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A B S T R A C T

For the generation of beams with the offline ion source at the Facility for Rare Isotope Beams (FRIB), suitable 
source samples are required. Arsenic-73 is a frequently requested user beam due to its significance in nuclear 
structure studies and astrophysics. In this work, we outline the process of preparing a 73As source sample, 
containing (5.76 ± 0.37)*1014 atoms of 73As, which was successfully used to generate a 73As beam for a multi- 
day user experiment. Silver arsenate was chosen as the chemical form, due to its favorable volatility within the 
designated operating temperature range. We refined the precipitation method using stable arsenic prior to its 
application with the 73As sample, resulting in precipitation yields of (99.4 ± 4.5)%.

1. Introduction

The Facility for Rare Isotope Beams (FRIB) is a new national user 
facility for cutting-edge nuclear science research, where the desired rare 
isotope beams are typically created by fragmentation of a stable primary 
beam (Sherrill, 2018). Next to fast beams, stopped beams and beams 
reaccelerated to around Coulomb barrier energies are available for nu
clear science experiments at FRIB (Glasmacher et al., 2024). However, 
ion beams for selected user experiments can alternatively be generated 
in so-called ‘offline mode’ by utilizing radioactive or stable source 
samples (Sumithrarachchi et al., 2023). The radioisotope 73As is char
acterized by a half-life of 80.3 days and a primary gammy ray at 53.437 
keV (Iγ = 10.6%) (Singh and Chen, 2019). Beams and samples of 73As are 
of interest for nuclear data studies, as well as for cross-section mea
surements in nuclear astrophysics (Rauscher et al., 2016; Ten Brink 
et al., 1980). A feasible route to provide 73As beams for user experi
mentation at FRIB is by employing source samples of 73As, which are 
inserted into the Batch-Mode Ion Source (BMIS). The BMIS is an 
oven-ion source combination, where the samples are placed into the 
oven. There they are evaporated and atomized, followed by the effusion 
of the atoms into the plasma ion source where they are ionized. 
Following acceleration to a few tens of keV, the ion beams from BMIS are 

selected by a magnetic mass analyzer. The generated beams can be 
delivered to the stopped-beam area, which houses the Low-Energy Beam 
and Ion Trap facility (LEBIT), the Beam Cooler and Laser Spectroscopy 
facility (BECOLA), and beamlines for on-demand experimenter instru
mentation (Minamisono et al., 2013; Sumithrarachchi et al., 2023). 
Alternatively, beams can be delivered to user experiments at a few 
MeV/u energy using the ReAccelerator (ReA) (Villari et al., 2023). The 
BMIS is an offline setup, which allows an independent execution of the 
stopped and reaccelerated beam facilities, thereby facilitating parallel 
operation of multiple user experiments at FRIB. Since its commissioning 
in 2021, the BMIS team has been able to provide a selected number of 
offline-generated isotope beams for user experiments (Domnanich et al., 
2023; Satija et al., 2024; Sumithrarachchi et al., 2023). A suitable 
sample material for BMIS needs to meet several requirements: Firstly, 
the samples have to be a solid that can be readily vaporized within the 
BMIS operating temperatures (starting at temperatures of about 400 ◦C 
and generally up to around 1000 ◦C, but temperatures up to 2000 ◦C are 
possible). Secondly, any volatile matrix components, as well as isobaric 
impurities, should be avoided or at least kept at a minimal level.

The FRIB user community expressed strong interest in utilizing a 
low-energy 73As beam. In this paper, we describe the preparation of a 
73As source sample in support of the experimental user beam program at 
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FRIB. An acidic 73As solution was converted into silver arsenate 
(Ag3AsO4) due to its favorable volatility within the designated operating 
temperature range of BMIS. This conversion was achieved through an 
optimized precipitation reaction after the addition of a stable arsenic 
carrier. A source sample with about 1.56 mCi (5.76*1014 atoms) of 73As 
was prepared and successfully used in BMIS to deliver a reaccelerated 
73As beam to scientific users.

