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Investigation of the temperature dependence of the dielectric relaxation of
chlorobenzene, bromobenzene and iodobenzene

This paper deals with the investigation results of temperature dependence of complex permittivity’se*. =g —
ie” of chloro, bromo and iodo- benzene at wavelength 11,50 cm and 12,80 cm within the temperature range 20
+-80°. It is established that dielectric properties of given liquids are characteristic of one relaxation,time, The
dielectric spectra were studied taking into account other frequencies given in the literature. In all investigated
liquids, a jump appears in the real and imaginary parts of the complex permittivity at the point of the phase
transition. The temperature dependence of the dielectric relaxation time of molecules inythe iguid state has
been determined. It was found that with an increase in the amount of the halogen substituent, an_increase in
the relaxation time occurs. Macroscopic and molecular relaxation times were “calculated from the
experimental values. The thermodynamic quantities characterizing the process of dielectric relaxation are cal-
culated. The activation enthalpy of dielectric relaxation processes is compared. The studies were carried out
using the dielectric spectroscopy method. This method allows a more detailed study of/the dielectric proper-
ties of the objects of study due to the large equilibrium (“static”) dielectric constant of the object. It has been
determined that the height of the potential barrier separating the two equilibrium positions of a polar molecule
is greatest in the state of a pure polar liquid and decreases with dilutiomin a non-polar solvent.

Keywords: dielectric spectroscopy, complex dielectric constant, dielectric properties, benzene, bromoben-
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Introduction

The study of the dielectric properties of polar liquids is one of the most fundamental and complex prob-
lems of science, which is of great theoretical and practical importance. Interpretation of experimental data on
dielectric relaxation presents difficulties for'substances that are characterized by the presence of intramolecu-
lar interactions, hydrogen bonds andfother,complicating factors. Therefore it is advantageous to investigate
rather elementary molecules. At the moment, the central place in the works involved in the study of intermo-
lecular interactions in liquids is eecupiedsby studies of the molecular structure of a liquid and the dynamics
of its transformation during.thermal‘mation. To solve these problems, modern physical and physico-chemical
research methods are used, such as diffraction and thermodynamic methods, dielectric, acoustic spectrosco-
py, etc. [1].

Among these metheds, an important place belongs to dielectric spectroscopy [2-3]. Studies of the die-
lectric properties@ef polar liquids make it possible to obtain extensive information about their molecular
structure, intermolecular interactions, information about thermodynamic parameters, mechanisms of molecu-
lar processes, as\well as the process of absorption of electromagnetic radiation. According to the available
literature thetinvestigation results of relaxation phenomena observed in microwave range are rather limited
and often-contradicted. In particular by data [4—7] in benzene halogen derivatives the distribution of relaxa-
tion time'is taken place. Yet the results [8-11] are indicative of presence of one relaxation time. On the base
of experimental data analysis the conclusion has been confirmed by probable presence of additional disper-
sion region at millimetric waves in benzene halogen derivatives.

Various molecular associations are determined in terms of relaxation time T and dipole moment p to es-
timate different molecular interactions among polar molecules or polar-non-polar molecules. Thermodynam-
ic energy parameters are also calculated using Eyring's rate theory to predict molecular dynamics or nature of
molecular environment surrounding the polar molecules DMF, DMA or phenol (p-cresol, p-chlorophenol,
2,4dichlorophenol and p-nitrophenol). The existence of the Debye relaxation mechanism in all the systems
under observation is validated by the estimated Debye factor from both of the measurement methods [15].

Various molecular associations are determined in terms of relaxation time s and dipole moment I in po-
lar-non-polar liquid mixture. Thermodynamic energy parameters are also calculated from Eyring rate theory
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to predict molecular dynamics or nature of molecular environment surrounding the polar molecule TBP. De-
bye relaxation mechanism in all the systems under observation is validated by the estimated Debye factor
from both the measurement methods. A new simple microwave sensor is proposed to design for determina-
tion of TBP concentration from measured penetration depth at different temperatures under microwave
field [16].

The study of the anomalous dispersion of the permittivity of liquids and the strong absorption of elec-
tromagnetic energy associated with it makes it possible to judge the nature of intermolecular forces and the
molecular structure of polar liquids [12-14].

The anomalous dispersion of polar liquids is determined by the relaxation time t, which characterizes
the process of polarization in a dielectric when an external field is applied. The relaxation time is related to
the frequency of the maximum absorbed wave wm by the condition.

Exsperimental

The polar liquids chlorobenzene, bromobenzene, and iodobenzene (United States, Keysightalechnolo-
gies) were chosen as the objects of study. Measurements are carried out by method suggested:and on assem-
bled installation [3-5] which allows the complex dielectric constant £* = ¢ — ie” of highly absorbed sub-
stances to be determined.

