
BERYLLIUM-10: HALF-LIFE AND AMS-STANDARDS* GONF-8704112—5

DE87 009829

H. J . Hofmann (1), J . Beer (1), G. Bonani (1), H. R. von Gunten (3) , S. Raman (2),

M. Suter (1), R. L. Walker (2) , W. Wolfli (1) , and D. Zimmermann (3)

(1) Inst i tut fur Mittelenergiephysik, ETH-Honggerberg,

CH-8093 Zurich, Switzerland

(2) Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA

(3) Laboratorium fi ir Radiochemie, Universitat Bern,

CH-3000 Bern, Switzerland

Absolute AMS measurements of 10Be require rel iable standards for cal ibrat ion.

Among the existing standards, rather large differences have been observed.

These differences were found par t ia l ly to be due to the di f ferent h a l f - l i f e

values which were assumed. Also for comparison of AMS data with ac t iv i ty

measurements, i t is necessary to know the 10Be h a l f - l i f e as precisely as

possible. Starting with 5 ml of the standardized ORNL-MASTER solut ion, a

working solution with a well-defined 10Be content was prepared. I ts specific

ac t i v i t y was determined by l iquid sc in t i l l a t i on counting. This measurement

yielded a new value of (1.52 ± 0.05) My for the 10Be h a l f - l i f e , which is in

agreement with the previously reported values but is about three times more

accurate. Two independent d i lu t ion series produced new AMS standards with

10Be/9Be ratios of the order of 10"10 and 10"1 1 . These standards were measured

at the cTH/SIN AMS f a c i l i t y with high accuracy and are compared with other

available 10Be standards.

*This work was supported in part by the Swiss National Science Foundation and by
the U.S. Department of Energy, the la t ter under contract with the Martin
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1. Introduction

Beryl Hum-10 measurements have a large number of important applications

(see, for example, ref. [1], and these proceedings). The absolute determination

of isotopic ratios, however, is extremely difficult and gives rise to rather

large errors. Therefore the unknown samples usually are measured relative to

one or more known standards. The accuracy (standard deviation of the mean

value) of such e relative measurement can be made better than 1% with some

effort. The absolute accuracy of the measurement is then determined (and

limited) by the uncertainty in the isotopic ratio of the standards.

Up to now, no internationally acknowledged standard for 10Be was available*

Recently, the National Bureau of Standards, Washington D.C., has been tackling

this problem [2]. Meanwhile, almost all laboratories involved in 10Be studies

have developed their own interim standards. As these were found to differ, their

use reduces the significance of absolute 10Be/9Be isotopic ratio measurements and

renders interlaboratory comparison difficult.

Because most of these standards \nsre calibrated with activity measurements,

the problem cannot be dealt with independently of the 10Be half-life. Previous

measurements [3,4,5] of this half-life carry uncertainties exceeding 10%.

In this work, we present a more accurate value for the 10Be half-life,

describe the preparation of a new series of AMS-standards, and discuss the results

of our comparison between these new and other available standards.

2. Experimental procedure

2.1 Origin of the ORNL-MASTER solution

Beryl!ium-10 was produced by the (n,y) reaction on 9Be at the Materials

Testing Reactor (MTR) of the Idaho National Engineering Laboratory (INEL). It

was purified by ion exchange and converted to BeO at the Los Alamos National
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Laboratory (LANL). One hundred and ten grams of BeO with 570 ppm of 10Be were

shipped to the Oak Ridge National Laboratory (ORNL) for electromagnetic

enrichment. About 1 mg of beryllium in 4 mi 11i1iters of 1 N HC1 with estimated

60 atom percent of 10Be was the starting material for the standardized solution.

Its isotopic composition was measured by the Secondary Ion Mass Spectrometry

(SIMS) techniques [6,7] and resulted in (36.55 ± 0.35) weight percent of 9Be and

(63.45 ± 0.35) weight percent of 10Be. Dilution with water yielded 10 ml of the

so-called ORNL-A solution, of which the Be concentration was found by the iso-

tope dilution technique to be (104.9 ± 0.6) pg/g. About half of the ORNL-A

solution was mixed with 24.8 mg of gravimetrically prepared, high purity inactive

beryllium and further diluted with water to yield 25 ml of the ORNL-MASTER solu-

tion with the known contents of (961.6 ± 5.6) pg/g of 9Be and (13.0 ± 0.2) yg/g

of 10Be. Five ml of that ORNL-MASTER solution were the starting material of our

redetermination of the 10Be ha l f - l i f e and the preparation of new AMS-standards.

