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Radiochemical and Spectrometer Studies 
of Some Ne~ Nuclear Isomers Prepared 

by Cyclotron Bombardment 

Hirdaya Behari.Mathur 
Radiation,Laboratory and Department of Chemistry 

Universi.ty of CaliforniaJ Berkeley_, California-

October 5, 1954 

ABSTRACT 

This dissertation concerns the preparation and identification of 

some new nuclear-isomers of various nuclear types. The results are 

discussed in relation to the predictions of the independent particle 

shell model of the nucleus. 

A detailed study of the decay schemes of Cs127 and Cs125 revealed 

branching decay to isomeric levels in the odd-mass isotopes Xe127 and 

Xe125 . E3 transitions of 75 seconds and 55 seconds, respectively, were 

observed. By bombardment of z.irconium, niobium, yttrium and silver tar-

gets in the 184-inch cyclotron it was possible to produce and study the 

. . . Nb89m d Nb89 1somer1c pa1r an • 

In addition to the study of odd-mass number isotopes, information 

was obtained on previously unreported even-mass number isomers. A 

detailed study of the radiations of Mo9° revea:led the presence of the new 

odd-odd isomers, 24-second Nb90ml ~d 10-millisecond Nb90m2, in addition 

6 90 to the ground state, 14. -hour Nb • 

Isomeric levels in even-even nuclei are rare but in the study of, 

. 90 
14-~6-hour Nb a delayed state of 2 .2-Mev decay energy has been estab-

lished in the even-evennucleus zr90 . 

New nuclear data unrelated to iso~erism is included on some 

isotopes of cesium, xenon and iodine. 
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·Radioche~ical and.Spectrometer.Studies 
of Some New Nuclear Isomers Prepared 

by Cyclotron Bombardment 

Hirdaya Behari Mathur 
Radiation Laboratory and Departmeqt of Chemistry 
University of California, Berkeley, Cali.fornia 

· October 5, 1954 

I •. INTRODUCTION 

The experimental work described in this thesis has to do with the 

preparation, identification and study of new examples of nuclear isom-

erism, Because the results corroborate the predictions of the nuclear 

· shell model it is desirable in this introduction to discuss briefly the 

present status of ·the subject of nuclear isomerism and the applicati.on 

of the shell model to it. 

The first case of nuclear isomerism was discovered by Hahn1 in 1921 

when he found the radioactive substance UZ which was isotopic and iso-

baric with the well-known ux2, but which differed from it with respect 

to half life and the radiations emitted, 

This example of isomerism remained Qnique for many years, but with 

the discovery of artificial radioactivity in 1934, and especially the 

wi.de enlargement of the field by the production of many new radioactive 

substances by cyclotron and pile bombardments, the possibility of 

investigating new examples of nuclear isomerism arose, The first estab= 

lished case was that of Br80 · investigated by Kurchatov et a1. 2 and Fermi 

and co-w~rkers,3 In two recent reviews of isomerism4'5 the list of 

known cases had grown to a total of· ~~om 100 to 200. 
'··.·· .·,. 
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The first attempt to provide a theoretical basis 'for isomerism was 

made by von WeizsM.cker6 ·who first suggested tha:t the nuclear isomeric 

states decayed into· one anot~er by gamma emissi?n and that the long 

delay in this process was accounted for by large changes in angular 

momentum accompanying the decay. Thi.s suggestion has proved to be 

correct and considerable theoretical work has gone into the quantitative 

.. ' 
development of the idea. The goal of theory has been the calculation of 

the half life of such a transition, given the magni.tude of the spin 

change, the ·mass number, the energy and the nature of the radiation, 

.! ·~., :whether .electric or magnetic. A relationship given by Axel and 

Dancoff7 was used for several years but has recently been replaced by 

a more sat.isfactory equation P,rovided by Weisskopf. 8 ,9 The Weisskopf 
. 4 

formula for electric transitions as given by Goldhaber and Sunyar is, 

!if [L3 ... (2AI + 1) ]2 

.. = 
Ysec 2(~I + l). 

.- - the half life in seconds 
I sec 

a = spin change 

p = nuclear ··radius ~ 0.532A1/ 3 

w transition in units of 2 energy me = 

E ' transition energy in electron volts 

A = mass number. 

E/mc 
2 

2 me 

To obtain .the magnetic transition probability the above equation is 

supplement_ed by 

, 
() 

, .. 



.:1 

p ... 

-9-

. . v 10 
The importance of the Weissko:pf formula has induced Montalbetti to 

construct a nomogram of it to facilitate its application, 

In addition to the emission of electromagnetic radiation it is :possi·-

ble for a nuclear isomer to deactivate by the :process of internal conver-

sian, An orbital electron may be ejected to carry off the energy of 

.excitation, The competition between this process·and gamma emission is 

e:Xpressed by the conversion coefficient which is defined as the ratio of 

the number of electrons so ejected to the n1unber of quanta of electro-

magnetic -radiation ·emitted, The calcul.ation of internal conversion 

coefficients is capable in :principle of rather exact treatment sinGe 

nuclear wave functions are not involved, An extensive table of K-shell 

coefficients calculated by machine methods·dn the Mark .... I calcul.ator of 

the Computation Laboratory of Harvard University has been :published by 

11 Rose et aL These tables show values of the K-shell conversion 

coefficients for transitiOn energy greater than 150 kev for the first 

5 electric ·and magnetic niulti:poles, The K-shell conversion coefficients 

for lower gamma energies and L-shell conversion coefficients are being 

calculated for later publication. These tables are important because 

the conversion coefficient is a sensitive function of energy, multi:pole 

order and atomic number. The value of the conversion ~oefficient is 

therefore a valuable cl.ue to the nature of an isomeric transition. 

The existence of isomerism implies the occurrence of nearby nuclear 

energy states differing greatly· in angular momentum. An adequate theory 

of. isomerism must explain the occurrence of such states. It has been 

established that the s:pin-orb.it coupling, single-particle model of 

12 . ' 13 
:V.tayer · ·and of Haxel, Jensen, and Suess allows :predictions which agree 
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closely with the ex:perimental results in a high percentage of cases, 

particularly for odd._A isomers. 

This model predicts that isomerism should occur only in certain 

11islands," namely those nuclei in which the number of the odd neutron or 

odd proton is somewhat lower.than one of ·the magic numbers--50, 82, or 

126.· .Since the stability of the magic 'numbers is· presumably due ·to the 

fact that the. spin orbit coupling splits levels with·large angular 

·momenta in such a way as to lower appreciably those of high j, the levels 

·of high spin occur just before the· magic mmi.bers in competition with the 

lowest spins of the previous shell.. Thus, in particular, islarids of 

isomerism in odd nuclei should occur when the odd neutron or odd proton 

is between 39 and 49 or between 63 and 81, or between about 100 and 125. 

When the ·odd.-neutron or odd~·proton number lies between 39 and 49 

the competition is between the g9/ 2 and .the p1/ 2 orbits. 

of 4 and a change in parity predicts an M4 transi tiori:. 

The· spin change 

Many such 

transitions have been observed. In addition, in this region some E3 

transitions are ·also found but only in cases in which more than one 

nucleon. (or less than one hole) occupies the 9/~. orbit. Kurath14 and 

Talmi15 have shown .that several parti.cles in a 9/2 shell are able to 

couple their spins ·in various ways so that instead of a j value of 9/2, 

a resultant of 7/2+ may be expected • 

. Likewise,· in the second island between 63·and .81, many isomers of 

·M4 type are observed·butonly in odd-neutron. nuclei. The shell model 

predicts low-lying hll/Z, d
3
/ 2 and s1; 2 orbi.ts of almost equal energy. 

·The isomeric transitions. in this region, therefore, decay from the 

h11; 2 to the d'3/Z state, givipg an M4 isomer, and in.cases where the 

•• 
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gr~und state has been known to have a spin of 1/2 the isomeric transition 

is followed by a second gamma ray corresponding tothe transition from 

, .. the d
3
/ 2 to the s1/ 2 orbit. In some cases the d

5
/ 2 orbit $.lips· in between 

the hli/2 andd
3
/ 2 orbits, introducing thereby the possibility of an E3 

isomer corresponding to the transition h11/ 2 ~ d
5
/ 2 • This may be 

followed by an additional Ml transition fro~ d
5
/ 2 ~ d

3
/ 2 cir an E2 

transition from d5/ 2 ~ s
112

, according as the ground state is d
3
/ 2 or 

The Mayer single-particle model then makes possible predictions of 

groups of nuclides in which isomerism may be expected and the multipole 

order of the radiations involved. Hence, in order to compare experi-

mental results with the· theory it is important to determine the multi~ 

pole character of the radiation. This can be done in three ways" • 
Comparison of the half life of the transition with the predictions 

of the Weisskopf8'9 lifetime..,energy relationshi.p discussed above for 

various multipole orders is one approach" A second approach is to 

determine the conversion coefficient and to compare it with the accurate 

values gi~en by Rose et a1.11 for various mul.tipole types. Experimentally 

this is a difficult measurement because the absolute measurementof low-

energy .Auger electrons or low-energy x·~rays is involved. Furthermore, 

in the case of the measurement of x-rays the fluorescence yield must be 

known and for many elements this has·:rwt been accurately measured. 

A third method of estimating the multipole.character is the measure-

ment of the rati.o of conversion in the K shell and in the various sub* 

shells. The "K/L ratio" can be easily and accurately measured for many 

cases by comparing the intensity of the ·K and L conversion lines measured. 

in a beta-ray spectrograph. This ratio depends upon the multipole 
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character' the energy and the nuclear charge z 0 • When the computational 

program of Rose and co-worker.s is completed, accurate values of pre .. 

dieted K/L ratios will be available. In .. the meantime ·since rather. 

unreliable theoretical and nonrel.ativistic curves on K/L.conversicin ratios 

· · 4 I ·are ·available at present, Goldhaber and Sunyar recommend the use of 

empirical curves. By plotting al~ available K/L ratios against z2
/E 

they found that all transitions which have the ,same multipole order 

(determined by lifetime-energy relationship or conversion coefficient 

data). lie on the .sam~ curve and thus define the order for the-pa,rticular 

curve. Hence in many cases it is possible to determine the spin change 

. arid parity from the measured 'K/L ratios·. 

The striking success that the single-particle modei of Mayer has 

had in predicting isomerism and nuclear spectroscopic configurations 
• 

for odd-mass number nuclides has made it a universally used basis for 

predictions of these-and related properties in all types·of nuclei. The 

data on odd-odd and even-even nucl.ei, however, are not· so readily 

explainable. 

In the case of the odd-odd nucleus, according to the rules set forth 

by,Nordheim,16 -configuration~ of the odd neutron and of the odd proton 

are the same as in an odd"'A nucleus with the same number·of nucleons in 

the odd-particle group, There will be a coupling of neutron arid proton 

groups and each·will contribute to the resulting nuclear spin. The 
~ 

manner in which this grouping takes place is not very well understood 

at present, but the Nordheim rules indicate that spins of odd-odd 

:r;mclei are o,ften very large. It is possible to account for isomerism in 

most odd-odd nuclei in which it has· been observed but there Is 

t 

l.) 
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no "systematics" of isomerism in such cases to pennit much in the way 

of predictidn. 

Ther.e are only a handflill. of well .. established examples of isomers 

. 180m 202m 204m among the even•even nucle1 and these examples are Hf , Pb , Pb , 

and Pb206m. It is, therefore, not possible to draw any definite conclu-

sions regarding the systematics of nuclear configuration in the case of 

even-even isomers. Goldhaber and Sunyar4 in their article on classifi-

cation of nuclear isomers made the important observation that the first 

excited state of even-even nuclei is 2+, the ground state being assumed 

to be 0+ in all cases so far known. In a recent article on the excited 

states of even-even nuclei G. Scharff-Goldhaber17 has shown that out of 

68 cases examined, 66 have the first excited state of spin 2 and even 

parity. In summarizing the observations on even-even nuclei, G. Scharff­

Goldhaber has given the empirical rule that for the nth excited state 

I< 2n .. There are only a few exceptions to this rule. Hence one would 

not expect isomers with & > 2 in even-even nuclei. 

In th~ experimental work reported in.this thesis an attempt was made 

to find new examples of nuclear isomerism. The single-particle model was 

used as an aid in selecting likely nuclides for preparation and study and 

for interpretation of the details of the isomerism when found. The 

nuclides to be examined were prepared by bombardment of various targets 

in the 184-inch cyclotron of the Radiation Laboratory and they were 

purified by radiochemical separation te.chniques. Some new experimental 

techniques were developed to handle the special problems encountered, 

particularly in handling radioactive gases:, and these are discussed in a 

.special section . 
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In·the case of odd-A nuclides isomerism was detected in xe127, xe125, 

89 and Nb . The results are a clear demonstration of the value of the shell 

· model in such cases.. These examples ·are dj,scussed in detail in Sections II 

and III below. 

An interesting case of isomerism in an odd;.·odd nucleus was found in 

90 the case of Nb • Here a cascade of two isomeric transitions involving 

. three distinct iSomeric levels was found~· ThiS work is discussed in 

Section IV. 

