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Abstract, The forced volume magnetostriction and the NMR of ferromagnetic FeqN and
ferrimagnetic MnyN have been measured in the ordered state. At 4.2 K the magnetization.
(c) per unit mass aud the effective field (Hp) at the nuclens of the Fe(I) site of FesN are
found to change with pressure such that dlno/8P =~ 3In|H[/dP < 0, while for MnyN
#lne/3P =~ 63In|H|/dP > 0. The result for MnyN is interpreted as showing that the
magnitude of the small (negative} moment on the Mn(II) site decreases more rapidly under
pressure than does the large Mn(T) moment. The value of 81n|Hi}/8 P for MngN was found

. to be a strong function of temperature such that 31n Ty/8P =~ 5.2 Mbar~!. An analysis of
the MngN NMR data suggests that the discrepancy between the calculated (spin) and measured
moment at the Ma(l) site may be due to a small orbital morment at that site.

1. Intreduction

- The transition metal nitrides M4N, where M is Fe or Mn, are expanded lattice metals whose
magnetic properties are of interest in both pure and applied physics. The introduction of N
to the M lattice leads to an ~ 30% increase in volume and to two inequivalent M sites, M(T)
and M(H). The M(]) site carries a large moment with little interaction with N while there
is strong bonding between M(ID) and N. The M{I)}»M(II) interaction is ferromagnetic for
FesN and ferrimagnetic for MnyN. The MyN compounds have been extensively studied by
magnetization [1-3], neutron scattering [1-3], NMR [4-6] and Méssbauer techniques [7, 8]
over the last 30 years and are of renewed interest because of the potential use of derivatives
of Fe4N in magnetic recording [7-9] and their relation to the invar effect [10,11].

In view of the large lattice expansion associated with the formation of MyN, and the very
different bonding of the M(I) and M(II) sites, it is particularly interesting to investigate their
magnetic properties as a function of pressure. Barly theories of M4N assumed an ionic model
but the more recent theoretical treatments discussed in section 3 [12-15] emphasize the
metallic nature of M4N. It would therefore be expected that the magnetization of FesN would
decrease under pressure while that of MnyN would increase because the small (negative)
moment on the M{IT) site should be more sensitive to pressure than that on the M(I) site.
In the present paper we show that the magnetization (o) per unit mass of FesN and MngN-
under pressure does behave as predicted theoretically but the pressure derivatives are quite
small, showing that the large moment on the M(I) site of MnyN in particular is insensitive

. to a small changc of volure.
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The 57Fe NMR of FesN at the Fe(l) and Fe(IT} sites has been measured as a function
of pressure up to 9 kbar at 4.2 K. The logarithmic pressure derivative 8 ln|H|/3P of the
magnitude of the effective magnetic field at the nucleus, was found to be nearly equal
to 8lno /AP for both sites. The 55Mn NMR of the Mo(D) and Mn(Il) sites of Mn4N and
of satellite lines due to one N vacancy, Mn(l,), and two N vacancies, Mn(I,), has been
measured as a function of temperature and pressure from 4.2 K to room temperature.
The strong temperature dependence of 31n|H;|/9P is attributed to an increase of the
Néel temperature under pressure, which cannot be measured in our equipment directly,
by ~ 4 K kbar~l. The value of 31n|H;/8P will be shown to be consistent with a model
in which only the Mn(II) moment changes appreciably with pressure. An analysis of the
frequency of the Mn(],) satellite line and of the value of &8 In|H;| /8 P for Mn(I} was found
to lead to the same contributions to the effective field at the Mn(l) site, provided that the
magnitude of the moment at the Mn(II) site next to an N vacancy increases by 1up as first
suggested from neutron scattering measurements [11. The value found for the effective field
at the Mn(1) site is not consistent with a spin only moment at that site, but is understandable
if there is also an orbital moment of ~ 0.4.043- Since spin only calculations [12] have indeed
found a lower moment than that measured by neutron diffraction, this possibility deserves
further investigation. ) N ' o

2. Magnetic structare

The structure of MyN is of the perovskite type, which can be viewed as a face centred cubic
M structure with an N at the cube centre. There are two crystallographically inequivalent
M sites, one, M(I), at the cube corner, and the other, M(II), at the cube face, The effect
of the inclusion of N is to increase the volume of the material so that for FeyN the lattice
constant is 10% larger than that of ¥ Fe. The moments at the two M sites are very different
in magnitude (table 1). The low moment at the M(II) site is considered to arise from a
stronger interaction with N than occurs at the M(I) site because the M{I}-IN distance is V£
times that of M(II)-N.

