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A notably high-capacity antibody adsorbent was demonstrated using dispersed gold nanoparticles
immobilised on a mesoporous silica sheet. The mesoporous silica sheet (MPS sheet) was prepared via a
dual-templating method using tetraethoxysilane and 3-aminopropyltriethoxysilane as the silica framework
materials. Gold nanoparticles were loaded on the amino-functionalised surface of the MPS sheet via
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deposition—precipitation using HAuCl, as the Au colloid precursor and then crystallised via calcination.
The properties of the gold nanoparticle-silica composite and the dispersion of the nanoparticles were
characterised using transmission electron microscopy, energy-dispersive X-ray spectroscopy and X-ray
diffraction analyses. The surface characteristics of gold nanoparticle composite materials calcined at
different temperatures were also evaluated using Fourier transform-infrared spectra, X-ray photoelectron
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spectroscopy and thermogravimetry data. The mesoporous silica-gold nanoparticle composite sheet
crystallised at 550 °C (sheet-Au-550) was mesoporous in character (pore diameter = 3.8 nm) with a BET
surface area of 258.0 m”g™'. With respect to antibody adsorption, the sheet materials had a relatively
higher capacity than the typical cylindrical mesoporous silica, and sheet-Au-550 exhibited strong
performance (maxim adsorption quantity Qy,x = 0.26 mg IgG/mg carrier). In addition, the IgG adsorption
20 equilibrium for sheet-Au-550 fit the Langmuir isotherm model better than the Freundlich plot model.
These results will be very useful for the design of adsorption materials for biomolecules, such as
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antibodies.

Introduction

Antibodies are immune-system biomolecules produced by B cells
in vivo. Immunoglobulin G (IgG) is a typical isotype antibody
with a molecular weight of approximately 150 kDa and an
isoelectric point of 5.0 to 9.5. Antibodies have been immobilised
on a wide variety of solid materials for practical applications,
including in immunoassays, nanomedicine, detection and
separation.'™ Nano-shells, polymers, porous materials, agarose
and gold nanorods have all been used as IgG adsorbents.”” For
the immobilisation of IgG on an adsorbent, it is known that
chemical binding is useful, particularly in Fab region-specific
binding (an antigen-antibody complex reaction).®’ Previously, the
specific binding of IgG and protein A (antigen) was applied for
highly efficient affinity column chromatography purification of
IgG." For efficient IgG immobilisation, surface functionalisation
on the adsorbent was attempted using various chemistries,
including amino, thiol, carboxyl and epoxy groups.'"'?

Porous materials are of great interest because their pore
structures can interact with various species, including atoms,
ions, molecules and nanoparticles; as a result, they can be used in
adsorption/separation, catalytic and sensing applications. Since
the discovery of mesoporous silica (MPS) by Kuroda et al. in
1990, synthetic developments and applications of MPS have
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received much attention.''* MCM-41, which has a typical two-
dimensional hexagonal structure of cylindrical mesopores, was
developed by Mobil researchers as part of the M41S family."* For
its preparation, long-chain alkyltrimethylammonium halides (ion
surfactants) were used as structure-directing agents. These
surfactants form a lyotropic liquid-crystalline phase, leading to
the self-assembly of silica frameworks via condensation of silica
oligomers. The porous structure was obtained by the removal of
surfactant via calcination or extraction. MPS materials have been
prepared with various structures, including three-dimensional
hexagonal, cubic and spherical shapes. Notably, MPS can be
further functionalised to enhance its ability to interact with other
species and to increase its practical utility, such as via organic or
magnetic functionalisation.'®™'®

Colloidal gold has been widely used in immunoassays and as an
efficient carrier for biomaterials that have relatively large surface
areas and is known for its easy preparation, good biocompatibility
and enhancement of electron-transfer kinetics.'” > A colloidal
gold layer not only increases the quantity of immobilised
antibodies, but also preserves the specific activity of the
biomolecules. Researchers have also demonstrated improvement
of antibody-antigen immunosensor sensitivity using colloidal
Au** Antibody-immobilised silica-coated gold nanorods and
nano-shells have also been applied to biomedical applications.**°
Biofunctionalisation of proper gold nanoparticles has also been
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shown to have a positive impact on applications that rely on
antibodies.”’

