
F F D $ T 0 RLETTERS To

IOO„OOO

I0,000

IOOO

K

I-

I 00

IO

I
e5 90

t

IOO I05 I I 0
COLUMN DROP NUMBER

II5 I20

ota ac ' ' ' nts minuteotal activity in counts
taneous fissions) of succes t

The open circles g
function of drop

itrate column.
number. e

unts of californium an
minute as a

element-t e especti e amounts

70 ' th' 1to elute at drop 17 m

d 100 from Pile-irradiatedElements 99 an
Plu

FIELD, . F. MECH, A.
L 8 MAGNUSSONC M S

R. HUIZENGAAND J.
onal I aboratory, Lemon,Argonne Ratio

(Received January 25,

ear and chemical propertiesHIS note descr

I itoi (it td
nd 100. e

d Auxin a ile irradiation o pu on
n the Materials Testing ea

ran nts vere separ
f 10X10' neutrons) in t e

d transcurium eleme
n.' The final element- -99'

n citrate column.
rations/

wit a
3X104 1 h d ttotal of 3.peak q ig.(F' 1) contained a to

of 0.2 disintegrations/nium ives a limit o
the abo lat

664-M 1 h-
f n the decay was over a

ca half-life for the a oveh b "1---99-.p.,
r than 105lculated to be greater t anssion half-life is ca cu

s ontaneousb
' d'f h. This half-life limit can e in

ared to even-even nuclides) or

/

~ ~

at e
1 t' h' t lfits genetic re a io

I di(ate t at t e p

h
h h ob bl

ment o ef th element-99 isotope is
ed the presence of an energy groupAlp a puh ulse analysis showe

'
1 another group one- ire-third the abundance

1 170 k 1

the elemen-
f Z)99 i libsent isotopes opmay e uce

t-99 isotopes. e rwit -e
b 5000 A 1 hto the 7.20-Mev ac i ytivit is a ou

d of th 664-M 1 h
hg

d
of t is grouo p

'ments on elemen severa
1 to bhtioned cation ci ra

elements carry on
the previously men io

'
ut 1 hosphate rom

b performed. Both e e
h t f m a highly salted,y P

dhdohlo ~ d
'hb hD A1element e99 b haves like curium wit o

th
' t b C. H. Yo

30 O, J
owled ed. We also wish to t angat u yac owle ge. an

man stimu ating

t of C lifornia Radi tio1 L boratory, University o a i
os Alamos Scientific Labo

d tails of these e perime s
iments is in preparation.

f li hter isotopes of eleme y
tl b d ib d:

hys. Rev. 93, 257 (1954).
ium has recen y

G. E. Boyd, J. Am. Chem. Soc.

s. Rev (to b bli h d).4 J. R. Huizenga, Phys. ev.

rou was measurede rominent alpha groupgyo po
'h

h
' '

/
fi

h d 1of the californium fraction sp y

ar e spontaneous fission activi y

p

H
' f f t -fi 1'f

e s ontaneous ssion i
i ornium

nte rations to one sp
half-lives in the ca i or

'

hd
pre

f th tl blin evidence or efraction is supporting
taneous fission sy

' .4stematics. 4

fission activity on p
~ ~ ~

lates con-0
1

' f h

664-M 1 h'"g
about 0.004&0.002 fission disintegrations mi

The Nuclear Spin of Siss)
S. GUTOwSKYMCCALL, + AND . S.

Ill U b Ill¹ es Chemical Laboratory, n
(Received January

a d t determine the spin of
conQictin or rather indirec

12. N 1 hll ho
~ ~b'1' ' W h 1gives 1

I' h h i of Si"thereby estab is ingnate va u
1 h 1 i 1ished by reso ving

b th
F'9 s ins,fh S-' "hhed interaction4 o t e ielectron coupl

'"F th 6
ll enriched Si 4.

ance should be

'"""'""""""
-Th hd 1pere

R'd N 1L bSi02 was supplied by R



LETTERS TO TH E ED I TOR j.429

spins of Si» and Si 0 are presumably zero so the Si~ F4 and Si~F4
should give a single Quorine resonance with 31 percent of the total
absorption, located at the center of the Si 'F4 multiplet. The high-
resolution spectrometer and experimental procedures used have
been described elsewhere. ' A typical oscilloscope photograph of the
Quorine resonance observed in the liquefied sample of SiF4 is
reproduced in Fig. 1.

FIG. 1. The F1' nuclear magnetic resonance in a mixture of Si»F4 and
Si»F4. The center line is from the Si»F4. The two outer lines are from the
Si»F4', their separation is 46 milligauss. A sawtooth sweep of 135 milligauss
was used; the pip on the far right is from the return trace.

