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. ABBTRAG‘T

, - The new. ieotopea 2249 EZSO EZSl and EZSZ were produced by bom- |
~ bardment of Bk249 with helium ions.” A recoil method was used to separate

the bombardment prodﬂcte from tihe target material 80 that the: ta.rget could
' be used repeatedly : . o , .

Approxamate excitat:on f\mctions for the formatian of the einsteinmm
isotopes were measured as well as their- half Iivee. m-particle energies, and
electron-capture branching mtion. o _
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INTRODUCTION

The bombardment of heavy-element nuclei with charged particles leads
mainly to fission. 1 The cross sections of reactions such as (a, xn) are there-
fore much lower for target nuclei of Z >90 than they are for lighter elements.
The excitation functions of several reactions of the (a, xn) and (a, xpyn) types
have been studied for target nuclei up to CmZM. 1,2 It is of some interest to
investigate similar reactions with even heavier targets to see whether the
same pattern of competition between fission and spallation is maintained.

In the work described herein, the 280-day p° -emitting Bk%4?
barded with helium ions of from 20 to 40 Mev, and reactions of the type (a, xn)

 were studied radiochemically. Such reactions can produce four previously un-

was bom-

obgerved isotopes of einsteinium (symbol E, atomic number 99) with mass
numbers from 249 to 252. E248
ac;ion at the highest energies, but in fact it was not observed.

The production of Bk249 by multiple neutron captures and § decays,
239 249

could presumably be produced by (a, 5a) re-

starting with Pu , has already been deacribed, 3 The amount of Bk avail-
able was only 1.2 x 10'8 g, or about 3 x 1013 atoms. Hence it was necessary
to use all of it in each bombardment, and to use the highest available helium-’
ion beam density in the Crocker Laboratory 60-inch cyclotron.

These requirements were met by using a deflector-channel target assembly
previously developed for the production of the new element mendelevium (atomic

number 101). 4 The target material was deposited a8 a very thin layer over a

This work was done under the auspices of the U. S. Atomic Energy

Commission.
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':f""rectangular"area 0.6 x 6 mm o:i' a 0.005-cmi- thick géld i:'oil (This small target _ SR
- area was chcsen to matah the area of the most inﬁenae helium-ion beam. ) The S
o f;'f‘_:target area was exposed to a callimated heliumoiﬁn beam whose intenuity varied" "l-
v‘:;?;irom about 20 #oo 75- pamp /cm , &epending on. !wa well the cyclotron was ada '
_Justed. The beam passed first through the.gold foil and then through the Bkz“’
Y‘»‘&lx‘get. 80 that nuclear reaction products were ejected £rnm the target in the
- forward direction. They were caught ﬂn a 0. 00025~em-thmk gold "catcher“ S
,_'foil placed about 5.5 mm frnm the target foii, By this method it wa.a possible
to bombard the Bk249 target a Large :mmber of timee without the neceasity ai
dxsaolving it. So:na 45 bombardmeats. many of them for as lang as 2 hours, B
. were ma,de with no 1oes of target material._ : ' - - -
. The anergy of the helium iona was varied by inserting aluminum degrad-
1ng foils iuto the beam ahead of the taruet "The helium- ion beam intensity- was - -
ﬁmeasured with a Faraday cup plgced behiud the thin gold catcher foil. 'I'he : _‘ .
'Bkug target also contained a known amount ai sz‘% from which C£246 s
T :’:"produced by the (o,, 2n) reaction. Frcm the knOW:s cross section for this re« :; :
‘ ‘ actions and the rheasured amount of Ciub finally saparated from the catcher
_ f , foxi the over-all yield was calculateé for.each bombardment The yield value )
TP obtained in this way included both the tecoﬁ collection efficiency and the - ¥
ERER chemcal handling loss., In almost P.Very case, yields between 60@@ 90% were v.ie t
e | B | Dbtained , R

R
R0

. EXPERIMENTAL

1. f'Target Preparation

. The recoil of At 211 atome produced by bombardment of 31209 with helium s
- mns whe inveetigated by Chetham- Strode 4 For helium fon energies of 20 to 40,

Mev. he found that high ejection ylelde of nuclear reaction producta ehould be |

.-~ obtained if the density of the target deposit was less than about 30 ug /Cm . ;

o Since the target area wag only 0.036 cm , the total weight of target and irn-

:"f‘: . 'pqrines could not be allowed to exceed 10 -6, g. Preliminary experiments mth ' _ _

