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Frequency and Temper atur e Effect on Dielectric properties

of Acetone and Dimethylformamide

Abstract

The dielectric behavior of both acetone and dimé&hpamide were
examined in the presence of an electric field. €etrical conductivity of both
solvents was used to estimate the complex perityttiof acetone and
dimethylformamide. The relaxation time of the soligeat various temperatures
was estimated. The experimental static permittiwslues together with the
estimated complex permittivity, and relaxation timere substituted in the Debye
equations to generate the dielectric constant hadcorresponding loss factor at

various frequencies using maple-13 programme:

. This
shows that an increase in dielectric constant chasmrresponding decrease in the
loss factor, which means an inverse relation beatwéee frequency and

temperature.
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INTRODUCTION

Several studies have been conducted to examindi¢tectric behaviour of the

mixture of either acetone or dimethylformamide woither solvents or alcohols in
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the presence of an applied electric field. Notadoieong them are the dielectric
relaxation study of formamide with alcohols [1-2jdathe dielectric relaxation
study of formamide with some common dipolar apratid protic solvents (water,
dimethylsulphoxide, N, N- dimethylformamide, acetod, 4-dioxane, mono-, di-,
and trinydric alcohols, and homologous series oalkdxyethanol, 2-(2-

alkoxyethoxy) ethanol, and ethylene glycol oligogs)ebinary mixtures at 3C

over the frequency range of 10MHz to 10GHz usimgetidomain reflectometry

3],

In this work, attempts have been made to study
behaviour of pure acetone and dimethylformamidéhen presence of an applied

electric field using Debye relaxation method.

Whenever a material is exposed to an electrid fi@s generated by a
voltage across electrodes between which the aetdstembedded), every different
kinds of dipoles become excited even within atore@ales. A local charge
imbalance is thus “induced” within the neutral 9psqatoms or molecules) as the
“centers of gravity” for equal amount of positivenda negative chargestq,
become separated by a small dista(d® thus creating a dipole with a dipole
moment,u = q.d, which is related to the “local” or microscopicleetric field
(ELocq1) @cting in close vicinity of the species. Thus, thpole moment can be

written as:

U=aEca (1)

Wherea = polarizability [CnfV '] of the species or material under consideration.



It is necessary to point out thaj,.,; refers to the local field rather than the
applied field. This distinction is drawn because kbcal field will be the vectorial

sum of the applied field and the fields generatgthle presence of the surrounding
charges (i.e. the other dipoles). The question #rses as to how the local may be
related to the applied electric field. One of tleliest approaches involves the

general relationship between polarization and gied electric field strength:

p=(&—1).&.E, (2)

Where p = polarization, dipole density [Cn e, = relative permittivity and
g, =electric field constant in vacuum 8854 x 10~ 2[C?J~1m™1]; E, =external

electric field, produced by the applied voltgdgé

The local field was first calculated by Lorentz 1909 by considering all the

electric fields influencing the molecule in the itav

Erocat = Ei + Eo — Esph (3)

E; .1 = Local electric field

E; = Internal electric field, caused by interactionshwother induced dipole in the

sphere
E, = External electric field, produced by the appliedtage

Es,n = Electric field caused by the induced dipoles alétsihe sphere, causing

charges on the surface

In an ideal gask,, andE; are zero. In liquids, neighbouring molecules stow

polarizing effect leading to charges on the splsdbeundary, resulting in



P
3.0

(4)

Esph = -

By combining equations (1), (2), and (3) we obfainthe local field:

&+2

Erocar = E; + E. (T) ©))

If E; = 0,E,,.q IS reduced to the Lorentz fi€lg, ):

Erocal = EL = E, (%2) (6)

According to Clausius and Mossot{i1847) we obtain for nonpolar

molecules of constant polarizability the followirgation:
P =N.u; ) (7

Where P = polarization, dipole density [CAy N = number of molecules per

volume andu; = induced dipole moment
By combining Equations (1) with (7) we obtained
P=N.u;=N.a.Eoca (8)

Combination of Equations (2), (6) and (8) leadhte Clausius- Mossotti equation

for nonpolar molecules and (10)
(e-1) _ Na
(e+2) - 3.80 (9)

N Ng.p . .
Where N = V—A = A‘;p Is the number of polarizable molecules per uniunc.
M T

Therefore, equation (9) can be defined as molarzatiorP,,:

Py=——-= —.a (20)



P,, =molar polarization [fmol*] and N, = Avogadro’s constant =5.023 X
10%3mol™1 [5-7].

The Clausius-Mossotti equation was extended by Bébyolar molecules:

£l My _ Na Kg )
e+2' p 3., (a + 3.kT (11)

Where ¢ is thequasi-static relative dielectric constan¥, is the molecular
weight; p =density; N, is theAvogadro’s constant #%.023 x 10%3mol™1;
¢, =electric field constant in the vacuum=8.854 x 10~12¢?j~1;m~1;

a =polarizability of the molecule (CtW™); 1y =dipole moment in the state of an

ideal gas (Cm)k = Boltzmann’s constant=38 x 10723(JK~1); T = temperature

Equation (11) is the Debye equation valid only ¢@as under low pressure and
highly diluted solutions of polar molecules in notgr solvents; dipole-dipole
interactions are neglected. Therefore, it is ndtdveor polar liquids but can be
used to estimate quite accurately the dipole momgrdf water in highly diluted

solution of water in 1,4-dioxane simulating an idgas state condition [8].

