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In the work we submit results of experimental research into dynamics of long-living luminous objects (LLLO)
formation, spectra of radiation of dissipating plasma and calculations of time dependence of degree of ionization,
pressure, temperatures and chemical compound of products of disintegration. The received data specify that LLLO
consist from unusual power-consuming connections of oxygen and hydrogen.
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EXPERIMENTAL RESULTS

Long-living luminous objects (LLLO) are formed
as a result of electric discharge in water [1-5].

The basic scheme of experimental installation is de-
scribed in [4]. Shooting of the dynamics of luminous
zones and spectra of radiation was carried out with a
help of electron-optical chamber (EOC) designed on the
basis of time-analyzing EOP PIM-103, supplied with
amplifier of brightness PMU-2B. EOC could work in
the mode of time-lapse shooting or chronography mode.
Registration of spectra was carried out with the help of
MUM monochromator.

In Fig.1 the photo, illustrating the formation of lumi-
nous objects inside an extending cavity, is submitted. On
the photo are shown 9 frames which had been taken with
the help of EOC. The exposition of each frame — 2.5 ps,
an interval between the frames — 50 ps, the delay between
the start of shooting and the moment of the termination of
energy release — 50 us. The order of following of the
frames — from left to right, from top to down.

Fig.1. Result of frame-by-frame shooting
of the luminous area formed inside the cavity,initiated
by electric discharge in water

On the first photo two luminous zones of different
sizes are visible. On the second photo the sizes of zones
and their brightness have appreciably decreased. Inside
the greater zone two objects with brightness appreciably
higher than the surrounding are visible. On the follow-
ing frame it is visible that luminous zones disappear and
these two luminous objects exist up to the end of shoot-
ing (2350 ps), though they have reduced size (=1 mm).
Thus, it is possible to speak, that in 100 ps after the
termination of energy release inside the cavity extend-
ing in water we confidently registered LLLO. Hence,
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the processes resulting in producing of the compounds
of which these objects are formed, and the process itself
occurs in the mentioned above time.

One of the important factors determining LLLO
formation is duration of the discharge. In all experi-
ments of the authors of the report it did not exceed 5 ps.
Average radiance temperature of discharge plasma did
not exceed 10* K. In 3 ps time after the termination of
energy release in a continuous spectrum of radiation of
dissipating plasma lines of radiation of atoms O and H
started to be shown. In Fig.2 the photo received at
chronography of the spectrum of radiation from the cav-
ity is presented. Time of chronography — 10 ps, the de-
lay between the start of shooting and the beginning of
the discharge — 5 ps. In the top and bottom part of the
photo basic lines of radiation of Kr with wave-lengths
L = 8059.5 and A, = 7694.54 A accordingly are visible.

a b
Fig.2. Result of chronography of the spectrum of radia-
tion of dissipating plasma of electric discharge in water
(a) and of the spectrum of radiation of products
of disintegration of water plasma (b)

On Fig.2,a the widened line is visible, the middle of
which corresponds to A = 7773.5 A. In our opinion, it con-
sists of three lines of radiation of atoms of oxygen with
wave-lengths A, = 7775.39; A, = 7774.17; s = 7771.94 A.
It is necessary to note, that the listed above lines of radia-
tion specify formation in the process or recombination of

water plasma of O” atoms in metastable state gS g with

energy 9.146 eV and radiation life time 180 ps. Obvi-
ously, in these conditions atoms of H* in a metastable

condition should be formed also with 22 S 1/, states, en-
ergy 12.09 eV and radiation life time 0.1215 sec.
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Approximately in 40 pS after the termination of en-
ergy release we registered in the spectrum of radiation of
products of disintegration of water plasma groups of lines
which appear only at realization of the conditions neces-
sary for LLLO formation. They are observed during
<50 ps. The found groups of lines lay in the range
7388...7450 A and 7910...8000 A (the error of definition
+ 2 A). In Fig.2,b the result of chronography of one of
such groups of lines is presented. The found groups of
lines are similar to oscillatory molecular spectra, but do
not correspond to known spectra of radiation of H,, O,,
H,0 and radical OH.

