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ABSTRACT

The NMR signals of Mn55 in various antiferromagnetie Mn
alloys have been observed in liquid helium temperature range.
The internal field of Mn55 in antiferromagnetic b.c.c. Cr—Mn
alloys decreases with the concentration of Mn from 62.3 kOe
to 39.0 kOe. It seems that the magnetic moment of Mn decrease.

The nuclear spin-lattice relaxation of Mn55

in antiferromagnetic
Cr-Mn alloys is explained by the same mechanism as that in
paramagnetic b.c.c. transition alloys, Ti-V, V-~Cr, and V-Mn.

The internal field of Mn-°

in antiferromagnetic y Mn (f.c.c. or
f.c.t.) is 65.2 kOe, and this is very small from the consideration of
the value of the magnetic moment of 2.4 Mg - The satellite

signals appear at the field of about 95 kOe which is almost

'independent of the specieé of the impurity atoms in the dilute

alloys. The small internal field indicates that a large positive
contribution is needed to compensate a large negative core
polarization term. The appearance of one satellite at a considere
ably higher frequency than the main line indicates that the

compensation is the property of the Mn atom itseif and the effect
of the impurity atom 1s well limited to its nearest neighbors.

: This concept~is useful also to explain the internal fields

in the vy Mn alloys of high concentration range.
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§ 1. Introduction.

Manganese metal and alloys have a variety of magnetic

- properties. They have been current interest for many physicists.

It is interesting to do the experiment of NMR for understanding

i

the electronic structure of such materials.

Body centered cubic chromium-manganese alloys are obtainable
in the concentration range between pure Cr and about 70 at,% of
Mn. These alloys are antiferromagnetic except for dilute Mn alloys,

which are magnetically ordered in sinusoidal spin density wave

state.l-3)‘ Néel temperature of the alloys increases with Mn

concentration from 310 K for pure Cr metal to 790 K for 50 at.%
2),4)

Mn alloy. The magnetic structure of antiferromagnetic'Cr—Mn

alloy is shown in figure 1. The average magnetib moments of the
alloys, obtained by neutron diffraction experiments,l)’2) are
almost constant over whole concentration range of b.c.c. alloy

except for the dilute Mn alloys. The dilute alloys and pure Cr
1),3)

metal are well described by itinerant electron model.

The validity of this model has not been confirmed as the Mn

concentration becomes 1arge.5)

NMR experiments have been performed in paramagnetic b.c.c.

Ti-V, V-Cr, and VQMn alloys.6)’7)’8) The electron number
dependence of the nuclear spin-lattice relaxation times of V51

and Mn55 in these alloys is well explained by the change of the
density of states at the Fermi level determined by the coefficient
of the electronic specific heat. It is interesting to invesfigate
this relation in antiferromagnetic b,c.c. Cr-Mn alloys. |

On the other hand, Yy Mn metal and alloys, which are

antiferromagnetic, have face centered cubic or face centered
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tetragonal structures.9—13) Néel temperature of y Mn metal is
about 500 K. According to the neutron diffraction experiments,
the magnetic moments have the magnitude, 2.4 uB. The magnetic
structure 1is also shown in figure 1. The f.c.c. Y Mn becomes
f.c.t. below the Néel temperature. Because pure Yy Mn is not
stable at low temberatures, small amounts of impurity, such as
Cu, Au, Pd, Ir, Ni, etc., are added generally to stabilize the
Y phase. This addition causes small ambiguity in the physical
quantities but does not change the fundamental properties of vy
Mn. As the impurity concentration becomes large, the tetragonal
disto}tion does not occur. The y Mn is theoretically explained
by the gapless band antiferromagnetism,lu) which is usefull to
understand its properties qualitatively. The magnetic struhtures
of Y Mn alloys show complicated behavior with alloying composition.
In the present work, NMR of Mn55_in antiferromagnetic

Cr-Mn and vy Mn alloys were observed in order to study the electronic

state in these alloys.



§ 2. Experimental procedures.
A) Sample preparations.
1) Cr-Mn alloys.

The Cr-=Mn samples were prepared by argon arc melting with
turning and remelting the buttons of alloys repeatedly for
homogenization. Purities of Cr and Mn metals are 99.999 % and
99.99 % respectively. The ingots were crushed into grains and then
powdered by an agate mortar. The sample size is smaller than 70 u.
The concentrations of the alloys were determined by chemical
analysis and the b.d.c. structures of the powdered samples were
confirmed by X-ray diffraction. Especially, two samples were
prepared for 28.9 at.% Mn alloys to investigate the homogeneity
of the alloy ; one was powdered without any heat treatment after
an arc melting and the other was powdered after heat treatment of
keeping the ingot at 1600°C for 30 hours. NMR signals of those
two samples have no difference, so that all Samples.are expec@ed

to be well homogenized even without such heat treatment.