The short-circuited line method [3-6] uses the relationship between the inputiimpedance Z, and the
complex propagation constant y of a line filled with a dielectric. Since the value‘of y, intturn, is related to the
complex permittivity €*, by measuring the value of Z,, one can find the valueofithe .complex permittivity £*.

1
y=atif=iw(e xpx*)z @)
where o is the damping constant characterizing the decrease intthe amplitude of the wave propagating
along the line, B is the phase constant characterizing the change in the phase of the same wave, p* is the
complex magnetic permeability. Taking u* = 1, we get:
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The quantity y is related to the input impedance Z, as follows:
thyd _ %
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where d is the thickness of the diele€tric, Z; is the wave impedance of the air part of the line. The input
impedance Z, is expressed in terms of‘the,experimentally determined running coefficient = Emin/Emax (E is
the electric field strength) and the displacement of the node y1 of the standing wave, due to the introduction
of a dielectric into the line before the shortircuit:

7 = 7,97Lt9Boys
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here Bo=—

It should be noted that in the case of small and medium losses (tgd< 0.1), accurate results are achieved
at thicknesses,that are multiples of an odd number of quarters of the wavelength in the sample. For large
losses(tgé> 0,h); the sample thickness has to be taken so small that it itself becomes a source of noticeable
errors. Another, disadvantage is the extreme sensitivity of the detector part of the equipment to temperature
fluctuations, which seriously complicates temperature measurements. Both of these shortcomings can be
eliminated,in‘a new modification of the method [5]. The essence of this modification is that the input imped-
ance of a short-circuited line filled with a dielectric is transformed into a measuring line in such a way that
optimal conditions for measurements are created. By measuring the transformed impedance, by the known
transformation coefficient, the required input impedance of the line filled with a dielectric is found [3, 4, 6].

Measurements are made out over a wide temperature range. Mean deviation for values € does not exceed
1%, for values & is 3%. It should be noted that dielectric properties of abovementioned liquids at low tem-
peratures are not clearly investigated.

The essence of the novelty of the proposed method is that the input impedance of a short-circuited line
filled with a dielectric is transformed into a measuring line in such a way that optimal conditions for meas-
urements are created. By measuring the transformed impedance, using a known transformation coefficient,
the desired input impedance of the line filled with a dielectric is found.
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The method proposed in the article can be used in the microwave range and in the temperature range
corresponding to the condition of phase transition from the liquid state of the solutions under study to the
solidification phase of the solutions under study.

Result and Discussion

In present paper there have been given investigation results of dielectric relaxation of three benzene
halogen derivatives (C¢HsC1, CsHsBr, CsHsJ) at wave length 11,50 cm and 12,80 cm within the temperature
range 20 + -80°C. Temperature range is effective in liquid phase as well as in solid one of liquids under in-
vestigation.

In Figure 1 and 2 there have been shown the data of temperature dependence of real ¢’ and imaginary &
parts of complex dielectric constant €* for chlorobenzene, bromobenzene and iodo-benzene. Curve graphs
for chlorobenzene and iodo-benzene have been obtained at wavelength 12,80 cm. Curve diagrams for bro-
mobenzene have been obtained at wavelength 11,50 cm.
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Figure 1. Temperature dependencesofidielectric constant & . 1is the chlorobenzene; 2 is the iodo-benzene

g & (1)
—0—(2)

1,8
16 -
1,4
1,2
1,01
08-
06

0,4 1
0,2 -
0,04

-80 -60 -40 -20 0 20
t'C

Figure 2. Temperature dependence of absorption coefficient ', 1 is the chlorobenzene; 2 is the iodo-benzene
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Figure 3. Temperature dependence of dielectric constant ¢ is the.bremobenzene
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Figure 4. Temperature dependence of absorption coefficient ¢ " is the bromobenzene

Forsall substances under examination the phase transition agrees with the complex dielectric constant

jump €. In this case the constant value ¢ settles at several degrees after transition (Fig. 3). Dielectric loss is
retainedat the same range which is observed both by cooling and by heating objects under study. Mentioned
pecularities of temperature change of complex dielectric constant values €* may be attributed to the liquid
structure. According to them close to the hardening temperature the clusters of molecule groups have been
occurred (Fig. 4). It is evident that after hardening the dielectric properties over a given temperature ranges
are determined by isolated molecules not included in these clusters. While attaching to the clusters the orien-
tation part of polarization is avoided.

