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Abstract

BNL-21403

Several oar or poorly characterized neutron-
rich nuclldas have b«tn produced and studied at the
Brookhavcn Medium Energy Interne Keutron facility,
HEIH. 190w decaye with lu - 30.0 ± 1.5 mln.
Eg - 0.93 t 0.07 He7, and Y'» of 157.6 and 162.1 ke7.
196Oa decays with Ik - 35.0 t 0.4 ala and r'a at
126.1, 200.7. 207.0, 257.0, 315.3, 407.6, 522.2, and
628.9 keV. «<>Ra decays with Tlj » 93 ± 2 oin to
122 ± 3 *ec 230AC; r-ray energies and intensities
arc tabulated. A decay icheme la propo»«d for 19"W,
and oany of the transitions following the decay of
230AC are between Iqsown levels in 23«Th.

1. Introduction

1)A Medium Energy Intense Keutron facility
HEIH, has recently bees Installed at the 200-MeV
Llnac Injector of the Brookhavan Alternating Gradient
Synchrotron (AGS). Proton beans with mean c u m n c a
up to 100 wA Interact with a water cooled copper
bean atop to generate secondary neutrons whose energy
spectrua Is reasonably flat In the region 30 to 160
KeV. The flux of neutrons (E 2 25 MeV) is *>1.3 x
1011 n/cm^-iec for X00 uA of protons; it is well
suited for producing sources of neutron-rich
Isotopes by (n,2pxo) and (n,3pxn) re«ction»l»2).
Targets, which ace usually isotopically enriched,
are irradiated In pneumatically operated rabbits
and then rapidly transferred to the laboratory for
chealcal processing and nuclear apecttoscopy. Al-
though neutron-rich isotopes can also be aade by
irradiation with the primary proton beaas3,4) via
reaction* such as (p,3p), there ie usually serious
interference froa neutron-deficient isotoplc nuclei
which are produced in much greater abundance.
Heutron irradiation improves the ratios1) of ntiutron-
rich to Interfering neutron-deficient Isotopes by
factors of 10 to 100.

(•suits en the new nucllde 68-scc Fe have
been reported previously2). Her* we report on
190W, 196os, 230fu, and 230Ac produced by (n,2pn)
reactions vith effective cross sections of 0.1-0.5

2. Experimental

192...Targ'.i-s of osmium natal enriched to 98Z "~0t
were used to prepare sources of 1 5 0H by the (n,2pn)
reaction as well as by (p,3p). Separation of the W
was by distillation of OtOt,, precipitation of tung-
stle add, scavenging of Re and la a* oxides, and
finally precipitacion of tungsten a-benzoia oxlae.
The 19*0s sources were aid* by (n,2pn) ".torn 50-300
•g targets of PtCl* (96Z 198pt). Puriiicacion was
by distillation of 0s0« Into a KeOE solution, acidi-
fication to pH 5.5 with BC1, and then precipitation
of OsS( with B2S. Sources of 230j(a (and its shore-
lived 230AC daughter) war* nada f:oa 0.3-1.0 g
targets of 232ThO2 which were irradiated at the MEIN

facility. The Ra + Z was first coprecipltated with
1 og B*+2 ss the chloride froa a cold concentrated
BCl-ether solution. Further purification of the Sa
and Ba was by scavenging with Fe(0B>3 and two re-
precipitation* of BaCl2. Finally the Ba was
thoroughly separated froa the Ba (including very
large activity of fiaalon product Ba) by cation
excbangeS) on Dowex 50 (4X, 20-30 im particles).
The eluent was 0.1 M HH4EDTA, 0.3 M NH4C2H3O2, ad-
justed to pB 5.5; Ac+3 was elutcd in the first
coluna volume, the Ba+2 followed efter ebout 6
column volume*, and then Ra+2 startsd to appeer at
10 eoluan volumes.

Measurements of the Y-ray spectra were with 50
at3 Se(M.) detectors (resolution of 1.7-1.9 fceV at
1332 keV); data analysis was by scans of CHBAI.6)
and CLSQ7) computer eodea. X-radlation was studied
with a thin Gs(li) detector, and S-radlatlon with a
plastic sdntlllator. Beta-gamma coincidence
ocasurcaants were also performed in which the Se(Li)
detector was used to gate os selected Y-rays and the
plastic seintillator used to detect the spectrum of
coincident S radiation.

