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Abstract

The cyclotron-based production of positron-emitting *'Cu using the (p,ct) reaction at 11.7

nat

MeV was investigated starting from natural-zinc ("*Zn) and enriched ®*Zn-foil targets, as

nat

well as its subsequent purification. For "Zn, a combination of three resins were assessed to

nat

separate °'Cu from contaminating °**"**Ga and "Zn. The specific activity of the purified
%1Cu determined using ICP-MS analysis ranged from 143.3+14.3(SD) to 506.2+50.6 MBq/pg
while the titration method using p-SCN-Bn-DOTA, p-SCN-Bn-NOTA and diamsar gave
variable results (4.7£0.2 to 412.5+15.3 MBq/ug), with diamsar lying closest to the ICP-MS
values. Results suggest that the p-SCN-Bn-DOTA and p-SCN-Bn-NOTA titration methods

are significantly affected by the presence of trace-metal contaminants.

Key words: °'Cu. "™Zn. *Zn. Specific activity. ICP-MS. Bifunctional chelators.



Introduction

Copper has four useful radioisotopes for positron emission tomography (PET) imaging,
Cu (ty = 20.7 min), *'Cu (t2 = 3.33 h), ®*Cu (t» = 9.8 min) and **Cu (ti» = 12.7 h) [1].
%Cu also has a therapeutic B~ emission that can be used for radiotherapy. ATSM and PTSM
have been radiolabelled with each of these radionuclides for imaging hypoxia [2] and blood
perfusion, respectively [3]. While the majority of published works have used the long-lived
isotope **Cu, the shorter half-life of °'Cu, with its high-abundance positron emission (B* =
1.22 MeV, 60%; EC = 40%) and the absence of B~ make it a potentially a more attractive

option for imaging hypoxia [4].

There are several reported methods for the cyclotron production of ®'Cu using both Ni and
Zn targets [5-13]. Copper-61 can be produced from both ®'Ni and ®*Ni via (p,n) and (p,2n)
reactions, respectively [5-8]. The production of ®'Cu via these routes is high-yielding, due to
high cross sections (> 300 mb). The optimal proton energies for these nuclear reactions are
10.3 MeV for ®'Ni [6] and 14 MeV for ®*Ni [7], which are suitable for production on
commercially available low energy cyclotrons. However, the high cost of the °'Ni ($37 per
mg) and **Ni ($14.70 per mg) can be prohibitive for routine production of ®'Cu when one

considers the total inventory required, as well as the loss on recycling and recovery.

Proton reactions using zinc as starting material have been studied and provide a cheaper
option for the production of ®'Cu [9-13]. For example, natural Zn ("Zn, with **Zn nat.
abund. 48.6%) and enriched **Zn (>99%) using the **Zn(p,0)°*'Cu reaction have reasonable
cross sections (39 and 79 mb at 15 MeV, respectively) [12,13] for the production of ®'Cu.
The Zn target materials are considerably cheaper (e.g. ®*Zn $5 per mg) than Ni targets. **Zn

also presents the added advantage of being commercially available as **Zn foil. The latter



removes the need to establish an in house electroplating and recycling process as well as

S 64
requalifying procedures for human use; *Zn can be used as a consumable.

However, the proton bombardment of zinc targets presents challenges such as the co-
production of the Ga radionuclides {*°Ga (ti»=9.49 h), “’Ga (t1,=3.26 d) and **Ga (t,,= 68
min)} and the long half-life of co-produced *°Zn (t, = 244 d) [10-12]. Figure 1 illustrates
the cross sections of ""Zn(p,x) reactions for incident proton energies <18 MeV. This shows
that the production of *'Cu can be optimised to avoid collateral ®Zn contamination by using

proton energies <13.7 MeV.
Place Figure 1 about here

Separation methods have been reported in the literature for isolating Cu and Ga from Zn
target materials by cation and anion exchange chromatography [14-16]. Rowshanfarzad et al.,
2006 [14] irradiated a "Zn target using 180 pA-h and 22 MeV proton beam energy. They
isolated the °'Cu using both cation and anion exchange columns, using large volumes of high
concentration of HCI to separate Cu from Ga and Zn. Unfortunately, the specific activity of

the isolated products was not reported.

