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Abstract

The Mn55 and As75 NMR in orthorhombic MnAsi-xPx with x=O. 03, O,05 and
O.10 have been observed by a standard spin echo method at 77 K. The Mn55
hyperfine field is distributed over the range from 145 to 165 kOe, The magnetic

moment of 1.8 ptB estimated from the hyperfine data suggests a low spin configulation of Mn atom as in orthorhombic MnAs.
The As75 hyperfine field of about 50 kOe is much smaller than a value of
283 kOe in hexagonal MnAs.
gl. gntroduction

Ferromagnetic compound MnAs exhibits a change in the crystal structure
from the hexagonal (NiAs) to the orthorhombic (MnP) type and a decrease in the
saturation magnetization with application of hydrostatic pressure of about 4 kbar

at 77 K.i,2) Similar changes in the crystal structure and magnetization of MnAs

tal<e place also by substituting some amount of phosphorous atoms for arsenic
atoms.3-5) Goodenough et al.i,3) explained the decrease of magnetization in the

orthorhombic MnAs (stable at high pressure) and MnAsi-xPx by assuming that
the structural change is accompanied by a change in the Mn magnetic moment
from a high spin of 3.5ptB to a low spin of 1.7ptB. The neutron diffraction studies

by Schwartz et al.6,7) confirmed the similarity between the ordered magnetic
structures of orthorhombic MnAs and orthorhombic MnAse.g2Po.os, but suggested
that Mn atoms in orthorhomblc MnAs have a high-spin configuration of 2.6ptB.
In a previous work8) the pressure-induced transition from the hexagonal to
the orthorhombic phase in MnAs was investigated by means of nuclear magnetic

resonance (NMR) technique. The Mn55 NMR was observed as a function of
hydrostatic pressure, and it was shown that a sudden change in the Mn55 hyperfine

'

20 HIROsHI YoSHIE
field occurs at the hexagonal-orthorhombic phase transition.

Nuclear magnetic resonance studies of MnAsi-xPx in the orthorhombic phase
hav been made in order to investigate the similarity between the high pressure

phase of MnAs and orthorhombic MnAsi-xPx from the microscopic point of view,
In this report results of the Mn55 and As75 NMR measurements in MnAsi-xPx are
given in comparison wlth the NMR data in hexagonal and orthorhombic MnAs.
g2. Experimental
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Fig. 1 : The diffraction pattern
in MnAso.g7Po.o3 at room temperature.

The compounds MnAst-xPx with
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x=O. 03, O. 05 and O, 10 were prepared
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by melting a desired proportion of
the constituent elements in a quartz

ee

ampule. The product was ground into

powder, which was annealed in
vacuum for one day at 4000C. The
x ray analysis of the specimens was
made, and it was confirmed that all
the specimens have the crystal struc-

ture of orthorhombic (MnP) type
described by Ido. 4) A typical powder
pat'tern of MnAsa.g7Po,o3 is shown in

Fig. 1, and the crystal structure of

orthorhombic type is shown in the
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Fig. 2 : OrthorhombicB31
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structure of MnP

showing its relationship to hexagonal
B8i structure.
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relationship to that of hexagonal type in Fig. 2.

The NMR measurements were made by means of a conventional spin echo
method at 77 K. The amplitude of the spin echo foilowing two rf pulses was
observed as a function of frequency.

53. Exi}erimental Results and Discussions

The Mn55 and As75 NMR spectra in hexagonal MnAs at 77 K are shown in
Fig. 3 (a). The Mn55 NMR occurs at 235 MHz and consists of quadrupole-split
five lines with a value of e2qQh-i == 23 MHz. The As75 NMR consists of three

component iines centered at 206 MHz with a value of e2qQh-i== 16 MHz. The
hyperfine fields at Mn55 and As75 nuclei are 223 and 283 kOe, respectively. In
MnAsi-xPx the Mn55 and As7fi NMR, which are observed in hexagonal MnAs,
disappeared for xl>O.03, and two new NMR lines were observed in the 'frequency