As mentioned above, cinly avery few· even-even nuclei show isomerism 

involving adjacent levels with spins differing by more than 2. · In the 

. ·present study such a transition in an even-even nucl,eus appears to have 

been measured. This is the 2.30-Mev transition in the decay of 14.6-hour 

Nb90 to· zr90. This case is discussed in Secti.on V. 

During the course of the·work a number of previously unreported 

nuclides were inve'stigated. These nuclides were not found to exist in 

isomeric forms but the information on their decay properties is worth 

' report~ng. The nucli'des in this group which include Xe121 , xe122 and 

X 123 d .. · d · ·s t· VI e . ·are 1scusse 1n ec 10n .1 o 

Experiment-al techniques. are· discussed in a final Section \t""II o 

. II o STUDIES OF NEUTRON-DEFICIENT ISOTOPES OF CESIUM AND OF THE 
E3 'ISOMERS Xel27m AND Xel25m PRODUCED BY THEIR DECAY 

This- section deals with.a study of nuclear isomers of ·odd.:.mass num-

ber where. ·the isomerism is the result of an odd neutron: just below the 

closed shell-of 82 neutrons.· The odd~niass isotopes of xenon are quite 

interesting in this respect. The Mayer model predicts that·hll/2 ' s1; 2 
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and d
3

/
2 

states will lie close together in the neutron number region just 

belo\IT 82. Hence long-lived M4 transitions are to be expected., and in 

135 133 131 129 fact xe
81 

, xe
79 

, xe
77 

and xe
75 

show such isome~ism . This situation 

. JJ 18 
has been thoroughly reviewed by Bergstrum. 

I th t k . . . X 127 d X 125 t d' d H n e presen wor ~somen.sm ~n . e
73 

an e
71 

was s u le . ere 

. it was found that the M4 transition type had given way to an E3 type 

because the d
5

/
2 

level, whi.ch in higher mass isotopes had been located 

higher than the h11/ 2, level, had dropped below this leveL The d
5

/ 2 

level is permitted by the shell model but in its present form the theory 

:is incapable of stating whether or where the crossover of the h11; 2 and 

d
5

/ 2 levels should oq:ur. 

Because the half lives of the E3 transitions are considerably shorter 

.than those of the M4 type it was considered des:i.rable to look for the 

expected isomers i:q the d,ecay of cesium parent activities. Hence the 

neutron-deficient isotopes cs127 and Cs125 were prepared by' (.a,xn) 

bombardment of iodine'· purifi.ed radiochemically., and subjected to detailed 

stuciy. 127 127m . Previously existing data on C$ and on Xe were conslderably 
,, ' 

extended as will be discussed next. Thepreviously unreported activities 

125 125m Cs and.Xe were foun.d. During the course of the work new informa-

tion on cs1 3° and cs123 was accumulated ... This provided no data on 

i.somerism and is reported but briefly at the end of this section. 

·127 d th _ X 127m A.. The Radiation of Cs an e .isomer· e 

~ . ~7 . 
Fink, Reynolds and Templeton· · reported Cs to be a positron emitter 

with a half life of 5.5 hours. The mass assignment was made by the identi-· 

127 . 
fication of the 34•day Xe daughter. More recently Wapstra, Verster and 



··' 
·Boelhouwer20 have studied the gamma rays of cs127 by scintillation spec-

trometric methods and have reported gamma rays of 410 ± 20 and 125 ± 5 kev. 20 

, • .. ~ :.·:'~~ ·2~~;.:~~~\':1J.~~~rtS.: w~ nqted tha~ ~~e cesium fraction of ·a calcium iodide.:. 

target bombarded with 60-Mev helium ions in the 184-inch cyclotron was a 

mixture of 30-minute Csl30, 6.25-hour Cs127 and 31-hour cs129. Even 

immediately after the bombardment, the major activity was cs127 and if the 

iso;l.ation·of cesium were delayed a few hours past; the end of the bombard­

ment more. ·than 90 percent of the GM activity was C s127. 

The mass assignment was checked by a run in. the time-of...:flight mass 

' 21 
spectrometer~· . This was done with the help of Dr. Maynard C. Michel who 

used the instrUIIi.ent described in th'e section tin instruments. Decay curves 
. ~ ...... 

counter using .mass-separated cs127 s:towed. no deviation from taken with a GM 

a half life of 6.25 ± 0.1 hours in more than ·4 half lives. ·This half life 

is somewhat longer than that given by Fink, et a1. 19 Negligible 6.25,.,hour 

·activity '·-was collected at neighboring mass positions. 

· The positrons of cs127 were studied in the beta-ray spectrometers 

briefly described in a later section. The runs were not made with mass-

separated activity 'because sources of sufficient intensity could not be 

prepared. The presence of a small amount of Cs129, however, caused·,no 

.difficulty.in the.interpretation of data on unseparated cesium fractions 

isolated a few hours after bomb9:rdment. Our best runs were obtained on a 

lens spectrometer. Figure 1 shows the Fermi-Kurie plot of the positron . ;r 

spectrum. The most energetic component has an energy of 1.063 ± 0)10 Mev. 

The presence of numerous conversion electrons complicates the -resolution 

of the second component and the·yalue of 685 kev (378 kev lower in energy. 

than the first coinp9nent) is uncertain to perhaps 25 kev. This leaves 
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'Unresolved the question whether the prominent 4-06-kev gamma ray observed 

in the scintillation spectrometer (see below) connects the Xe127 energy 

levels reach~d by these two positron groups •. 

Figures 2 and 3 show the gamma spectrum of Cs127 as determined on .a 

scintillation spectrometer. There are prominent gamma rays of energies 

of 125 and 406 kev as well. as a large 30-kev peak of xenon X""radiation 

f th 1 t t d f C 1.2 7 rom e e ec ron cap ure .ecay o s • The small amount of 510-kev 

annihilati.dn ra~iation by comparison with this peak indicates a low 

~+/EC ratio (<l/15). The ratio ~f the 4o6~to 125-kev gamma radiation 

after ·correction for colli~ting efficiency is about 8. 

· Figures 5 and 4 show the conversion electron spectrum· of C s127 as 

studied on the·magnetic double-focusing spectrometer and the lens spec• 

trometer, respectively. In ~able l the energies of the electrons, the 

conversion shell and the energy of the corresponding gamma rays are given. 

The'K and L lines of the 125- and 406-kev gamma rays are identified. 

Conversion electrons of 3 or more gamma rays of lower intensity are 

present but the assignment of K and L lines is uncertain. Nothing .further 

was learned abgut this group since their intensity was so low that no 

further data was obtained in the scintillation spectrometer or the 

coincidence spectrometer. 

The gamma-gamma coincidence studies on cs127 gave the following 

results. The 125-kev. gamma radiation is not in coincidence with the 

406-kev gamma radiation. It is in coincidence with 30-kev x-radiation 

and with 440-kev gamma radiation. The intensity of the latter was low 

enough to explain why it was not seen in the straight gamma runs. The 

406-kev radiaticn was not in coincidence with lt5~kev radiation, but was· 

·:r 
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Energy of 
electrons 

(kev) 

32.0 

56.8 

90.0 

119 

134 

161 

249 

28o 

328 

370 

400 
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Table 1 

Conversion Electrons of cs127 

Identification of 
conversion 

shell 

Auger electrons (KLL) 

Auger electrons (KLY) 

Auger electrons ) 

K·conversion (?) 

K conversion 

} 
L conversion 

K conversion ( 'l) 

K conversion {?) 

K conversion ( 'l) 
} 

1 conversion. (If) 

K conversion ( 'l) 

K conversion I 

L conversion J 

Gamma ray_energy 
(kev) K/L+M ratj_o 

125 7.9 

169 ( 'l) 

196 ( 'l ) 

285 ( 'l ) 

363 ('l) 

406 6.3 
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in coincidence with 30-kev x-radiation_. In. coincidence experiments in 

which annihilation radiation was selected by the gate crystal, coincidence 

peaks were observed at 125 and 406 kev. 

These findings in connection with the information derived from the 

isomer studies to be described next we're employed in the construction of 

,-:. the proposed decay scheme shown in Fig. 10 (see ·page 31) ; Following 

Wapst~a22 we designate the ground state of cs1~7 as d
512

. We have 

included ~ 280-kev gamma ray in Fig. 10 to connect the g
7
/ 2 and _d)/2 

l.evels. The electro;n li~es at 249 and 280 kev (see Table 1 ·and Fig. 5) 

may be the conversion electrons of this transition but the gamma inten-

. sity was too low for resolution from the .scintillation spectrometer 
. 

curves. In the coincidence studies the 125-to 28o-kev coincidence to be 

expected from Fig. 10 was looked for but unfortunately it was.-completely 

obscured by a large spurious 125- to 280-kev coincidence resulting from 

Compton scattering of the 406-kev gamma ray. 

A number of preliminary experiments made it ~vident that the decay 

of Cs127 to the 75-second isomeric state of Xe127 was slight if it took 

place at all. 
. 23 

This isomer had been reported by Creutz et al. who had 

· bomb~rded iodide targets with 5- to 6-Mev protons to make xe127_by the 

(p,n) reaction. In the volatile fraction removed from the target these 

.workers had found two activities of 34 ± 2 days and 75 ± l seconds, 

respectively, and assigned both to Xe127. 

Studies of the conversion electrons emitted by the 75-second isomer 

had shown 3 groups of 91.4, ·140 and 170 kev·, respectively. (A permanent 

magnet spectrometer with photographic emulsion detection was used.) The 

first was interpreted as the K line of a 125-kev gamma ray and the last 

-.:c 

f 
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two as the K and L lines, respectively, of a 175~kev gamma ray. Secondary 

x-radiation resulting from the conversion of these gamma ~ays was also 

observed. 

WE;! were able to observe this isomer in tqe decay of cs127 in the 

following manner. An active sample of carrier-free cs127 was evaporated 

on· a metal disk and placed in the depression of the slide of the apparatus 

diagrammed in Fig. 6. The ·greased tight-fitting slide was pushed in until 

the cesium sample·was located in the 1.5-inch diameter chamber o·.25 .. inch 

deep, drilled in from the top of the block. This chamber was covered with 

a 0.1-mil f.oil of aluminum to prevent loss of xenon. After a growth 

period of 3 ·minutes the cs127 sample was withdrawn. Recoil daughter ·atoms 

. 127 127m . of Xe and Xe eJected from the cesium source plate during the growth 

period remained in the closed chamber and their radiations were examined 

with a sodium iodide crystal mounted immediately above the cqamber. The 

whole assembly was housed in a 2-inch thick ~ead castle. The gamma spectrum 

was deter:m:ined.with·a.50-channel an,alyzer making runs at about 1 minute 

intervals for 10 or 15 minutes. 

Figure 7 shows the spectrum of the recoil activity obtained immediately 

after the growth period. Two gamma rays of 125- and 175-kev energy are to be 

noted as well as xenon K x-rays. Since the decay of all 3 peaks followed 

a 75-second decay line (see Fig. 8) there is little doubt that this is the 

same activity as that observed by Creutz et ~· Z3 It was establ:i.shed 

127 more securely that this isomer was the product of the decay of Cs by 

·plotting the yield of the isomer in a 3-mi'nute growth period as a function 

of time at which the "miiking" took place. The half life of 6.1 hours so 

obtained (as shown in Fig. 9)- confirms ·the genetic relationship. 
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·A small amount of long-lived recoil activity remains after decay of 

127 127 the 75-secondXe m. If all of this is ·assigned to 34-day Xe , the 

branching of Cs127 to 34~day Xe127 and to 75-second Xe127m is estimated 

. 4; to be in the ratio of -10. 1. 

In their summary of nuclear isomers Goldhaber and Sunyar4 listed 

xe
12

7m as·an E3 isomer with 175-kev gamma ray indicated as a h11; 2-d
5
; 2 

transition. They preferred to reinterpret tentatively the 91--kev 

electrons observed originally by Creutz 23 . . et al. as L electrons of·a ----
96-kev d

5
; 2-s1; 2 E2 transition, rather than as K electrons of a 125-kev 

transition. Their reason fo.r this reassignment was the nonobservation of 

L electrons of the 125-kev gamma ray which should have prominent K/L ratio 

(-1 to 2) for a 125-kev E2 transition. More r.ecently Wapstra, Verster 

and B9elhouwer20 in discussing the 125'-kev radiation prominent in the 

decay of Cs127 .stated that it was probably identical with the second 

transition in the decay of 75-second Xe127m and that the 125~kev gamma 

. 127 
ray represents an Ml transition going_ to the d

3
; 2 .ground state in Xe . 

Our result seems to ·confirm this interpretation. The K/Lii-M:. ratio of 7.9 

obtained by us for the 125-kev gamma ray in the decay of cs127 is of the 

correct magnitude for Ml and much too high for ·an E2 ·radiation. 

The Xe127m results have been incorporated in the decay scheme of 

Fig. 10. 

