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SUMMARY. This work concerns the production and separation of small amount of Terbium-149,152
(l49>152Tb) from natural Neodymium ("""Nd) and Praseodymium-141 (141Pr) for in-vitro studies. Carbon-12
(12C) was used as projectile to produce 149-152Tb through '42Nd(12C,5n)149Dy->I49Tb, 141Pr(12C,4n)149Tb,
142Nd(12C,2n)'52Dy->152Tb and 141Pr(12C,n)152Tb reactions. This new class of isotopes have unique
physical, chemical and nuclear properties and potential applications for radionuclide therapy and
diagnosis. In this study thin-target catcher foil and thick target radiochemical techniques were employed
to determine the yield. Appropriate radiochemical separation techniques have been used to separate other
lanthanides, from terbium, produced by secondary reactions. Optimum experimental conditions for the
production of useful quantities of 149>152Tb and carrier free separation of terbium are discussed.

Introduction

The efficacy of radionuclides for therapy and diagnostic purposes depends on their physical, chemical
and nuclear properties. Traditionally beta-emitting radionuclides such as iodine-131 (131I), yttrium-90
C°Y) and samarium-153 (I53Sm) are used in radionuclide therapy. Beta-emitting radionuclides are
effective in palliative treatment but not for controlling cancer. Recently, alpha-emitting radionuclides
have gained importance for their potential application to targeted cancer therapy (1,2) because of their
short range and high Relative Biological Effectiveness.

Selection of the production process of the desired radionuclide is crucial since a number of parameters
are to be considered including target(s), projectile(s), energy of the projectiles, reaction cross section,
required specific activity produce and postirradiation examination. In this work the production and
separation of 149>152Tb from mtNd, 142 Nd (enriched) and 141Pr are discussed. Terbium-149 is produced
from 142Nd(12C,5n) I49Dy=>149Tb and 14IPr(12C,n)I52Tb reactions. Statistical model calculation shows that
142Nd produces higher yield than 141Pr for 149ll52Tb. Praseodymium-141 is naturally monoisotopic but
neodymium has a number of naturally occurring stable isotopes : 142Nd(27.2%), 143Nd(12.2%),
l44Nd(23.8%), 145Nd(8.3%), 146Nd(17.2%), 148Nd(5.7%), 15ONd(5.6%). 142Nd has the highest abundance
among all the naturally occurring neodymium isotopes. Because of the presence of different stable
isotopes of neodymium other than 142Nd a number of other lanthanides, apart from 149>152Tb, are produced
by the secondary reactions. In order to remove the undesired secondary lanthanides an efficient
radiochemical separation method is essential. High Performance Liquid Chromatography is appropriate
for this purpose since it reduces the separation time and terbium can be separated in a carrier free state.
Optimum experimental conditions for the production and separation of 149>152Tb are discussed. Relevant
nuclear data are given in Table 1.



Table 1. Relevant nuclear data of 149Tb and 152Tb

Radionuclide

Tb-149
Tb-152

Half-life

4.1 h
17.5 h

Ey(keV)

165,352
344

Branching
Ratio (%)
26.6, 33.2
66.5

Eo(MeV)

3.97

Branching
Ratio (%)
16.7

E^CMeV)

1.8
2.8

Branching
Ratio (%)
4
13

Experimental

Methods and materials: a) Thin Targets. The thin metal targets, both praseodymium and neodymium,
were rolled from small pieces of metal cut from larger pieces. The metal was rolled thin, then weighed
and its area (usually 1 cm 2) was estimated with graph paper in order to determine the thickness in mg.
cm'2. The target was mounted in a copper frame or onto a copper block which could act as a heat sink as
it itself was fixed to a water-cooled block. The irradiation conditions are given in Table 2.

Table 2: Typical irradiation conditions for 141Pr and natNd targets

Beam ion (projectile)

C-12
C-12

Beam energy
(MeV)

66
100

Target

Pr-141
Nd-nat

Target
thickness
(mg.cm"2)

1.2
28

Irradiation time

30-60 min
4-15 hrs

Beam current
(nA)

600
300

For thin-targets, the catcher foil technique was used. The thin target, of typical thickness of 0.8-1.0 mg
cm" , was placed in the beam line wrapped with an aluminium catcher foil, of thickness of 1.3-1.6 mg
cm'2 , to collect the recoiled products. The typical energy loss in the thin target was around 2 MeV. After
irradiation the aluminium catcher foil was. removed from the target and subjected to alpha and gamma
spectrometry using Silicon Surface Barrier Detector (manufactured at Australian National University)
and High Purity Germanium (HPGE) detector (EG&G Ortech, Model GEM-13180). The alpha
spectrometer was calibrated with a standard M1 Am source and the HPGE detector was calibrated with the
standard 152Eu and 137Cs sources. A PC-based program (PCMCA, by Aptec) was used for storing and
analysing data.

