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Abstract
Sugar chain immobilized polymer particles having both magnetic and fluorescent properties can be expected to be useful in 
a wide variety of biomedical applications such as the detection, separation, and purification of proteins, viruses, or bacteria, 
because sugar chains specifically adsorb them. Since high magnetic responsiveness is required for such applications, we 
attempted to fabricate core-shell particles consisting of a submicron-sized magnetic core and a thin polymer shell (nano- to 
dozens of nanometers thick) that incorporates a fluorescent dye, with sugar molecules immobilized on the surface. Soap-
free emulsion polymerization using methyl methacrylate (MMA) monomer and potassium persulfate (KPS) initiator in the 
presence of aminopropyltrimethoxysilane-treated Ni particles, octyl-β-D-glucopyranoside (octyl-glc), and rhodamine B 
(RhB) produced a glucose-immobilized fluorescent PMMA thin shell on a Ni particle (Ni/PMMA/RhB/octyl-glc). Elec-
trostatic interaction was used both to incorporate RhB into the PMMA shell and to coat the Ni core with the PMMA-RhB 
shell. Glucose was immobilized on the PMMA shell by embedding a hydrophobic octyl group derived from octyl-glc in the 
PMMA matrix, and the resulting sugar-immobilized PMMA shell was able to adsorb protein (concanavalin A; a protein that 
specifically adsorbs glucose). The resulting Ni/PMMA/RhB/octyl-glc particles were well-dispersed in water, detected by 
highly sensitive fluorescence techniques, and could be collected by a magnet within 10 sec. They are expected to be applied 
to detect biological substances such as various proteins and viruses by changing the glucose moiety of the particle surface 
to other functional glycans.
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Introduction

Sugar-chain-immobilized particles can be expected to be 
useful in a wide variety of biomedical applications such as in 
the separation and purification of toxic proteins, pathogenic 

viruses, or bacteria, because sugar chains are known to 
adsorb these toxins [1–4]. By introducing fluorescent sub-
stances into the sugar-chain-immobilized particles, highly 
sensitive fluorescent detection methods are made possible. 
In order to detect viruses quickly and accurately, one strat-
egy is to rapidly collect particles magnetically after proteins 
or viruses are adsorbed on the surface [5–8]. Furthermore, 
particles from tens to hundreds of nanometers in size, which 
have a very large specific surface area and are easy to handle, 
are very interesting candidates to use as carriers for immo-
bilized sugar chains [9, 10]. In addition, for suppression of 
oxidation and agglutination of such magnetic metal parti-
cles, it is desirable that the surface of the particles be coated 
with a chemically stable and non-toxic substance.

Based on the above, we thought it might be advantageous 
to fabricate core-shell particles consisting of a submicron-
sized magnetic core and a thin polymer shell (from nano- to 
tens of nanometers thick) incorporating a fluorescent dye, 
with sugar molecules immobilized on the surface. The 
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smaller the volume ratio of the polymer shell to the mag-
netic core, the higher the magnetic particle content, lead-
ing to composite particles having high external magnetic 
field responsiveness. Therefore, a magnetic particle having 
a thin polymer shell can be expected to have higher magnetic 
properties than either small magnetic particles embedded 
in a polymer particle [11, 12] or small magnetic particles 
attached to the surface of a core particle.

Multi-step processes for fabricating multi-functional par-
ticles are expensive, require a lot of energy, are labor inten-
sive, and are environmentally wasteful. A key characteristic 
of this study is that the sugar-immobilized fluorescent thin 
polymer shell on the magnetic core was fabricated via soap-
free emulsion polymerization, which has a low environmen-
tal load and often gives impurity-free polymer particles. This 
is desirable because medical biotechnology applications 
require impurity-free, stable particles in aqueous solvent. 
The facile process we developed fabricates a thin polymer 
shell on a magnetic core, incorporates a fluorescent dye 
into the polymer shell, and immobilizes sugar molecules on 
the surface of the polymer shell, at the same time. In other 
words, the thin polymer shell in this study functions not 
only to prevent aggregation and oxidation of the magnetic 
particles, but also to provide a base for immobilizing both 
a fluorescent dye and a sugar onto the magnetic particles. 
Polymethyl methacrylate (PMMA), which is chemically 
stable and has low toxicity, was used as the polymer shell.

