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ABSTRACT

Thé half-life of the T4.8 keV level in RthO has_been measured
by'delayed coincidenceftechniques. The result is Tl/2 = 235 * 3 nsec. -
Using the time-dependence of‘the 8U-7h.8 keV anguiar correlation in an

external magnetic field, the g-factor of the 4.8 keV leVel was found to

be g = +2.13 * 0.03.
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I. 'INTRODUCTION

The décay:of b day Pat0 has recently been invéséigatea in detail

- by Evans and Naumann,l Thé éuthors studied both thevyfray and the converéion
electron spectra and‘established the'decay scheme_shbwn in Fig. 1; The spin
sequence and the multipdlarities of the 84-74.8 keV cascade as well as the
long half-life of the Tk.8 keV level® make this cascade very attractive for
“perturbed angulér correlation measurements. A rough check of the anisotropy
ofvthis cascade gave a value of A =+ (29.7 + 1.8)% even larger than the
value k18 t %)% given by Evans and Naumann. ‘This large anisotropy makes

.it easy to detect the Larmor precessioﬁ of the spin of the interme@iate
level in an external magnetic field and thus to determine the magnetic
mpmentvof fhe 74,8 keV level. The knowledge of this magnetic moment would
ibé of interest beééuse it elucidates‘the structure of the 4.8 keV levéI,
which has beén assignedl on the basis of the jfijOupling rules Qf Brenﬁan

3

‘and. Bernstein” for odd-odd nuclei. Another interesting aspect is the ap-

plication to solid state problems such as magnetic hyﬁerfine interactions.

Rh is a transition element with an unfilled U4d shell and much interest has

-~

focused recently on hyperfine interactions involving transition elements in

intermetallic compounds and transition element impurities in magnetic lat-

.

tices.

At

L



II MEASUREMENTS AND RESULTS

1A;. Source Preparatlon and W‘SPGCtrum o
The hd Pd OQ act1v1ty was produced by a (p,hn)-reactlon on natural

' 105'

”Rh " The 1rrad1at10n was performed at the 88 in. cyclotron of the Law- o

rence Radlatlon Laboratory using a proton beam of about 20 uA h and an_ﬁ
energy of M5 MeV For Spectrum and.half-llfe measurements“the target mateA»'t
:frlal was used w1thout further preparation..;The‘g—factor measurements have f:"

.”been carrled out both with .a piece of the rhodlum target and also w1th a

source of rhodlum in very dllute solution in copper. To prepare the latter ”'*'

. source the'Pd actlv1ty was chemlcally separated from_the Rh target»u81ng a,.-7

e to resolve the two peaks with NaI(Tl) detectors

procedure described by Eyans and Naumann. ; The'palladiumfwas then electro-
'plated carrier- free onto a copper f01l The foil carrylng the act1v1ty wasﬂ

x molted in an argon atmosphere at. about 1200 C. 'The result was a shlnyrcop- e

o UCRL-16069. . .~

'4:per ball wlth a diameter of about 0.5 mm which was used for thevangular cor-

~.relation measurements.f

The measurements were done exclus1vely w1th Ge(Ll) detectors of

-

‘l 2. cm? and a 3 mm deep drlfted layer.v Low-n01se preampllflers w1th an

PaR

. EC lOOO 1nput stage as descrlbed by Gouldlng were used 1n connectlon Wlth

.’the_detectors. A typlcaluy-spectrum obta1ned,w1th our setupvls shown.ln»

-~ Fig. é.' For calibration purpose the well known y-rays of Co57

The spectrum is ln good agreement with'the result of‘Evans and Naumann'and.
conflrms the decay scheme shown in Flg l In addltlon we see clearly the .
two low-energy transitions at 52 7 and ME l keV

. For‘angular correlation‘measurements with the_8ﬁ;057h.8 keV cascade;
a“Ge(Li)vdetector setup'islideal as there is nO»dlfficulty ln'making a

4

| clear energy separatlon between these two Y-rays, whereas it is 1mposs1ble o

are indicated. -
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" B. Half-Life of the Th.8 keV Level

