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Abstract: In 2012, during the experiments performed at LNLS (Brazilian Synchrotron Light Laboratory) based on SR-
TXRF measurements of Ormosil films containing phosphotungstates ([PW,04,]’") was observed an image that could be
interpreted as the result of the transition from the incident X-ray beam (packets of photons) to a continuous light beam
(set of continuous waves). A hypothesis could be based on a summation of small local crystalline domains, which
respond differently to the incident beam, resulting in a "continuous beam". Differently of the case of LASER beam, the
excitation by synchrotron radiation could generate not only excitation but also ionization of a polyatomic/poly-molecular
systems (indeed considering the whole sample), instead of monoatomic system. Thus, the presence of individual MASER
(Molecular Amplification by Stimulated Emission of Radiation) beam generated by SR-TXRF could be considered. A
MASER produces coherent electromagnetic waves through amplification by stimulated emission (process based on the
that was proposed and argued by Albert Einstein between 1916-1917). In lower ranges of energies than the
corresponding to X-rays of electromagnetic spectrum like the Ultraviolet region, the Phosphotungstates molecules
((IPW1,040])) exhibit very interesting phenomenon as the photocromism. This phenomenon occurs when the molecules
mentioned above are irradiated with ultraviolet light, which brings these molecules to an excited electronic state. The
reduced phosphotungstate obtained ([PW,04]™) exhibit a bluish color, being called heteropolyblue. This bluish color
disappears in the presence of oxygen, the discoloration time is dependent on the time in which the sample was irradiated,
or on the composition/thickness of the film. It is also possible found photoluminescence in the Phosphotungstates, which
is due to the multiples multielectronic collisions. For ormosil films were shown the possible pathways of electron
transfer of Phosphotungstates (could be internal and external), which are based on the presence of a high number of
double chemical bonds between Tungsten and Oxygen atoms. In these mechanisms, the key aspect to consider is that the
molecular structure of phosphotungstates remains intact after the preparation of these materials by Sol-Gel process.
Taking as base the molecular mechanisms mentioned above, one model for the generation of maser rays has been
proposed, considering the phosphotungstate molecule as a Super-atom (structure built of many atoms) due to its stability
structural in these films. It would be possible the generation of Multi-Maser beams by SR-TXRF also, if it is taking in
consideration the processes of ionization in the whole sample.

Keywords: MASER, Synchrotron Radiation (SR), Total Reflection X-ray Fluorescence (TXRF),
Organic Modified Silicates (ORMOSIL), Phosphotungstates (PWA)

1. Introduction

Ormosil (Organic Modified Silicates) are hybrid materials,
whose contain as inorganic part a matrix host based on 3D
silicates bearing silanols (—Si—OH—) and siloxane bonds
(—Si—O0—Si—), as well as —Si—C— bonds and organic
groups. These hybrid materials usually have unique

properties that traditional composites and conventional
materials do not have. They may combine the advantages of
the inorganic materials (rigidity, high thermal stability) and
the organic polymers (flexibility, dielectric characteristics,
ductility and ability to processing). The ormosil that were
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studied are composed of Silicates Organically Modified with
amino(—NH,), nitrile(—CN), diol(HO—R—R’—OH) and
ether(—R—O—R’—) groups and doped with
Phosphotungstic acid (H3;PW,049:XH,0), Titania (TiO,),
and Zinc cations (Zn>"). These ormosil are prepared by the
Sol-Gel process, in which the particles may growth without
becoming crystalline, showing disordered regions [1, 2].
Ormosil constitute photoactive materials are presenting
enhanced photochromic and photocatalytic behavior. One
advantage of the Sol-Gel process is that takes place at very
low temperatures, allowing that inorganic or organic
materials to be added forming nanocomposites. Furthermore,
by this process is possible obtain materials with molecular-
level control under different configurations, such as
monoliths, films, fibers and particles with low energy
consumption [3, 4].

1.1. Total Reflection X-ray Fluorescence (TXRF) Principles

One of the broadest analytical methods that make use of
X-rays as a means of excitation and analytical signal is X-
ray Fluorescence (XRF). Nonetheless, the bases for the
qualitative and quantitative determinations of X-ray
Spectrometry were given by Moseley in 1913. From the
introduction of the first commercial spectrometer in 1948,
XRF began to become a standardized multi-element
analytical method in many research laboratories industries
(such as the cement industry). The development of X-ray
optics in the 1980s and 1990s allow the confinement of
the interaction volume of the primary X-ray beam with the
analyzed material [5]. Unlike what happens in
conventional XRF measurements, where the excitation
develops in a uniform electromagnetic field, TXRF
excitation occurs in a heterogeneous electromagnetic field
of standing waves over an optically flat substrate or in thin
layers over several substrates. X-rays, as in the case of
other electromagnetic waves, experience full reflection for
a particular angle of incidence, when these rays pass from
a material with a higher refractive index to a material with
a lower refractive index. Among the principles of this
method of analysis are considered interference and
standing wave phenomena [5].

X-ray Standing Waves (XSW)

The interference mentioned in the previous item referred
to the superposition of one or more beams propagating in
the same direction, but it is also possible if the propagation
takes place in different directions. The pattern of these
waves can propagate with a certain speed or be stationary.
In this later case, the observed phenomenon is called
Standing Wave Field, which is of fundamental importance
for TXRF. A way to produce standing waves is the
superposition of wide incoming and a wide reflected waves
in the following cases: 1) In front of a totally reflecting
surface of a thick substrate, 2) Within a thin layer on such a
substrate, 3) Within a multilayer system [5]. In TXRF,
incident radiation appears as a field of standing waves, with
locally dependent oscillations or as a field of evanescent
waves.