Electrostatic interactions were used to incorporate the 
fluorescent dye into the PMMA shell. Rhodamine B (RhB), 
which has a positive charge, was expected to have a high 
affinity for the PMMA shell (which is negatively charged 
from the initiator, potassium persulfate (KPS)). To immo-
bilize functional sugars on the PMMA shell, we applied the 
unique idea we developed previously [13, 14]. Octyl-β-D-
glucopyranoside (octyl-glc), glucose having a hydrophobic 
octyl group, was used as the functional sugar. In previ-
ous studies, we concluded that hydrophobic octyl groups 
implanted as anchors inside the hydrophobic submicron-
sized PMMA particles tended to direct the hydrophilic glu-
cose components to the outer aqueous phase. As a strategy 
to immobilize sugars having many reactive groups (e.g., 
OH−), we think it is preferable to utilize methods involving 
hydrophobic interactions, which have no risk of sugar chain 
structural changes due to chemical side reactions.

Nickel was chosen as the magnetic particle because 
Ni has sufficient saturation magnetization, stability in the 
atmosphere, and low toxicity [15]. The Ni particles were 
prepared using the hydrazine reduction method because it 
allows for formation of submicron-sized Ni particles and Ni 
alloy particles in an aqueous solvent, and crystallization of 
Ni and Ni alloy without heat treatment [16–19]. Ni particles 
need to be crystallized in order to be externally magnetically 
responsive, but heat treatment of Ni particles before coating 

with the polymer thin shell tends to cause aggregation of 
the particles. In addition, since organic substances typically 
have a low decomposition temperature, heat treatment of 
Ni particles after coating with the polymer shell is not pos-
sible. Therefore, the hydrazine reduction method, by which 
submicron-sized crystallized Ni particles can be fabricated 
without heat treatment, is ideal. In this study, in order to 
obtain relatively uniform-sized Ni particles (~ 200 nm), a 
hydrazine reduction method involving stirring with a paddle 
impeller as well as ultrasonic irradiation was carried out.

In order to coat an inorganic particle such as Ni with an 
organic polymer, it is necessary to introduce organic com-
ponents to the surface of the inorganic particle to enhance 
affinity. Silane coupling agents have often been used to 
introduce organic components to the surface of an inorganic 
oxide particle [20–22]. Since the thin surface layer of Ni par-
ticles prepared via the aqueous hydrazine reduction method 
was expected to be oxidized to NiO [23], we attempted to 
introduce aminopropyltrimethoxysilane (APMS) onto the 
Ni particle surface via a dehydration condensation reaction 
with the hydroxy groups existing in the oxide layer on the Ni 
particle surface. APMS was selected not only to introduce 
organic components to the Ni particle surface, but also to 
provide a positive charge derived from the amino group to 
the Ni particle surface to enable electrostatic interactions 
with PMMA (which is negatively charged from the KPS).

Herein, the particles obtained are evaluated for their 
specific adsorptivity to protein (lectin), and a fluorescence 
microscope is used to observe how the particles dispersed 
in water are rapidly attracted to a magnet.