Previously, we investigated the preparation and application of
MPS sheets. The sheet structure was designed using dual-
templating with N-palmitoyl-L-alanine and triblock copolymer
P123. These two surfactants played a role in determining the
sheet framework, while tetracthoxysilane (TEOS) and 3-
aminopropyltriethoxysilane (APTES) as the silica sources also
influenced the silica structural morphology. Enzymes
immobilised on the MPS sheet exhibited improved catalytic
activity.” In addition, the MPS sheet had a high capacity for the
adsorption of metal ions.”’ These results indicated that MPS
sheets have the potential to be highly effective adsorbents.

The enhancement of antibody adsorption materials is a great
necessity because antibodies are commonly used in biochemistry,
molecular biology and medical research and for immunoassays
and affinity column chromatography. In the present study,
therefore, the MPS sheet was applied as a large-quantity antibody
adsorption material. In addition, to enhance the adsorption of
IgG, Au nanoparticles (AuNPs) were first loaded on the MPS
sheet. Generally, it is difficult to load gold onto silica materials
via deposition—precipitation using HAuCl, as the Au colloid
precursor because silica surfaces are highly negatively charged.*
Commonly used synthetic strategies to overcome this issue
include stabilisation of the colloidal gold nanoparticles via
binding with an organo-functionalised silane as a ligand or
immobilisation of AuNPs in an organic polymer matrix.*'*” In
particular, Lee et al. reported that amino-functional ligands
successfully enabled the loading of AuNPs on a supported MPS
surface.’®*? Thus, an MPS sheet with surface aminopropyl groups
(sheet-NH,) was prepared using the original co-condensation
method. To investigate the material structure and surface
functionalisation, a calcined MPS sheet (sheet-cal), typical
MCM-type MPS (MCM-NH,) and a non-porous spherical silica
material (Stober-NH,) were synthesised. Subsequently, AuNPs
were loaded onto each material via the surface amino-
functionalised ligands. The IgG adsorption capacity for each
material was then determined, and the adsorption kinetics were
evaluated using the Langmuir and Freundlich isotherm plot
models and the resultant sorption equilibriums.

To the best of our knowledge, there have been no previous
reports of MPS sheet-AuNP composite materials for biomolecule
capture applications. It was found that the IgG adsorption
capacity of the composite was dramatically increased over that of
MPS due to the combination of its optimal adsorbent structure
and the presence of the AuNPs on the support. These results will
enable the development of new antibody adsorption materials.

Experimental
Materials

Palmitoyl chloride, L-alanine, cetyltrimethylammonium chloride
(CTAC), acetone, 28% ammonia solution, sodium hydroxide,
hydrogen tetrachloroaurate (III) tetrahydrate and hydrochloric
acid were purchased from Wako Pure Chemical Industries, Japan.
Triblock copolymer Pluronic P123 (EO,iPO7(EO,; Mn ca. 5800
g mol™") and immunoglobulin G (IgG) from human serum were
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obtained from Sigma-Aldrich, St Louis, MO. Bio-Rad protein
assay dye reagent concentrate (Cat # 500-0006) was purchased
from BIO-RAD, Hercules, CA. TEOS and APTES were obtained
from Shin-Etsu Chemical Co., Japan. All other chemicals were
analytical grade and used without further purification.

Preparation of silica materials

The MPS sheet was prepared according to our previous
reports.”®? The sheet-structured silica was synthesised using
TEOS and APTES as silica sources via a dual-templating
synthetic process. The resulting silica was refluxed in ethanol
(200 mL) for 2 days in order to remove the templates without
eliminating the aminopropyl groups from the APTES. The
synthesised sheet-NH, was washed with water and ethanol and
collected via centrifugation. In addition, a sheet-cal sample was
prepared by calcining the sheet-NH, material at 500 °C to remove
the organic templates.