X-ray Incident
beam

X-ray Fluorescent
beam

X-ray Standing
Waves

Ormosil film
Silicon Substrate

Figure 1. X-ray Standing Waves (XSW) for TXRF condition in Ormosil films
[3, 15].

The analytic method of Total Reflection X-ray
fluorescence (TXRF) is a variation of Energy-Dispersive
XRF, where the primary beam strikes the sample at a
glancing angle of less than 0.1°, reaching depth of analysis of
nm thickness. TXRF is primarily used for chemical micro-
and trace analyses. TXRF has some advantages: 1) Excitation
of the sample by photon interference from incident beams
and beams Reflected; 2) Reduction of Background; 3)
Sample thickness too thin (small sample volume); 4) Short
distance between the sample and the detector; 5) The
detection limits are at pg (107" g) levels [5].

1.2. Maser-Rays

A MASER (initially named microwave amplification by
stimulated emission of radiation) is a device that produces
coherent electromagnetic =~ waves through of the
amplification by stimulated emission. The maser is based
on the principle of stimulated emission proposed by Albert
Einstein in a 1917 [6]. In this year, Albert Einstein
published a master-piece of analysis about the stimulated
emission, from which the laser physics is based on. This
article was entitled in German: "Zur Quantentheorie der
Strahlung" (On the Quantum Theory of Radiation), is also
notable for first introducing the concept of photon. In this
article Einstein argues that in the interaction of matter and
radiation there would be a process of stimulated emission,
in addition to the processes of absorption and spontancous
emission. Already in 1916, Einstein had deduced
theoretically the existence of stimulated emission, process
by which electromagnetic waves of the right frequency can
“stimulate” an excited atom or molecule in order to emit
more waves [7]. First, Einstein proposed that an excited
atom in isolation can return to a lower energy state by
emitting photons, a process he dubbed spontaneous
emission. Second, Einstein’s theory predicted that as light
passes through a substance, it could stimulate the emission
of more light. If one has a large collection of atoms
containing a great deal of excess energy, they will be ready
to emit a photon randomly. However, if a stray photon of
the correct wavelength passes by, its presence will stimulate
the atoms to release their photons early. In a maser, a
cascading effect ensues: as the crowd of identical photons
moves through of the atoms, ever more photons will be
emitted from their atoms to join them [8]. When the atoms



42 Orlando Elguera Ysnaga: Maser-rays Based on Synchrotron Radiation-Total Reflection X-ray
Fluorescence (SR-TXRF)

have been induced into an excited energy state, they can
amplify radiation to the element or molecule used as the
masing medium [6]. Experimental results have been
obtained with the maser as a spectrometer and as an
oscillator. The sensitivity of the maser depends in part on
the physical separation of quantum states (by the focuser),
and with the dipole moment of the molecule to be studied
[8]. Einstein also asserts that the radiation produced in
stimulated emission is identical in all relevant aspects to the
incident radiation. Einstein postulated that photons prefer to
travel together in the same state [8, 9].

Between 1940s and 1950s the physicists found a use for
the concept of stimulated emission. Charles Townes—after
the end of denominated World War-II—turned his attention
to molecular spectroscopy. Nonetheless, this analysis was
limited by the wavelength (microwave region) of the light
produced (from scattered radiation, result of bombardment
with incident light). Townes noticed that as the wavelength
mentioned above was shortened, stronger was the
interaction of light with the molecules. Thus, Townes
together with Arthur Schawlow designed one prototype
laser (based on the stimulated emission), which was fitted
with a pair of mirrors, one at each end of the lasing cavity,
in order to generate the desired frequencies. Photons of
specific wavelengths would then reflect off the mirrors and
travel back and forth (through the lasing medium), which in
turn cause other electrons to relax back into their ground
states, emitting even more photons in the same wavelength
[8]. In 1955 was presented the device in order to generate
Maser-rays, utilizing a molecular beam based on ammonia,
in which the molecules in the excited state of a microwave
transition were selected. Between the types of masers can
be mentioned: Hydrogen maser and Astrophysical maser.
The interaction between these excited molecules and a
microwave field produced additional radiation and hence
amplification by stimulated emission [8]. For their research
in the field of stimulated emission, Townes, Basov and
Prokhorov were awarded by the Nobel Prize in Physics in
1964 [6]. Charles Townes suggested replacing "microwave"
with the word "molecular", for this reason the acronym
maser nowadays mean ‘“Molecular amplification by
stimulated emission of radiation” [6]. The phenomenon of
stimulated emission does not apply only to atoms. Electrons
confined by crossed electrical and magnetic fields in wave
cavities can under stimulation produce microwave
radiation. [10]. Due to the energy produced by spontaneous
emission (and their corresponding background) is lower
than the corresponding to the stimulated emission, the
energy emitted by a maser oscillator is usually a
monochromatic wave. The most convenient method for
supplying excited atoms is the excitation at frequencies
corresponding to infrared and optical bands, which would
have a high order of monochromaticity and tunability. In
the microwave range frequencies, a maser oscillator is
almost inherently a very monochromatic device, which
offers the possibility of coherent amplification. The
monochromaticity of a maser oscillator is very closely

