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ABSTRACT

Plasma Desorption lonization (PDI) stands as a robust analytical technique facilitating the identification and
quantification of a diverse array of compounds, including drugs, metabolites, and biomolecules within biological
specimens. This study delves into the exploration of efficient and cost-effective ionization methodologies geared
towards medical applications. Introducing an innovative avenue known as Americium-241 Plasma Desorption
Ionization (AmDI), leveraging the radioactive element Americium-241 found in smoke detectors, boasting a
lengthy half-life of 432.2 years. Desorption ionization experiments were executed employing an ion chamber ex-
tracted from a smoke detector, accompanied by sample tablets (ibuprofen and paracetamol) positioned in close
proximity to a Tesla coil, serving as the plasma ionization source. The findings acquired affirm the viability and
efficacy of the AmDI approach in characterizing this specific category of samples. This development represents a
significant stride in medical diagnostics, offering a pragmatic and budget-friendly resolution for comprehensive
analysis.

This research undertakes a practical and preliminary exploration, where desorption ionization assessments are
conducted utilizing a smoke detector-extracted ion chamber and sample tablets (ibuprofen and paracetamol),
strategically positioned in proximity to a Tesla coil functioning as the plasma ionization source. The results un-
earth the viability and efficacy of the AmDI technique, showcasing its prowess in characterizing these specif-
ic types of samples. As a pioneering stride, this advancement contributes significantly to the field of medical
diagnostics, furnishing an accessible and cost-effective solution for comprehensive analytical pursuits. As the
demand for effective and economical ionization methods for medical applications escalates, this study delves
into the realm of innovation, proposing a novel approach named Americium-241 Plasma Desorption lonization
(AmDI).

Abbreviations: PDI: Plasma Desorption lonization; AmDI: The Americium Desorption Ionization; FTIR: Fourier
Transform Infrared Spectroscopy; XRD: X-Ray Diffraction

Introduction

The development of new ionization methods has been a field of

many of them have shown phenomenal success in various applica-
tions [4]. These methods can be grouped into categories according to
their ionization mechanism, where those that use electrospray stand

constant research in mass spectrometry, with the aim of improving ef-
ficiency and applicability in various areas [1]. Among the pivotal attri-
butes pursued, high sampling rates, peak performance, user-friend-
liness, seamless ionization, molecular specificity, and heightened
sensitivity stand out as critical objectives [2]. In this line of advances,
environ- mental ionization methods have emerged as a promising op-
tion, since they allow samples to be analyzed directly in their environ-
ment without the need for prior preparation [3]. Currently, more than
40 types of ambient ionization methods have been developed, and

out, as well as various discharge methods and photoionization or la-
ser ablation with photons of different wavelengths [5]. Likewise, oth-
er techniques such as microwave plasma ionization and ultra- sonic
desorption have found their place in this diversity of approaches [6].

The key to understanding the diversity of these methods lies in
how they provide the energy necessary to ionize the analytes present
in the samples [7-9]. The mechanisms used include high-voltage dis-
charge, the use of fast-moving droplets, interaction with photons, and
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the use of ultrasound or heat input, depending on the specific meth-
odology [10-13]. In the present study, it has been possible to devel-
op an innovative method of ionization by environmental desorption,
which is based on the use of the radioactive element americium-241
(**Am) [14,15]. This approach eliminates the need for low-pressure
gas, high voltage, heat, or other forms of external power. Americi-
um-241 is a by-product generated in nuclear reactors and has a half-
life of 432.2 years, making it a practically perpetual energy source for
mass spectrometry sampling [16]. Its most common form is **'AmO,
and small amounts of this element (0.2 mm thick and 2 mm in diam-
eter) are found in the smoke detectors that equip most homes today
[17,18]. This novel approach, AmDI, promises to overcome many of
the limitations associated with traditional ionization methods, pro-
viding an effective and sustainable alternative for future applications
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Figure 1: Smoke detector with *?AmO, covered in gold sheet.