The longer-lived xe127 formed in the decay of cs127 is the 34-day ., 
xenon activity studied by BergstrClm18 and several other workers. To get 

larger samples fo.r study than were available by decay of our cs127 

127 . . • . 127 
samples, Xe was prepared by the (p,n) reaction on I in .the form of 

!.J, 

•· 
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potassium iodide and by isolation of xenon by the glow-discharge method 

cescribed in a later section. 

18 . 127 BergstrBm studied the electron spectrum of mass-separated Xe 

in (1.etail and reported gamma rays ·at 56, 145, 170 and 200 kev. His 

scj_ntillation spectrometric studies could not resolve the gamma rays of 

energies 145, 170 and 200 kev, but he found an additional gamma ray of 

365 kev, the conversion electrons of which were not detectable ·with the 

beta spectrometer. 

The scintillation spectrometer studies on Ke127 were repeated. 

. 127 
FiJ;ure 11 shows the gamma spectrum of Xe obtained by a sodium iodide 

- crystal _spectrometer coupled to a 50-channel differential-pulse analyzer. 

Photcpeaks at 56, 170, 200 and 368 kev were observed in agreement with 

Bergstr.C:Im. The small peak at 75 kev is due to lead x-rays produced by 

the lead castle enclosing the sodium iodide~photomultiplier assembly, 

1-1hil.e the peak at 110 kev is due to backscattered radiation of the most 

proininent gamma peak, at 200 kev, in the gamma spectrum of Xe127. The 

gamraa ray of 145 kev -vras not detectable in the gamma spectrum because 

of its low intensity, but in our gamma-gamma coincidence studies (see 

bel.mr), a prominent peak at 145 kev in addition, to that at 170 kev was 

obtained in the coincidence spectrum, when the gamma ray selected by the 

gate vras 56 kev (see Fig. 12). 

The gamma-gamma coinc_idence studies established that the 56-kev 

gamma ray was in coineidence with 145~ and 170-kev gamma rays, and with 

28-kev iodine x-rays, as suggeste_d by Bergstrl:Sm by the fact that the 

s1.m of the energies of 145 and 56 kev is 2CH kev. In agreement with this, 

the 200-kev.radiation is not in coincidence with 56- and 145-kev gamma 

.J' 



-33-

\,l, 

50 

10 20 30 40 50 
CHANNEL 

Fig, ll. ' 127 Gamma spectrum of 34-day Xe . 



...J 
UJ 
z 
z 
<I 
:I: 
(.) 

a:: 
UJ 
a.. 
CJ') 
1-
z 
::> 
0 
(.) 

·. 28 KEV 

10 

Fig. 12. 

-34-

20 30 40 
.CHANNEL 

Mj;8280 

127 . 
Gamma spectrum of Xe showing the 

gamma rays in coincidence with·the 

56-kev gamma ray. 

50 



... 

radiations, but is in coincidence with the 170·-kev gamma ray and the 

·28-kev iodine x-radiation. Quantitative studies indicate that 56~kev 

radiation should be below 145-kev radiation, while 170=kev radiation 

sqould lie higher than 200~kev radiation. For example, in the study of 

170~ to 200-kev coincidence the ratio of coincidence pulses to gate 

pulses was greatly increased when the gamma ray Selected by the gate 

crystal is changed .from 200 to 170 kev. The 368-kev gamma ray is in 

coincidence wi.th only 28-kev iodine x-radiation and with no other gamma 

rays. Because most of the coincidence measurements were straightforward 

the curve.s are not presented" · In Fig., 12, however, the gamma spectrum 

in coincidence with the 56,kev gamma ray is shown because it indicate.s . 

that the 145=kev gamma ray is clearly evident. This gamma ray vras not 

resolved in the gamma curves of Fig. lL All coincidence. results are 

incorporated in the decay scheme of Fig. 10. 

B. 125 · '· ·· l25m 
The Radiations of C s and the Isomer Xe 

In the bombardments of calcium iodide with hel.ium ions a new positron 

activity of 45-minute half life appeared in the cesium fraction when the 

energy of the bombarding helium ions was raised to 100 Mev. One hour 

after the end of bom,bardment this new activity accounted for more than 

80 percent of the GM activity in the cesium fraction, most of the rest 

being 6. 25~hour Cs127 and a small amount of 31-hour cs129. When the xenon 

daughter activity was separated and deposited by the glow'"'discharge 

method on metallic counting foils, a GM counter showed the presence of a 

mixture of 18-hour Xe125 and 34-day Xe127. This suggested that the 

45-minute activity was cs125 and the assignment was confirmed by mass 
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separation. A GM-decay curve of the mass 125 fraction isolated with the 

help of Dr. M. c·. Michel in the time-of .. flight mass separator showed a 

straight line decay of 45 ± l minutes·from an initial counting rate of· 

lS,ooo to less than 100 counts per minute. The counting efficiency of 
. ·. . 12 

the 18-hour electron capture daughter Xe 5 was very low in .the GM tube 

but when the sample was :p:;Laced in a 11nucleometer" windowless methane-

flow proportional cotinter a decay line of l8 .... hour half life was observed. 

It was possible to determine the energy of the most energetic posi-
.· . 

125 tron group of Cs by running a cesium sample in the dOuble-focusing 

beta-ray spectrometer starting about l hour after "the bombardment because 
. . 127 

this positron energy was ·greater than that of Cs • Figure 13, which 

shows a Fermi-Kurie plot of the high energy region, indicates that the 

energy of the Cs125 positrons is 2.05 ± 0.02 Mev.· Because of the presence 

of cs127 no attempt was made to resolve out lower energy components. 

The gamma spectrum of Cs125 (see Figs. 14 and 15) shows a gamma ray 

of 112 kev in _addition to annihilation radiation .and 30-kev xenon x-rays. 

No gamma rays of higher energy were observed. The large abundance of 

125 . x-rays as compared with the gamma rays suggests that Cs decays prominently 

by electron capture but the electron capture/positron branching ratio was 

not determined. As in the case of Cs127, gamma-g~ coincidence studies 

were carried out on Cs125 .· It was observed that the 112-kev gamma ray 

is in coincidence with !(-radiation and also with annihilation radiation. 

The conversion electron spectrum was not studied in detail but the 

energy of the ll2•kev gamma ray was checked by measurement ·of.the K .and 

L conversion lines. The K/L ratio' was determined as 3.6. This may be 

, .. 

.... 
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somewhat in error since the time spent in obtaining the data made neces-
. . 

sary rather large half-life corrections. 

It is believed that the 112-kev transition is the d5; 2--d
3
/ 2 tTansi­

tion ·in Xe125 analogous to the 125-kev transition in Xe127. From Gold .. 

haber and Sunyar's4 empirical .curves dne wou~d expect a K/L ratio of 

7 to 8 for an Ml transition of this ~nergy. 

At the suggestion of Dr. Ingmar "BergstrBm we made a search for an 

· .. f X 125 b h" t d f th t t. f th dd lsomer ·o · e ecause lS s u y o e sys ema lCS o e o -mass 

xenon isotope, 18 as well as those of Goldhaber and Hill, 5 indicated the 

probability of a sl).ort-lived 'E3 isomer in xe125 very similar to that in 

Xe127. By performing experiments analogous totthose ·described above in 

the xe127m case we have been successful in the search for this isomer, 

but because the interference from 18.-hour xe125 was much greater than 

that from 34-day Xe127 in the earlier study, the results are not quite. 

as clean-.cut. 

Carrier-free cesium samples isolated within 1 hour of the end of 

bombardment from calcium iodide targets bombarded with 100-Mev proton~, 
i 
' were inserted in the depression of the slide of Fig. 6 and pushed into 

the inner recoii collection chamber for l-minute growth periods. 
I 
' I 

Immediately after the cesium source was .removed the gamma spectrum of the · 

' 
xenon daughter recoil activity was studied with the sodium iodide 50-c~annel 

analyzer. The registers were photographed with a Leica camera at l2•s'ecdnd 

intervals over ·a period of several minutes without disturbing the count . .;' 

switch. By subtraction of the dial readings of one negative from that 

of the next the spectrum duringany particular 12-second period could be 

reconstructed. The upper curve of Fig. 16 shows the spectrum integrated 
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over ·the first 1 minute; while the lower ·curve shows the spectrum of the 

second minute's run. It is seen that gamma rays of 75, 110, 187 and 

·245 kev as well as 30-kev x;..radiation are present. 

As shown in Fig" 17 the areas under the x~ray peak, the 75~kev peak 

and the 110-kev peak decay intially with a half life of 50 to 60 sec­

onds·and this decay in all likelihood is correctly assigned to Xe125m. 

(The longer.;..lived component in the curves of Fig. 17 is based on points 

'not shown.) Part of the· radiation at these energies and most or all of 
' ~5 ' ' 

it at 187 and 245 kev is due to 1.8-hour Xe as wil.l be _discussed. 

We·are inclined to the view that the 110-kev peak is identical with 

the 112--kev peak of Figs~ 14 and 15 and that it' represents the Ml 

transition, d
5
; 2-d

3
/ 2 ' following a 55-second E3 transition, h11; 2-d

5
/ 2 . 

The 75-kev rad~atiOn may be this E3 radiation as indicated in Fig. 18, 

but we can.:not entirely exclude the possibility that this is fluorescence 

radiation from the l.ead shielding and that the true E3 radiation is 

hidden in the region above 110 kev. 

One difficUlty in the further study of the isome.r is the low-branching 

ratio for its production in the decay of Cs125 ~ This branching ratio was 

estimated.by comparing the amount of 187-·kev ga.miDa radiation of xe125 with 

the amount of 11.0·-kev gamma radiation of Xe125m ·with suitable corrections 

for half .life and for tb,e length of the growth period. Making the assump­

tion of one 187-kev gamma ray per decay of xe125 the branching decay of 

C 125 t X 125m . 10-3 s o e lS "' • 

A good part of the information on the decay of cs125 and xe125m is 

summarized in the .,proposed decay scheme of Fig. 18. It can be observed 

that the decay schemes of Cs125 and cs127 are very similar. 
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The longer-lived xe125 formed in the decay of Cs125 i.s identical ·with 

the 18 .. hour activity mass .. seperated and characterized by BergstrBm.18 )24 

We repeated BergstrBm 1 s scintillation spectrometer studies (but not his 

conversion electron studies) using Xe125 samples isolated by the glow .. 

discharge method from decayed cs125 samples. 

Figure 19 shows the ganrrna spectrum deter:rnined in the scintill.ation 

spectrometer. Definite phot'opeaks were observed at 56) 187 and 243 kev 

in agreement with BergstrC3m. The small peak at 110 kev is probably 

Compton radiation from the 187-kev gamma ray. No annihilation radiation 

was observed. In the coincidence spectrometer it was established that 

the 56·- and 187-kev gamma rays are in coincidence as was suggested by 

BergstrCim by the fact that the energies sum to 243 kev. In agreement with 

this the 243-kev gamma r.ay was not in coincidence with the 56- or 187-kev 

gamma rays. The 56-kev .gamma ray must lie higher than the 187-kev gamma 

ray because the ratio of coincidence pulses to gate pulses increased 

greatly when the ganrma ray selected by the gate was. changed from 187 to 

56 kev. The 96- and 106-kev gamma rays whose conversion electrons were 

o'bserved by BergstrCim were too low in intensity to observe in our coinci= 

dence studies. We can set an upper limit of 2 percent for these gamma 

rays o:mpared with the 187- and 243-kev gamma rays when the latter are 

applied to the gating circuit. These resul.t·s have been incorp?rated in 

the decay scheme shown in Fig. 18. 
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C. Cesium 123 

In calcium iodide targets bombarded with helium -ions of 130 Mev a 

new cesium activity of 6-minute half lifewas produced along with 

. 125 127 
45-minute Cs • A small amount of 6. 25-hour Cs is also produced. When 

the xenon daughter ·act:i~:L~J:>grown in during a 5-minute period was isolated 

,and deposited on thin metallic coun~ing .foils by the glow~discharge 

method and followed for decay in a GM counter, a mixtur.e of l.8~hour 

· xe123 and 18-hour Xe125 was observed. When this procedure was repeated 

after·complete decay of the 6-minute cesium parent, only 18-hour xe125 

was isolated and no 1.8-hour xe123 activity was observed 1in the decay. of 

the isolated xenon daughter S8Jllple. This identifies the 9~minute cesium 

activity as Cs123 • 
. 

Annihilation radiation of 6-minute half life was 

prominent in scintillation spectrometer ·curves taken on the cesium fraction 

shortly after the bombardment indicating that Cs123 ·decays at least in 

part by positron emission. Because of the.short half life of Cs123, no 

detailed study was carried out. 