b) Thick Targets. For thick target experiment, the irradiated target was dissolved in about 0.5 ml of 6M
nitric acid and the sample was evaporated to dryness subsequent to a number of non-destructive y-
spectroscopy measurements to determine the chemical yield. The residue was taken in about 0.5 ml of
0.16 M cc-hydroxyisobutyric acid (oc-HIBA). The solution was passed through a cation exchange column
(Aminex A5, length- 60 mm, diameter - 3 mm, particle size ~ 13 |xm). The pH of the eluent, cc-HIBA,
was 5 adjusted by aqueous ammonia. Terbium was eluted with oc-HIBA under pressure of 5-7 kgf/cm2 at
a flow rate of 0.5 ml/min and the separated fractions were subjected to gamma spectrometry to check the
radionuclidic purity. The terbium fractions were dried up gently and heated to about 450 °C to destroy
the Tb-isobutyrate complex. Finally, the residue was dissolved and taken in a suitable medium, dilute
nitric or hydrochloric acid, and was used for labelling of antibodies (3).



Results and Discussion

The variation of yields of 149Tb from 141Pr and """Nd is presented in Fig 1. From the figure it is evident
that the praseodymium target exhibits a relatively sharp peak at 66 MeV compared with the natural
neodymium target which is much broader because of secondary reactions occurring concomitantly on , —,
other stable isotopes of neodymium yielding 149Tb eg. 142Nd(12C,5n)149Dy => 149Tb (peak at 95 MeV),V '^
144Nd(12C,7n)149Dy => 149Tb (peak at 120 MeV). Figure 1 also shows that mtNd target would produce
higher yields for terbium in comparison to 141Pr target. Therefore, the production of 149>152Tb from natNd is
emphasised.

Figure 2 shows the variation of relative activity of 149Tb and I52Tb as a function of irradiation time. From
the figure it is clear that shorter irradiation time of less than six hours would minimise the presence of
I52Tb in I49Tb. Conversely, to attain higher yields of 152Tb, irradiation time greater than 8-10 hours would
be favourable. Thus a long irradiation and long decay time would enhance the production of l52Tb.
The amount of 149Tb produced from various forms of targets is compared in Table 3. Given that we can
achieve beam currents of 200-350 nA, this gives a maximum saturated activity of 149Tb of 98 fiCi. From
the table it can be inferred that neodymium metal is suitable for the production of 149Tb. The amount of
152Tb produced from natNd target was found to be about 4 mCi.

Table 3. Saturated activities of 149Tb obtained from different targets

Target
Enriched Nd-142
Nd metal
Pr-metal

Tb-149 saturated activity (fxCi/fxA)
240

239
72

Forty eluted fractions each of 0.5 ml was collected for the separation of terbium from other lanthanides
and the target. Terbium was detected in fractions number 14-19 at 7-10 minutes of retention time. The
results of separation are presented in Fig 3. From the chromatogram it can be noticed that there is slight ,,_
overlapping of dysprosium at the tail of the terbium peak. If one or two fractions of terbium peak are \h/j y-
discarded, terbium can be obtained with higher purity. The separation profiles suggest satisfactory
separation of terbium from other lanthanides applying the physico-chemical conditions described in this
work. The chemical yield was determined by comparing the activity of the non-destructive measurement
and the chemically separated sample by y-spectroscopy and was found to be approximately 96%.

Conclusion

The results of this study demonstrates that useful quantities of M9'I52Tb can be produced by Tandem
accelerator from 141Pr and MtNd targets. The separation method described here was found to be
appropriate for separation of terbium from other lanthanides. The quantity of 149Tb present during the
production of l52Tb and vice-versa could be controlled by adjusting the irradiation time. Further studies
are going on for the refinement of the experimental parameters to optimise the production and separation
of 149ll52Tb, and their application to therapeutic and diagnostic purposes.
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Figure 1. Comparisons of yields from Pr and natural Nd targets. The importance of having good beam
geometry is demonstrated by the different results obtained for Nd runs
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Figure 2. Model of increasing presence of Tb-149 in Tb-152 with time
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Figure 3. Separation profiles of Tb, Dy and Gd