For measuring éoincidenbes of the 8&.Of7h.8 keV cascade as a
function of time we used a time-toeheight.conVerter described b& Wieber6_
v which was quified_to give a-linear time range of_l psec.  To triggér
the converter a "fast" oﬁtput pulse was taken from the ﬁreamplifiers,
amplified by é factof of 400 in a-transistofized'wide-band amplifier
(risetime 10 nsec) and put'ihto a ldb Mc tunnei diode discriminator. The
v output.of the.diSériminator served directly as input‘sighal fof the timé-v
to-heightvcpnvertef. The energy selecéion-was_done in the éanentionai way
by gatingvthe muitichannel ahalyser with@theﬁbdtputﬁpuléesfofuavsloﬁ;cbincidence
unit with a time‘resolution of 2 usec. |

For the time caiibrafion the de;ay trigger of a type 555;Tektronix
" Dual Beam Oscillbscope was used, delaying the “Stop"'pulseé with réspec£
10 the ﬁstart" pulses by a knowﬁ:amount. To,obtain an absolute time scale
the delay trigger was:in:turn célibrated with a 10 Mc erstal—étaﬁilized
frequenéyi The overall accﬁracy of the calibration'is’Better than l%. qu
the half;;ife meaéuremenﬁs the Ge(Li) detectors were placed at an angle of
1800 and mqved‘togethef as close as possibie. However,;there was still a
diétance_of ébout.l cmvbetween the séurce.and each detector surface. In
 view of the large anisotropy we cénvthereforé not fule out completely thé.;
vinfluence of a small perturbation effect on_thé half-life.

The result of e typical half-life measurement is sﬁéwnvin Fig. 3.

Altoéethef we pefformed three ihdepéndent runs, the results of which are

summarized in Table I. The final value for the half-life

1
i
1

Tl/2 = 235.i'51n5ec
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ST R TR AL VAR e L DI .
‘is‘not'in agreementiwith'the resultrof;Evans*and Naumann;ﬂé These authors,

".however, performed thelr measurements w1th a conventlonal fast slow c01n-_:”

j l'c1dence c1rcu1t-only, 1ntroduc1ng artrfic1al delays The use of 8 tlme to—;"‘fdi?

_ _helght converter is undoubtedly the more reliable way to measure half lives;d':h-_

Evans and Naumann concluded from thelr result a hlndrance factor of';;
.5‘*‘1o5 with respect to the WE1sskopf estlmate 5 l X lO 5_sec for‘an-El ‘;;fﬁ?
vtransitlon of 75 keV The new half-llfe Value:glves a hlndrancehfactor of.r':
9.5.% 105, using o = 5.3 and the total transition intensities reported in

:fRef 1.

‘ C.,"Uncorrected.gQFactOr ofvthe‘7h.8'keV Level . 3%:»

The long half llfe of the 7# 8 keV level and the large anlsotropy

-of the 8h 0- 7h 8- keV cascade make it an’ ideal case for tlme dlfferentlal

‘angular correlation measurements. Thus, the g factor was measured by

observing the Larmor precession'ofvthe angular correlatlon pattern in an r“' o
:external magneticnfield;7 | | | -

' :Thedelectronic_setup'forfthis_klnd ofsmeasurements lS'identical :
.with the one desCribed for theuhalf;life meaSurementsr The geometry chosendm
1for the experlment was that ‘the Wé detector was at an angle of 225 w1th l
_respect to the yl detector, counted clockwmse from 71 toward 7é A meas-;
"urement then cons1sted of two sets of data,'each for opp031te fleld dlrec-
Ttlons.’4From,thelc01nc1dencelratev1n'channel number i for.a'magnetlc field.:‘
podntlng upuardv(ci?) and dounuard (éii)?thé normalized ratio’v |

. R'.z'é'cit-f"cili '

. -
e

»_was‘calculated.taifﬂthe time resolution ofvthe_conuerterlishnegligihledTV'“f
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compared w1th the time required for half a cycle the ratlo can be expressed

‘as a functlon of the - Larmor precession. frequency wL—;-g H uN/h

(128, + 5Au) sin’ 2 thf.
R(t) "8 T2k, +1/8ALL CES costht) >

where A2 and 'Au are the usual angular correlation coefficients.v'ACa
cording to the spin sequence given by Evans and Naumann we expect in this
particular case Au = 0. For this reason the data were fitted to the func-