The flow chart describing the ORNL-A and ORNL-MASTER solutions is given as

f i g . 1 of ref. [ 2 ] .

2.2 Dilution procedure

As a f i r s t step, 5 ml of the ORNL-MASTER solution were diluted with pure

water to give a working solution (W) with isotopic concentrations of

(46.12 ± 0.28) yg/g of 3Be and (0.6235 ± 0.0096) ug/g of 10Be. Aliquots of this

working solution were used for the preparation of two independent di lut ion

series (A and B) and for the specific act iv i ty measurements, .solutions with

isotopic ratios of approximately 10~10 and 10"11 were obtained by gravimetri-

cally di lut ing the working solution (W) with inactive 9Be solutions made from

beryllium sulphate tetrahydrate (BeSOi+ f̂̂ O) and suprapure hydrochloric acid.

This di lut ion procedure is shown schematically in f i g . 1. All solutions were

stored in acid-leached polyethylene bottles. Demineralized water was used

throughout.
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Basea on our gravimetric analysis of the 98e solutions (as BeO), a relative

error of 2% is assigned to the isotopic ratios of the diluted solutions

(including the uncertainity in the composition of the inactive Be-solutions and

weighing errors). Thus, the nominal values of the AMS standards prepared from

those solutions have the same relative error of 2%.

2.3 Specific activity measurement

The specific activity of the working solution (W) was measured by the

liquid scintillation counting technique. Mixtures containing 1% aqueous solu-

tion in Optifluor [8] were prepared gravimetrically for beryllium, calibrations

and background samples. Portions of 10 g of these stack solutions were put into

20 ml polyethylene vials and counted. The detector was a commencal coincidence

type liquid scintillation counter (Beckman e-mate II) with logarithmic ampli-

fication. The sum output pulses were fed into the ADC cf a multichannel ana-

lyzer which was gated by the coincidence signals. The observed pulse spectra

were stored on magnetic tape. Typical examples (compressed to 100 channel

resolution and corrected for background) of spectra are shown in fig. 2.

Standard solutions of 3 2P, 2OltTl, and 1I+7Pm [9] were used to estimate the abso-

lute efficiency for detecting 10Be. The results of these measurements are shown

in table 1.

Linear interpolation of the absolute counting efficiency as a function of

the maximum energy of the beta decay yields a counting efficiency of 10Be of

(94.8 ± 2.2) %. Because the counting efficiency does not vsry linearly with the

maximum e-energyr this value is a lower limit of the efficiency. The calcula-

tion of the specific activity is therefore based on a counting efficiency of

(97.5 ± 3.0) % for 1 0Be, which lies between that lo^er and the trivial 100% upper

limit. Thus the specific activity of the working solution (W) was found to be

(543.1 ± 16.3) Bq/g.
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3. Results and discussion

3.1 Half-l ife

The specific activity of our working solution (W) of (543.1 ± 16.3) Bq/g,

together with its 10Be content of (0.6235 ± 0.0096) ug/g (see section 2.1),

yields a new value for the 10Be half-life of .52 ± 0.05) My, which is in good

agreement with previous values, but is three times more accurate. We compile

these values in table 2.

3.2 Comparison of AMS-standards

These measurements were performed at the ETH/SIN AMS-facility which is

described in detail elsewhere [10]. The two independent dilution procedures

(A and B of fig. 1) led to five new standards (10Be/9Be ratios given in

parenthesis): BSZIAO (- 7xl0"9), BSZIA1 and BSZI81 (- lxlO"10 each), and BSZIA2

and BSZIB2 (« lxlO"11 each). These five and other available standards were

measured with high accuracy relative to our working standard BEST433 (see

table 3). This inhouse working standard was produced several years ago by the

(n5Y) reaction in the reactor belonging to the Swiss Federal Institute of

Reactor Research, Wurenl ingen. The 10Be/9Be atom ratio in this standard was

estimated then to be * 10~10 on the basis of the known production cross section.

