Lawrence Berkeley National Laboratory
Recent Work

Title
DETERMINATION OF THE ATOMIC ELECTRON BINDING ENERGIES IN ELEMENT 97

Permalink
https://escholarship.org/uc/item/23w2i2ki

Authors

Hollander, J.M.
Holtz, M.D.
Novakov, T.

Publication Date
1964-06-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/23w2j2kf
https://escholarship.org/uc/item/23w2j2kf#author
https://escholarship.org
http://www.cdlib.org/

UCRL-11486 4/ V> Z;

C.
University of California
Ernest O. Lawrence
Radiation Laboratory
DETERMINATION OF THE ATOMIC
ELECTRON BINDING ENERGIES IN ELEMENT 97
[ )
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call :
Tech. Info. Division, Ext. 5545 ‘ g
- . i
Berkeley, California ..‘..
o q
P e



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



t Rept. sub. for pub. in the . ' —
Arkiv Fysik Journal, ' UCRqulh86V4””42£:

UNIVERSITY OF CALIFORNIA

Lawrence Radlation Laboratory
Berkeley, California

AEC Contract No. W-T405-eng-u48

_ DETERMINATION OF THE ATOMIC ELECTRON BINDING ENERGIES IN ELEMENT 97
~J. M. Hollander, M. D. Holtz, T. Novakov, and R. L. Graham
June 1964




W

- with X-rays, americiuﬁ (2 = 95) has recelved some study.'5 As pointed out -
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The atomic electron bilnding enefgy is defined as the energy required.

'to_raise an electron from a bound atomic state to théblowest éontinuum'sﬁate.w

'”:Knowledge‘of the values of atomic binding energies is of importance in nuclear

i

spectroscopy'becauéé of thelr application to the determination of nuclear
transition énergiesvfrom internal conversion electron deta. |

Two general methods héve been usgd for £he determination of electron
binding energies. The first method utilizes a combination of Xfray.absorp;

tion and emission spectroscopy; several tables .of binding energies so ob- -

tained are in use.l’2 In recent years an electron spectroscopic method has -

been developed by which the enefgies of photoelectrons ejected from'SAitable

4

&

targets by X-radiation of known wave length are measured‘ﬁy means of %%high—

precisioﬁ electron spectrometer.3n A table of binding energies incorpé%atiﬁg X

these daﬁa has recently been preparéd by Hagstrim, Nordiing; amdhSiegba.hn.)'E
The use of -either method requires that.the.target material contain

a maéro quantity of the element under study. As a consequence, the very

heavy elements, not generally aveileble in large quantities, have received -

inadequate study, and in fact most of the quoted binding energles for heavy ‘1

" elements have been extrapolations from lower stomic number. Uranium (Z = 92) __} ,*‘ ‘

3 .

>

is the heaviest element to have been studied with the photoeléctron method;

by Hagstrdm et al.,l+ the presently quoted electron bindinglenergies‘obtained 1§‘

i
B



2. _ o : : UCRLfiih86fgfind

- by extrapolation may be in error by more than -100: eV Thus 1t is desirable_
vn;to have. measurements, wherever p0581ble, of the binding energies of hlgh;Z'
_._elements | .,{. | ‘ | | e
Inlsome cases knowledge of certain prOperties of a nuclear level
| scheme makes poss1ble the determination of the atomic binding energles in a ‘
vmanner 1ndependent of X-ray spectroscopy Such a case is the simple cascade—}
.v{_crOSSOver s1tuat10n illustrated by the partial level scheme of Fig l Hl‘y;;\vﬁ_;}:;
this scheme, the absolute trans1tlon energy of transitlon A may be found fromiijFFV:*;
. the ‘energy différence between any two llke (i.e., same subshell) conversion {[
lines from transitions B and C. From the absolute energy of transitlon A
.. one can compute the binding energies of the various subshells by subtracting
the measured energies of the corresponding subshell conversion electron lines"
from the transition energy. e |
In the course of a detailed study of the decay of E3255,6 we have
had occa51on to measure,w1th hlgh accuracy the energles of .a numbervof:iné_“
ternal conversion lines‘in'97Bk249; and from these data we.can calculate
‘the atomic binding energies of berkelium (Z = 97). In the level scheme of
kae ko (shown partially in Fig. 2) several cascade- crossover sequences are A
- prominent and can be used for this purpose These are: ; o

T Lo
A T :
. ;

{yrEY (51f9)‘ fEi (93.7) _lEi.<&}.s?“zpfr

u -

B, (43.0) = &, (73.8) - B (30.8) o

" where i represents internal conversion in subshell i

i

. The internal convers1on spectrum was studled w1th the Berkeley 50 cm
7,8 This instrument isgprogrammed to scanrauto-~

’ ' e R

matically with pre-selected current-step intérvals and épunting%times, and

ﬂ'Jé lron-free spectrometer
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the relevant output data for each current setting were printed out by an

IBM output-writer. During these measdremenfs,vit,was operated on a 24—hdur,

T-day per week basis. Absolute current measurements were made w1th use of
potentiometer,

a Leeds and Northrup Type K- 2/ by measurlng the IR drop across a 0.01 @

. precision series-resistor maintained in a constant (i0,0l c) temperature

bath. At the time these measurements were made the current stabllity of}

5

the spectrometer power supply was about 3:10,” and the current could be

”_measured with comparable precision. Other limitations on the accuracy‘of
_the Bp determinations eame from the uncertainties In determining the line
positions and from the spectrometer calibration error.