connected with the noise properties of an amplifier.
Photoelectric tubes can use as photon detectors, in order to
detect one or few quanta (corresponding to a noise
temperature of hv/k) in the microwave region of the
electromagnetic spectrum. The realization of technology of
maser has mainly been postergated, due to the
inconvenience of the operative necessary conditions: atomic
and free-electron masers require vacuum chambers and
pumping; and the requirement of cryogenic refrigeration for
solid-state masers. Furthermore, masers also require strong
magnets and/or magnetic shielding. The active material
within a conventional solid-state maser is a dielectric
crystal (for example ruby) containing paramagnetic ions,
that is maintained to temperatures typically below 10K, and
exposed to a strong d.c. magnetic bias field [11]. Javan and
Sanders have been successfully applied an optical pumping
technique to a fluorescent solid (the active material used
was ruby), resulting in the attainment of negative
temperatures and stimulated optical emission at a wave-
length of 6943 A [12]. There are a good many crystals,
notably rare earth salts, which have spectra with sharp

absorption lines, some of them exhibiting lifetimes
corresponding to radiative (e.g. fluorescence,
phosphorescence), and non-radiative processes.

Furthermore, in some cases have been found lifetimes as
long as 10~ sec or even more. A solid state maser can also
normally be tuned over a rather large fractional variation in
frequency (difficult to obtain in the infrared or optical
regions). Frequencies of atomic or molecular resonances
can in principle be tuned by Stark or Zeeman effects, as
they would be in the radio-frequency or microwave ranges.
The problem of populating the upper state does not have as
obvious a solution in the solid case as in the gas. Lamps did
not exist, which could give just the right radiation for
pumping. Thus, it may be feasible to pump atoms to a state
above one, which is metastable (possibly by nonradiative
processes involving the crystal lattice) and accumulate until
there are enough for maser action [13]. Some efforts have
been taken towards the realization of solid-state masers at
room temperature, using optically excited organic
molecules (e.g. Cgo and porphyrins) in strong d.c. magnetic
fields [11]. The principle and concept of stimulated
emission has since been extended to more devices and
frequencies. Modern masers can be designed to generate
electromagnetic waves at not only in the corresponding
microwave frequencies range, but also extending to the
radio, infrared, and optical regions [6]. The extension of
maser techniques to the infrared and optical region were
considered, but for shorter wavelengths (e.g. ultraviolet
region) maser-type amplification appears to be quite
impractical. Amplifiers and oscillators using atomic and
molecular processes, as do the various varieties of masers,
may in principle be extended far beyond the range of
frequencies corresponding to infrared, and optical regions.
In the infrared region in particular, the generation of
reasonably intense and monochromatic radiation would
allow the possibility of spectroscopy at very much higher
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resolution than is now possible. Maser systems capable of
producing coherent amplification at very high frequencies,
also they would able to emit the usual amount of
spontaneous emission. This prospect is favorable in
applications at the infrared or optical regions [13]. For
ultraviolet region and  higher frequencies, the
implementation of Maser-rays would seem be impractical.
In order to overwhelming these limitations, for the coherent
amplification and generation of very monochromatic
radiation, highly reflecting surfaces can be selected. The
tunability must be expected to decrease approximately
inversely with the increase of frequency [13]. On the other
hand, tunability of larger ranges of frequency will require
materials with very special properties and/or the use of the
Stark or Zeeman effects on the molecular transition
frequencies. Masers can serve as high precision frequency
references, due to that the amplifiers and oscillators use
atomic and molecular processes. Masers are used as
narrow-band amplifiers, microwave amplifiers in radio
telescopes, spacecraft communication ground stations, and
the timekeeping device in atomic clocks.

1.3. Synchrotron Radiation (SR)

The radiation of relativistic electrons in a magnetic field
became important in the 1940s. The first synchrotrons were
constructed (for uses based on particle physics) by Vladimir
losifovich in the former Soviet Union and by Edwin Mattison
McMillan in the United States in 1945 [5]. In 1947, the light
emitted by the Synchrotron was reported for Pollock and
colleagues, in an electron accelerator. This phenomenon was
consequently called Synchrotron Radiation, which is linked
to the emission of electromagnetic waves by a charge that is
accelerated or stopped. In this cyclic accelerator, the charged
particle experiences a circular motion in a magnetic field,
which is uniform in the direction of the particle's trajectory.
In 1956, A. A. Sokolov and I. M. Ternov showed that
Synchrotron radiation exhibits a pronounced linear
polarization, being this complete in the perpendicular plane
to the electron radiation orbit [14]. Since the 1970s, the uses
of this radiation by scientific community for spectrometry
and diffractometry has been increasing. Nowadays, SR is
obtained from a storage ring, in which charged particles like
electrons (which come from booster, where these are
accelerated to almost light- velocity) are stored in several
bunches and maintained at high constant velocity or kinetic
energy [5]. The properties of this radiation are important,
fundamentally because they can be used in experiments. One
of the properties of this radiation is the coherence, which
exists when the distance between electrons is less than the
wavelength of emitted light. Quantum fluctuations, which
prevent electrons from getting too close, in Synchrotron
radiation are considered in particle motion calculations (very
important in the design of electron and positron storage
rings). These fluctuations (temporary changes of energy
randomly in the space) were based on the Werner
Heisenberg's uncertainty principle. Synchrotron radiation
(based on theoretical studies) is responsible for the