The magnetic structure of FesN is ferromagnetic but MnuN is more complicated (table 1).
The basic interaction between Mn(l) and Mn(ll) is ferrimagnetic, but there is a small
temperature dependent triangular magnetic component at the Mn(II) sites {3]. The moments
on the two Mn sites change differently with temperature. By 300 K the Mn(I) moment has
decreased by about 10% from the value at O K while that of Mn(II) is almost unchanged
[2,3]. The effect of vacancies at the N sites in the MnyN structure has been analysed by
Takei et ol [1] using neutron diffraction and magnetization measurements. They concluded
that there was little change in the moment at the Mn(l) site next to an N vacancy but that
the Mn(I[) moment changed from —0.90 to —1.9ug. An N vacancy [eads to a satellite
line in the Mn NMR of MnsN and it will be shown below that the difference between the
frequencies of the main and satellite lines tends to support the conclusion of Takei er a! that
the moment of Mn(II) sites next to an N vacancy increases in magnitude.

3. Computed ground state of MyN

The early attempts to understand the properties of MyN in terms of an ionic model were
unsuccessful (see {12] and [8] for reviéws). Matar er al [12] used the augmented spherical
wave (ASW) method to calculate the properties of MyN. They showed that Mns{Fes)N was
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Table 1. The moments measured by neutron diffraction experiments at low temperature [1-3]
and the calcuiated values {12] for FesN and MnyN. There is also a small triangular magnetic
component at the Mn(lE) sites 3]. The Mn(IL,) site is the nearest neighbour of an N vacancy.

Experiment Calculation

Fe(D) 3.00 2.98
Fe(ID) 2.00 1.79
Munll) 3,85 323
Mn(Il) —0.90 —0.80
Mn(li,) —190 ° —

ferri(ferro)magnetic and emphasized the covalent nature of the bonding between N and M(I)
and the isolation of the M(I) site. Kuhnen et a! [8] made a linear muffin tin orbital (LMTO)
calculation, which showed a charge transfer from Fe(f) and N to Fe(Il) sites, in agreement

- with their Mdssbauer measurements of the isomer shifts at the two sites. Kuhnen ot al
stressed the metallic character of Fe,N, with a common d band for Fe(I), Fe(Il) and N, but
concluded that the moments were essentially localized at the Fe(l) and Fe(ll} sites. Tagawa
and Motizuki [13] have made an augmented plane wave (APW) calculation for MnyN and
Ishida and Kitawatse [14] an LMTO calculation for FesN whose essential features are in
agreement with [8].

The values of the spin moments at the Fe(I), Fe(II) and Mn(Il) sites given by the above
calculations were all in good agreement with the neutron data and support a model in which
the greatly reduced moment on the M(Il) site, compared to that of M(I), arises from the
strong N-M(II) interaction. There is a large discrepancy between the measured moment at
the Mn(I) site (3.85up) and the calculated spin values of 3.2-3.0u5, which may be due to
an orbital moment at this site, as discussed below. _ '

Siberchicot and Matar [15] extended the ASW calculation of Matar er af [12] to calculate
the magnetic moments of MngN as a function of pressure. A weak but significant increasing
charge transfer from N.to Mn(II) was found to occur with increasing volume. The absolute
magnitudes of the moments at Mn(I) and Mn(Il} sites decreased with pressure but the
moment at the Mn(ll) site was found to be far more pressure sensitive and lead to an
overall increase of the net magnetization, in agreement with the conclusions of NMR and
magnetostriction measurements discussed below. .

Matar et al [12] and Kuhnen et @l [8] both calculated the contact interaction at the Fe
sites of FeqN and obtained values of the effective field in good agreement with experiment.
Matar et a! also calculated the contact interaction contribution to the effective ficld at the
Mn sites of MnyN, but the values found, Mn{I}) ~ —50 kG, Mn(II}) ~ 30 kG, were, as
discussed further in section 5.2, in poor agreement with experiment (table 2).

4, Experimental details .