2)»7 Mn alloys.

Thé Y phase samples of Mn alloys were made with the addition
of Cu, Ni, P4, Au, Ir, or Fe metals which are all more than 99.9 %
pure. The mixturés of metals were melted by induction melting in
corundum crucibles in an argon atmosphere. The ingot was sealed
in a quartz tube filled with pure argon gas at a pressure of 150
mmHg and kept at the temperature of just below the upper limit of
Y phase regidn for 20 hours. A sharp quenching was obtained by
breaking the tube in ice water. After'theée heat treatments, the
ingots were filed and powdered by an agate mortar. The sample

size 1is smaller‘than 70 u. As the y-phase of the Mn-Fe‘alloys of
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composition less than 40 at.% Fe is not stable at low temperature,

5 at.% Cu impurity was added to stabilize the y phase. This addition
of Cu impurity does not change much the physical properties of y
Mn-Fe alloy.l3) The f.c.t. or f.c.c. structures of the powdered
samples were confirmed by X-ray diffraction. All the samples

except for 2.5 at.% Ni alloy had a single vy phase. The 2.5 at.%

Ni alloy was composed of the two phases of y and B. The admixture

of B phase has no effect on NMR experiment in y Mn because the

NMR frequency of B8 Mn is zero in zero externai field. This point

will be discussed'in later section.

B) NMR technique.

The NMR experiment was carried out with frequency vériable
spin echo technique under zero external field. A block diagram‘
showing the essential.features of our NMR system is Shown in
figure 2. Additional supplementary equipments are needed for
frequency determinatioﬁ, power measurements, gain calibration, etc.
The frequency was varied with intervals of 2 MHz from 18 MHz to
100 MHz for Cr-Mn alloys and to 250 MHz for y Mn alloys. For some
typical samples, the frequency was swept up to.350 MHz to confirm the
- absence of signals at higher frequencies. Hl(rf field strength) used
in this experiment was about 60 Oe, which was kept as constant
as possible over the above frequency range. To obtain an information
below 18 MHz, NMR was observed using an apparatus with the fixed
fréquency of 10 MHz by applying an external field. Spin echo
signal was obtained by the first 90° and second 180° pulses. The
nuclear spin-lattice relaxation time, Tl’ was measured by observing
spin echo signals after a comb of saturation pulses. It was

confirmed that the saturation was sufficiently achlieved by the
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comb. Gain of receiving system after the saturating pulse train
and two spin echo pulses was monitored by observing the out-put

of a test signal applied to the sample coil by electromagnetic
coupling. The internal field measurement was performed at 1.4 K
and Tl measurement was done at 1.4 K and 4.2 K. The temperature
was determined by the vapor pressure of liquid helium. The
magnetic ‘moment 1is expected to be sufficiently saturated at liquid
helium temperatures. For the line shape determination, the echo
amplitude extrapolated to 1=0 (1 the separation of two pulses) is
used in order to avoid the effect of transverse relaxation time.
The gain difference of the receiver system caused by the change

of the frequency was also calibrated by the test signal. To
obtain the true line shape, we must consider this gain difference
and other factors such as the difference in Boltzmann factor. In
order to eliminate these ambiguities, we used the signals of Mn55
in antiferromagnetic o Mn metal at site 1 (199.4 MHz), site 2 (
151.5 and 144.5 MHz), and site 3 (31.0 and 26.5 MHz), of which

15)

the ratios of the numbers of atoms are 1:2:2:U4:8, We obtained

the line shapes using such correction that the intensity ratioqu
these o Mn signals becomes 1:2:2:4:8. The internal field was

evaluated, using the nuclear g-value obtained by the resonance.
16)

frequency of Mnsslof 10.500 MHz at 10 ngf



§ 3. Experimental results.
A) Cr-Mn alloys.,

Figure 3 shows the line shape of Mn°° in the 28.9 at.% Mn
alloy obtained at 1.4 k. All the Cr-Mn samples of different
concentrations have the similar line shapes to that in figure 3.
The internal field 1s calculated from the peak frequency of the-
line. Figure 4 shows the concentration dependence of the

55

internal field of Mn in the antiferromagnetic Cr~Mn alloys

at 1.4 k. The same results are obtained at 4.2 K, The intensity
of NMR signals is proportional to the Mn concentration. The
values of magnetic moments of Mn and Cr are expected to be almost
the same in sinusoidal spin density wave phase, and 1t seems
probable that the moments of Mn do not change much even in anti-
ferromagnetic alloys as far as the concentration of Mn is suffici- B
ently dilute. Therefore, it 1is expected that the Mn moment is
almost the same as the a&erage moment in these alloys.