directional orientation of the electron spin with reference to
the applied external magnetic field. This directional
orientation leads to self-polarization of the beam, which
represents the method of obtention of spin-oriented
relativistic electrons and positrons [14]. The beam from these
particles is essential for high-energy physics experiments.
Spectroscopy assisted by Synchrotron radiation covers
energies ranging from a few eV to tens of KeV, extending
from the Infrared region to the X-ray region, respectively.
The interaction of Synchrotron radiation with matter is
recorded simultaneously with the measured spectrum of this
radiation, as in the case of Luminescence (Phosphorescence,
Fluorescence and Thermoluminescence) [14]. In addition to
the applications of Synchrotron radiation in different fields of
science (protein crystallography, surfaces of solids,
environmental sciences, materials science, biomicroscopy,
catalysis), also has application in the industrial field, for
example, in microlithography for the manufacture of
microcircuits. X-rays are high-energies (low-wavelengths)
electromagnetic waves, which are located in the
electromagnetic spectrum  between  the  regions
corresponding to the Ultraviolet-rays and the Gamma -rays.
Their wavelengths, whose magnitude are tenths of
nanometers (nm), makes it possible to analyze atoms and
chemical bonds. X-rays are classified, according to their
energy, in Hard X-rays, whose energy is in the range of 10-
120 keV (0.10-0.01nm respectively); and in Soft X-rays,
whose energy is less than 10 keV (>0.10nm). X-rays can be
absorbed, scattered and/or diffracted, and emitted
(Fluorescence). The interactions between X-rays and matter
provide information about the composition of the sample
and the position of atoms in it. Synchrotron radiation is a
very intense source of X-rays, based on the phenomenon
that takes place when electrons in motion change their
directions, thereby, they emitting energy. When these
electrons are moved fast enough (accelerating to extremely
high speeds), they emit X-rays. Synchrotron can emit X-
rays as dozens of thin beams, each one of them oriented to a
certain line of analysis. The advantages of X-rays produced
by Synchrotron are: structure, coherence and polarization.
High primary intensity, adjusted excitation energy, and the
lowest possible background have resulted in the lowest
detection limits achieved by using a Synchrotron beam for
excitation. In order to improve the spectral resolution
within the low-energy range, can be used the high brilliance
of Synchrotron radiation as X-ray source [5]. Three
advantages of using Synchrotron radiation as X-ray
excitation source compared with conventional source (X-
ray tubes) for TXRF analysis that can be mentioned are: 1)
The high photon flux and brilliance of a Synchrotron beam
result in a drastically increase of the primary X-ray
intensity. The gain is 5-15 orders of magnitude in
comparison with conventional X-ray tubes. 2) Synchrotron
radiation is suitable for energy tuning. 3) The spectral
background, already reduced by conventional TXRF, is
lowered further because of the polarization of Synchrotron
radiation [5, 15].
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2. Material and Methods for the
Preparation of Ormosil Films

2.1. Materials

Phosphotungstic acid hydrate (HPW), Zinc nitrate
Zn(NOs),.6H,0, ZnO, tetracthylorthosilicate (TEOS, 98 %),
(3-glycidyloxypropyl)trimethoxysilane (Glymo, 98 %) and
(4-triethoxysilyl)butyronitrile (BuTs, 98 %) were purchased
from Sigma-Aldrich (MA, USA) and used without further
purification. Ethanol (99.3 %) was supplied by QHEMIS (SP,
Brazil).

2.2. Method of Preparation of Ormosil Films

Ormosil films were obtained according by procedures
described in the literature [1, 2].

3. Experimental Section

SR-TXRF measurements were performed at the D09B
(15°) bending-magnet XRF beamline of the Brazilian

Synchrotron
X-ray Source

Synchrotron Light Source (LNLS, Campinas-Brazil) [16].
The experimental setup includes: 1.4 GeV source (storage
ring) for Synchrotron radiation (SR); the X-ray beam
applied was monochromatic set at 7 keV and 11keV for the
determination of Titanium (Ti) and Tungsten (W)
respectively; the dimensions of X-ray beam for TXRF were:
5.0 mm (horizontal) x 0.1 mm (vertical); and a HPGe
detector (cooled by Nj(g)) operating at energy dispersive
mode. For SR-TXRF measurements of the elements
Titanium (Ti-K,= 4.508 keV), and Zinc (Zn-K,=8.63keV)
were not necessary any special filter arrays before of the
transmission detector. For SR-TXRF measurements of the
Tungsten (W-L,=8.396keV) was necessary a special filter
array in front of the transmission detector, which consisted
in 6 sets of Aluminum foils (total equivalent thickness 120
pum). For the substrates of Monocrystalline Silicon (111), at
the energies used, their critical angles were at the range
[0.15°-0.25°] [2, 17]. The time of acquisition of SR-TXRF
analysis by sample was 3-5 minutes approximately. The
experiments were performed at atmospheric pressure and
ambient temperature.

Ormosil
film

Incident Beam TXRF

Double Angles: 0.05-0.25°
reflector
Silicon (1,1,1)
Substrate
Si(Li)
Detecter

Figure 2. Experimental Setup SR-TXRF [16, 17].

Figure 3. Steps of TXRF condition in ormosil films (LNLS-2012) [18]. At left:
the X-ray beam impinges on the Ormosil film producing one brilliant beam. At
right: The Total X-ray reflection product of Fluorescence processes.

