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Abstract Mid-IR has potential use in every field but existing technologies are limited and do not have applications in
day-to-day life. Available mid-IR sources are also lagging behind due to complexity and high cost. To overcome these
hindrances, we pioneer the design and development of Mid-IR Generating Atomizer, named MIRGA. MIRGA contains an
inorganic chemical formulation suspended in aqueous media. When MIRGA is sprayed at an average pressure of 3900 K
Pascal, ions in the sprayed mist oscillate and generate 2—6 wm mid-infrared ray. The 2-6 um mid-infrared penetrates the
intervening media and acts on the inside target material (usables) which would nonetheless a composition of atoms. As most
of the earthly objects have their frequencies in mid-infrared region, this easy and economically generated 2-6 pm mid-IR
altered the target’s chemical bonds. Thereby the physico-chemical properties of the target are rendered favorable to our
requirement. This study details the design, action and applicability of MIRGA. Further research and studies are under way to
explore MIRGA’s use in various other scientific disciplines. This MIRGA technology can save resources, economy and
ecology.
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1. Introduction

Atom is the basic element of everything in this universe,
S0 manipulating an object at atomic level will be an effective
way to resolve and restore a desirable entity. But this
certainly is not an easy task. However electromagnetic
waves having various properties at varying range could be a
key to every atomic particle. Electromagnetic waves are a
form of energy transfer through a medium, produced by
current and charge distributions that vary with time (Toru
et al., 1989). They involve a continuous net transfer of
energy and can be generated by various means such as
electromagnetic wave devices (Causebrook, 1993), plan
waves (Lev et al., 1975), and metal grating systems
(Yang et al., 2015). Electromagnetic waves have different
characteristics and behaviors depending on factors such as
frequency, polarization, and propagation velocity. They can
be used for various applications including amplification,
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modulation, frequency conversion, and terahertz wave
generation (Weihao et al., 2018).

It is well-known that most of the objects in our day-to-day
life have their foot print in infrared region. The spectral
region of infrared (IR) is known to yield highly significant
molecular data as a result of the stimulation of molecular
vibrational and rotational changes (Adam, 2024). Broadly
speaking, the mid-infrared range is established as the realm
of electromagnetic (EM) waves that possess a wavelength
spanning approximately from 2 to 20 um. Mid-infrared
(MIR) light has various applications in sensing, security and
defense, energy conservation, and communications.

The development of MIR sources has been a focus
of research in recent years. Different approaches have
been explored, including the use of mid-IR fiber-based
supercontinuum sources (Arnaud et al., 2022), passive
mid-infrared spectroscopy (Yusuke et al., 2022), MIR
ultrafast laser generation via difference frequency generation
(Xin et al., 2022), and semiconductor lasers operating in the
MIR range (Stephen et al., 2020). These technologies aim to
cover the entire MIR region, from short-wavelengths around
2 um to long-wavelengths up to 20 um. The advancements in
MIR laser technologies have enabled precise measurements
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and analysis of various molecules and their spectral
characteristics in this wavelength range (Amanda et al., 2021).

Developments in MIR light sources have increased
interest in developing MIR optical systems, sensors, and
diagnostics for chem/bio detection and molecular analysis.
MIR lasers, such as quantum and interband cascade lasers
(QCLs, ICLS), are driving this interest (Henry et al., 2022).
Additionally thermal emitters and light emitting diodes
(LEDs) are being explored as non-laser MIR light sources to
fill gaps in spectral coverage for analytical applications and
chem/bio sensing. These non-laser sources offer opportunities
for MIR wavelength range analysis and diagnostics (Loic
et al., 2022). Overall, MIR has proven to be a valuable tool
in various scientific and technological applications.

Key to both the fundamental and applied aspects of MIR
technology, we invented Mid-IR Generating Atomizer,
abbreviated as MIRGA, which emits 2-6 um wavelength
range. In this manuscript, we examine the recently developed
MIR source MIRGA. Moreover, we provide a comprehensive
overview of the actions of mid-IR on atomic and molecular
levels, resulting in alterations in the chemical bonds of target
materials. It should be noted that this investigation primarily
focuses on the MIRGA, however, it is essential to concisely
summarize, compare, and understand the advantages of
MIRGA in various everyday applications in order to highlight
its significance in diverse interdisciplinary fields.

