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Abstract—Using a high-sensitivity radiometer at a frequency of 61.2 GHz (millimeter spectral range), the
radio brightness characteristics of aqueous solutions of alkalis (KOH, NaOH) have been studied under labo-
ratory conditions. The radio brightness parameters have been compared with calculated data from dielectric
spectra in the millimeter range. Using KOH solutions as an example, a correspondence between the experi-
mental and calculated radio brightness parameters in the initial concentration range, where hydration
changes in water in solutions predominate, has been revealed. It has been established that even in the milli-
meter range it is necessary to consider the spectral contributions of both dipole and ion losses.
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The microwave radiometric method is widely used
for remote studies of the Earth from space [1]. The
method is extremely efficient, it allows one to control
the thickness of the earth’s surface and ice, is sensitive
to roughness and waves on the surface of land and
water [2]. Changes in the intrinsic thermal microwave
radiation of the surfaces under study can be expressed
in radio brightness temperature (Tb). Such changes in
Tb can be experimentally obtained using highly sensi-
tive millimeter-range radiometers that have appeared
recently. The millimeter spectral range has long
attracted the attention of researchers; it has found
application in medicine. The effect of EHF exposure
on living organisms was discovered about half a cen-
tury ago. School of Academician Devyatkov occupies a
leading position in the development of treatment proce-
dures using the millimeter therapy method [3, 4].

EHF radiometry (61.2 GHz) is used by us in labo-
ratory practice to determine the characteristics of radi-
ation and reflection of water samples and solutions of
various compositions and concentrations. The experi-
mentally obtained radiometric parameters can be
compared with the calculated dielectric data from the
centimeter spectral range. The operability of the cal-
culation scheme for the relationship between dielectric
and radio brightness properties was previously proved
by us on various model systems, solutions of electro-
lytes and nonelectrolytes [5–9].

The present work focuses on studying the radio
brightness properties of aqueous solutions of alkali
metal hydroxides (KOH, NaOH). The question that
can be posed in this work is whether the hydroxide

anion, as a violator of the water structure, will elimi-
nate differences in the effect of cations with different
hydration, potassium and sodium, on water. Earlier, in
the series of alkali metal chlorides and nitrates (K+,
Na+), radio brightness effects of different signs have
been shown, associated with different (opposite in
sign) effect of these cations on water [10–12].

EXPERIMENTAL

Samples of bidistillled water and KOH and NaOH
solutions of various concentrations were studied by the
radiometry methods. Studies were carried out with the
use of a highly sensitive radiometer with a fixed oper-
ating frequency of 61.2 GHz (IRE RAS, NPO Istok,
Fryazino [13]). The setup included an antenna (horn)
on which the test sample was placed, a receiver, a
recording device (PC), and a fan used to prevent over-
heating of the radiometer. A more detailed description
of the radiometer and the measurement and calcula-
tion techniques have been reported elsewhere [5, 10,
13, 14]. The instrument readings were digitized and
transferred to a PC, where a special program was used
to record and further process the signal. The signal was
recorded in the following way: the time of measure-
ments (in hours, minutes, seconds) was plotted on the
abscissa axis, and the radiophysical response (voltage
at the horn output in volts, U) was plotted along the
ordinate axis. The instrument scale was calibrated
using a highly reflective polished copper plate [5]. The
signal level from the metal (copper) plate was taken as
zero. The maximum reading for the copper surface
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Fig. 1. Radio responses of a copper plate (for calibration), (1) neat water, and (2) a 2 M NaOH solution.

2.38

2.36

2.34

2.32

2.30

2.28

2.26

2.24

U, V

Time, h:min:s

16
:0

4:
45

16
:0

6:
45

16
:0

8:
45

16
:1

0:
45

16
:1

2:
45

16
:1

4:
45

16
:1

6:
45

16
:1

8:
45

16
:2

0:
45

16
:2

2:
45

16
:2

4:
45

16
:2

6:
45

16
:2

8:
45

16
:3

0:
45

16
:3

2:
45

16
:3

4:
45

16
:3

6:
45

16
:3

8:
45

16
:4

0:
45

16
:4

2:
45

16
:4

4:
45

Cu

1 12 2
corresponded to the minimum radiation (zero signal),
and the minimum reading for water and solutions cor-
responded to the maximum effect. Thus, the radiom-
eter had an inverse scale. As an example, the recorded
signals for a copper plate, distilled water, and sodium
hydroxide solution are shown in Fig. 1: the radiation
increases when passing from a copper plate to water
and a solution. When passing from water to a 2 M
sodium hydroxide solution, the radiation decreases.

