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The article presents the results of a study of the temperature dependence of the dielectric constant €' and the dielectric loss index €" of
the chlorobenzene-iodobenzene system at wavelengths A = 6.32; 4.01; 3.21; 2.14; 1.18 and 0.75 V temperature range -40°C++30°C.
The static dielectric constant was determined at a frequency of 7 MHz. The temperature dependence of the time of dielectric
relaxation of molecules in the liquid state was determined. It was established that in the specified temperature-frequency range the
dispersion region consists of two parts. Analysis of the temperature dependence of dielectric polarization relaxation in the system
chlorobenzene-iodobenzene shows that the relaxation times of the components do not depend on their short-range order. It was also
discovered that the rate graph showing the dependence of the logarithm of the relaxation time on the reciprocal of the temperature
logt ~ 1/T, consists of two parts and the value of the static dielectric permeability €~ is non-additive. To explain these results, it is
assumed that clusters are formed in this system, the same as in the pure components.
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INTRODUCTION

In polar liquids, dielectric relaxation is observed in the microwave range, which covers the spectrum
of electromagnetic waves with a length from 1 mm to 30 cm [1]. Studying this range makes it possible to study
relaxation properties. The interest in the liquids under study is explained by their relatively simple structure, which
makes it possible to use existing theories to analyze experimental data. It is known that in chlorobenzene, iodobenzene
and bromobenzene there is a small distribution of relaxation times, which decreases with increasing temperature [2]. It
is also known that there is a single relaxation time for these same compounds. In this case, the high-frequency limit of
the dielectric constant &, of the Cole — Cole diagram turns out to be greater than the square of the refractive index n2
measured in the infrared range [3,4]. This fact is associated with the probable existence of an additional absorption
region of a resonant nature in the sub millimeter range, which manifests itself already at wavelengths from 3 to 7 mm.
In pure dipole liquids, increased dielectric relaxation times are usually observed compared to their values in dilute
solutions. If in the first case the relaxation process is cooperative, then in dilute solutions the relaxation time, as a rule,
characterizes an individual molecule. Therefore, studying the dependence of dielectric relaxation on the concentration
of polar molecules is of great interest [5-9].

Using the example of earlier studies of binary systems, it can be argued that the concentration dependence of the
ratio of relaxation time t to viscosity 1 can be used to estimate the degree of clustering of polar molecules. As a result,
it was possible to determine a special relaxation mechanism in the case of concentrated solutions of some cyclohexane
derivatives in non-polar solvents [10, 11].

Monohalogen derivatives of benzene are compounds with small rigid molecules, the interactions between which
are described predominantly by van der Waals forces. Knowledge of the equilibrium and dynamic dielectric properties
of such relatively simple objects is necessary when deciphering the dielectric behavior of systems with different types
of relaxers and complicated intermolecular interactions. Analysis of the temperature dependences of the dielectric
coefficients of three members of the series chlorobenzene (C¢HsCl), bromobenzene (C¢HsBr), iodobenzene (CsHsJ),
taken in the microwave range for pure liquids and their concentrated solutions in benzene (CsHs) and hexane (CsHis),
showed that the kinetic units responsible for the observed absorption are individual molecules [7—11]. It should be noted
that dipole — dipole forces do not have a significant effect on the shape of the absorption curve. In addition, indirect
indications were obtained of the existence of another absorption region, a resonant type, at higher frequencies.

This work was carried out with the aim of further accumulating experimental data on the nature and mechanism
of microwave absorption in the compounds under study. The choice of a polar mixture is explained by the desire to
trace the kinetic behavior of each component separately, which is important for studying the influence of short-range
order on the process of molecular relaxation.

MATERIALS AND RESEARCH METHODS
Dielectric constants €' and dielectric losses &” of the chlorobenzene — iodobenzene system were measured at
wavelengths A = 6.32; 4.01; 3.21; 2.14; 1.18; 0.75 cm in the temperature range —40° + +30°C, with a volumetric ratio
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of components of 1:1. Within the same temperature limits, the equilibrium dielectric constants g, of the system were
measured at a frequency of 7 MHz.

Measurements of dielectric constant &' and dielectric losses €” were carried out using the variable thickness
method [12 — 14] on six installations that differed only in the cross-sectional sizes of the waveguides. Particular
attention was paid to eliminating impedance transformation in the measuring path and ensuring reliable thermal
insulation of the measuring cell from the rest of the path and the environment. The measurement errors are: 1% for the
dielectric constant €' and 1 — 3% for the dielectric loss index &” at A = 6.32; 4.01; 3.21; 2.14 cm, 2% for dielectric
constant &' and 3 — 5% for dielectric loss index ¢” at A =1.18 and 0.75 cm.