Effect of the Frequency on the Dielectric Constant
The frequency-dependent trend of the dielectrioperties can provide

useful information about the material charactassstin theory, electric conduction
and various polarization mechanisms (including Eipaonic, and Maxwell-
Wagner) contribute to the dielectric loss factorl[y. For moist dielectric
materials, ionic conductivity plays a major role latver frequenciese(g <

200MHz), whereas both ionic conductivity and dipole natatof free water play a

combined role at microwave frequencies.



Effect of the Temperature on the Dielectric Constant
Temperature of a material has a significant effeat the dielectric

properties. Generally, the loss factor increasehl wicreasing temperature at low
frequencies due to ionic conductance [11] and @se® with increasing

temperature at high frequencies due to free waspedsion [12].

METHOD

various temperatures in [13-14]. The unit was then

converted tc as shown in tables 1 and 2 below.

Tablel:Theelectrical conductivity of Acetone at various temgiares

Temperature( °C) Electric conductivity

(o)

103
10 4.34
20 3.39
30 2.34
40 1.78
50 0.83

Table2:Theelectrical conductivity of Dimethylformamide (DMR&} various
temperatures

Temperature( °C) Electric conductivity (o)

103
10 1.45
20 1.34
30 1.11
40 0.95

50 0.81




The static permittivity &, of acetone used in this work was adapted in [15] and
that of dimethylformamide was adapted in [16-17]. These values were

. . . . 1/ .
substituted in this expression &' = ¢, + - (%) to obtain the complex

permittivity of both acetone and dimethylformamide used in this work as
shown below:

g =2 (19)

we,

Where, o is the Electrical conductivity of the material and w is the angular
frequency and is equal to 6.284 x 103

The complex permittivity for both acetone and dimethylformamide at
10°C was found to be 8.69 and 3.51 respectively.
The relaxation time derived by Bloembergan et@948) shown in

equation (20) for the magnetic relaxation in teohthe correlation time., which
was found to be closely related to Debye’s thedwi@ectric dispersion in polar
liquids was used to calculate the relaxation tioreobth acetone and DMF in this
work.

__ 4mna’®
T=— (20)




The static and complex permittivities obtainedrirour calculations are
shown in tables (3) and (4) below:

Table 3: Parameters for Acetone

Temperature °C £ £oo Tx 107118
10 22.25 8.69 9.22
20 21.13 4.55 4.05
30 20.20 3.34 3.12
40 18.83 2.70 2.07
50 17.63 1.32 1.43

Table 4: Parameters for dimethylformamide (DMF)

Temperature °C £ £oo Tx 10711§
10 40.34 3.51 1.117
20 38.45 2.91 1.075
30 36.69 3.10 0.93
40 35.35 2.98 0.85
50 33.36 3.00 0.76

The values &f,, andegas shown in the tables 3 and 4 above were sulestitntthe
Debye equations shown below:
/ (Es—€c0)

& :g°°+(1+a)—272) (22)



no__ (Es—Ec0)WT
(1+w?712)
Detail of the derivation of equations (22) and)(a& shown in [207].

(23)

RESULTSAND DISCUSSION

The dielectric constant and loss factor of aceammgdimethylsulphoxide (DMF)
were computed within the temperature range 8€10 50C and frequency range
0.1< f < 10GHz . The results of our computation are interpretasel on the
existing theories.

A. Di€lectric constant

The effect of frequency on the dielectric constamd its variation as a function of
temperature at different frequencies for Acetonel &hmethylformamide are
shown graphically below:

254

—a— Dielectric Constant at 10°C
—e— Dielectric Constant at 20°C
—aA— Dielectric Constant at 30°C
ey —v— Dielectric Constant at 40°C

< <y —<— Dielectric Constant at 50°C
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The dielectric constant of Acetone is higher at fosguencies and decreases along
the temperature line (i.e. 22.48, 21.84, 20.1982&nd 17.63 for temperatures
10°C, 20°C, 30°C, 40°C and 56C respectively). However, at higher frequency like
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f = 10.0GHz the reverse is the case, the dielectric consteméase steadily from
3.44 at 16C to 10.38 at 51T (see figurel above).

—a— Dielectric Constant at 10°C
—e— Dielectric Constant at 20°C
—a— Dielectric Constant at 30°C
—v—Dielectric Constant at 40°C
—<— Dielectric Constant at 50°C
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Figure 2 showed the behaviour of dielectric cortstah DMF against the
frequency. The dielectric constant of DMF also ighler at low frequencies (i.e.
40.34, 38.41, 36.69, 35.35, and 33.36 for tempezatliC, 20C, 36C, 40C and
50°C respectively). The dielectric constant of DMFhagher frequencies is also
higher at 18C (i.e. 27.89) but decreases to 27.44 atC50nlike the case in
Acetone.