2. Material and Method

Generation and estimation of Mid-IR

We formulated a chemical compound containing
inorganic salts suspended in aqueous media to form an
imbalanced ionic solution. This solution has approximately
two sextillion cations and three sextillion anions and is
contained in a 20 ml pocket sized atomizer called Mid-IR
Generating Atomizer (MIRGA) (granted patent no.:
401387). For an ionic solution to generate electromagnetic
waves, more specifically in mid-IR range, it has to be
energized optimally. After hundreds of trial and error
experiments, we designed an atomizer (Figure 1) made of
polypropylene plastic, 20ml capacity, size 86 x 55 x 11 mm,
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external orifice diameter 0.375 mm, ejection volume 0.062
+0.005 ml at an average ejection pressure 3900 K pascal,
cone liquid back pressure of 2000 N/m? and ejection time
0.20 second, per spraying. Approximately 1 microgram of
water (as mist) was found to be lost from the ejected material
immediately upon spraying and non-volatile material in the
sprayed solution estimated to be 153 mg/ml. Every time
spraying (0.062 + 0.005ml) emits approximately seven
quintillion cations and eleven quintillion anions.

The emissions from the atomizer during spraying was
subjected to FTIR (retro-reflector) interferometer instrument
(Detector type D* [cm HZ1/2 - 1] MCT [2-TE cooled] at
Lightwind, Petaluma, California) and the spectra captured.

3. Results

During spraying the ionic solution moves through the
atomizer and the resultant electromagnetic energy generated
was estimated to be in 2-6 pm wavelength (Figure 2), i.e.
mid-infrared (mid-IR). In other terms, the energy has
frequency 150-50 MHz and energy 0.62-0.2 eV. (Raw data
files for estimation of 2-6 um mid-IR generated from
MIRGA while spraying available in: https://drive.google.com
/open?id=1-ymE_xPAFixMNYR3gikdyVSdkTLeEKSU).

The inorganic compounds used in the generation of MIR
are a perspective for biomedical applications (Tishkevich
et al., 2019; Dukenbayev et al., 2019). It is also a new
synthesis method for preparation of functional material (2-6
um mid-IR) (Kozlovskiy et al., 2021; El-Shater et al.,
2022). It is well known that the combination of different
compounds, which have excellent electronic properties,
leads to new composite materials which have earned great
technological interest in recent years (Kozlovskiy and
Zdorovets, 2021; Almessiere et al., 2022).

Method of spraying

MIRGA spraying is applied from 0.25 to 0.50 meter
distance externally over the targets. This distance is essential
for the MIRGA sprayed solution to be able to form ion
clouds, oscillation, and 2-6 pm mid-IR generation. The
mid-IR penetrates the intervening media and acts on the
inside contents. Close spraying does not generate energy.

— —

Container without cap Container with cap

Figure 1. MIRGA spray
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Figure 2. Estimation of 2-6 pm mid-infrared while spraying the atomizer (MIRGA)

4. Discussion

Invention background: The four observable states of matter
(solid, liquid, gas, plasma) are composed of intermolecular
and intramolecular bonds. The inherent characteristics of
neutrons, protons and electrons are unique, however,
difference in their numbers is what constitutes different
atoms, and how these atoms bind together develop into
different molecules with unique characters. At the end of a
cataclysm event the remnants will be atoms which will be the
only base and the source of the subsequent physical creation.
Atoms have specific and stable frequencies and are constituents
of the material that surrounds us in our everyday life.

The electromagnetic wave plays a vital role in the creation,
maintenance, and annihilation of the living as well as the
non-living substances. In the electromagnetic wave (EMW)
spectrum, mid-IR region is vital and interesting for
many applications since that region coincides with the
internal vibration of most molecules (CORDIS, European
commission). At an atomic level the mid-IR radiation
excites the rotational and vibrational modes in a molecule by
changing the dipole movement leading to chemical bond
alteration (Girard, 2014), such as the expansion and contraction
causing the concurrent physiochemical characteristic changes,
but retaining the same chemical formula. Naturally,\ chemical
bond parameters influence the decay, rejuvenation, and

potentiation of particles (Alvarez et al, 2012; Smith, 1999;
Shankar, 2017; Mohan, 2004; McMakin, 2011; Moss,
2011; Raven, 2012). Further we studied (a) that although
atoms retain their atomic structure, their chemical bond
parameters are always prone to alteration by cosmic and
physical energies (electromagnetic wave, heat, pressure, etc).
Such alterations cause the chemical bonds to compress,
stretch, or break, leading to a new bond formation, which
ultimately lead to the basic form’s (any particle) natural
characters” enhancement/ reduction/ formation of new
product/ daughter form, so... on... and endless. (b) The
dynamic, constant, and mutual influences in the living and
non-living substance on earth. Therefore based on these
concepts, MIRGA has been developed to alter the bond
parameters and thereby to improve the useful natural
characteristics.