MCM-type mesoporous silica was also synthesised using CTAC
(2.6 g) as the template. A similar molar ratio of TEOS (1.46 g) to
APTES (0.28 g) as used for the MPS sheet preparation was added
to the dissolved organic template solution (pH = 0.5 with HCI).
After stirring for 5 h, ammonia (14.7 M, 3.0 mL) was added to
the reaction mixture, and the mixture was stirred for another 24 h.
The resulting precipitate was collected via centrifugation at 6000
rpm, washed repeatedly with water and then refluxed for 2 days
in a mixture of ethanol (200 mL) and conc. HCI (2 mL) in order
to remove the template. The MCM-NH, was collected via
centrifugation and then washed with water, ethanol and acetone
to dryness.

The spherical silica material was synthesised according to
Stéber’s method.*’ Deionized water (17.7 g), methanol (175 mL)
and a 28% aqueous ammonia solution (7.2 g) were mixed
together. TEOS (1.46 g) and APTES (0.28 g) were then added to
the mixture. After 3 s of stirring, the mixture was aged at 25 °C
for 20 h. The resulting Stober-NH, was washed with water and
ethanol and then centrifuged at 6000 rpm with acetone.

Synthesis of gold nanoparticles supported on the silica
materials

Each silica material (sheet-NH,, MCM-NH, and Stéber-NH,, 100
mg) was added to a separate 3 x 10~ M HAuCl,e4H,0 ethanol
solution (10 mL). The mixtures were sonicated for 1 h in order to
introduce the gold precursor into the mesopores. The resulting
materials were collected via centrifugation, vacuum dried at room
temperature for 6 h and then calcined in a muffle furnace at 550
°C. The heating rate was 1 °C/min, and each solid was calcined
for 1 h.

Adsorption of immunoglobulin G by the silica materials

First, IgG from human serum was dissolved in a 10 mM
phosphate buffer (pH = 7.0). The IgG solution (1.0 mL; 0.1 to 0.7
mg/mL) was then added to each of the synthesised silica
materials. Each suspension was stirred for 3 h at 25 °C to allow
adsorption of the IgG on the carrier materials. The supernatants
were then separated from the solid precipitates via centrifugation

Page 2 of 8

2 | Journal Name, [year], [vol], 00—-00

This journal is © The Royal Society of Chemistry [year]



Page 3 of 8

New Journal of Chemistry

o

20

25

30

OH
on

o-Si H,
d5lo
gl
5

(\:)/

N\

(5 -

HAuCI,-4H,0 in EtOH}

Calcination

MPS sheet-NH,

« ©

« Gold nanoparticle

MPS sheet-Au

Scheme 1 Schematic representation of synthetic procedure of MPS-sheet-Au composite for antibody adsorbent.

at 12000 rpm and 4 °C. The IgG concentration was determined
using the Bradford method and a Bio-Rad protein assay dye
reagent.*! The quantity of adsorbed IgG on each silica material
was calculated from the quantity of IgG remaining in the
supernatant. All of the reported data are the averages of the
results obtained for at least four adsorption experiments.

Adsorption isotherm modelling

The equation for the Langmuir isotherm plot model is

_ qmkLC
Qe = 1ip00
where ¢, (mol/g) is the quantity of IgG adsorbed on the silica
material at adsorption equilibrium, ¢,, (mol/g) is the quantity of
adsorbate adsorbed per unit mass of adsorbate corresponding to
complete monolayer coverage, k; (L/mol) is the Langmuir
isotherm constant and C (mol/L) is the equilibrium IgG
concentration in solution. The equation can be reformulated as
follows:
C/qe=C/qm+1/qmks.
The values for ¢,, and & can be calculated from the slope and

intercept, respectively, of the linear plot of C/g, versus C.
The Freundlich isotherm plot model equation is

qe = kFCI/na

where kr (L/g) is the Freundlich constant indicating the
adsorption capacity and //n is a constant related to the sorption
intensity. A linear form of the equation can be given as follows:

1
Ing, =Inkg +;lnC.

The values for kr and 1/n were determined from the intercept and
slope, respectively, of the linear plot of In g, vs. In C.
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Characterisation

To characterise the morphology of the prepared samples, a field
emission scanning electron microscope (FE-SEM, S4300,
Hitachi, Japan) operated at an accelerating voltage of 10 kV and a
transmission electron microscope (TEM, JEM 2010, JEOL,
Japan) operated at 200 kV were used. X-ray diffraction (XRD)
patterns were obtained on a RINT2100V/PC (Rigaku, Japan)
using Fe-Ko radiation operated at 40 kV and 30 mA. The
Brunauer—Emmett-Teller (BET) specific surface areas and pore
volumes of the samples were determined using nitrogen
adsorption—desorption isotherms, and the pore size distribution
curves were acquired using the Barret-Joyner—Halenda (BJH)
method on a Micromeritics analyser TriStar 3000 (Shimadzu,
Japan). Zeta potentials in deionized H,O were determined using
an ELS-Z zeta potential and particle size analyser (Otsuka
Electronics Co., Japan). Fourier transform-infrared spectra (FT-
IR) were obtained using an MFT-2000 (JASCO Co., Japan) with
KBr pellets (sample/KBr 1/99). X-ray photoelectron
spectroscopy (XPS) was performed using an ESCA-3400 (Kratos
analytical, Shimadzu, Japan). The x-ray source (MgKa, 1253.6
eV) was operated at 10 kV and 20 mA. Analysis of the Au ions
was performed via inductively coupled plasma-optical emission
spectrometry (ICP-OES) using an IRIS Advantage instrument
(Nippon Jarrell-Ash, Japan).

Results and Discussion

Characterisation of the Au nanoparticle-supported silica

60 materials
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Fig. 1 TEM images of sheet-Au-550 [(a) X 50k, (b) X 800k]
and MCM-Au-550 [(c) X 50k, (d) X 800k].
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Fig. 2 EDX spectrum of the surface of sheet-Au-550 (from
Fig. 1b).

15 20

The MPS sheets were prepared via a dual-templating approach
using N-palmitoyl-L-alanine and Pluronic P123. The silane
coupling agents TEOS and APTES were used as silica sources for
the silica frameworks.***? For comparison purposes, conventional
s cylindrical MCM-type MPS and a non-porous spherical silica
material were also prepared using similar silica framework-
forming conditions as were employed for the MPS sheets.
Aminopropyl groups were introduced on the surfaces of all of the
silica materials via the removal of the organic templates with
10 ethanol extraction. Synthetic procedure of MPS-sheet-Au
composite is illustrated in Scheme 1. Gold nanoparticles (AuNP)
were then loaded on the prepared silicas via binding to the amino
groups. Calcination at 550 °C was then performed to crystallise
the nanoparticles. Note that sample name indicates the calcination
15 temperature.
TEM images of the AuNP-silica material composites (sheet-Au-
550, sheet-Au-200, MCM-Au-550 and MCM-Au-200) are shown

1 om

¥D14. Omm 10. 0kV x50k

WDI3: 7mm; 1040k

Fig. 3 FE-SEM images of (a) sheet-Au-550 and (b) MCM-
Au-550.