4. Results and Discussion

In 2012, during the experiments performed at LNLS

(Brazilian Synchrotron Light Laboratory) about Total
Reflection X-ray fluorescence assisted by Synchrotron
radiation (SR-TXRF) of Ormosil (Organic Modified
Silicates) films containing phosphotungstates ([PW12040]3')
was observed in Figure 3 the following phenomenon:

From XRF point of view, this image could be interpreted
as the result of the transition from the incident Synchrotron
radiation X-ray beam (packets of photons explained by
modern physics) to a continuous light beam (set of waves
explained by classical physics). Considering that the Ormosil
films analized present thickness of few micrometers (<3pum)
and exhibit mean roughnesses in the value of 1nm (10 A),
which is lower than the estimated depths of analyses obtained
under Total Reflection X-ray fluorescence (TXRF) condition
(40nm approximately), makes that TXRF measurements be
viable in Ormosils films ([17], p. 159-162). As was
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mentioned above in Section 1.1.1, under TXRF condition the
phenomenon called X-ray Standing Waves (XSW) is
manifested, which is based on the superposition of one or
more X-ray beams propagating in the same direction. These
waves exhibit stationary patterns, which depend on the angle
of incident X-ray beam, as it is illustrated in Figure 1.
Moreover, the brilliant beam observed in Figure 3 could be
related to the intensity of Synchrotron radiation applied,
which is proportional to the cross-product of the
corresponding electric and magnetic field strengths present
[5]. Furthermore, from the brilliance of white light beam, it is
possible the existence of other phenomena based on
luminescence:  thermoluminescence, radioluminiscence,
electroluminescence, photolumi-nescence,
chemiluminescence, atomic fluorescence (e.g. Total
Reflection X-ray Fluorescence: =~ TXRF), molecular
fluorescence, among others. Another possible phenomenom
present also is X-ray scattering [19]. One hypothesis, in order
to explain these phenomenon/phenomena is based in the
physical and chemical properties of the material analyzed.
Being a sample a film (a few micrometers thick) of a hybrid
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material, which contains ormosil (organic modified silicates)
and phosphotungstates (big molecule), this exhibits some
degree of crystallinity at local order, which was measured by
XRD [20]. Referent about the physical properties, ormosil
films could be the result of a summation of small local
crystalline domains (presenting poly-crystalline
characteristics), which in individually way respond
differently to the X-ray incident beam, but in summatory
resulting in a "continuous beam". Referent about the
chemical properties, the insertion of molecular clusters as
phosphotungstates ([PW1,04]>) changes dramatically the
properties and characteristics of these materials. In the case
of ormosil films, the phenomena mentioned above can be
further amplified, because besides there would have
conditions for phosphorescence and refraction phenomena
and so on. Furthermore, these films mentioned above
constitute a polyatomic system/poly-molecular instead of a
monoatomic system. Thus, the presence of an individual
Maser beam generated by SR-TXRF can be considered. In
the next figure is represented the molecular structure of
ormosil films.
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Figure 4. Molecular Structure of Ormosil films [21].
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In order to explain the phenomena illustrated at Figure 3,
they are presented hypotheses about possible mechanism that
occur in the structure of ormosil films, taking in
consideration the structure illustrated in Figure 4.

4.1. Molecular Mechanisms

Among the properties of Keggin-type heteropolyacids like
phosphotungstates are mentioned: the high polarizability,
surface charge distribution, redox potentials for electrons and
protons transfer [22]. For ormosil films the pathways of

electron transfer of Phosphotungstates (PWA) could be
internal (inside isolated and non-isolated PWA molecules)
and external (among PWA molecules and their surroundings).
In these mechanisms, the key aspect to consider is that the
molecular structure of phosphotungstates remains intact after
the preparation of these materials by Sol-Gel process [1, 2].

4.1.1. Internal Molecular Mechanism
Figure 5 illustrates the internal mechanism of movement of
electrons inside of the Phosphotungstate (PWA) molecules:

Single Chemical bonds:

Double Chemical bonds:

Possible alternatiuefﬂrtranspurt of electrons: ssssssmnsnssnsnensnuennnnnnny

Mechanism of displacement of electrons: e- :

Figure 5. Internal molecular mechanism proposed for the electrons movement in Phosphotungstates (PWA).

From the chemical stability in the structure of the PWA
molecules mentioned above, the presence of a number of
double chemical bonds between Tungsten and Oxygen atoms
(—W=0—), as also between Oxygen atoms(—O=0—) can
be deduced. By chemical resonance would stablish the
presence of electronic movements (displacements) via of
these double bonds through of the mentioned structure.

4.1.2. External Molecular Mechanisms

(i). Mechanism Among PWA Molecules and Ormosil
Matrix
Figure 6 illustrates the external mechanism of movement
of electrons around the Phosphotungstate (PWA) molecules:
Considering the existence of resonance among the
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chemical bonds —O—O— mentioned above, these could
interact with the molecular groups present in ormosil films,
as silanol (—Si—OH—) and siloxane (—Si—O—Si—)
mainly (mentioned in the Introduction), being able to form
temporaly bonds as —Si—O—O—, which could conduct
electrons outside of the Phosphotungstate structure and
surroundings. This mechanism would take advantage of the
high electronegativity of Oxygen atoms. The Sol-Gel
process leads to the formation of networks of ormosil and
particles (like PWA clusters) with an average diameter of
around 50A, which are interconnected through channels
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/
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along the thickness of materials produced [23]. By Laser-
Induced Breakdown Spectrometry (LIBS) studies was
described the existence of Tungsten gradients in ormosil
films ([17], p 177). Take in consideration that the molecular
structure of Phosphotungstates (PWA) is keep intact (before
the ablation process) in ormosil films, one can deduct also
the existence of the gradients of this molecular structure at
thickness of these films. Thus, there are indicatives about
the presence of channels containing PWA clusters in these
materials, which would allow the electronic conduction
illustrates in Figure 6.
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Figure 6. External molecular mechanism proposed for the electrons movement in the surroundings of Phosphotungstates (PWA).
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(ii). Mechanism Among PWA Molecules
The intermolecular pathway would be feasible, when the
distances between neighbouring PWA molecules are less than

17.0 A [24]. Figure 7 illustrates the external mechanism of
the movements of electrons among the Phosphotungstate
(PWA) molecules:

| Electrons emitted in
different directions

r.__________.-#

Figure 7. External molecular mechanism proposed for the electrons movement among Phosphotungstates (PWA).