The internal field of Mn55 is estimated to be 85 kOe per Bohr‘
magneton in the 3.0 at.% Mn alloy using the value of average
moment of 0.73 Mg measured by neutron diffraction experiment.l)’z)
This 1s in agreement with the value of about 75 kOe per Bohr
magneton in antiferromagnetic o Mn metallS). Figure 5 shows
the concentrationfdependence of the full half-value width of
the lines. The product of the nuclear spin-lattice reiaxation

time, T,, and the temperature, T, is shown in figure 6. Here

1

T, was measured at 1.4 K and 4.2 K. In the 4.7 at.% Mn alloy,

1

T. was measured only at 1.4 K because of the poor intensity

1
at 4.2 K. The value of TlT is constant in-the temperature
region from 4.2 K to 1.4 K. It varies drastically with the Mn

concentration.



B) Y Nn alloys;

The 1line shapes of the Mn55 in the Yy Mn alloys with various
impurities are showh.in figure 7. They are similar for all the
alloys o? the same concentration. There are two peaks. The main
peak appears at about 70 MHz and the satellite at about 100 MHz.

The intensity of main peak decreases with the impurity concentration
and that of satellite increases., The ratio of these intensities
is listed in table. If the main peak and satellite are attfibuted
to the nuclel that have zero impurity atom and one impurity atom
in thelr nearest neighbors respectively, the intensity ratio of .
these signals 1s expressed as

(Tope / Train Deay = 12¢(1-c) 1/ (1-c)2=12¢/(1-c),
where ¢ is the concentration of impurity. The experimental
values well agree with the calculated ones, Therefore, the
impurity seems to have a perturbing effect only on its nearest
neighbors in vy Mn metal. The main signal is considered to be‘
almost the same with the NMR signal in pure y Mn metal. Thusv
the internal field of MnSS is estimated to be 65.2 kOe, which
ie.in ag}eement with the value of 65 kOe'obtained by nuclear

17) Using the value of'magnetic moment,

2.U Ups measured By neutron diffraction experiment,lo) the

specific heat measurement.

internal field of Mn55 is calculated to be 27.2 kOe per Bohr
magneton. This value is too small in comparison with 75 kOe

or 85 kOe per Bohr magneton in antiferromagnetic o Mn metal

15) The line shapes in the higher impurity

or Cr-Mn alloys.
concentration range and those in the alloys containing other
impuriﬁies are shown in figure 8, 9, and 10. .These line shapes
give widely distributed internal fields. The NMR of Cu63 and

63

Cu65 are also shown in the figure 10. The signals of Cu and
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Cu65 can not bé distinguishéd because their resonance frequencies
are close to each ofher_and;the line shapes are broad in these
alloys. The center of grayity of the asymmétric broad line of Mn55
is shown in figure 11 in order to make it clear that the dependence
of the internal fields on the concentration for various kinds of
alloys. Figure 12 shows thé integrated intensities of y Mn alloys,
where the broken line indicétes the expected intensity. The
agreement between the measufed and expected intensities indicates
that the whole resonance was obSefved in our measurement in spite
of very broad nature of the resonance lines. IOnly the intensity

of 2.5 at.% Ni alloy is abOﬁt the half of the expected value.

This is consistent with the result of the X-ray diffraction
investigation,‘that a considerable amount of B phase exists in

the sample as already pointed outlin the section 2. The transverse
relaxation time, T2, of Mn55 in Mn—Cu alloys is shown in figure 13.
T2 is larger as the concentfation of Mn increases. This |
concentration dependence is contrary to a simple expectation of

the increase of the spin-spin coupling by the concentration which

‘holds well in usual alloys.



§ M.‘Discussions,
A) Cr-Mn alloys.
1) Internal fields and line widths.

