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Beta-emitting radioisotope ’Lu has been suggested for radioimmunotherapy,
peptide receptor radionuclide therapy, or another radionuclide therapy due to its
excellent properties for destroying cancer cells. In this experimental investigation,
natural ytterbium ("™Yh) and enriched "®Yb targets were irradiated with thermal
neutrons at 1.2x10* cm?s? neutron flux for 95 hours. Using a high-purity
germanium (HPGe) detector-based spectroscopy system, the post-irradiated targets
were measured and the produced radioisotopes were identified according to their
gamma ray emissions. Experimental results indicated that several radioisotopes such
as *°Yb and ™®Yb dominate the post-irradiated "™'Yb target, though a relatively
weak intensity of *”’LLu was also recorded. In contrast, *’Lu radioisotope dominates
the gamma rays observed in the post-irradiated enriched *®Yb target following
elution with HNO; solution. For the first time, evidence is found of °Yb
impurity in the post-neutron-irradiated enriched '"®Yh,O; target as a result of
18yb(n,2n)*®Yb nuclear reaction. This work recommends future *’Lu radioisotope
production using enriched *®Yb,05 target.

© 2019 Atom Indonesia. All rights reserved

INTRODUCTION

Application of nuclear technology for medical

theoretically and experimentally [13-21]. Apart
from cyclotron-based radionuclide production,
nuclear reactor-based radioisotope production has

purposes has been of increasingly great interest,
particularly for cancer studies [1-3]. In nuclear
medicine, radioisotope-labeled chemical compounds
are employed to image patients’ organs to diagnose
their diseases [4,5], whereas certain radioisotopes
are also used for therapy [6,7]. Radioisotopes can be
produced using a nuclear reactor [8] or a cyclotron
or other accelerators [9-10], though less-commonly-
used laser [11] and plasma focus [12] are also
suggested for radioisotope production.

Current research activities on production
technology of cyclotron-based diagnostic and
therapeutic radioisotopes such as °F, *Cu, *"Tc,
%3sm, “MAt, and '"Lu have been conducted
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also been studied elsewhere, including for
production of diagnostic and therapeutic
radioisotope such as beta-emitting radioisotopes **'I
and **Sm [22,23]. The use of nuclear reactor for
radioisotope production is due to its excellent
capability in generating high flux neutrons, though
cyclotron-based radionuclide production has been
more attractive due to its capability in generating
no-carrier-added radionuclides [24].

In recent years, cancer treatment has shifted
from traditional radiotherapy to advanced
targeted radiotherapy or commonly coined as
radioimmunotherapy as well as peptide receptor
radionuclide  therapy  (PRRT)  which  uses
radioisotope-labeled antibody to deliver cytotoxic
radiation to abnormal cells [25]. One of the
emerging radioisotopes used in radioimmunotherapy
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is lutetium-177 (*”’Lu) which emits beta particles
with a half-life of 6.7 days. This excellent property
has made it an excellent radiation source for
radioimmunotherapy and PRRT. Previous research
highlighted that *”’Lu-labeled radiopharmaceuticals
are probably the best radiopharmaceuticals for
treatment of small bone lesions [26]. Another
investigation suggested that *"’Lu could be produced
via thermal neutron captures since it has very high
neutron capture cross-section of 2090 barns [27].
Direct production of *"’Lu can be performed through
YLu(n,y)'’Lu reaction, whereas the indirect
production can be done via "*Yb(n,y)"""Yb > *"Lu
reaction. Using an indirect method, Salek and
coworkers [28] irradiated enriched *°Yb target in
thermal a neutron flux of 510" cm™s™ for 14 days
which resulted in high radiochemical purities of
YLy (>95 %) at optimized conditions, though
further investigation is required especially for
different irradiation conditions to confirm the
results.

In this work, systematic attempts are carried
out to irradiate natural Yb (™Yb) and enriched "°Yb
targets using thermal neutrons generated by the
G.A. Siwabessy nuclear reactor in Serpong, South
Tangerang, Indonesia. Radioisotopes as a result of
the thermal neutron irradiation of both targets are
identified and compared from their gamma ray
emissions.