Assuming that the nominal values of the five new BSZI are correct (see

table 3), the absolute value of our working standard BEST433 was derived as

(93.4 ± 2.0) x 10~ 1 2. With this calibration, the absolute AMS-values in table 3

were deduced from the relative measurements. The nominal values given in table

3 for the BSZI standards are based on the ORNL SIMS measurements and our dilu-

tion procedure; the nominal values for the remaining standards are those (except

for a correction for the new half-life value) supplied by the originators of the

respective standards. The latter values are given in table 3 with the

understanding that these are interim working values pending the development of
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global standards. In particular, detailed documentation on these interim values

is unavailable to us. Nevertheless, it is clear from table 3 that the investi-

gated standards agree with the newly developed ORNL-Bern standards to within

±7%.

Nominal values are not given in table 3 for the BSNB and BSNN standards.

These standards arise from a dilution of the ORNL-A solution as discussed by

Inn et al. [2]. Additional cross checks concerning the isotopic ratio, Be

contents and specific activity of the ORNL-A solution are currently under way.

These cross checks should be completed within a year and will provide an oppor-

tunity to reevaluate the standards listed in table 3.

4. Summary

Starting with the ORNl-MASTER solution, we have prepared five new 10Be

standards for use in accelerator mass spectrometry. The i0Be content of the

ORNL-MASTER solution was determined through secondary ion mass spectroscopy and

isotope dilution techniques. Based on this content, our activity measurements

yielded a 10Be half-life value of (1.52 ± 0.05) My. The five new standards

agree within ±7% with four other existing inhouse standards. The observed

agreement is quite good considering the fact the documentation of these inhouse

standards is generally scant.
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TABLE 1: Results of ac t iv i ty measurements

Nuclide

2 0Hl

32p

10Be

E(max)

(MeV)

0.224

0.763

1.711

0.555

Measured

activity

(Bq/g)

290.5 ± 0.6

519.1 + 0.9

310.1 ± 0.6

529.5 ± 0.7

Absolute

activi ty8)

(Bq/g)

335.3 ± 4.0

533.7 ± 6.3

306.0 ± 6.0

543.1 ± 16.3

Efficiency

(%)

86.6 ± 1.1

99.9 ± 2.0

101.3 ± 2.0

97.5 ± 3.0

a)The absolute ac t i v i t i es of li+7Pm, 201+TA, and 31P are known from the

vendor's assay. The ac t iv i ty for 10Be is calculated from the measured

ac t i v i t y and the assumed ef f ic iency.
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TABLE 2: Reported values for the 10Be half-life

Reference(s)

[11], [3]

[12], [13]

[14]

[15]

[3]

[4]

[5]

this work

Half-life

1.6

1.7 ±

1.3

1.9

1.6 ±

1.5 ±

1.48 ±

1.52 ±

[My]

0.4

0.2

0.3

0.15

0.05

Uncertainty [%]

a)

23.5

a)

a)

12.5

20

10.1

3.3

a) Uncertainty not given by the authors.
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TABLE 3: Atomic 10Be/9Be ratios of d i f ferent standards

Samplea)

BSZIAO

BSZIA1

BSZIA2

BSZIB1

BSZIB2

BSNBO1

BSRUO1

BSNB02

BSNNO2

BSNIO1

BSWAO1

BSNI02

R=10Be/9Be

R / R(BEST433)

72.91

1.276

0.0976

1.114

0.0977

87.97

11.154

0.3315

0.3292

0.0983

0.0856

0.0389

± 0.38

± 0.003

± 0.0006

± 0.004

± 0.0009

± 0.28

± 0.026

± 0.0021

± 0.0016

± 0.0005

± 0.0006

± 0.0002

10

AMSb)

6810

119.2 :

9.12 :

104.0 :

9.13 :

8217 i

1042 i

30.97 i

30.75 i

9.18 ±

8.00 ±

3.63 ±

Be/9Be

± 151

t 2.5

t 0.20

t 2.3

t 0.21

t 173

t 23

: 0.70

: 0.68

: 0.20

: 0.18

0.09

Cio-"]

nominal

6881

120.4

9.24

103.1

9.13

1121 :

9.46 :

7.59 i

3.82 i

c)

