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It has recently been demonstratedl’2 that nuclear magnetic resonance

(NMR) experiments with radioactive nuclei are feasible if the non-isotropic'_

\
angular distribution emitted from nuclei in an oriented state is used to

detect the resonance. The only measurements so far, however, where performed

60

with ~ Co 1,2 and Sh

Mn 2. classical cases in nuclear orientation work -
and were primarily designed to give experimental confirmation of the method
and to point out its tremendous advantages over conventional techniques.

As a continuation of these earlier measurements we report here NMR experi-

125

ments on 2.7-y Sb.

125

In recent years Sb has been the subject of several nuclear

polarization experiments.  The pﬁrpose was in all cases to determine the

125

magnetic moment of Sb using the values of the internal fields at Sb

3

nuclei in ferromagnetic hosts obtained by other methods. Hess et al
reported a nuclear moment of (3.55+0.3) nm. assuming an internal field of
200 kG for 1°7Sb in Fe. However, these authors used NaI(T1) detectors

and were observing a superposition of several y-rays rather than a single

125

transition. ‘To avoid this difficulty Stone et 2}& polarized Sb in Fe

and observed the anisotropy of the 462 keV y-rays only, well resolved with

Ge(Li) detectors. Their result, (2.72+0.15) nm., agreed well with expected
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V systématics; These‘measurements have beeﬁ con@inued:by‘the Oxford group5
and the latest resﬁlt is reported to be (2.55+0,10) nm.

The method of nuclear orientation (NO)-NMR offers a considerably
higher degrée of accuracy. As pointed oﬁt earlier,l This accuracy allows
.one to observe the shift of the resonénce as a function of the external

polarizing field, H Provided that the resonance is observed in domains

O'v
this functional dependence will be linear, the slope giving the g-factor

directly and the HO=O intercept yielding the hyperfine field times the

g~factor,
In addition, NO-NMR can be employed in a very elegant manner to

determine the nuclear spin-lattice relaxation time,"l‘l.2 If TL is the

lattice temperagture and Ts the nuclear spin temperature, thermal equiiibrium,

TffTS, leads to ordinary static nuclear orientation when TL is sufficiently

small.

The angular dependence of y-rays emitted'from oriented nuclel can.

be described by the equation6

wo,r.) =. = B (T )UFP (cos ), (1)
k even

| where_Uk and F, are coefficients characteristic of the nuclear decay and

k
Pk'(cos 0) are the even Legendre polynomials, Bk describes the degree of

orientation and is related to the spin temperature according to the rela-

&

tion

Ey
o=
B, = 21l 2 (-1)tM(z1M-M|x 0) —2 - . (2)
M | M
: - T T
2 e 5

M
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‘Under the influence of an rf fleld at resonant frequency,

K .
i + ﬁ))—%, transitions between the Zeeman levels are induced and

vp = e (Hy o+ By

the Boltzmann distribution is disturbed. Consequently TS is no longer well-
defined. Immedlately upon changing v to an off-resonance value or switchiﬁg
off thé.rf-field entirely, ‘I‘s is again defined by the Boltzmann factor, but
TS%TL. The rgte at which Ts and TL equillibrate is approximately charscterized

by Tl and described by the relation2

k) --ElE-E) ' e

‘The sources used in these experiments were prepared by depositing
1.2 pug of 125Sb onto iron foils and melting the samples to obtain solid
solutions of less than 1 part Sb in lOLL parts Fe. The Fe Sb alloy melts
were then flattened in a rolling mill, wifh repeafed intermediate annealing
steps, to produce folls of 6000-16000 % thickness. After final annealing
two foils of ca. 9 mm2 size were soldered to a copper fin 'sysﬁem using
Wood's metal. The copper fins were in good thermal contact with the de-
magnetization salt, chromium-alun. The salt pill was
demagnetized adiabatically from an initial H/T of ca. 27 kG/deg K to cool
the alloy to about 0.0150K. Accurate temperature measurements were made
by observing W(0O) for the 426-keV transition with a 30 om” Ge(Li) detector
and comparing it to the anisotropy vs T curve obtained using the polariza-
tion data from Ref. (k). 1In a typical run the final temperature measured
in this way was 0.014°K. For the NMR-measurements, however, a 3"%3"
NaI(T1) detector was used (distance ~12 cm) to provide greater counting