EXPERIMENTAL METHODS

Target irradiation

The targets of interest in this work were
natural  ytterbium  (Il) nitrate  pentahydrate
"Yh(NO3)3.5H,0 (99.999 % purity) in the form of
powder purchased from Sigma-AIdrich, USA, and
enriched ytterbium oxide *®Yb,0; (99.9 + 0.1 %

enrichment of '°Yb) in the form of
powder purchased from Isoflex, USA. The
"Yb(NO;);.5H,0 target employed in this work

contained '®Yb, Y°Yb, Y*Yb, Yb, 3Yh, "*Yb
and '"°Yb as stated in the certificate of analysis.
In addition, according to the certificate of analysis,
the enriched '"°Yb,0; target contained less than
0.05 % of other Yb atoms.

A total of 26.8 mg of ""Yb(NO;)3.5H,0 target
and 9.4 mg of enriched '"°Yb,0; target were
prepared without any chemical treatment prior to
thermal neutron irradiation. Each powdery target
was placed in separate quartz tubes and then sealed
by means of laser welding. Aluminium-based inner
and outer capsules were then prepared to house the
sealed quartz tubes containing the targets. The same
procedure was conducted for both targets. In this
experimental investigation, the neutron irradiation
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was conducted in the central irradiation position of
the G.A. Siwabessy nuclear reactor in Serpong,
Indonesia. A neutron flux of 1.2x10™ cm?s?
bombarded the targets for 95 hours without any
significant power disruption or failure. Note that for
easier understanding, the natural "™Yb(NO3)3.5H,0
target and enriched '°Yb,0j5 target are called "™Yb
and enriched *"®Yb targets for short, respectively.

Gamma ray detection and measurement

Following irradiation of the ™Yb and
enriched '"°Yb, the post-irradiated targets were
dissolved in 3.5 mL HCI (0.15 M, 32 %) and then
mixed and heated to 200 °C. Afterward, 5 mL
HCI 0.15 M were added into the solution until
perfectly dissolved. In addition, the post-irradiated
"YP(NO3)3.5H,0 was directly dissolved in 5 mL
HCI 0.15 M. Following the chemical treatment, they
were measured for their gamma ray emissions using
a well-calibrated gamma ray spectroscopy system
consisting of a HPGe detector coupled with a
multichannel analyzer (MCA). The energy
resolution of the spectroscopy system was 2 keV at
a gamma energy of 662 keV. The radiation
measurement was conducted for the bulk samples as
well as liquid samples after being eluted with 5 ml
of 3.4 N HNO; solution. The measurement was
performed 5 days after neutron irradiation.

RESULTS AND DISCUSSION

Gamma spectrum of the bulk targets

The gamma ray spectra of the bulk
"Yh(NOs); and enriched "°Yb,0; are presented in
Fig. 1, which shows significant differences in the
energy and intensity of the emitted gamma rays. For
the bulk "™Yb, while the emitted gamma ray
intensities are relatively low, there are more
radioisotopes identified in the spectrum since
"Yb contains several atoms which could become
radioactive following neutron irradiation (see
Fig. 1 inset).
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Fig. 1. Gamma ray spectra of the bulk "™Yb(NO;); (black line)
and enriched Y"®Yb,0; (blue line, inset). The x-axis and y-axis
in the inset are in the same units as the main figure.
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The corresponding gamma energies and
identified radioisotopes are indicated in Table 1.
There are three radioisotopes generated following
neutron bombardment of "Yb, namely '*°*Yb as a
result of **®Yb(n,y)***Yb nuclear reaction, *Yb due
to Yb(n,y)"Yb nuclear reaction and '"’Lu
resulted from *°Yb(n,y)""Yb > 'Lu nuclear
reaction. It should be noted that the other Yb atoms
contained in the ™Yb target could have also been
transmuted into new stable isotopes. For example,
yb becomes ™Yb following *®Yb(n,X)'""Yb
reaction, *Yb becomes ?Yb as a result of
yb(n,X) ?Yb reaction, and "®Yb transmutes into
%yb due to *Yb(n,X)"Yb reaction. In addition,
neutron irradiation of *°Yb atom could result in
"yb radioisotope, though it would have decayed
since its half life is 1.91 hours.