Equilibrium measurements were carried out using the resonance method [15— 7]. The measuring cell consisted
of a silver-plated cylindrical capacitor equipped with a heat-insulating shell. The cell temperature was changed by
continuous heating at a rate of 0.2 degrees/min. The capacitor was calibrated for hexane, benzene, chlorobenzene and
acetone. The error in the equilibrium dielectric constant g did not exceed 1%. The temperature of the samples was
measured with a copper constantan thermocouple with an error of ~0.3°. The components of the mixture and
compounds taken for control measurements were carefully dried and distilled on a distillation column. The purity of the
compounds was checked by boiling point values and optical refractive indices. All measurements were carried out only
on samples of the “high grade” brand.

RESULTS AND DISCUSSION
Table 1 summarizes the measurement data for €', €” and gy. The shift of the maximum in the &"(A) curves towards
shorter wavelengths with increasing temperature indicates the relaxation origin of the studied absorption (Fig. 1).

Table 1. Dielectric coefficients of the chlorobenzene — iodobenzene system

A=6.32 A=4.01 A=321 A=2.14 A=1.18 A=0.75
T’ OC 80 r " ’ " r n r n ’ n ! "
€ € € € € € € € € € € €

30 5.19 4.69 0.98 4.25 1.21 4.00 1.26 3.55 1.23 3.00 | 096 | 2.79 0.73

20 5.29 4.65 1.09 4.20 1.26 3.94 1.28 3.48 1.21 298 | 091 2.79 0.69

10 5.38 4.57 1.19 4.10 1.31 3.82 1.31 3.39 1.19 2.96 | 0.86 | 2.78 0.65

0 5.48 4.49 1.20 4.00 1.36 3.72 1.31 3.32 1.14 294 | 0.81 | 2.78 0.61

-10 5.59 441 1.36 3.90 1.37 3.61 1.29 3.24 1.10 292 |1 0.76 | 2.78 0.59

-20 5.70 4.34 1.41 3.77 1.35 3.20 1.25 3.17 1.03 290 | 0.70 | 2.78 0.55

-30 5.82 4.23 1.45 3.64 1.32 3.39 1.18 3.10 0.95 2.88 | 0.64 | 2.78 0.52

-40 5.95 4.12 1.49 3.50 1.29 3.28 1.12 3.04 0.89 2.86 | 0.58 | 2.78 0.49
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Figure 1. Dependence of the absorption index £” on the wavelength (A cm) at different temperatures.

According to the arc diagrams, the frequency variation of the dielectric constant €’ and the dielectric losses €” of the
mixture are described by the Cole — Cole equation [18]:

g'—ie" = &5 + (80— &x) [I + (iwr)!~7], (1)
or
&—e, 1+(wt)1™* sing )
€o—en  1+2(wD)1"% sin %ﬂm)z(l-a)’ 2
&' (wT)1~% cos % )

fo—En  1+2(wT)1® sin %+((u1’)2(1“")’

where a is the parameter of the symmetric distribution of dielectric relaxation time values around the most probable
value of the relaxation time 7, the equilibrium dielectric constant &y and & - low and high frequency dispersion limits.
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The discrepancies between the measured values of the equilibrium dielectric constant g and those extrapolated
from the arc diagrams are less than 1%, and for all temperatures the relation is satisfied with the same accuracy

&9 = €91 X1 tE02 X2, 4

where indices 1 and 2 refer, respectively, to iodine and chlorobenzene, x is the mole fraction.

Additively is violated for the high-frequency (HF) limit and the value of the dielectric constant of the
high-frequency limit &, of the mixture coincides with the value of the dielectric constant of the high-frequency limit €.
of pure chlorobenzene. Thus, at 20°C HF is the limit of the dielectric constant of chlorobenzene (C¢HsC:) - = 2.56 HF
is the limit of the dielectric constant of iodobenzene &, (C¢HsJ) = 2.76, HF is the limit of the dielectric constant of the
chlorobenzene - iodobenzene system &, = 2.57 + 0.02. The values of &, and o found from arc diagrams are given in
Table 2.

