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Biosensing by dynamic magnetization measurement of stimuli-responsive magnetic
hydrogels

Kitamoto, Yoshitaka
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Ferrogels composed of magnetic nanoparticles and stimuli-responsive
hydrogels have been synthesized as a magnetic label for chemical/biochemical biosensors. Magnetic
nanoparticles are dispersed in a stimuli-responsive polymer hydrogel with keeping a capability of
physical motions such as rotation and vibration, exhibiting a magnetic relaxation (Brownian
relaxation) based on their hydrodynamic behaviors against alternating magnetic fields. Modulations
of the hydrodynamic behaviors of magnetic nanoparticles in the ferrogels have been detected by
dynamic magnetization measurements of the ferrogels with a swelling behavior of a pH-responsive
polymer hydrogel. The detection of ammonia gas has been successfully demonstrated using the
pH-responsive ferrogel from the dynamic magnetization measurements.



pH

pH

pH

pH

R
&2

L7

o

\d

((

pHZ L

—
—_—

g IR fig
E1 it/ HFERELfzpH
[EEHER) v —4ILOpHZE LI
KBS/ HFOREDEL



31 pH
pH

25 nm

N’,N”'

pH=8 pH=10

3-2
4-1 pH
pH
pH 3
pH

il

APS
TMED

FT-IR  NMR
MBAAmM

pH

3mm

pH

19 nm
SA
SAM
SAM
MBAA
2
-15
pH



pH

Real Part(emu)

1.4x10*
L = ® open0s
es PLES PR | TR
1.2x10 P "t E#Fﬁﬂ . E ® open2s
44 :.. A opends
‘4 bpﬁ v open8s
4 <4 *
1.0x10* - 4">’Q. 4 open 16s
Yvy q(: 0. » open 32s
i "Y ';’ * open 64s
80x10°F 4 A, v
, Sakp TV a:h
®oe0, Ayarg wrrle,
s A 'v; *
6.0x10° - = i ;"0.
A *
LT ""‘“‘ "’
s Ry bay
4.0x10° LR i 2
[ I.l.-....
®eco0oe
2.0x10° | ®ee0oesnee
e e
s .00000.‘

pH

pH
pH

— 000017
3 ooo016 [@ = = pH7
E 0.00015 _-.. pHIEI ® PHTS
> i A PHB
= omon[t%ee. " iy
— e . ]
1] oouw_‘o..'-. e » PHOS
9 000011 . .-. 4 PH10
T ™Y - L] ® PHI1
c oo f L L) ® PHI2
O 'oooo0s | P, b P
= 000008 [ bry s
@ go0007 [ « e, "zo-'

dagq » . .
(et g LITNSA4 SRS LI
D ooo0os[ YT Yvvy “qafy 84,

Ywyy By, Sy
c E Yvy *
5 oo TWyesire,
G Jottettotemanrflia,,, b
E 000001 Meeoaaag,
O 100 1000 10000
Frequency (Hz)

(@)

X3 EE#F/HF A RIL T 7 A UHEESYTILOREFHIED RS
&FM, (a)E#ER. (b)EHED

pH

pH

pH

pH

I
100 1000

Frequency(Hz)

(a)

10

Concentration(mol/L)

10000

12

pH

4000

3500

g
8

Swelling Ratio(%)

pH

X2 BRI/ HF A/ ANTT7AHFDY

MRS L ORREEOpHIKFN

pH

10

=
= w00z [P —_ 000 . . s
(0] H'=' atee A
c 100026 - p =2 . e @ 'mfm
o ool o . . « pro
© 100022 [ P et 0'. > PHOS
*e . . ® PHI0
g 100020 - ...:' . «® ® PHIT
CA“’M—! 104y LN Yy oo 8 PHi2
O S ooweig$s L o o
“(E' £ ooote [* PPPT R 4444, o '."
Nvmmz..“‘ “'41. L
= 34
D 100010 [ =‘<
c 100008 |- »
o LA AL AL A4 YTYYYYYvywywy "
> 100006 [ AAAA R 2
= :o;:-|0010|l| e llloilnq....“...
Q 100 1000 10000
<
Frequency (Hz)
"
3.5x10" .
3.0x10° | 3
2.5x10" |
2.0x10" -
o
1.5x10" 3
1.0x10* |
/‘/.
5.0¢10° |- i
.."//
ool W
0 10 20 30 40 50 60 70

Time(seconds)

(b)

X4 BERIEEFT/BF A RLT7 AT UHHEESTILOT o EZTRINIC & 5 FREIE O BRI
FHOEIL, (QXREILEERORKRMEFE. O)RREMET7T E-T7RELORAR



pH
5x 10
mol/L
4-2
5
10 kHz
10Hz 0 10Hz 0
1kHz
10 kHz
0.0016 = 1.40E-04
BHETIL
oo 1.20E-04 .
2 00012 B0 S oocor o
= 2 - &7 L
= 0001 2 )
= sseo0000 S 8.00E-05
5o b Miiias 4 S8 B
S 00006 BT £ 600605
=
3 oo
< 0.0004 g 4.00E-05
0.0002 2.00E-05 Btk
0 0.00E4+00
10 100 1000 10000 10 100 1000 10000
Frequency (Hz) Frequency (Hz)