Figure 5 illustrates reducible iodo-benzene diagram. In case of chlorobenzene and bromobenzene the
diagrams have a similar type. Values g, and ¢, have been taken from literature and extrapolated [5].
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Figure 5. Reducible iodo-benzene diagram

It is seen from the diagram that dielectric properties up to the transition temperature is characteristic of
one relaxation time. Therefore relaxation time values have been calculated by the familiar Debye formula. It
should be noted that the factor providing for the presence of internal field is taken to be equal a unit. In this
case this factor is practically independent of the temperature. Consequently obtained values can be used for
interpretation of dielectric relaxation temperature change.

If we suppose that dipole molecule orientation is carried outyby its transition through potential barrier
separating two equilibrium position of molecules the relaxation timeis defined as follows [6]:

T= exp %(1),
where U is the activation energy, R is the Boltzmann constant, T is the temperature. We note that acti-
vation energy can be evaluated from slope of the dependence /nz on % :

Table lists the appropriate values of activation energy. There have been presented energy magnitudes
established by scattering line width growth values for comparison [7].

Table
Substance Activation energy kcal /mol
Dielectric measurements Measurements of scattering line width growth values
Chlorobenzene 19 2,1
Bromobenzene 2,1 2,3
lodo- benzene 2,3 2,4
Conclusions

The paper presents a new modification of the short-circuited line method, with the help of which it is
possible 10 study the temperature dependence of the complex permittivity of polar liquids in the microwave
range. This method is based on the transformation of the input resistance of a short-circuited line filled with
the liquid under study. Data on the temperature dependence of the complex permittivity &* of chlorobenzene,
bromobenzene and iodo-benzene in the range of —80°C + +20°C at a wavelength of 11.5 cm are presented.
When passing through the solidification point of these liquids, a sharp change in the value of the complex
permittivity €* was found. The value of the relaxation time over the entire temperature range and the activa-
tion energy for the molecules of liquid chlorobenzene, bromobenzene, and iodo-benzene are found. As a re-
sult of pursuance of research we can state that in all cases the activation energy for dielectric relaxation have
the values rather close to the values established by scattering line width growth.

40 BecTHuk KaparaHguHckoro yHnsepcuteTta



Investigation of the temperature dependence...

References

1 Gusev, Yu.A. (2008). Fundamentals of dielectric spectroscopy. Tutorial Kazan KSU, P. 112.
2 Vuks, M.F. (1984). Electrical and Optical Properties of Molecules and Condensed Matter. Leningrad, P. 334. Retrieved
from https://search.rsl.ru/ru/record/01001225959

3 Azizov, S.T., & Aliyev, O.A. (2022). Dielectric relaxation of bromobenzene in the microwave range. AJP Fizika, section C:
Conference L.M. Imanov, 57-60. Retrieved from http://physics.gov.az/physart/014_2022_C-ILM_57_az.pdf

4 Azizov, S.T., & Gasanova, A.S. (2022). Research of complex dielectric constant of chlorobenzene in the microwave range.
AJP Fizika, section C: Conference, M.H. Shahtakhtinski, 30-32. Retrieved from http://physics.gov.az/physart/008_2022_C-
ShMH_30_az.pdf

5 Kasimova, S.R. (2021). Information support of methods for measuring the dielectric properties of absorbing liquids. Science,
technology and education, 4(79), 22—-24. Moscow.

6 Salaev, E.Y., Gasimov, E.R., Qajar, Ch.0., & Azizov, S.T. (1998). Resonans reflektionles absorbpnion of elektromagnetik
waves in solutions. Turkish journal of Physics, 5, 389-393. Retrieved from https://journals.tubitak.gov.tr/physics/vol22/iss5/4/

7 Kremer, F., & Schonhals, A. (2002). Broad band Dielectric Spectroscopy, P.<729. \Retrieved  from
https://link.springer.com/book/10.1007/978-3-642-56120-7

8 Akhadov, YaYu. (1999). Dielectric parameters of pure liquids. Moscow, P.854." ) Retrieved from
https://search.rsl.ru/ru/record/01000640835

9 Azizov, S.T., Aliev, O.A., & Abaszade, R.G. (2019). Equilibrium and dynamic properties of dielectric polarization of chloro-
benzene-n-butyl alcohol syste. National Academy of Sciences of Ukraine V.E. Lashkaryov Institute,of Semiconductor Physics. The
conference of young scientists in semiconductor physics “Lashkariv Readings” with internationabparticipation, April 3-5, P. 68.

10 Doroshenko, 1., Pitsevich, G., & Shablinskas, V. (2012). Cluster structure of liquidalcoholsi'study by vibrational spectrosco-
py. LAMBERT Academic Publishing, P. 290.