The high mass and charge of alpha particles give them consider-
able ionizing power, although their ability to penetrate matter is lim-
ited. In air, these particles can travel a distance of about 4 cm, while
in water their range is reduced to about 48 pm [21]. This translates
into a significant level of safety for home or laboratory use of 2*!Am
since its ability to penetrate the human body is limited. The risks as-
sociated with this radiation are mainly relevant when the radioactive
material is ingested or found inside the body [22]. It is important to
note that the **!Am disk in smoke detectors has a total mass of about
7 mg [23], which constitutes a relatively small and controlled amount
of this radioactive element. Safety and precautionary measures in its
handling are essential to guarantee its proper use in domestic and
laboratory environments, minimizing any potential health risk. In
this study, medication pills, such as paracetamol and ibuprofen, were

in the field of mass spectrometry and practical applications in various
areas such as medicine [19].

Material and Methods

A disassembled ionization chamber from a smoke detector, wide-
ly available online at low cost, was used as the basis for the Americi-
um-241 Plasma Desorption lonization Source (AmDI). In smoke de-
tectors, the radiation emitted by **!Am is used to ionize air molecules,
generating electrical currents. The *!AmO, discs present in these de-
tectors are generally coated with a 2 um thick layer of gold as shown
in Figure 1. In order to reduce the radiation from a decay, which re-
leases a #’Np atom, an a particle and a y photon [20].
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mainly used as samples for analysis because they are widely used
drugs in medicine [24]. However, it should be noted that this method
can be easily extended and applied to other materials of interest. The
approach used in the study demonstrates its versatility and potential
to analyze a wide range of samples, beyond the mentioned drugs. The
adaptability of the method allows its use in different fields, opening
the door to future research in various areas of interest, such as the
analysis of biological, environmental, or industrial samples. With this
extension capacity, the scope of the re- search is significantly expand-
ed and the foundations are laid for possible applications in fields as
diverse as medicine, ecology, or chemistry. This represents a promis-
ing opportunity to advance scientific knowledge and problem-solving
in various disciplines.
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Plasma Generation

To achieve plasma generation in this study, a flyback was imple-
mented as the main power source [25,26] However, instead of using
a conventional high voltage, an innovative approach based on the ra-
dioactive element americium was taken. The americium desorption
ionization (AmDI) process was carried out by the interaction of amer-
icium with the plasma arc generated by the flyback. By positioning the
americium within the arc, ionization of the surrounding air molecules
occurs, which causes the desorption of the ions from the surface and
their subsequent ionization in the generated plasma. The choice to
use americium instead of a traditional high voltage provided several
advantages, including the elimination of the need for external power
sources, which significantly simplified the experimental setup. In ad-
dition, the alpha particles of americium interact with the sample mol-
ecules, giving off electrons and generating positive ions, which proved
to be highly efficient for the ionization of the samples, allowing to ob-
tain precise and reliable results. It is important to mention that all the

appropriate security measures were taken during the handling and
manipulation of the americium, ensuring a safe working environment
for all the team involved in the experiment. In Figure 2, the assembly
diagram used is shown: The samples used in this study were parac-
etamol and ibuprofen tablets, which played a fundamental role in the
Americium Desorption Ionization (AmDI) process. These samples
were strategically placed between the two flyback terminals, allowing
them to be in direct contact with the plasma arc generated from the
ionization of americium. By placing the pills in this position, the inter-
action of the drug molecules with the plasma was facilitated, which
allowed the desorption and ionization of the analytes present in the
samples. This experimental setup ensured that the charged particles
generated by the plasma would impact the pills, releasing ions and
pro- viding valuable information on the molecular composition of the
drugs. The proximity of the samples to the plasma arc generated by
the ionization of americium ensured higher ionization efficiency and
higher detection sensitivity, resulting in accurate and meaningful an-

alytical data for analyses, as shown in Figure 3.

Figure 2: Assembly diagram of the AmDI system.
a) Drive plate,

b) Flyback, and

¢)  Americium-241

Figure 3: Sample placement in horizontal direction.
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Results

The results obtained after exposing ibuprofen and paracetamol
to the plasma source with americium-241 were analyzed using the
Fourier Transform Infrared Spectroscopy (FTIR) technique [27].
This technique made it possible to compare the infrared spectra of
the samples before and after contact with the plasma, providing valu-
able information on the composition and structure of the drugs. Each
chemical compound has a unique set of molecular vibrations that
are reflected in its FTIR spectrum. By analyzing the FTIR spectra of
paracetamol and ibuprofen, the main absorption bands were identi-
fied, which were related to the structural characteristics of the drugs.
The FTIR spectrum of paracetamol showed typical absorption bands
around 3, 328 cm™, corresponding to hydroxyl (OH) groups, and an
intense band at 1, 650 cm, due to the presence of the amide group

