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EFFECT OF NON-REFLECTIVE ABSORPTION OF MICROWAVE RADIATION IN
SOLUTIONS OF ACETYL ACETONE IN N-HEPTANES

M.I1. VALIYEV, R.M. KASIMOV, Ch.0. KADJAR
Institute of Physics of National Academy of Sciences of Azerbaijan,
Az-1143, H. Javid av., 33

The dielectric properties of solutions of acetyl acetone in n-heptanes were researched in a range of microwaves. The existence of a
spectrum of concentrations and thicknesses of the solutions layer at which resonant non-reflective absorption of radiation in these solutions

occurs has been established.

Preparation and research of the materials absorbing
electromagnetic radiation without its appreciable reflection
on the basis of solutions of polar substance in non-polar
solvent is of scientific and practical interest. Such materials
can be applied as composite materials for reception of non-
reflective absorbing coverings.

On the basis of the analysis of the results represented in
works [1,2] it has been shown that under certain conditions in
polar dielectric possessing wave dispersion and placed on a
metal substrate, can take place full (non-reflective)
absorption of the electromagnetic radiation passing through it
and reflected from a conducting surface. As experimental
detection of the given effect in pure dielectric liquid is
complicated because of necessity of application of more
complex technical equipment, solutions of polar substances
in non-polar solvent have been used as an object of research.
The effect of non-reflective absorption in this case is reached
by variation of the structure of solution and its thickness.

According to carried out experimental studies and taking
into account that dispersive area of acetyl acetone occurs in
the microwave range, non-reflective absorption of
electromagnetic radiation has been investigated in solutions
of acetyl acetone in n-heptanes at wavelengths 1=4,28; 10,0
and 20,0 mm and at temperature T=293 K. Measurements of
reflective characteristics of the given solutions were carried
out with use of panoramic measuring instruments for the
standing wave factor P2-66, P2-67 and P2-69 and connected
with them short-circuited on the end measuring wave guide
cells which, in turn, were equipped by the device of fine
regulation of solution layer thickness. From the
experimentally obtained dependences of the module of wave
reflection factor p on thickness | of the solution layer in a cell
the minimal values of wave reflection factor pn, were
determined and their dependence on concentration of a polar
component in a solution was obtained. At the same time the
quantitative estimation of dielectric properties of studied
solutions was carried out with application of the
measurement method described in [3] based on determination
of dielectric permittivity &’and dielectric losses &” of a
solution on the base of experimental measurement of
standing wave factor 7 and thickness | of a solution layer in
extreme points of dependence 7(l).

Results of measurements of &” and &” for solutions of
acetyl acetone in n-heptanes are given in Table 1.

Dielectric properties of pure acetyl acetone are
sufficiently good described in the field of a dispersion by
Debye’s equation. The average concentrations of polar
component in the studied solutions are best described by
Debye-Cole's equation [4].

Table 1
Dielectric permittivity ¢’ and dielectric losses &” of
solutions of acetyl acetone in n-heptanes at wavelengths
A=4.28; 10,0 u 20,0 mm and at temperature T=293 K.

0, % i 2100 =200 mm
g g g g \¢' g
100 5,62 465 | 7,32 | 8,13 | 13,04 12,64
90 5,21 393 | 684 | 656 | 11,73 10,17
80 4,87 3,40 | 6,40 | 551 | 10,49 8,00
60 4,20 2,32 | 554 | 3,92 8,06 4,95
50 3,89 1,95 | 5,06 | 3,18 6,80 3,76
40 3,52 155 | 4,65 | 2,49 5,70 2,72
20 2,92 0,81 | 3,65 | 1,08 3,75 1,04
10 2,68 | 0,52 | 3,09 | 0,55 2,83 0,56
5 2,59 0,41 | 2,79 | 0,31 - -

Found experimental concentration dependences of ¢”and
&”at A=4,28; 10,0 and 20,0 mm and temperature 293 K have
been used for calculation of conditions at which in studied
solutions probably the effect of non-reflective absorption of
electromagnetic radiation occurs. According to [2], this effect
could be realized in points of minima of dependence of the
module of reflection factor pni, on thickness | of the
substance layer while fulfilling the following conditions:
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v, Ag — lengths of waves in empty and filled by researched
substance directing system correspondingly; A, — critical
wavelength of directing system; |l — thickness of a layer of
substance at which reflection of a wave is absent.

The value lo, included in (1) is close to (2n-1)44/4 and
differs from it by the small size dependent on properties of
substance and number n of a minimum of p(l) dependence.
In reduced coordinates &=(s-“p)/(1-p) ; &=&1(1-p) the
equations (1) are transformed to family of lines for set
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numbers of minima of dependences p on | at which condition
p=0 (curve B, fig.1) is realized. It is typical that with
increase in number n these lines come nearer to X axis. Last
circumstance specifies an opportunity of non-reflective
absorption of electromagnetic radiation by substance, even

with very small value of dielectric losses that as follows from
fig.1, is realized at significant thickness of substance layer.

Put on a coordinate plane [£,£”] experimental data of
various concentration solutions determine a behavior of
experimental dependence &” from &’ of studied solution of
acetyl acetone in n-heptanes (curve A, fig.1).

Fig.1. Graph-analytical method of determination of selective concentration and thickness of solutions of acetyl acetone in n-heptanes at
which in them take place non-reflective absorption of electromagnetic radiation.
A —theoretically estimated dependences &”from &’corresponding to conditions of non-reflective absorption of electromagnetic

radiation in polar dielectrics.

