nitrogen atmosphere.
When the test operated, the samples were first heated
to 50.0 C and maintained at this temperature for 20
min to remove the thermal history, then increased the
temperature into 900 “C.  BET surface areas were cal-
culated from the nitrogen adsorption-desorption
isotherms at 77 K by using a Micromeritics ASAP
2000. All samples were degassed at 200 °C for at least
4 h prior to N, adsorption-desorption isotherm mea-
surement. The same equipment was used to automati-
cally calculate the pore distribution by the Barrett-
Joyner-Halenda (BJH) method ™. Infrared emissivity
testing was carried out on an IR-I infrared emissivity
measurement instrument (supplied by Shanghai Insti-

tute of Technology and Physics) with powder sample.
2 Results and discussion

2.1 FTIR spectroscopy
The FTIR spectra of the grafted collagen-meso-

porous silica composite are shown in Fig.1. The broad

peaks at 3 477 cm™ were assigned to the stretching
vibration of hydroxyl groups® from the grafted colla-
gen. Two peaks with medium intensity occurred
around 850 and 1649 cm™ were attributed to bending
and symmelry stretching vibration of amide in grafted
A broad peak observed

around 1081 cm™ was assigned to Si-O-Si stretching

collagen ™, respectively.

vibration®!.
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Fig.1 FTIR spectra of grafted collagen-mesoporous silica

composite

2.2 X-ray diffraction (XRD)

The XRD pattern shows remarkable reflection
associated with the formation of mesoscale particles
(Fig.2b). The peaks at 26 values of 25.4°, 33.1°and
51.9° were corresponded to the Si [002], [020] and
[200], respectively, suggesting an orthorhombic struc-
ture®. The a, b, and ¢ parameters could be calculated
from Bragg's law to be 0.68, 0.37 and 1.64 nm, re-
spectively. All these features indicated the presence of

a three-dimensional meso-structure.
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Fig.2 XRD patterns of (a) mesoporous silica precursor
and (b) grafted collagen-mesoporous silica
composite
2.3 Thermal properties
Fig.3 shows TGA/DTA curves of the composite. It
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is appeared a large change at about 110 °C due to re-
lease of the adsorbed water and/or methanol from the
sample. Another larger change was observed in the
temperature range of 375~480 °C, which was attribut-
ed to pyrolysis of the organic polymers contained in
the composite. This process led to a greater weight
loss of the composite sample. No other weight change
occurred, indicating a stronger interaction between

which
would improve the stability of the final hybrid materi-

meso-porous silica and grafted collagen chain,

al.
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Fig.3 TGA/DTA curves of grafted collagen-mesoporous
silica composite
The thermal properties of the composite were also
examined with DTA. The DTA curve indicated one
endothermic peak near 95 °C, suggesting a significant
reduction of grafted collagen chain mobility in the
No thermal transition
was detected between 110 and 200 °C, this confirmed

mesoporous silica structure .

that the grafted collagen could bear this temperature.
(Commercial collagen can withstand only 39 °C )
Another endothermal peak was at ~435 C, due to the
destruction of collagen helix conformation. Two exoth-
ermal peaks were observed at about 390 and 810 C,
respectively. The former could be attributed to break-
ing the hydrogen bonding®, and the latter might be
caused by the release of residual CTAB in the com-
posite,
2.4 Nitrogen adsorption-desorption isotherm and

pore size distribution

Representative  nitrogen  adsorption-desorption
isotherms at the —196 “C for the as-prepared meso-
porous-silica and hybrid composite are shown in Fig.4.
Both of the mesoporous-silica and nanocomposite

showed type-IV-like isotherms, the curves of meso-

porous-silica and the composite with hysteresis loops
at P/P; of 0.6~0.88 and 0.33~0.82, respectively, indi-
cating possessing mesopores in both of samples. How-
ever, the pore volume of the mesoporous-silica was
much larger than that of the composite, in agreement
with the fact that the collagen chains anchored in the
mesoporous  structure.  The Barrett-Joyner-Halenda
(BJH) pore size distribution curve derived from des-
orption branch of the nitrogen isotherms of both sam-
ples is shown in Fig.5. The mesoporous silica showing
a pore volume peak was observed at a diameter of 3

nm with the half-width of 0.5 nm,

tively narrow pore size distribution. From the nitrogen

indicating a rela-

adsorption-desorption isotherms the Brunauer-Emmett-
Teller (BET) surface area was obtained to be 629 m?*-
¢”', and a large pore volume of 0.48 cm?-g™' was also
obtained. In contrast, the composite possessed a pore
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Fig.4 Nitrogen adsorption (@) and desorption (O)
isotherms of mesoporous silica adsorption ()
and desorption ([J) isotherms of grafted
collagen-mesoporous silica composite
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volume peak centered at a diameter of 3.4 nm with
the half-width of 0.3 nm,

273 m*+g™" and pore volume of 0.13 cm?-g™, respec-

a smaller surface area of

tively. The acceptable reason was that grafted collagen
chains were immobilized in the mesoporous structure,
which occupied some pore volume and brought a cer-
tain degree pore-expanding effect™, thus leading to a

Based

the contribution of micropores

decrease in the specific area and pore volume.
on the t-plot analysis,
to the pore volume was relatively small (composite vs
mesoporous silica), which was also in agreement with
the BET testing results.

2.5 Infrared emissivity

The grafted collagen-mesoporous silica composite

exhibited the infrared emissivity values of 0.323 at 8~
14 pm wavelength, which were much lower than those
of pure collagen, grafted collagen™ and meso-porous
silica (the infrared emissivity values of samples were
summarized in Table 1). This was attributed to the
grafted collagen chain and mesoporous-silica stacking
effect. The two components possessed strong surface
synergism forces. These forces altered the moving
modes of dangling bonds located in the meso-porous
silica. Thus those strong infrared absorption bands in
8~14 wm wavelength would be split and weakened™.
Therefore, the whole hybrid material possesses lower
emissivity than that of neat polymer or mesoporous sil-

ica.

Table 1 Infrared emissivity of products
Samples Collagen Grafted collagen Mesoporous silica Grafted collagen-mesoporous silica composite
Infrared emissivity (8~14 pm) 0.851 0.896 0.856 0.323
3 Conclusions 544

A process to prepare mesoporous silica architec-
ture and incorporate the grafted collagen chains into
this structure is suggested. The FTIR spectra of ob-
tained samples show characteristic absorption peak of
1081 cm™ due to the stretching vibration of Si-O-Si.
The XRD pattern shows the peaks of Si [002], [020]
and [200],

structure. The a, b, and ¢ parameters calculated from

respectively, implying an orthorhombic
Bragg’s law indicate the presence of a three-dimen-
sional meso-structure.  The grafted collagen-meso-
porous silica composite possesses a surface area up to
273 m?-g™,

pore diameter of 3.4 nm with a relatively narrow pore

a pore volume up to 0.13 cm’+g™ and a

size distribution. The composite shows much lower in-
frared emissivity than those of pure collagen and
grafted collagen. The simplicity of the preparation
procedure ensures this type hybrid to be promising for
potential applications as high-performance low in-

frared emissivity materials.
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