Cyclotron facilities cannot always afford the regular use of ICP-MS as a method of
determining the specific activity for the quality control of radiometals production. The other
common method to determine effective specific activity (ESA) is the titration method using
the chelator TETA. This method consists in incubating the isolated, purified radiocopper
isotope in buffered solution in presence of increasing concentrations of the chelator. After a
suitable time, the solutions are analysed by instant thin layer chromatography (ITLC) where
the free Cu is separated from bound Cu and the percentage of [Cu-TETAJ]* bound is

calculated [17-19]. Thieme et al., 2012 [20] also reported the use of TETA for determining



the ESA of **Cu and compared the results with the non-carrier-added specific activity (NCA-
SA) determined from ICP-MS data. They found that for **Cu the ESA values increased by
30% when incubating the mixtures at 80°C vs. room temperature. In all cases, the ESA values
were 1-5 fold lower compared to NCA-SA determined from ICP-MS, and were dependant on
the metallic backing materials used for targetry. For ®'Cu, the same authors also reported
similar ratios between the titration method using TETA and ICP-MS when comparing ESA
and NCA-SA, respectively [4]. Recently, Mastrena et al., 2014 [21] compared the use of
ICP-MS and ion chromatography for determining the specific activity of **Cu, with the
titration method using TETA at 80°C. The ESA values obtained with the titration method
were 1.5-5.0 fold lower than the ones obtained with ICP-MS.

While the polyazacarboxylate ligands show good complexation with Cu, they are not highly
selective and will form complexes with other alkali, alkaline earth and transition-metal
contaminating ions present in solution. Today, a wide range of commercially available
polyaza, polycarboxylate and hexa-aza cages have been reported to preferentially form
complexes with Cu(Il) [1,22-24]. It is of interest to comparatively assess some of these
ligands for determining the specific activity of no-carrier-added (NCA) ®'Cu.

In this work, we investigated the separation and purification of °®'Cu from proton-
bombarded "Zn foils and enriched **Zn foils, using commercially available resins mounted
in a closed in-house column separation system. We compared the NCA specific activity of
the resultant °'Cu by ICP-MS and the ESA obtained by titration with each of the three
ligands, p-SCN-Bn-DOTA, p-SCN-Bn-NOTA and diamsar. These were chosen for their
known greater selectivity for Cu, compared with TETA [1]. Their chemical structures are

shown in Fig. 2.

Place Figure 2 about here



Experimental

Materials

Enriched *Zn metal foils (**Zn 99.30%, ®Zn 0.45%, *’Zn 0.06%, °®Zn 0.17% and "°Zn
0.02%) (0.05 mm thick) were purchased from Trace Sciences International Corp. (TX, USA).
High-purity (>99.99%) "™'Zn foils (0.05 mm thick) with composition (**Zn 48.6%, ®°Zn
27.7%, *'Zn 4.1%, ®*Zn 18.8% and "°Zn 0.6%) were purchased from Goodfellow Metals Ltd
(Cambridge, UK). Hydrochloric acid, sodium acetate and TraceSELECT water were
purchased from Sigma Aldrich (NSW, Australia). Anion exchange resin AG1-X8 (200-400
mesh) and cation exchange resin AG50W-X8 (200-400 mesh) were supplied by BioRad
(NSW, Australia). Cu-Resin (100-150mm) was purchased from Eichrom Technologies (IL,
USA). Instant thin-layer chromatography (ITLC-SA) paper (Pacific Laboratory Products;
VIC, Australia) was used to separate free ®'Cu(Il) from complexed °'Cu(Il). S-2-(4-
isothiocyanatobenzyl)-1,4,7-triazacyclononane-1,4,7-triacetic acid (p-SCN-Bn-NOTA) and
2-(4-isothiocyanatobenzyl)-1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (p-SCN-
Bn-DOTA) were purchased from Macrocyclics, (TX, USA). The third chelator 3,
6,10,13,16,19-hexaazabicyclo[6.6.6]eicosane-1,8-diamine  pentahydrate (diamsar) was

purchased from Clarity Pharmaceuticals (NSW, Australia) (Fig. 2).

Instrumentation

The radionuclidic purity of the final product was determined by y-spectroscopy using a
high-purity germanium detector (HPGe; Canberra model GC2018) coupled to a calibrated
Canberra Inspector 2000 multichannel analyser (Canberra Industries; TN, USA) and the data
were processed by using Genie-2000 software (Canberra). The Automatic Wizard 2 Gamma
Counter (Perkin Elmer; MA, USA) was used for counting TLC strips cut up into several

pieces and to determine the % of complexed ®'Cu.