2. Materials and methods

2.1. Stable and radioactive arsenic isotopes for source sample 
preparations

The 73As was obtained via the National Isotope Distribution Center 
(NIDC), with an initial stock activity of 3 mCi, containing less than 0.01 
mCi of 74As and in a matrix of 0.1 M hydrochloric acid (HCl). The stable 
arsenic originated from an arsenic +3 ICP standard solution obtained 
from High-Purity Standards (HPS) at a concentration of (1000 ± 20) 
ppm in a matrix of 2% HCl.

2.2. Chemicals

For the preparation of the source samples, hydrogen peroxide (H2O2, 
30%, ACS grade, Fisher Scientific), acetic acid (glacial CH3COOH, 
≥99%, GR-ACS, Millipore Sigma), ammonium hydroxide solution 
(NH4OH, 30%, Sigma Aldrich), hexane (C6H14, Supelco, Sigma Aldrich), 
and silver nitrate (AgNO3, Reagent ACS, ChemPure Brand Chemicals) 
were used. The stable element analysis was performed in a matrix of 3% 
by volume of nitric acid (HNO3, 70%, Sigma Aldrich). A 50 × 50 mm 
sheet of tantalum foil, 0.006 mm thickness (99.9% purity, GoodFellow) 
was used as the support material. Acetone (C₃H₆O, for liquid chroma
tography, Supelco, Sigma Aldrich) was used for rinsing. For all dilutions, 
MilliQ water with a conductivity of 18.20 MΩ*cm was used, obtained 
from a Thermo Scientific Barnstead MicroPure Water System. Solutions 
of ICP Arsenic Standard ((997 ± 4) mg/L, 5% HNO3 matrix, Sigma 
Aldrich) and ICP Silver Standard (Transition Metal Mix 1 for ICP, 100 
mg/L, 2% HNO3 matrix, Sigma Aldrich) were used for the stable element 
analysis.

2.3. Instruments

Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP- 
OES, Agilent 5900) was employed to analytically determine the con
centration of stable elements. Gamma-ray spectroscopy with a Broad 
Energy Germanium Detector (BE2020, Canberra) was used to quantify 
the activity of 73As using the characteristic gamma-line at 53.43 keV, Iγ 
= 10.6%. The energy and efficiency calibration were performed with a 
set of point sources, encompassing europium-154 (Eu-154, Eckert & 
Ziegler, 1.054 μCi, reference date 15-Sep-2020, Eγ = 123.07 keV 
(40.4%), 247.92 keV (6.89%), 591.75 keV (4.95%), 723.30 keV 
(20.06%), 873.18 keV (12.08%), 1004.76 keV (18.01%), 1274.42 keV 
(34.8%)), and americium-241 (Am-241, Eckert & Ziegler, 1.040 μCi, 
reference date 15-Sep-2020, Eγ = 59.54 keV (35.9%)) at distances of 15 
cm, 25 cm, and 100 cm. For the characterization of the prepared stable 
silver arsenate source samples, Scanning Electron Microscopy-Energy 
Dispersive X-Ray Spectroscopy (SEM-EDS, JEOL 7500F, Oxford In
struments AZtec system), as well as X-Ray Photoelectron Spectroscopy 
(XPS, CasaXPS, Physical Electronics 5400 System) were performed. For 
the chemical processing, a benchtop vortex mixer (Digital Vortex Mixer, 
VWR), a hot plate (Cimarec, Barnstead Thermolyne), and a benchtop 
centrifuge (Sorvall ST8, ThermoFisher Scientific) were utilized.

2.4. Formation of stable silver arsenate precipitate

The arsenic in the stable standard solution was present in the +3 
oxidation state. To transform the stable arsenic from the +3 to the +5 

oxidation state, 1 mL of the 1000 ppm As3+ solution was first treated 
with 30% hydrogen peroxide at a 1:5 ratio (Molnár et al., 1994). The 
solution was covered and left at room temperature overnight. After this 
incubation, the solution was left to completely evaporate at 90 ◦C. The 
formed residue in the sample container was dissolved in about 500 μL 
MilliQ water and transferred to an Eppendorf tube. The beaker was 
rinsed three times and the rinse solutions were also added to the tube.

