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THE HALF-LIFE AND ABSOLUTE G~1A RAY INTENSITIES OF 151 Gd 

K. E. Gregorich, K. J. Moody, and G. T. Seaberg 

Lawrence Berkeley Laboratory and Department of Chemistry, University.of 

California; Berkeley, California 

ABSTRACT 

The gamm~ rays accompanying the electron capture decays of 151 Tb 

and its 151 Gd daughter have been studied. The half-life of 151 Gd has 

been determined to be 123.9 ± 1.0 days. The absolute intensities of 

the gamma rays accompanying the 1 51 Gd decay were also found .• 

1. INTRODUCTION 

Previous studies of the decay of 151 Gd have accurately established 

the relative intensities of the gamma rays and the decay level scheme 

of this electron capture activity (1,2). The 151 Gd half-life was 

known to be 120 ± 20 days, as determined from conversion electron 

spectra (3). The absolute gamma ray intensities had not been determined 

experimentally, although values are sometimes given based on the assump-

tion that 25% of the 151 Gd decays'directly to the ground state in 

151 Eu (4). The purpose of this work is to find a more accurate value 

for this half-life and to determine the absolute gamma ray intensities 

by chemically separating a pure Tb fraction (absolute intensities of 

151 Tb are known) and monitoring the growth and decay of the 151 Gd 

daughter. 

The equation for the growth and decay of a radioactive daughter 

activity can be written as: 
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where A 2 (t) and Ag are the activities of one of the gamma lines of the 

daughter at time t and t=O, respectively. A~ is the activity of a 

gamma line due to decay of the parent at time t=O. I 1 and I 2 are the 

absolute intensities of the parent and daughter, respectively, arid ~i 

.. 
and ~2 are the decay constants for the decay of the parent and daughter, 

respectively. 

The set of I 1 values {the absolute intensities of the 151 Tb gamma 

lines) used in this w6rk are those given in Reference 5. The known 

half-life for 151 Tb gave a good value for ~ 1 , although a more accurate 

value was found and used in.this work. Values for ~2 {and thus t 112 

for 151 Gd) and A~ were found from decay curve analysis. A~ will be 

shown to be zero at the time of chemical. separation of Tb from Gd. This 

left only the values of I 2 to be calculated. 

2. EXPERIMENTAL PROCEDURE 

A. Production of 151 Tb: 

A 151 Tb source was produced by the 133 Cs{ 22 Ne,4n) 151 Tb reaction 

with the 94 MeV 22 Ne +4 beam at the Lawrence Berkeley Laboratory 88-inch 

cyclotron. 151 Tb is formed in the reaction with a cross section of 

roughly 400 rnb {6). A target consisting of a 600 ]Jg/crn 2 layer of 

CsCl on a .10 mm gold backing was irradiated with 500 electrical nano

arnperes of 22 Ne+ 4 for 8.5 hours. 

B. Chemical Separation of Tb 

Terbium was chemically separted from the target as eollows: The 

target was dissolved in 3 rnl hot aqua regia. The resulting solution 

was diluted to 6 rnl with water and cooled to room temperature. Large 

amounts of gold from the target backing were removed by extracting 

into diethyl either three times. The remaining aqueous solution was 

heated to dryness. Residual gold was removed by picking up the resi-

due in 5 drops of 2 M HCl and loading this on a 2 mm x 5 ern anion 
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exchange column filled with Dowex 1 x 8 anion resin which had pre-

viously been treated with 2 M HCl. Upon eluting with 2 M HCl, the 

gold is strongly adsorbed, while the Tb passes through. The eluant 

was taken to dryness and the activity was picked up in 1 ·drop of 

0.1 M HN0 3. A terbium fraction, free from gadolinium impurities, 

was obtained by loading this on a 2 mm x 4 em cation exchange column 

filled with Aminex Q 150-s resin which had been previously treated 

with 1 M NH 4 Cl. The terbium fraction was isolated by eluting at 

room temperature with 0.5 M a-hydroxyisobutyric acid which had 

been adjusted to a pH of 3.30 by adding NH 4 0H (7). The lack of any 

lines in the gamma ray spectra due to a 153Gd tracer indicate an 

upper limit on the Gd contamination in the Tb fraction to be 0.01%. 

Other nuclides present in the 151 Tb fraction were 1 4 9 ' 1so, 152Tb,. 

16 0 Tb tracer, and small amounts of some first row tra_nsi tion metals 

with +3 oxidation states. A source suitable for gamma ray anayls~s 

was made by drying the eluant from- the cation column on a platinum 

disc and mounting this disc on an aluminmn counting card. 

C. Gamma Ray Analysis 

The gamma ray activities were measured with a 60 cm 3 Ge(Li) 

detector coupled with a 4-096 channel analyzer. Spectra were collected 

over a period of 370 days. During this period, the energy and 

efficiency calibrations and the peak shapes of the detector were 

frequently measured with a standard gamma ray calibration source. 