4.1, Saﬁzple preparation

4.1.1. FeyN. Divalent iron oxalate, with particle sizes of ~ Ium, was used as a precursor
to prepare FeyN. The oxalate was decomposed under a stream of hydrogen—ammonia gas
mixture with a ratio NHs/H, =~ 1 at 400°C for 5 h (1 h at 120°C and 4 h at 400°C).
The reaction is of the solid—gas type and is hence carried out in the so-called fluidized
bed reactor, which ensured a more intimate contact between solid particles of the precursor
and the reacting gas mixture. After the reaction the furnace was left to cool down under
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Table 2. The NMR frequencies v (MHz), and equivalent effective fields H (kG), for the 5'Fe
NMR of FeyN and the Mn xmr of MnsN at 4.2 K and room temperature, The first entry for
Mn(}) is for the sample whose spectrum is shown in the vpper part of figure 4 and the others
are for the sample whose spectrumn is shown in the lower part.

v(H)42 v(H)gr URT/ Va2
Fe(l) 51.0(—369) ~ —(=341) [8] 0.92
Fe(Il) 323(-234) _ —(=217) [8) 0.93

Mn{l) 133.8(-126.8) . 117.1(-111.0) 0.875
Mn(h) 134.1(—127.1) H7I9(-1117) 0.879
Mn(l,) 115.1(-109.1) 104.8(-99.3) 0911
Mn(lp) 99.8(-94.5) . 94.5(--89.5) 0.547
Mn(II) 20-65 20-60 —

a reduced rate of gas flow. The resulting magnetic product was then collected in toluene,
which traps adsorbed hydrogen, rapidly washed with acetone, and dried.

4.12. MnyN. As MnO readily formed when a solid—gas reaction of the type described
above was attempted to prepare MnN from similar precursors or from the finely divided
metal, another procedure was adopted to prepare MnyN in the solid state. The procedure
starts with the homogenization of powders of MnzN and Mn in an agate mortar. The powder
is then introduced into a silica tube and sealed under vacuum. The reaction was carried out
for ~ 12 h at 650°C, _

The x-ray diffraction patterns of the nitride powders were characteristic of pure FesN
and MnsN. The lattice parameter of FesN, 3.797 £0.003 A, was found to agree with earlier
measurements, but systematically lower values of the lattice parameter of the MnsN samples
were obtained by the solid state reaction procedure: 3.852:0.003 A as compared to 3.865 A
[1]. This difference is indicative of the presence of N vacancies, i.e. MngN;—; with § ~ Q.1,
see section 5.2 below.

4.2, Experimental technigues

The forced magnetostriction at 4.2 K was measured on thin discs of pressed powder using
a capacitance technique, which has already been described [16]. The field of up to 12 T
was applied in the plane of the disc and the change in length paralle]l and perpendicular to
the field recorded.

The 3*Mn NMR spectrum of Mn,N and the 57TFe NMR of Fe,N were measured as functions
of pressure up to 9 kbar at 4.2 K using a computer controlled phase coherent swept frequency
spin echo spectrometer [17). The powder samples were immersed in liquid and pressure
applied at room temperatare to a Be—Cu lock cefl, The pressure was measured using a
calibrated semiconductor pressure transducer. The small nuclear moment and low isotopic
concentration (2%) of Fe in natural Fe led to weak NMR signals that could only be
observed at low temperature, but measurements of the eifective fields at the nuclens at
room temperature have been reported for Fe;N using the Mossbaver effect [8).

The strong **Mn NMR signal from MnyN could easily be observed up to room
temperature. The spectrum was found to be sample dependent because slight variations
from the nominal MmN composition led to N vacancies and satellite lines on the Mn(I)
NMR. The temperature dependence of the main Mn(I) line and of the satellite line due to
one N vacancy, Mn(I,), and two N vacancies Mn(l,), was measured from 4.2 K to room
temperature in a gas flow cryostat by allowing the sample temperature to drift slowly while
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repeated spin echoes were captured and analysed by the computer. The spin echo was
detected in two channels with 7 /2 phase difference between the reference waveforms and
resolved into amplitude and phase components. At exact resonance the phase (¢) will be
constant across the echo; otherwise d¢/dz is equal to the frequency offset and therefore the
frequency (vp) for resonance can be calculated. The computer now sets the frequency of
the frequency synthesizer to vy and continues to track the NMR frequency as a function of
temperature. This method, which we have not seen reported before, gave results in good
agreement with measurements made at fixed temperature and will be pubhshed in detail
elsewhere.