During measurements, the signal from the radiom-
eter periodically f luctuates. The U values for a copper
plate, water, and a solution can change even with slight
changes in temperature; therefore, it is more expedient
to compare the radio brightness parameters for water
and solutions using the relative method of analysis.
The ∆U = Usolution – Uwater value practically does not
RUSSIAN JOURNAL O

Table 1. Signal difference ∆Uav, emissivity χ, and radio
brightness temperature Tb of KOH and NaOH solutions
determined with the use of a radiometer at 61.2 GHz

System
Molality, 
mol/kg 

H2O
ΔUav, mV χ Tb, K

H2O 0 0 0.506 150.9
KOH 1.7 –2.5 0.479 142.8

3.1 –3.9 0.458 136.6
4.3 –5.6 0.456 135.9

NaOH 0.4 –0.1 0.505 150.6
1.0 –0.9 0.497 148.2
2.0 –1.4 0.492 146.7
3.0 –2.8 0.478 142.5
4.0 –4.5 0.461 137.4
depend on the temperature in the room and changes
only when the concentration of solutions changes. To
minimize measurement errors and improve the accu-
racy of the results, paired measurements of Usolution and
Uwater were carried out at least 5 times. The value ∆Uav =
(∆U1 + ∆U2 + ∆U3 + ∆U4 + ∆U5)/5 can be used to
calculate its proportional parameters χ (emissivity)
and Tb (radio brightness temperature). The ∆Uav, χ,
and Tb values of KOH and NaOH solutions, obtained
using a radiometer at a frequency of 61.2 GHz, are pre-
sented in Table 1.

CALCULATIONS
The optical and dielectric properties of solutions

are related to each other through the relationship
between the reflection coefficient R(ν) and the com-
plex permittivity ε*(ν) (Fresnel formula, the case of a
normally incident wave) [15, 16]:

(1)

The complex permittivity ε*(ν) is determined using
the experimentally measured permittivity ε'(ν) and
dielectric loss ε"(ν) [17]:

(2)

To determine the ε' and ε" values for a different fre-
quency ν (in this case, for ν = 61.2 GHz), it is required
to approximate the dielectric data obtained for other
frequencies within the given relaxation model of the
complex dielectric permittivity spectrum. In the pres-
ent study, the dielectric data ε' and ε" in the region of
the water dispersion maximum in the frequency range
of 7–25 GHz for aqueous solutions of alkali metal

2
* ( ) 1

( ) .
* ( ) 1

R
ε ν −

ν =
ε ν +

* ( ) '( ) ε"( ), 1.i iε ν = ε ν − ν = −
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Table 2. Emissivity χ and radio brightness temperature Tb of aqueous KOH and NaOH solutions at 61.2 GHz determined
by extrapolation of dielectric data from the frequency range 7–25 GHz

* Calculation without inclusion of the ionic component. ** From experimental data [19].

System
Molality, mol/kg 

H2O χ(d)* χ Tb(d)*, K Tb, K

H2O 0 0.506 0.506 150.9 150.9
KOH 0.5 0.518 0.494 154.4 147.3

1.0 0.532 0.490 158.6 146.1
1.6 0.543 0.486 161.9 144.9
2.1 0.553 0.481 164.9 143.4
2.6 0.563 0.479 167.8 142.8

NaOH** 0.4 0.515 0.495 153.5 147.6
hydroxides [18, 19] were approximated by the follow-
ing functions:

(3)

where ε∞ is the high-frequency limit for the dispersion
range under consideration, εs is the static dielectric
permittivity, τ is the relaxation time, and α is the relax-
ation time distribution parameter [20].

The dielectric losses of electrolytes (ε") are made
up of two components: dipole and ionic losses:

(4)

Dipole losses are associated with the absorption of
radiation caused by the reorientation of dipole mole-
cules. In electrolyte solutions, in addition to the dipole
component of losses, there are movements of charged
ions under the action of radiation (ionic contribution
to losses). The frequency dependence of the ionic con-
tribution is expressed by the formula [21]:

(5)

where ε0 is the electric constant, and σ is the electrical
conductivity of the solution, S m–1.