Experimental

Materials

Ni (II) acetate tetrahydrate (Ni(CH3COOH)2・4H2O, 
97%) used as a nickel precursor, hydrazine monohydrate 
(N2H4OH) used as a reductant, and 1 M NaOH solution used 
for pH adjustment for the formation of metallic Ni nanopar-
ticles were purchased from Kanto Chemical Co. (Japan). 
Poly(sodium 4-styrenesulfonate) (PSS, Mw: 70,000) used 
as a dispersing stabilizer, and 3-aminopropyltrimethoxysi-
lane (APMS, 97%) used as a surface modification regent 
were purchased from Sigma-Aldrich. Methylmethacrylate 
(MMA), used as a monomer, and potassium persulfate 
(KPS), used as an initiator, and rhodamine B (RhB) were 
purchased from Fujifilm Wako Chemicals (Japan). Octyl-β-
D-glucopyranoside (octyl-glc) and concanavalin A (ConA) 
were purchased from Tokyo Chemical Industry Co., Ltd. 
(Japan) and J-CHEMICAL Inc. (Japan), respectively. The 
polymerization inhibitor contained in the MMA monomer 
was removed by using an inhibitor remover (Sigma-Aldrich). 
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The other reagents were used as purchased. Water was puri-
fied using an Advantec (Japan) RFD372NC water distillation 
apparatus.

Experimental methods

Preparation of Ni particles via the hydrazine reduction 
method

After adding nickel acetate (1.5 mmol), hydrazine monohy-
drate (1.05 mol), and 1 M NaOH solution (15 mL) to ion-
exchanged water in which PSS (15 mmol) was dissolved, the 
mixture was stirred with a paddle impeller (250 rpm) under 
ultrasonication (28 kHz, 300 W) at 60 °C. The final reaction 
volume was 150 mL. Five minutes later, a suspension of 
black particles was obtained. In order to confirm the effect 
of ultrasonication, the experiment was conducted under the 
same conditions without it.

The particles obtained were washed with ion-exchanged 
water followed by ethanol. Then, 129 mL of ethanol was 
added to prepare a Ni particle suspension.

Surface‑modification of the Ni particles

After stirring 129 mL of the Ni particle suspension with a 
paddle impeller (250 rpm) under ultrasonication (28 kHz, 
300 W) at 35 °C for 5 min, 20 mL of ion-exchanged water 
was added to hydrolyze the APMS to be added later. After 
15 min of stirring, APMS (2.41 μL) dissolved in 1 mL etha-
nol was added. The final reaction volume was 150 mL. The 
stirring and ultrasonication were continued for 1 h, to allow 
time for the hydrolysis/dehydration condensation reaction 
of APMS.

The particles obtained were washed with ethanol followed 
by ion-exchanged water. Then, 117 mL of ion-exchanged 
water was added to prepare an APMS-modified Ni particle 
suspension.

Fabrication of glucose‑immobilized fluorescent PMMA shell 
onto Ni core particle (Ni/PMMA/RhB/octyl‑glc) via soap‑free 
emulsion polymerization

The procedure for the fabrication of glucose-immobilized 
fluorescent PMMA shells on Ni core particles is shown in 
Scheme 1. APMS-modified Ni particle dispersed in ion-
exchanged water (39 mL) was charged in a cylindrical glass 
reactor with a cap through which was drilled a small hole to 
pass the stirring stick through, and was both stirred with a 
paddle impeller (400 rpm) and ultrasonicated (28 kHz, 300 
W). When only ultrasonication was used without stirring, 
the Ni core particles were not sufficiently dispersed in the 
aqueous solvent. In order to form a uniform shell on the sur-
face of the core particles, the individual core particles must 
be separated and dispersed in the solvent. By using both 
stirring with the paddle impeller and ultrasonic irradiation, 
it was possible to maintain the dispersed state of submicron-
sized magnetic core particles that easily aggregate and settle 
in an aqueous solvent.

RhB (1.2 mg) was dissolved in 1 mL of ion-exchanged 
water, and then added to the dispersion heated to 70 °C. 
MMA monomer (0.53 mL, 5 mmol) was then added to the 
mixture. After 15 min, KPS initiator (0.108 g, 0.4 mmol) 
dissolved in 4 mL of ion-exchanged water was added to initi-
ate polymerization. Thirty min later, octyl-glc (0.274 g, 0.94 
mmol) dissolved in 6 mL of ion-exchanged water was added. 
The polymerization reaction was stirred at 70 °C for 3 h. The 
concentrations of MMA, KPS, and octyl-glc were 0.1 M, 8 
mM, and 19 mM, respectively, based on the final volume of 
the aqueous phase. The final concentration of octyl-glc was 
19 mM, which is lower than the critical micelle concentra-
tion of octyl-glc (20 mM). Therefore, the polymer-shell fab-
rication method of this study follows a soap-free emulsion 
polymerization mechanism.

