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Effect of Viscosity and Density of Substance on 
Dielectric Properties of Medicinal Compounds in 
Solution

Abstract
                         

Complex permittivity in terms of dielectric constant (ε') and dielectric loss (ε") of medicinal com-
pound paracetamol in dimethyl sulfoxide (DMSO) solvent was determined with different weight frac-
tions at microwave frequency 9.85 GHz at constant temperature 27 °C. The information on dielectric 
properties is related to the properties of the substance for preparation of granules while making dos-
age forms like tablets and capsules. Refractive index (nD), dielectricconstant (ε') and dielectric loss (ε") 
were used for the measurement of relaxation time (τ). The viscosity (η) and density of paracetamol in 
DMSO were determined using a conventional Ostwald’s viscometer and specific gravity bottle respec-
tively. The aim of the present work was to study the dielectric properties of the drugs and attempted 
to determine their correlations with density and viscosity to understand the behavior of the dielectric 
properties under different conditions like a concentration in solution. It was observed that there was a 
strong correlation of dielectric properties like dielectric constant, dielectric loss and dielectric relax-
ation time with viscosity and density. The absolute values of correlation coefficient (R) were in the 
range of 0.946 to 0.987 for paracetamol-DMSO system, indicating a strong correlation.
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Introduction 

About dielectric properties, the electromagnetic 
properties of materials of interest to scientists and 
engineers include the dielectric constant, relaxation 
time and dielectric loss. Electromagnetic wave 
has worldwide application for medical therapy 

and diagnostics in electromagnetic based medical 
technologies [1, 2]. For dielectric materials, both for 
loss and lossless, the most identifying parameter is the 
dielectric constant or permittivity. Dielectric properties 
are intrinsic characteristics of the materials explaining 
the behavior and degree of the wave-matter interaction 
when exposed to microwave field. These properties 
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are very important in microwave heating, microwave 
sensing, process design and application [3-7].

Apart from this, many researchers have used 
dielectric properties to measure moisture content of 
material and agro-food. The measurement of dielectric 
properties of liquid materials at microwave frequencies 
can be used to determine some electrical properties and 
evaluation of biological effects in biological molecules 
[8, 9]. Dielectric properties are utmost useful property 
as rapid and non-destructive method. So the microwave 
dielectric properties can be used for set up to measure 
drug dosage in solvent [10]. Dielectric polarization 
and dielectric relaxation can be used for systematic 
explanation in inner polarization mechanism of 
molecules. Due to limitation of current research and 
difficulties of polarization process many unclear issue 
can be solve by systematic approach of said properties 
[11].

If the polar solute molecules are spherical, and 
large in comparison with the solvent molecules, then 
the orientation relaxation of the solute molecules can 
usefully be described using Debye’s model. In this 
model, the bipolar solute molecules are considered as 
spheres whose rotation was opposed by the viscosity of 
the surrounding solvent medium [12]. The relaxation 
time τ can be determined by

τ = (4πηa2)/(KT).	 (1)

Here τ is relaxation time, η is the viscosity of liquid, 
and a is radius of spherical solute molecule. According 
to Equation (1), relaxation time varies with variation 
of viscosity for same solute-solvent system at constant 
temperature. Then, 

τ = Aη,	 (2) 

where A = 4πa3/KT, K is the Boltzmann constant, and 
T is the absolute temperature. The relaxation time of 
liquid can be determined by using dielectric properties 
is given below in Equation (3). 

τ = ε"/[ω(ε'–n2
D)],	 (3)

where ε' and ε" are dielectric constant and dielectric 
loss respectively, nD is the refractive index, and ω is 
the angular velocity. The relaxation time of biological 
molecule is related to the size of molecule in liquid, 
mobility of molecules etc. Small sizes of molecules 
indicate lower relaxation time; an increase in size 
of molecule increases the relaxation time [13, 14]. 
Similarly, density was directly affected on mobility and 
viscosity of molecules. Study of dielectric properties 

of medicinal substances and drug has applications in 
Medicine, Pharmacy and drug administration as these 
properties help designing granulation process for oral 
dosage forms like tablets and capsules. Dimethyl 
sulfoxide (DMSO) is an important polar aprotic solvent 
that dissolves both polar and nonpolar compounds. 
Therefore, it is used in extraction and coating of 
such compounds. As it is used in the industry, related 
information is valuable to industry.