For the bulk enriched *®Yb,0; target, there is
little gamma ray observed in the spectrum
which belongs to "Lu radioisotope following
Y b(n,y)"""Yb > Lu nuclear reaction as, again,
shown in Table 1. While gamma rays in the energy
range between 60 and 400 keV dominate, there also
several significant intensities in the energy range
below 60 keV. The low-energy emissions are
presumably due to X-rays emitted by *°Yb, Vb,
and *"Lu [29].

Table 1. Radioisotopes generated following neutron irradiation
of the bulk ™Yb(NOs); and enriched 17®Yb,0; targets.

Bulk Energy  Produced Half Nuclear
target (keV) radioisotope life reaction
"Yb(NOs);  63.12 %yp  32.02days  *8Yb(n,y)"*Yb
109.78 %9yb  32.02days  '%8Yb(n,y)'*Yb
112.9 YLy 6.65days Y®Yb(n,y)""Yb>Lu
113.81 yb  4.18days  “Yb(n,y)""°Yb
130.52 %9yb  32.02days  '*8Yb(n,y)'*Yb
144.86 yp  418days  YYb(ny)"°Yb
177.21 %9yb  32.02days  '*8Yb(n,y)'*Yb
197.96 %9yb  32.02days  '%8Yb(n,y)'*Yb
208.37 YLy 6.65days Y°Yb(n,y)"""Yb>Lu
249.77 YLu  6.65days "°Yb(n,y)""Yb>"Lu
251.47 yb  4.18days  Y“Yb(n,y)""°Yb
282.52 yp  418days  YYb(ny)"°Yb
307.74 %9vbh  32.02days  '*8Yb(n,y)'*Yb
396.33 yp  418days  “Yb(n,y)'""Yb
enriched 1129 YLy 6.65days "CYb(n,y)"Yb>"Lu
%Yb,0;  208.3 Yy  6.65days 7°Yb(n,y)""Yb>"Lu
249.7 YLy 6.65days Y®Yb(n,y)"""Yb>Lu
321.3 Yy  6.65days "°Yb(n,y)"""Yb>"Lu

Gamma spectrum of the liquid samples
following elution

Following elution with HNO; solution, the
detected gamma rays for the eluted "*Yb(NO;); and
enriched '"°Yb,0; are significantly different,
particularly the gamma ray spectrum of enriched
1%yb,0; which shows stronger emissions.

The stronger emissions correspond to the lesser
self absorption after elution. Moreover, high
energy gamma rays (greater than 300 keV) can be
clearly observed for both eluted samples. For
example, in the bulk samples very weak gamma ray
intensity is recorded for gamma energy of 396.33
keV (Fig. 1) [30], whereas much stronger intensities
are observed for the eluted samples as can be seen in
Fig. 2. The recorded gamma rays of enriched
1%yb,0, following neutron irradiation agrees
with  previous experimental results reported
elsewhere [28].
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Fig. 2. Gamma ray spectra of the ™Yb(NO3); (blue line) and
enriched ®Yb,0; (black line) samples following elution with
HNO; solution.

While the gamma ray spectrum for both
"Yh(NO3); and enriched 1°Yb,0; after being eluted
with HNOs; are very similar, there is one significant
difference in the spectrum, especially the strong
emission at 208.37 keV observed in enriched
1%vh,0; sample, which belongs to '"Lu
radioisotope that is hardly seen in ™YYb(NOs),
sample. In this case, it is clear that enriched °Yb is
a much better target than "™Yb target for *"'Lu
radioisotope production. Details of identified
radioisotopes in both "™Yb(NO;); and enriched
17%vh,0; samples after being eluted with HNO; are
shown in Table 2.