Scheme 1   Procedure for the 
formation of glucose-immobi-
lized fluorescent PMMA shells 
onto Ni particles (Ni/PMMA/
RhB/octyl-glc)
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Characterization

Microscopy

The Ni particles were observed via scanning electron 
microscopy (SEM) (SU5000, Hitachi). A transmission 
electron microscope (TEM) (JEM-2100, JEOL) and a scan-
ning transmission electron microscope (STEM) (HD-2000, 
Hitachi) were used to observe the PMMA particles encap-
sulating the Ni particles.

An optical microscope system (Axio Scope A1, Carl 
Zeiss Microscopy) with a 555 nm LED laser was used to 
observe the Ni/PMMA/RhB/octyl-glc particles in aqueous 
solvent. When taking a fluorescence microscope image, the 
particles were suspended in 1% (w/v) methyl cellulose to 
suppress fine movement of the particles. A short movie was 
produced by dropping particles suspended in ion-exchanged 
distilled water near a neodymium magnet (φ6 mm).

Crystal structure and magnetic properties

The X-ray diffraction (XRD) was measured using a Rigaku 
Ultima IV X-ray diffractometer (CuKα, λ = 1.504Å). Mag-
netic properties were measured with a vibrating-sample 
magnetometer (VSM) (PPMS DYNA COOL, Quantum 
Design) at 25 °C. A vacuum freeze-dried powder sample 
was used for these measurements. The vacuum freeze dry-
ing was used instead of a simple vacuum drying to prepare 
these dried samples. Figure S1a, b show the photographs 
of Ni particles obtained after simple vacuum drying and 
after freeze-vacuum drying, respectively (see Supplemen-
tary Information). When the particles are dried by simple 
vacuum drying, the aggregation of the particles is promoted 
due to the water capillarity among the particles. Since the 
smooth and fine powder was obtained by vacuum freeze-dry-
ing, the analysis samples were prepared by vacuum freeze-
drying in this study.

Dispersibility and surface charge in aqueous solvent

Dynamic light scattering (DLS) measurements and zeta 
potentials were acquired with a Zetasizer Nano (Malvern, 
λ = 628 nm).

Protein assay

In order to confirm whether or not glucose that could be 
selectively adsorbed by biological substances exists on the 
particle surface, specific adsorption was evaluated accord-
ing to our previously reported method [13], which is briefly 
described as follows.

ConA was chosen as a protein (lectin) that specifically 
adsorbs glucose. A vacuum freeze- dried powder sample was 
used for the protein assay. The Ni particles coated with glu-
cose-immobilized PMMA shells dispersed in ion-exchanged 
distilled water were mixed with 0.25 mg of ConA dissolved 
in 0.25 mL of 10 mM phosphate-buffered saline (PBS) at 
pH 7.4, and the mixture was left in an ice bath for 30 min. 
Next, in order to precipitate ConA adsorbed on the parti-
cle surface together with the particles, a centrifugation was 
performed at 18,000 G and 4 °C for 30 min. The concentra-
tion of ConA remaining in the supernatant was calculated 
from the absorbance (A280) of the supernatant in which the 
residual ConA was dispersed, as measured with a Nano-100 
spectrophotometer (Bio Medical Science).