% 0 kbar Fe(l -
® 9.3 kbar
*
- X
s S Hx
g Fellf) o x
& x 33
% o3 x
’% xx)(x : 4
: % % 8 5 %
% . x X
z Hx X %
311 3[2 3!3 _ Y 5:) - I5|1| ' 52 Figure 1. The ¥Fe NMR spectrum of FesN under
Fraquency / MHz atmospheric pressure and 9.3 kbar at 42 K.

5. Discussion

5.1.:FeqN

The >'Fe NMR of FeyN provides weak signals and was only measured at and below 4.2 K.
The main feature of the spectrum (figure 1) is that the width of the Fe(II) line is a factor
of three greater than that of Fe(I). Since >'Fe has spin 4, the width of the spectrum is due
only to the distribution of effective magnetic fields at the two sites and shows, as expected,
the greater sensitivity of the Fe(Il) site to vacancies on the N sites. The frequencies of the
two lines at 4.2 K (table 2} combined with room temperature Méssbauer measurements [8]
show that the effective field at both sites has decreased by a factor of 0.92 between 4.2 K
and room temperature. The pressure dependence of the effective field at the two Fe sites
‘of Fe4N is shown in figures 1 and 2. Due to the width of the Fe(II) line, and the small
change of frequency under a pressure of 9 kbar, the accuracy of the value of dlnv/aP is
only about :50% (table 3). As indicated in figure 2, it is quite possible that the value of
dIn v/3 P for Fe(l) is identical to that of Fe(Il).
: ‘The forced linear magnetostriction of FesN is shown in figure 3. Apart from the usual
rapid change of length with field until the domain structure has been removed, see, e.g., [16],
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Figure 2. The pressure dependence of the
57Fe nMr frequency (V) of FesN at 42 K.
The full lines are linear least-squares fits to
the data from the Fe(l) site (top) and Fe(Il)
site (bottom). The dotted line shows the slape
for the Fe(II) nMRr fraquency if the value of
3lnv|dP were the same as for the Fe(T} site.

Figure 3. The forced linear magnatostriction
of a diameter of a disc of pressed powder of
Fe4IN measured parallel {}}) and perpendicular
(L) to the field direction with the field in the
plane of the dise.

the forced magnetostriction is seen to be linear with field. The value of the change in length
parallel to the field, 8 In/y /3 H = 1.84 ppm kG™! is remarkably close to that perpendicular
to it, 81nl. /0H = 1.80 ppm kG~! as was also found for the related compound NiFe;N

[11]. The value of 81n V/8B is 5.44 ppm kG~L.

Using the thermodynamic Maxwell

relation (do7/8P) = —(1/p)(81n V/3H)r, where o7 is the magnetization per unit mass at
temperature T and p the density, we deduce that 9 lnop/d P = —3.6 Mbar~.

The magnetization and the magnitudes of the effective field at the Fe(l) and Fe(II) sites
therefore all decrease with pressure at low temperature, as expected for a band ferromagnet,
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Table 3. The pressure dependence of the magnetization (o) per unit mass and the magnitude of
the effective field (H) at the S?Fe nuclens of FesN and 5Mn nucleus of MngN at 4.2 K. The
units are Mbar™!.

3lne/3P 8l |H|/8P
Fe:N  ~36+03 —

Fe(l) — —29£0.3
Fe(Il) — —17+09
MmN ~1 — :
Mn(T) —_ 0.110x 0.005.
Mn(l,) - - 021005

Mn(l;) — —0.05 £+ 0.05

but the magnitude of 3Ingy/8P is small and comparable to 3 1n |H[/3 P, supporting the
view of Kuhnen er ¢/ [8] that the Fe moments are essentially localized. The magnitude
of dInog/8P for Fe,N is about 10 times greater than for Fe but some 30 times smaller
than for a weak itinerant ferromagnet such as ZrZns or Y{Coy_,Al)2 [18]. It should be
remembered that the most important quantity is 8 Inog/d In V', which has the value of 0.5
for Fe and 30 for ZrZny. The value of 3 lnop/91n V is equal to —Byd Ineg/8 P, where By
is the low-temperature bulk modulus, but at present By is not known for FeyN.

5.2, MagN

The forced magnetostziction of MnyN at 4.2 K was found to be sample dependent, and did
not show a linear variation with field even at 12 T. It was therefore only possible to obtain
an estimate that 8InV/0H ~ —1.0 ppm T~' and hence that 8Incy/8P ~ +1 Mbar~!,
This small positive value is in agreement with a recent calculation of the magnetization of
MnyN as a function of lattice constaat [15], which shows that the moment on the rather
isolated Mn(l} site is nearly independent of pressure while the magnitude of the (negative)
moment on the Mn(II) decreases under pressure.