Under the assumption of that PWA molecules are distanced
around the value of mentioned above, there are conditions for
the presence of intermolecular interactions, based on the
incidence of X-ray photons inside of these molecules, taking
in consideration the chemical stability of their structure. The
hypothesis of this intermolecular mechanism is based on the
analogy with the phenomenom that can occur in one
photomultiplier tube, which emits electrons when photons of
adequate frequency strike it. PWA molecules have the
capacity of form clusters, which can exhibit behaving of one
crystal (as a collective), being that this structure exhibit high
capacity of amplification of generation of electrons. When
one photon (coming from Synchrotron X-ray monochromatic
beam) impinges on PWA molecules, these can eject electrons
from their innest shells of Tungsten atoms being able to
generate more photons (secondary emission). Taking in
consideration the mechanisms illustrated in Figures 5 and 6,
via of double chemical bonds, there are a important number

of electrons that are generated by radiative processes
(electroluminescence), as also non-radiative processes (e.g.
Auger Effect). In the range of X-ray energies can be
manifested also the photoelectric effect produced in the
surface of PWA molecules. The presence of PWA (negative
charge) significantly increases the positive charge
accumulated on Silicon compounds surface and channels
(correlated also to the formation of functional groups) in
Ormosil films via electrostatic interactions [24-25]. In ranges
of energies lower than of the corresponding to X-rays at the
electromagnetic spectrum e.g. at the Ultraviolet region, in
which the Phosphotungstates exhibit very interesting
phenomenona as the photocromism. The phosphotungstate,
when irradiated with ultraviolet light around 260nm, is
brought to an excited electronic state as a function of an
electronic transition of charge transfer from Oxygen to
Tungsten  (O(2p)—W(5d)), which involving  the
heteropolyanion ~ boundary  orbitals.  The  reduced
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phosphotungstate exhibit a bluish color, being called
heteropolyblue. This bluish color disappears in the presence
of molecular oxygen (O,), the discoloration time is
dependent on the time in which the sample was irradiated, or
on the composition/thickness of the film, which could take up
to 15 hours.

[PW,040]+ 0, ™+ hvv) ==0,+[PW,04]"
[PW,040] + 0,7+ hvyvy ==0,+[PW,04]”

[PW1,040]* and [PW,04]° phosphotungstates species
could be assigned to the d-d bands (450-500 nm) and (450-
550nm) respectively, and also there is a band corresponding
to Inter-valence charge transfer (IVCT:620-750 nm)
transition in the corresponding UV-Visible band of spectrum
of ormosil films [26-33]. It is possible found some
fluorescence effects in the phosphotungstates (e.g.
photoluminescence, electroluminescence), which are due to
the multiples multielectronic collisions. This aspect can be
support on the fluorescence manifested by Tungsten
compounds like Tungstates (WO,>). In ormosil films the
structures of Tungstates is keep partially in the
Phosphotungstate ones. Tungstates of Calcium, Strontium,
Magnesium and Zinc (CaWOQ,, SrWO,, MgWO0O,, ZnWO,
respectively) are known to show luminescence upon
excitation by short-wave Ultraviolet radiation (range of
temperatures from -100°C to 100°C). This luminescence is
even increase more, when this chemical compounds are
present as very thin coatings [34-36]. The crystal PWA
Keggin structure depends on the amount of water of
crystallization contained, result from its molecular
composition, besides of their anions (heteropolyanions) and
cations (H', H;O", HsO,", and others that act as counter-
cations). The corresponding anions and cations possess high
mobilities [22, 37, 38].

These hidrated species located inside, on, and around of
the 12-phosphotungstic acid (H;PW,049) molecules were
reported in the study Marcos de Oliveira, Jr. et al, based on
analysis by "H NMR spectroscopy [39].

4.2. Generation of Maser-Rays

The principles of the Maser-rays and the Laser-rays are
based on induced emission, spontaneous emission, thermal
emission, and fluorescence. In thermal equilibrium, the
population of high-energy states in an atomic system is
considerably less than the population of lower states. An
electron, when excited, will jump to a high-energy level.
However, it will not stay in the high-energy level for a long
time, and jump back to the lower energy state which is more
stable; and, thereby, emit light. The quantum mechanical
state of the atom is also affected by external photons which
are at a frequency associated with the atomic transition.
Some atomic systems may have inverted populations of
energy levels with a higher state occupied to a greater degree
than the ground state. Depending on the system, a certain
proportion of excited atoms will raise their energies during

the collisions [40].

