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Magnetic nanoparticles have not only been required for biological DNA isolation, detection and purification, but also have been
studied steadily until recently as medical chemical processing materials for drug delivery and release that can control cancer cells in
the human body. Using a ion selective field effect transistor (ISFET) pH sensor, a pH value sensitive to the concentration of hydrogen
ions (H") dissolved in various liquid solutions was measured according to the behavior of magnetic nanoparticles in the external
magnetic field. The magnetic nanoparticle solution of pH 7.1 was mixed with acidic, neutral, and alkaline buffer solution at a ratio of
3:1, and the acidic solution having a pH of 3.9 with respect to the change of magnetic particle distribution was found to have a change
of 35 mV (0.65 pH), which is greater than the pH of the alkaline solution of pH 9.8. Some of the H'-ions in the solution was bound to
the magnetic nanoparticles and the concentration of ions was reduced near the Si;Ny4 layer of the ion sensitive membrane, so that the
change in pH value, the output voltage, was closely related to the distribution of the nanoparticles. The output voltage curves between
the two terminal source and drain for the external magnetic field were symmetrical around 0 Oe, and the variation up to £1000 Oe was
greater in acidic solutions than alkaline. Because a multi-reactive polymer nanoparticles containing drugs with a pH of about 7.2 for
treatment of cancer cells with a pH of 6.8 move to targets, we suggest the therapy system in which the ring of nanoparticles is
decomposed by high-frequency magnetic field therapy.

Keywords : ion selective field effect transistor (ISFET), reference electrode, buffer solution, pH sensor, hydrogen-ion concentration,

ion sensitive membrane Si;N, layer, magnetic field stimuli
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Fig. 1. (Color online) (a) SEM photo of magnetic nanoparticles (SPHERO™) with a concentration of 0.5% w/v, total liquid volume of 2 ml, and
storage buffer of deionized water with 0.05% sodium azide. Structure of one fluorescent (Nile Red color) carboxyl (~OOH) magnetic particle
composed of with one high Iron (Fe). (Dia. > 100 nm). (b) The INTENSE-WT NICOMP distribution (x-axis: diameter (nm) versus y-axis: number
(REL)) of magnetic nanoparticles having a mean size of 0.35 um. (c) The excitation and emission spectra of SPHERO™ fluorescent particles in
suspension of Nile Red color with the exception of Nile Blue and Sky Blue, which were taken with a solution of dye in styrene (Ref. [10,11]).
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Fig. 2. (Color online) (a) Schematic diagram of a composite gate, dual dielectric ISFET. (D drain; @ source; (3 substrate; @ insulator; & metal

contacts; ® reference electrode; @ solution; & electroactive membrane or ion-sensing membrane; (9 encapsulation. (b) Drawing of the two-
terminal ISFET (drain (D) and source (S)) and the associated external reference electrode (RE) acting as a gate terminal (G). The RE is made of

Ag/AgCl contained in KCL solution with a ceramic salt bridge. Here, RE and ISFET pH sensor Kit used the product of WINSENSE Co., Ltd.

company (Ref. [12]).
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Table I. pH sensitivity, Vps/pH specification, and pH values for several different solutions measured by the ISFET pH sensor Kit of WINSENSE

Co., Ltd. company (Ref. [12]).

pH sensitivity (Vps/pH)

Item Remarks
Target Low limit Upper limit
Sensitivity 52.8 mV/pH 40.4 mV/pH 652 mV/pH ZZS:}%SHX’
Solutions Vps (mV) pH Remarks
Standard buffer solution pH 3.0 672.0+ 1.0 3.99+0.02
Standard buffer solution pH 6.0 845.0+1.0 7.17+0.02
Standard buffer solution pH 9.0 995.0+ 1.0 9.93+0.02
Sterile distilled water 867.0+ 1.0 7.58£0.02
Multi clean (1000 ml+ NaCl (9 g)) 995.0+ 1.0 9.93+0.02 Vos=9.0V,
Magnetic nanoparticles (MNPs) in ddH,O (0.5% w/v) 841.0+1.0 7.10+0.02 Temperature = 20 °C
Alcian blue in PBS1 x (pH 7.4) 663.0+£1.0 3.82+0.02
Buffer solution pH 3.0 (0.6 ml) + MNPs (0.3 ml) 671.0+ 1.0 3.97+0.02
Buffer solution pH 6.0 (0.6 ml) + MNPs (0.3 ml) 832.0+1.0 6.93+0.02
Buffer solution pH 9.0 (0.6 ml) + MNPs (0.3 ml) 990.0+ 1.0 9.84 +0.02
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Fig. 3. (Color online) Photographs for three different measuring status of magnetic nanoparticles (MNPs) in ddH,O filled with in micro-tube. The
values of Vs and pH measured by (a) ISFET sensor in mixed MNPs evenly in all volume of tube, (b) ISFET sensor in vacant MNPs solution by a

leaned MNPs near to permanent magnet, and (b) ISFET sensor sink MNPs to the right side of tube are 841.0+ 1.0 mV and 7.10+0.02,
835.0+ 1.0 mV and pH = 6.99 £ 0.02, and 844.0 = 1.0 mV and pH = 7.15 £ 0.02, respectively. Here, the p-value of all data is < 0.005.
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Fig. 4. (Color online) The variation curves of output voltage V' (pH) = Vps and pH value of ISFET pH sensor during the measurement time
(0~60 min) for three samples consisted of (a) pH 3.0 (0.6 ml) + MNPs (3.0 ml), (b) pH 6.0 (0.6 ml)+MNPs (3.0 ml), and (c) pH 9.0

(0.6 ml) + MNPs (3.0 ml). The bottom photographs of A, B, and C are each solution state of three samples at just a mixed state, 30 min after a

mixed state, and 60 min after a mixed state, respectively.
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Fig. 5. (Color online) Schematic diagram for the operational principle with H'-ion concentration near to an electroactive and sensing Si;N,
membrane of a ISFET pH sensor: (a) pH solution, (b) MNPs solution, (c) dilute pH + MNPs solution, and (d) dense pH + MNPs solution inside of
encapsulation. Here, the magnitude of output voltages of ISFET pH sensor for four different solutions are V, <V, < V. <V, due to the difference of
H'-ion concentrations near to an electroactive and sensing Si;N; membrane.
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Fig. 6. (Color online) (a) The pH measurement method system according to the intensity of external magnetic field of magnetic nanoparticle
solution. The output voltage V' (pH) = Vs curves of ISFET pH sensor versus the external applied magnetic field (+1000 Oe — 0 Oe — —1000 Oe)
during a measuring time of 2 min 30 s for three samples consisted of (b) pH 3.0 (0.6 ml) + MNPs (3.0 ml), (c) pH 6.0 (0.6 ml) + MNPs (3.0 ml),

and (d) pH 9.0 (0.6 ml) + MNPs (3.0 ml).
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Fig. 7. (Color online) Schematic of magnetic hyperthermia cancer treatment using by in vivo injection of polymeric magnetic nanoparticles as
emerging controlled drug (pH > 7.5) release systems in primo vessel inside of lymphatic vessel. The stimuli are applied an external stimulus such
as magnetic field to trigger drug release, which allows precision spatial, temporal as well as dose control over drug release at acidic tumor pH

(6.5~7.2) through a remote apparatus.
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