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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



| UCRL-1240
PARAMAGNETIC RESOFANCE IR AIKALI METAL SOLUTIONS AT LOW FIELDS®
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Varian Associates, Saxf Carilos, C;xlif.
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Department of Chemistry
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April 6, 1951

We have made an :I.nveatigaﬁo:; of paramagnetic resonance in some
alkali motel solutions at lov magnetic fields. Measuremonts involving one
of these solutions have been remrtéd hv Hutchieon and 'Paator,vl and Garstens
and Ry‘m.z The prinmcipal experiments were performed at a frequency of 49.0
me in a precession fisld of approximately 17.5 gauss, The apparatus con-
silsted of a pair of Helmholts colls and a conventional :.molear‘ induction
system, the latter having a tuned probe into which the various samples
could be inserted. A btrief summary desoriting a few of the media investi-
gated follows:

rmopig. A sealed Faraday tube
capable of withstanding a pressure in excess of 10 amlphgrea vas vfa'.bri-
cated containing a fixed quantity of liquid ammoris and metallic sodium,
The concentration of the solution could be varled at will by simple dis-
t4llation techniques, and temperature effedts could be observed by placing

* Thia dooument is based on work performed under AEC Contract No, W-7405~eng-48
for the Radiation laboratory of the University of California.

1 c1yde A, Eutohtwn, Jr., and Ricardo C, Pastor, Phys. Rev. fl, 282 (1951)
2 Martin A, Garstens and Alden H, Ryan, Phys. Rev. &}, 888 (1951)
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| tﬁe tube in several calibrated baths ranging between dry ice-acetone tem~

: perature K ~78 deg. C. ) and room temperature. Eqnipment limitations made it
necessary to estimate concentrations from visnal color observations, and
‘therefore the bghavior of these solutions with respect to conceptration
variations must be considered somewhat qualitative, | |

The signal amplitude was found to be dependent upon concentration,

being barely visib&e at approximately 0.0001 M, growing until a maximum
- amplitnde wag reached at 0.1 M, and decreasing in amplitude with further
increase in concentratioq. The ratio of signal amplitude to conoenxration
decreased aa‘thé'eoncentration>changed from 0.0001 M to 0 1M, It 18 en=
,.tirely possible that the optimum concéntration effect may not have been due
_complstely to a decrease in the susceptibility fbr high eoncentrationa, bat
may bave been due partially to the 1ncrease in electrical conductivity of
matal—ammonia aolutions at high ooncentrations. Such large conductivities
would lawer the sensitivity of the system by reducing the Q of ‘the resonant |
circuit and simultaneously preventing the penetration of the sample by the
radio—frequenny field, . .

" An experiment was performed with 0,3 ce, 0.1 M, sealed sodiun anmonla
samplé pb determine the effect of temperature on eignal width and amplitude.

The results appear below:

«78 deg, C. o O;IB{gauss 8 (% of amplitude
o | 0,08 79 at room temp, )
421 ' 0,08 Lo 100



The table demonstrates that the sign%i amplifude from sodium-
ammonia exhibats a tehperature-amplituda gffeet-oppositelto ihat of the
nmuclear 1nducti;n proton signal, the latter behaving in accordance with

the temperature dependence of the Curie Susceptibility Law.

At concentrations above the O. 1 M optimum amplitude concentration,
eignal widths up to 0.7 gauss were obaerved, but at smaller concentrations
than 0.1 ¥, no narrouing to less than 0,08 gauss was observed. The ratio of
signal amplitude at room temperature to that at dry ice-~acetone temperature
‘was8 dependent upon concentration, being greater for high concentrations
(~0,1 M) than for low (~0,001 M)

A seai%ﬂivaample‘of‘sodium—in 1iquid ammonia, kept at -78 éeg. C.
during the iﬁterVala of non-use, has not detériorated in the'eighf wecks
since its fabrfcation.' fhe signal gmplitude‘from this sample has:not changed

" measurably in that period,

2. Solutions of Lithium in Methylanine, Faraday tube observa-

tions of signals frﬁm 1ithiun in methylamine (Gﬂjﬂﬂz) indicated that the
funotional dependence of width and amplitude on teﬁperature, and concentra-
ﬁion‘was generally similar to that of ﬁhe metéi-ammonia solutions., Compared
to these metal-ammonia solutian, an inerease of width and an appfoxiﬁately
'proporfional increaée in-amplitude was observed, The amplitude reached an
optimm value at appréximately 1 M. Ldthium-metﬁylaminé choved ‘a less prb—
nounced temperature effect on amplitude than was shown by the metal-ammonia
solutions, The rat@o of amplitude at room temperafure to anplitude at dry
ice-acetone'tempergture wag 1.3. The narrowest observed full-width was

0.4 éaussg A 0.3 ccy 1.2 M; sealed sample deteriorated rather suddenly

after being at room temperature continuously for five hours,



‘reé,‘onanc'a was oﬁservéd in,:.m ,of)en téai 'tnbe_"sblution and a sealed Faraday
tube ‘solution of 1ithiunm in ethylencdianine (NH,CH,CH,NH,), Signal widths
of éppmﬁmatel} 0.6'?@.\188 T(f‘ull-\-'fidth“) we"ré éeen. . Chemical deterioration
- proved to be so rapid as to rendér‘ Mpract;ce‘;l' ﬁzrthé_r studies of these
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