Table 2. High-frequency dielectric constants &» and distribution parameters o of the relaxation time of the
chlorobenzene - iodobenzene system
T°C 30 20 10 0 -10 -20 -30 -40
£o 2.53 2.57 2.60 2.62 2.64 2.66 2.69 2.71
o 0.030 0.032 0.038 0.039 0.042 0.046 0.049 0.050

Table 3 presents the values of relaxation time t, determined from points on arc diagrams according to expression (5):

@D =[(g— &) + 2]z [(e' —e)? +7] /2

(&)

Table 3. Relaxation time T (1072 sec) of the chlorobenzene—iodobenzene system according to equation (1) at different wavelengths

ToC A (om) 6.32 4.01 321 2.14 1.18 0.75 Tep
30 15.1 15.3 152 14.7 14.4 13.9 15.1
20 17.6 17.0 16.9 16.6 16.0 15.1 17.0
10 20.5 19.5 19.6 18.8 17.9 16.8 19.6
0 23.6 22.1 22 214 20.2 18.6 223
10 26.7 25.0 252 244 226 20.3 25.3
20 29.8 293 29.5 284 26.1 23.0 293
30 342 34.4 34.8 33.6 30.6 25.7 34.2
40 39.2 40.3 41.1 39.6 36.0 287 40.1

The average values of relaxation time t indicated in the last column of Table 3 were obtained by averaging
the values of relaxation time t at A = 6.32; 4.01; 3.21; 2.14 cm. All these points fall into the maximum region on the
curves of the dependence €"(A) and the corresponding values of the relaxation time T deviate from the average values
of the relaxation time t by only 3 — 6%. For two “short-wave” points much larger values are noted deviations that
systematically increase with decreasing temperature, which suggests the presence of additional absorption. To check, it
is convenient to use the method of linear diagrams. Transformations of equations (1) - (3) allow us to obtain a number
of linear relationships:

e'=—{ale" + (¢'— £)bJw T + &, (6)

e—e'b=¢" (aw'™ )T+ ¢, @)

[(e)7" = 2b(e — &)™ '™ = [a(go — £)] w27 T + [aep — &) TH 7O, ®)
[(e)7" = 2b(g = £.) 7 ™07 = [a(ey — £.)] w270 7D 4 [a(ey — £)] T T, ©)

where a = cos%,b = tg(%)

At a =0, equations (6) — (7) transform into the equations previously obtained by Cole [18]:
(10)
an

&'=—£"wt + g,
g'=¢&"(w) T +e,.

If the experimental data follows equation (1), then graphs constructed using equations (6) — (9) should give
straight lines with slopes and intercepts equal to the dispersion parameters.

Equations (7) and (9) allow us to trace in more detail the low frequency (LF) absorption edge, and equation (8)
allows us to trace the HF edge.
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In Fig. 2 — 5 show examples of line diagrams. In all cases, “long-wave” points (A = 6.32; 4.01; 3.21; 2.14 cm) are
placed on one straight line segment, the slope of which gives a relaxation time equal to the average relaxation time t in
Table 3. Intersections this segment with the ordinate axis in Fig. 2, 3 coincide with the values of g and &, extrapolated
from arc diagrams.

Only two points fall on the other segment (A = 1.18; 0.75 cm). Poor agreement between the relaxation times t for
them in Table. 3 and lower values of the relaxation time t at A = 0.75 cm mean that the true straight line should have a
smaller slope.
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Figure 2. Linear diagram according to equation (6).
Numbers at dots — wavelength (cm)

10 20 30 0 S0 0,0 0.1 0,2 0,3 0.4 0,5
ae, -z.)" o™ 107" [2(s5,- s3] &= 0™
Figure 4. Line diagram according to equation (8) Figure S. Line diagram according to equation (9)

From the above, we can conclude that the absorption described by the “long-wave” points is created by a single
mechanism. Meanwhile, on the velocity graph plotted based on the average values of the relaxation time t, a clear
division into two regions is revealed (Fig. 6).
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Figure 6. Speed graph built using t values

In the case of additively of the contributions of both regions to the observed dispersion, we have:
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&=y = A (1+ w271+ A, (1 + w?72)7L,

"= Mot(1+ w?t?) T+ A wt,(1 + w?t3) ™.

(12)
(13)

Here it is assumed that the HF limit &, of the high-temperature region is equal to the HF limit gy, of the
low-temperature region, €; and &« correspond to & and &, in equation (1), T > 1».
Equations (12) and (13) are equivalent to the following:

&' — &y = (801 — €2)[C1(1 + 0?TH) ™1 4+ C,(1 + w?TH) 7], (14)
e" = (91 — €2)[CL0T (1 + w?T2) ™ + CLwt, (1 + w?t2) 71, (15)

where C; , is the relative weight of the relaxation process,
Ci+C=1. (16)

Taking into account (12) — (13) and (14) — (15), we have:
Cr=A1(801 — 22) ™1 Co = Dy(E01 — E22) ™ (17)

The results of data processing in terms of equations (12) — (13) and (14) — (15) are summarized in Table 4.