' 244 showed that it was posaible in practice to obtain ejection yielda -

G£246 produced in this case was

R ""'thz.'ge,ts of Cm
L .-+ very close to 100% for the {a, 2n) reaction.
' - found to be prejected fcrward into a rather narrow cone.
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: Ra'din_achemicaily pure Bk,249 wag isolated by precipitation and ion-
exchange methods, which hair'g been described earlier. 6 At this point, a
known a_mount. of ‘Cx_n?'% was added. Final chemical purity was obtained by
‘elution of the berkelium and cl:xri‘um with pure 6‘12!’ hydrochloric acid through -.
abed, 4 cm by 0.3 ¢cm in diameter, of purified Dowex-50 cation-exchange
resin (4% cross-linked). By use of a very low flew rate of eluant, the
berkelium and curium were eluted as a very sharp band in a volume of only
about 0.1 ml. The solution was then evaporated to dryness.
‘ The deposition of the mixture of Bk249 244
- foil wasg made electrolyticélly. The Bk and Cm were digsclved in 6.‘1\5 ammo-
njum chloride of high purity at a pH of about 2, and transferred to a cell in
which the annealed gold target foil was the cathode. The bottom of the cell
(Fig. 1) defined the area over which the ta‘rgét materials would deposit. A
E carefully cleaned platinum wire anode was used. A curreat density of about "
1 amp/ <:mz of cathode surface, maintained for about 40 min, biought about
 the deposition of 80 to 90% of the target material onto the gold foil. After A
the ammonium chloride was riansed off, the foil was washed with acetone
and heated to a dull red to expél volatile substances. Finally it was fastened
into a stainless steel holder (v. infra) with Epon” resin. ’
The amount of Bk249 in the target was estimated by counting aliquots
of the cell solution before and after the deposition. A windowless préportiohal
counter was assumed to give a counting efficiency of 90% for the p~ particles

from Bk249 mounted on thick platinum plates. '

. .
T e TR R oot e TG AN ST TR B K

and Cm“™" onto the gold target B

-~ 2., Cyclotron Probe

An expanded schematic view of the deflector-channel probe is shown in
Fig. 2. The helium-ion beam was first collimated by means of the water-cooled
copper and graphite collimator A, The secound collimator B reduced the beam to
the required size. Stainless steSl holder C supported to 0.04-cm-thick dural-
uminum foil which sealed the rest of the probe assembly from the cyclotron vac-
! uum. Aluminum absorber strips could be mounted behind the duraluminum foil.

S ¥

An epoxy resin supplied by Sk 1l Development Company, Emeryville, California
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Holder D supported the target. The foils C and D were cooled by means of
rapid circulation of helium between them. The gold 'catcher' foil E was
mounted on the end of rod F with Scotch tape. The rod F terminated in a
water-cooled aluminum block which served as the Faraday cup. The space
between the target and the catcher foil was evacuated. The several cooling
and vacuum systems were interlocked so that the cyclotron could not be
operated until proper conditions were obtained.

The rod ¥ could be ;rery rapidly withdrawn after completion of a bombard- -
ment, so that no time was lost in examining the products. Holders C and D
sealed into the assembly with 0- rings so that they too could be raadily mthdrawn
to permit a change of target or absorber.

The target and collimator B aasembiy could be moved vertically by remote.
control so that the most intense beam could be located. Cooling of the foils was

adequate to permit a beam as large as 200 pamp /cm?‘ to be used over prolonged

periods of time, but such intense beams were not commonly available.

3. Chemical Separations

At the end of a bombardment, the Faraday cup rod was removed and the
catcher foil torn off. The foil was dissolved in a few drops of 8M hydrochloric
acid containing a little anitric acid. The solution was then forced rapidly through
a 5- by»O 3-cm bed of Dowex-1 anion-exchange resin, The resin bed was heated

to 87 C by means of an outer jacket through which triehloroethylene vapor was

circulated. Under these conditions. gold was very completely retained by the .

resin, while the tripositive actinide elements passed through. The resin bed

wags washed with a few drops of 8M hydrochloric acid. ,
The solution thus obtained was evaporatéd to dryness. The geveral actinide

elements were then separated from one anofher by means of elution through a bed

of Dowex-50 cation-exchange resin, with a solution of ammonium a-hydroxy

isobutyrate as eluant. This, and the other chemical procedures, have been

6 The a- rafiioactiv_ity of the separated actinide ele-

fully described eléewhere.
ment fractions was then examined with a gridded ionization chamber and pulse-

height analyzer.
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In experiments where the electron-capture activities were to be examiuned,
further decontamination from radioactive impuritiese was required. The actinide
‘element fraction from the Dowex-1 anion-exchange bed was purified by coprecip-
itation of the actinide elements with a carrier of lanthanum fluoride. The pre-
cipitate was redissolved in a saturated solution of boric acid. The actinide
elements were further purified (and separated from the lanthanum carrier) by
elution through a bed of Dowex-50 cation-exchange resin with saturated hydro-
chloric acid containing 20% ethyl alcohol. 6 The final separation of the actinide
elements from one another was then made as described above. The full chemical

procedure required about 2 to 2.5 hours.

NUCLEAR PROPERTIES OF EINSTEINIUM ISOTOPES

Four previously unobserved isotopes of einsteinium were produced in this
work. Their mass assignments were made initially from the systematics of
decay7 and confirmed by means of excitation functions. Their properties are

summarized in Table L

Table I. Nuclear Properties of Einsteinium Isotopes ,

lsotope  Type of  Half  a-Particle  Ratio of electrons
decay life energy capture to branching

(Mev)

E249 EC, a 2hr 6.76 760

EZSO EC, a? 8hr ‘Not observed a Not observed

25! EC, a 1.5 days 6.48 190

EZSZ o, EC? ~140 days 6.64 EC Not observed

o tl/l p-,>20 yr '

The electron-capture decays were observed in a windowless proportional

~¢ounter, for which a counting efficiency of 80% was assumed for thin samples
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-mounted on platinum plates. It was not possible to measure the counting
efficiency for any of the nuclides involved, but the assumed counting effi-
ciency is based on the general expérience of this laboratory.

