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Little research has focused on using iron nitride as thermoseed particles in magnetic
hyperthermia, although magnetite (Fe;0,) is commonly used for this purpose. In the
present study, we focus on iron nitride, especially ¢-Fe,_3 N. ¢-Fe,_3 N particles were
synthesized from hematite (Fe,;O3;) and sodium amide (NaNH.) under various synthesis
conditions, and the heat generation properties of the particles were investigated to reveal the
synthesis conditions that lead to particles with notable heat-generation performance. The
particles synthesized at 250C for 12 h increased the temperature of an agar phantom by
approximately 20C under an alternating magnetic field (100 kHz, 125 Oe, 600 s), suggesting
that ¢-Fe,_3N particles can be used for magnetic hyperthermia. The analysis results for the
particles synthesized under different conditions suggest that the heat-generation properties
of e-Fe,_sN were affected by several factors, including the nitrogen content, particle size,
crystallite size, saturation magnetization, and coercive force. Furthermore, the results of the
cytocompatibility test revealed that when the ¢-Fe,_3 N particles are used directly for
magnetic hyperthermia, the dosage must be controlled to a level that does not cause
cytotoxicity.
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Fig.1 FE-SEM images and correspondlng EDS mapping images of samples Scale bars: 1 pm.

Table2. Mean particle size, unit cell volume, and estimated compositions for samples.

Sample Megn particle Unit cell xin FesN Estima.te?d
size (nm) volume (A%) composition
Fer 5N _240°C_6h 279 87.9 0.0241 Fez oN
Fer sN_240°C_12h 306 86.5 0.334 Fey 33N
F€273N_2400C_96h 298 83 S 0.999 Fe3_ooN
Fe, 3N 230°C_12h 242 87.2 0.177 Fes 13N
Fe, 3N 250°C_12h 328 86.2 0.385 Fes 30N
Fe, 3N 260°C_12h 358 85.6 0.514 FexsiN




NSG Found. Mat. Sci. Eng. Rep.

CREY INESLEER R A 230C A

>
w

5 260C I ERT B 8 BT I ome |
RIfE(3 242nm 2°5 358nm ~ LK £ ol e 8 e
205 MAMILRAES 240C L — [T ——§
YIS, ML % 6 F) Fraredon 2 \ otz om
Mo BRMERC LTS, o E r o
TR D E DAL 2V L ] JithJW, |
HorERo72, Cm * Sodegresy Dss ® Jbegree)
#H D XRD /8% — > % Fig.2 I ? ey Y
Fe WERORKD eFeraNH gt g / More e
ShoTOUBIENMLhEhor: o[t 2 | s
(Fig 2A BXO20), 7, M sr— A0 2 T
BRI A C % 210 (Fig.2B). B¢ttt —
B %\ L IALELR AT < 7 512 Al g .
21 (Fig.2D). e-Fe, 3N @ F [0l P R zﬁd'eg;:‘;) W

E— I BRAEMIZIY T P L7z W Fig.2 XRD patterns for samples synthesized at 240C for

RO BT E — 7 OALE D & BAE T different synthesis times (A, B) and those of
NG A= BB L, B ICHEkD samples synthesized at different temperatures for
WTHRBOURA HAEL 7 & = 12 h (C, D). XRD peak positions for ¢-Fe; N, and

. - e-FesN are shown by dashed lines in Figs. 2B, D.
A, Table2 D X H Il o7z Th

0. B ORI LR Table3. M, M,, and H, values for samples.
MR %5 & 2\ I IAL IR Sample M, (emu/g)  H.(Oe)
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Fig.3 Temperature increase (A7) in agar phantom with samples dispersed and placed
under alternating magnetic field. The AT for samples synthesized at 240C for
different synthesis times and those synthesized at different temperatures for 12 h
are shown in (A) and (B), respectively. Each data point is presented as the mean =+
standard deviation (SD) from four independent experiments, and the statistical
significance (**P<0.01, ***P < 0.001) was computed via Tukey’s HSD test.
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Fig.4 Cytotoxicity of samples against 1929 cells (A: extract exposure method, B: direct
contact method).
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