Results and discussion

Preparation of Ni particle via hydrazine reduction 
method

First, the effect of ultrasonic irradiation on the preparation 
of Ni particles via hydrazine reduction was investigated. 
Figure 1 shows SEM images of the Ni particles prepared 
(a) without and (b) with ultrasonication. When only stirring 
with a paddle impeller without sonication (a), the particles 
obtained aggregated into micro-sized agglomerates. On the 
other hand, when ultrasonication was performed at the same 
time as stirring (b), smaller Ni aggregates with an average 
size of 200 nm were obtained. The particles obtained by 
stirring with ultrasonic irradiation were confirmed by XRD 
measurements to have a nickel crystal structure (Fig. 2a). 
Further structural evidence is provided by the magnetization 
curve of the Ni particles shown in Fig. 2b. The saturation 
magnetization of the Ni particles is approximately 51 emu/g, 
almost the same as for bulk Ni (55 emu/g) [15]. Therefore, 
the submicron-sized metallic Ni particles should be prepared 
via the hydrazine reduction method utilizing both stirring 
and ultrasound.

Fig. 1   SEM images of Ni particles prepared via the hydrazine reduc-
tion method with stirring (a) and with both stirring and ultrasonica-
tion (b)
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Effect of surface modification of Ni particles 
on PMMA coating of Ni particles

Figure 3a shows a TEM image of the particles obtained 
when MMA was polymerized in the presence of Ni parti-
cles without APMS. No PMMA coating could be found on 
the surface of these Ni particles. On the other hand, when 
MMA was polymerized in the presence of APMS-treated 
Ni particles, a PMMA coating layer was observed on the 
surface of the Ni particles, as shown in the TEM image in 
Fig. 3b. Incidentally, without the PMMA coating (Fig. 3a), 
the Ni particles disintegrate under ultrasonic irradiation. On 
the other hand, a PMMA layer appears to suppress ultrasonic 
destruction of the Ni particles (Fig. 3b).

Figure 4 shows zeta potentials at various pH values of 
APMS-treated Ni particles before and after polymerization 
of MMA. Compared to APMS-treated Ni particles, the zeta 
potential values of the particles obtained after polymeriza-
tion of MMA in the presence of APMS-treated Ni parti-
cles shifted down at all pH values. This result indicates that 
the surface of the APMS-treated Ni particles after MMA 
polymerization has negative charges derived from the KPS 
initiator, which is further evidence that the PMMA coating 
layer is present on the surface of APMS-treated Ni particles.

This result also shows that metallic Ni particles synthe-
sized in an aqueous solution can be surface-treated with 
APMS via a silanol reaction. This suggests that the thin sur-
face layer of the Ni particles was oxidized and had hydroxy 
groups on the surface. However, from the magnetization 
curve in Fig. 2b, it is likely that only the thinnest layer of 
the Ni particle surface was oxidized and became NiO [23] 
when the Ni particles were formed by reduction, because the 
saturation magnetization value of the Ni particles is almost 
the same as that of bulk Ni.

Lectin adsorption ability of glucose‑immobilized 
PMMA shells on Ni core particles

Next, PMMA shells to which octyl-glc was added were 
prepared 30 min after the polymerization was initiated in 
the presence of Ni particles, and their lectin adsorption 
ability was evaluated. The amount of lectin (ConA) that 
adsorbed on the surfaces of 3.5 mg of PMMA-shell coated 
Ni particles prepared with and without octyl-glc is shown 
in Fig. 5. The addition of octyl-glc during polymerization 
resulted in the formation of PMMA particles that adsorbed 
a larger fraction of ConA than octyl-glc-free PMMA par-
ticles. Therefore, it was found that a sufficient amount of 
glucose was present on the surface of the particles fabri-
cated via this technique to specifically adsorb the protein.