D. Cesium 130 

Following the preliminary studies of Risser and Smith, 25 and of Fink, 

Reynolds and Templeton19 on a 30-minute .cesium activity produced in 
. 

bombardments of iodine with low .. energy b,elium.ions, a careful study of the 

radiations emittE7d by this activity was carried out by Smith, Mitchell and 

Caird. 
26 

·There is little. "doubt that this activity is produceq by ap. (a,p.) 

reaction and hence the n1a.ss assignment is .correctly assigned to mass number 

130. Nevertheless, it is probably. worth recording the confirmation of this 

assigrunent by the use of a mass.spectrograph. 
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. Iodine in the form of calcium iodide was bombarded with 20.-·Mev helium 

ions in the 60-inch cyclotron. The cesiuni. fraction>was isolated in a 

carrier-free·form within 1 hour of the end of the bombardment and with the 

help of Dr. M. C. Michel -of this .laboratory it was run in the time-of-flight 

mass spectrometer. The 30-minute activity was collected in the 130-mass 

position·. 

III . STUDIES ON THE ISOMERIC PAIR- Nb 89m AND Nb 89 

After the study of nuclear isomerism in xenon isotopes just discussed 

an attempt was made to look for isomers in.the nuclei near ·the cla.sed 

shell of 50 protons or neutrons, because the single-particle model 

predicts two lowest-lying levels in the states g
9

/ 2 and p1/ 2 differing 

in spin by 4. 

te~ine and'Hyde27 of this laboratory, during the course of their 

study of neutron-deficient isotopes of niobium produced by proton bombard-

ment.of zirconium metal with 40-Mev protons, obtained evidence for a new 

niobium activity of half life of 1.9 hours. The ·aM...,decay curves on the 

niobium fraction isolated from the target within an hour of the end of 

the bombardment indicated that more than 80 percent of the activity was 

of 1.9-hour half life; most of the rest being 14.6:"'hour Nb90 and a small 

amount of longer-lived activity, prinr:ipally79-hour··z:r89 from the decay • 

of Nb 89 . Measurements in a be~a-ray spectrograph of _;low resoiution showed 

that this 1.9-hour activity consisted of protons of about 3-Mev energy. 

89 . . 
The isolation of 79-hour Zr activity from the purified niobium fraction 

. . . 8 
proved the presence of Nb9 parent ·activity. Quant'itative milkings of the 

zirconium daughter ·activity-showed that the·Nb~9 half life-was about 2 to 4 
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hours and hence Nb
8

9·was identified with a L9=hour nearly 3-Mev 

positron. 

PerKofstad28 during the course of his studies on the spallation 

products produced by bombarding silver metal wi.th 340-Mev protons, also 

isolated a niobium activity of 1.9~hour half life and 3""Mev positrons. In 

the present study very similar results were obtai.ned by studying the niobium 

fraction l.Solated from niobium foils bombarded with 90 .. -Mi:ov protons or from. 

yttrium oxide targets bombarded with 60= to 100-Mev helium ions. In every 

case the two chief acti.vities were 1.9-hour Nb89 and 14.6-hour Nb90" The 

ratio by activity of Nb89 to Nb90 was roughly the same (nearly 2/6) in 

each case. 

A. Gamma···Ray Studies Establishing the Isomerism 

Niobi.um 89 has 41 protons and according to the single-particle shell 

model i.s likely to exist in the states g
9

/ 2 or p1/ 2 , suggesting the possi.~· 

The g
9

; 2--p1/ 2 level separation for the 

odd-mass isomers of niobi.um in the mass region 91 to 97 is given by Fig. 75 

ble occurrence of an M4 isomer. 

of a review article on nuclear isomerism by Goldnaber and Hillo5 They 

suggest th(;l.t this separation in Nb89 is very slight and the decision as 

to which spin state is the ground state is quite uncertain. Consequently, 

one might expect the upper state of Nb89 to deactivate predominantly ·by 

positron emission rather than by gamma emission. Zirconium 89 is known to 

exist in two isomeric forms by virtue of its 49 neutrons which gives it an 

odd neutron immediately below the 50· .. neutron shell. The upper state is the 

p1/ 2 state and it has a half life of 4.4 minutes. Its predpminant decay 

is by emission of a 588·~kev gamma ray to the ground state (see Fig. 20). 
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This ground state of spin p
1

/
2 

decays with a half life of 79 hours to 

1}-second y
89m 0 A pair of isomers occurs again at y

8
9 becaus.e of the 

odd protem below the 50-proton shell. The Y
89m (g

9
;

2
) decays by emission 

89 of a 910-kev gamma ray to a stable Y (p1; 2 )o 

Knowing these facts it was possible to design experiments to check 

for the expected isomerism in Nb 
8
9. These experiments consisted chiefly 

in the exarn.ination of the zirconium daughter activity milked from niobium 

;for the 588-kev gamma radiation of zr
89m and the 910'-kev ·radiation of Y

8
90 

' 
This was done successfully with the aid of a sodium iodide-photomultiplier 

combination coupled to a 50-channel pulse•height analyzero 

A 5-·mil niobium foil was bombarded for l hour with lOO ... Mev protons o 

After dissolving the foil in an HF..;HNo
3 

mixture, LaF 
3 

was precipitated 

several times to remove zirconium and yttrium activityo After the last 

scavenge precipitation an 8-minute growth period was allowed to pass and 

Lru." 
3 

was precipitated and quickly separated to remove zirconium which had , 

grown in 0 The LaF 
3 

-w_as placed i.n the scintillation spectrometer and data 

were taken on the gamma spectrum for l minute with the purpose of observing 

the 4 .4,~minute zr89m activity, if present. The registers were then reset 

and data were taken again for l minute. Figure 21 shows the series of 

89m . curves thus obtained" ·The 288-kev gamma radiation of Zr and the 

910·-kev gamma :tadiati.on resulting from the decay of zr89 to y89m are plainly 

evidento The activity in the 588-kevpeak after correcting .for coinci"" 

dence losses in the mechanical registers decayed with a half life of 

4 ± 1 minuteso 

After complete decay of zr
89m the gamma spectrum obtained corresp<inq.ed 

\~ ... ,. ' 

to the annihilati.on radiati.on and the 910 .. kev gamma radiation expected of 
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a sample of zr
8

9 (see Fig. 22). This activity decayed.with t~e proper 

79·~hour hall' life •. Subsequent experiments in which .the niobium was given 

more extensive purification and the zirconium was isolated by precipita.-. 

ti.on of barium fluozirconate gave the same results 0 

1n a· careful. series of measurements taken of activity isolated af'ter 

2·-mfnute growth periods it was possible to determine the atom ratio of 

89m 89 -
.zr, an~ Zr formed from the decay of niobium. This was done by integrat= 

ing under the photopeaks and making .suitable corrections for half life 

and counting efficiency. The counting efficiency of the 588"-kev gaunna 

ray was taken as 12 percent and the total conversion coefficient as 

0:076. 29 The counting efficiency of the 910-kev gamma ray was taken as 

7.3 percent and·K conversion was considered negligible. The atom ratio 

Obt~ined was 1.2 ± 0.5 X 10-2 , showing that the major decay was going to 

the -g
9
/ 2 _ groun.d state of zr89 . This atom ratio was determined for zir.., 

conium daughter fractions isolated af'ter 2-minute growth periods at various 

times from 1 hour ·af'ter bombardment up to 8 hours af'ter bombardment 0 There 

appeared to be no significant change in the ratio during this time which 

was taken as an indication that the half life of .Nb89 (p
1

/
2

) is close to 

89 . 
that of Nb (g

9
/

2
). 

The whole series of measurements was ~epeated on a different bombard·~ 

I!len·t of niobium. · The same atom ratio within an e:xperimental error of 

about 30 percent was obtained and this ratio underwent no significant 

change i.n. a series of milkings 'covering a 6-hour period af'ter the bom'"· 

'ba:r.dment o 

It was considered desirable to knowvhether the Nb89 (p ) to 
- 1/2 

No89 (g
9

/ 2 ) ratio was different in a sample prepared by a different method. 
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For this purpose the niobium fraction of a silver target bombarded with 

340dMev protons was studied. After ·a 40"-minute bombardment the target was 

dissolved in 10 !:! HN0
3

• Niobium was coprecipitated ori Mn02 . This precipi:=· 

tate was dissolved in 12 .!:! HCl and contacted with di-isopropyl ketone to 

extract the niobium. 30 After niobium was backextracted into water an.d 

evaporated to dryness it was taken up in a mixture of 10 !i EN0
3 

an.d E:F. 

Zirconium daughter activity was removed. periodically by addi t:i.on of zir-

· conium and barium carrier to precipitate barium fluozi:rconate. Scintilla-

tion spectrometer curves on zirconium fractions so isolated after brief 

growth periods showed the 588-kev radiation of zr89m, and the annihilation 

radiation and 910·~kev radiation of zr89. The atom ratio of zr89m to zr89 

was again observed to be constant for the activity milked at l.=hour 

intervals for a peri.od of 5 h~:mrs. A significant difference·' however, i.n 

this ratio from that obtained from niobium bombardments was found. In the 

niobium isolated from si.lver spallation targets the observed atom ratio 

was 3 x 10-3, or a factor of 4 lower. This difference is believed to be 

we11 outside the experimental error. 

As a further check the ·same ratio was measured in a similar manner on 

a niohlum sample prepared by bombardment of zirconium..:.metal foil. vi.th the 

32-Mev proton beam of the Berkeley linear accelerator. In this case an 

.atom ratio of about 2 .6 ± 0. 5 x 1.0-2 was obtained which i.s a factor of 

approxi.mately 2 greater than i.n the samples isolated from n:i.obi.um targets 

and a factor ·of about 9 greater than in the silver bombardment case. 

The gamma spectrum of the purified niobium fraction was run at a time 

when more than 3/4 of the activity was Nb8
9, and dn samples purified 

24 hours later when Nb90 was the chief' activfty, A comparison of the two, 



s'pectra showed that Nb89 did not emit any gamma rays in .addition to the 

annihilatio'n radiation and the. only gamma rays in both spectra were those 

of Nb90 reported by Boyd and Ketelle. 31 . The · 588-keV..,g~ ray was not 

intense enough in comparison with the 510 .. kev annihilation .radiation peak 

for it to be observed. If Nb89m decayed chiefly by isomeric transition, 

a prominent gamma ray of less than 300 kev should have been observed. 
I 

During the course of these studies considerable data on the radiations 

of Nb90 were obtained.· This will be reported in Section V. 

The positron endpoint energy was determined by using an anthracene 

crystal-photomultiplier combinationr.coupled to a 50'"'channel pulse ana-

lyzer •. Figure 2·3 shows a typical endpoint determination of 2.85 ± 0.10 Mev 

89 89 ' for the Nb ~ Zr transition .. It was established that these positrons 

decayed with a 2-hour half life. 

B. Carbon Ion Bombardments 

In addition to the bombardments mentioned above Nb89 was prepared in 

a novel way by the bombardment of bromine ·with accelerated carbon ions. 

This was done in the 60 .. inch cyclotron using a beam of hex:tuplicately 

charged ca:rbon ions. 32 The carbon ions in the beam have ·a continuous spread 

of energy with a maximum energy of 120 Mev. Sodium bromide·powder wrapped 

in thin tantalum foil was bombarded to carry out the reactionsg 

. c12 81 
6 + 35Br 

Af'ter bombardment the sodium broii).ide vas dissolved in 10 ·!i HN0
3 

and 

extracted with :CC14 to remove bromine. The ·Mn02 was precipitated to remove 

.. 

'J .. 
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niobium. The Mn02 was dissolved in 12 !:! HCl and from this solution niobium 

was extracted with di~isopropyl ketone. Backextraction ·of the niobium into 

water completed th.~ purificaticm. Resolution of a GM·~decay curv'e extrapo­

lated back to ·the end of ·the bampardment showed 5/6 .of the ·activity to be 

1.9,..hour Nb89 and 1/6 to be 1~.6 .. hour Nb90. The atom ratio, assuming e·qual .. 

counting efficienCies, is 0. 7. Gamma analysis Within 2 hours of the end ·of 

tb,e bombardment showed the gamma rays of Nb90 and no others. Ga.mnia. analy• 

sis of zirconium daughter ·fractions showed the ·910'"kev gamma ray of Y
89m. 

. 89m 
No attempt was ·made to search quickly for Zr . 

C. Discussion 

The ·eX:perimental data are best summarized by the decay ·scheme of 

Fig. 20. This sch,eme is irrcompl·ete ·because the energy separation of the 

N.b8
9 states, and the identity of the higher state, has not been determined. 

The small ratio of the Nb89m to Nb89 in the samples we were ·able t<;> prepare 

made it impractical to get tb,e energy separation by the re.solution of the 

positron spectrum into two componen:t.s. From the systematics of the 

p1; 2 ... g9/ 2 separation quot·ed previously5 it is eXpected that this separa• 

tidn in :Nb89 is. quit·e sma:ll and hence the isomeric transition branching 
. . . \ 

must be slight. By preparing very acti'V,e samples and looking .for the 

el~ctrons Of a b,igbly con.verted'.M4 transition. in the o-. to 200,-kev range 

with a.precision·spectrometer it might be possible to learn this energy 

separation • 

. FigUre 24 differs .from a very similar scheme presented by Diamond, 33 

who independently' has carried out a study of ·:these isomers, only in that 

he assigns a half life of 0.8 hour to the p1/ 2 leveL This wa:s done on 
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. . 89 
Decay scheme for Nb showing the main 
configurations of the proton (left) 
and neutrons· (right}. The g9 /2 proton 
in A stabilizes the even-even core in 
a g§/2 configuration. The transition 
AC is delayed because of. the necessity 
of rearrangement of the neutrop core to 
produce two Pl/2 neutrons in. C. B is 
indicated with a mixed neutron config­
uration, ·b1,1.t the g~/2 -pf/2 configura'!:-ion 
probably predominates. Hence the 
transition BA would be delayed·. 
,' 



the basis of a series of quantitative timed milkings of· zirconium daughter 

activity carried out in much the -same manner·as described in this report 

except that the determination of the relative amounts of 4.4~rndnute zr
89m 

and 78-hour zr-89 activity·was dorte by the resolution of. a decay curve 

taken on a scintillation counter without pulse-height analysis. Because 

our data are based only on the activity in the 588- and 910-kev gamma 

peaks we feel they are somewhat more trustworthy. 