The precipitation followed a procedure similar to the one outlined by 
Curtman et al. (Curtman and Daschavsky, 1916). A stock solution of 
silver nitrate was prepared at a concentration of 3175 ppm Ag and kept 
in the dark. About 0.5 mL of the prepared As(V) solution that contained 
80 μg arsenic was used for the precipitation reaction. The silver nitrate 
stock solution was added to three separate As(V) solutions to yield molar 
ratios of Ag:As of 1.3:1, 5.7:1, and 12.7:1, with the stoichiometric 3-to-1 
ratio of Ag and As in silver arsenate already taken into consideration. 
The pH of these solutions was adjusted to 7–8 using a few drops of 1 M 
ammonium hydroxide and 10% acetic acid. After adjusting the pH and 
vortexing, a visible brown precipitate formed. The samples were wrap
ped in parafilm and left to react completely overnight. The tubes were 
centrifuged, and the supernatants were removed and transferred into 
other tubes. The concentrations of arsenic and silver in the supernatants 
were quantified via ICP-OES and used to assess the yield of precipitation.

2.5. Preparation of the stable source samples

The stable silver arsenate precipitate, prepared at the optimized Ag: 
As ratio of 5.7:1, was used for the preparation of the stable source 
samples. The tantalum foil was first cut in half to yield sheets of 50 × 25 
mm and then cleaned with acetone and dried. The precipitate was 
transferred onto the foil, which was kept inside a small, in-house made 
aluminum boat on a hot plate set to 150 ◦C. Any residual silver arsenate 
precipitate was rinsed from the tube three times with about 0.6 mL 
hexane, pipetted onto the foil, and followed by evaporation of the sol
vent. The stable samples were used to develop the beam extraction from 
the BMIS and to optimize the ion beam delivery process. Furthermore, 
the prepared stable source samples were characterized via SEM-EDS and 
XPS to identify the present elements, their relative atomic percentages, 
and to obtain further information about the compound speciation.

2.6. Formation of the radio-silver arsenate precipitate and source sample 
preparation

The initial activity of the 73As sample was quantified via gamma-ray 
spectroscopy. The activity was checked throughout the precipitation 
process to track the activity and to account for any losses. A volume of 
0.259 mL 73As solution that contained (2.27 ± 0.08) mCi of 73As was 
used for the reaction. To quantitatively precipitate the radio-arsenic, the 
73As sample was spiked with 80 μg stable arsenic (27.2 μL of a 2949 ppm 
stable As solution; This As solution was the same one previously pre
pared for the formation of the stable silver arsenate precipitate. How
ever, only the volume was reduced by evaporation, and the arsenic 
concentration determined via ICP-OES measurement to be 2949 ppm. 
Using a smaller initial volume facilitated the subsequent evaporation 
step.) The oxidation with H2O2 and other steps were performed by 
following the optimized procedure for the stable precipitate formation. 
Briefly, after the oxidation and evaporation steps, the reconstituted so
lution (0.287 mL) was used for the precipitation reaction. This was done 
by using the previously optimized 5.7:1 ratio of Ag:As and adjusting the 
solution pH to 7–8. Once a visible precipitate formed and incubated, the 
precipitate was centrifuged and the supernatant was separated off. The 
formed precipitate was used for the preparation of the source sample. 
The silver arsenate precipitate was transferred onto a clean sheet of 
tantalum foil (50 × 25 mm) placed inside an aluminum boat on a hot 
plate set to 150 ◦C. During the transfer and subsequent rinsing of the 
tube using hexane, the activity of the sample was checked so that about 
(1.556 ± 0.10) mCi of 73As ((5.76*1014 ± 3.74*1013) atoms) were 
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transferred onto the tantalum foil. The remaining portion of the initial 
73As activity could not be transferred, which is explained in detail in the 
Results & Discussion section. The prepared source sample was used for 
the generation of the 73As beam.