(@) (b)
B5 7HZUYLTEFR-THAR—FRFILhOBIEET / HF O O FR K
Fit. ()R, (b)EHEB



8 8 0 0

Trisnanto Suko Bagus Kitamoto Yoshitaka

123

Distributive Activation Volumes of Magnetically Interacting Nanostructures

2019

The Journal of Physical Chemistry C

23732 23737

DOl
10.1021/acs. jpcc.9b05584

Miyajima Kumiko Miwa Yuki Kitamoto Yoshitaka 173

Fabrication of porous FePt microcapsules for immunosensing techniques 2019

Colloids and Surfaces B: Biointerfaces 407 411
DOl

10.1016/j .colsurfb.2018.10.004

M. E. Villamin, Y. Kitamoto 3

Effect of lonic Concentration on Dynamic Magnetic Susceptibility of Iron Oxide Nanoparticles 2019

Embedded in Chitosan Hydrogel Matrix

Transaction of the Magnetics Society of Japan Special Issues 113 119
DOl

10.20819/msjtmsj . 19TR322

Villamin Maria Emma Kitamoto Yoshitaka 55

Influence of pH on Dynamic Magnetic Susceptibility of Iron-Oxide Nanoparticles in a Chitosan 2019

Hydrogel Matrix

IEEE Transactions on Magnetics 1 4

DOl
10.1109/TMAG.2018.2869828




Villamin Maria Emma Kitamoto Yoshitaka

1929

Synthesis of multifunctional clustered nano-Fe304 chitosan nanocomposite for biomedical
applications

2018

AIP Conference Proceedings

020014 020014

DOl
10.1063/1.5021927

Yasuda Kazuki Kitamoto Yoshitaka

1929

Fabrication of Fe304 nanorods designed for liquid-phase magnetic biosensing

2018

AIP Conference Proceedings

020009 020009

DOl
10.1063/1.5021922

Oda Shoya Trisnanto Suko Bagus Kitamoto Yoshitaka

57

Influence of behaviors of magnetic particles in ferrofluids under alternating magnetic fields
on harmonic responses

2018

Japanese Journal of Applied Physics

02CB17 02CB17

DOl
10.7567/JJAP.57.02CB17

Trisnanto Suko Bagus Yasuda Kazuki Kitamoto Yoshitaka

57

Dipolar magnetism and electrostatic repulsion of colloidal interacting nanoparticle system

2018

Japanese Journal of Applied Physics

02CC06  02CC06

DOl
10.7567/JJAP.57.02CC06




24

BI Q1i, ,
N- PNIPAM

2021
2021
CHEN YE, , ,
pH

2021
2021

2020
2020

Ryo Torii

42

2020




S. Yang, Y. Kurashina, Y. Kitamoto

Optimized coil-based complex magnetic susceptibility measurement system for higher sensitivity and wider frequency range

Virtual Irago Conference 2020

2020

R. Huang, Y. Kurashina, Y. Kitamoto

Temperature Responsive Core-Shell Nanocomposites Consisting of Catalytic Co-polymer and Iron-oxide Nanoparticles as Phase
Transfer Catalyst

Virtual Irago Conference 2020

2020

Ryota Sasaki, Yuta Kurashina, Yoshitaka Kitamoto

Magnetic Bio-sensing Using the Distribution of Hydrodynamic Diameter Calculated from AC Magnetization

Virtual Irago Conference 2020

2020

Y.Takahashi,Y. Kurashina, Y. Kitamoto

Dynamic Magnetization Measurements of Ferrofluids using Giant Magnetoresistive Sensors

Virtual Irago Conference 2020

2020




M. Takehara, Y. kurashina, Y. Kitamoto

Effect of pH on dynamic magnetization behavior of magnetic nanoparticles in polymer aqueous solution

Virtual Irago Conference 2020

2020

Ke Xu, Ye Chen, Yuta Kurashina, Yoshitaka Kitamoto

Synthesis of lron-Oxide Nanoparticles/Thermoresponsive PolymerComposite Hydrogels with Controlled Porous Structure

EM-NANO2019

2019

Yoshitaka Kitamoto

Biomedical Applications of Magnetic Nanoparticles

4th International Symposium on Current Progress in Functional Materials 2019

2019

Yuta Kurashina, Maria Emma C. Villamin, Marina Takehara, Yoshitaka Kitamoto

pH sensing based on AC magnetization of magnetic nanoparticles contained in hydrogel microbeads

12th International Conference on Ferrites

2019




Chiemi Oka, Nanao Horiishi, Yoshitaka Kitamoto

Heating efficiency and dipolar interaction in magnetic nanoparticle ensembles

12th International Conference on Ferrites

2019
2019
2019
/
2019
2019
2019

2019




Maria Emma Villamin

31

2019

M. Abe, Y. Kurashina, Y. Kitamoto

Study on composites of magnetic nanoparticles and pH-responsive hydrogel for magnetic sensing labels

IRAGO Conference 2019

2019

Ke Xu, Ye Chen, Yuta Kurashina, Yoshitaka Kitamoto

Synthesis of lron-Oxide Nanoparticles/PNIPAM Hydrogel Composites with Controlled Porous Structure based on Phase Separation

IRAGO Conference 2019

2019

X.Zhao, Y.Kurashina, Y. Kitamoto

Study on Relationship between Properties of Water in Hydrogel and AC Magnetization of Magnetic Nanoparticles

IRAGO Conference 2019

2019




30

2018

2018

2018

M. E. Villamin, Y. Kitamoto

Eect of ionic concentration on dynamic magnetic susceptibility of iron oxide nanoparticles embedded in chitosan hydrogel
matrix

42

2018

42

2018




Akinobu Yamaguchi Atsufumi Hirohata, Yoshitaka Kitamoto, et.al. 2021

Elsevier 812

Nanomagnetic Materials: Fabrication, Characterization and Application

http://www.kitamoto. iem.titech.ac.jp/

University College London