3. Results and Discussion

3.1 Identification and Decay of 19Otf

The veil known' 3.1-oin Re waa shown to grow
into thu purified W sources and then decay with a
half-life of 29 ± 2 tola (Fig. 1). Successive chemi-
cal milking of 190B« froa a tungsten fraction on a
column of »*""••»"» confirmed the genetic relationship.

100 ZOO 300 400
MINUTES FROM W-R« SEPARATION

Fig. 1. Growth and decay of 6-reys (E > 900 keV)
following . operation c' 3.1-min 190Ra daughter
activity rrom a 1-Otf source.



Th* Y-ray spectra showed th* known radla-
tlons3,9) of }.90H» dactyls* with TI, - 30.0 s 1.5 ain
(aftar sacular equilibrium wai actalnad). In addi-
tion, two naw l ines , ae 157.6 and 162.1 taV, decayed
with tha same half-Ufa and war* attributed to J90W
(Sis. 2 ) . Their Intensities per decay of the iq°Re
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Fig. 2. Y-ray tpactra In region 150-200 keV of
•ourca containing l90W. Solid and daihad curvaa
correspond eo data taken at about 50 and 150
alnutaa after and of Irradiation.

daughter are 0.39 and 0.11, reapectively. The B-ray
spactrua in colnddeae* with the 157.6-keV Y - » 7 had
an end-point at 0.95 ± 0.07 MeV. Figure 3 shows a
proposed decay scheme end a comparison with theo-
retical prediction*. A Qg -value of 1.27 ± 0.07 HCV
Is Inferred which Is close to 1.21 MeV given In the
mass table of Viola, tt allO).

i
Fig. 3. Proposed decay scheme for 1 9 0W and theo-
retical level structure of l90He.

3.2 Identification and Decay of 196O«

Th* Y-ray spectrum from th* osmium fraction,
separated from irradiated 198pt, was found to contain
seven lines characteristic"' of 52-aec 196Ir. These
decayed with Tij - 35.0 ± 0.4 mln. Ten note lines
(Table 1) decayed with th* sau* half U f a and war*
assigned to decay of 1960s. Th* most precise life-
time measurement was from decay of th* 196tr g-raya
with B > 1.5 MeV (Fig. 4). Beta-rays from « 6 0 s
with maximum energy of 440 ± 50 fceV wase determined
to be la coincidence with the 407.6-keV Y-rays.
Siim* progress has been mid* coward elucidation of a.
decay scheme.

3.3 Charactagiration of 230Ra and 230AC

Th* discovery of 230sa was reported121 by
Jenkins and Seaborg who observed beta rays decaying

Table 1. Energies (keV) and latenaltles (per 100
dislntcgratlona) froa decay of 35.0-oln 1 9 6Os;
prellalnary values.

126.1
200.7
207.0
257.0

*308

4.9
0.6
2.5
2.4

MJ.4

315.3
407.6
522.2

*S86
628.9

2.6
6.1
0.8
0.6
1.6

10*

10*

\
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Fig. 4. Decay of various radiation* fros 1 9 6O* and
its daughter 196Ir In secular equilibrium. Lines
are leest squares fits to the data points.

with a half-life of one hour in a radium fraction
separated froa thorium bombarded with 180-HeV
deuterons. They set an upper Halt of one minute
on the half-life of the 230AC daughter which was
presumed to be present In secular equilibrium.
Chayavatcanangkur, Hermann, and Trautnann13) pro-
duced 230AC directly by irradiation of Th with 150-
MeV brehmstrahlung. After rapid chemical separation
of Ae they found two Y-rays, at 455 and 508 fceV, and
thesa were reportedl3) to decay with Tlj • 80 ± 10
sec. These Y-rays correspond to transitions from the
well characterized14' SOS-keV level In 230ih.