2.7. 73As beam delivery

The 73As deposited Ta foil was folded tightly and inserted into the 
BMIS oven. The oven was heated to 500-1000 ◦C, whereby the sample 
material evaporated, followed by effusion into the ion source. Through 
ionization, the monovalent 73As+ ion was formed and the ion beam, 
containing the 73As+ as well as stable 75As and other contaminants, was 
extracted. After acceleration to 30 keV, the beam was mass separated, 
where the desired 73As+ ions were selected. Finally, the selected ion 
beam was accelerated to 3.1–3.7 MeV per nucleon in the ReA after 
charge breeding to the 23+ charge state. The 73As beam was successfully 
delivered to the scientific user beam experiment, with a more in-depth 
discussion of the outcomes provided later in this publication.

3. Results and discussion

3.1. Stable silver arsenate source sample preparation

Arsenic +3 compounds are usually highly volatile, which could 
result in significant losses during the subsequent sample preparation 
procedure (Smedley and Kinniburgh, 2002). Preliminary investigations 
involving the evaporation of about 1 mL aliquots of the 1000 ppm As3+

ICP solution showed recoveries below 0.5%. With the addition of 
hydrogen peroxide at a 5-times molar excess, the As3+ in solution was 
oxidized to the less volatile +5 oxidation state. This was confirmed by 
achieving As recovery rates of about 100% after evaporation.

To achieve complete precipitation of an arsenic sample of 80 μg, 
several experiments were done to determine the optimal Ag:As ratio. 
The selected low quantity of stable As represents the upper level of 
stable arsenic carrier which is in alignment with the chemical toxicity 
limit set by the Occupational Safety and Health Administration (OSHA) 
for the given space settings in the accelerator vault, and was therefore 
used throughout the method optimization. For a quantitative formation 
of silver arsenate, a 1.3-fold ratio of Ag resulted in a precipitation yield 
of around (94.2 ± 4.1)%. However, complete precipitation of (100.0 ±
4.2)% at 5.7- and 12.7-times excess amounts of Ag was obtained. The 
error includes the propagated error from the ICP-OES analysis and the 
respective dilution factors. Based on these results, the 5.7-fold surplus of 
Ag was selected to achieve optimized precipitation yields of silver 
arsenate, while minimizing the amount of silver in the sample. Notably, 
the ICP-OES analysis of the supernatant indicated a depletion of silver, 
corresponding to the expected quantity when a three-fold molar excess 
of Ag to As is trapped in the precipitate. This finding supports that the 
formed precipitate is silver arsenate, which is characterized by a 3-to-1 
stoichiometric ratio of Ag and As.

3.2. 73As source sample preparation

After the optimized method was determined by the experiments with 
stable arsenic, it was then employed for the formation of a silver arse
nate precipitate with the radioactive 73As material. Most arsenic com
pounds are, however, characterized by a relatively high volatility 
(Beard, 1965). Utilizing such compounds for source samples in BMIS 
would deplete them quickly, and only limited ion rates could be 
extracted towards the end of a several-day-long beam experiment. Silver 
arsenate decomposes at temperatures of around 830 ◦C, which is within 
the operating temperature range of BMIS, and was therefore considered 
as a suitable material to supply adequate beam rates over prolonged 
periods (Rumble, 2023).

Throughout the formation of the radio-silver arsenate precipitate 
and the preparation of the source sample, the activity was regularly 

checked through gamma-ray spectroscopic measurements. The silver 
arsenate formation was highly quantitative, with only (13.1 ± 0.4) μCi 
73As left in the supernatant, indicating a precipitation yield of (99.4 ±
4.5)%, which is comparable to the stable arsenic sample preparation 
that had achieved a 100% yield. However, during the transfer of the 
precipitate onto the tantalum foil (697.7 ± 18.3) μCi 73As adhered to the 
pipette tip and the surface of the Eppendorf tube. In repeated rinse cycles 
with hexane, only μCi-quantities of 73As could be removed. After 
transferring (1.556 ± 0.10) mCi 73As, which corresponds to (5.76 ±

0.37)*1014 atoms, onto the tantalum foil, the so-prepared source sample 
was introduced into the BMIS oven. The most notable 73As activity loss 
of (511.7 ± 17.2) μCi is due to adsorption to the surface of the Eppendorf 
tube, while the rest remained on the pipette tip. However, in retrospect 
it was observed that rinsing with 2 mL of 3% nitric acid effectively 
removed any remaining 73As, leaving only (18.3 ± 0.6) μCi 73As in the 
tube after this step. These findings can be useful for future source sample 
preparation efforts, however, the effect of nitric acid on the final sample 
composition needs to be still determined.