From the above-stated follows that LLLO formation
is preceded with appearance inside the extending cavity
of metastable atoms O and H". Furthermore, LLLO
appearance is accompanied by formation of unusual
compounds of oxygen and (or) hydrogen.

CONTENTS OF THE CAVITY

As it has been specified, the discharge used for
LLLO formation lasts some microseconds. According to
the estimations made in [6], plasma under such condi-
tions is equilibrium. Concentration of the charged parti-
cles can be estimated by the Saha formula taking into
account the effect of decrease in potential of ionization
and electrons’ adhesion to neutral atoms from the fol-
lowing system of equations:

Neny :Ag7+T3/2

I—AI]
na ga

exp—( kT
n— _g- 1 ,,xp[l_—AIJ
NeNng ga AT3/2 kT

AI=2.73-10_10["6J

TleV ]

>

ny =ne +n_—

where n,, n,, n., n — concentration of electrons, neutral
atoms, positive and negative ions of oxygen and hydro-
gen, accordingly; A = 4.85-10"' m*K?*? g., g, g, -
statistical weights of ions of different signs and neutral
atoms; 7 — temperature of plasma; / — potential of ioniza-
tion of atoms, A/ — decrease in potential of ionization; [
— affinity of atoms to electrons; k¥ — Boltzmann constant.
At n, >>n, concentration of electrons can be found

from the ratio:
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where no, ny, Ip, Iy — concentration and potential of ioni-
zation of atoms O and H, accordingly.
Taking g / g, 1/2, we obtain for T= 10°K:

AI~0,7 eV and n, = 410" cm™, n= 10" cm™. At such
degree of ionization the processes of electronic and ion —
ionic recombination are determined, basically, by three-
fold collisions of ions, atoms and electrons [7]. The fre-
quency of recombination in this case is determined by the
following dependencies:
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The estimation of recombination speed of the scat-
tering plasma of the electric discharge in water, based
on ratio (1) and (2) shows, that in 1.5 ps after the termi-
nation of energy release the degree of ionization falls by
three orders; the temperature of contents of the cavity
thus makes ~ 6:10° K. Thus, the degree of ionization of
contents of the cavity is quickly reduced, and LLLO
cannot be clots of nonideal plasma.

THE MODEL OF AFTER-DISCHARGE
CAVITY

The dynamics of expansion of the cavity was calcu-
lated with the help of the Keller-Miksis equation [8]:
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where U = dR/dt, R — speed of the wall and variable ra-
dius of the cavity; ¢ — speed of a sound in water; p — den-
sity of water; P, — pressure of gas in the cavity; Py= 1
atmosphere — hydrostatic pressure in unperturbed liquid,
o, 1 — factors of surface tension and viscosity of water.

Expansion of the cavity is accompanied by sharp re-
duction in density of its contents. The analysis has shown
that for such process the pressure of gas-steam mixture
(GSM) can be found by Van der Waals equation without
taking into account interaction of molecules:

vagT

g y- Vinbm
where v,, — amount of moles of gas-steam mixture in
the cavity; R, — absolute gas constant; 7, V' — tempera-
ture of contents and volume of the cavity; b,, — Van der
Waals coefficient for the mixture; v;, x;, b; — the number
of moles, molar ratios and Van der Waals constants for
components of the mixture.

Heat exchange between the cavity and liquid was
taken into account with the help of boundary layer mod-
el [9], however, not like in the specified work, we
attributed to the transitive layer effective temperature
Tth = (T0 +T)/2, where T, — temperature of water. The
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equation of heat flux through the wall of the cavity in
this model has the form:
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where k,, — heat conductivity of the mixture in thermo-
diffussion layer; /; — thickness of this layer which was
estimated with the formula [10]:
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where y;,, =k, / ¢p — temperature conductivity of the

mixture mixes in the boundary layer.

