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Abstract

Saveral new or poorly charactsrized nsutron-
tich nuclides have been produced and studied at the
Brockhaven Medium Energy Intense Neutron facility,
MEIN. 1904 decays with Ty, = 30.0 ¢ 1.5 min,

!g = 0.93 £ 0,07 ¥a¥V, and ¥'s of 157.6 and 162.1 keV.
136pg decays with Ty = 35.0 £ 0.4 mia and v's at
126.1, 200.7, 207.0, 257.0, 315.3, 407.6, 522.2, and
628.9 keV. 230Ra decays with Ty = 92 * 2 min to

122 % 3 sac 230Ac; y-ray energias and intensitiss
are tabulated. A decay scheme is proposad for 190w,
and many of the transitions following the decay of
23052 ars betwesa ‘mown levels ia 238‘!!1.

1. Introduction

A Medium Energy Intense Neutron f:cm:yn.

MEIN, has recently bean inszalled at the 200-MeV
Licac injector of the Brookbaven Alternating Gradieat
Syanchrocron (AGS). Proton beams with meea currents
up to 100 uA intevect with & water cooled copper
beam gtop 20 generate secondary neutrons whose energy
spectrun is reasonsbly flat in the region 30 to 160
MeV. The flux of neutrons (E 2 25 MeV) 13 1.3 x
1011 n/cm?-gec for 100 uA of protons; it is well
suited for producing sources of neutron-zich

isocopes by (n,2pxn) and (n,3pxs) resctiousl.2),
Targets, vhich are usually isotopically enriched,
are irradiated in pneumatically operated rabbits

and then rapidly transferred to the lsboratory for
chemicsl procassing and nuclear spectroscopy. Ale
though neutron-rich isotopes can also be made by
irradiation with the primary proton beamsd,4) via
reactions such ss (p,3p), there is ususlly ssxious
interferencs from neutron-deficient isotopic nuclei
which are produced in much greater abundance.

Heutron irradistion {mprovee the ratioal) of neutron-
rich to interfering neut deficient isotopes by
factors of 10 to 100.

Results on the new nuclide 68-sec 62!'. have
been reported guvieulyz). Hers we report on
190y, 1960, 230Rs, and 230Ac produced by (m,2pn)
reactions vith effectiva cross =ections of 0.1-0.5
ab.

2. Zxperimantal

Targ.c3 of osnium metal enriched to 98% 1926-
vare used to prepsare sources of l by the (n,2pn)
zeaction as weil as by (p,3p). Separation of the W
vas by distillaticn of 0s0;, precipitation of tung=
etic acid, scavenging of Re and Ta ss oxides, and
finally precipitation of tungstea a=benzoin oxime.
The 19608 sources were made by (n,2pn) “rcm 50-300
vy targets of PtCl; (96% 198Pe), Purtiicacion wae
by distillacion of 0804 into a NaOH aclution, acidi-
fication to pH 5.5 with HC1l, and then precipitation
of 0sS; with BzS. Sources of 230Ra (and its short-
lived 230Ac daughtur) vere made fzem 0.5-1,0 g
targets of 232Th0; which were irradisted at the MEIN

facility. The Rat2 was first coprecipitated with
1 mg Ba*2 as the chloride from a cold concentrated
BCl-ether solution. Further purification of the Ra
and Ba vas by scavenging with Fe(0B)3 and two re-
precipitations of BaClz. Finally the Ra was
thoroughly separated from the Ba (including very
large activity of fisaion product Ba) by cation
exchange5) on Dowex 50 (4X, 20-30 um particles).
The eluent wvas 0.1 M NHZEDTA, 0.3 M NH4C2HE302, ad-
fusted to pH 5.5; Act3 was eluted in the first
coluwm voluma, the Ba*2 followed after about 6
column volumes, and then Ra*2 startad to appesr at
10 colugn volumas.

Measuremants of the y-ray spectra were with 50
cnd Ge(L1) detectors (resolution of 1.7-1.3 keV at
1332 keV); data analysis was by means of INTRALS)
aad CLSQ?) computer codes. X-radiacion was studied
with a thin Ge(1li) decector, and 8-radiation with a
plastic scincillator. Beta-gszma coincidence
neagyrements vere also performed in which the Ge(Li)
detector was used to gate on selected y-rays and the
plastic scintillator used to detact the spectrum of
coincident £ radiation.

3. Results ard Discussion

3.1 Identification ard Decay of 190"

The well knms, 3.1-min 1903.. was showm to grow
into the purified W sources and then decay with a
half~1ife of 29 + 2 min (Fig. 1). Succassive chemi-
cal milking of 190Re from a tungsten fraction on &

column of alumins confirmed the genetic relationship.
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Pig. 1. Growth and decay of B-uga (E > 900 keV)
following . aperation ¢¢ 3.l-min 15URe daughter
activiry crom a 1504 source.