The *Mn NMR spectrum at 4.2 K shows (figure 4) a narrow line near 134 MHz, which
is attributed to the Mn(I} site, a broad distribution in the range 20-60 MHz due to Mn(II)
and lines near 115 MHz, for Mn(Iy), and 100 MHz, Mi(ly), attributed to an Mn(I) site
with one or two N vacancies as near neighbours respectively. The intensity of the Mn(I,)
and Mn(ly) lines can therefore be used to monitor how close a sample is to the nominal
MnN composition. The exact shape and intensity of the Mn(I) spectrumn is difficult to
determine because of its width, wh1ch is due to a combination of electric field gradients,
since the nuclear spin of **Mn i is 3 2, and the sensitivity of the moment at the Mn(II) site to
N vacancies.

The Mn(I} site has cubic symmetry and therefore only a magnetic interaction leading to
the narrow line shown in figure 4, but a N vacancy breaks the cubic symmetry and would be
expected to lead to an appreciable quadrupole interaction at the Mn(I,) site. This interaction
is not sufficient to split the Mn(I,) line into five lines but does lead to an oscillatory decay
of the spin echo as a function of pulse spacing (figure 5) as first demonstrated by Abe et
al [19]. The period of osclllatron {r) is related to the quadrupole sphttmg (Avg) by the
relation TAv, =1.

An analysis of the spin echo decay shown in ﬁgure 5 for the Mn(T,) site, using the linear
prediction by singular-value decomposition (LPSVD) technique [20], showed that there were.
two frequencies present, Ay, = 262 and 228 kHz, with an intensity ratio of 2:1. Due to the
presence of domain walls in the material it is not clear how to relate these values to the exact
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Figure 4. The 55Mn NMR spectrum of two samples
Mnlb of MnaN at 4.2 K showing lines from the Mn()
and Mn(Il) sites and satellite lines of the Mn(D)

20 40 80 80 100 120 140 " NMR due to one, Mn(l,), or two, Mn(ly), nearest-
Frequency / MHz ) neighbour N vacancies.
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i | ] L 1 L I [ 1 (] 1. I 1 1
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=30 LI M L T AL L B L LR LB Figure 5. The spin echo decay at 4,2 K of the
) 10 20 a0 40 g0 3*Mn NMR of MngN at the Mn(I) and Mn(l,)

Pulse spacing / s sites.

electric field gradient (EFG) at the nuclej, but they will provide a check on first-principles
calculations of the EFG at present in progress [23].

The temperature dependence of the Mn(l), Ma(l;) and Mn(lp) frequencies is shown
in figure 6. The width of the Mn(Il) distribution precludes any determination of its
temperature dependence. It will be seen that the Mn(I) line shows the strongest dependence
on temperature. This is consistent with the neutron data [2, 3], which show that the moment
at the Mn(]) site at room temperature is about 0.9 times that at low temperature while that



Magnetization and NMR of FegN and MngN -~ -

390 -

0.85 v T ¢ | ¥ F T ¥ [ T T

t 100 200
Temperature 7 K

15

(H0°]
] Mnl 300K

iy
[==]
]

. Mnla 300K
5
N
7 o Mnia 4.2K
-5 T T 71 ‘ LR l T T T I L I (L I I Bl T I
0 2 4 6 8 10 12

Pressure / kbar

- 1787

Figure 6. The temperature dependence of the
33Mn NMR of MngN normalized to the value at
4.2 K. The full lines were produced as described
in section 4.2. The symbols show measurements
made at fixed temperature and typical error bars,

Figure 7. The normalized pressure depen-
dence of the S5Mn NMR at the Mn(I} and
Mn(lL,) sites at various temperatures.

of the Mn(Il) site is almost constant. {The Néel temperature of Mn is about 750 X [2,3].)
The pressure dependence of the *Mn NMR of MnyN at various temperatures is shown
in figure 7. The surprising feature of these results is that there is an appreciable change in
dlnvr/3P even between 77 K (0.107y) and 4.2 K. It has been shown [21] that if it may
be assumed that at constant volume the effective field at the nucleus is a function only of -
T/ Ty then the value of 3Invy /BP at a given temperature may be related to the value at