MIRGA definition

We define MIRGA as ‘a harmless, economical atomizer
containing an imbalanced ratio of ions suspended in water,
which influences the natural characteristics of target
substances that are made up of atoms by generating 2-6
micron mid-IR while spraying’.
Technique of 2-6 micron mid-IR generation from MIRGA

MIRGA contains an imbalanced ratio of ions suspended in
water in their fundamental state and can move as free
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particles. The solution has very little background frequency
of detectable disintegration which is less than that of cosmic
events. Even the human body is more radioactive (around
10 microns) (Ashcroft, 2000; Sanders, 2014). MIRGA
generates energy as, (a) spraying leads to ionization (electron
getting separated from atom) and the number of pathways for
electron re-absorption is high, due to the energy generated by
these two oscillatory processes. (b) When spraying, the
water-based ionic solution gets excited and charged, which
in turn leads to oscillations of the imbalanced ions (Verheest,
2000) between their excited states resulting in photon
emission (Keping et al, 2004; Fauchais et al., 2014). (C)
Though low electromagnetic field exist in (between charged
particles of MIRGA) the ionic solution, during the spraying,
induced oscillations between these charged particles produce
energy (Wendish et al., 2009; Prasad, 2017; Pople, 1999).
(D) In the natural rainfall process, more energy is required to
break water bonds for creating smaller water droplets from
the clouds (Barry et al, 1998). These droplets should have
more stored energy, and also travel down at a velocity from
a specific distance (kinetic energy). Rain hits the earth’s
surface and forms a very thin film of mid-IR (nearly 6
micron) so it is in fact believed that there is a net heat gain
(Barry et al, 1998; Eniday, 2019). We have simulated this
process in MIRGA i.e., when imbalanced ions in the liquid
media are atomized the smaller droplets that are ejected
should have higher internal and kinetic energies. The energy
is emitted when the surface tension is broken. Following a
trial and error approach, we calibrated the ejection pressure
for a desired fine mist, and minimized the evaporation rate
by altering the pH, density. Furthermore, we have applied
these phenomena in the MIRGA atomizer technology in
order for the 2-6 pm mid IR radiation to be emitted.

Action of MIRGA emitted 2-6pm mid IR

It is further notable that, mid-infrared pulses are shown to
alter chemical bonds, as described in several studies. Lars
et al., 2002, used femtosecond laser pulses to achieve
high ground-state vibrational excitation and bond scission in
transition metal carbonyls. Yeran et al., 2017, extended the
spectral range of mid-infrared photothermal microscopy
using difference frequency generation, allowing bond-selective
chemical imaging. Claudio et al., 2020 reported on the
promising approach of infrared vibrational excitation
for gaining control of chemical reactions. These studies
demonstrate the potential of mid-infrared radiation in altering
the chemical bonds and controlling chemical reactions.

When samples are exposed to MIR radiation, the rotational
and vibrational resonances of molecules are commonly
stimulated, regardless of their molecular weight, complexity,
dimensions, physical states (such as gas, liquid, semi-solid,
or solid), or nature (whether organic or inorganic). As a
result, the MIR spectrum of a given sample is frequently
referred to as its molecular fingerprint, as it allows for the

identification and quantification of a wide range of important
molecular compounds in various applications such as
environmental analysis, healthcare and medicine, industrial
processes, as well as security and defense. (Pandey et al.,
2015; Lorenzo et al., 2017; Ortiz et al., 2018)

In food science, majority of infrared applications are
observed in the mid-infrared region of electromagnetic
spectrum. Infrared is gaining popularity in the recent years
because of the thermal efficiency when compared to
traditional technologies. It transfers energy in the form of
electromagnetic waves and thus less time for heat transfer is
required (Yu et al., 2017). According to Lu et al. (2011),
the mid-IR spectra can be categorized into four main
regions. The first region (3000-2800 cm—1) is associated
with aliphatic C—H stretching modes, which are commonly
found in food components such as proteins and carbohydrates.
The second region (1800-1500 ¢m—1) contains the C=0
stretching band of lipids at approximately 1740 cm—1,
as well as the amide | and Il bands of proteins and peptides
at around 1650 and 1550 c¢m—1, respectively. The amide
bands provide valuable structural information about proteins,
including a-helix, B-sheet, and random coil conformations.
Many cellular components, such as nucleic acids and
phospholipids, exhibit absorption bands in the third region
(1500-1200 cm—1). Finally, the fourth region (1200-900 cm—1)
provides insights into the structure of polysaccharides.