As mentioned above the atom ratio of J.'fu 89 (p1/ 2) 

constant over a period of several hours for niobium samples preparJd from 

niobium, silver and zirconium targets. This is inconsistent with the 

half life .of 0.9 hour repor~ed by Diamond'for ·Nb
89 (p1/ 2 ) .. It is not 

clear why the two methods give different results, although a slight cons-

tant contamination of the zirconium mi~ings with improperly resolved 

niobium activity could account for it. 

34 . . 
From Moszkowski's graphs the log .ft value for the 2.85-Mev positron 

transition Nb89 (g
9

/ 2) ~ zr89 (g
9

/ 2) is 6.1 which is considerably higher 

than that expected (5.0 ± 0.3) for an allowed transition. If the unkr:lown 

1\1'0 
89m -Nb 89 separa~ion is neglected, the log ft value of the _ 

89m 89m I\Th (p1/ 2) ~ Z:r: (p1; 2 ) transition is 5.65 which is still somewhat 

. higher .~than expected. These ·two transitions can be added to a growing 
•' 

list of apparent exceptions to the usual rules of beta decay discussed by 

dle-Shali t and ,Goldhaber. 35 For exampl,e, the ·welloo.established 

zr89 (g
9

/2,) · ~ y8~ (g
9

Jk.)? transition has a log ft value of 6.1 and simi­

larly, th~' transi tidn .z~89m (p1j2) ~ y-89. (p1/ 2) has a log .ft valu:e of . 

6.85. These and other examples are discussed by dle-Shalit and.Goldhaber35 

who give an explanation in terms of a rearrangemel?-t of nucleons in the 

even·-even core of ·an odd-A nucleus. 0 
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Following their development the decay scheme of Fig, 1 can be redrawn 

in the form of 'Fig., 24-. 

IV. STUDIES ON Mo90 AND 1l 1BE NEW ISOMERS Nb90ml, Nb90m2 

The persistence of islands of isomerism near the closed shell of 50 

or 82 particles irrespective of the fact whether they are odd-A or·even""'A 

nuclei, suggests that the even-A isomers are also likely to occur in the 

same region as odd~A isomers because to a first approximation the 

individual configurations of the pr:oton or·neutron are not influenced by 

one another. In this section isomerism in the odd-odd nucleus Nb90 will 

be d:i.scus.sed, 

Diamond36 at Harvard University had studied Mo90 prepared by proton 

bombardment of niobium, . He reported'Mo9° to be a positron emitter with a 

half life of 5.7 ± 0, 2 hours, The mass asSignment was made by identifi-

. : . 90 
cation .of the 14.6-ho-y.r Nb formed in its decay, ·He reported positrons 

of maximum energy of L4· Mev and gamma rays at energies of 1~0, 0.24 to 

90 . 0 , 26, and 0 .1 to 0 .13 Mev, The -Mo has 42 protons and 40 neutrons and . 

90 decays by positron emi.ssion to Nb which has 41 protons and 49 neutrons. 

According to the shell model the odd proton and the odd neutron in Nb90 

may exist in the state g
9

/ 2 or p1./2 ' suggesting thereby the possibility 

of- an isomeric state .. With this purpose in view, a detailed study of 

Mo9° and the 14.6-hour Nb90 was undertaken, During the ·course of this 

work. it was indeed fo1irl.d that Nb90 exists in isomeric states; in fact 

three such states were establ.ished. 
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A. Molybdenum 90 

In ciur experiments with Mo90 produced by the bombar~ent of Nb93 \*ith 

80:..Mev protons in the 184-:i.nch ·cyciotroil, we found Mo90 ·to have positrons 

of maxirrium energy of 1.15 ± 0.1 Mev. Figure 25 shows the positron end-

point· as determined by an.anthracene crystal spectrometer • 

. Figure 26 shows the gamma spectrum of Mo9° ·as determined by a sodium 

·,iodide crystal-photomultiplier assembly ·coupled to a 50-channel differ-

ential-pulse analyzer. There are two gamma rays of 120- and 250 ... kev energy 

in addition to the annihilation radiation. The small peak at 65 kev is 

due to the platinum x-rays produced by the platinum backing on which the 

sample was mounted. Using .the values given by Kahn and Lyon37 fo.r the 

counting .efficiency as a f'Lincticin of ·energy for a sodium iodide crystal 

1.5 inches in.diameter and l-inch thick, we. assumed a counting efficiency 

of 100 percent for 120-kev gamma rays and 60 percent for·250-kev gamma 

rays and found ·the two gamma rays to he in almost ~ual abundance. This 

calculation does not allow for. c:onversion wlid.c~Q.,:;.as.:will. ·be .. see:t:l,~.is 

. appreciable. No 1-Mev gamma radiation. was detected in a freshl.y prepared 

90 . -
sample. of ·Mo , although a gamma ray of 1..14 Mev did appear later as 

Mo90 decayed to Nb90 . 

Conversion e;lectrons of ·the 1:20- and 250-kev.gamma rays ·were also 

measured by a magnetic double-focusing spectrometer. Figure 27 shows the 

spectrum thus obtatned. The K/L conversion ratios of 120-' and'250 ... kev 

gamma rays were determined to be 3.6 ± 0.2 and.5.2 ± 0.2, respectively. 

Gamma,_;gamma coincidence studies were carried out with Mo90 vrith the 

following re.su).ts. With 510 .... kev annihilation radiation or 16.5..:.kev 

X:-rays at the ·gateJ no coincidences were ob~erved with 120- or 250 ... kev 

.;; 

• 
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Fig. 25. Positron endpoint of Mo9° as deter­

mined on' an anthracene crystal 

spectrometer. Csl37 was used as a 
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· Fig.' 26. Gamma spectrum of Mo9°. 
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gamma ~ys ~ _ Similarly, by using 120-kev gamma rays, no coincidences were· 

observed with either the 250-kev gamma ray or the annihilation radiation. 

Likewise we obtained no coincidence.s with the 120-kev gamma ray or the 

annihilation radiation when the 250-kev gamma ray was put at the gate. 

nonexistence of coincidences between 510-kev annihilation radiation a.r 

16.5•kev niobium x-rays and the two gamma rays of 120- and 250-kev indi-

cates that both the gamma rays are delayed. 

B. The 24-Secdndisoiner, :Nb90m1 

The garilma-'gamma coincidence studies suggested the existence of an 

isomeric state of·Nb90 in addition to the grourid state 

14.6-hour activity previously studied by Boyd,38 'K:undu 

of Nb90 .. -the 

and Pool 39 and . . ' 

Jacobs~rr_and Overstreet.40 Experiment soon showed that a 24 ± 3 second 

activity was formed in the decay of ·Mo9°. An intense -carrier-free 

sample of Mo90 was place;d on the top shelf' of our scintillation counter 

for a 1-minute growth period. The aluminum front cover on the sodium 

'iodide crystal was not grounded and it .carried a potential of 500 volt:s 

The 

·negative with respect to the sample. The sample was then quickly with-; 

dra$ and the recoil daughter atoms of Nb90m1 and Nb90 collected from the 

molybdenum source dur.ing the ~rowth period were counted. The ·g~a 

spectrum was determined by a 50-channel di.f_f:erential-pulse · ana.lyze:r;. 

Figure 28 shows the gamma spectrum of the recoil activity :iJmnediately . . . . . . .. 

after the ·growth period __ ~-- Th.-e gamma spectrum of ·Mo9° is also shbwn .in the 

same figure !Bor '<20mparis6n. The readings of the register at. the peak 

of the 120..,kev gamma ray were taken every 0.2 minute fnr a 2-minute period 

without disturbing the ·count switch and from the analysis of the data a 

·-. 

• 
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' 
half life of 24 ± 3 seconds was obtained for the recoil activity (see 

Fig. 29). 

The fact that this 24-second activity is the product of the decay of 

90 ·Mo was further ·confirmed by plotting the yield of ·the recoil activity in 

a 1-minute growth period a's a function of th,e time at which the milking 

was done. A half life ·cif 5 hours was obtained for the molybdenum parent 

as-shown in Fig. 30, confirming thereby the genetic relationship. 

The 24-second iso~er was proved to be a niobium activity in the 

41 . 42 following manner. From the work of Huffman et _aL , Kraus and Moore, 

and Hicks, Stevenson and Gilbert,43 it was known that niobium and molyb-

denum form comp.lexes in strong HCl which are strongly adsorbed on anion-

exchange resins. On reinvestigation it was found that a mixture of 

molybdenum and niobium in 6 M HCl is adsorbedby Dowex-1, a strong-base 

quaternary amine polymer. Niobium can be eluted with 5 M HCl but molyb­

denum is. strongly held at this ECl cpncentratidn. The Mo9° activity in 

6 M HCl solution ~s run through a 2- x 0.5..,cm column of Dowex-1 -previously 

equilibrated with 12 ·M HCL The molybdenum ~on the ·colUIIin was washed free 

of niobium activity with 5 M E:Cl and, after -a growth period of 1 minute, 

niobium formed by de·cay during this period was quickly stripped from the 

column by 5·!':! I:]:Cl; collected in a 2 ml .lusteroid cone and studied in a 

scintillation counter for the determination of the ga.rmna spec~rum. The 
.I 

spectrum showed the presence ·of 120-kev gamma rays decaying with a half 

. life--of 24 ± 3 c~!=COnds ,. thereby further ·establishing t~t the .24 ... second 

activity vtas a niobium activity,~-. 

If the 24-second half life·and the 120-kev energy are substituted into 

the Montalbet_ti10 nomogram of Weisskopf's formula the predicted half lives 

~ ~ . 
for various type transitions are -10 second for E2, .-2 x 10 second f.br 
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M2J 2 seconds for E3, 200 seconds for M3, ""100 days for E4 and ""30 years 

for M4-. From th:i.s :i.t seems clear that the multipole o.rder is 3. 

_When this multipole assignment was checked by the K/L ratio method and 

the K-•·she:U con.versio'n coefficient method discussed. in the introduction, 

however, the results ·w:ere anomal.ous. The observ.ed 'Kji, ratio is 3.6, whi.ch 

:is higher by a factor of about 2 than :th2 empir:ica.l curves of Goldhaber 

and Sunyar would suggest for an E3 transition and. in closer agreement 

w:i.th the predictions for an E2 transition. The K/L empirical curve for 

M3 trans-itions is poorly defiri.ed but the predict:i.on would be a value of 

about 5 .• 

A more serious d.:i.screpancy arises in ccmnection wi.th the K .. conversion 

f o 
0 ~ h f R . t 1 11 d t 'd. 1 f coef .1.caem.,. T e curves o · ose ·e· a . • . o no prOV'l e va ues o. con·"' 

version coefficients for gamma energies below 150 kev. An extrapo.la.t:lon 

of their cu:rves for Z "'' 4-0 indicates tb.at the expected K-she11 conversion 

c.oeff:i.d.ent for an E3 trans:i:t:i.on i.s of the order of 2 to 4- and ·somewhat 

higher for an M3 transition. .A:n ex:perimental measurement of the K·.,she.ll 

coeffic:ient for the l20 ... kev gamma ray gave a value of 0. 5., far out of .l:i.n.e 

1.ritl1· the theoretical value and much closer ·to the value expected for E2 

transi.t:i.ons. 

The experimental. measurement was carried out in this manner. A .sodi.u_.-rn 

iodide crystal covered with a beryll.:i.um window was subst:i.tuted fbr th,e 

usual alUminum covered crystal in the gamma-· ray spectrometer. IJsing t.h:is 

crystal, a sampl.e of Mo9° was examined forK X""rays of 16.5.,..,kev energy-" 

A gamma spectrum Wa.s taken with th~ gain settings so selected that the 

120~·kev gamma peak also appeared on the same --scale" After correction for 

absorption losses and fluorescence yield in the x .. ray peak the ratio of 

the K va.can.cies to. the numh!='r of 1.20~kev q_uanta was calculatedo 
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The absorption loss Wa.s · estirriat·ed by using the same counter ·to deter-

241 
mine the L x-ray spectrum of a sample of Am .. The area under the 

unresolved 17.3- and 13.5-kev L X-'ray peaks was compared with the area 

1mder the 59 .9-'kev g~ peak~ The true relative abundances were taken 

'44 
from the work of Beling, ·Newton and Rose. A calculation showed that 

for this particular L x~ray mixture the absorption loss was 'about 25 per-

cent in the beryllium window and magnesium oxide reflector around the 

crystaL It was assumed that the ·absorption loss of the l6.5...,kev x-rays 

of niobium was the same. This is ;riot strictly correct but the error 

cannot be more than 50 percent. 