efficiency. We thus obtained for the combined 426-462 keV peak a net effect,

W(0)-1, of +13%.
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- The Fe Sﬁ.alioy:ﬁaévpolarized.by ) supgyconduéting Helmholtz pair
B qépable of producing fieldé up to 55'kG; Hl wﬁs applied perpendicular to
' HO by an rf coil of approximatelvaelmhoiﬁz configuratibna An rf field éﬁplitudé S
of about 10 mG was used throughout the‘frequenc& range indicated in Fig. 1.
 The rf source was a Marconi TFVlO66 B/6 M sigﬁal generator. The present
- measurements were carried out with e 1 kHz internal frequency modulation
of *400 kHz bandwidth. With this afrangement we were able to destroy
vtypically aboﬁt 25% of the orientation leading to a net resonance effect
_of approxﬁmately 2% aloné thé'quantizétion axis. |
. Thé raw data are shown in Fig. 1 for two opposite frequency
sweep directi6ns.‘vThe sloping background représents the warmeﬁp curve.
The anisotropy of the H26—H62 keV ~y-ray: group is'positivg. From these curves
"the line width ié found to be about 2.0 MHz, representing a tremendous
inhomogeneous broadening of the natural linewidth even when the broadening
’effect of the 400 kHz FM bandwidth is-taken into account. This inhomoéenedus
broadening characterizes the field distribution in a dilute Fe Sb alloy.“ o
The freéuency sﬁeep in Fig. 1 was slow compared‘to the relaxation
time Tl’ leading to symmetrical resonance curves. Still, in order to
eliminate any possible frequency shift in sweep direction, the two curves
of Fig. 1 were added together to give the center frequency of the reso-
nance; The added data, shown in Fig.‘2; yield VR =';32.l5io.10 MHz for:
H, = 787 G. | |
. The observed resonance must be due to nuclel situated in domains,
since ohly 8 smail fraction of 125Sb nuclei are situated in walls, even

in an incompletely polarized sémple. Furthermore, nuclei in walls will
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orient randomly since the external fields do no@ penetrate the walls. Such
random orientation gives rise tp only a small anisotropy and could not
account for the observed effect. The unambiguous proof that, in fact, the
'domain resonance is measured is the shift of the resonance with varying

external field HO' In Fig. 3 +the observed resonance frequency for various

HO is shown. The linear behavior is described by the relation

The slope of the line thus gives the g-factor and with the known g-factor
~ the HO=O intercept ylelds th - It 1s important to notice that the sign of
the g—factbr cannot be obtained (for symmetry reasons) from this type of

measurement. The sign of the hyperfine field, however, determines the sign

2
of the slope. From Fig., 3 1t 1s clear that the hyperfine field of . 5Sb

7

in Fe is positive,as measured previously by Samoilov. The data of Fig. 3

are listed in Table I. From a least-squares fit we obtain

H

g = 0.570 + 0.0k (MHz kG™%)

=2

and

g.ﬁ“ﬁ » H o =13L.711 % 0.032 (MHz).

From this the g-factor of 125Sb is found to be

lg] = 0.748 + 0.018,
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. With spin 7/2, the magneﬁic moment 1s | '
| ; ul - 2}62'tf0.06 .,

in excellent agreément with the latest

value reported 'by"Stone.5 We nofe tpat this agreement 1s possible only

if the spin is T7/2, and this constitutes a spin determinationvfor 25p.

This resﬁit.is a basic gonsequencel of the fact that the two methods,

NMR and nuclear.oriéntation, measure g and uH, respectively.

The internal field value is

= +
Hyp =% 231 6 kG,
slightly lérger than the field reportéd by Samoilov,7 but in excellent
agreement with NMR results of Kohtani and Itoh,8 who found +230 kG.
Finally the spin-lattice relaxation time for 125Sb in iron was
measured as described elsewhere,2 and a least-squares fit was made to

-t/T
: 1
W(O)XA + B e ,

which 1s the first-order solution of Egs. 1-3. We found Tl = 145+20 gec-

 @£ O.Ol5OK, or TlT = 2,2 sec %K. This large value indicates that neither
, 9 .

the orbital relaxation mechanism” nor additional relaxation due to localized .

moment52 is present. The positive hyperfine field on Sb in Fe is thought

to arise-from the s band, which is consistent with this large TlT.
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Table'I; Resonéncé frequenéy for various values of
' " the polarizing field.

Ho<g§uss) | E - yR(MHZ)
7 | . 132.15 * 0,20
1560 | : 132.60 + 0.20
4000 - B 134,05 + 0.20

6006’: - N A - 135,05 £ 0.20
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Figure Captions

2251 in Fe. The data represent W(0°) for

Fig. 1. Nuclear orientation NMR for
the combined L26-462 keV gamma. group which shows & positive net anisotropy.
The frequency was swebt in opposite directions in the left and right part
of the figure, caﬁsing thé opposité slopes in the warm-up cutve.

25Sb in Fe. The data points represent the sum of the

Fig. 2. Rescnance for‘l
frequency scans éﬁowﬁ iﬁ'F;g. 1. ﬁhe_center of the resonance appears.at
VR = 132.15 £ 0.10 MHz.

Fig. 5. Shift of the resonance frequency with external polarizing field. The
‘linéar behavior proves that domain resonances were observed. These data

determine unambiguously g, th and the_51gn of th.
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