In line with the literatures, when spraying the MIRGA,
most of the generated mid-IR radiation scatters through
air and is absorbed by target (usable) molecules. Nearly
all organic compounds absorb mid-IR radiation exciting
the chemical bonds from the ground state to higher states
resulting in a dipole moment (Girard, 2014) which leads to
the bonds contracting, stretching and bending (Shankar,
2017; Mohan, 2004) and these bond parameter changes led
to consequent changes in target’s physical and chemical
characters depending on the dose of energy applied (Yi, 2012;
Esmaeili, 2015). Such changes in the bond parameters
lead to subsequent changes in the physical and chemical
characteristics of the target (Atkins et al, 2011; Datta et al.,
2014). Thus depending on number of MIRGA spraying
(energy given), a receptor’s chemical bond configurations
and subsequent physical and chemical characters were altered
to our desire (Figure 3). Our daily usables can be potentiated
and made more favorable which will have less quantity of
requirement for use, thereby natural resource, economy, eco
and health savings.

Similar studies on several chemical, pharmaceutical, and
consumer products and materials are currently done using
MIGRA. In edible products MIRGA seems to alter the bond
parameters in the agrochemical residuals of the coherent
agricultural and food processing chemical residues. Thus
reducing the toxic effects leads to enhanced desirable
sensory characteristics in the agroproducts and makes them
safer to consume (under publication).
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Figure 3. Schematic diagram of MIRGAs action during spraying (A) Spraying solution tank; (B) Valve; (C) Pressure Pump; (D) Nozzle; (E) lons in the
solution spray mist oscillate and generate 2-6 pm mid-infrared; (F) incidence of 2-6 wm mid-infrared on the target material and action at atomic/molecular/

chemical bond level

- No toxic effectcould be seen up to 0.5%

NaOH - Highly toxic ~ starting from 0.06% onwards
MIRGA - No toxic effectcould be seen up to 0.5%
MIRGA - No toxic effect could be seen up to 0.5%

a) Trial with Toxicity assay of MIRGA at various
concentrations

A549-trial

1% Dimethyl sulfoxide
(DMS0)

Cell control 1%Nadl

0.25 % MIRGA 0.5 % MIRGA 0.75% MIRGA 1% MIRGA

b) Trial with A549 cells

Figure 4. MIRGA’s toxicological studies

Recent achievements using MIRGA

MIRGA has proven to altered the chemical bonds and
thereby enhanced the sensory attributes of coffee, tea, cocoa
and edible salts Umakanthan et al., 2022a; Umakanthan
et al., 2022b; Umakanthan et al., 2023c. Also in cocoa
it was found to have reduced the alkaloid and heavy metals
concentration (Umakanthan et al., 2022b). In siddha
medicine system the efficacy of terminalia has been potentiated
using MIRGA (Umakanthan et al., 2023d). In rubber,
MIRGA as an additive has enhanced the cross-linkage
(Umakanthan et al., 2023e). In cocoa and furnace oil
their calorific value improved (Umakanthan et al., 2023f),
thus rendering the usables desirable for various defined
purposes.

Toxicological study on MIRGA

Even though, MIRGA generates safe 2-6 micron mid-IR
energy, and moreover spraying is done 0.25-0.5 metre
externally right away to packaged consumables, we also
wanted to study the MIRGA’s toxicity effect by cytotoxicity
assay. In-vitro Vero, A549 and Human dermal fibrobalst
cells study proved that MIRGA sprayed mist was non-toxic
in any way. (Figure 4)

Field studies also showed that, MIRGA spray is
eco-friendly, non-toxic, non-irritant to soft tissues such as
cornea, safe to infants even if sprayed directly, needs no skill
but easy to handle (like body spray) and highly economical.
One MIRGA sprayer unit would give 300 sprayings and
costs 0.30 USD only.
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Safety of MIRGA sprayed usables