Table 4. Relaxation time (t-10'2 sec), dispersion amplitudes ( A;, A,) and weighting factors according to equations (12)—(13) and (14)~(15)

T, °C 30 20 10 0 -10 -20 -30 -40
71 244 27.8 32.0 37.0 43.6 52.5 63.0 77.0
72 11.1 12.3 14.2 16.2 18.2 21.0 25.2 30.0
A7 1.04 1.06 1.09 1.12 1.15 2.18 1.22 1.26
A} 1.62 1.67 1.70 1.75 1.81 1.85 1.91 1.97
Ci 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39

Taken as initial values, the dispersion parameters of pure components were subject to slight variation [19,20]. The
final selection of parameters was determined by the minima of the sum of the root-mean-square deviations of the
coefficients calculated using these equations (/pgnge egh[mge) from the measured ones (¢, €"):

§ =2 {[(ethange = &) EEV ™ + [(Einange — €)(€'€) D12} (18)

where &', £" are the errors in measuring the dielectric constant €' and the dielectric loss index €" at a given wavelength A.

To illustrate the degree of agreement between the measured and calculated dielectric coefficients, Table 5 presents
the results of calculations assuming the presence of one dispersion region with a relaxation time distribution. And also
two regions, each of which has a single relaxation time T, with different weight factors. Approximately the same
agreement is noted when using equations (2) — (3) or (14) — (15) C; = 0.39, determined by (17) using the estimated
values (€01 — €x1) and found from arc diagrams of values (€1 — €x2) of dispersion amplitudes. When the value of C
changes by ~ 0.1 and the relaxation time t by 10-15%, the discrepancies with experiment go beyond the calculation
errors, which for “long-wavelength” points do not exceed ~5% in the worst case [21,22].

Table 5. Comparison of diclectric constant €' and dielectric loss index &" measured and calculated from (2) - (3) and (14) - (15) at
10°C (tav =25.3-10 "2 sec, 11 =43.6:107 12 sec, 12 = 18.2:10 ~1? sec)

A (cm) Measured Calculated for (2) — (3) Measured for (14) — (15)
C1=0.39;
&' g" &' g" €1=039 Cir=048 1=16.410 "2 sec
g g" g’ g" g’ g"
6.32 4.41 1.36 4.48 1.33 4.46 1.31 4.35 1.33 4.53 1.27
4.01 3.90 1.37 3.89 1.36 3.90 1.34 3.80 1.31 4.00 1.33
3.21 3.61 1.29 3.62 1.30 3.63 1.29 3.54 1.24 3.73 1.29
2.14 3.24 1.10 3.21 1.07 3.22 1.10 3.26 1.03 3.30 1.13
S 4.87 3.54 24.83 34.72

The most remarkable result of the analysis performed is the apparent independence of the relaxation time of the
mixture components from the short-range order. According to existing theories, the relaxation time t of a molecule is
determined by its structure and short-range order, which is interpreted in terms of viscous inhibition or the degree
of order of surrounding molecules, estimated by the entropy term. The relaxation times for chlorine and iodobenzene
differ from each other by a factor of 2.2, the viscosity n by a factor of 1.9, while the difference between the molar
volumes V is 10%.

Therefore, both within the framework of the Debye model and based on the free volume required to rotate the
molecule, the relaxation time of chlorobenzene 7¢ y ; in the mixture should increase, and the relaxation time
of iodobenzene ¢y, ; should decrease, which contradicts experience.
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The processes of molecular relaxation are accompanied by structural rearrangements of such large areas of the
solution that the individuality of the components becomes insignificant. The exception is solutions composed
of associated and non-associated compounds, where the short-range forces are large enough to maintain the stability
of regions consisting of molecules of the same type. From this it was concluded that in systems with one relaxation
time t (mixtures of two associated or two unassociated liquids) there is complete solubility at the molecular level.
Whereas in the presence of two relaxation times t, the degree of mixing is determined by the magnitude of the deviation
of the relaxation time and from the values for pure components.