3.3. Sample characterization

The analytical instruments were not approved for radioactive ma
terials, therefore the characterization was performed with stable source 
samples, as they are expected to exhibit comparable chemical behavior 
to the radioactive sample. Following the outlined procedure, it was 
predicted that the arsenic sample would form silver arsenate with 
arsenic in the +5 oxidation state.

3.3.1. SEM-EDS analysis
Scanning electron microscopy combined with energy-dispersive X- 

ray spectroscopy (SEM-EDS) yielded the morphology of the stable silver 
arsenate precipitate as well as the identification of the present elements. 
Fig. 1a shows a recorded SEM image of the sample surface. The prepared 
source sample displayed an uneven morphology, with regions 
completely covered with precipitate alternating with areas of visible 
tantalum substrate (the darker regions in Fig. 1a). Variations in the 
drying rates can cause an uneven distribution of the precipitate on the 
foil. However, the irregular distribution did not affect the application of 
the prepared source sample in the ion source.

An EDS spectrum taken from a central point on the image is shown in 
Fig. 1b (indicated as Spectrum 1 in Table 1). The presence of the most 
abundant species, encompassing silver, arsenic, and oxygen, was ex
pected for the prepared samples. To characterize the precipitate, spectra 
were taken from three different spots on the precipitate. The data ob
tained from recording these spectra (Spectra 1–3) are shown in Table 1. 
Spectra 1 and 2 were taken from spots in the central region, while 

Fig. 1a. SEM image of stable arsenic precipitate.
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Spectrum 3 was recorded from an edge region of a section in Fig. 1a. The 
EDS analysis suggested the presence of carbon, which possibly origi
nated from the hexane rinses used to transfer the precipitate onto the 
tantalum substrate. The atomic percentages of silver, arsenic, and oxy
gen were used to estimate the stoichiometric ratios of each element 
within the precipitate. The ratios of Ag, As, and O in Spectra 1 and 2 
suggest the presence of either silver arsenate (Ag3AsO4) or silver arsenite 
(Ag3AsO3), both having an Ag-to-As ratio of 3-to-1. This finding is 
corroborated by the ICP-OES analysis of the supernatant, where the 
depletion of Ag points towards an approximate 3:1 stoichiometric ratio 
of Ag:As in the formed precipitate. However, the analysis of light ele
ments through EDS is challenging due to their low photon energies 
(Goldstein et al., 2003), therefore the oxygen content alone cannot be 
used to identify the specific silver-arsenic compound. Spectrum 3, 
however, suggests a significantly higher Ag:As ratio, with nitrogen also 
detected in that area. This spectrum was taken from an edge region, 
while the first two (Spectra 1 and 2) were taken from the center. During 
the source sample preparation, excess silver nitrate from the supernatant 
could have been entrained in the precipitate. In the evaporation step, the 
silver nitrate could have migrated towards the edges, leading to higher 
silver content and additional presence of nitrogen at the precipitate 
edges (Deegan et al., 1997; Suárez-Domínguez and Betancourt-Mar 
2005). Therefore, Spectra 1 and 2 provide a better representation of 
the majority of the precipitate.

3.3.2. XPS analysis
The XPS analysis of the stable silver arsenate source sample, shown 

in Table 2, indicated the presence of the same elements as the SEM-EDS 
measurement. The quantities of Ag, As, and O are largely comparable 
and corroborate the SEM-EDS results. Furthermore, the presence of 
carbon on the precipitate was also determined via XPS. Additionally, 
tantalum was detected, likely because the larger selected area for the 
XPS analysis included some Ta surface area that was not covered by 
precipitate. Similar to the SEM-EDS results, a small amount of nitrogen 
was found, which may be attributed to some silver nitrate being 
entrained at the edges of the precipitate.