Fig. 2   XRD measurement (a) 
and magnetization curve (b) of 
the Ni particles prepared with 
both stirring and ultrasonication
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Fig. 3   TEM images of the particles obtained when MMA was polym-
erized in the presence of the as-prepared Ni particles (a) and Ni parti-
cles surface-treated with APMS (b)

Fig. 4   Zeta potentials at various pH values of the APMS-treated Ni 
particles (a) and the APMS-treated Ni particles after surface-coating 
with PMMA (b)
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Preparation of Ni/RhB/PMMA/octyl‑glc particles

Figure 6a, b show STEM images of the particles obtained 
by polymerizing MMA in the presence of octyl-glc, RhB, 
and APMS-treated Ni particles (Ni/PMMA/RhB/octyl-glc). 
Figure 6a shows a secondary electron (SE) image of the par-
ticles, which have an average diameter of ca. 200 nm. The Ni 
particles are observed as dark regions inside the PMMA par-
ticles in the bright-field STEM (TE) image shown in Fig. 6b. 
The size of the Ni/PMMA/RhB/octyl-glc particles is almost 
the same as the size of the Ni core particles in the SEM 
image (Fig. 1b), suggesting the formation of a thin PMMA 
shell only nanometers to dozens of nanometers thick. The 
PMMA shell on the surface of the Ni particle was melted by 

the electron beam of STEM and could not be taken clearly, 
so the thickness of the PMMA shell was estimated by ther-
mogravimetric analysis (TG). The TG diagram of glucose-
immobilized PMMA shells on Ni core particles is shown in 
Fig. S2 (see Supplementary Information). The weight ratio 
of Ni to PMMA in the obtained particle was estimated to 
be 82:18, assuming that most of the weight loss near 300 
°C was due to the combustion of PMMA and Ni was hardly 
oxidized up to 400 °C [19]. Since the volume ratio of Ni to 
PMMA is 1:2, the PMMA shell can be estimated to be about 
44 nm, considering that the particle size of the Ni particle 
is 200 nm.

When such particles are used to separate and concentrate 
biological substances such as proteins or viruses, a stable 
dispersion in water is extremely important in order to take 
full advantage of the large surface area of the particles. 
Therefore, DLS measurements were performed to evaluate 
the dispersibility of the particles in water. Figure 6c shows 
the number and volume distributions of the particles in water 
measured via DLS. The dispersed particle size in water is 
a narrow distribution; the average particle size is 300 nm, 
which is almost the same as the particle size obtained from 
the STEM image. Furthermore, this hydrodynamic size also 
matched the composite particle size based on the Ni core 
size (ca. 200 nm) in STEM observation (Fig. 6b) and the 
PMMA shell thickness (ca. 44 nm) estimated from the TG  
measurement (Fig. S2). There were almost no particles that set-
tled during the DLS measurement. These results imply that  
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Fig. 5   Amount of lectin (ConA) adsorbed on the surface of 3.5 mg 
of Ni particles coated with PMMA shells fabricated without octyl-glc 
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Fig. 6   STEM images of Ni/
PMMA/RhB/octyl-glc particles 
(a) and (b), and number and 
volume distribution of Ni/
PMMA/RhB/octyl-glc particles 
measured via DLS in water (c)
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the particles are well dispersed in water during and after the 
formation of the glucose-immobilized PMMA shell.

The fluorescence microscope image of the aqueous- 
dispersed Ni/PMMA/RhB/octyl-glc particles is shown in Fig. 7.  
The presence of submicron-sized particles was confirmed  
and fluorescence was detected. Almost all of the particles  
observable in the bright-field image (Fig.  7a) could be 
observed in the fluorescence microscope image (Fig. 7b),  
indicating that Rhodamine B was incorporated into each par-
ticle. Since RhB is incorporated into the PMMA layer, this 
result suggests that a glucose-immobilized PMMA thin shell 
was formed on the surface of almost all of the Ni particles.