In our nearly two decades of research, the bonds altered
by MIRGA did not show any adverse effects on the product.
To draw a comparison from nature (a) The sweetness varies
greatly with stereo chemical configurations in glucose
(Williamson et al., 2011), (b) The enzymes in the human
digestive system as well as cooking break the bonds and
soften the grains (Scanlon et al., 2019; Kowtaluk, 2006)
e.g. rice to boiled rice, puffed rice, flat rice, and rice flour
etc. (c) In the food industry, irradiation processes such as
radappertization, radicidation, and raduriaztion alter the
chemical bonds, (Sivasankar, 2014), (d) In the heating
process, the conversion of ice to water and then to steam is
due to the bond alterations with the steam having negligible
number of hydrogen bonds (Trevor Day, 1999). However
the chemical composition remains unchanged (Raymond,
2010).

Based on our research we believe that in the past
half-century, the use of agrochemical products, preservatives,
additives etc. might have caused gradual alternation in the
chemical bonds. This might have enhanced or reduced the
original taste, aroma and other qualities of our foods.
MIRGA enhances or brings back the original taste, aroma
and other qualities, which might be due to the reorientation
of the previously altered chemical bonds (now time elapsed
for scientific proving). In summary MIRGA alters the
texture, odour, taste, shelf life, and other natural and inherent
characteristics of materials depending on the degree of the
chemical bond alteration. This itself depends on the applied
amount of energy (number of MIRGA sprayings).

Comparison with existing mid-infrared sources

MIR laser crystals have been used for mid-IR laser
radiations and have found applications in spectroscopy,
trace gas detection, remote sensing, optical microscopy, and
biomedicine (Xiaoming et al., 2022). Mid-infrared fiber
lasers have shown great potential in material processing,
biomedicine, remote sensing, and infrared countermeasures
due to their high-power and diffraction-limited beam quality
(Frederic et al., 2022). Non-laser light sources, such as
thermal emitters and light emitting diodes (LEDs), offer
opportunities for analytical applications and chem/bio
sensing/diagnostics in the MIR wavelength range (Michael
et al., 2022). Additionally research on mid-infrared plasmonics
has focused on developing new plasmonic materials for
constructing breakthrough mid-infrared sensors (Michael
etal., 2022).

MIRGA’s primeval and future scope

This water based MIRGA could be the first novel pioneer
technology. This type of atomizer technology also seems to
be present with the extra-terrestrials for their therapeutic use
during visitations (Blue planet project).

Because of MIRGA’s wide range of applications, we
believe that MIRGA will definitely resonate in many
scientific researches such as biophotonics, therapeutics,
health, ecology and many other fields. Our further research

on MIRGA and its other manifestations which we developed
namely MIRGA salt, MIRGA vapor and MIRGA plasma in
human endeavors is dynamically now ongoing.

In various samples a range of 30% to 173% enhancement
is achieved. Even the 30% achievement in some samples has
resulted in 30% savings in economy, resources, and ecology
in addition to its health benefits. But there is a knowledge
gap between the enhancement from 30% to at least 100% for
all samples which can be filled by refining MIRGA’s ionic
solution or formulating a better solution, concentrations and
atomizer pressure/ other parameters.

Past and Future interests

Our field and laboratory studies showed that, the MIRGA’s
chemical formulation, action and outcomes were remarkably
similar to that of “The Superior Medicine’ of various ancient
medicinal systems viz. ‘Muppu’ (Tamil siddha), ‘al-kimiya’
(Arabic), ‘Rasayana’ (Indian Ayurveda), ‘Rasavatan’ (Persian),
Materia prima, philosopher’s stone, tincture (Europe) and
Taoist alchemy, hudan, Jindan (Chinese).

Since all matter react and respond uniquely to
electromagnetic energy, studies are ongoing to enhance the
potency of daily usables like food, medicine, fuels, etc.
Owed to its wide range of applications, we believe MIRGA
is likely to play a vital role in many scientific areas such as
the biophotonics, health science, ecology and many other fields.

5. Conclusions

The current investigation examines the invention, function,
and applications of Mid-IR Generating Atomizer. MIRGA
produces non-hazardous emissions in the range of 2-6 um
wavelength with the potential for cost-effectiveness and
decreased complexity requirements during operation. MIRGA
has made a significant progress in the development of compact,
safe and easy-to-use mid-IR source.
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