The enlarged part of the XPS spectrum shown in Fig. 2 can be 

ascribed to the peak from the As-O bond. The spectrum has been fitted to 
show the contributions of the As-O bonds in the As(III) and As(V) 
compounds to the As 3d5/2 peak. In literature, the As 3d5/2 position for 
oxygen-containing compounds of As(III) is indicated for the range of 
44.7–45.1eV, while the range for the As(V) counterparts is slightly 
higher, between 45.8 and 46.2eV (Moulder et al., 1992). The fitted 
spectrum suggests that the arsenic-based precipitate consists of a com
bination of As(III) and As(V), with proportions of 78.3% and 21.7% 
respectively. During the first step of the sample preparation, arsenic was 
fully converted from the +3 to +5 oxidation state, and the majority of As 
in the precipitate was expected to be present as As(V). However, with 
arsenic in particular, the literature suggests X-ray-induced 
photo-reduction of arsenic oxides; in our case, there can be a reduction 
of arsenic(V) species down to arsenic(III). This reduction is dependent 
on the X-ray intensity and is magnified by the presence of carbon. The 
X-ray irradiation of hydrocarbons produces highly energetic radicals 
that can scavenge oxygen from the surface, further inducing the 
reduction to arsenic(III) (Viltres et al., 2020). It is possible that the 
hexane rinses introduced a surplus of carbon to the source sample, 
which would promote the probability of arsenic reduction. Therefore, 
using XPS to determine the oxidation state of As, with the intent of 
corroborating the specific silver-arsenic compound, proved to be of 
limited validity in this sample.

Based on the composition of the precipitate suggested by XPS and 

Fig. 1b. EDS spectrum of the stable arsenic precipitate, taken from a central 
point (Spectrum 1) in the shown SEM image.

Table 1 
The atomic percentages of silver, arsenic, oxygen, and nitrogen from all recorded spectra. For Spectra 1 and 2 the estimated stoichiometric ratio between Ag:As:O is 
given, while the estimation for spectrum 3 additionally considers the present nitrogen.

Spectrum Ag (atomic %) As (atomic %) O (atomic %) C (atomic %) N (atomic %) Estimated stoichiometric ratio of Ag:As:O

1 17.1 4.9 16.2 61.7 – 3.5:1:3.3
2 15.8 4.9 12.6 66.7 – 3.2:1:2.6
3 29.7 3.1 46.6 1.7 18.9 Estimation for Ag:As:O:N =

9.6:1.0:15.0:6.1

Table 2 
Data table of the percent composition of each element 
in the precipitate.

ID Composition (atomic %)

Ag 18.0
As 8.0
O 32.3
C 33.8
Ta 5.4
N 2.5

Fig. 2. XPS spectrum of the prepared stable silver arsenate source sample. This 
part of the spectrum has been enlarged and fitted to show the contributions of 
the As-O bonds in the As(III) and As(V) compounds to the As 3d5/2 peak.
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SEM-EDS, as well as the ICP-OES analysis data from the supernatant, it 
can be concluded that a compound mainly comprising Ag, As, and O was 
formed at a stoichiometric ratio that points towards silver arsenate or 
silver arsenite. To provide a more detailed analysis of the chemical 
species, an additional characterization method would be necessary, with 
scanning transmission electron microscopy (STEM) in annular dark field 
(ADF) mode appearing as a promising option. This method is described 
as being less prone to induce beam-related artifacts (Johnston-Peck 
et al., 2016). This could make it a valuable option for future source 
sample characterization, however, its applicability needs to be deter
mined on a case-by-case basis.

Furthermore, it is possible that small amounts of silver nitrate were 
trapped in the edge regions of the precipitate. In addition, results from 
both SEM-EDS and XPS indicate carbon contamination, thus future 
source sample preparation efforts should avoid the use of hexane rinses.