Calibration of the spectrometef was made with reference tQ.the X
line of the 662-keV transition in Bal57 (65137 source) ﬁhich has been meas- .
ured relative to the internal conversion lines of the hle-kev trensition
198.9 198 transition energy has recently been measured with

in Hg The Hg

respect to annihilation radiation with high accuracy.lo When analyzed with'
198

s use of the 1963 values of the fundamen‘bal«constantsll the Hg transition

12 . 137

energy is 411.795 * 0.009 keV,”  the Ba trensition energy is 661.636

% 0.053 keV and the K 662 line has a momentum value of 3381 28 % 0.20 gaussvem.
5 9

This Bp value is ~ 6 parts in 107 higher than the ‘value reported earller

which was based on the 1955 constants. For making_momentum'calibrations the

"standard" source and "unknown" source were altefnately:ymovedf'intoathe

| electron-optical source position by means of e suitably designed holder

that accomodates both sourceé and allows thelr interchange without removing

tﬁe source holder from the instrumenﬁ. |
A portion of the meaeured conversion spectrum is shown in Fig. 3.

The data used for calculation of the absolute transition energies of the

51.9- and 43.0-keV transitions are shown in Teble I. The following
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”*f'contributions to the errors in the absolute values of the subshell conversiOn-;fﬂ:p

L *line energies were- conSidered

'5f1) Irreproducibility of source holder during interchange of un-lk‘

-fknown with standard sources,‘l ldu; as determined from independent
‘fdibexperiments ngff;iiv;f 3 .5;T;in?tﬂnﬁ'fi_;i;ff:}ﬂ.fifﬁgi,;ﬁt;l

V‘i2) Uncertainty in establishing the peak pos1tion current of the~f
TAT{,Convers1on lines | 'This error was taken as 1 3t loh for all lines. |
'“ﬂifjgiThe peak pOSitions were determined by extrapolating the locus of L

idp01nts of the converSion line to its intersection With the top |

“ ”ﬁ?fof the line (see Fig 5)

iiﬁ}) Potentiometer inaccuracy, estimated to- be 5 lO5

lluﬁ;:h) Uncertainty in the calibration constant estimated £0 be 8 lO5 H

'52;The first three errors were assumed to be statistical while,the fourth_fjjﬁi
.”“iﬁas‘aSSumedpto be systematic. In Table I only‘the statistical'errors uerel_»ff
iconsidered anditherefore the errors in the Difference column werefadded '
'::‘quadratically
From the absolute transition energies given in Table I the.various
:subshell binding energies were calculated from the: measured energies of the SRR

©. individual’ c0nversion lines of these transitions The results are given»inv;H?A .

- Tgble II.

The calibration error- is included only in’ the last column and is

-=t”{ added linearly. All of the other errors in Table II were added quadratically
It is not possible to calculate the K-binding energy in the same ‘t
. . manner as the others because the tranSition energies used (51.9- and hi O-keV) (e
dez7are lower than the K-edge and do not produce X- lines , Therefore, use was made,?if :
. of the carefully measured energy difference between the K and LI lines of

fthe 589 2-keV transition, which is very prominent in the Es ?3 decay Thesevfﬁﬁ*iaff
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results are also included in Table II. It is interesting i:o note that 'theA.

absolute value of the K-binding energy so oﬁtainediis higher by 150'eV'and
. N . L'.

~ 300 eV than the extrapolated values quoted by Hagstrim et al., .and by

Hyde,2 respectively.
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. Table II. Atomic electron binding energies in element 97 (berkelium).

Shell Transition Energy Conversion Line Energy Difference Selected Value .
(keV) (kev) o (kev)
o 51.956 * 0.025 26.682 * 0.021 25.274 * 0.033 _ ' .
Ly S : R . g Ly 25.275 * 0,026
42.979 * 0.030 17.70% £ 0.01%  25.275 * 0.033 .
51.956 27.57h * 0.022  2k.382 * 0.03h ‘
Lop- . ‘ g 24,385 + 0.026
L. - k2.979 18.592 * 0.015 ok, 387 0.033 . . :
51.956 - 32.506 *0.026 19.450 * 0.03%6 : :
Lirg , : - _ Lorg 19.452 £ 0.0%0
ho.979 - ‘ 23.525 * 0.019 19.5454 * 0,040
51.956 45.299 * 0.036 - 6.557 & 0.0k A
M, . My 6.556 * 0.03L .
hko.979 36. 424 * 0,029 6.555 * 0.0k1
Mo 51956 | 45.809 * 0.037 6.147 * 0.045 :"MII 6.147 % 0.046
M;;I 5195  46.979 * 0.057 k977 £ 0.045 M;EI 4.977 i;é:on6 |
o  51.9%6 B 50.19% * 0.0k40 1.765 * 0.048 BT
NS N . _ . - N, 21755 -+.0.033
r 42.979 © . k232 £0.033 1,747 * 0.045 L :
. 51.956  51.571 % 0.0k 0.385 * 0.049 o ‘
0 ; o : oI 0.398 * 0.033
I b2.979 42.568 £ 0.034 0.411 * 0.045 | e ‘
K - 389.2 o ‘ K-L. = 106.32 * 0.05 . o ‘f“ K 151.59;:i_o;96;

9ghTT-TEON
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Figure l.
Figure 2,

;Flgure 301 Portion of the Es
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FIGURE CAPTIONS

-Example of cascade-crossover situation in a nuclear level scheme.

Partial level scheme of 97Bk2u9

slowing levels used for binding o
energy determinations.
2535

1nternal conversion spectrum measured with

i thef 50-cm »'n ~12 ronufree spectrometer., .{_z:;)‘; )
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, This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or  that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