The data were fed into the SAMPO code, which locates the peaks in 

each spectrum, gives them a Gaussian fit with exponential tails and 

integrates the fits. SAMPO also assigns an energy to each peak, 

corrects for detector efficiency, and assigns a time to each spectrum ,. 

( 8) • 
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A. 151 Tb Decay 

The decay curves for the gamma rays due to the decay of 151 Tb, 

which were visible for more than 13 half-lives, were corrected for 

detector dead time and given iterative, weighted, single component 

least square fits. From these fits for the five most· intense lines, ~ 

the half-life of 1 5 1 Tb was found to be 17.609 ± 0. 014 hours ·(Table 1). 
\.r 

This is more accurate than the previously best known value of 17.6 ± 

0.1 (9) hours. The decay curves for these five lines are presented 

in Figure 1. The fit for the 251.7 keV line along with the known 

absolute intensity for this line of 26 ± 1% (5) gave the decay rate 

of 151 Tb at the time of chemical separation from Gd to be 6.24 ± 

0.29 X 10 6 DPM• The relative intensities of the 

compare well with those from previous works (10). 

TABLE 1 

Half-Lives of 151 Tb Gamma Lines 

Ey(keV) 

108 

180 

252 

287 

444 

Combined: 

B. 151 Gd Growth and Decay: 

t~ (h) 

17.599 ± .026 

17.589 ± .030 

17.600 ± .034 

17.644 ± .034 

17.639 ± .042 

17 .. 609.- ± .014 

1 5 1 Tb gamma lines 

The decay curves for the three most intense gamma lines (at 153.6, 

174.6, and 243.2 keV) due to the decay of 151 Gd, starting at a time 

when growth of 1 51 Gd was essentially complete, were given iterative, 

weighted, least squares single component fits. From these fits, 

~ 

'i) 
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which appear in Figure 2, the half-life of 151 Gd was detex.mined 

to be 123.9 ± 1.0 days (Table 2). Holding this value for the 

half-life constant, five more of the gamma lines were given similar 

fits. From these fits, the relative intensities of eight of 

the most intense gamma lines were determined (Table 3). The relative 

intensities compare well with those previously published (2). 

TABLE 2 

Half-Lives of 151 Tb Gamma Lines 

E (keV) y 

154 

175 

243 

Combined: 

t~(d) 

123.8 ± 1.6 

122.6 ± 1.6 

125.8 ± 1.9 

The decay curves for the three mo~t intense gamma lines,. this time 

starting as soon a's they became visible in the spectra, were given itera-

tive, weighted, least squares fits for a 17 .• 609 hour growth and a 123.9 

day decay. In these fits, the initial daughter activities were held.at 

zero {<o.Ol% Gd contamination) and the: parent activities were allowed to 

va~ry. From these fits the values of A~ (I 2 /Id were determined. Using 

the va-lue of A~/I 1 from the 257.7 keV line in the 15 1Tb decay analysis, 

the absolute abundances for these three gamma lines could be found. The 

absolute intensities of the other gamma lines due to 151 Gd decay were 

assigned based on the relative intensities found in this work or those 

previously published (Table 3). 



-6-

After correcting the absolute gamma intensities for electron 

conversion (11,5), they were fit into the level scheme for 151 Eu, 

and the feeding of the various levels from decay of 151 Gd were 

calculated. These results are presented with the decay scheme in 

Figure 3. 

E 
y 

21.5 

106.5 

110.5 

153.6 

174.6 

196.5 

222.2 

239.0 

243.2 

260.4 

286.0 

307.4 

328.3 

332.1 

353.5 

394.8 

416.3 

TABLE 3 

Relative and Absolute Intensities of the Gamma Rays 

from the Decay of 151 Gd 

Relative 
Intensities 

(Ref •. 5) 

46.2(19) 

1.29(6) 

0.12(1) 

100.0(30) 

48.3(15) 

0.48(2) 

0.009(3) 

2.31(11) 

89.9(27) 

0.84(3) 

1.35(4) 

16.5(5) 

1.32(5) 

0.17(2) 

2.04(6) 

0.06(3) 

0.012(3) 

Relative 
Intensities 

(This work) 

1.491(27) 

100.00(48) 

49.93(34) 

91.14(68) 

1.549(41) 

17.00(14) 

1.511(38) 

Absolute 
Intensities 

(%) 

2.64(13) 

.0852(30) 

.00686(61) 

5.72(17) 

2.856(88) 

.0274(14) 

.0034(17) 

.1321(74) 

5.21(16) 

.0480(22) 

.0886(36) 

.972(30) 

.0864(34) 

.0097(11) 

.1167(49) 

.00069(17) 

.00051(17) 

't.f 
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Figure 1 

-a

FIGURE CAPTIONS 

The death curves for the five most intense 

151 Tb lines. 

Figure 2 

The single component decay curves for the three 

most intense 151 Gd lines after growth from the 

151 Tb parent was essentially complete. 

Figure 3 

The decay scheme of Reference 5 with data from 

this work inserted. 

't,l 
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