Irradiation of Zinc Foils

Irradiation experiments were performed using an IBA 18/18 MeV cyclotron (IBA,
Belgium). A graphite degrader (1020 um thick) was used to reduce the proton energy from
17.6 MeV to 11.70 MeV [10]. Four targets each, of ™Zn and enriched **Zn foils were
irradiated at 20-40 pA for 30 min. The foils were mounted in a custom-made aluminium disc
holder with a lid (25 mm diam. and thickness 0.50 mm) (see Fig. 3). The front and back of

the target holder were cooled with He gas and chilled water, respectively [10].

Place Figure 3 about here

Separation & Purification of Copper-61

nat

A. From “Zinc Target

nat

The separation and purification of ®'Cu from the irradiated "Zn target material is shown
schematically in Fig. 4(a). The columns were pre-conditioned as follows: (i) the Cu-resin
column (0.5 g) with 20 mL of 0.01 M HCI :(ii) the cation exchange column (AG5W-X8) (1.0
g) with 20 mL of TraceSELECT water and (iii) the anion exchange resin (AG1-X8) (1.0 g)
with 20 mL of TraceSELECT water, followed by 8 M HCI (5 mL). At end of bombardment
(EOB) the target remained in the solid targetry apparatus for 1 to 3 h to allow for some decay
of the annihilation gammas from ®*Ga (t;» =68 min). The chemical separation was performed
in a shielded fume hood. The irradiated "*Zn foil was dissolved in 1 mL of 8 M HCI at 150
°C and evaporated to dryness. High purity TraceSELECT water (1 mL) was added to the
residue and evaporated to dryness; this process was repeated once. The residue was dissolved
in 2 mL of 0.01 M HCI and an aliquot (1 uL) was taken for analysis by gamma spectroscopy.

The solution was first loaded onto the Cu-resin column. The column was washed with 25 ml

of 0.01 M HCI to remove the Zn target material as well as ***7**Ga radionuclides. The *'Cu



was then eluted with 1.5-2 mL of 8 M HCI which were directed to the cation exchange
column connected in series with the anion exchange column. The residual gallium was
retained on the cation exchange column while the °'Cu and residual Zn were retained on the
anion exchange column. Both columns were washed with an additional 5 mL of 8 M HCI.
%1CuCl, was finally eluted from the anion exchange column with 2 M HCI (3.0 mL) and the
solution was evaporated to dryness. The residue was dissolved in 1 mL of TraceSELECT
water and evaporated to dryness three times. The final product was then dissolved in 400-800
pL of 0.01 M HCI and sampled for analysis by gamma spectroscopy. Comparison of gamma
spectroscopy analysis of radionuclidic composition before and following separation is shown
in Table 1.

Place Figure 4 & Table 1 about here

B. From Enriched *Zn Target

The separation and purification of the ®'Cu from the irradiated enriched ®*Zn target material
is shown schematically in Fig. 4(b). The target foil was dissolved in 1 mL of 8 M HCl at 150
°C and evaporated to dryness. High purity TraceSELECT water (1 mL) was added to the
residue and evaporated to dryness; the process was repeated once. The residue was dissolved
in 2 mL of 0.1 M HCI. An aliquot (1 uL) was taken for v- spectroscopic analysis. The
solution was loaded onto a Cu-resin column, pre-conditioned with 20 mL of 0.01 M HCI.
The Zn and Ga were eluted with 25 mL of 0.01 M HCI and kept for recovery of **Zn if
required. The ®'Cu trapped on the Cu-resin column was then eluted off with 1.5 - 2 mL of 8
M HCI, followed by drying steps as described in the previous section. The final product was
then dissolved in 400-800 uL of 0.01 M HCI and sampled for analysis by y- spectroscopy.
Comparison of gamma spectroscopy analysis of radionuclidic composition before and

following separation is shown in Table 1.



In order to test the feasibility of recovery of the enriched **Zn target material, following
decay of the Ga radionuclides, the 25 mL of Zn and Ga in HCI solution were evaporated to
dryness. Then, the residue was redissolved in 5 mL of 8 M HCI. This eluent was transferred
to a cation exchange column (pre-conditioned with 20 mL of TraceSELECT water) followed
by 10 mL of 8 M HCI. The eluent was evaporated to dryness. The recovery of *Zn for

potential electroplating was >95%.