Experimental

The two medicinal drugs paracetamol and Dimethyl 
sulfoxide (SIGMA ALDRICH Co. USA) were 
purchased (Doodle Chem. Pvt. Ltd. India) and used 
as the starting materials. Dielectric properties of these 
medicinal compounds were measured at 9.85 GHz 
using microwave X-band in solution. The present work 
relates to the study of permittivity of some medicinal 
powder in solvent. The dielectric properties have been 
measured at 9.85 GHz for mode TE10 and temperature 
of 27 °C by using waveguide plunger technique. All 
properties were measured by using Heston and Smyth 
method [16-22] at room temperature 27 °C. Dielectric 
measurements of the powders and all mixtures were 
carried out in the DMSO and changing the wt fraction 
of powder in the range 0-1.0 kg/kg (0.1 or 0.2 kg/kg 
intervals). 

For each experiment, the powder is dissolved in 
solvent using Magnetic Stirrer and used for further 
analysis. Dielectric measurements were made at 
standard frequency of 9.85 GHz for investigation 
with various Powder- Solvent concentrations. Each 
experiment was performed in triplicate. 

The incident and reflected intensity of microwave 
was used for calculation of VSWR using the relation 
[23]:

( )
( )

1
22

S

I I I Ir rf f
VSWR

I Irf

 
 + +
 
 = =

− .	 (4)

Here If is the forward current and Ir is the reverse 
current due to reflected wave.

The block diagram of the experimental setup used 
for the study of the dielectric properties is shown in 
Fig. 1.

From Heston Smyth Method [23], dielectric constant 
ε' and dielectric loss ε" can be calculated by
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ε' = [λ0/λc]
2 + [λ0/λd]

2,	 (5) 

and 

ε" = 2/π(λ0/λd)
2(λg/λd)(dρmean/dn),	 (6)

where λ0 is the free space wavelength, λd is wavelength 
in dielectric, λc is cut off wavelength = 2a. Here ‘a’ is 
the width of the cell and λg is guide wavelength. To 
determine the dielectric loss, a graph is plotted between 
several mean values of ρn versus n. The slope of this 
graph gives the value of

dρmean/dn.	 (7)

Co-relation between dielectric and physical 
properties of liquid has its own importance for 
understanding the physical and electrical behavior 
of liquid. Relaxation time depends on some physical 
properties i.e. density, viscosity and refractive index 
etc. Refractive index of liquid is used for measurement 
of dielectric constant of liquid or solid; we know that 
the relationship between relaxation time and refractive 
index is given by Equation (3).

If the polar solute molecules are spherical, and 
large by comparison with the solvent molecules, then 
the orientation relaxation of the solute molecules can 
usefully be described using Debye’s model. In this 
model, the bipolar solute molecules are considered as 
spheres whose rotation is opposed by the viscosity of 
the surrounding solvent medium [14]. 

τ = (4πηa2)/(KT).

Here again, τ is relaxation time of mixture, η is a 
viscosity of liquid, and a is radius of spherical solute. 
According to Equation (1), relaxation time varies with 
variation of viscosity for same solute-solvent system at 
constant temperature.

Relaxation time of biological molecule is related to 

the size of molecule in liquid, mobility of molecules 
etc. Small sizes of molecule indicate low viscosity 
as well as lower relaxation time, increase in size 
of molecule increases the relaxation time [24, 25]. 
Similarly, density of liquid also depends upon viscosity 
and mobility of molecules, density is directly affected 
on mobility and viscosity of molecules.

Density of liquid was measured using water as a 
reference and is given by

ρS = (mS/mW)ρW.	 (8)

Here, ρS is the relative density of sample, ρW is the 
density of water, mS is the mass of sample, and mW is 
the mass of water. 

Viscosity can be measured by using Ostwald’s 
viscometer by using the given formula

η2 = η1(ρ1t1/ρ2t2),	 (9)

where η1 is a viscosity of known liquid (water), η2 is a 
viscosity of unknown liquid, ρ1 is a density of known 
liquid (water), and ρ2 is a density of unknown liquid. 

Co-efficient of correlation shows the relation 
between two properties, which can be determined by 
the relation [26, 27],

2 2

( )( )( , )
( ) ( )

x x y yCorrel X Y
x x y y

Σ − −
=

Σ − Σ − ,	 (10)

where x and y are the sample means average (array 1) 
and average (array 2).