.tion‘
=8 cos 2 -d)
R, = a cos E(aiti ) *te

. The anisotropy A . and ‘the amplitude a of the cosinevwave are connected

3

by the relation

1+1/4A

A=a: -172A"

in an earlier report on g-factor measurements in Ru99 the‘diffdculty
of a paramagnetic correction in liquids was discussed 8 The Ru occurred only
' 1n paramagnetic complexes and a correction was 1mpos31ble ‘as nothlng is .
known about the abundance of the’ different orldation states after the EC
decay has disturbed the electronlc shells. The situatlon in the rhodlum
case 1s expected to be very similar: rhodium tends'to form complex‘com—
| pounds and the EC decay of the Pd surely leaves the rhodium in various oxi-
‘dation states. Follow1ng the conclu51on resultrng from.the ruthenium work

- we performed measurements only w1th cublc metalllc sources. .In the present

. paper results‘obtained with copper and rhodlumlsources will be reported.



In Fig M & typlcal result obtalned w1th a:copper source 1s shown

l'In the upper part of the flgure the raw. data for both magnetlc fleld dlrec-,:lvvu“k
tlons are dlsplayed and in the lower part the correspondlng ratlo R t08ethe£g 3

'wlth the best_flt.' In Flg 5 fhe result measured w1th ‘a rhodlum source (tar; gl;;;f
get ﬁétérial> is S'hown-‘ Tt is obv1ous from these figures that in both caseszw L

there is not the Slightest tlme—dependent attenuatlon present.' ThlS clearly

" indicates that the miclear-lattice relaxation is still at least an order of
L magnitude'longer'compared»with the measuredArange of”l usec. Also the qual-
g ity of the fit ‘in all cases rules out the presence of a quadrupole pertur-

.batlon arlslng from a dlstortlon of the cubic lattice.
Agsummary.of.all results obtained with tne c0pper_and the.rhodium'

sources is given in Table II.

- D. “The Knight Shlfthorrectionfgizj;,'a

" The advantages of metalllc_sources for'perturbed‘angular'correlation :

meaSuremenfs nave been dlscusseo.earlier.8 One such advantage is that the

external magnetlc fleld 1s modlfled‘ln metals essentlally only by the
.Knlght shlft X = Aﬁ/H whlch is usually of the order of a l% correctlon

‘ Often thls correctlon is known from NMR measurements or can be estlmated

: by analogy w1th known shlfts | |

' “In this work we: used a conper lattlcevto mlnimize the nosslblllt& .

;r,of a large Knlght shlft.. The -high susceptlblllty of metalllc rhodlum left

"uopen the pos51blllty, we felt of a Knlght shift of up to a. few percent f':

because of the open hd band Whlle thls work wasvln progress Seltchlk

et al.” reported NMR measurements on Rh j 1n several env1ronments, and ,1?

gave an'estlmate'of‘R + O h}% for Rh nuclel in Rh metal at room

v
g

cere
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temperature. We ise this value of ' K as a correction for our Rh in Rh

results, obtaining a finalg?factoffbrthe 74.8 keV state of RthO

g =+2.13 % 0.03 .

The finﬁl error iﬁcludes uncertainties‘of‘l%.fqr the time;calibratién, l%
for the magnetic field, and thevétatistiéal error quoted in Table II. The
Rh in Cu data cannot be uéed‘to yield a g,fécﬁor because the appropriate
Knight shift correction is not independently known.. We may, howevef,‘derive

a value for this shift from the data in Table II:

K (Rh in Cu) = + 1.0 * 0.4%
' Systematic errors have/largely cancelled here.. This shift is small and
positive as expected for polarization of the open vs conduction band -and

reinforces the above interpretation.

III. DISCUSSION

; Low-lying.infrinsic étatesidf édd-odd nuc;ei'are usually: considered
to be derived by.cdupling neutronv(v) and pﬁoton (ﬂ)‘Stétes. Often fhese
states are found in neighboring odd-A nuclei. .E§ans andiNaumann have sug-
gested (v,m) configuratioﬁs forvthé first foﬁr'states of Rhloo. For the
748 keV state'they proﬁosed the configurétions I [ﬂ§g§/2)9/2 V(d5/2-n81/2>5/2]é+"
or IT [ﬂ(g9/2)7/2 Q(d5/2_n 81/253/2}2+' ;f Wefgssume“that the\ v vcbﬁf -

figuratiohs are the same as those Qf ground.staté (5/é +) and. 90-keV first
excited state (3/2 +) in Ru99, we may teke the g factors as those measured
- for these two levels, -0.25 and -0.19 respect'ivelyv.8 ‘Fér the proton'éon-