B - experimental dependences of £”from ¢’in solutions of acetyl acetone in n-heptanes at wavelengths 1=4,28 (1); 10,0 (2) and
20,0 (3) mm and at temperature T=293 K. Signatures to points designate values of weight concentration of a solution in

percents (%). n - number of a minimum.

C —experimentally found dependence of &”of the solutions on concentration at 4=20,0 (1); 10,0 (2) and 4,28 (1) mm.
D - theoretically estimated dependences of &”from I/ A, corresponding to conditions of non-reflective absorption of

electromagnetic radiation in polar dielectrics.

As &&0 for n-heptanes, with the growth of concentration
of acetyl acetone in a solution the curve of the dependence of
g”from ¢g’in solutions of acetyl acetone in n-heptanes begins
from a point laying on an X axis, and comes to an end in the
top part of a plane [¢}¢7 at point with the coordinates
corresponding to the pure acetyl acetone. At the movement to
this coordinate point the curve will cross family of lines of
resonant non-reflective absorption of radiation of the
solutions described by the equation (1). Taking into account
the specified character of an arrangement of lines of resonant
values &”and &7 it is necessary to expect existence of infinite
lines of concentration of acetyl acetone in non-polar n-
heptanes and a thickness of a reflecting layer of a solution at
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which an effect of full absorption of the reflected radiation
occurs. Unfortunately, behavior of & and &” in binary
solutions with change of their structure is difficult to express
analytically. Therefore, for calculation of resonant
concentrations ¢, of acetyl acetone in solutions and
corresponding resonant values ¢4 and &% graph-analytical
method has been applied for the solution of the equations (1)
with use of experimentally obtained data from measurements
of £”and &”in solutions of acetyl acetone in n-heptanes at
various concentrations. Results of these calculations for
several first zero minima ppi, are given in Table 2.
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Table 2
Dielectric permittivity ¢, dielectric losses &%, thickness of a layer |, and concentration of acetyl acetone ¢ in its solutions
with n-heptanes in points of zero minima of the module of reflection factor oy, at wavelengths
A=4,28; 10,0 and 20,0 mm and temperature T=293 K.

A=4.28 mm 2=10,0 mm 2=20,0 mm

’ ” ” ”

Ney | €% | /A ” On | &0 | €0 | 1A 0 O &0 &’ /A | » O

431 | 247 | 0552 | 63,6 | 634 | 475 | 2,60 | 1,23 42,0 | 420 597 [295 | 224 |427 |425
2,86 | 0,76 | 1,939 | 186 | 183 | 342 | 0,83 | 413 171 | 186 344 [ 083 |822 |166 | 168
2,66 | 050 | 3321 |93 |104 | 304|050 | 724 9,0 7,9 2,76 | 0,76 | 1516 | 14,7 | 135
2541033 14704 |24 |32 |283]033|1048 |54 4,6 - - - - -
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Fig. 2. Dependence of the module of reflection factor p of an electromagnetic wave on concentration ¢ of acetyl acetone in solution with
n-heptanes for first minima pni, of lines for different thickness of solution layer at wavelengths 1=4,28 (a); 10,0 (b) and 20,0 mm
(c) and temperature T=293 K.

47



M.I. VALIYEV, R.M. KASIMOQV, Ch.0. KADJAR

[1] I.Preissner. NTZ Arch.4, 1989, 175. [3] R.M. Kasimov. Metrology. 7, 1987, 45
[2] R.M. Kasimov. Izmeritelnaya tekhnika. 10, (1970), 48.  [4] J.Y. Akhadov. Dielectric parameters of pure liquids. M.;
(in Russian). izd. MAI, 1999, 854.

M.I. Valiyev, R.M. Qasimov, C.O. Qacar

ASETILASETONUN N-HEPTANDAKI MOHLULLARINDA iFRAT YUKSOK TEZLIiKLi SUALANMA
ZAMANI D9KSOLUNMAYAN UDULMA EFFEKTI

Asetilasetonun n-heptandaki mehlulullarinin dielektrik xassolori mikrodalga diapazonunda tedqiq olunmusdur. Mahlulun
miixtalif qalinlighh laylarinda ve konsentrasiyalarinda siialanmanin oksolunmadan rezonansla udulmasmin yarandigi
mileyyonlosdirilmisdir.

M.U.Besmes, P.M.Kacumos, U.0.Kamxap

IPPEKT BE3OTPAXKATEJBHOI'O IIOTJIOIEHUSA CBEPXBBICOKOYACTOTHOI'O U3JIYYEHUSA
B PACTBOPAX AHIETHJIAIIETOHA B H-TEIITAHE

HccnenoBaHbl IMDIEKTPHYECKHE CBOMCTBA PACTBOPOB AllETHIIAIICTOH-TENTAH B JHANIa30HE MUKPOBOJH. Y CTaHOBJICHO CYIIECTBOBAHHE B
9THX PAaCTBOPaxX CIEKTpa KOHIEHTPALUW U TONIIMH CJI0S PacTBOPA, MPU KOTOPHIX BO3HUKAET PE30HAHCHOE 0€30TpakaTesIbHOE MOTJIONICHUE

QJICKTPOMArHuTHOT'O U3JIYyUCHUS.
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