As is seen in figure U4, the internal field of Mn55 decreases
with the increase of the concentration of Mn in the range from
3 to 40 at.%, and then 1s almost constant in the range of U40~60
at.%. It seems to indjcate that the magnetic moment of Mn
decreases with the Mn concentration in the former range. On the

other hand, MOssbauer effect measurement of w182 doped in the

Cr-Mn alloys has been carried out by Kunitomi and KanaShird.lg)

Theilr result indicates that the internal field of w182 increases
with the increasing Mn concentration. As W is considered to take
pléce of Cr, the result suggests that the moment of Cr increases
with Mn concentration. The average magnetic moment of the Cr-Mn

2)

alloys, obtained by neutron diffraction experiment, does not
change in the range of 7~ 50 at.%. These circumstances are shown
in figure 14. Thus these results seem ﬁo be qualitatively cnh-
sistent with each other.
The line width increases with the increase of Mn concentration

. below 40 at.% ana is constant in the range of 40~60 at.% Mn,
The line width is caused by the distribution of the internal

field and this means that the magnetic moments of the Mn also
distribute. Some additional broadening will be produced by'the
electric quadrupole interactions., 'These“&istributions of the

magnetic moments and the electric field-gradients arise from

the statistical distribution of Cr and Mn'atoms.

2) Nuclear spin-lattice relaxation times.
The nuclear spin-lattice relaxation in metal is caused by

the hyperfine interaction between the nuclear spin and coﬁduction

-9~



electrons. According to Korringa,

T

1

20) 21) 22)

Obata, and Yafet-Jaccarino,

in paramagnetic transition metals or alloys is expressed as

follows;

where 1/%

o

V’T‘l = l/’l'_'s “" l/’fcf, + l/for'b

Yo, = dmkial kaim]"fj 2T
l/q_.cr =47k Y,:[ ka(cwe)]éﬁﬁT [Jgfz-r +(-55) .
Y/ Tt = 4k T [Hug Corbd ] f3 4T (25 (2- £ 9]

o 1/Tcp, and 1/Torb are the relaxation rate due to the

s Fermi contact, 3d core polarization, and the 3d orbital inter-

actions, and th(S), th(core), and th(orb) are the hyperfine

fields in the metals or alloys due to these interactions, res-

pectively. The parameter f is the relative weight of Ts and T,

orbitals at the Fermi level. Here the dipolar and electric

quadrupole terms are neglected because of their small effects

as usual. The Pg and the Pa are the density of state per atom

( for one direction of the spin ) of the 4s and 3d bands at the .

Fermi level;

In usual transition metals and alloys, the contribution

of Us electrons to the relaxation is not important and moreover

can be considered nearly independent of the concentration of the

alloys. Therefore, the variation of the T

1 is attributed mostly

to the change of‘fd. The coefficient of electronic specific

«10-



heat, Y, 1s proportional to the density of state at the Fermi
level, Therefore, a close correlation is expected between

~-1/2

of

T. and Y. The electron number dependence of the (TIT)

1
Vsl in the paramagnetic Ti-V, V-Cr, and V-Mn alloys qualitatively

23)

fits to that of y, measured by Cheng et al. , and moreover, if

proper values are taken for the above parameters, TlT can be even

quantitatively explained.6)’7)’8) The values of TlT of Mn55 in

the paramagnetic V-Mn alloys 1is also explained by these considerations.
It 1s interesting that whether or not the value of TlT

in antiferromagnetic Cr-Mn alloys is also explained by fhe above

theory of the itinerant nature of 3d electrons. In this case,

however, the values of the density of states of the majority and

24) < 7 o4n -

minority spin bands are needed separately, Thus, T

1

antiferromagnetic Cr-Mn alloys is expressed as follows;

VTl = 1/7:5"' l/fcr'r 1/»C‘mrb,

,1/7:5@: 4 TR Ym [HM(S)]zfsTFsJ, 2T,
1/’Cct> _ 4_7{?(03[ka(€0*€4)]2})¢>\’!;de ﬁT['é!‘fl*Z‘("JCJQJ/_