The y-ray spectra showed the known radla-
tioned,9) of 190Re decaying with Ty = 30.0 * 1.5 min
(after secular equilibrium was attained). In addi-
tion, ¢wo new lines, at 157.6 and 162.1 keV, decayed
with the same half-1ife snd wers attributed to
(Fig. 2). Their intensities per decay of the
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Fig. 2. vy=~ray spactra in ragion 150-200 kaV of
sousce containing 1904, Solid and dashed curves

corraspond to data taken at about 50 and 150
ainutes after and of irradiacion,

daughter aze 0.39 and 0.13, respectively. The B-ray
spactnim in coincidence with the 157.6-keV y-ray had
an end-point at 0.95 = 0.07 MeV., Figure 3 shows a
proposed decay schema and a comparison with theo-
retical prediceions. A Qg value of 1.27 = 0.07 MaV
is inferzed which 1s close_to 1.21 MeV given in the
mass table of Viola, et alll).
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Pig. 3. Propossd decsy schems for 190W and theo-
zetical level geruvcturs of .

3.2 Identification and Decay of 196os

The yeray spsctruz from the osmium fraction,
sepaceted from irradiated 198Pt, was found to contain
sevan lines charactsristicll) of S2-sec 196Ir. Thase
decayed with Ty = 35.0 £ 0.4 min, Ten more lines
{Table 1) decayed with the saus half life and were
assigned to decay of 1960s. The most precise life-
tine messuremant ves from decay of the 196Ir 8-reys
with B > 1.5 MaV (Fig. 4). DBeta-rays from 1960s
with maxizun anergy of 440 + SO keV weze detsrminad
to be in coincidence with ths 407.6-keV Y-rays.

Shms progress has bean msde tovard elucidation of a
decay schaue.

3.3 Chsrecterization of 230Ra and 2303c

The discovery of 230Ra was rlpo::adn) by
Jenkins end Samborg who observed beta trays decaying

W

Table 1. Energies (keV) and fatensities églr 100
disintegrations) from dacay of 35.0-min 1990s;
preliminary valuss.

!Y IY ET IY
126.1 4.9 315.3 2.6
200.7 0.6 407.6 6.1
207.0 2.5 522.2 0.8
257.0 2.4 ~586 0.6

~308 “D.b 628.9 1.6
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Pig. 4. Decay of various rediations from 1960s and
its daughter 196Ir in seculsr squilibrium. Lines
are lesst squares fits to the data points.

with & half-1ife of one hour in e zadiua fraction
separated from thorium bombarded with 180-MeV
deutercns. They set en upper limit of one minute
on the half-1ife of the 230Ac deughter which vas
presumad to be present in secular egquilibrius.
Chayavattanangkur, Herrmann, and Trautmanal3d) pro-
duced 230Ac directly by irrediation of Th with 150-
MaV brehmstrahlung. After rapid chemical separation
of Ac they found two y-rays, at 455 and 508 keV, and
thesa wers reportedl3) to decay with Ty = 80 = 10-
sac. These y-reays_correspond to transitions from the
well characterizedi®) $08-keV level ia 230Th,

In the prasent work amtoga Y-rays wers found
from dacay of both 230Ra end 23Urc. The perent half-
life was measured as 93 : 2 min and that of the
daughter aa 122 + 3 sec. PFigure S shows the results
of a cheaical milking experimant in which Ac was
eluted et 20 minute intervals from e Dowex-50 column
uvhich retained the Ra. The radiations from the Ac
fractions were measured with a NeI well dstector.

The genetic relationship and the respective half-
11vas of 230Ra and 230Ac ere clearly establighed.

A minor intsrfersnce iy shown by the 10.6-h com=
ponent which results from the presence of 22%Rg and
its decay preducts in the saparated Ra fraction.

In order to distinguish y-rays following decey
of the 230Ra parent from those following decay of the
230pc dsughter, a continuous elution procedurs was
used. In one case the eluent from the cation ex-
change column was pessed continuously through e flat
1 ml cell placed next to the Ge(Li) detector. Thus
230zc y-ray spectra vers obtsived without interference
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Pig. 3. Decay of Ac fractions ailked from Ra parent
ot 20 miaute intsrvals. Squares vere obtaised by
latst squars fits to dats points (cizcles) and
extrapolacions to the times of sepsracion from the

from z”n. Ia the other cass the column itself vas
put next to the dstscctar whils the Ac ves baing
swapt out. Moat expsriments, howsver, vers dons
with sourcss enntaining both parent and daughtst.
Tables 2 and ? give che y-rays and :husa&nmtun
telative to 100 for the 456.9-keV y of Ac, Fig=
ura 6 shows decay of some of chass yerays.