One of the most interesting features
discovered in the gamma ray spectrum of the
enriched '"°Yb,0; sample is the presence of strong
emissions at 28252 and 396.33 keV which
correspond to **Yb signatures.

As already suggested previously, enriched
1%yb,0, target should be prepared for '"'Lu
production applicable for radioimmunotherapy,
PRRT, or other radionuclide therapies instead of
"Yp target. Some main reasons for not using "Yb
target are:
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Table 2. Radioisotopes identified from the eluted "Yb(NOs); and enriched 1®Yb,0; targets.

Bulk target Energy (keV) r:dri?)ciisuoctchj)e Half life Nuclear reaction
MY h(NO,)s 63.12 ®ovh 32.02 days 8y b(n,y)"*°Yb
109.78 189vh 32.02 days %8y b(n,y)'*°Yb
112.90 7y 6.65days  "*Yb(n,y)Y Yb>MLu
113.81 5y 4.18 days 4 b(n,y)°Yb
130.52 189y 32.02 days 18y b(n,y)*°Yb
137.66 v 4.18 days 4y b(n,y)°Yb
144.86 7)) 4.18 days b(n,y)*Yb
177.21 189vh 32.02 days %8y b(n,y)!*°Yb
197.96 189vh 32.02 days %8y b(n,y)'*°Yb
208.37 Ty 6.65days  °Yb(n,y)'"Yb>"Lu
249.77 7y 6.65days  "°Yb(n,y)""Yb>Lu
251.47 75y 4.18 days 7 b(n,y)°Yb
282.52 [30] 5y 4.18 days 4 b(n,y)°Yb
307.74 189y 32.02 days 18y b(n,y)*°Yb
396.33 ) 4.18 days Y b(n,y)*Yb
enriched 112.90 Ty 6.65days  "®Yb(n,y)""Yb>"Lu
176,04 137.66 75y 4.18 days 78yh(n,2n)*Yh
144.86 v 4.18 days 78yh(n,2n)"*Yh
208.37 Ly 6.65days  ®Yb(n,y)'"Yb>"Lu
249.77 Ly 6.65days  ®Yb(n,y)'"Yb>"Lu
282.52 5y 4.18 days 78yh(n,2n)"*Yh
321.30 7y 6.65days  ®Yb(n,y)""Yb>"Lu
396.33 [30] 8vp 4.18 days 178yph(n,2n)Yb

(1) The natural abundance of *°Yb is only 12.76 %,
(2) The Y*Yb(n,y)*""Yb nuclear reaction has a low
nuclear cross-section (2.4 barns) that results in low
Y'Lu radioactivity. In contrast, nuclear cross-
sections for *®Yb(n,y)'*Yb and "*Yb(n,y)'""Yb
nuclear reactions are 3470 barns and 65 barns
respectively. Therefore, in the post-neutron
irradiation ™'Yb target, *Yb and **Yb intensities
dominate.  Furthermore, *’Lu radioisotope
dominates in the neutron irradiated *°Yb,0, target,
though '"Yb impurity is also present due to
®Yb(n,2n)*"°YDb nuclear reaction, (3) *’"Yb is very
difficult to separate from the impurities since they
have the same chemical properties.

CONCLUSION

Neutron irradiation of "™Yb(NOz); and
enriched *"°Yb,0, targets has been carried out using
the G.A Siwabessy nuclear reactor in Serpong,
Indonesia to compare the gamma ray spectrum and
identified radioisotopes present in each target.
Experimental results indicate that for "™Yb(NO3);
target, two radioisotopes, *®Yb and "°Yb, are
generated and dominate the post-neutron irradiated
"Yb target, whereas relatively weak intensity of
YLLu can also be produced. However, in the post-
neutron irradiated enriched *"®Yb,0; target, *"'Lu
radioisotope dominates, though *Yb impurity is
also present due to '®Yb(n,2n)'Yb nuclear
reaction. This work clearly confirms that “’Lu
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production results in much better radioactivity yield
when performed using enriched '"°Yb,0; target.
In addition, future works should concentrate on
Yyb-""Lu separation technique.
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