0K by the eguation

dlnyy/aP =38ln vT/GP +;(3 In v;—/ﬁ InT)dIn TN/E)P

(D

It will be seen from figure 6 that the value of 8Inv/3InT for the Mn(D) site-of MnyN is
not negligible even at 77 K. Using equation (1) we deduce that 8 In Ty/9P = 5.2 M_bar“.
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As was remarked in section 3 the calculated value of the effective field at the Mn(I)
site (—50 k@G) is in surprisingly poor agreement with experiment (table 2). We now show
that consistent estimates of the contributions to the effective field are obtained from the
pressure dependence of Hj and from the position of the satellite line from the Mn(l,) site.
The established empirical model for the effective magnetic field at a nucleus is to attribute
it to a term due to the magnetic moment (H) at the site plus a transfer term (H;) from
neighbouring atoms. At Mn(I} therefore

Hy=H,+ H =au+128uy

since there are 12 Mn{I) sites around an Mn(]) site, where & and § are constants to be
determined. The moment per formula unit may be written

b= !Li +3un
and, neglecting the small pressure dependence of y; [15],
dlno/3P =8Inu/3P = (3/u)dun/dP
therefore |
DH f8P = (uH/3umdIno /3P,
Using the values in tables 1-3
H, = -178 kG H, =451 kG. 2)

An alternative calculation of the contributions to H; may be made using the position of
the Mn(I,) satellite line. An Mn(l,) site has three Mn(I} nearest neighbours that are also
nearest neighbours of the N vacancy, so

Hy, = o+ 9Bpy + 3B, = Hy + 38(um, — pn)-
The values of uy and pp, given in table 1 lead to 8 = 6.0 kGug' and therefore for Hi
H, = —192 kG H, =165 kG. (3)

Since these values are, in view of the approximate nature of the model, in excellent
agreement with those deduced from the high-pressure experiments [2], equation (2), we
conclude that the large increase in the magnitude of the moment at an Mn(Il} site next to
an N impurity proposed from the nevtron scattering experiments is supported by the present
NMR measurements. It should be noted that in deriving equation (2) the value of 3 In u;/8 P
was set equal to zero but it is probably small and negative and this would tend to bring the
estimated values of Hy and H, still closer to the values given in (3).

Finally, we consider the value of H; for the Mn(I) site in terms of contributions
proportional to the spin and orbital moments at the site. It is well established that the spin
moment leads to a field = —130 kGug'. The value for the orbital moment is less certain
but is ~ 650 kGuz' (see [22] for discussion). Taking the value of H; to be ~ —185 kG
from equations (2) and (3) above leads to moments on the Mn{l) site of

us=345un  po=04us. | @
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The NMR measurements therefore suggest that there is an appreciable orbital moment at
the Mn(l) site and hence explain the Jarge discrepancy between the calculations, which
only considered the spin moment, and the experimental values of the Mn{I) moment and

the effective field. The spin moment shown above is in good agreement with the value-

calculated by Matar et al [12] and Tagawa and Motizuki {13]. The proposed orbital moment
at the Mn(1) site would aigo account for the large anisotropy constant of MngN (Hx ~ 8 kG)
found by Fruchart et ! [3]. At present only preliminary, non-converged, ASW calculations
have been performed for the orbital moment of MiyN [24], and these indicate that the

orbital moment is only ~ 0.03u3p, i.e. an order of magnitude less than suggested by the
above analysis, so further work, e.g. magnetic x-ray scattering, is required to clarify the
position.

6. Conclusion

" The MnyN compounds, where M is Fe or Mn, are expanded lattice metals with large
moments at the rather isolated M(I) sites and smaller moments at M{I) sites, which are
more strongly bonded to N. The present NMR data suggest that FeyN is a simple ferromagnet
with little or no difference between the pressure dependence of the effective fields at the two
Fe sites. The MnsN magnetization is more complicated. The basic structure is ferrimagnetic
and the increase in the magnitude of the effective field at the Mn(I} site is interpreted as
arising from a decrease under pressure of the magnitude of the Mn(II) moment. The pressure
measurements, and the value of the effective field at an Mn(l) site next to an N vacancy,
support the model, originally proposed from neutron diffraction experiments, in which the
magnitude of the moment at an Mn({}I) site next to an N vacancy is increased by 1ug over
the value in the perfect lattice.
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