ranges from 140 to l80 MHz and from 25 to 45 MHz. The NMR spectra in
MnAse.g?Pe.o3 at 77 K are shown in Fig.3(b). The resonance frequency and
lineshape of the higher-frequency NMR is very similar to those of the Mn55 in the

high-pressure phase of MnAs, where the lineshape of the Mn55 NMR is interpreted
as that broadened by an electric quadrupole and anisotropic interactions.8) From

the similarity between the NMR in orthorhombic MnAs and MnAso.g7Po.e3 the
higher-frequency NMR is attributed to Mn55 nuclei, although the quadrupoie
splitting is not well-resolved, and the lower-frequency NMR may be attributed
to As75 nuclei. The NMR spectra in MnAso.gsPo.os and MnAse.goPe.io are shown in

Fig.3(c) and (d). When the concentration of phosphorous atoms was further
increased, the shape of the NMR spectra was little changed, and the NMR frequency slightly shifted to !ower frequencies.

Recently Haneda et al.9) investigated the magnetic structure of MnAso.g2Po,es

by means of neutron diffraction and proposed a double spiral spin structure in
which the Mn magnetic moments of (2.0±O.4) ptB are arranged in a spiral propagating along the c axis with a turn angle of 200. In this structure the Mn
moments rotate within the bc plane, and, therefore, the quantization axis of the
nuclear spin varies from site to site as in domain walls of a ferromagnet. This

results in a distribution of the NMR frequency in the presence of an electric
quadrupole and anisotropic hyperfifie interaction. The observed Mn55 and As75

NMR in MnAsi-xRx are explained as such a distribution of the NMR frequency.
A similar spectrum was also reported for the Mn55 NMR in isostructural compound
Mnp. Io)

In the previous paper8) the Mn55 hyperfine fie!ds for the magnetic moments
parallel to the b and c axes in orthorhombic MnAs were obtained to be 165 and

' 145 kOe, respectively, from the frequencies of the central components of the
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Fig. 3 : The Mn55 and As75 NMR spectra observed by spin echo method at 77 K.

quadrupole-split lines. In addition, the magnetic moments along the b and c axes

were estimated to be 1,9 and 1.7ptB, respectively, by cornparing the NMR and
magnetic data with those in MnP. In the case of MnAsi-xPx the Mn55 hyperfine
fields are not accurately determined, since the electric quadrupole splittings are

not resolved, But nearly same distributions of the NMR frequency in both orthorhombic MnAs and MnAso,g7Po.o3 suggest that the Mn55 hyperfine field and magnetic

moment in MnAso.g7Po.o3 are nearly equal to those in orthorhombic MnAs.

As for the As75 NMR the hyperfine field at As75 nuclei in MnAso.g7Aso.e3 is

about 50 kOe, which is much smaller than the value of 283 kOe in hexagonal
MnAs. The hyperfine field at nonmagnetic As75 nuclei may primarily come from
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the exchange poiarization of outer 5s electrons due to neighboring Mn spins. The
observed decrease in the As75 hyperfine field, however, cannot be fully explained

by the decrease in Mn magnetic moment (from 3.5 to 1.8 ptB). Most part of the
decrease in the hyperfine field is due to the decrease in the Mn magnetic moment.

The remaining might be due to the noncollinear arrangement of neighboring Mn
spins in the spiral spin structure.

In conclusion the Mn55 NMR results suggest that Mn atoms in MnAsi-xPx are
in a low spin state of abottt 1.8 ttB as in orthorhombic MnAs and provide a micro-

scopic evidence for the similarity between MnAsi-xPx and high-pressure phase of

MnAs, which was referred to by previous workers.3,6)
The As75 NMR results give a srna!1 hyperfine field at As75 nuclei and suggest

that MnAsi-xPx have a noncollinear arrangement of Mn magnetic moments.
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