1/ Tors = 4T Ton [Hig Corb)] 5(Pip+ fa ) &T(37(2-59)]

where the arrow expresses the direction of the spins. The density
of states obtained from y is the sum of ;y¢ and‘fd¢ , as fgpand
| Ps¢ can be neglected as compared with fﬁ¢ and fy¢,. Here it

i1s assumed for simplicity that the (TlT)"l/2 is proportional to

the v, which is the average value of the density of states for

-]] -



majority and minority spin states at. the Fermi level. The values

~-1/2

of (TlT) of V51 and Mn55 through the b.c.c. alloy-systems

from Ti to Mn are shown in figure 15, where A, X, @, and () show

-the values of the (Tl'l’)'ﬁ'l/2 of V51 in the paramagnetic Ti-V and

55

V-Cr alloys, V51 in the paramagnetic V-Mn alloys, Mn in the

55

paramagnetic V-Mn alloys, and Mn in the antiferromagnetic Cr-~Mn

alloys, reSpebtively.6)37)’8) The y for Ti-V, V-Cr, and Cr-Mn,

obtained by Cheng et a1.§3) is also shown in figure 15 by the solid

-1/2

line, which is normalized to fit the value of'(TlT) of Mn55 in

Cr-Mn alloys at the pure Cr position. As seen 1in the figure, the

-1/2 of Mn55 in antiferromagnetic Cr-Mn are almost proportional

55

(T,T)

1 in V-Mn alloys

comes maiﬁly.from the difference in the hyperfine fields, if we

to the y. The difference of T.T between v°! and Mn

assume the density of states to be éommon to both atoms. The ratio

of (TlT)’l/2

of Mn55'and V51 amounts to 1.9 . On the other hand,
the ratio,
(TlT)_l/‘2 of Mn55 in Cr=Mn / (TIT)"'l-/2 of V51 in V-Cr ,

-1/2 ¢ both alloys

is estimated to be 2.2 when the values of (TlT)
are extrapolated to the pure Crfposition. This value of 2.2 agrees:
well with the ratio, 1.9, obtaiﬁed for V-Mn alloys. Therefore,
spin-lattice relgxation times are smoothly connected across the
paramagnetic and antiferromagnetic alloys. This result indicates
that the spin-lattice relaxation mechanism is also explained by

the same conception in antiferromagnetic Cr-Mn alloys as in
paramagnetic transition alloys of Ti~-V, V-Cr, and V-Mn. . The

=172 ¢ the V°! is translated into that of the Mn-° by

(T, T)
multipling the factor, 2.2, for the Ti-V and V-Cr alloys, which

is shown in the figure 15 by the broken line.

«l2-



B) Y Mn metai.

The numerical value of the internal field of 3d transitioh
elements is theoretically and experimentaily given as ~,-100 kOe\
per Bohr magneton, the main contribution arising from the core

polarization.lS)

The values, 75 kOe/uB in antiferromagnetic

o MnlS) and 85 kOe/uB in antiferromagnetic Cr-Mn alloy, are close
to the above valye, but the value of 27.2 kOe/uB in antiferro-
magnetic Yy Mn metal is too small. Therefore, a positive con-

" tribution is needed to compensate the core polarization term in

Y Mn metal. If the positive contribﬁtion arises froﬁ the effective
field due to the magnetic interaction from the nearest neighbors,
satellite lines should appear by the partial breaking of the
compensation when a non magnetic impurity is introduced to the
site., Furthermore the satellite must be.composedvof two’lines
-with the intensity ratio of 1:2 at both sides of main peak as

the nearest neighbors are constructed of U parallel spins and

8 anti-parallel spins. However only one satellite line 1is bbserved,
This fact suggests that the large positive contribution is the
‘special property of Mn atom itself in Y Mn metal and thg origin
of the satellite is considered not to be due to the magnetic
interaction from the neighbors such as the core polarization

or conduction electron polarization by the neighboring moments,
but the change of the electronic state on the Mn atom by the
existence of the impurity. Several origins can be considered

for the positive contribution. For example, the s-d mixing,

‘that is the admiiture of Us electrons into 3d band, will give a
positive contribution to the internal field. The large splitting
of the satellite from the main line may be the consequence of

the decrease of the s~d mixing caused by the nearest neighbor .



impurity atom. The s-d mixing is considered to decrease as the
 Mn atoms are isolated. As mentioned befofe, the aspect bf satel-
lites is independent of the kind of the imburity atoms.- This
fact shows that the degree of the decrease of the s-d mixing

is almost the same in the low impurity concentration range even if

the kind of the impurity atoms differs.

C) Yy Mn alloys,
Figure 16 shows the average magnetic moments of the y phase
Mn alloys with several impurities obtained by neutron diffraction

9-13)

experiments. The simple dilution line in the figure‘shows
the change of the average magnetic moment when the Mn‘atom has
constant magnetic moment and the impurity atom is non-magnetic.
The alloys are classified into four types. In the 1lst group,

»the average moment changes along the simple dilution line. The
magnitude of the moment on Mn seems to be constant and tﬁat on .
impurity to be zero. Mn-Ni and Mn-Ir alloys belong to this

group. In 2nd group, the moment of Mn seems to increase.