The· fluorescence yield Wa.s estimated as 0.73 from the tables of 

Broyles, Thomas and Haynes, 45 

·With these corrections and assumptions the ratio of K-shell 

vacancies to l20""kev quanta was c-alculated to be 1.5. This cannot be 

taken as the convers.icin coefficient since some of the K rays·may be 

accolinted for by K ·capture; or by ccinve.rsion of the 250-kev gamma ray, 

but ].t can be. taken as ·an upper limit" A more significant measurement 

'Was made by coll.ecting some of the 24-secdnd activity by recoil ori the 

case of the crystal in the manner discussed .above·ari.d measuring the low-· 

energy spectrum of this activity.· The gamma spectrum •of the re.coil 

activity show.ed that the larger part· of the ·x-ray peak observed in -the 

M.o9° sample has_ to be assigned to ·K capture. The estimate of the K.,-'shell 

conversion coefficient of the 120-kev gamma ray is:-0.5. 

This is a real anomaly which has ·not been resolved. The conv.ersion 

coeff:i.cient is a factor ·of· 4 to 8 too· low for· a trHnsitidn of mul tipole 

order of 3, while the half life and· energy are in agreeme·nt Only with a 

spin chai:tge of·thisval:ue. 

.·,.; 



-73-

C.. Prel.iminary HaJ.f .. ·Lif'e Studies on 250 ... kev Isomeri.c State Nb90m2 

From our gamma•gamma coincidence studies i.t ·was concluded that both 

the 120- and 250-kev gamma rays were delayed. · Because the 250 ... kev gamma 

ray di.d ·not occur i.n the gamma spectrum of the 24:..second isomer, :i.t i.s 

evident that the 250-·kev level does not lie below the 120..,f.ev level. 

· It. may be that the main positron decay of Mo9° goes to a level. in 

Nb90 which deactivates by a 250- to 120-kev cascade. 

Chemical separation of niobium fromMo9° showed dnly the presence of 

120-kev gamma rays of 24-second half life and ·therefore the half 1.ife of the 

250-;kev state is not more than 24 seconds. By performing the chemical 

separation rapidly; and from further recoil studies, we estimated the half 

life of the 250-kev transit.ion to be less than a few seconds. Because 

we were not able to observe any coincidences ·of 2_50-kev gamma rays with 

either 120-kev gamma rays or ·the annihilation radiation, the half l.ife 
. 

of.the 250'-kev gamma rays Should be·greater than 5 microseconds, the 

resolving time of the coincidence circuito 

Making 'qse of 'Mc:intalbetti's~.O nomogram,the Weissk~pf predictions of' 
. ~8 . 

half live.s for tran_sitions · of various types are as fol.lows: --10 second 

-6 · . -. -... 2 . 
for E2, 10 second for ·M2;~10 second for E3, 1 second f.or M3, 10 hours 

for E4, and 30 days for·M4. Hence again the transition type is narrowed 

to M3 or EJ. 

Af'ter establishing the delay in the 250-kev tansition to be between 

5 microseconds and l second, a ndVel device was used to narrow the lim.:i.t 

to less tha.n'O.l second. A carrier-'free sample of 'Mo9° mdunted on a 

platinum plate was supported ·ein a stand with its face at a distance of 

about 0. 5 -em from a moving tape of aluminum or paper. A potential 



difference of 900 volts was appl:l~d between the tape and the sample, the 

negative terminal of the battery being connected to the tape. Those few 
• 

recoiling atoms of-niobium formed in the decay of Mo9° which escaped from 

the source were collected on .this tape and were transported through a 

scintillation counter. The gamma spectrum was studied by means of the 

50.,channel differential,..,pulse analyzer. The time taken to transport the 

rec-oil atoms of niobium on the tape to the scintillation counter could 

be varied by changing the speed of the driving motor. With the slowest 

speed it took nearly 5 seconds for the recoils to reach the scintillation 

col.inter which was at a distance ·of 1 foot from the sample, while·at 

the fastest speed of the motor the time taken was about 0.1 second. When. 

the tape·Wa.s moved at the slowest speed for 1 minute vre obtained a peak 

a:t 1.20 kev in the gamma spectrUm. but "~:;here was no indication of any 

gamma ray of 250 .... kev energy. By increasing the speed the number of total 

counts l.inder the 120-kev peak 'Was red.uced. It is therefore possible to 

d:i.scriminate in favor of ·a shorter half life. No indication of 250-kev 

radi.ation was gotten even by increasing the speed to the maximum and .it 

was concluded that the delay in the 250-kev transition .should be less 

than 0.1 second and more t.han 5- microseconds. 

-The overall efficfe~cy for collection of recoils by this method is 

quite small (<0401 percent) but by usingvery intense carrier-free sources 

there was no difficulty in collecting a few hUn.dred counts per minute of 

the 24-·second isomer and hence there .should have been no trouble in 

coll.ecting enough of the 250-kev st.ate for identific;ation if its half 

life were greater than 0.1 second. 

..... 



D.- Measurement of Half Life of Nb90m2 

A~ this point the half life of Nb90m2 was consid~red to be narroyed 

to the regicm :0 ~·1. sec·on:d to 
'-6 '', '' 

5 x ·10. second.· From the theoretical pre-

dictions it seemed most likely that the half life should fall in the 

millisecond region. Hence an electronic delayed-coincidence techniqu,e was 

used to search the millisecond region. This equipment ·was assembled by 

Mr. A. E. Larsh. Gamma .radiation from a weak sample of Mo9° with a count 

rate of about 50 counts per minute was detected by a sodium iodide crystal. 

Annihilation radiation was selected by a single-channel pulse-height 

analyzer and the output of the analyzer was fed to the trigger input qf a 

Tektronix 514D oscilloscope to start a trace across the oscilloscope face. 

A second sodium iodide crystal was simultaneously detecting g~ radia~ 

tion from the Mo90 sample. These signals, after ampl.ification, were fed 

to the vertical deflecting system of the .oscilloscope •. Signal pulses 

arriving in prompt coincider1ce with the annihilation trigger pulses.were 

displayed as dots at the start .of the trace. The energy of the gamma 

radiation was proportional to the amount of vertical deflecti.on on the· 

face of the cathode ray tube. Any delayed gamma ray signal pulses or 

randomly occurring chance pulses which arrived during the;time it took 

the trace to traverse 'the oscil.loscope face appeared as dots at a 

corresponding distance from the start of the trace. 

A Polaroid Land camera was used to take 20-minute exposures of the 

scope face. A finished photograph showed three bands of dots. The 

density of dots corresponding to chance pulses of 120~ and 510=kev radia.., 

tion was small and did not decrease across the trace·. .The density of 

dots corresponding to 250-kev radiation showed a real decrease to a chance 

background of 25 to 35 percent of t~e initial density when the trace speed 

was set at l em per 4,5 milliseconds. 



: - : ~.- . . 
The density of dots in the 25,0-kev band was plotted on the logarithmic 

sca],e of semilogarithmic ·graph paper versus the· distance (time) from the 

beginning of the traces. The chance background was subtracted to show 

the true decay curve. Analysis of many photographs g·ave a value of 10 to 

·20 milliseconds for the half life of the 250-kev radiation. 

In-initial trials. of this method halatron frcm the base line made the 

recordi.ng of the desired data almost impossible. Hence .some chang.es from 

··the- normal operation of the Tektrdnix instrument ·were required. The 

normal unblanking circuit was not used. Instead, when- the positive signal 

pulse was f·ed to the vertical deflection system as mentioned above it 

was simultaneously fed to an inverter circuit which inverted and amplified 

the .pulse. The resulting negative pulse was fed·to the cathode input post 

· on· the oscilloscope to tinblank the trace at the in_stant a signal 

appeared. on the vertical amplifier. · 

·The tables of Rose et _al. 11 ·give precise values of 0.14 and 0.33 for 

the K-shell conversion ·coefficient for ·an E3 ·and an M3 transition, 

respectively. It was not possible tc estimate this coefficient experi'­

mentally by the method used in·the case of Nb90m1. 

The 

V. · THE RADIATIONS 'OF 14.6-HOUR Nb90 AND AN ISOMERIC 
STATE IN THE EVEN-EVEN NUCLIDE zr90 

14 .6-hour grcund st~te of Nb90 ·p~oduced as· the end product of the 

decay of·Mo90 was st~died by several work~rs. 
.. 8 . . . 0 

Boyd3 repcrted Nb9 to be 

·a positron emitter with a maximum energy of approximately 1.7 M;ev, while 

Diam~nd,36 and Klindu and Pcol39 ha~e reported th~ positrons to have a 

rria.Ximum energy of l. 2 Mev. ~oyd. ~~ ~~teile3~ re;~r~ed three gamma rays 

of energies 149 kev, and 1.14 .~d 2. 23 Mev in NQ90. I' 
~ . . . . 
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A redetermination of" the positron endpoi.nt of l\lo9° by means of an 

anthracene crystal spectrometer .cc:rupled to a 50~channel d:i.fferential-· 

. 
pulse analyzer yielded a value of J .• 7 ± 0 .1 Mev for the positron endpoint 

as shown :i.n Fig, 3L· The gamma spect:rum of Nb90 is shown in Fig. 32, 

There are three g_s"~a rays of energies of 1.40 kev, 1.14· and 2.20 Mev 

:i.n add:i.ticin to the anni.hi.lat:i.on :radiation, Taki.ng into account the 

col.lnt:ing efficiency of the sod1.um 1od:ide crystal for the three energies, 

the rat:i .. os of the:i.r abundances are 1/2,8/1 ~ 7, 

90 Co:inc:i.dence measurement·s :made .on the gamma rays of Nb showed that 

the 140-.kev and L14~·Mev gamma :rays are in coincidence with each other 

and with the anni.hi1.atit>r.t ~afliation, From the quant:i.tative data tlie 

i.nd:i.cati.on :i.s that the 14-0·ukev t:sansition l:i.es above the L14-~Mev garrnna 

ray, 'rhis is in keeping with the expectations from the systematics of 

the first exc:ited state of even-even nuclei since in zr90 one would 

. . 17 expect the first excited state to be greater than 1. Mev, The 2, 20 .,Mev 

gamma ray showed no ~o:inc:i.dences with .140-kev or Ll4·'"·Mev gamma rays or 

the annih:i.l.ati.on rad:iati.on, 

This result suggested the possibility of. a delayed trans:i.tion :i.n-· 

vo1v:i.ng the 2 .2o..:Mev level. :i.n zr90 
J al:though the possibility existed that 

tb.:is level was reached by K-capture decay rather than. positron emission. 

This possib:iJ5ty was eliminated by showing that the intensity of K x--rays 

relative to the l40·~kev peak .was cinly about 80 percent and hence too low 

by a facto·r of' 2 to account for the 2 .2-Mev radiati.on, The x-ray 

intensity measurement was made wi.th the sodiu.:lli i.odide crystal w:i.th 

berylli.um wi.ndow descri.bed above. Furthermore, a coincidence experi"" 

ment i.n which K x.-rays were appl.:i.ed to the gate showed no .evidence of 

an x-·ray·~2. 2-Mev gamma ray coincidence~ 
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90' From a Nb sample zirconium was precipitated as barium fluozirconate 

and did notshow any g8.mma rayof 2.20 Mev in its gamma spectrum. By per-

forming this separation rapidly, and by immediate counting of the result-

ing barium fluoz:i.rconate precipitate in a scintillation counter, the 

delay was fixed as less than 1 minute. 

As discussed in the introduction, delayed states are quite rare in 

even=even nuclei. It would be desirable to determine more fully the 

characteristics of this new example. Considerable_thought was given to 

the problem of determining the half life by some· instrumental method but 

no feasible way could be devised with the equipment available. The low-

counting efficiency of the 2.2-Mev radiation in the 1.0 x 1.5-inch sodium 

iodide crystals is a serious disadvantage. 

Half-life predi~tions from'the Montalbetti10 nomogram are as 

follows~ 
-13 -11 -9 10 · · second for ·E·2, 10 second for M2, 2 x 10 ·second for 

E3, 2 x 10=7 second for M3, B·x 10-5 second for E4, 8 x 10-3 second for 

M4, 1 second for E5, and 100 seconds f'or·M5. Because the resolving time 

of the coincidence equipment vias only about 5 x 10=
6 s€cond and an upper 

l1_mit of 60- seconds was set by chemical experiments, the transition type 

is 'narrowed to E4, M4 or E5 • 

VI. STUDIES ON. THE 1\TEUTRON ~DEFICIENT ISOTOPES Xe123, Xe122 , 
AND Xe121 Al\ID Tp:E IODThTE DAUGETERS FORMED IN. TBEIR DECAY 

Momyer and Hyde, 46 of this laboratory, during the course of a study 

of isotopes of emanation had.made use of the glow~discharge method to de-
·, 

posit the emanation activities on a metallic wire or foil. The radioactive 

samples prepared. in such a way could be studied in a mann·er similar to 

.• 
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that used for ndngasedus samples. This tecbni.que·~s so convenient that .it 

vtas thought desirable to exploit its use further by undertaking a study 

of other gaseous activities. The glow-·discharge method, which is described 

in some detail in a later section~ has been applied with equal success to 

the study of xenon activities. Dur:i.ng the course of this work som~ infor-

matidn has be.en collected dn the nucl.ear properties of some new neutron-

deficient isotopes of xenon and the iodine daughters produced in their 

decay. 