B. Thelossfactor
Effect of frequency

The effect of temperature on loss factor as a fanodf frequency is shown in
figures 3 and 4 below. The loss factor values dege attaining minimal and then
increases sharply. The loss factor of both acetomte DMF are smaller at low
frequency and increased sharply attaining its marmThis value then decreased
almost constant for the solvents as shown below:
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—=— Loss Factor 10°C
—e— Loss Factor 20°C
—A— Loss Factor 30°C
—v— Loss Factor 40°C
—<— Loss Factor 50°C
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The loss factor of Acetone is small at low freque(ie. 0.78, 0.61, 0.42, 0.32 and
0.15) but as the frequency increases the lossrfat$o increases to a maximum
value of 10.17, 9.84, 9.14, 8.58 and 8.05 respelgtivThe value however
decreased after attaining its maximum (see figlwre 3
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DMF has the smallest value of loss factor (i.e30@224, 0.20, 0.17, and 0.15) at
low frequency as compared with acetone but asrémuéncy increases, the loss
factor increases to 16.33, 15.30, 13.99, 12.9314dP respectively.

DISCUSSIONS

Figurel and 2 revealed that the dielectric corisiaboth acetone and DMF
Is the function of the frequency, temperature, boss factor. This is because at
low frequency and temperature, the value of dialecbnstant is higher and as the
frequency and temperature increased the dielecitstant of both solvents
decreases.

The higher value of the dielectric constahat low frequencies as observed
in figurel and 2 above may be due to the overaldaoativity which consists of
different conduction mechanisms. The most prevadaetin moist materials is the
lonic conductivity which varies inversely proporia to the frequency. The
decrease in the dielectric constant as frequenmeases for all the temperatures
may be due to the fact that the dipoles cannobvollip the rapid variation of the
applied field [21].

As the temperature increased beyondClthe dielectric constant decreases
especially at the frequency range @fi < f < 9GHz . This decrease in the
dielectric constant as the result of increasedh@étemperature may be due to the
relaxation time which has been found to be fastighh temperature and increases
dramatically at low temperatures, suggesting azingeof electric dipoles at low
temperature [22] and because of orientation pataam which depends on
temperature and decreases with increase in teraperdthis is because at higher
temperature the thermal energy will increase whiihtry to disorient the dipoles.
The only exception to this is DMF that have showisualden increase as the
temperature increased beyond°@QCat frequencyO0GHz . The increase in the
dielectric constant as the result of an increagherfrequency especially at 10GHz
may be due to the permanent electric dipoles psssePMF [21]

The loss factor on the other hand has a smalkvaidrequency 0.1GHz and
increases to reach its maximum value as the freayuiecreases. It then decreases
steadily after attaining the maximum value (seeaurkg 3 and 4 above). This
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behaviour exhibited by the loss factor may be authé contribution from all the
four types of polarization (i.e. space charge, ipmnic and electronic) [23]. But
as temperature increases the loss factor decreapesially at frequency 0.1GHz.
This behaviour exhibited by both acetone and DMIEastrary to the statement
made by Guan _eal [11] which said “Generally, the loss factor ingea with
increasing temperature at low frequencies duerioonductance and decreases
with increasing temperature at high frequenciestduese water dispersion [12]".
However, at higher frequency like 10GHz the losgdaof acetone increased as
the temperature increase.

Salman, Khalil, and Hazaa [24] observed that gldn frequencies, only the
ionic and electronic polarizations contribute. Teerease in dielectric constant as
a result of increase in the frequency means that,résponse of the permanent
dipoles decreases as the frequency increases andotitribution of the charge
carriers (ions) towards the dielectric constantela@ses [25-27].

CONCLUSION

The Debye equation and its derivatives have beed ts compute the dielectric
constant and loss factor of acetone and dimethytionide. The computation was
done within the frequency range 6fl < f < 10GHz. The results from our
computation revealed that both acetone and dinfetimymide have their
maximum dielectric constant fit= 0.1GHz and temperature 10.
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The loss factor on the other hand has the least value at lower

frequencies but increase to reach its maximum as the frequency increases.
The loss factor then decreases after attaining its maximum at further increase
in the frequency (see figures 3 and 4 above). The loss factor also decrease as
the temperature increases from 10°C to 50°C especially within the frequency
of 0.1 < f < 5GHz but beyond these frequencies, the loss factor increases with
increases in the temperatures (see figure 3). This behaviour was only
observed in acetone but not dimethylformamide.

The higher value of dielectric constant of both acetone and

dimethylformamide at f = 0. 1GHz and temperature 100C suggested that the
two solvents are easily polarizable at lower frequencies and temperatures.
The result of calculations followed Debye relaxation method.
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