Model for Generation of Maser-Rays

The hypothesis in order to generate Maser-rays is take in
consideration one molecule of phosphotungstate ([PW1,040]>
) as one Superatom (structure built of many atoms), inasmuch
as compound of Tungsten exhibit clustering capacity in
solution [41]. Differently of the case of generation of laser
beam, the excitation by Synchrotron radiation could generate
not only excitation but also ionization (due to its high-
intensity) of a polyatomic/poly-molecular systems, as are
shown in Figures 5, 6 and 7, instead of monoatomic systems
with the corresponding emision of many electrons and
photons. We are presenting the steps of model of generation
of Maser-rays based on Synchrotron radiation-Total
Reflection X-ray Fluorescence (SR-TXRF), which take in
consideration the processes of atomic excitation only:

1) Phase-I: Excitation of Super-Atoms (Phosphotungstate
molecule: [PW1204O]3'. Let us consider a three-level
atomic  system: State-0 (Lower E;), State-1
(Intermediate E;), and State-2 (Higher E,), in which the
intermediate State-1 is metastable, which means that the
transition from said state to the ground state is
prohibited by selection rules. The system can be raised
to State-2 by absorption of radiation of frequency v'=
(E,-Eg)/h.

2) Phase-II:  Super-Atoms excited (Phosphotungstate
molecule: [PW1204O]3'). Atoms in State-2 have an
existence of approximately 10 * seconds on their way to
a permitted transition by spontaneous emission, so that
they could fall to metastable State-1 or stable State-0
almost instantaneously. If the higher State-2 is very
little occupied, there will be little induced emission and
the main consequences that occur are the absorption of
incident photons by the atoms in the State-0 (ground
state) and the subsequent spontaneous radiation of
photons of equal frequency.

3) Phase-III: Rapid Transition of some Super-Atoms to the
Metastable State (E;), by mean of Spontaneous
Emission of photons: hv'= E,-E; (black-arrow). In the
State-1 (metastable state) could present values of lives
superior to even a second on their way to spontaneous
emission, and consequently its energy level can
continue to be raised until there is a larger population in
the State-1 than there would be in the State-0.

4) Phase-1V: Induced emission of Maser-rays. With the
population partially inverted at the E; level, the
induced emission of new transitions is produced,
when the photons of energy hv= E-E; (blue-arrow)
impinge on the photons emitted from the level
mentioned above. Induced emission occurs when it is
sent direct radiation of frequency v= (E;-Ey)/h to the
atomic system mentioned above, then the induced
emission of this frequency will exceed absorption,
since that there are more atoms in the State-1
(higher) than in the State-0 (lower), and the net result
will be a production of radiation of frequency v
greater than that which arrives. Induced emission and
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absorption can be explained directly by considering

the interaction between an atom and an
electromagnetic wave of frequency v, but
spontaneous emission apparently occurs in the

absence of such a wave by a comparable interaction.
The spontaneous emissions of photons by atoms in
the excited state are inducted by Fluctuations, which
take place even when electromagnetic waves are
absent, and when according to classical principles E
=0, B = 0. As it was mentioned above in the Section
1.4. in Synchrotron radiation are take in
consideration the Quantum fluctuations that prevent
electrons from getting too close. However, if these
fluctuations are controlled adequately can produce
coherent rays, in which condition the distance
between electrons is less than the wavelength of
emitted radiation [14]. The radiated waves from
spontaneous emission are incoherent, as might be
expected, with random phase relationships in space
and time. However, if the radiated waves from the
induced emission are in phase with the induced
waves, which makes it possible for a maser or a laser
to produce completely coherent rays [40].
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Figure 8. Model for generation of Maser- rays. Phase-1: Excitation of
Super-Atoms (Phosphotungstate molecule: [PW12040]3) from E, level to E,
level: hv'= E>-E,, (red-arrow).
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Figure 9. Model for generation of Maser-rays. Phase-1I: Super-Atoms
excited (Phosphotungstate molecule: [PW,04]* at E; level.
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Figure 10. Model for generation of Maser-rays. Phase-1II: Rapid Transition
of some Super-Atoms to the Metastable State (E;), by mean of Spontaneous
Emission of photons: hv'= (E»-E)) (black-arrow). Furthermore, Spontaneous
Emission of photons: hv'= ExE, (red-arrow).

In addition, take in consideration the whole sample this
hypothesis of the generation of Maser-rays could be scaled-
up up to Multi-Maser beams (based in the effects generated
by processes of ionization mainly) produced by Synchrotron
Radiation Total Reflection X-ray fluorescence (SR-TXRF).
For this case, the electrons could be eject-out from the
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structure of Superatom considered, generating diverse
radiative and non-radiative new processes. Furthermore,
these processes of excitation-ionization in polyatomic system
jointed with the polycrystallinity condition mentioned above
for ormosil films (Section 4. Results and Discussion, page 5),
could constitute a summation of multi-polyatomic/multi-
poly-molecular systems, considering the totally of the
atoms/molecules constitutents of the sample respectively.

Nivel-E:
(Intermediate)

hv

Nivel-Eo P i ‘
(Lower) { H ! hv

Figure 11. Model for generation of Maser-rays. Phase-1V: With the
population partially inverted at the E, level, the induced emission of new
transitions is produced, when the photons of energy hv= E|-E (blue-arrow)
impinge on the photons emitted from the level mentioned above.