(C = 0). In addition, a mean band of 1, 580 cm™ was observed, asso-
ciated with a benzene ring in the paracetamol molecule [28,29]. In
Figure 4, the sample irradiated with plasma s presented. These results
indicate that paracetamol did not undergo major structural changes
due to exposure to plasma generated by americium-241. These find-
ings are relevant, as they support the safety of the AmDI method and
suggest that this ionization technique does not affect the molecular
structure of paracetamol during analysis. In Figure 5, the FTIR spec-
trum of ibuprofen reveals distinctive features in its absorption bands.
At approximately 3, 468 cm™, a broadband corresponding to the pres-
ence of hydroxyl (OH) groups is observed. At a frequency of 1, 700
cm’, an intense band stands out, which is attributed to the existence
of a carboxyl group (C = 0). In addition, at 1, 537 cm, a band of me-
dium intensity is identified, indicative of the presence of an aromatic
ring in the ibuprofen molecule [28].
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Figure 5: FTIR of irradiated and normal ibuprofen.

These observations are consistent with the known molecular
structure of ibuprofen and allow confirmation of its identification us-
ing FTIR spectroscopy. Each of these absorption bands is character-
istic and specific to the molecular vibrations of ibuprofen, providing
additional evidence for the effectiveness of the AmDI method in ac-
curately analyzing this drug. The results obtained after FTIR analysis
of plasma-irradiated ibuprofen indicate that there was no significant
alteration in its molecular structure due to exposure to plasma gen-
erated by americium-241. This information is valuable in supporting
the reliability of the AmDI method in drug characterization and its
potential application in various fields of research and clinical analysis.
In addition to the observations on paracetamol and ibuprofen men-
tioned above, more detailed and comparative analyzes were carried
out between the samples before and after their exposure to plasma
generated by the ionization of americium. Both samples were found
to retain their main structural features after contact with the plasma,
suggesting that the AmDI method did not cause significant changes in
the molecules of the drugs tested. The preservation of the molecular
structure of the samples is a relevant finding, as it highlights the feasi-
bility and safety of the AmDI approach for the analysis of pharmaceu-
tical compounds and other materials. Furthermore, this result opens
up promising prospects for its application in future research and clin-
ical applications. It is important to mention that, together with the
FTIR analysis, it is intended to complete the characterization with X-
ray diffraction techniques to examine the crystalline structure of the
samples, mass spectroscopy to identify the mass and composition of

ionized molecules, and nuclear magnetic resonance spectroscopy. to
characterize structural changes and molecular interactions of drugs
in solution.

Conclusion

In this research, the Americium-241 Plasma Desorption Ioniza-
tion (AmDI) method has been shown to be a valuable alternative
for plasma generation and sample ionization, with an innovative
approach using americium-241 as a source. of energy. The results
obtained using the Fourier Transform Infrared Spectroscopy (FTIR)
technique have made it possible to accurately characterize the parac-
etamol and ibuprofen samples, revealing the effectiveness of the
method in identifying key molecular characteristics of the drugs. It is
encouraging to note that the analyzed samples retained their essen-
tial molecular structure after contact with the plasma generated by
the ionization of americium. These results underscore the safety and
reliability of the AmDI method, suggesting its potential application in
clinical assays and in a wide variety of research fields. As future work,
itis intended to complement the characterization of the samples with
other advanced techniques, such as X-Ray Diffraction (XRD), to ex-
amine the crystalline structure of the compounds. In addition, Mass
Spectroscopy (MS) will be used to identify the mass and composition
of the ionized molecules, providing additional information on the
composition of the samples and their relationship with the obtained
FTIR spectrum. Nu- clear Magnetic Resonance (NMR) Spectroscopy is
also being considered to characterize possible structural changes and
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molecular interactions of drugs in solution. These additional tech-
niques will allow for a deeper and more complete understanding of
the samples, further strengthening the validity and utility of the AmDI
method. In summary, the AmDI approach offers a promising outlook
for future research and applications in the field of mass spectrometry
and ambient ionization. The combination of various analytical tech-
niques will allow further progress in the under- standing and applica-
tion of this method, fostering significant advances in medical diagnos-
tics, materials studies and other relevant scientific areas.
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