T . t. d 1 . th th l t. f X 123 . X 122 d hls sec 10n ea s w1 e nuc .. ear proper 1es o · e , e an 

xe121 , and the iodine daughters formed by their decay. Isolation and 

study of these iodine isotopes revealed. the presence of the known iodine 

isotopes of masses 123, 122 and 12L T:imed separations of the iodine 

daughter isotopes establ:i.shed the genetic relationship of these to 19~· 

hour Xe122 , L8.-.hour Xe123 and -40-m:i.nute Xe
121

. Because our results 

agree with A. E. Tilley47 at McGill University and B. Dropesky and 

E. 0. Wiig 
48 

at the University of Rochester 7 we shall not give complete 

details of this part of the work. The purpose of this report :i.s to record 

some unpublished observations of the radiations of these isotopes carried 

out with a scintillation spectrometer and a beta-ray spectrometer. 

A. Xenon 1.22 an.d Iodine 122 

Pot~ssium iodide targets were bombarded for 1 hour with 100-Mev 

protons. The xenon ·fraction was isolated 24 hours late.r and deposited on 

aluminum foil as described below. At this t:ime the xenon activity was 

virtually pure Xe
122

. Decay curve'S showed a stra:i.ght l:i.ne decay of 

19 ± 0. 5 hours. over more than 5 half lives. The amount of 18-hour xe
125 



is sl.ight because the (p, 3n) reaction cross section is down at this high 

proton energy. Separ~tion of iodine activity at this time showed only 

the 3. 5-miriute r 122 . activity originally reported by Ma~q_u~z and Perlman49 .,. 

. . 50 
·and studied more completely by Young,. Pool ~d Kundu. The positron 

· · U2 U2 . 
spectrum of the Xe -I mixture mounted on 0.1-mil aluminum foil was 

studied in the double-focusing beta--ray spectrometer. 

Figure 33 is the Fermi-Kurie ·plot of this spectrum showing a single· 

component with an endpoint energy of 3.12 ± 0.04 Mev. The calibration 

of the spectrometer was checked with the 1.97-Mev positron of cs13°. 
26 

. 122 . 
The Xe decays by K capture and the 3.12-Mev positron group is assig~ed 

·122 . 
to the 3.5-minute I in equilibrium with it. Our positron energy 

agrees with the 3. 08 · ± 0 .1-Me-t .. value determined ~y. Young, Pool. and· Kundu50 . 
\'\:·.<... 

who used absorption methods. 

Figure 34 shows the ga.rnnia spectrum taken·with the sodium iodide 

scintillation spectrometer. The ·only prominent peaks are a 182-kev 

gamma peakJ a smaller gamma peak at 235 kev and the annihilation ~­

ray peak resulting from the pos.itrons of r122 . No gamma rays of higher 

'energy were observed. The 182- and 235~kev gamma peaks may be assigned 

. 122 
to the decay of Xe as proved by the curves of Fig. 35. The· upper 

122 122 . curve taken on the Xe -I · ml.Xture shows these two peaks while the 

122 : 
lower curve taken on a pure sample of I sho:yrs only the Compton smear 

of the Compton scatte:red .annihilation radiation. This result is not 

surprising since Te
122 

is an even-even nuclide with .an excited state at 

568 kev5 -which in all l~kelihood is. the first excited state,· according 

to th:e systematics of the excited .states of even'"'even nuGlei a·s dis­

cussed by Scharff-Goldhaber.17. The conversion electrons of the 182-kev 
. . 

·gamma ray were-observed (see below). 
't 
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122 angular points represent pure I • 

The 28-kev peak is K x-radiation. 



B~ Xenon 123 .. Iodine 123· 

.When .the xenon fraction was separated from the potassium iodide 
' 

target about 4 hours 'after ·the end ~f the bombardment l.8.;,hour Xe123 ·a.n.d 

19-'hour xe122 accounted for ·the greater part of the activity. It wa:s 

possible :to study the radiations Of Xe123 in such lllixtures, but samples 

which were much purer,· although less intense, could be isolated by an 

' . 123 
.. aJ.ternate method; namely, isolatton of Xe daughter activity, from the 

123 dec9:y of Cs • 

. In a previous publication5~. it· 'Was Shown that 6-minute ·cs123 is 

produced by the bombardment of calci~ iodide with 130-Mev helium ions. 

From cesium fractions isolated qui~kly immediately after bombardment it 

is possibl.e to separate :Xe123 activity >90 pe~cent pure by radioactiVity;. 

~5 . ~5 
Some 18-hour Xe is present from the decay of 45-minute Cs a:Lso 

produced in.the bombardment. 

The decay of the activity as followed in a GM,tube showed the 

1.8..-,hour decay of Xe123 ·superimposed on the growt.h and decay .of the 

13--hour 11
·23 daughter. 

Tl1:e. · g8lll!Ila spectrum of xe123 sho-ws a major peak of K :x-rays from the 

electron capture decay of Xe123,9 a gamma ray of l50.o;ke'V energy and a 

smal.l .peak. of annihil.atidn radiation (not shoWn) (see Fig. 36}" Repeat 

runs cin the gamma spect:tum over ·a period of 24 hours .showed the emergence 

of the 159""kev ga.n!nia. pea.k52 of ·I123 as tb,e- V50 ... kev gamma radiati.on of 

Xe
12

3.dec?-yed. The conversi6n electrons of these two ganrlna rays were 

also observ.ed ($ee bedew). 

•. 
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A beryllium absorption curve on the positron activity gave a value. 

of 1.8 :Mev as 'the endpoint energy of the positron. The energy of the 

·.positron as detei'Illined by.the. anthr,acene cry!3tal spectrometer is 
.. · ,' . ·-:~\..:- ·-~' :._~···j :· · .. · ~ :,: -... ··::'. : ... , 

l. 7 ± 0 .1 Mev~ 

C. Xenon 121 and Iodine 121 

Xenon samples, isolated immediately after boiribardment contained a 

·high proportion of 40'-minute Xe121 . Iodine daughter activity isolated 

·from the xenon fraction within 1 hour of the end of bombatdment con­

tained 3.5-minute r 122
, 1.5-h~ur I

121 
and 13-.hour I 123, but after the 

· d d of the I 122 , th · · · l t · · t I 121 A gamma rap1 ecay e pr1nc1pa ac lVl y was 

spectrum of such an io~ine sample is shown in Fig. 37. •In addition to 

t.he annihilation radiation a ganima ray of. 210 kev is observed;· the con-

version electrons of the gamma ray were al.so observed as reported below. 

Marquez and Perlinan49 had.reported conversion electrons of this garmna 

121 ray in the original.repGit on the properties of I 

. . 121 
It was determine,d that Xe emits po'sitrons by plotting the decay 

of the annihilation peak Of · ga.mrru3. sp·ectra determined on xenon samples 

isolated within 1 hour ·of the end· of the bombardment. A. 40 ± 10 -minute 

component Wa.S resolved from this curve. 

D ~ .. Conversion Electrons of :X:e121-xe122 .;.xe123 'Mixture 

The conversion electrons of several of the gamma rays mentioned 

above·were measured in the beta-ray spectrometer using a .xenon sample 

collected on a 1/4-mil aluminum foil l hour ·after the finish of a l~hour 

bombardment of potassium .iodide with 100'--Mev protons. · The conversion-

.,. 

"'· 

.. 
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electron .spectrum was determined abo:ut 2 hours. ·af'ter the ·end of the 

bombardment (see Fig. 38) and this determination was repeated 5 times 

over the ·next 24-~our period. The numbered peaks of Fig. 38 are listed 

in Table ·2-~ . The obse.r\red half life ·and the probable ·assignment of the 

isotopes'and conversion shell are listed in .Table 2. 

VII" . EXPERIMENTAL MErHODS 

A. Cyclotron Target.s 

During the course ·of the work cesium isptopes were produced by 

I127(a 2xn)G~<l3l reactions by bombarding I 127 (100 percent abundance) in 

the form of calcium iodide ·with helium ions. The calcium iodide powder 

was wrapped in l~mil thick aluminum: or 1/2-mil platinum foil. In the 

184-::i.nch cylotron bombardments.helium ions ranging from 60 to 150 Mev 

were obtained by inserting the target to the correct radial setting. 

Fo'r studies of'Csl30, ·calcium iodide was bombarded 'with 20-Mev helium 

ions inthe 60..,.inch eyillotron. 

The neutron,~deficient isotopes pf xenon were produced by 

I 127( ·)·x >lZ3 t· ··b· · b ..;,"\-,. d' I 127 · th f f t · . . .· p,xn e . reac 1ons y Omuar mg 1n .. e orm b po ass1um 

iodide with lOO ... Mev protons in the 184-inch cyclotron •. In the studie.s 

.on 34-day xe127,samples were made by the·I127(p,n)xe127 reaction by 

bombarding potassium iodide.with 10-Mev protons in the 60-inch 
. . . . . 

cyclotron or in··the linear accelerator. 
~::_ 

Molybdenum 90 activity was· produced by the Nb93(p,4n)Mo90 reaction 

by bombarding Nb93 (100 percent abundance) in the form of 5~mil foil. 

Protons of 8o-Mev energy from the 184-inch l!yiUotron were used for 

bombardment. 
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Peak 
number 

1 

2 

3 

4-

5 

6 

7 

8 

10 

9 

11 

12 

* 

--92-

-Table 2 

C . . ·. El t f ·x·. 121 X 122 X 123 'M" ·t onvers1on ··. ec rons o · e "' e "' e J.X ure 

·Energy 
(kev) 

22o2 

'27 ~0 

31.;0 

34o5 

63o2 

91 

97 

115o5 

144 

128 

155 

180 

Approximate Assignment 
observed of parent 
half life isotope 

4 h,r 

} 3 hr mixture 

2 hr 

0.5 hr ''l 

45 min}. 121 Xe 
50 'miri .· 

L8 hr Xe123 . ('l ) 

2.5 hr'} Xe123 
l· 

2 hr ·;· 

2o* hr I~23 

14 hr Xe 122 

3 -hr·, .. 1~21· 

Conversion Gamma ray 
shell energy 

Auger 
electrons 

K 95 

L ·96 

... 

K ·i'l48 

.L ·. lA7 

'K I i6o 

K 187 

K 212 

\ .. 

Gamma ray 
energy from 

scintillation 
spectrometer _, 

-

-

150 

160 

1@2, 
. •·· ··~ -

210. 

The limited·number of points taken and the imperfect resolution of the 

electron peaks made it imllossible to observe t'he growth of this peak 

from its lo8-hour parent. 
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·In a~dition.to the reaction mentione~ above, Mo90 was also produced 

by the .bombardment of bromine with accelerated nitrogen ions in the 60-

inch cyclotron which gives abeamof hextuplicately cb,arged nitrogen53 . 
• • • J 

ions which have a. continuous ·spread of energy with a maximum of 140 Mev. 

Sodium bromide wrapped in thin tantalum foil was bombarded to carry out 

the following reactions. 

.. 14 81 91 + 4 n 1 

'. + 
35Br ·. ~ 42Mo . 0 

'fl4' B 81 90 5 n
1 

.. + 35 r ~. 42Mo + 0 

Niobium 89 and niobium 90 activities were produced by the bombardment 

of 5-mil zirconium foils with protons in the Berkeley linear accelerator 

or by bombarding silver foils with 3.40-Mev protons in the 184-inch 

cyclotron •. In addition, bombardment of niobi~ foils with 100-Mev 
' 

protons, or yttrium oxide powder wrapped in -l~mil aluminum foils with 
\ 

60-Mev helium ions also producedniobium activity by the reactions 

Nb93(p ,pxn)Nb>9l and Y89 (a.,xn)Nb>.~\··:::r~spectii..Y:~ly. '·' ·· 

\ 
B. Radiochemical Procedures 

' c:esi}..Uil. -~The calcium iodide target was dissolved in water and, after 

placing the solution in ice 'Water, gaseous HCl was passed in until· the 

solution was saturated. Several drops of 0.~ ·!':! silicot1.mgstic acid 

were added to precipitate free· silicotungstic acid. This precipitate 

·was centrifuged from the .s<?lution;r..~.itq:!arried the· 2esiuiri act:fvity. ·The 
..::. ... ··-

silicotungstic acid was dissolved in 2 drops of water and reprecipitated 
I ,. 



