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Magnetic Anisotropy in Single Crystals of an Interstitially Modified Nitrogen Compound, Nd:Fe;7Ns
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Single crystals of an interstitially modified nitrogen com-
pound, Nd;Fe;;Ns, were successfully synthesized for the
first time by means of the high-pressure N; gas nitrogena-
tion technique. High-field magnetization curves along
the rhombohedral principal axes for the Nd:Fe;; and
Nd,Fe,;N; single crystals at 4.2 K indicated strong aniso-
tropic behaviors, which were analyzed on the basis of a sin-
gle-ion Hamiltonian including the Zeeman energy, ex-
change energy, and crystalline electric field (CEF) effect.
The results indicate that the second-order CEF coefficient
A,® reaches up to —1.5x10° K/a,°® at 4.2K upon nitrogena-
tion, which is about three times as large as that for
Nd:Fe,.

Key words: Nd,Fe;;N,, high-pressure N, gas nitrogena-
tion technique, nitride single crystal, high-field magnetiza-
tion, crystalline electric field
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Fig. 1 Morphological photographs of the Nd.Feys sin-
gle crystals (a) before hydrogenation, (b) after hydro-
genation, and (c) after nitrogenation.
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Fig. 2 XRD patterns of Nd;Fe;; and Nd.Fe;-N; at
room temperature.

Table 1 Structural data

a(d) cd)

1249 796
12.67 846 +6.3

Compounds V(A AVIV (%)

Nd,Fe,, 8.58
Nd,Fe,,N, 8.79
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Fig. 3 SEM figures and EPMA image figures of the
N element in the cross-sections of the (a) Nd,Fe,; and
(b) Nd;Fe;N; single crystals.
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Fig. 4 EPMA line profiles of Nd, Fe, and N elements
in the (a) Nd,Fe;; and (b) Nd,Fe,;N, single crystals.
The insets show the corresponding SEM figure.
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Fig. 5 Temperature dependence of the magnetic
moment along the b-axis for the Nd.Fe;; and
Nd.Fe;;N; single crystals. The arrows indicate the
Curie temperature.
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Fig. 6 High-field magnetization curves along the
three principal axes for the (a) Nd;Fe;; and (b)
Nd,Fe,;N; single crystals at 4.2K%'" The open
circles show the calculated magnetization.
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Table 2 Summary of the CEF analysis for Nd,Fe,; and Nd;Fe;-Nj single crystals at 4.2 K

Compounds Crystal-field coefficients me (Wg) Ki, (K) H_ (K)
A"(Kag™) AS(Kay™") A(Kay*) A%(Ka,®) A'(Ka®) A,°(Ka,®)

Nd,Fe , -5.0x 10 -18 2.6 -6.0 -13 1.2x10° 2.0" -3.4'7 290

Nd,Fe N, -1.5x10' -17 -5.5 5.6 79 1.7 2.37 -2.6'® 360
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