Processes of evaporation and condensation of mole-
cules of steam on the wall were calculated in accor-
dance with Hertz-Knudsen-Langmuir formula which for
a flux of molecules through the surface gives:
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where o, — factor of accommodation of steam molecules
on the wall of the cavity (in the given work it was equal
to 0.075 [11]); M, — water’s molar mass; n,) — equilib-
rium steam concentration at temperature 7y; n, =n, , —

current concentration of the steam in the cavity. Ther-
modynamic conditions inside the cavity will be influ-
enced also with chemical transformations of compo-
nents of the mixture. In the given work the reactions
resulting in formation of H, O, OH, H,, O,, H,O, O; u
H,0, were considered, too. Speeds of direct and reverse
reactions were described by the kinetic equations:
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where k;;, ky; — parameters of speed of direct and re-
verse reaction; n,, — full concentration of particles in
the cavity; ny, ns nc — concentration of particles of
grade A, B and C, participating in the reaction.

Parameters of speed of the reactions were deter-
mined with the help of modified Arrenius equation:
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where Ay, Apj cyj, cpj — parameters of Arrenius
equation which had been taken from the work [12]; Ey;,

E}j — energy of activation of direct and reverse reac-
tion. For finding the temperature in the cavity in view of
the processes described above, we used the equation:
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where C,— thermal capacity of GSM in the cavity (it is
equal to the sum of thermal capacities components of
the mixture in view of oscillatory components); 6, —
characteristic oscillatory temperatures of water mole-

cule (52624 K, 5404.6 K, 22949 K); r=r, =1y

and AE; — speeds and thermal effects of the chemical
reactions.

In Fig.3 and 4 the results of the numerical calculation
of the equations (3), (4), (6) and eight equations describ-
ing chemical kinetics in the cavity are submitted. They
were made with the help of expressions such as (5).

From graphs in Fig.3 it is visible, that the tempera-
ture of contents of a cavity sharply falls in the first
10 us of expansions of the cavity, reaching the size
~4-10° K. Further, on account of exothermal chemical

reactions, the rate of its fall is slowed down and by the
moment of confident LLLO registration (see Fig.1), the
temperature is ~ 3-10° K. Pressure inside the cavity at
this moment is = 0.4 atmosphere. According to graphs
in Fig.4 the cavity by this time is filled basically by H,
0O, OH, H,, O, and H,0. Concentrations of O; and H,0,
are negligently small.
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Fig.3. Parameters of the cavity at initial stage of expan-
sion; Curves: I - radius of the cavity, 2 - temperature of

contents of the cavity; 3 - pressure in the cavity
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Fig.4. Kinetics of the chemical compound of after-
discharge cavity: 1 —H, 2— 0O, 3— H,0, 4— H,,
5—OH, 6-0;(a); 1 —H,0, 2-0;(b)

DISCUSSION

As it was specified in works [1,2] LLLO cannot be
the heated up particles consisting of a material of elec-
trodes as the sizes of luminous objects are rather great,
and the spectrum of radiation sharply differs from the
spectrum of absolutely black body. The material of elec-
trodes cannot play the basic role during LLLO forma-
tion as the latter appear only at discharges in distilled
water (discharges in hydrocarbons, spirits, etc. do not
lead to formation of luminous objects) with the use of
refractory electrodes (tungsten, molybdenum, graphite).
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Thus the spectrum of LLLO radiation does not depend
on material of electrodes. The temperature and pressure
in the cavity when luminous objects are registered by
EOC are such that any condensation of water is impos-
sible. Formation of clots of nonideal plasma as it was
specified above is impossible, too. LLLO cannot be
simple association of the excited atoms or molecules as
they keep integrity and form as at its exit from the cav-
ity to surrounding water [1,2], as at its movement in air
with speed up to 50 m/s [3].