It should be noted that the solution we are studying is of the normal type. According to the phase diagram, the
components of the mixture have unlimited mutual solubility. Finally, the values of €0 and n of the mixture obey the
additivity rule. On the other hand, analysis of the equilibrium polarization of the mixture leads to the conclusion that
there are deviations of the correlation parameter from unity, which are especially noticeable with decreasing
temperature [23]. The presence of two relaxation times t at room temperature does not necessarily contradict the
low-temperature results, because with increasing temperature the lifetime and size of the regions covered by
relaxation can become negligibly small. However, we also noted a division into two relaxation times t at relatively
low temperatures. Finally, it is hardly possible to explain on the basis of molecular mixing such facts as the curvature
in the velocity graph and the non-additivity of eco. The assumption that the act of orientation is highly localized as a
possible reason for the invariance of the relaxation time t in solution also appears untenable. Since with the transition
from chlorine - through bromine - to iodobenzene, the difference between the activation energies for viscous flow
and rotational motion tends to zero.

CONCLUSIONS

1. For a consistent interpretation of the entire set of experimental facts, the presence of clusters that preserve the
structure of pure components is accepted.

2. In the compounds under study, reorientation of the molecules included in the clusters is possible only after the
disintegration of the latter.

3.  The duration of existence of clusters should not significantly exceed the time of rotation of molecules, as a result
of which the relaxation time is determined by the sum of these quantities.

4. In the series CsHg — C¢HsC1 — C¢HsJ the values of V are in the ratio 0.9:1.0:1.1, and ~40% decrease in the
relaxation time of chlorobenzene T,y ¢ in an equimolar benzene solution correlates well with the same decrease
upon transition from the relaxation time of iodobenzene T¢ .y to the average relaxation time tav of the system
chlorobenzene — iodobenzene CsHsC1 — CgHslJ.
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TEMIEPATYPHA 3AJIEXKHICTD JIEJEKTPUYHOI PEJTAKCAIII CHEKTPIB TOTJIMHAHHA
YV CUCTEMI XJIOPEEH30.1 - HOJOBEH30.1
Cawmip A3i3oB
Minicmepcmeo nayku i oceimu Azepbationcancvkoi Pecny6nixu, Incmumym ¢izuxu,

np. I". [casioa, 131, AZ-1143 Baky, Asepbaiioscan
Y crarTi HaBEOEHO PE3YNbTaTH MOCHIKCHHS TEMIIEPAaTypHOI 3ale)KHOCTI MAieNeKTpUYHOI NPOHUKHOCTI €' Ta IOKa3HHKA
TIeNeKTPUYHUX BTpaT €" CHCTeMH XJIOpOeH301-H0A0eH30I B iama3oHi JOBXHUH XBWIb A = 6,32; 4,01; 3,21; 2,14; 1,18 ta 0,75 Ta
y TemneparypHomy intepBami -40°C++30°C BusnadeHO cTaTHuHy [ieJeKTpUYHY NPOHUKHICTH Ha dactori 7 MI'm. Busnaueno
TeMIIepaTypHy 3aJIeXKHICTh Yacy AiCJIEKTPUYHOI perakcarii MOJISKyJl y pinkoMy cTaHi. BecraHoBieHo, o y BKazaHOMY Jiara3oHi
YacTOT TEMIlepaTypH IycHepciiiHa o0JacTh CKIIANAEThCs 3 JIBOX YACTHH. AHAN3 TeMIEpaTypHOI 3aJeXHOCTi JieeKTPUIHOI
penakcaniii moJysipu3aiii B CHCTEMi XJOPOCH30JI-HOMOCH30J IMOKa3ye, MO0 Yach peliakcailii KOMIIOHEHTIB HE 3aJie)kaTh Bia IX
OmmKHBOrO MopsiaKy. Takox BusiBIeHO, 10 rpadik IMIBUAKOCTI, SKUH MOKa3dye 3aJeXHICTh JorapudMy dacy penakcaiii Bif
BEJIMYMHH, 3BOPOTHOI 10 Temmepartypu logt ~ 1/T, ckinafaeTbest 3 1BOX 4aCTHH, a 3HAYEHHS CTATHYHOI AiCNEKTPUYHOT IPOHUKHOCTI
€0 € HEAIAUTUBHUM. JIJIS1 TOSCHEHHS IUX PE3YJbTaTiB 3p0o0JEHO MPHITYIICHHS, IO B LIl CHCTEMi YTBOPIOIOTHCS KIACTEPH, SK i
B YHCTHX KOMIOHCHTAX.
KurouoBi cioBa: oienexmpuuna cnekmpockonis, dierekmpuuna peiaxcayis; Xaopoen3on,; 1io0oben3on; 6pombenson