3.4. 73As beam delivery

The manufactured 73As source sample was inserted into the oven of 
BMIS and the 73As extracted as a monovalent ion 73As+ at mass 73. The 
73As beam was employed by scientific users to interact with a hydrogen 
gas cell to study the proton capture reaction 73As(p,γ)74Se (Simon, 2024; 
Tsantiri and Spyrou, 2024). This reaction is one of the most important 
reactions for the production of 74Se in stellar environments (Kusakabe 
et al., 2011; Rauscher et al., 2016). Fig. 3 visualizes the mass scans of the 
relevant region obtained from a stable silver arsenate sample, showing 
the stable silver and arsenic species at masses 107, 109, and 75 
respectively. This source sample was utilized to refine beam extraction 
and beam delivery processes. However, the mass scan for the radioactive 
73As source sample was very similar, where only the more abundant, 
stable species were present, while the low-level 73As signal at mass 73 
could not be discerned. Such behavior is expected for a low-mass sam
ple; however, mass 73 was still selected by the magnetic mass analyzer, 
and the ion beam was accelerated and delivered at an average rate of 
5*105 particles per second to the ReAccelerator, achieving a beam purity 
close to 100%. During beam transport, losses occur due to transmission 
through various devices, including charge breeding, selection, and 
reacceleration. The transmission efficiencies of these devices are 
designed to range between 60% and 80%, while the mass-to-charge 
separator has a selection efficiency of 20% (Villari et al., 2016). Over
all, about 7% of the extracted ions are delivered to the experiment.

To realize adequate beam rates, the oven temperature had to be 

raised to about 870 ◦C, before that the evaporation was at a minimal 
level. This observation is in line with the decomposition point of silver 
arsenate, which is reported at 830 ◦C. The two peaks at masses 107 and 
109 arise from the two naturally occurring silver isotopes 107Ag 
(51.839%) and 109Ag (48.161%) (Singh and Chen, 2019). The observed 
strong signal can be ascribed to the higher stoichiometric ratio of Ag and 
different extraction behavior between Ag and As ions from the BMIS.

Following extraction from BMIS, the 73As beam was accelerated in 
the ReAccelerator to meet the desired energy, as specified by the sci
entific users. The energy spectrum of the 73As beam, measured on a 
silicon detector, showed a single peak consistent with the energy of the 
reaccelerated 73As (Fig. 4). This confirms the identity of the beam. The 
absence of contaminants was investigated by directing the beam 
through an aluminum foil, which confirmed that no contaminants were 
present (Henriques et al., 2023). The adjacent peaks are likely attributed 
to a damaged area in the detector and low count rates.

4. Conclusions

This work demonstrates the preparation of a 73As source sample, 
used in the offline ion source BMIS to successfully generate a 73As beam, 
which was then provided for a science experiment at FRIB. Silver arse
nate was selected as a suitable compound due to its favorable volatility 
in the operating temperature range of BMIS. A chemical methodology to 
synthesize a low-mass silver-arsenic-based precipitate was developed. 
High precipitation yields of (99.4 ± 4.5)% were achieved with the 73As 
sample, which was used to prepare a source sample. The prepared 73As 
source sample ((1.556 ± 0.10) mCi, (5.76 ± 0.37)*1014 atoms 73As) was 
utilized to deliver a pure 73As beam at an adequate rate for an eight-day- 
long user experiment. Characterization via SEM-EDS and XPS suggested 
that the synthesized material encompassed a silver-arsenic compound 
with a Ag to As ratio of 3-to-1, however, the exact stoichiometry could 
not be determined. Several improvements could be inferred for the 
source sample manufacturing process, such as avoiding the use of hex
ane and improving the quantitative transfer of 73As activity. The here- 
developed sample preparation method broadens the range of low- 
energy and stopped ion beams for the offline beam program at FRIB. 
The inclusion of the 73As beam is particularly valuable, given its appli
cability in nuclear sciences (Rauscher et al., 2016).
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