Specific activity

The specific activity of ®'Cu (in GBg/umol) was determined by the titration method, using
purified °'Cu in 0.01 M HCI with the chelating agents S-2-(4-isothiocyanatobenzyl)-1,4,7-
triazacyclononane-1,4,7-triacetic acid (p-SCN-Bn-NOTA); 2-(4-isothiocyanatobenzyl)-1,4,7,
10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (p-SCN-Bn-DOTA) and 3,6,10,13,16,19
hexaazabicyclo[6.6.6]eicosane-1,8-diamine pentahydrate (diamsar) (Fig. 2). The specific

activity was converted to GBq/ug as described in the Results section.

Complexation of the ®'Cu was determined in a similar manner to that described by
McCarthy, et al., 1997 [17]. Briefly, increasing concentrations of chelator solutions were
prepared in 0.1 M sodium acetate buffer pH 6.5. Ten microliters of the ®'Cu in 0.01 M HCI
solution were added to each chelator solution and the volume adjusted to 30 pL with 0.1 M
sodium acetate buffer pH 6.5. The mixture was then incubated at room temperature for 30
min. After incubation, two-uL aliquots were withdrawn from each reaction and spotted onto
ITLC-SA strips. Different mobile phases were used to separate free Cu(Il) from complexed
Cu(ID): (i) for diamsar the mobile phase was 0.1 M NaCl : 0.1 M EDTA (9:1). R¢ was <0.2 for
Cu-diamsar while free Cu'll) had migrated to Ry >0.8. (ii) DOTA and NOTA Cu(Il)

complexes were separated using 0.1 M sodium acetate at pH 4.5 : H,O : MeOH : ammonium



hydroxide (20:18:2:1 v/v) mobile phase. Cu-DOTA and Cu-NOTA complexes migrated at R¢
> (0.8 while free Cu(Il) had a R¢ <0.2. The ITLC strips were cut into two-cm pieces and
counted on the calibrated gamma counter using a dynamic energy window of 282 keV. The
minimum ligand concentration for which 100% labelling occurred was estimated by
multiplying the measured value at 50% complexation by 2. The specific activity of °'Cu, in
GBg/pmol of Cu (I), was then calculated by correcting for the total activity and molecular

weight of the chelator and °'Cu. A typical set of titration curves are shown in Fig. 7.

After complete decay of the ®'Cu sample, aliquots (10-20 pL) from each production run
were diluted with 1% of HNOs3, adjusted to a final volume of 10 mL and sent for inductively

coupled mass spectrometry (ICP-MS) analysis (Curtin University, WA, Australia).

Results and Discussion
Production of *'Cu

Production of ®'Cu using the **"Zn(p,0)®'Cu nuclear reaction was performed under
irradiation at 11.7 MeV. Two separate target materials were used, "'Zn and enriched **Zn.
The activity of ®’Cu produced from a high-purity "™Zn foil target (99.99%, 0.05 mm thick)
was lower than that of the enriched ®*Zn target (99.3%, 0.05 mm thick). The yield (corrected
to EOB) of purified ®'Cu after irradiation of "™Zn foil target was approximately 9.7-19.7
MBg/uA-h, which is about 20% of the activity produced from an enriched **Zn target of the
same thickness, for the same uA-h irradiation. Rowshanfarzad et al., 2006 [14] reported that
the production yield of electroplated "*Zn with an 80 um thickness was 445 MBg/pA-h at a
proton beam energy of 22 -12 MeV. Our results are much lower than theirs, due to the energy

and incident angle of the proton beam and the target size.
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To ensure that no contaminating °Zn was produced we reduced the incident proton energy
to 11.7 MeV [25]. Gamma spectroscopy at EOB of the digested foil prior to separation
showed no evidence of ®Zn. At EOB, the co-produced activities of “°Ga and **Ga were

significantly higher than that of °'Cu, but with negligible activity of *’Ga (Table 1).

nat

The °'Cu was separated from the irradiated "Zn target using a three-step purification
process, as illustrated in Fig. 4(a). The first step involved loading of the dissolved target onto
a Cu-resin column to separate out the Zn and °**"%*Ga. A cation-exchange column was used
to separate (by retention) any remaining trace of Ga ions from the eluted ®'Cu. The final step
involved an anion exchange column to retain any remaining Zn ions from the eluted °'Cu,
which was collected as the chloride with a radionuclidic purity of >99%. The final product
was eventually analysed by ICP-MS for trace metals contaminants. The results of this
analysis are shown in Fig. 5.