in figure 1. From these images, it can be clearly seen that the
AuNPs were loaded on an each silica material with good
20 dispersion. In addition, the particle size distributions for the
sheet-Au-550 samples were narrow, ranging from 7.0-10.5 (Fig.
S1).The other AuNP-loaded silica materials exhibited similar
tendencies. In fig. 1(b), clear Au (111) lattice fringes (d = 0.21
nm) can be seen in the TEM image of the sheet-Au-550. Similar
25 lattice fringes were observed in the TEM images of the MCM-
Au-550 sample (Fig. 1d). These results indicated that the AuNPs
were highly crystallised at 550 °C calcination.
Figure 2 presents the EDX spectrum of the sheet-Au-550 sample
shown in Figure 1b. Obvious Au peaks at 2.1, 9.7 and 11.5 keV
30 can be seen in the spectrum. The EDX spectra of the MCM-Au-
550 sample shown in Fig. 1d also contained similar peaks.
The spherical silica material (Stober-silica) prepared using the
Stober method had a particle diameter of approximately 50 nm
(Fig. S2). The AuNPs were also clearly loaded on this Stober-
35 silica, according to the TEM analysis (Fig. S3).
Figure 3 shows FE-SEM images of the sheet-Au-550 and MCM-
Au-550 samples. In Figs. 3a, a sheet structure with a thickness of
approximately 50 nm and a width of 1-2 pum can be seen. The
MCM-type AuNP composite materials had polyhedral structures
40 with particle sizes ranging from 200 to 500 nm (Fig. 3b). These
FE-SEM analyses suggested that no structural changes in the
silica occurred during the AuNP loading process.
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Table 1 N, physisorption parameters and zeta potential of MPS materials and their gold nanoparticle composites.

Silica Pore siaze Pore \golﬁjr’pe Surfazcei 1aarea Zeta potebntial

(hm) (em'g™) (m°g™) (mV)

Sheet-cal 3.8 0.47 190.0 -30.7
Sheet-NH, 31 0.73 156.6 9.7
MCM-NH, 2.7 0.39 302.5 10.5
Stober-NH, - - 84.3 4.7

Sheet-Au-550 3.8 0.59 258.0 -30.5
MCM-Au-550 2.6 0.59 576.4 -32.1
Stober-Au-550 - - - -33.1

“The BET surface area, pore volume and pore size distribution curves were obtained from the nitrogen adsorption—desorption

isotherms using the BJH method.

®Zeta potential of MPSs (suspended in deionised water) was determined by zeta potential and particle size analyser ELS-Z.
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Fig. 4 Nitrogen adsorption—desorption isotherms and pore
distributions for sheet-NH, (red) and sheet-Au-550 (blue).

Figure 4 shows the nitrogen adsorption—desorption isotherms and
pore size distributions for sheet-NH, and sheet-Au-550. Each
sheet material exhibited type IV sorption isotherms
and type H3 hysteresis loops. Notably, in the pore size
s distribution plots, it can be seen that the higher calcination
temperature resulted in narrower peaks and a shift to larger
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Fig. 5 XRD patterns of sheet-NH, (red) and sheet-Au-550
(blue).

diameters. The N, adsorption—desorption isotherms and pore size

distributions for MCM-NH, and MCM-Au-550 are presented in

Fig. S4. The physicochemical properties derived from the BET
10 and BJH methods are summarized in Table 1.

The pore sizes for sheet-cal, sheet-NH, and sheet-Au-550 were
3.8, 3.1 and 3.8 nm, respectively, while the pore diameters for
MCM-NH, and MCM-Au-550 were smaller at 2.7 and 2.6 nm,
15 respectively. The specific surface areas of sheet-NH,, sheet-Au-
550, MCM-NH, and MCM-Au-550 were 156.6, 258.0 and 576.4
m’g ™!, respectively. The zeta potentials of the materials are also
listed in Table 1 and were found to be —30.5, —32.1 and —33.1 mV
for  sheet-Au-550, MCM-Au-550 and  Stober-Au-550,
20 respectively. These results indicated that calcination at 550 °C led
to materials with a higher negative charge than amino-
functionalised silica materials, due to remove the surface
aminopropyl group.
The structural characteristics of the samples were analysed via
s powder XRD. In Fig. 5, the XRD spectrum for sheet-Au-550
shows diffraction peaks at 20 = 23° corresponding to amorphous

This journal is © The Royal Society of Chemistry [year]
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Fig. 6 FT-IR spectrum of sheet-cal (black), sheet-NH, (red)
and sheet-Au-550 (blue).

silica and 20 = 38°, 44° and 65° corresponding to metallic gold
(111), (200) and (311), respectively. Similar XRD patterns for
metallic gold were observed in the spectra for the MCM-Au-550
and Stober-Au-550 (Fig. S5). The face-centred cubic lattice
results for Au matched well with the lattice fringe lengths
observed in the TEM images.