MnePd alloys belong to this group. If the increase of the average
moment is attributed to the magnetic moment of Pd atom, each Pd
atom must have 5ﬂ5 Mg This value is unreasonably large, so that
the increase of ﬁhe moment of Mn atom is plausible. In the 3rd
group, the moment of Mn decreases. Mn-Cu alloys belong to this
group. Mn-Au alloys also belong to this group. Mn-~Fe alloys
belong to the 1st group when the concentration of Fe is not large.
However as the Mn-Fe alloys are magneticaliy complicated in the

high concentration range of Fe according to the result obtained

by Endoh and Ishikawa,l3) Fe-Mn alloys are classified into 4th

3 N

14~



group. We compare our NMR results with these results. In the 1lst
type alloys of Mn-Ni and Mn-Ir, the internal field of Mn55 increases
with the impurity concentration. This may be due to the decrease
of the positive compensation in the internal fieldeifh the increase
of the Ni or Ir concentration which was already discussed for

dilute alloys, although the magnitude of the moment of Mn is
constant. In the 2nd type alloys_of Mn-Pd, the internal field

of Mn55 increases more than that in the lst type alloys. This is
interpreted as the increase of the moment of Mn together with

the decrease-of positive contribution. In the 3rd type of Mn-Cu

55

and Mn-Au alloys, the internal field of Mn slightly increases

although the moment of Mn decreases.' The Cu impurity seems to
break the positive compensation in the y Mn alloys more quickly
than Ni or Ir impurity. The broad line width indicates the
fluetuation of magnetic moments and of the degree of s-d admixture
in Cu~Mn alloys: The internal field of l\’InSLl in very dilute Mn
concentration alloys is -277 kOe according to the nuclear

25) However

orientation expériments obtained by Campbell et al.
the internal field of Mn55 in Cu-Mn alloys does not increase with
decreasing Mn concentration as seen in figure 10. Thus, it seems
that the internal field jumps discontinuoﬁsiy from about 55 kOe
to.277 kOe. ThejMn atoms that have no Mn atoms in their neighbors
‘seem to have large magnetic moment discontinuously.

As seen in figure 13, T2 rapidly decreases With Mn con-
centration, and this is an opposite tendency to usual Tz‘dependence.
It indicates that the electronic states in the Cu~Mn alloys
drastically vary with the composition. Perhaps this is considered
to be related with the drastic change of the s-d mixing in these

alloys. The signals of Cu in Cu-Mn alloys are distributed in the

~15-



range below 10 kOe as seen in figﬁre 10. It is concluded that
almost all the signals are within the observation from the intensity
comparison with the signals of ¢@ in Cu-~Zn alloys. This indicates
thét the local field arbund theémégnetic moments. of Mn is not so
1arge and distributed below about,10-kOe in the Cu-Mn aldoys.
In the Uth type alloys of Mn-Fe, the internal field of Mn-°
is almost constant up to tﬁé 65 ét.%ﬁFe oncentration., The line
width 1s not so broad as thbse in other alloys. Endoh and Ishikawa
measured the average momenﬁrandgthe internal field of Feul3)
According to their resultsiéthe dhange of the average moment 1is
very complicated, while th@% of the,internal field of Fe is simple.
Their results are showﬁ in«?ig.f17 together with our results of
the internal field of Mn. fThey'predicted complicated change bf
the Mn moment from theif results, From our results, however, the

change of Mn seems to be simple. The situation seems not so simple

and the problem remains‘to.be solved.

16~
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Figure captions
Magnetic structures of a) b.c.c. Cr-Mn alloys and
b) Yy Mn alloys.

A block diagram of pulsed NMR apparatus.

: The line shape of Mn55 in the Cr-Mn alloy of 28.9

ato%Mno
Internal field of Mn°° in Cr-Mn alloys is plotted
versus the concentration of Mn. |
Full half-value width of the line shape of Mn°? in
Cr-~Mn alloys.

-1 55 ‘
(TlT) of Mn in Cr-Mn alloys.

55

The line shapes of Mn in the vy Mn alioys containing

2.5 and 5.0 at.% impurities.