The activity of ®'Cu produced from a highly enriched **Zn foil target corrected to EOB was
within the range 517 to 723 MBq for an irradiation of approximately 20 wA-h. This
represented a yield of 29-36 MBq/puA-h. Thieme et al., (2013) [4] reported that the yield of
electroplated ®*Zn with a thickness ranging between 244 - 597 um was 20.7 - 48.3 MBq/pA-h
with a primary proton energy of 16 MeV. We believe the higher yields obtained for our
study are reflective of the higher purity (and possibly density) of the enriched **Zn foils we
used, compared to electroplated ®*Zn layers prepared as targets. For ®'Cu separation and
purification from the enriched ®*Zn target, only a single column was necessary (Cu-resin), as

illustrated in Fig. 4(b), since the Ga radionuclide contamination was low. Figure 6 presents

the ICP-MS derived trace metals contaminants for each °'Cu separation.

Place Figures S, 6 & 7 about here
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Specific activity of 'Cu

ICP-MS was used to assess both the total nonradioactive Cu content and the presence of the
contaminating metal ions Co, Fe, Ni, Pb, Ga and Zn in ‘cold’ samples of the purified
solutions containing °'Cu. Figures 5 and 6 summarize the trace metals content in each target
experiment derived from both types of target. The ICP-MS values for Cu were used to
determine the no-carrier-added specific activity (NCA-SA) of the ®’Cu at EOB, and these
data are compared with the effective specific activities (ESA) obtained by titration with
chelators. The ESA values for the ®'Cu were determined using three chelators, p-SCN-Bn-
DOTA, p-SCN-Bn-NOTA and diamsar. A comparison of ESA and NCA-SA values are

presented in Table 2.

Put Table 2 about here

For ®'Cu derived from the ™Zn target irradiation, the NCA-SA values were in reasonable
agreement with the calculated ESA values using the diamsar chelator (approximately 1.2 -
2.1 higher). For the *Zn target they were 1.1-1.5 higher. Thus the specific activities
determined using titration with diamsar are considered to be in good agreement with specific
activities calculated from ICP-MS, particularly as they were achieved in the presence of
relatively high concentrations of Zn(II) and Pb(II) (Figs 5 and 6). Titration with the two other
chelators produced ESA values that were significantly lower than the ICP-MS derived values
(Table 2).

Thieme et al. [4] found that the ESA values for ®'Cu using the TETA chelator were 3 fold
less than the ICP-MS values. In this study, we found that diamsar was the best chelator for

use in determining the ESA, if the ICP-MS derived NCA-SA is considered as the ‘gold

12



standard’. This is because it has a higher selectivity for the Cu(Il) ions over other metal-ion
contaminants present in the radioactive solutions. In the case of p-SCN-Bn-NOTA and p-
SCN-Bn-DOTA, Fe (II/IIT) and Zn (II) ions were likely the main competitors of Cu (II) ions.
The relatively high concentration of Zn(II) derives from residual zinc target material (Zn >
50 ppm) [26].

The complexation of the ®'Cu with the different chelators was analysed after incubation at
room temperature for 30 mins as shown in Fig. 7. The data indicate that the complexation
yield of diamsar could be achieved with umoL concentrations of chelator, better than p-SCN-
Bn-NOTA or p-SCN-Bn-DOTA under the same conditions. p-SCN-Bn-NOTA achieved
100% complexation at lower concentration than p-SCN-Bn-DOTA. Heating would likely
improve the labelling efficiency with p-SCN-Bn-DOTA but also facilitate complexation of
other metal ions more avidly. These results suggest that the use of diamsar as titration
chelator to calculate the specific activity is more accurate than p-SCN-Bn-DOTA or p-SCN-
Bn-NOTA because of the high selectivity of diamsar towards the Cu(Il) ion. Furthermore,
Smith [1] reported that >99.9% complexation of **Cu could be obtained in 2 min with SarAr
(functionalized diamsar) at very low concentrations (1 umolar), at room temperature using a
1:1 molar ratio Ligand:Metal and a pH range 4-9. These findings and our results support
further development of the hexa-aza bicyclic cages for clinical and pre-clinical studies [27-

29].