Analysis of the chemical states and compositions of the samples
was also achieved using XPS (Fig. S6). No Au 4f and 4p peaks
were detected, indicating the absence of AuNPs on the surfaces
of the materials and suggesting that most of the AuNPs were
loaded into the silica frameworks because of the adsorption of the
Au colloid precursor (ionised Au) via deposition—precipitation
into the interior of the porous silica followed by crystallisation.

Conversely, N 1s and Si 2p XPS peaks were observed, and the
spectra for sheet-NH, indicated the presence of amino groups
(Fig. S6b).

The FT-IR spectra of the sheet materials are shown in Fig. 6. All
of the spectra included absorption bands for silanol groups (950
em') and silica vibrations (1080 ¢cm™). The spectra for sheet-
NH, also included C-H stretching bands at 2925 cm’
corresponding to surface aminopropyl groups.

The TG curves for sheet-NH, and sheet-Au-550 are shown in
Fig. 7. Sheet-NH, underwent significant weight losses between
200 °C and 500 °C attributed to the loss of aminopropyl groups;
the weight losses for each were calculated to be 4.4 x 107
mmol/mg. The weight losses for the MCM-NH, and Stober-NH,
were determined to be 1.6 x 107 and 8.6 x 10~ mmol/mg,
respectively (Fig. S7). For all of the samples calcined at 550 °C,
no sharp exothermic peaks were observed in the DTA curves.
Based on the results of the TG and BET specific surface area
analyses, it was concluded that a similar quantity of organic
chains were present on the surfaces of the sheet-NH,, MCM-NH,
and Stober-NH, samples.

Immunoglobulin G adsorption by the silica materials

The effects of the silica structure, surface aminopropyl groups
40 and gold nanoparticles on IgG adsorption of the various materials
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Fig. 7 Thermogravimetry (TG) curves for sheet-NH, (red) and
sheet-Au-550 (blue).

were investigated. In these experiments, IgG was adsorbed on all
of the prepared materials using equal amounts of an IgG solution
(500 pg IgG/800 mL phosphate buffer). The quantities of
adsorbed IgG are listed in Table 2. The sheet-Au-550 sample
showed the best performance (0.26 mg IgG/mg silica), followed
by the sheet-cal sample (0.21 mg/mg). The AuNP composite
materials calcined at 550 °C adsorbed higher IgG quantities than
the other samples. For example, MCM-Au-550 adsorbed 0.13
mg/mg IgG compared to 0.04 mg/mg for MCM-NH,. From a
different perspective, the surface amino-functionalised materials
exhibited lower IgG adsorption capacities. The surfaces of these
functionalised materials were more positively charged because of
the presence of the surface amino groups, resulting in electric
repulsion between the IgG molecules and the surface and
consequently decreased adsorption compared to the non-
functionalised silica samples. The specific surface area of AuNP
composite materials was increased. These results indicated that
the use of AuNP composite materials observed positive effect for
IgG adsorption.