The line shapes of Mn’? in the y Mn alloys : 10, 23,

39 at.% Ni; 10, 20, at.% Ir; 10, 18 at.% Pd; 20 at.% Au.
The line shapes of Mn55 in the y Mn-Fe alloys : 7.5,

15, 30, 40, 50, 65 at.% Fe. 5 at.% Cu is added to
stabilize the Yy phase below 40 at.% Fe.

The line shapes of Mn55 and Cu in Mn-Cu alloys

10, 20, 30, 40, 60, 80,.90, 95 at.% Cu. The signals
above 40 MHz arise from Mn and below 10 MHz from Cu.

63 65

The signals of Cu and Cu -~ overlap because theif Y

values are close to each other.

The center of gravity of the broad line of Mn55 in
the figure 7, 8, 9, and 10 is plotted versus impurity
concentrations. '

55 signals in vy Mn alloys

Integrated intensity of Mn
is plotted versus Mn concentrationsg. The. broken line

indicates the expectéd intensity.
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'Figure 13 : T, of Mn55 in Mn-Cu alloys 1s plotted versus Mn

2
concentration.

182 in the Cr—analloys.

Figure 14 : Internal field of Mn°° and W
| }Average magnetic moment in these alloys is also shown.
th'of Mn55 is obtained in the present work. th of
w182 is adopted from ref. 19, and the moments are
.adopted from ref. 2.

Figure 15 : (T:L'I‘)"l/2 and Y versus electron concentration for
paramagnetic Ti-V, V-Cr, and antiferromagnetic Cr-Mn
alloys. The left hand side axis indicates the (‘I‘l'I‘)—l/2

and the right, y. The broken line in the paramagnetic

region (T1 to Cr) is the translated ('I'l'I‘)"l/2

of Mn55
from.V51 multiplying by the factor 2.2 '
Figure 16 : Average magnetic moments of various y Mn alloys are -
plotted versus impurity concentrations. These values
are adopted from ref. 10, 11, 12, and 13. These are
classified into four types. Three types are shown
with solid lines. Mn-Fe alloys belong to the 4th type
rather than the lst type as menti;ned in the‘textv
despite these alloys béing close to the simpie dilution
1ine7 .
Figure 17 : Averége magnetic moments and internal fields of Fe

and Mn. The average moments and internal flelds of

~ Fe are adopted from ref. 13.
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Table

The intensity ratio of the satellite line and the

main line in the figuré 7.

IMPURITY ATOM

CONCENT. Ni Pd Cu Au CALCULATED
2.5 at.% 0.29 0.29 0.29 0.30 0.308
5.0 at.% 0.61 0.60 0.59 0,56 0.632




2 4
\ 7
A/| \ A/!
\ / /
\ - /,’,
~ \ J/
~ /
//l ‘\\\
7/ \ o
// \ \\
“’ \ N4
/ \— /
A 2 ‘T
a) Cr=Mn
T'. H
‘?/t T a
b=
| >
< .
P A
!
A/ T A/a
b) ¥ Mn

Fig. 1



2°8tg

HOIYHINTD
X1d4ns HIINNOD 4
. TYNDIS.
qaMod XONEN®EES HYANYLS
(HEWIL)
yISING
’
*0'¥'d
a=8IDOTHL
*JWV ONRATA ]
ONIIWNT o~ _ __ 5 HBIITHONVH
*LoEILIA |»~|+ :
"JUV *JI =3 * JuV * 080
. ke CANOD L »)
ZHW OT WL_ gINog *Jd a=sing




(atun Axeagiqie) 1KOIAH OHOH

( MBz )

FREQUENCY

Flg. 3



g P

|

|

70

50—
4o F—

O
«©y

o
(3]

10—

( 20 ) QTIId TYNETINT

10 20 30 Lo 50 60 70

Cr

at.% Mn

Fig. 4



4

+5
o

1 I

.HHL

60 70

50

20 30

10 -

Cr

18

16~

14 pe

u

|
o o0 0
4

{ 201 ) HICIM INIVA JIVH

T

abo% Mn

Fig. 5



70

30 4o 50 60
at.% Mn

20

10

100"
501
20

0.2

O.&,r

Fig, 6



AR T

o<t

00T

08

09

( zEM )

ofy

IN 4°38 0°S

no ¥°38 0°S

1314 TVNEEINI
0ct 00T

08

09

IN 4°38.6°2

ny ¢°38 6°2

ny) ¥°38 §°2

vd 4°38 6°2

ZLISNEINTI OHOH



v

. ECHO INTENSITY

L |~
SR . 50 100 150 200
- ' | Mg,9=Fo,1
//\ |
S | S

100

150
INTERNAL FIELD

( MHz )