The magnetization curve of the Ni/PMMA/RhB/octyl-glc 
particles is shown in Fig. 8a. The Ni/PMMA/RhB/octyl-glc 
particles have a saturation magnetization of approximately 
27 emu/g and are ferromagnetic with almost no residual 
magnetization. The saturation magnetization of the sample 
decreased from 51 emu/g of Ni particle (Fig. 2b) to 27 emu/g 
of the Ni/PMMA/RhB/octyl-glc particle (Fig. 8a), and the 
main cause of the decrease in saturation magnetization was 
considered to be the presence of PMMA shell and octly-
glc on the Ni particle. However, this value is as large as 
seven times the saturation magnetization (3.8 emu/g) of the 

magnetic fluorescent polystyrene particles formed by soap-
free emulsion polymerization that we previously reported 
[12]. Compared to the previous method of incorporating 
multiple 10-nm-sized magnetic particles during polymer 
particle formation, this method of forming a thin polymer 
shell on the surface of a 200-nm-sized magnetic Ni core 
increased the magnetic particle content of the obtained par-
ticles by more than 10 times. The increase of the magnetic 
particle content led to a significant improvement in external 
magnetic field responsiveness. The aqueous solvent in which 
the Ni/PMMA/RhB/octyl-glc particles dispersed was black  
in color (Fig. 8b). After 10 sec of placing a magnet next to the  
Ni/PMMA/RhB/octyl-glc particle dispersion, almost all of 
the particles gathered around the magnet (Fig. 8c).

In addition, we could detect the attraction of the Ni/
PMMA/RhB/octyl-glc particles to a magnet with a fluores-
cence microscope (see Supplementary Information for the full  
movie of the images shown in Fig. 9). Immediately after 
dropping the particle suspension around the magnet, it was 
observed that fluorescent particles gathered around the mag-
net (Fig. 9b). From 2 to 10 sec, more and more particles in 
the aqueous solvent are attracted to the magnet (Figs. 9b–d), 
with no appreciable change thereafter. Therefore, the Ni/

Fig. 7   Fluorescence microscope 
images of the aqueous-dispersed 
Ni/PMMA/RhB/octyl-glc 
particles: bright-field image (a) 
and fluorescence microscope 
image (b)

Fig. 8   Magnetization curve of 
Ni/PMMA/RhB/octyl-glc parti-
cles (a) and photographs of Ni/
PMMA/RhB/octyl-glc particles 
dispersed in water before (b) 
and after (c) being attracted to 
a magnet
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PMMA/RhB/octyl-glc particles prepared via this method 
can be rapidly magnetically separated during fluorescence 
detection. Going forward, by changing the glucose moi-
ety on the particle surface to a functional glycan such as a 
sialo-oligosaccharide [24], these sugar-chain-immobilized 
particles should function as pathogenic virus (e.g., influenza 
virus and corona virus) detectors.

Conclusion

A thin PMMA shell incorporating RhB, with octyl-glc 
immobilized on the surface, was fabricated on Ni core par-
ticles via soap-free emulsion polymerization. The crystal-
lized Ni core particles (~ 200 nm) were obtained via hydra-
zine reduction using both a paddle impeller and ultrasonic 
irradiation. APMS-derived aminopropyl groups were intro-
duced in advance on the surface of Ni particles prepared via 
the hydrazine reduction method in order to increase affinity 
with the PMMA coating layer. The Ni particles coated with 
a glucose-immobilized PMMA shell were found to adsorb 
protein (ConA, which specifically adsorbs glucose). This 
result shows that our original technique of immobilizing 
functional sugars on the surface of a polymer particle by 
embedding the hydrophobic group into the polymer matrix 
can be applied to immobilization of functional sugars onto 
thin PMMA shells. When Ni/PMMA/RhB/octyl-glc par-
ticles dispersed in water were dropped near a magnet, the 
particles were immediately attracted to the magnet. Because 
the behavior of the Ni/PMMA/RhB/octyl-glc particles can 
be observed with a fluorescence microscope, it is suggested 
that after adsorbing target biological substances, the par-
ticles could be quickly collected by a magnet, and their 
state could be detected by fluorescence. They are expected 
to be applied to detect biological substances such as vari-
ous proteins and viruses by changing the glucose moiety 
of the particle surface to other functional glycans such as a 
sialo-oligosaccharide.
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