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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 h.;If-life (14 d) of H 7 mSn and its emission
of abundant short-range Auger and conversion electrons, make
117mSn(4+)DTPA an attractive therapeutic rgent for bone tu-
mors. The necessary nuclear data for production of clinical
quantities of H 7 m S n using Sb(p,2pxn) reactions at BLIP was
obtained. The excitation functions for *^Sb(p,2p3n) and
!23Sb(p,2p5n) reactions in the regions of 43 _^Ep£60 MeV were
measured and compared with predicted values obtained from
semi-empirical formulae given by Silberberg and Tsao.
H-7mSn is routinely produced at ORNI by thermal neutron
activation of H^Sn. Ue have investigated the possibility
of improving the specific activity of the reactor-produced
H-7mSn by irradiating enriched H&Sn and U-7Sn in the core
of the HFBR. Our results indicate that, due to a strong
absorption resonance at E^llO eV, better specific activity
for reactor-produced H' mSn can be obtained by irradiating
natural tin in the core of a reactor.

INTRODUCTION

It has recently been shown^-,2 that the non-phosphate
117mSn(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 H-7mSn(4+)DTPA an
attractive therapeutic agent for bone tunors. Compared to ^2p
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 mm?>n 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 ^^'raSn by
irradiating a natural ai;flmony metal target with protons using
Sb(p,2pxn)^1^mSn reactions at the Brookhaven Linac Isotope
Producer (BLIP)^. Antimony is a good target in that adequate
yields of both U-7mSn and H^Te, also of interest to our program,
can be produced simultaneously.

We have also investigated methods of improving the specific
activity of *l^mSn attainable with reactors. In a series of
irradiations at different core positions in the BNL High Flux
Beam Reactor (HFBR) employing enriched 1 1 6, 1 1 7, 1 1 8Sn, the
corresponding cross-sections for (n,y)» (n»n'y)» a n^ (n,2n)
reactions were obtained, respectively.

EXPERIMENTAL

For excitation function measurements, thin targets of ,
(typically 1-3 ug.cm"2) were prepared by evaporating enriched
metals (99%) onto ~10 mg.cn"^ 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.cni"^) and
were irradiated for 3.5 h with 143.5 nA of 59.8 +0.1 MeV protons
at the Indiana University Cyclotron Facility. After irradiation,
the individual samples (antimony with copper backing) were
dissolved in the presence of antimony and tellurium carriers.
Tellurium was isolated by reduction to metal by SO2, then tin was
separated bv retention on anion-exchange resin from 2 M HC1, and
subsequently v.-as eluted with 3 M HCIO4. Samples for non-destruc-
tive neutron activations were prepared by encapsulating 2-10 nig
of 1 1 6, 1 1 7, L i sSn (as SnO2 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 u>img tne ~f-o-ft&»iing standards: 27^i(n>a)24fja^
58Ni(n,p)58Co, and {20ST1(n>2n)

202T]) with croas-sections of 0.725^-
+ 0.045, 113 + 7,A att4-AJW--+--ftr32 mb,5 respectively. The fJ>- (L+JZ
^ 3 ^ with o=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 excitation functions
from 22-75 MeV on 121Sb and 123sfc a r e underway. Data from 43-60
MeV are complete and show the 121gb(p,2p3n)H7mSn 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)H7mSn react ion cross-sect ions a re
e s s e n t i a l l y constant a t 5 mb,

These measurements together with the theore t ica l ca lcu la -
t ions of exc i t a t ion functions are shown in Figure 1. The calcu-
la t ions were performed using a modified version of code SPALL^,
employing semi-empirical formulae given by Silberberg and Tsao
for per ipheral in t e rac t ions^ . Our experience with Si lberberg 1 s
formulae indica tes tha t the_^tarr3ar~d deviat ion between predicted
and experimental values of cross-sec t ions i s about 50% a t 100 MeV
and improves a t higher energies. However, a t energies below 100
MeV the s taa^fa 1 deviation in ceases rapidly and i s a factor of 2
or 3 a t 20-50 MeV5 as indicated in Figure 1.
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Figure 1. Excitation Functions; Points are experimental values of
cross-sections and lines are predicted ones.

Several preliminary thick target bombardments at nonoptimal
energies were performed. A saturation yield of 0.61 mCi .pA'^-.g"'
was obtained in the region of 38 £Ep£55 MeV, which is 80% of the
theoretical value (based on our cross-sections). At this energy
range for a 14-day irradiation, the fraction of ^^^sn j s a o o u t
0.02. Although the yield of 117mSn is somewhat higher at 190
MeV, 1.1 mCi;uA~ .g~l at saturati^=»^there is an unacceptable
amount (36%) of ^^3Sn produced. (The/specificjactivity is wholly
dependent on the tin impurity in nre-antimony target and is
calculated to be 30 mCi.ug""- for each ppm of tin impurity in the
target. '

Table 1 summarizes the data on a se7ies of irradiations at
different core positions in the HFBR on enriched ^ ^ l H ^ 118gn.
Each value represents the mean of 2-6 determinations. The
uncertainty of the listed cross-sections is +15%. This includes
uncertainties due to counting stat is t ics (~1%) detector
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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
l l oSn(n,y)117mSn and l l7Sn(n,n'y)117niSn reactions, respectively.
The significant increase in the cross-section of (n,y) reaction
is due to a strong neutron absorption resonance at Ef^llO eV.
The highest specific activity of 117nSn, 8.0 mCi/mg, at satura-
tion, is obtained by irradiating ^7Sn at position V-15 in the
HFBR. This value i s a factor of two higher than 117nSn available
from ORNL, des*pite a thermal neutron flux only 0.08 times that
available at ORNL.

An accurate value of the H-7mSn half- l i fe was also obtained
by carefully following the decay of 14 samples of H7nlSn from
three separate runs. The weighted average tî  obtained for the
158.6 keV y-ray (86.4%) is 14.01 + 0.03 d which is in good
agreement with the previous value of 14.0 + 0.3 d * S— r.

Table 1. Effective Cross-Sections for Production of 117mSn
with Fission Neutrons.
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