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The well-known Gorter-Roae method of nuclear orientation has been 

1-4 used with considerable aucces1 in recent years. The method at~J used consists 

in cooli~g. by adiabatic demagnetization. a paramagnetic salt into which lone 

containing radioactive nuclei have been incorporated in lattice positions. TheBe 

ion• are polarized by a small applied magnetic field, and they in turn pola,rh:e 

their nuclei. A limitation of the method is that only nuclei of elements which 

form paramagnetic tons isomorphous with thoae of certain ttgood" cooling ealte 

can be studied. 

A aubstantial extension of this technique would result if nuclei of all 

elementa that form paramagnetic lone could be oriented in thla way. The purpose 

of thla letter la to point out that this extension is made poaaible by incorporating 

the lona of interest as impurities into single crystals of cerium. magnesium 

,nitrate (CMN). The impurity lone may be interstitial or they may be trapped in 

tiny ''brine holes". At any rate, they should be in thermal equilibrium .with the 

lattice after demagnetization and can be polarized in fields of ·aeverai hundred 

oersteds at temperatures below 0.01 °K. To teat this hypothesis, .we have 

· carried out nuclear-orientation expe·rimenta with Cr51 in CMN and· have detected 
' . 

nuclear orientation by measuring the anisotropy of the 3ZS-kev gamma rays • 

The specimen consisted of a 5-gm single crystal of CMN ~rown from 
' . 51 

a solution containing small amounts of Cr along with about 1 mg of Cr +++ carrier. 

lt was mounted in a demagnetization cryostat described elsewhere, 5 and cooled 
. 0 . 

by adiabatic demagnetization to .... 0. 003 . K. A polarizing field was applied along 

the trigonal axis of the crystal, and the gamma~ray coUnting rates were m.eas':lred 

along and perpendicular to the field direction. The magnetic temperature of 



' 

" 

• 

-3- UCRL-9569 

the crystal was monitored continuously during the counting period. The result~ 

for two polarizing fields are shown in Fig. 1. The experiments were repeated 

with a second, independently grown crystal, and the data were found to be 

reproducible. Nuclear-orientation experiments in zero applied magnetic field 

51 show that the gamma-ray emission from Cr ls still anisotropic, the normalized 

intensities being about 1.03 along the axis and 0.98 perpendicular to the axis, at 

the lowest temperatures reached. 

Although the main object of thh experiment wa1 to test the above-
.·. 

mentioned nuclear-o.rlenta.don inecha.nism, some nuclear information was obtained 

from a preliminary analysis of tho results. Using our data for a polarizing field 

of 400 oersteds, where nondiagonal interactions should be least important, together 

6 7 51 with the measured partial EZ an.cltotalltfetimea ' of the 3ZS-kev state in V • 

we find: (.1) the EZ-Ml mixing ratio of the 3ZS·kev gamma ray of v51 has the 

value 6(EZ/Ml) = +0.3711:0.04; (Z) a spin assignment of 1/1.· la absolutely ruled 

out for this state: and, (3) a lower limit of I p. I ~ 0.8 nm can be eet for the magnetic 

moment of Cr51• 

+++ ' The evidence which shows that Cr does not go into lattice sites in 

CMN is derived from experiments in which we attempted to grow several percent 

chromium into cerium magnesium nitrate and lanthanum magnesium nitrate. In 

these experiments, the double nitrate crystals were grown from. solutions conta;.ning 

+·H relatively high concentrations of Cr • The crystals obtained were analyzed 

spectroscopically for chromium with the result that portions of crystals that 

were cloudy and slightly blue contained small amounts("" O.lo/o) o£ chromiura. 

\ However, those portions of crystals which were optically clear and colorless 

. +++ contained no detectable traces of chromium. We conclude that Cr does not 

substitute in lattice positions, but is probably incorporated into the crystal in 

"brine holestt as growth proceeds. 
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Considerable development may be necessary before this technique can 

be used to obtain reliable values of nuclear moments. It should be Immediately 

• 11 useful, however, for investigating other nuclear properties. In particular, 

nuclei of elements in the 4d, Sd, and Sf transition aerlea should be within the 

· .. 

scope of the method. 

We thank Oeorge Shallmoff for performing the analyses of the double 

nitrate crystale. 



.. 

-5- UCRL-9569 

REFERENCES 

• • Supported by the U. S. Atomic Energy Commission.· 

1. C. J. Oorter, Physica .!!• 504 (1948) • 

.J z. M. E. Rose, Phys. Rev. 75, ll3 (1949). 
. -

3. · R. J. Blln-Stoyle and M. A. Orace, Handbuch der Physik, Vol. 42 

(Springer Verlag, Berlin, 1957), p. 555. 

4. E. Ambler, Prosreas in Cryogenics, Vol. ! (Heywood and Company, 

Ltd., London, 1960), p. 235. 

5. C. E. Johnson, Jp F. Schooley, and D. A. Shirley, Phy•. R.ev. llO, -
2108 (1960)~ 

6. 0. M. Temmer and N. P. Heydenbura, Phya. Rev. 104, 967 (1956). 
. -

7. A. W. Sunyar anc:l M. Deutach, private communication quotec:l by 

D. Stromlnger, J.· M. Hollander, anc:l G. T. Seaborg, Rev. Mod. Phys. 

30, 585 (1958). -



-· I 
. ) 
• 

UCRL-9569 

Figure Legend 

Fig. 1. Experimental results for nuclear orientation of Cr51 in cerium 

magnesium nitrate as. a function of the reciprocal magnetic temperature, 

• 1/T • The ordinate is the ratio of the intensity ot 3Z5-kev gamma rays 
• 0 

· at temperature T to the intensity at 1 K. Data shown are from 

measurements at 0 and 90 deg to the dryatal trigonal axis, for two 

values of the magnetic field applied along the axis. The uncertainties 

indicated are etatletical etandard devlatlone. The curves drawn through 

the points are proportional to (1/T•)z. 
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This report was prepared as an account of Government 
sponsored work" Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A" Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 

I 

report, or that the use of any information, appa-
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B" Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 

this report" 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor" 




