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ABSTRACT

A'study‘hasvbeen made of tbe-neutron deficignt,rgdiqactive igo-
topes of europium and gadolinium produced by proton, deuteron, and'.

helium ion bombardments of samarium and europium using the 60—inch

and’ 184—1nch cyclotrons and the proton linear accelerator. Four;
‘new isotopes of europium and one new 1sotope of gadolinium have been

characterized.
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A study has been made of the light europium and gadolinium isotopes
produced by bombardment of samarium and europium oxideé with energetic
protons,- deuterons, and helium“ionsb In addition to‘the.natural oxides,

electromagnetically concentrated isotopes of samarium were usgdvas‘tarf '

get materialsél ~In some of the_bombardments.chemical separations of the

target materials were-not considered heqessary because of restrictions

on the number of possible isctopes produéed due to the use of low
enérgy'boﬁbarding particles and enriched isotopes. _Whéﬂ necessary,
separations of europium and samarium were made using a cation exchange
resin colum (Dowex-50, pH of citrate = 3.3 - 2.5) at elevated tempera-
tures as described inia récgﬁt article by Tﬁémpson, et g;.g‘ $§pgrations
of europium and gadolinium were made using:a sodium amalgah reduction

method3 to overcome fhe difficulty of theirvseparation in a cation ex-

change column. ' The conversion electron energies were dete?mined f;@m 1

~aluminum and beryllium absorption data. A search for posit;opmémission

in most of the nuclides studied here was made using a 180° beta ray

spéctrometer of low resolution'(see Table 1)0 o
The decay of europium isotopes with mass numbers 147, 148, 149, was

observed after prpton bomb&rdments'of énriched samarium.isotopes (éee

Table 1), The (p,n) reaction is probably virtually the only nuclear



Ll

b= UCRIL~1291

 reaction induced by 8.5 mev protons on samarium. The threshold of the

(p,2n) reaction is estimated to be 9 -~ 10 mev for Smib7-149 using neutron

| binding energies calculated from the semiéﬁﬁirical mass equationé and

estimated electron capture decay energies. This aSsumption'is borne out

by experimental evidence which indicated the formation of only one radio-

activity with high yield. The 50 day Eul4® mass assigmment and the half-

life of Eut49 are in disagreement with data reported by Marinsky and
Glendenin.’ Eul47 showed branching toward decaj by alpha particle
emission with a particle energy of 2.92 % 0.1 me§ as measured with the
diffefential alpha pulse anquzer6 and a branching ratio of -about
a/E.C. = 10-5.7 |

iAthher iso£ope of europium, Eu145,;was observed as recoil nuclei
from thevalpha decay of TbLQQWg The tefbium,wﬁs producedlin a 150 mev
proton bombardment‘of gadolinium oxide and isolated usiﬁg a cati§n'exb
change column separation,. The_Eull?5 has also been produced in a 50 mev
proton bbmbardﬁenﬁ of $m214763g»' ‘ |

The radionuclide;;Eﬁl46; was observed after a helium ion bombardment

of Smpl4405 placed between a series of stacked platimm foils which de-

graded the energy of the helium ions through a range from 36 mev to 13 mev.

Decay of the samples showed the 38 hour activity was formed in greatest

abundance with 25 mev helium ions. Therefore, (a,pn) of'(a,Zn).reactions

were considered the predominant mechanisms for the'produétion of the

- nuclide. The 38 hour period was also observed after a 19 mev deuteron

" bombardment on enriched Sﬁé14703, thus ruling out a possible assignment

to Gd146'bﬁt consistent with an assignment tb EulAé.,



“

~

-5~ - wmnaen

A gadolinium isotopg,,GdlAg, has been observed as a product in a
mumber of different bombardments. Natural europium oxide was ‘bombarded

with protons in a stacked foil arrangement which produced a proton energy

range from 32 mev to 8 mev, The Gdl49 was produced in largest yleld with

28 - 32 mev protons and a (p,3n) reaction was assumed as the predominant
mechanism in the production of this isotbpe. This 9 day peried, belong-

ing to Gal49, was also produced in a helium ion bombardment of enriched

Sm214703 also placed between stacked platinum_foils. The helium ion energy

range through the target was 36 mev to 13 mev. The 9 day activity was
produced in largest yield with 28 - 30 mev helium ions and an (a,2n)

reaction was assumed as the predominant mechanism for the production of

this isotope, »Measprements with the differential ﬁlphaqulse analyzer

showed alpha branching of this isotope with a>parﬁicle.energy of
3.05 % 0,15 mev, |

_This work ié being continued and a more éomplete report.will be pub-
lished at a later date. |
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Table 1
Type of ' Radiation Bombarding N
Isotope Radiation Half-life Characteristics Troduced by Tarticle Energy Chemical Separabion .
Eul® EC,e” . 5+1 days 0,2 mev e~ recoil hﬁéléi' - -
' ' ' from @ deca:y
of TH149 T
Sm}47(p ‘3n)Eu145 50 mev ‘ion exchange column
ul%  EC,e”  383krs 0.4 mev e” 147(& m)Bul46 19 mev 1o
. sm144(a,2n)s<1146 S
(@,pn)En146 b
Eul4? EC,e”, 24:2 days 2.92¢0.1 meva Sm147(p,n)EuI47 8.5 mev. ion exchange columm
no 0.2 M2V e~ : : ‘
o= 105
Eul®® C,e”, Y 50+2 days 0.38 mev e Sm148(p,n)Eu148- 8,5 mev no
no 3" ’ . '
Eul4? EC . >30 days - Sm149(p_,n)Eu-l49_ 8.5 mev no
m F ' | - ’
v cald? B, ,qY 9_';1 deys. 3,0540.15 mev @ Eunat( ,3n)GdI49 28-32 mev ~ sodium smalgem
' 0,35 mev e~ 47( a2n)Gal4d  28-30mev no
Sm“at( o,m)Gd149 - 36 mev sodium amalgem
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