The observed a-particle energies (not necessarily ground-state transi-
tions) of the known isotopes of californium and einsteinium are plotted against
their mass numbers in Fig. 3. The eins;ei‘nidm isotopes show a break associ-
ated with a neutron number of 152, which was first observed for the californium

isotopes. 8 A similar break has also béen observed for the isotopes of fermium.
248
and

9

{In Fig. 3, data are included for the recently discovered nuclides E
25110, 11 ,

Fm ) . ,
The half-life measurements were most accurately made by resolution of
proportional-counter decay curves such as that shown in Fig. 4. The decay of
EZSZ, however, was observed only by means of a-pulse analysis, which yielded
the decay curve shown in Fig. 5. The decay of the other nuclides was also '
studied by a-pulse analysis to check the half-life values obtained in the propor-

tional counter.

REACTION CROSS SECTIONS

The yields of the four new isotopes of einsteinium were measured in
some experiments with a Windowless proportional counter and in others by
a-pulse analysis. The accuracy of the cross-section measurements was
limited to about * 30% by (1) uncertainty in the amount of Bk249
(the very soft B~ activity of Bk249 is not easy to count accurately, since the
counting yield is very sensitive to the thickness of the éample), and (2) count-
' ing statistica in those experiments in which yields were measured by a-pulse .

anal'ysis For example, less than 20 events of the 6.76-Mev a-particle of
£249 ' ' '

in the target

were usually observed. ,
The B~ decay of the Bk249 produced C£249. 8o that bombardment of

the target yielded progressively larger amounts of Fm isotopes whose electroa~
250 E%3! ana possibly %49, '

presumably also occurred.

capture decay produced further amounts of E

Reactions guch as Cf 249 (a, p2n) EZSO




B , _ .‘
Y o W g
.

e 5

_-gections for Bk

-9 | UCRL-3442

The Bk249 {a, n) and (a, 2n) reactions were studied-at a time when the

250

amount of Ci‘ 249 in the target was negligible. The E was produced by

- k%% (g, 3n), by €247 (o, p2n), and by c1*7 (@, 30) FM S0 E: G5 250
Although the atom ratio of Bkz‘49 to C£249 in the target was always larger .
250 249

than 2:1, a large fraction of the E {a, p2n)

and- (a., t) reactions, since reactxona of this type appear to have unexpectedly

was probably produced by the Cf

large cross sections. lZ - It was not possible to distinguish between the various

meodes of production of EZSO

, 8o that the excitation curve shown in Fig. 6 is a
sum of the cross sections and serves maialy to confirm the mass assignment

250
of E¥7°.

tion that E

The cross sections given for the (iu, n) curve are based on the assump-
252 is B-stable. This is almost certainly not true.  Hence thé cross
249 (a, n) EZS represent lower limits, but probably fairly close’
ones. '

The (a, n), (o.. Zn). and (o., 4n) curves in Fig. 6 are very similar in shape

o “and magmtude to those obtained for other somewhat lighter nuclides such as
“that fission is not rapidly superseding spallation as the Z and A o£ the target

238 or Pu239. The cross sectwns are comparable in magnitude, showing

" are increased. (For a more detailed discussion, see Ref. 1.) The flatness
~ of both the (a, n) and (a, 2n) ,Cuzr‘ve_a is not readily to be explained by the usual
) compound-nucleus mechanism. To avoid fission or further particle evapora-

tion, the residual nucleus must be left with less than about 6 Mev of excitation.

| ;This amplies that much more energy is carried off by the neutrons in the (a, n)

and (a, 2n) reactions than is require& by an evaporation mechanism iavolving
commounly a.ccepted values for nuclear temperatures, The small peak in the

(a, 20) curve might then be attributed to a compound-nucleug-evaporation mechv
gniam, while the long "tail' at higher energies must be due to a different

‘mechanism- - perhaps a direct interaction of the helium ion with one or two

neutrons

Such a non- compound nucleus mechanism implies the transfer of less

- momentum to the reaction prmdu—ct, and hence that the recoil collection effi-

ciency might be less than expected. However, the Bk?'49

sufficiently thin that recoils with much less than the full momentum would

target deposit was



-10- UCRL-3442

escape. (This was shown by measuring in several bombardments the small

249 ejected from the target by elastic and inelastic scattering

amount of Bk
processﬁes,v which gives a very' sensitive measure of the thickness of the
target. 13) In addition, the measurement of the yield of Cf246

added to the target automatically compensated for any such effects insofar as
249

from the Cm244 ,

they occurred equally for nuclear reactions of Bk and for the (a, 2n) reaction

of Cm>%%,
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