\ 
\ 
i 

by the addition of· cotci· s~turaJeii H(a·· for more purification. Final~y 

the silicotungstic. acid diss~oived· in 0 ."5 Iiil ~ater wa:s passed· through' 

a 1 em x· 4 mm column of Dowex-50 cation excharige· resih. · The· cesium 

adsorbed on: the resin while the· s{J.:icotuilgstic 'acid passed through. 

resin column was washed free of silicotungstic acid with'distilled 

water following which the cesium activity·was q,uickly desorbed from 

the column with a few drops of 6 ·!:! B:Cl. The cesium so obtained was 

carrier free. Thi.s ··procedure is described more ful.ly elsewhere. 54 

Molybdenum. -""For the isoiation of molybdenum, bombarded niobiUm. 

The 

foils were dissolved in a mixture of concentrated HN0
3 

+ HF and the 

solution was·evaporated to dryness. The residue was taken up in 6 ~ HCl 

and centrifuged to remove Nb2o
5

, and molybdenum was extracted from the 
··' .\ i l' 

clear supern~tant with an equal volume of diethyl ether. The extrac-

tion was repeated thrice. Ether from the three extractions was evaporated 

over 5 ml of distilled water which was then saturated with HCl gas. ·The 

resulting solution was run thro~gh a 4 em x 0.5 em coiumn of Dowex-1 

anion-exchange resin previously equilibrated with-concentrated HCL 

The resin column was then washed free of niobium with 5 ~ HCl following 

which the molybdenum activity was eluted from the column with 1 M HCl . 

.. In the case of .sodium _bromide targets bombarded with nitrogen ions, 

the. target was dissolved in 6 -·~- HCLand molybdenum was extracted with 

diethyl ether. There~fter, the,chemical procedure was the same as 

. described in the pr~.c~ding .paragraph. 

Niobium.--In the. case, of zirconium targets, _the foils were dissolved 

in HF acid and all the zirconium was precipitated from the solution as 
.. 
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barium fl.uozirconate by adding Ba++. Precipitation of LaF from the 
3 

solution by addition of La+3 ion removed yttrium rad:i.oactivity from the 

solution. The resulting solution W?.S saturated with HCl and niobium 

was extracted into di·,.,isopropyl ketone • 

. In order to isolate niobium activity from the spallation products 

of silver, the 'silver targets were dissolved in 10 !'i HN0
3 

and niobium 

was coprecipi tated on Mn0
2 

by adding a few drops of a di.lute solution 

of potassium permangante and heating the solution in a water bath. The 

precipitate of l'fm0
2 

was dissolved in concentrated HC1 and niobium was· 

extracted into di~isopropyl. ketone. Part of the manganese was extracted 

by the ketone. 

Alternatively, to the solution of silver in 10 ~ HNo
3

, a few drops 

of·La(No
3

)
3 

were added and the solution was saturated with ammonia gas. 

After centrifuging the pr~cipitate of La(011) 
3 

was removed, _washed with. 

distilled water &"ld dissolved in concentrated HCL The resulting solu-

tion was run through a column of the anion-exchange resin Dowex-1, the . 

column was washed with concentrated HCl a few times, and finally niobium 

was de sorbed from. t,he column with 5 !':.'f HCl. · 

C. Glow=Discharge Method 

Samples of xenon actj.vity produced in the decay of cesium isotopes 

or xenon produced directly by bombardment of iodine with protons were 

deposited on thin metallic foils· by the method developed aD:?- used 

' 4-6 extensively by Momyer and Hyde for-the study of isotopes of emanation. 

This method makes use of a glow-discharge tube of the type shown in 
·' 

Fig. 39. 
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Figure 40 shows the glass vacuum system used to isolate xenon from 

the cyclotron targets. The base pressure in the manifold was reduced 

to 10-5 mm mercury by a mercury diffusion pump and a Cenco.Hyvac 

mechanical forepump. The pota.ssium iodide target was dissolved in the 

closed dissolving tube I! by introducing water from the dropping funneL 

Because of a highly reduced pressure maintained in the manifold, the 

off gases were pumped through trap ~ cooled by a dry ice-acetone cool-

ing bath which removed water vapor, and through traps ~' ~ and r 
cooled wi.th liquid nitrogen which condensed the xenon. , After 2 or 3. 

minutes stopcock B was closed and the ·total pressure in the entire 

system including the glow-discharge tube was reduced to 10-4 to 

10-5 mm mercury. Then that part of the system including traps Q, ~' !:_, 

and the discharge tube were isolated from the rest of the system by 

suit.able manipulation .of the stopcocks and the xenon activity was 

distilled into the discharge tube by placing a liquid nitrogen cooling 

bath on the freeze-down tip and by warming the traps ~' ~ and E to room 

temperature. Then stopcock g_ was closed and the xenon and other con-

densed material was allowed to vaporize in the glow-.d::Lscharge tub~. 

Usually enough inert vapors were condensed during this crude fractiona-

tion that the total pressure in the tube rose to the region 200 to 

1000 microns mercury. When this was not true air was bled in until 

the pressure rose to this value as read on a thermocouple gauge 

att;ached to the side tube of the glow-discharge tube. A de potential 

of 300.to 800 volts with a limiting resistor of 50,000 ohms was placed 

across electrodes (see Fig. 39) to initiate and maintain aJJglOW· 

discharge in the tube. The xenon atoms were ionized and collected On 
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aluminum foils of O,l ... mil thickness clipped to the negative electrode. 

A collection time of about 5 minutes served to ·affix a variable percent-

age (2 to 10 pe;rcent) of xenon activity em both sides of this foil. The 

excess activity was pumped. back into trap E, and condensed with li<I:uid 

nitrogen. The glow-discharge tube was then removed from the line and 

opened .. The xenon activity on the foil remained affixed indefinitely 

unless the foil was warmed above room temperature. It is believed that 

proper redesign of this method to allow better cooling of the electrodes 

during deposition would make possible <I:Uant:itative collection of tracer 

xenon activity • 

. In cases where it was desired to milk xenon activity.from a solu= 

ticin Of cesium activity, the solution of the parent activity took the 

place of the dissolver vessel A. The xenon was then swept from the 
I -

solut:ion by running a slow stream of air through it 7 the rest of the 

procedure being the same as described above. 

When it was necessary to milk.iodine act:i.vities from the xenon 

parent, the glow-discharge tube was replaced by a glass tube sealed 

at one end. Xenon was collected in this tube by coo.l:i.ng it in a li<I:uid 

nitrogen cooling bath and warming traps Q,? ! and £, to room. temperature • 

. It was then allowed to sit there for a sui. table period and then was 

transferred to trap :E cooled by a li<I:uid nitrogen bath by opening the 

stopcock Q and warming the tube with a dry ice-acetone cooling bath. 

Iodine produced by the decay of the xenon parent remained in the tube 

at this temperature while xenon was distilled over. The tube contain-

ing iodine activity was then removed from the line a..'1d iodine was re .. 

moved by washing the sides with a dilute solution of ammonia. 

---
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D.· ·Instruments 

Time-ofmflight mass spectrometer.--The mass assignment and isotopic 

·separation-reported in this. report were done on a time-of-flight isotope 

separator in use in this laboratory. An unpublished accoiint of the in­

strument has been given by Dr. W. E. Glenn55 and a full description will 

be ·published by. Drs. M. C. Michel and b. H. Templeton56 shortly. The 

instrument is a medium-resolution, high-transmission ~ime-of-flight 

mass separator which is used to collect samples of radioactive isotopes 

in the mass region 65 to 270. The overlapping of one mass on adjacent 

masses is less than 1 percent of peak intensity • 

.. In the case of cesium isotopes, the ion source was a tungsten 

ribbon surface on which carrier-free Cs2so4 was evaporated. The tungsten 

ribbon was heated electrically in the source region to produce thermal 

ions with a low spread in energy. 

For the purpose of collection of active isotopes, the ions are dis-

charged on a platinum counting plate introduced in .the collection end at 

ground potential. The majority of ions. formed are of the type M+ which 

are nonvolatile when discharged and remain as a thin uniform covering 

·on the metal surface e:>q>osed to the beam. The metal plate can thus be 

used directly for countingmeasurements, 

It was thus possible to get separated single isotopes of purity 

greater than 99·percent with a yield of from 5 to 10 percent of the activi-

ty placed on the source filament. 

It is possible to work rapidly in order to assign short half lives. 

!,.(I 

'i' 
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Beta.,..ray spectrometers.~-Two precision beta-ray spectrometers were 

used. The first was a 25-cm radius of curvature spectrometer of the 

double-focusing type proposed by Svartholm and Siegbahn57 and by Shull 

and Dennison. 58 A side-window GM tube was used as a detector. This tube 

had a 0.005-inch platinum central wire; a thin window of vinyl plastic 

supported on .a grid of 0.001-inch tungsten wires and was filled to a 

regulated pressure of 8.8 em with a gas mixture 90 percent argon and 

10 percent ethylene •. A more complete description of the instrument is 

given in an unpublished report by 0 'Kelley. 59 

The calibration for negative electrons was checked with the K line 
i 

of the 662-kev gamma ray of Cs137, and the K line of the 80.1-kev gamma 

ray of I 131 •. The transmission of the spectrometer under· the conditions 

used was approximate~y 0.3 percent. For the study of the positrons the 

calibration was checked with .the 1.97-Mev positron of Csl30. We _are 
~ 

indebted to Dr. Thomas 0. Passell for major assistance in the use of 

·this instrument. 

Cesium samples for the spectrometer were prepared by evaporating 

the carrier-free activity dissolved in tHCl on gold leaf of 87p.gmjcm2 

thickness. The gold leaf was supported on ·a· brass ring • 

. For tqe study of the positrons and electrons of cs127 the results on 

the double..:.focusing spectrometer were supplemented by studies carried out 

on a magnetic lens•type spectrometer with somewhat lower.resolution but 

·considerably higher transmission {about 1 percent). This instrument was 

made available to·us through the kindness of the chemistry division of 

the California Research and Development Corporation and we are particu-

lar1.y indebted to Mr. James Olsen and Dr. Grover D. QiKelley for 

assistance in its use. The cesillin samples .used in this inStrument 



were ·mounted on a single layer of tygon film (about 20 ~gm/cm2 ) 

supported by a plastic ring. 

Scintillation spectrometer.--The gamma ray scintillation spectrometer 

used in this work was assembled by A. Ghiorso and A. E. Larsh of this 

laboratory. The gamma detection initially occurred in a 1.5-inch 

diameter by l-inch thick crystal of sodium iodide (thallium activated) 

. procured from Harshaw Chemical Company. The photomultiplier coupled to 

th~ crystal was a Dumont'"'6292 tube •. The mounting of the crystal followed 

~ethods described by Borkowski.60 On the side of the crystal facing the 

photomultiplier tube was affixed a quartz disk; a layer of oil between 

the quartz ahd the outside surface of the tube provided optical coupling; 

The other surfaces of the tube were packed into a reflecting layer of 

magnesium oxide. The whole assembly was mounted in an aluminum-lined 
11 

lead shield on top of a standard GM counter 5~position shelf ass_embly. 

Incident gamma r~ys penetrated a thin foil of beryllium (about 150 ~/cm2 ) 

and a thin layer of magnesium oxide (about 1/16 inch) before entering the 

crystaL 

Tqe output pulse from the photomultiplier was-amplified in a pre-

amplifier thEm in a linear amplifier. · The final pulse is introduced to 

a 50-channel differential pulse-height analyzer. The analyzer based on 

a riovel use of a 6BN6 a's one ami of a .gated univibrator is a new design ·1> 

or Ghiorso ·and Larsh. After proper alignment the channel width stability 

(operating at a 5.:.volt channel width)' was better than 1 percent and it ~I 

remained so for a period of weeks. Gain and bias ·controls permitted the 

inspection of any predetermined energy intervals- with the full 50 

channels. -In order to calibrate the apparatus at any particular gain 
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and bias settings, use was made of the known energies in the garmna 

t f . t d. d h . h "l t. d. t. f . N 22 
spec rum o var1ous s an ar s sue · as ann1 _1 a 10n ra 1a 10n rom ·. a , 

662-kev radiation.from cs137, 6o..:..kev radiation from Am
241 , 184-kev 

radiation from u235, etc. Further details of this equipment will be 
. . 61 

obtainable in a·forthcoming·publication of Ghiorso and Larsh. 

The positron energy measurements were made with a 1/4-inch thick 

anthracene crystal used in connection with the above equipment. 

The gamma-gamma coincidence spectrometer incorporated the·above 
. . 

equipment in·combination with a second single-channel pulse-height 

·analyzer. The sample was mounted betwe.en two sodium iodide photomulti-

plier tube detectors. Pulses resulting from events in the gate c~stal 

were.fed.to the single~channel analyzer and those corresponding to a . 

selected g8.mma energy interval were used to gate a coinciden~e circuit. 

· Pulses arriving from the second crystal in coincidence with these were 

fed to the 50"'channel analyzer. Hence the gamma spectrum in coincidence 

with a particular gamma ray could be determined quickly. 
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