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In the year under review, we have started
measurements of the hyperfine magnetic field in
ferromagnetic spinels XCr,Yy where X can be Cu, Zn, Cd,
and Hg and Y can be S, Se, and Te. The magnetic moment
is carried only by the Cr ions (p=3 Bohr Magneton).

The lattice parameter is about 10 2. The spinel
structure is shown in Fig. 1 where the B sites are
exclusively occupied by Cr3+ ions, and the A sites by
Cd or Cu ions. The Cr3+ ion moments are aligned
parallel in ferromagnetic spinels through the inter-
mediary of the chalcogen p electrons. The hyperfine

field at Cd and Cu are brought about by the excess

spin polarization electron density as a result of the
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Figure 1. Positions of cations and anions in the
spinel structure.

super-transferred hyperfine interaction. The TDPAC
technique offers a very powerful and convenient tech-
nique of introducing extremely dilute radioactive im-
purities and thus enabling the measurements of the
hyperfine fields at a variety of probes. We have thus
far measured the temperature variation of the hyper-
fine fields at ' 'cd in cdcr,s, (Tc=84.5°K),
cdCroSey (Tc=129.5°K) and Cu ggCd . CrpTey (T =365%K) .
The studies of the hyperfine magnetic field in
Heusler alloys have been continued. The studies have
included the Heusler alloys of the type XpMnY with
L2, structure and of the type XMnY with Cly structure.
The sign of the hyperfine field at the probe site is
a very important piece of data. The sign of the field
signifies the electron spin polarization direction at
the probe site. The magnetic field at the probe site
is positive if the field is parallel to the externally
applied field, it is negative if it is anti-parallel.
The sign of the hyperfine magnetic field is
determined as described below. The source in the
Heusler alloy is placed in an external magnetic field
of about 4 KG, the field being perpendicular to the
plane of the detectors which are placed at 135°, The
coincidence rate as a function of the angle between

the detectors, 6, the time interval between the

arrival of the start and the stop gamma-ray pulses,
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+ .10 fine field has been determined for Ni,MnGa, NipMnIn,

] (a) 293 K CuMnIn and Cu_ _ Cdy ;CrzTey. In Table I, the

0.99
hyperfine magnetic fields at 111Cd at different

temperatures are given for haMnGe, Rh,MnSn and

RhoMnPb. The field values for RhoMnPb are derived

from the data shown in Fig. 2. The hyperfine field

normalized at T=77°K is plotted against T/TC in Fig. 3.

1
Table I. Hyperfine fields measured at 11Ccl sites in
various alloys
Alloy B (kG) 1(°K)
Rh;MnGe 188 + 6 77
160 + 3 293
Rh,MnSn 189 + 5 77
113 + 5 293
33 + 3 373
Rh ,MnPb 143 + 2 77
114 + 2 200
84 + 2 273
53 + 1 293
B(T) M(T)
B(77) M(77)
[.Ok--+ae-_ —1.0
~
\\
\\
o
Figure 2. Perturbed angular correlation with 75 F —4.75
Larmor oscillations for 9°Rh in RhoMnPb.
t, and the magnetic field, B, is given by S50}k -.50
’ + Rh,MnGe
W(e,t,B)=exp(~t/1)[1+ay cos 2 (6-w t)]
. s Rh,Mn Sn
where w,= Larmor angular frequency 25 2 41.25
L * Rh, Mn Pb
Wy =-gu,B/R
0 l 1 0]
For 6 = -1359, a; = 0.2, and a negative g-factor for 25 50 75 1.0
1104, W(-135°,t,-B) = exp(-t/t)(140.2 sin 2 vy ©) T/ T,
and W(-1359,t, +B) = exp (~t/t)(1-0.2 sin 2 wyt) .
The shape of the perturbed decay curve at t=0 deter- Figure 3. Hyperfine fields normalized at T=77°K and
plotted against T/Te for 9°Rh in Rh,MnGe, Rh,MnSn
mines the sign of the field. The sign of the hyper- and RhoyMnFPb.
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Table II. Hyperfine fields measured at 111Cd sites The experimental data deviate significantly from the
in various alloys Brillouin function for J=5/2. The hyperfine fields
111
Allo B(kG) T:OK) at Cd in PtMnSb, NiMnSb and PdMnSb at various
PtMaSb 166 + 4 77 temperatures are given in Table II. The comparison
161 + 1 77 with the Brillouin function similar to that in Fig. 2
153 + 2 200 is given in Fig. 4. The hyperfine field data for
138 + 2 293 Ni,MnGa, NioMnIn, CupMnIn, and AuyMnIn are given
125 + 2 373 in Table III. The comparison with the Brillouin
95 + 2 473 function is given in Fig. 5. The hyperfine field
76 + 2 488 direction at 11lCcd in Ni,MnGa is shown to be negative.
111
NiMnSb 213 + 3 77 Our experimental data for In(CdCrzSey) at
-210.8+ 4.1 95 4.2°K, 77°K, and 293°K yielded the hyperfine field values
208 + 4 200 given in Table IV and was also shown to be positive.
194 + 3 293 These data confirm the results of NMR studies of these
-194.3+ 3.8 293 spinels.
191 + 4 404
169 + 4 519
125 + 4 630 Table III. Hyperfine Magnetic Field at 111Cd sites
- in Heusler Alloys X2MnIn and XpMnGa
PdMnSb 260.9+ 4.5 90
o o
209.7+ 4.0 295 Alloys Tc( K) B(KG) T(°K)
Ni, MnGa 7 226+
B(T) M(T) i,Mn 379 6+3 77
B(77) M(77) 1974 195
1.0 [~ AT =-al 1.0 162+ 4 273
Y ~
a ™S
~a
o N 147+2 293
75} N 4.75
. \\ . 93t3 333
" Ni,MnIn 323 158:1 77
S0 \ -41.50
°\ 136+2 195
\
* Pt Mn Sb \ 931 273
25k \ H.25
4 Ni Mn Sb \ 711 293
|
0 1 A 1 \ 0 Cu,MnIn 500 216+1 77
25 .50 .75 1.0 072 195
T/T,
c 1912 293
Figure 4. Brillouin function compared with the 16443 380
hyperfine fields measured for 11Cd in PtMnSb and
NiMnShb. Au,MnIn 140 15543 77
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Table IV. Hyperfine Magnetic Field at

B(T) M(T)
B(77) M(77)
1.0 —AO+\‘ 411.0
‘\\o a,
75} \o. 4.75
\
o
¢
SO0 \\\ 4.50
a CuzMnIn ot
25f ° NigMnGa .25
+ Ni2 Mn In
() 1 L 1 1 ()
.25 .50 .75 1.0
T/ T¢

Figure 5. Comparison of the Brillouin function
with the hyperfine fields measured for 11lIn in
Cu,MnIn, Ni,MnGa and Ni,MnIn.

in Chalcogenide spinels

Alloys T (9K)
CdCrsS, 84.5

cdCrySe,  129.5

Cu . 99Cd . 01Cr2Teu 365

124

111
Cd Probe

B (KG) T (°K)
85.5+1 77
168 +2 4.2
104 *1 77
132 #1 4.2
98.5 *1 77
79 %1 195
44,5 1 293