In th* present work numerous Y-rays were found
from decay of both 23ORa and Z 3 0Ae. The parent half-
life was measured as 93 ± 2 mis and that of th*
daughter a* 122 ± 3 sac. Figure 5 show* the results
of a chemical milking experiment in vhleh Ac was
eluted at 20 minute intervals from e Dovex-50 column
which retained the Ra. Th* radiations from tha Ac
fractions were measured with a Kal well detector.
Th* genetic relationship and th* respective half-
lives of 230Ra a nd "°Ac are clearly established.
A minor Interference in shown by the 10.6-h com-
ponent which results from tha presence of 224Ra and
ita decay products In the aeparated Ra fraction.

of
23

In order to distinguish Y-vays following decay
th* ZSOga parent from those following decay of eh*

0Ac daughter, a continuous elution procedure was
used. In one case th* elucne from Che cation ex-
change column was passed continuously through s flat
1 ml cell placed next to the G*(L1) detector. Thus
230AC Y-ray spectra varc obtained without interference



Tabla 3. v-ny* **«• <>«cay of 122-iac 3AeS
anarglaa Is kaT, latanaltlaa ralatlva to 100 «c
AS*.9 fcaT. Taluaa «t« prallalnary.
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fig. 5. Oaeay of Ac fiaetlona allkad fto* la patant
at 20 alBuca Intaivala. Squasaa wata obtainad by
laaae aquara ftca to data point* (eizelta) aad
axttapolaclon* to tba claaa of aapsratlon ttom tha
*a.

fro« Z 3 0 U . la tba otlwc eaaa eba coluan itaalf «aa
put n u t to tha dataetat vhlla tha Ac vaa balng
avapt out. S o « aspatlaanta, howavar, vata dona
with aoureaa containing both paraac and daughtar.
Tablaa 2 and i, giva tha Y-raya and chair latanaltlas
valatlva to 100 for tha *S4.9-k«? y of «°Ac. Flg-
ura 6 fhovs dacay of ioat of thaaa Y-raya.

Tha laval aehaa* of 230th h*a baas pravloualy
datanlnad") froa daeay of 17.4-d 230j, u d fttm
lnalaatle acaetarlng of dautaroaaU) on 230th. of
tha 117 Y-r»ya aatoelatad with daear of 230*c
(Tabla 3), 22 eoeraapood to traaaitlona batwaan
Chaaa fcaovn lavala. About *5 additional traaaltlona
c*a ba aecoaawdatad by adding IS naw lavala bawaaa
1297.2 and 2282.5 kaV. About 80Z of tha total i-r»y
Intanalty la via thaaa ttanaltloaa. Far tha lavala
of 230AC Itaalf no ptavloua Information la avallabla,
but analytla of tba data from daeay of 230ia thould
ylald a tancatlva daeay aehaaa. lata>(aaM eolacl-
danea awaauraitanta on daear of 230JU ahoMd S-raya
of V a at 500 IcaV la eolneldanea vlth r-raya of 63.0,
72.0, and 202.8 kaV; thua Q» i 700 IcaV. In daeay of
230AC 8-raya of Egaa « 1*00 kaT w found to ba
eolseidant with tha 1243.9»kaV v-raya and Qa la
probably «27OO kaT.

Tabla 2. Y-taya from daeay of 93-«ln 2 3 0 U . Tha
l 1 k T d b I l l l

Yy y
anaefl** •<• 1» kaT and tba Intanaltlca ata nonal-
Ixad to 100 for tha 45«.9-ka7 y-ray of «°Ae.
Taluaa at* preliminary.

BY

49
63.0
72.0

101.0
110.7
134.3
147.9
151.5
162.9
167.7
174.8

XY

%1
37.1
99.0
15.2

3.4
4.1
5.4
1.9
2.7
1.2
1.8

fr

178.3
184.1
189.2
192.7
198.2
202.8
211.8
251.5
274.6
285.2
292.9

I

2.3
11.7
17.0
1.7
5.2

31.5
11.7
8.4
1.5

18.0
3.6

h
296.1
316.4
412.8
448.9
457.9
469.7
478.7
484.4
509.5
537

XY

1.0
0.8
0.9

15.0
19.0
29.7
24.1

2.0
7.5
1.3

«Y

53.3
120.8
388.5
397.7
423.2
444.0
448.9
454.9
508.2
518.3
371.1
SS1.S
•24.4
S2S.S
652.0
677.6
728.0
750.4
772.6
781.5
789.0
796.0
616.7
839.9
867.1
878.0
892.7
898.5
913.7
918.6
927.9
939.?.
946.3
952.0
956.5
959.1
973.0
977.6
982