‘figuration we take g = +1.25, interpolated from the values *+1.37, +1.26,



R fi Ag” . The approx1mation of us1ng the flrst exclted state of Ru to>
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and 1 25 for the. g : “fﬁo9’lll 115 115’
9/2u, _ S \ .
_respectlvely lO For conflguratlons I and II above‘we calculate g factors -

v:of +2.50 and +l 97, respectlvely ' The large value of +2 15 for the experl—‘f'“

mental g factor is qulte dlstlnctlve and deflnltely establlshes a maJor

: contrlbutlon from the’ g9/2 proton shell. The experlmental value is" con-'s;f?tlf“;fsd

s1derably closer to the g factor of II than that of I, therefore favor II S

a';dTherevls ev:udencell for the yis g9/2)7/2 conflguratlon*ln the 6+ 1somer-ofv_;
110m | . 99 |

estimate g(v) may not ‘e valid; if not “the value of g(v) is probably more_;';jd
hegative From +the systematlc behav1or of 9 d5/2 neutron states in thls

: regionlo we may estimate g5/2+ i»- 0.30. If we take thls as the g factor B

ﬁof the':v' conflguratlon, the g factor for the state in questlon 1s ralsed

":to 2. 05, only 5% below the experlmental value

-
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Table I. Summary of the results of three half-life measurements. '
A-timeé calibration was done for each individual run. = -,

Bun NO:'_ B .Sourcvg. mater_laL.L'l_-: : Tl/2- (nsec) . A Tl/2

statistical error

1 RuinRn (annéalea)', S | ‘_25656- ; . 2.5

2 © RninAg Lo o 25

Weighted average: ~ = . = 2346 1.6
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Table II. Summary of g-factor measurements with copper and rhodium sources.
In all cases the external magnetic field was 2.22 *.0.02 Kgauss.. The ampli-
tudes are given to emphasize the consistency of the different runs but in-
. clude no solid angle correction. A separate time calibration has been done
for each individual run. ‘ :

Run No . Source Uncorrected © Statistical - Amplitude
-g-factor error Ag a(%)

1 Rh.in Cu 2.1598° ~0.0055 26,1 * 0.5

2 _ Rh in Cu . 2.1549 0.0087 © «  25.6 = 0.7

3 - Rh in Cu . 2.1359 . 0.0079 25.3 0.7

Weighted average: 2.1526 0.007L
1 ~ Rh in Rn 2.1360 © o 0.0092 2kl %0.7
2 ~ Rh in Rh 2.1h43L - 0.007k - 25.8 £ 0.6

Weighted average: 2.1&05 . 0.0058
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" FIGURE CAPTIONS - . - “ - "

'Fig.ll;“ Deeaj.ecﬁemeﬁofi?dlog as glven by Eﬁans ahd Naumann, ref l
" Fig. 2. Typical 7-spectrum of PleO obtalned w1th a Ge(Ll) detector of .
5 mm depletlon depth and an: actlve surface of l x 2 cmg;a‘The 0057 L'
callbratlon llnes of 122. 0 keV and 156 L keV are shown. : o
Fig. 3;' Half-llfe Qf,the 74.8 keV level. The_measurement,shewﬁ“is run ﬁq.;::
1 5 in Table I. The quofed efrof.represehte‘only'the statistical uneef{,'
“tainty of this: run. | | |
Fig. L. Time_differentiel.g:factoremeasuremeﬁtiwith.a source of-Rhloo in
- eopper inh an external field of i 2.22 Kgaues ' In the upper part of :
ithe flgure the raw data‘of run no., 1 in Table II are shown w1thout any;
background correctlon ‘In the lower part the correspondlng ratloS'R'“are '
dlsplayed The full line represents the welghted least squares fit Lo
 the data. | | o '
Fig. 5. Result df tﬂe g-fécterimeesurement.(rﬁﬁ é'of'Table.II) withue ;
source»ef RthO in Rh metal in an external magnetlc fleld of * 2 22

. Kgauss."The_full’llneirepresents the Welghted leastesquares flﬁ_to;

the ratios R ..
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