The level scheme of 230Th has Leen praviously
deterninedl®) from decay of 17.4=d 230pq and from
inalastic scattering of deutsronsld) om 230mh, oOf
the 117 y~zays associsted with decay of 230ac
(Table 3), 22 correspond to transitions batwesn
shesa known lsvels. About 45 additional transitions
can be accosmodated Dy adding 15 new levels batween
1297.2 and 2282.3 kaV. abouc 802 of the total y-ray
incensity 1s via these transiticns. For the levels
of 230ac 1tself mo pravious information is avatlubls,
but analysis of tha date from decay of 230Ra should
yield a tentstive decay scheme. Bats-gamms coinci~
dsnce weasutements on decay of 230Ra showed S-rays
of Tugx = 500 kaV in coinctdence with y-rays of 63.0,
72.0, and 202.8 kaV; chus Qg 2 200 keV. It decsy of
2)0pc S-rays of Egyy = 1400 keV wera fownd to ba
coincident with the 1243.9keV yerays aod Qg 1s
probably ©2700 kaV.

Table 2. y-rays from decay of $3-ain 25:-. The
snergies are in kaV and the intensities are normal-
1zed to 100 for =ha &54.9-kaV yersy of 230ac,
Valuas ete preliginary.

¥, I, l'l' I L, IY

49 ~l 178.3 2.3 296.1 1.0

63.0 3.1 184.1 1.7 6.4 0.8

72.0 95,0 189.2 17.0 412.8 0.9
101.0 15.2 192.7 1.7 448.9 15.0
110.7 3.4 198.2 3.2 457.9 19.0
13.3 4.1 202,83 3.5 469.7 9.7
167.9 5.4 22.8 1.7 478.7  24.1
131, 1.9 251.5 8.4 4846 2.0
162.9 2.7 2766 1.8 209.5 7.8
167.7 1.2 88.2 13,0 537 1.3
175.8 1.8 292.9 3.6

Table 3. yerays from decay of 122-sec 230c;
enargies i3 kaV, iatensities telative to 100 &c

436.9 kaV. Valuas ate prsliamtssry.
2' IT "r I, lY I,
AR
$3.3 1.3 07 oo 16462.3 1.3
120.8 .2 ”1.2 1.3 1473.6 1.2
388.5 1.4 939.1 2.7 1691.7 9.7
297.7 6.0 1009.7 3.1 1695.7 4.0
423.2 0.7 1026.3 2.1 12117.3 10.1
464.0 1.4 1063.2} 2.0 1721.2 10.4
&4448.9 2.9 1044 * 1757.5 16.
454.9 100 1033.1 1.7 1725.3 37.%
508.2 &1 1068.7 1.5 1797.2 1l
518.9 3.3 1093.8 2.0 1300.4 0.8
$21.1 0.7 1099.8 1.0 1010.7 2.8
81.8 5.4 1106.2 0.7 1939.6 1.5
4244 1.8 11479 &,7 1169.0 2.4
g23.8 2.8 1287.8 1.5 1094.7 8.6
632.0 (0.6) 1198.9 1.9 1902.7 1C.
€?7.6 2. 2212.0 2.3 1913.8 9.3
728.0 3.2 1228.8 1.4 1920.2 7.1
750.4 1.0 1243.9 532 1949.83 2.0
772.6 2.9 1232.5 0.7 1936.9 7.3
1.5 4.6 1267.1 7.9 19¢6.7 1.
789.0 6.0 1268 ‘ 1971 1.3
7%2.0 1.8 1302.6 6.0 1973 ’
816.7 3.9 3mn.s 1.8 2000.9 4.2
§39.9 2.2 1322.1 30.9 2010.1 1.3
867.1 5.2 147,72 2461 2026.6 0.8
478.0 1.0 1373.4 15.7 2069.3 .9
092.7 8.0 1392 2.1 2084.9 4.4
828.3 2.8 1393 * 2058.6 9.3
913.7 1.1 1401.0 4,2 2222.8 10.2
918.6 3.2 1432.4 2.9 2150.9 1.2
927.9 1.1 1438 — 2187.7 1.2
939.2 0.9 1455.5 2.0 2203.0, 1.0
944.2 1.0 1824.6 0.7 2108 *
952.0 9.7 1536.6 0.6 2229.6 L.
956.5 5.8 1873.8 LIS 8 2233.5 ~1.0
959.1 2.4 1383.4 3.2 2282.5 2.2
7. 1.6 1612.4 1.2 2298.6 1.0
977.6 0.8 1629.1 2.2 2314,0 0.8
982 —— 1836, 1.8 2330.8 1.1
IO‘:
23mIV N e 20m e
w0?
>
£
L
e
®o 00 200 %00 %00
TIME {min)
Fig. 6. Decay of reprassntative y-rays emitted by

230Ra and 21%c in swcular equilidrium. Lines are
lezet squarns firte .o the daca poincs.
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