5. Conclusions

In 2012, during the experiments performed at LNLS
(Brazilian Synchrotron Light Laboratory) based on SR-
Synchrotron Radiation-Total Reflection X-ray Fluorescence
(SR-TXRF) measurements of Ormosil films containing
phosphotungstates ([PW12040]3') was observed an image that
could be interpreted as the result of the transition from the
incident X-ray beam (packets of photons) to a continuous light
beam (set of continuous waves). The phenomenom observed,
from X-ray pont of view, could be supported on the presence
of X-ray Standing Waves (XSW), which are based on the
superposition of one or more X-ray beams propagating in the
same direction or in different directions. One hypothesis in
order to explain the image mentioned above could be based on
a summation of effects on small local crystalline domains
contained in these films, which respond differently to the
incident X-ray beam, resulting in a "continuous beam".
Another hypothesis, in order to explain the white brilliant
beam observed in the Figure mentioned recently is based on
Lumiscence beams. Differently of the case of laser beam, the
excitation by Synchrotron radiation could generate not only

excitation but also ionization (due to their high-intensities) in
these materials. Besides of this, the Ormosil films mentioned
above constitute a polyatomic system/poly-molecular instead
of a monoatomic system. Thus, the presence of an individual
maser beam generated by SR-TXRF can be considered. A
MASER (initially named Microwave Amplification by
Stimulated Emission of Radiation) is a device that produces
coherent electromagnetic waves through amplification by
stimulated emission. The maser is based on the principle of
stimulated emission proposed by Albert Einstein in a 1917,
who argued that in the interaction of matter and radiation there
would be a process of stimulated emission, in addition to the
processes of absorption and spontaneous emission. Already in
1916, Einstein had deducted theoretically the existence of
stimulated emission, process by which electromagnetic waves
of the right frequency can “stimulate” an excited atom or
molecule, in order to emit more waves. In a maser, as the
crowd of identical photons moves through of the atoms, ever
more photons will be emitted from their atoms to join them,
constituting a cascading effect. When the atoms or molecules
have been induced into an excited energy state, they can
amplify radiation to the element or molecule used as the
masing medium. The principle and concept of stimulated
emission has since been extended to more frequencies and for
the elaboration of devices. In 1950s the physicists found uses
for the concept of stimulated emission. Charles Townes and
Arthur Schawlow designed one prototype maser at
wavelengths corresponding to the microwave region of the
light produced. Townes noticed that insofar the wavelength
corresponding to the region of the electromagnetic spectrum
mentioned above shortened, stronger is the interaction of light
with the molecules. In 1955 was presented the device in order
to generate Maser-rays utilized a molecular beam based on
ammonia, in which molecules in the excited state of a
microwave transition are selected. Modern masers can be
designed to generate electromagnetic waves at not only in the
corresponding microwave frequencies range but also extending
to the radio, infrared, and optical regions. In the regions of
electromagnetic spectrum mentioned above, Maser systems are
capable of producing coherent amplification at very high
frequencies, also being able to emit the usual amount of
spontaneous emission. On the other hand, in order to
overwhelming the limitations for implementation of Maser-
rays at ultraviolet region and higher frequencies is necessary a
very monochromatic radiation, which can be coherent
amplified. Furthermore, highly reflecting surfaces are
necessary also. Thus, Synchrotron Radiation-Total Reflection
X-ray Fluorescence (SR-TXRF) measurements in ormosil
films could generate the conditions for production of maser-
rays: 1) Synchrotron radiation generate quantum fluctuations
that can produce coherence in X-rays. 2) Synchrotron radiation
is suitable for energy tuning. 3) In Total Reflection X-ray
Fluorescence (TXRF) assisted by the radiation mentioned
above, the X-ray beam applied was monochromatic, polarized
and brilliant. In this XRF mode of analysis is necessary that
the surfaces used be reflectors. In addition of the possible
presence of Maser-rays, from the brilliance of white light beam
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observed in the figure mentioned, it is possible deduct the
existence of other potential phenomena based on luminescence
(fluorescence and phosphorescence). In lower ranges of
energies than the corresponding to X-rays of electromagnetic
spectrum like the Ultraviolet region, the Phosphotungstates
exhibit very interesting phenomena as the photocromism,
which occurs when these molecules are irradiated with
ultraviolet light around 260nm. This irradiation brings these
molecules to an excited electronic state, which is a function of
an electronic transition of charge transfer O(2p)—W(5d),
involving the heteropolyanion boundary orbitals. The reduced
phosphotungstate ([PW1,04]™*) exhibit a bluish color, being
called heteropolyblue. This bluish color disappears in the
presence of oxygen, the discoloration time is dependent on the
time in which the sample was irradiated, or on the
composition/thickness of the film. It is also possible found
photoluminiscence in the phosphotungstates, which is due to
the multiples multielectronic collisions. This aspect can be
support on the fluorescence manifested by Tungsten
compounds like Tungstates (WO,*) and that the luminescence
manifested is increase more, when this chemical compounds
are present as thin coatings. For Ormosil films were shown the
possible pathways of electron transfer of Phosphotungstates
(PWA) that could be internal (inside isolated and non-isolated
PWA molecules) and external (among PWA molecules and
their surroundings), which are based on the presence of a high
number of double chemical bonds between Tungsten and
Oxygen atoms. In these mechanisms, the key aspect to
consider is that the molecular structure of phosphotungstates
remains intact after the preparation of these materials by Sol-
Gel process. Taking as base the molecular mechanisms
mentioned above, which could occur in the structure of
ormosil films, one model for the generation of Maser-rays has
been proposed, considering the phosphotungstate molecule as
a Super-atom (structure built of many atoms), which is due to
its stability structural in these films. It would be possible the
generation of Multi-Maser beams by SR-TXRF also, if it is
take in consideration the processes of ionization in the whole
sample.
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