(1.9)
3.1
1.4
4.0
0.7
1.4
2.9

100
61

3.3
0.7
5.4
1.8
2.S

(0.6)
2.0
5.2
1.0
2.9
4.6
6.0
1.5
3.8
2.2
5.2
1.0
8.0
2.8
1.1
3.2
1.1
0.9
1.0
9.7
3.8
2.4
1.6
0.8

EY

987
991.2
999.1

1009.7
1026.3
1043.21
1044 )
1033.1
1068.7
1093.5
1099.6
1104.2
U47.9
1187,J
U9S.9
1212.0
1226.6
1243.9
?232.3
1267.11
1268 5
1302.6
1311.3
1322.1
1347.7
1373.4
1392 )
1395 I
U01.0
1432.4
1438
1455.5
1524.6
1536.6
1373.3
1383.4
1612.4
162S.1
1636.3

XY

avaaai

1..
2."
3.1

'r

1642.5
J 1675.4
t 1691.7
L 1695.7

2.1 1717.3

z.
1.'
1 .
2.1
1.1
0."
4.
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I.
• ••
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Fig. 6. Dtcay of tapraiantatlva Y-raya aad.ttad by
23ORa aad 2''"AC In *«eulat aqulllbtlua. Unaa ata
lasat aquanta fits <.o tha data point*.



Hafataataa xad f w t m w

' taaaarch carrla* ««c ae IraaMunaB gaelaaal
Ukaraear? uaa~ar cMtncc vttk eba O.S. Baatfy
•aaaarch aai H t n U f M U Atetatamelav;

' ia fate fcy tk« C.S. Saciaaaft. Sctwca

0» laava froa Svtaa. ftidaar Saacate* Caasar,
Tavaa, Xaraal.
Fraaau aMtcaat t . X. Halkk *ai Saaa, lac.,
Caatfaa Iaa4, Slaw Invtvick, Saw Jattar, 5tA.

1) S. Ktccaff. J. >. CuamU*. 3. (Mai , » . J.
luchaaaa. 1 . SwaklaJ, aM C. J. la», Muel.
l a a t n a . aa4 N*tha4a J&* *'> « > » ) •

2) 8.-H. ftaaa, S. Saceaff, I . A. SUth. Jr . , a»i
T. S. Hard, Hqr«. la*. C i £ , «l« <U7S).

3) T. X. «a«l, T. T. O N . art 1. t . ftmlac.
Hqra. Ut. C « , 3*0 (197)).

«) C. 3. Ortb, W. t . Daalala, aa4 I . 1. Oraaaakr.
rhya. lav. C «. UU <1»»3).

» P. Xalaaa. J . Cbfaaatai. 1£. 403 ( U M ) .
«) J. I . CtaaXai {uaaukll*ha4), haaai « •Mtlft-

cactao* of aa act(laal fr*|raa at ft. Citaalik,
1 . I . Urr, tat 3. • . »Way. Oaltatitty af
Calt fanU Xadlftlea Ukaratar? layatt Me.
CCD-131*0 { ^ l )

J) J. 1. CtMlai, Sactaaal Aca^aa? af Selaacas.
!<acteaal Xaaaaseh Cauae£l, itaciaar Sct
Sactaa %no** *>• XKS-XS-Ha? ( l f (2 ,

•) t. 1. lauacaia aad A. T. Valge. Sucl. Vhya
13« 1« at<f).

» S. U. Tacaa, J. C. Cuaaana, t. 3. Saly,
S. Bwapaja. and >. K. ShaXlaa, .fuel. Rijra.
AK2, 27C (1>7«).

10) V. t. » l e U . Jr . , J. A. Jwaoe, ao4 J. Ctakar,
Aceste Data a«4 *»elaar Oaea Taalw 13,, 3S
(l»7a)

U ) H. t . Setaonk, »tei«ar Data Sbaaea 7, 39S
(W71).

12) V. A. Jaakl&a and C. T. Saaketg, fhyi. M».
• i , 731 <1«2).

13) R. Chayawaeeaaaagkar, C. larnuaa, aa4
if. Tvauoaiaa, J. laort. *»cl. Oitm. 15,
3M1 (1973).

14) T. ValkaapU, J. laiaeaaa, aa4 C. Craafta,
Vbyaiea Scxlaca $.. U9 (1972).

15) R. C. Tbaavaas, J. >. Iwitaeia, aed Tb. V.
U f a , thya. U » . C i j , 1227 (197S).