Co-relation shows the relation between two 
properties, positive co-relation indicates the relation 
between properties present, a value close to +1 
indicates a strong positive relationship. Zero value 
of correlation of two properties shows there is no 
relation between these properties. Negative values of 
correlation coefficient indicates that there is a negative 
relationship indicating that increase in one results in 
decrease of the other property, a lower value indicates 
weak or poor correlation and a higher value close to +1 
indicates a strong positive relation.

Results and Discussion

Co-relation between dielectric and physical 
properties of liquid has its own importance for 
understanding the physical and electrical behavior 
of liquid. Relaxation time depends on some physical 
properties i.e. density, viscosity and refractive index 
etc. Refractive index of liquid is used for measurement 

Fig. 1  The block diagram of microwave slotted section set-up.
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of dielectric constant of liquid or solid. Dielectric 
relaxation time of material is an important parameter 
to understand the behavior of molecule and it also 
calculated by physical method which directly depends 
on viscosity.

Dielectric and physical properties of paracetamol 
in DMSO were measured for determination of the 
correlation between them. Dielectric properties like 
dielectric constant, dielectric loss and relaxation time 
were measured at 9.85 GHz and refractive index, 
viscosity and density are also determined at constant 
temperature of 27 °C and tabulated in Table 1.

Fig. 2 and 3 show the graphical presentation of 
variation of relaxation time with viscosity and density 
at different weight fraction of paracetamol in DMSO. 
It is clearly seen that relaxation time increases with an 
increase in viscosity, viscosity of molecules depends 

on the size of molecules in Fig. 2. This is obeying the 
Debye theory of relaxation. Relaxation time increase 
increases with increasing the viscosity in linear 
trend, the trend shows the best fitting line R2 value is 
0.9722. Fig. 3 shows the graphical representation of 
variation of density and relaxation time with variation 
of wt fraction of paracetamol in DMSO. The purpose 
of the graph of relaxation time and density with wt 
fraction of paracetamol in DMSO is to compare 
both said properties and determination of correlation 
between them. It is seen from the Fig. 3 that both the 
properties increase with increase in weight fraction 
of paracetamol in DMSO however the trends are a bit 
different. The correlation between these two physical 
properties was determined using Equation (8) and 
presented in Table 2.

It is clearly seen that the relaxation time increase 

Table 1  The physical and dielectric properties of paracetamol in DMSO

Ratio of concentration in kg/kg
Paracetamol

Refractive index Density in gm/cm3 Viscosity in m poise ε' ε" Relaxation time in ps

1:0 1.487 1.110 19.000 31.3900 22.1100 12.533

1:0.1 1.488 1.115 79.650 25.1961 18.8975 12.767

1:0.2 1.488 1.116 140.300 20.2244 16.5800 13.107

1:0.3 1.490 1.124 200.950 16.2337 14.8425 13.447

1:0.4 1.492 1.128 261.600 13.0305 13.4988 13.715

1:0.5 1.500 1.133 322.250 10.4593 12.4331 13.949

1:0.6 1.502 1.135 362.900 8.3954 11.5699 14.184

1:0.7 1.504 1.143 413.550 6.7389 10.8581 14.220

1:0.8 1.505 1.147 504.200 5.4091 10.2623 14.345

1:0.9 1.511 1.152 540.850 4.3418 9.7569 14.586

1:1 1.518 1.157 582.500 3.4851 8.3668 15.000

Fig. 2  The viscosity and relaxation time of paracetamol in 
DMSO.
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Fig. 3  The density and relaxation time of paracetamol in 
DMSO.
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with increasing viscosity of paracetamol-DMSO 
system at different wt fraction of paracetamol in 
DMSO. The trend of graph is linear with the best fitting 
line R2 value, i.e 0.9265. This incorporates the concept 
of visco-elastic relaxation, which is generally true for 
dielectric systems obeying Debye theory of relaxation.

Fig. 4 and 5 show the variation of dielectric constant 
with variation of density and viscosity respectively. 
It is seen that dielectric constant having relation with 
density as well as viscosity with in linear trend and best 

fitting line R2 values are 0.893 and 0.927, respectively.