ECHO INTENSITY

(e 075™M0.92570.950, 05

l l

(Fep, 155 85)0,95C%, 05

| /\/\ |

(Feo.37MM0.7)0.95%%0. 05

(Feg 44 6)0.95%. 05

Feo 5-Mn

Fe5.65 Mg, 35

/\
e
AT

150
INTERNAL FIELD ( MHz )

Fig. 9

200



ECHO INTENSITY

Mngy 9~C¥g .1
/Y/\,\ l
Mng,, g=C1g o
m l
Mno’.?.-Cuo.3
? L e
Mng g=Cug 4
Mo, 4~%%0.6
Mng,2=CYg, 8
\ T | l
—  AO——
I\Iltrxo.l-C!uc).9
\ ] L |
M4 .05"%%0,95
< Cus,3 and Cu65
| . —t | l
50 100 150 200

INTERNAL FIELD ( MHz )

Fig. 10



1T *91d ( $°38 ) NOILVEINZONOD XITHNAWI
oS oY o€ 02 01 un
_ _ _ |
4 ad4Lg

— 0§
=
B
2
&
t
vz
[
&
t
o

001
'
o
o

051




{ £°3% ) NOIIVHINIONDD Wi

o5

7T

I X

w0 v
ow e
N DO
WO

~ .

4] 1

ot

XITSNRINT OWIVEOWINY



€T *S1a

6z

( £°38 )

NOILVHINIDNOD up

(019

Sl

o}

o

[+)

I

[9)

[°)

G*0

( o88 u )

0°1




150

Hyp of wh82

[
o
O
]

{ x0e )

AVERAGE MOMENT

INTERNAL FIELD

WU
O

l
-
-
(o]

2
-
L

- AVERAGE MAGNETIC MOMENT ( ug )

Cr 10 20 30 40 50 60



10
; —{60
O ° Mn55 in Cr-Mn (in present work)
© W55 in V-im ( ref. 8 )

P vol 4n veln  ( ref. 8 ) |
gl A v5 in T~V and V-Cr ( ref, 6 and 7 )
| v ( ref. 23 ) |

— 50

l

W)
o .
10~% car mor~! peg~2

| |

Tiv CrMn

i

' | ELECTRON CONCENTRATION | = | pig, 15



91 °*31d . ( $°28 ) NOIILVHINIONOD XITHNJIWI
ot ot 02

U

ot
| 1 R |
[ ]
np
og edfy pigT >
W N
a
]
sdfs 48T NOIIATIQ TIIWIS — > - 80 o
%
| . s
| o
X nf /
Iy
v

Pd

|

¢ 91 ) INTWOW OIIINOVW FOVHEAV

N




( x0e )

INTERNAL FIELD

3
150 i~ Hop of Mn
f e — - th of rfe
o oo o o -~ AVERAGE MOMENT
m
o
“\.‘ ~
100 — \ / — 2 &
* =
2
(S}
[ &}
H
e
[ca]
L=
(&)
s
[ca]
[&]
1 P
= &
D~ >
. ~
\Q
\
0 bevus e o—
o~
l | | |
Mn 0.2 0.4 0.6 0.8 Fe
COMPOSITION
Fig. 17



	011-00001.pdf
	011-00002.pdf
	011-00003.pdf
	011-00004.pdf
	011-00005.pdf
	011-00006.pdf
	011-00007.pdf
	011-00008.pdf
	011-00009.pdf
	011-00010.pdf
	011-00011.pdf
	011-00012.pdf
	011-00013.pdf
	011-00014.pdf
	011-00015.pdf
	011-00016.pdf
	011-00017.pdf
	011-00018.pdf
	011-00019.pdf
	011-00020.pdf
	011-00021.pdf
	011-00022.pdf
	011-00023.pdf
	011-00024.pdf
	011-00025.pdf
	011-00026.pdf
	011-00027.pdf
	011-00028.pdf
	011-00029.pdf
	011-00030.pdf
	011-00031.pdf
	011-00032.pdf
	011-00033.pdf
	011-00034.pdf
	011-00035.pdf
	011-00036.pdf
	011-00037.pdf
	011-00038.pdf
	011-00039.pdf
	011-00040.pdf
	011-00041.pdf
	011-00042.pdf