Next the adsorption isotherms for sheet-NH,, sheet-cal, sheet-Au-
550, MCM-Au-550 and Stober-Au-550 were plotted (Fig. 8), and
the maximum IgG adsorption quantities (Qu,) for each sample
were estimated from the isotherms (Table 2). The sheet-Au-550
sample exhibited a significantly high Qpx of 0.26 mg/mg. The
Quwmax Vvalues for sheet-NH,, sheet-cal, MCM-Au-550 and Stober-
Au-550 were 0.08, 0.21, 0.12 and 0.13 mg/mg, respectively.
From these results, it was concluded that the sheet-structured
samples showed high performance for IgG adsorption. In other
words, sheet-Au-550 sample has comparatively higher specific
surface area in sheet materials, and the surface area can
effectively expose as adsorption site by the sheet characteristics.
Hence MCM materials present higher specific surface area than
sheet materials, however the predominantly higher proportion of
interior pores makes lower accessibility to adsorbate. In
addition, the presence of the AuNP on the adsorbents provided a
synergistically positive effect on IgG adsorption. The effective
quantity of loaded AuNPs was calculated using ICP-OES data.
The amounts of Au contained in the sheet-Au-550, MCM-Au-550

so and Stober-Au-550 samples were 7.6, 8.1 and 6.7 pg/mg silica,

respectively, indicating that a similar quantity of AuNPs were
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Fig. 8 Adsorption isotherms for IgG on sheet-cal, sheet-NH,,
sheet-Au-550, MCM-Au-550 and Stober-Au-550.

loaded on each of the porous silicas. These results demonstrated
that the dispersion of a small amount of gold nanoparticles can
enhance IgG adsorption. However, the effect of AuNP was
limited. Thus, we demonstrated that the combination of sheet-
morphology for the adsorbent and the loading of dispersed
AuNPs had a synergetic effect and resulted in the increased IgG
adsorption capacity observed for the Au-550 sample.

Isotherm modelling and adsorption Kinetics

The correlation coefficients (R?) for the Langmuir and Freundlich
models were calculated and are also listed in Table 2. The
Langmuir isotherm model is based on monolayer adsorption,
while the Freundlich model involves multilayer adsorption with
non-uniform distribution of adsorption heats and affinities over a
heterogeneous surface. The R? values for the Langmuir model
were 0.9964, 0.9622, 0.9974, 0.9805 and 0.9693 for sheet-Au-
550, sheet-NH,, sheet-cal, MCM-Au-550 and Stober-Au-550,
respectively. Conversely, the values for the Freundlich model
were found to be 0.8688, 0.8657, 0.8542, 0.8970 and 0.7753,
respectively. These results clearly suggest that the Langmuir plot
model gives a much better fit for IgG adsorption on all of the
prepared samples than the Freundlich model. Thus, it can be
concluded that IgG adsorption occurred via a mechanism
involving typical homogenous monolayer adsorption.

Conclusions

We demonstrated the successful enhancement of antibody
adsorption using dispersed AuNPs supported on an MPS sheet.
The AuNPs were immobilised on an MPS sheet synthesised using
TEOS and APTES as sources for the silica framework through
the binding to surface aminopropyl groups acting as colloidal
gold ligands. Subsequently, the loaded colloidal gold was
crystallised via calcination at 550 °C. In all of the AuNP
composites, the gold was of relatively high crystallinity. The
MPS sheet exhibited an increased IgG adsorption capacity

Table 2  Maximum adsorption quantities for IgG and
correlation coefficients for the Langmuir and Freundlich
isotherm models.

Langmuir Freundlich
Carrier Qurax R? R?
[mg/mg]

Sheet-Au-550 0.26 0.9964 0.8688
Sheet-NH, 0.08 0.9622 0.8657
Sheet-cal 0.21 0.9974 0.8542
MCM-Au-550 0.12 0.9805 0.8970
Stober-Au-550 0.13 0.9693 0.7753
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compared to that of typical MCM type mesoporous silica with a
similar porosity and a non-porous spherical silica. Notably, the
IgG adsorption capacity was further increased by dispersing
AuNPs on the MPS sheet; sheet-Au-550 had the highest Q. of
0.26 mg IgG/mg carrier. In summary, enhancement of the
antibody adsorption capacity of sheet-Au-550 was due to the
synergic effects of the adsorbent morphology (particularly the
sheet structure) and the presence of the loaded AuNPs. Finally,
the IgG equilibrium sorption data fit the Langmuir isotherm
model much better than the Freundlich plot model.
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