± 176

± 3.1

± 0.24

± 2.6

± 0.23

t 43

t 0.31

t 0.25

t 0.13

AMS/nominal

0.990

0.990

0.987

1.009

1.000

0.930

0.970

1.054

0.950

± 0.022

± 0.022

± 0.022

± 0.022

± 0.023

± 0.041

± 0.039

± 0.041

± 0.039

a)The origins (start ing material , characterization, d i l u t i o n , and f ina l preparation)
of the di f ferent standards are as fol lows:
BSZI: ORNL-MASTER solut ion, SIMS, Bern (Zimmermann), Bern (Zimmermann)
BSNB: ORNL-A solut ion, characterization pending, NBS ( Inn) , Bern (Beer)
BSRU: ICN solut ion, B-counting, Rutgers (Herzog), Rutgers (Herzog)
BSNN: ORNL-A solut ion, characterization pending, NBS ( Inn) , UC La Oolla (Nishiizumi)
BSNI: ICN solut ion, B-counting, UC La Jol la (Nishi izumi), UC La Jol la (Nishiizumi)
BSWA: Unknown o r i g in , e-counting, New York (Wahlen), New York (Wahlen).

b)Based on an absolute value of 10Be/9Be=(93.4 ± 2.0)x l0"1 2 for BEST433 which value, in
tu rn , is based on the f ive new BSZI standards.

c)Value specified by the originator of the standards, but corrected i f necessary, for the
adopted h a l f - l i f e value of (1.52 ± 0.05) My.
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FIGURE CAPTIONS

Fig. 1: Schematic dilution procedure. The symbols RW and RA refer to the

10Be/9Be weight ratio and atomic ratio, respectively.

Fig. 2: Pulse-height spectra obtained with the liquid scintillation counter.

When the channel numbers are converted to energy, the resulting scale is

logarithmic.



DILUTION PROCEDURE

A SERIES

CARRIER C l

CS: B f - i SOLUTION

87.58g 8sSO 4 -4H 2 0

IMEHCK, ANALYTICAL REAGENT GRADE)
IN 587.499 OF SOLUTION
[it]-758.43 I0"9 g/g
IN o.i n HCI

5.32346 g

110.

RW
RA

• H 2 0

992 g

= 1.352
= 1.217

ORNL MASTER
SOLUTION

10-2
10-2

w

0.63208 g (W)

58.327 g (L2)
RW*9.006 I0 * 7

RA*8.105 I 0 " 7

0.55545 g (L2)

+ CI

64.727 g (L3)
RW = 7.645 I 0 " 9

RA* 6.881 I 0 ' 9

STANDARD BSZIA0

JL
0.54638 g (L3)

CI

37.443 g (L4)
RW«I.II56 IO-10

RA » 1.004010- l0

2.29160 g (L3)

+ CI

130.928 g (L5>
RW* 1.3381 lO-'O
RA «1.2043 10" l 0

STD. BSZIA I

11.319 (L4)

122.979 g (L6)
RW»I.O2®8IO-'2
RA *§.24I IO-'2

STD. BSZIA 2

0.52677 g (W)

+ C2
20.823 g (M2)
RW* 1.9344 10-6
RA =1.7410 I0-6

0.53399 g (M2)

+ C2

24.806 g (M3)
RW = 4.0613 I0"8

RA = 3.6552 IO'8

0.69201 g (M3)

C2

23.225 g (M4)
RW = 1.2095 lO"9

RA -1.0886 I0" 9

B SERIES

10.034 g (M4)

+ C2

105.866 g (M5)
RW»I.I464 lO-'O
RA* 1.0318 lO-'O

STD. BSZIBI

1.05728 g

+ C2

126.051 g
RW = 1.0145
RA*9.I3I

(M4)

(M@)
IO-II
IO->2

STD. BSEIB2

CARRIER C2

C2: 88-9 SOLUTION
96.80 g BeS04-

(ALDRICH HIGH
IN 584 .79g OF

[Be] '836.43
IN O.IN HCI

4 H20

PURITY PRODUCT)
SOLUTION

10-3 g /g



0.10

0.08 -

O 0.06 -

0.04 -
o
o

0.02

O
o

10 20 30 40 50
CHANNEL NUMBER

60 70



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily; state or
reflect those of the United States Government or any agency thereof. i