All the aforesaid allows us to speak that LLLO are
formed of unusual power-consuming compounds of
oxygen and (or) hydrogen. In formation of such com-
pounds metastable atoms of hydrogen and oxygen can
play an important role. Their formation is evidenced by
spectra of radiation of dissipating plasma. Reactionary
ability of the excited atoms is much higher, than of not
excited ones. Hence, not excited atoms of oxygen and
radicals OH, whose concentration is great within the
contents of the cavity at a stage of LLLO formation (see
Fig.4) will react first of all with metastable atoms. By
virtue of significant affinity to electron of atomic oxy-
gen and OH, and to small potential of ionization of me-
tastable oxygen and hydrogen the excited molecules
with ionic and not covalent linkage will be formed. The
geometry of such molecules will differ from a spatial
arrangement of atoms in not excited molecules. For ex-
ample, atoms of hydrogen and oxygen in a usual mole-
cule of water settle down in tops of a triangle with an

angle ZHOH =104.5°. Metastable atom in a state
22 S/, will react with radical OH just like atom of an

alkali element. In such case ZH'OH =180". Another
combinations of the compound are possible, for exam-
ple O°OH, 0'0,, H'O,, H,’0,, 0,°0,_etc. Such mole-
cules will possess a stock of energy approximately equal
to energy of excitation of metastable atom. Properties of
the condensed phase formed from such compounds will
sharply differ from properties of water or ice. Release of
energy reserved in such excited molecules can lead to
fluorescence or luminescence and other effects. The
question on life time of such compounds in a gas or
condensed phase remains open.
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Cmamows nocmynuna 8 pedaxyuio 07.05.2008 e.

YCJIOBHA OBPA3OBAHUA JOJITOKUBYIIUX CBETSIINNUXCA OBBEKTOB
PACITAJAIOIIEUCS TIJIA3MBI QJIEKTPHYECKOTI'O PA3PAIA B BOJAE

ILU. I'onyonuuuii, FO.M. Kpymoes, E.B. Hukumumn, /I.B. Peuwiemusx

ITpencTaBneHbl pe3ynbTaThl JKCHEPHMEHTANBHBIX HCCIICIOBAHUM IUHAMHUKH OOpa30BaHMSA IOJTOXXHBYIIHX

ceersmuxcsa  00bektoB  ([1CO),

CHEKTPOB M3IY4EHHs paclajarolieiics IUa3Mbl

U pacdeTsl BpPEMEHHBIX

3aBUCHMOCTEH CTENCHM HOHM3AILMM, AABJIEHHSA, TEMIEpaTypbl M XHMHUYECKOTO cocTaBa IPOAYKTOB pacraja.
Iomy4eHnsle naHHbIE yKa3bIBatOT, 4TO JJCO COCTOHUT U3 IHEPTOEMKHUX COEIMHEHHH KHCIOPO/ia U BOAOPOIa.

YMOBH YTBOPEHHS JIOBI'OICHYIOUMX CBITHUX OB'EKTIB PO3IIATHOI IJTIAZMHA
EJIEKTPUYHOTI'O PO3PSIY Y BOAI

ILI TI'onyonuuuii, FO.M. Kpymoes, €.B. Hikimin, /. B. Pewiemnax

[MpencraBneHi pe3yiabTaTH EKCIIEPUMEHTAJIBHUX JOCIIUKEHb JUHAMIKM YTBOPEHHS JOBTOICHYIOUHMX CBITHHX
00’extiB (ICO), crekTpiB BHIPOMIHIOBaHHS DPO3MAJHOI IUIA3MH Ta PO3PAXYHKH YacOBOI 3aJE€XKHOCTI CTYICHS
ioHi3aMii, THCKy, TeMIepaTypy Ta XiMIYHOTO CKJagy HpOAYKTIB posmaay. OTpuMaHi pe3ysbTaTH BKa3ylOTb, IO
JCO ckragaeThbCst 3 eHEPrOEMHHX CITONYK KHCHIO Ta BOJIHIO.
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