11 Qacar, C.O., Azizov, S.T., Aliev, O.A., & Zulfugarzade, K.E. (2045). Dielectric spectroscopy of mesoorder in acetone.
TRANSACTIONS of Azerbaijan National Academy of Sciences, series of physical,— technical and mathematical sciences, physics and
astronomy, 66-73. Retrieved from http://physics.gov.az/Transactions/2015/journal2015(5).pdf

12 Azizov, S.T., Agamuradova, Sh.K., & Aliev, O.A. (2009). Dielectric properties and molecular structure of a solution of ni-
tromethane — dioxane. XII Interregional Conference of young scientists on the physics of semiconductor, dielectric and magnetic
materials, 195-199. Vladivostok.

13 Kasimova, S.R. (2016). Measurements of the Dielectric Properties,of Strongly Absorbing Substances at Microwave Frequen-
cies. Measurement Techniques, 8, 1372-1375. USA, New York.

14 Kumar, S., Sivakumar, S., & Jeevanandham, P. (2010)z=*Molecular interaction and dielectric relaxation studies of
cycloalcohols with acetamide in a non — polar solvent asing frequency domain technique. International Journal of Recent Scientific
Research IJRSR, 177-181.

15 Kumar, Dilip, Kumar, Sit Swapan, N., Shiva, &Swagatadeb Sahoo, Singh (2021). Dielectric Relaxation Behavior of Amide
and Phenol Mixtures in C6H6 Under Microwave Field. Journal of Solution Chemistry, 690—722.

16 Bachhar, T., Sit, S., & Laskar;, S. (2021). Investigation of dielectric relaxation in tributyl phosphate from susceptibility and
conductivity measurement under microwave field. Bulletin of Materials Science, 120-126.

C. A3u30B

XH0op0eH30.1, OpoMOEH30.1 5KIHE HOT0EH30JIIbIH,
AUIJIEKTPJIIK pelakcalusiChIHbIH TeMIlepaTypara TIyeJAUVIITiH 3epTTey

Kympicta 20+-80 Temmeparypa apansFbiHAars 11,50 sxone 12,80 cM TONKBIH Y3BIHABIFBIHIAFB! XJIOP, OpoM
JOHe HMOIGCH30MIBIH £\ *=¢ -ig"" Kypem AMAIEKTPIIK OTKI3TiTIKTEpiHiH TeMmmepaTypara TOyeIIiTiria
3epTICY HOTIDKEIepi KeNnTipiireH. By CYHBIKTBIKTapABIH JUAIEKTPIIIK KacHeTTepi Oip penaKkcarys yaKpITbIHA
TOH ekeHAiri Oemrimi Gommbl. [AMAIEKTPIiK CHEKTpiep omedmerTe KenTipinreH Oacka KUUTIKTEpIi eckepe
OTBIPBIT 3ePTTENII. 3ePTTENTeH OAPIIBIK CYHBIKTBIKTAPIBIH (a3aiblK aybICy HYKTECIHIE KYPACi AUIICKTPITIK
OTKI3TIITIKTIH HAKTHI XKaHE OoJDKanpl OeiKkTepiHiH cekipici maiaa 6omansl. CyibIK Kyiineri Mosiekynanap-
JIbIH JAWDJICKTPIIIK pellaKcalisl YakpIThIH/a TeMIlepaTypara TOYeNAIiri aHbIKTAIAbL ['ajJoreH alMacThIPFBIII
MeJIILIePiHiH KOFapbUIaybIMEH pellakcallysl yaKbITBIHBIH Y3aKTHIFBI apTa TYCETiHI aiKpIHAanabl. Taxipubenik
MOH/IEp/IEH MAKPOCKOIMSLIBIK JKOHE MOJIEKYJIANbIK PellaKCalnsl YaKbITTaphl Ta0bUIIbI. JIHAIEeKTPUKTEPIIH pe-
JaKCalusUIaHy TPOIECIH CUIIATTAWTHIH TePMOJMHAMUKAJBIK [IaMaiap ecemnTeNireH. JJU3NeKTPUKTEPIiH pe-
JIaKCaIs MPOILIECTEPiHIH aKTUBTEHY SHTAIBIHSACH! CANBICTHIPBULABL. 3EPTTEYNEp MUAIEKTPIIK CIIEKTPOCKO-
ISl KOMETiMeH Kypri3inai. by omic 0ObeKTiHIH YIIKEeH Teme-TeHIIK («CTaTHKAIBIKY) TUAISKTPIIIK OTiMIiTi-
riHe OailIaHBICTHI 3epTTEY OOBEKTUICPIHIH JUANEKTPIIIK KACHETTEPiH erkel-Terkeili 3epTTeyre MyMKiHIIK
6epeni. [Tonspabl MONEKyIaHbIH €Ki TeIe-TeH/IIK KaFIalblH 0eJIeTiH MOTSHIMAIIBIK TOCKAYbUIIbIH OUIKTIri
Ta3a MOJIAPJIbI CYUBIKTHIK KYHiH/IE €H YJIKEH JKOHE MOJIPCHI3 EPITKIIINEH CYHBUITBUIFAHIa €H TOMCH 00JIaThI-
HbI HAKTBLTaH IbI.
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Kinm ce30ep: AMAPIEKTPNIK CIEKTPOCKOMHS, KYPACTi AMAICKTPIIK OTIMIOUIIK, JHANEKTPIIK KacHeTTep,
6en3ou1, 6pomOen301, XI0pOeH301, Hoa0eH307.