Figure 1 shows a symmetrical multiple resonance of three
components with approximate peak intensities of 1:2:1.The
separation of the two outer components is 46 milligauss. The
number of lines observed is compatible with a spin of either 1/2
or 1. For a spin of 1/2 the predicted integrated absorption of the
components should be 34.5:31:34.5, and for a spin of 1, 23:54:23;
in the latter case the Si2'F4 and Si"F4 lines overlap the center com-
ponent of the Si"F4 triplet. The observed peak intensities corres-
pond more closely to the spin 1 case than to the spin 1/2. However,
a spin of 1 is eliminated by the shell theory; moreover, there is a
convenient mechanism to explain the intensities observed.

In aqueous, concentrated H2Si"F6 the Quorine resonance was
not split by the Si" spin but was broadened to about 4 milligauss
compared to 2 milligauss in H2Si I'"6. This effect' is produced most
likely by fast chemical exchange' involving the Quorines. In the
case of SiF4, hydrolysis would result from a trace of water, giving
HF which would catalyze exchange of the fluorines. Depending
upon the exchange rate, there can be a significant reduction in the
peak intensities and some broadening of the component lines. In
Fig. 1 noise obscures any broadening of the outer components, but .

this explanation is supported by the observation that the ratio of
the intensity of the outer components to that of the center line
decreased at higher temperatures, for which chemical exchange
would be faster. The isotopic composition of the SiF4 was checked
by an infrared analysis which gave 28&2 percent Si~ F4.

Figure 1 suggests an amusing and direct way to set an experi-
mental maximum for the gyomagnetic ratio of Si . The splitting
in gauss of the Quorine resonance in Si~F4 is given as4 8H =Cy
X(Si")/t't, where C is a constant determined by the electronic
structure of SiF4. The central component in Fig. 1 is from the
Si"F4 and splitting of it greater than 2 milligauss would be
discernible. If we take the ratio of the equations for the splitting
in Si F4 and Si 'F4, introduce the values of 2 and 46 milligauss for
the splitting and the experimental value' for y(Si"), we find
y(Si2s)(0.05. This value could be improved by taking greater
pains to obtain maximum resolution and to minimize the eBects of
chemical exchange. Similar experiments are feasible in several
other cases, including C"H4 —C"H4 and H2S"—H2S" mixtures.

f Assisted by the U. S. Once of Naval Research and a Grant-in-Aid from
du Pont and Company.*National Science Foundation predoctoral fellow; now at Bell Telephone
Laboratories, Murray Hill, New Jersey.
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1Vuclear Induction with Separate Regions of
Excitation and Detection

CHRISTOPHER SHERMAN

Princeton Uniftersity, Princeton, ¹ztt Jersey
(Received February 2, 1954)

FEW years ago Purcelp pointed out the possibility of a
nuclear induction experiment in which the sample is a

Qowing stream of water and the detection occurs at a location
downstream of the region of excitation. More recently Benedekg
working under the direction of Purcell, investigated this possi-
bility and in an unpublished report derived the expected form of
the signal in some detail, as well as listing experimental conditions
which are required in order that a nuclear induction signal be
obtained.

This letter reports the performance of such an experiment.
The essential details of the nuclear induction head are shown
in Fig. 1.

The block is milled {unhatched section) of a solid piece of
aluminum, and the wall separating the exciting and detecting
coils is, inch thick, with a +-inch hole drilled through for the
water tube. These dimensions were chosen with a mind to keeping
the direct. electromagnetic coupling from excitor to detector down
to a low level. A 30-cycle/sec lock-in detecting system with a
1-cycle/sec band width was used, the modulation being obtained
with two coils, one fastened on the bottom of the block, the other
on a cover plate. Except for water and electrical lead-ins, the block
and cover enclosed the system completely.

The details of the water system, made of Lucite, are: Distance
between centers of excitor and detector coils=4 inch; inner di-
ameter of excitor tube=0. 016 inch; inner diameter of detector
tube =0.040 inch.

The excitor and detector coils are closewound of 0.003-inch
copper wire, have 20 turns, and diameters of 0.072 inch and 0.062
inch, respectively. They are matched to coaxial cables by use of
the condenser-transformer networks shown in the diagram.

From the foregoing data, the efkctive detector sample volume
is slightly greater than 10 ' cc.

With a Qow rate of 0.6 cc/sec, and a resonant frequency of 15
Mc/sec, a signal-to-noise power ratio of roughly 50 db was ob-
tained. With decreasing Qow rates, the signal drops off rapidly,
so that at a flow rate of 1 cc/min noise is definitely visible on the
resonant response.

The shape of the resonance curves has not yet been interpreted
on a theoretical basis. There are several factors which hinder this,
among them being the complicated Qow pattern caused by the
abrupt change in tube diameter, and complications introduced by
the 30-cycle/sec modulation frequency. The theoretical prediction
of a signal frequency equal to the driving frequency rather than
any dipole precession frequency determined by the magnetic field
has been verified.
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FIG. 1.Details of nuclear induction head.