The values of the parameters of the models of
dielectric spectra used in the extrapolation of dielec-
tric data from the frequency range of 7–25 GHz to a
frequency of 61.2 GHz for KOH solutions [18] are
given in Table 2. For NaOH solutions, data on the dielec-
tric properties for only one concentration (0.4 M) in a
different frequency range are available [19].

The reflection coefficient R is related to the emis-
sivity χ measured in a radiometric experiment by a
simple relationship:

The radio brightness temperature Тb is found by the
equation:

s
1( ) ,

1 (2 )i
∞

∞ − α
ε − εε ν = ε +

+ π ντ

d"( ) "( ) ( ) .iε ν = ε ν + ε ν

0

"( ) ,
2i

σε ν =
πε ν

1 .Rχ = −

b (1 )T R T T= − = χ
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(here, the thermodynamic temperature is Т = 298.15 K).

The χ and Тb values of aqueous KOH and NaOH
solutions at a frequency of 61.2 GHz determined by
extrapolation of dielectric data from the frequency
range 7–25 GHz are presented in Table 2. Two vari-
ants of the calculated parameters are compared. In
one case, both ionic and dipole dielectric losses (χ, Тb)
are considered, and in the other case, only the dipole
contribution to ε" (χ(d), Тb(d)) is considered.

RESULTS AND DISSCUSSION

A review of the available literature on the measure-
ment characteristics of aqueous solutions of alkalis
and acids shows that these compounds are a special
case in which the proton and hydroxide anion have
anomalous conductivity. Therefore, in order to con-
sider the losses introduced by through conduction, it is
necessary to measure the low-frequency electrical
conductivity. The radiometric method, which consid-
ers both components, makes it possible to characterize
the intrinsic radiation parameters of solutions with
different ions in the millimeter range of the spectrum
and opens up opportunities for a more accurate selec-
tion of a relaxation model for describing spectra in the
centimeter range.

It can be seen from Fig. 2 that the radio brightness
parameters for the systems under consideration
decrease when going from water to a solution. This fol-
lows from both experimental and calculated data. In
the case of salt solutions, the decrease in the radio
brightness parameters is primarily associated with
weak hydration of the ions (the K+ ion). The Na+ ion,
which is more strongly hydrated than the potassium
ion, gives the opposite change. For example, this is
seen for solutions of alkali metal chlorides [11, 15, 16].
However, the abnormally mobile hydroxide ion intro-
duces a predominant effect. Figure 2 shows that the
radio brightness effects for both sodium hydroxide and
potassium hydroxide give changes of the same sign.
l. 67  No. 8  2022
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Fig. 2. Concentration dependences of emissivity χ at a fre-
quency of 61.2 GHz. Solutions of (1) NaOH (calculated
from experimental parameters [19]), (2) NaOH (radio-
metric data), (3) KOH (calculated from experimental
parameters [18]), and (4) KOH (radiometric data).
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Fig. 3. Concentration dependences of ∆Tb = Tb(solution) –
Tb(water) of a KOH solution according to radiometric and
dielectric data: (1) calculation without dielectric losses, (2)
radiometric data, and (3) calculation with inclusion of
dipole and ionic losses.
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We have compared the calculated and measured
radio brightness parameters. For KOH solutions,
there is agreement in the data in the initial concentra-
tion range, where hydration changes in water in solu-
tions predominate. For NaOH solutions, this compar-
ison is only qualitative. The dielectric parameters for
calculation are available only for one concentration
and are obtained for a different set of frequencies.

In the case of KOH solutions, the ∆Tb values
related only to dipole dielectric losses, were also calcu-
lated. As can be seen from Fig. 3, there is no agreement
between the experimental and calculated values. This
follows even from the sign of the changes. In the mil-
limeter range, it is necessary to consider the spectral
contributions of both dipole and ion losses.

CONCLUSIONS

The method of measuring radiothermal radiation
in the millimeter wavelength range turns out to be
informative for determining changes in hydration and
ion dynamics, which is observed for solutions of alkali
metal hydroxides. Previously, this fact has been
demonstrated for aqueous solutions of salts and acids.
Therefore, the approach is quite general for water–
electrolyte media of different composition and con-
centration. It requires a more detailed study at other
frequencies in the millimeter spectral range.
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