C. Azusos

xJ10p0eH30./1a, OpoMOeH30.1a U Hoa0eH30/1a

B pabore mpexncTaBieHBI pe3yNbTaThl MCCISNOBAHMS TEMIICPaTypHOH 3aBHCHMOCTH KOMIUIEKCHBIX
JUAIEKTPHUECKHX MPOHHUIAeMOCTelH £ *=¢X-ig™" xiopa, GpoMa u HoxbeH3omna Ha AnuHax BomH 11,50 u 12,80
cM B MHTepBane temneparyp 20+-80°. YcTaHOBICHO, YTO AMIEKTPUYECKHE CBOICTBA JAHHBIX JKUIKOCTEH
XapaKTEepHbl AT OJHOTO BPEMEHH penakcaiuu. Ju3IeKTpHuecKrue CHEKTPhl M3y4YalMCh C YUETOM JIPYTHX
4acToOT, NPHUBEACHHBIX B JHTeparype. Bo Bcex HCCIENOBAaHHBIX JKHUAKOCTSAX BO3HUKAET CKAUOK
JEUCTBUTENPHOM M MHHMMOI 4acTell KOMIUICKCHOM AMDJICKTPUUYECKOH MPOHUIIAEMOCTH B TOUKe (DAa30BOrO
nepexona. OmpezeneHa TemiepaTypHasi 3aBHCHMOCTh BPEMEHH AMAJICKTPUUECKOH pellakcallii MOJEKyJ B
JKUJIKOM COCTOSTHHH. Y CTaHOBIICHO, YTO C YBEJIMYEHHEM KOJIMYECTBA IaJOTeHOBOTO 3aMECTHUTENS BO3pAcTaet
HPOJOJDKATENEHOCTE BPEMEHH pellakcanuy. BpeMst MakpoCcKOMIecKoi M MOJIEKYIIIPHOH peflakcaliiy oIpe-
OIS 10 OKCIIepUMEHTAIBHBEIM — 3HA4YeHHSIM.  PacCuuTaHbl — TepMOAWHAMHYECKHE « BENVNYNHEL,
XapaKTepH3yIOIIMe TPOIecC AMAIEKTpUUeckod penakcanuyu. CpaBHHBAIach >HTATBINA aKTHBAIUN
MPOLECCOB AUBIEKTPUUECKON penakcanuu. McciaenoBaHus MpOBOIMINCH METOIOM ANICKTPHYSCKON CIIeK-
TpocKonuH. JIaHHBII METOA MO3BOJISIET JETANBHO U3YYUTh JUAICKTPHYECKHE CBOHCTBA 00BEKTOB HCCIIEA0Ba-
HUA Onarogaps OONbIIONH PaBHOBECHOM («CTATUYECKOI») MUINEKTPHUIECKON NPOHULAEMOCTH 00beKTa. YCTa-
HOBJICHO, YTO BBICOTA MIOTEHIHAIBHOTO Oapbepa, pa3/elIoIIero J[Ba MOJI0KeHHsPaBHOBECHS HOJLIPHON MO-
JIeKyJIbl, HanOOoJIbIIast B COCTOSTHUM YHMCTOW TOJIIPHO JKMKOCTH M HanMeHbIasi NpHpa30aBIeHIH HEMoJsIp-
HBIM PaCTBOPHTEIIEM.

Kniouesvie cnosa: nUANEKTpUYECKas CIHEKTPOCKOIUS, KOMIUICKCHAsSH, TUAICKTPUUYCCKas MPOHHUIIAEMOCTb,
IU3JIEKTPHYECKUE CBOMCTBA, OEH30I1, OpOMOCH30I1, XITOpOEH30, TOAOCH30IL.
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