13



Conclusions

Copper-61 was produced from the **"™Zn(p,0)*' Cu reaction using a 11.7 MeV proton beam

nat

energy to irradiate "Zn and **Zn disc targets. This was followed by column chromatography
separation and purification (one column for *Zn, three for ™'Zn), yielding °'Cu as the
chloride with high radionuclidic purity (>95%) from either target. Separation and purification

nat

from the "Zn target using a combination of three columns was fast (<30 mins) and

straightforward. The overall cost to produce the °'Cu was considerably cheaper using either

nat

Zn target, when compared with an electroplated °'Ni target; the "*Zn target being the most
cost effective. Effective specific activities of the purified °'Cu were measured by the titration
method using the three chelators diamsar, p-SCN-Bn-NOTA and p-SCN-Bn-DOTA. These
results were compared with no-carrier-added specific activities obtained using ICP-MS.

While low agreement was found for p-SCN-Bn-NOTA and p-SCN-Bn-DOTA, relatively

good agreement was found with diamsar.
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Table 1. Typical radionuclidic compositions of digested foils prior to column
chromatography separation, and purified ®'Cu product following separation. Results for both
target materials are corrected to EOB and expressed as percentage of total counts attributed to

the characteristic photopeak of the radionuclide, corrected for the branching fraction of the

decay mode.
Target Material Radionuclide Prior to Purified Product

Separation (%) (%)

*Mal7 lcu 7.3 100
%Ga 12.2 Not detected
Ga 0.2 Not detected
%Ga 80.3 Not detected

+Enriched **Zn lcu 90.06 100
%Ga 1.67 Not detected
Ga Not detected Not detected
8Ga 8.27 Not detected

*Target bombarded at 20 pA for 30 min
tTarget bombarded at 40 pA for 30 min
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Table 2. Comparison between no-carrier-added specific activities (NCA-SA) of purified
%1Cu determined from ICP-MS and effective specific activities (ESA) determined by titration
with each of three Cu(Il) chelators: diamsar, p-SCN-Bn-NOTA and p-SCN-Bn-DOTA.
Uncertainties are +SD, with 4 experiments for each target material. Expt numbers equate to

those shown in Figs 5 and 6.

Target ESA by titration with chelator (MBgq/pg) NCA-SA by

Material ICP-MS
(MBg/pg)
diamsar NOTA DOTA

nath
Expt #1 185.9+ 6.5 74.06+ 2.7 18.6+ 0.6 233.3+233
Expt #2 922+ 5.1 234+ 1.4 5.9+ 0.3 191.9+19.2
Expt #3 4.7+ 4.7 26.6+ 1.7 4.7+0.2 143.3£14.3
Expt #4 137.5£2.8 70.3+ 4.1 35.9+ 0.6 169.4+ 16.9

Enriched *Zn

Expt #5 379.7+£ 9.5 31.7+ 1.1 19.0+ 1.1 4344+ 434
Expt #6 326.5.5+10.1 63.3+ 3.7 303+ 1.8 482.1+48.2
Expt #7 412.5+15.3 2.7+ 5.4 8.3+ 04 506.2+ 50.6
Expt #8 368.9+11.8 19.7+ 1.1 16.9+ 0.2 496.4+ 49.6
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Fig. Captions

Fig. 1 Excitation functions of ™'Zn(p,) reactions up to 18 MeV for the production of *'Cu,

Ga, ’Ga, ©Zn [10] and **Ga[11].

Fig. 2 Chemical structures of the Cu(Il) chelators p-SCN-Bn-DOTA, p-SCN-Bn-NOTA and

diamsar.

Fig. 3 Zinc foil target that is contained between an aluminium target annulus (left) and an

aluminium cradle (right).

Fig. 4 Schematic representations of the column chromatography purification of *'Cu from (a)

irradiated "™Zn foil target and; (b) irradiated **Zn foil target.

Fig. 5 ICP-MS derived trace metals contamination in the final ®'Cu product obtained after

nat

separation and purification from a "'Zn foil target irradiation.

Fig. 6 ICP-MS derived trace metals contamination in the final ®'Cu product obtained after

separation and purification from an enriched **Zn foil target irradiation.
Fig. 7 Complexation of °'Cu with increasing concentrations of the Cu(II) chelators diamsar,

p-SCN-Bn-NOTA and p-SCN-Bn-DOTA at room temperature for the thirty-minute time

point.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 5
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Fig. 6
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Fig. 7
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