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Abstract The 117MSn(4+)DTPA has been shown to have high
uptake in cortical bone with negligible soft-tissue deposi-
tion. The long nxlf-life (14 d) of 117mg), and its emission
of abundant short-range Auger and convers:on electrons, make
117mgn(4+)DTPA an attractive therapeutic zgent for bone tu-
mors. The necessary nuclear data for production of clinical
quantities of 117mgp using Sb(p,2pxn) reactions at BLIP was
obtained. The excitation functions for 1%lSb(p,2p3n) and
123sb(p,2p5n) reactions in the regions of 43 <E,<60 MeV were
measured and compared with predicted values obtained from
semi-empirical formulae given by Silberberg and Tsao.

117mgn js routinely produced at ORNL by thermal neutron
activation of 116sn, Ve have investigated the possibility
of improving the specific activity of the reactor-produced
117mgn by irradiating enriched 116Sn and 117sn in the core
of the HFBR. Our results indicate that, due to a strong
absorption resonance at E ~110 eV, better specific activity
for reactor-produced 117mgn can be obtained by irradiating
natural tin in the core of a reactor.

INTRODUCTION

It has recently been shownl,2 that the non~phosphate
117mg0(4+)DTPA has high affinity to normal bone with little soft-
tissue deposition. Since the uptake is primarily in cortical
bone, the long physical half-life (14 d) and the abundance of
short range Auger and conversion electrons make 117mSn(4+)DTPA an
attractive therapeutic agent for bone tumors. Compared to 32p
phosphates (with high energy 8's) this tin radiopharmaceutical
offers similar bone dose but significantly lower bone marrow and

whole body exposures. However, the low specific activity of
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reactor produced 117mcn is a limitation in this application.

To this end, a study has been made of the feasibility of
producing clinical quantities of no-carrier-added 117mgn by
irradiating a natural autimony metal target with protons using
Sb(p,2pxn)117Msn reactions at the Brookhaven Linac Isotope
Producer (BLIP)3, Antimon{ is a good target in that adequate
yields of both 117mgn and 18'I‘e, also of interest to our program,
can be produced simultaneously.

We have also investigated methods of improving the specific
activity of 117mgy attainable with reactors. In a series of
irradiations at different core positions in the BNL High Flux
Beam Reactor (HFBR) employing enriched 116 117 118g,  ¢the
corresponding cross-sections for (n,y), (n,n'y), and (n,2n)
reactions were obtained, respectively.

EXPERTMENTAL

For excitation function measurements, thin targets of 1‘1,123Sb
(typicallv 1-3 ug.cm'z) were prepared by evaporating enriched
metals (99%) onto ~10 mg.cm~2 copper support discs. These cop-
per-supported antimony samples were placed between copper cover
foils to avoid recoil losses of tin isotopes. Then the samples
were sandwiched between copper degrader foils (276 mg.cm~2) and
were irradiated for 3.5 h with 143.5 nA of 59.8 + 0.1 MeV protons
at the Indiana University Cyclotron Facilitv. After irradiation,
the individual samples (antimony with copper backing) were
dissolved in the presence of antimonv and tellurium carriers.
Tellurium was isolated by reduction to metal by SO;, then tin was
separated bv retention on anion-exchange resin from 2 M HCl, and
subsequentlv was eluted with 3 M HCl0;. Samples for non-destruc-
tive neutron activations were ﬁ;épared by encapsulating 2-10 mg
of 116 117 1165y (as Sn0; with enrichments of 95.60, 84.23, and
97.07%, respectively) in low-Na quartz ampules. These samples
together with flux monitoring samples were irradiated for an hour
in three different core positions of the HFBR. The fast neutron

flux was monitored using € ing standards: 27A1(n,a)24Na,
58Ni(n,p)58Cn, and 208T1(n,2n)202T) with cross-sections of 0.725
+ 0.045, 113 + 7,4 a 732 mb,5 respectively. The Aﬂ4hﬁzzgﬂﬁ

53Cu(n,y)®4Cu with 0=4.1 b was used to monitor the thermal flux.

RESULTS AND DISCUSSION

In . rder to select optimal irradiation conditions at the BLIP,
the determination of relevant thin target extitation functions
from 22-75 MeV on 121sb and 123sb are underway. Data from 43-60
MeV are complete and show the 1215b(p,2p3n)117m8n reaction
cross-sections increasing from 2.1 mb to 5.2 mb in this energy
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range, while the 123sb(p,2p5n)117Mgn reaction cross-sections are
essentially constant at 5 mb.

These measurements together with the theoretical calcula-
tions of excitation functions are shown in Figure 1. The calcu-
lations were performed using a modified version of code SPALL6,
employing semi-empirical formulae given by Silberberg and Tsao
for peripheral interactions’/. Our experience with Silberberg's
formulae indicates that the_stamdard deviation between predicted
and experimental values of cross-sections is about 50% at 100 MeV
and improves at higher energies, However, at energies below 100
MeV the st Td deviation in veases rapidly and is a factor of 2
or 3 at 20-50 MeV, as indicated in Figure 1.
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Figure 1. Excitation Functions; Points are experimental values of

cross-sections and lines are predicuved ones.

Several preliminary thick target bombardments at nonoptimal
energies were performed.
was obtained in the region of 38 iﬁpiSS MeV, which is 80% of the
theoretical value (based on our cross-sections). At this energy
range for a l4-day irradiation, the fraction of 1135n is about
0.02. Although the yield of 117mgn is somewhat higher at 190

MevV, 1.1 mCi;uA'l.g‘ at saturatigmythere is an unacceptable
amount (36%) of 113sn produced. lﬁpecific;activity is wholly

dependent on the tin impurity in e—-antimony target and is
calculated to be 30 mCi.ug']L for each ppm of tin impurity in the
target. —

Table 1 summarizes the data on a series of irradiations at
different core positions in the HFBR on enriched 116,117,1183n.
Each value represents the mean of 2-6 determinations. The
uncertainty of the listed cross-sections is +15%. This includes
uncertainties due to counting statistics (~1%) detector

A saturation yield of 0.61 mCi.pA-l.g=}
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efficiencies (~5%), and cross-sections of the standards (~10%).
Effective cross-sections of 166 and 195 mb were obtained for the
116sn(n,y)117msn and 117sn(n,n'y)1177sn reactions, respectively.
The significant increase in the cross-section of (n,y) reaction
is due to a strong neutron absorption resonance at E,~110 eV.
The highest specific activity of 117”Sn, 8.0 mCi/mg, at satura-~
tion, is obtained by irradiating 11750 at position V-15 in the
HFBR. This valuve is a factor of two higher than 117ngn available
from ORNL, despite a thermal neutron flux only 0.08 times that
available at ORNL. )

An accurate value of the 117Msp half-life was also obtained
by carefully following the decay of 14 samples of 117ngn from
three separate runs. The weighted average ty, obtained for the
158.6 keV y-rav (86.4%) is 14,01 + 0.03 d which is in good
agreement with the previous value of 14.0 + 0.3 d. N

Table 1. Effective Cross-Sections for Production of 117msp
with Fission Meutrons.

Neutron Flux Cross-section, mb

Position in th- -
Reacter Thermal Fast.>I1Mev 1lbgn 1173: 118gp
{n,y) (n.,n'v} (n,2n)

Reflector. V-11 1.5 x10l4 9, 0x10lC 5.4 142 N
Core-edge., V-14  8.25x10l4 6.4x10l5 23 1¢° N
In-core. V-15 1.95x10l+ 3.0x10l¢ 16c¢ 15 9.7x10-2
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