Similarly, correlation between dielectric loss 
with physical properties (density and viscosity) are 
attempted and presented in Fig. 6 and 7. It is clearly 
seen that dielectric loss decreases with increase in 
density and viscosity a linear manner with 0.899 and 
0.930best fitting line R2 values respectively.

Dielectric properties of super-cooled methanol were 
carried out by Li et al. [28] at different temperatures 
and frequencies for investigation of effect of 
temperatures and frequencies on Debye relaxation time. 

Fig. 4  The density and Dielectric constant of paracetamol in 
DMSO.
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Fig. 5  The viscosity and Dielectric constant of paracetamol in 
DMSO.
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Table 2  Correlation between physical and dielectric properties of paracetamol–DMSO system
Paracetamol-DMSO system

Parameters Correlation Inference

Density and dielectric constant -0.9468 Strong negative correlation

Viscosity and dielectric constant -0.9630 Strong negative correlation

Density and dielectric loss -0.9496 Strong negative correlation

Viscosity and dielectric loss -0.9644 Strong negative correlation

Density and relaxation time 0.9776 Strong positive correlation

Viscosity and relaxation time 0.9625 Strong positive correlation

Fig. 6  The density and Dielectric constant of paracetamol in 
DMSO.
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Fig. 7  The viscosity and Dielectric loss of paracetamol in 
DMSO.
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They are reported that the Debye relaxation time gives 
the knowledge of ideal mixture law, which is helpful to 
evaluate the dynamics in depth. In addition, broadened 
Debye relaxation is expected in the dielectric spectra 
of the methanol, and this is quite different from earlier 
observation of the Debye liquids.

Comparative studies of dielectric properties of 
ferrous gluconate-milk and ferrous chloride-milk were 
carried out for estimation of microwave absorption, 
more or less absorption of microwave leads to more or 
less heat generation [29]. Conversion of heat from the 
microwave power is purely depends on the coefficient 
of microwave absorption which is explained in terms 
of dielectric loss. Relaxation process of molecules 
affected by the variations of density, rotation motion 
of molecules and inter and intramoleculer forces of 
bound water and corporate the established of free water 
respectively [30].

Relaxation time of biological molecule in liquid 
depends on the mobility of molecules, size of 
molecules, viscosity of liquid, density and temperature. 
The value of relaxation time of liquid increases with 
increase in density, viscosity and size of molecule. 
Viscosity opposes the bipolar rotation of molecule; 
it increases the time of reorientation of molecule 
resulting in an increasing of the relaxation time. 
Variation of density and viscosity are always in direct 
correlation, both properties depend on each other 
[31]. The correlation between viscosity and relaxation 
time and density and relaxation time are found to be 
positive for paracetamol- DMSO system. The value 
of correlation between density and relaxation time is 
0.9776; it indicates that the strong positive correlation 
present between them. Viscosity and relaxation time 
directly depend to each other. The correlation between 
viscosity and relaxation time obtained is 0.9625. It 
indicates that strong positive correlation is present 
between viscosity and relaxation time of paracetamol-
DMSO system.

Correlation between physical and dielectric 
properties of paracetamol in DMSO was found and is 
tabulated in Table 2.

The absolute values of correlation coefficient R 
are in the range of 0.946 to 0.977 for paracetamol 
DMSO system indicating a strong correlation, first four 
properties exhibits a negative correlation indicating 
that an increase in one property corresponds to a 
decrease in the other property. The last two properties 
exhibit a positive correlation coefficient indicating that 

an increase in one property corresponds to an increase 
in the other.

Dielectric constant, density and viscosity vary 
with variation of wt fraction of solute in solvent. 
The correlation of dielectric constant with density 
and viscosity are obtained -0.9630 and -0.9496 for 
paracetamol in DMSO. This negative correlation 
shows there is strong negative relation present between 
dielectric constant and density and dielectric constant 
and viscosity. However, the dielectric constant, density 
and viscosity vary in same manner with variation of wt 
fraction of solute in solvent.

Similarly, the correlation of dielectric loss with 
density and viscosity are also negative. It shows 
that there is strong negative correlation present 
between dielectric loss and density and dielectric loss 
and viscosity as is shown in Table 2. The negative 
correlation implies that an increase in one parameter 
corresponds to a decrease in the other. The values of 
correlation obtain between density and dielectric loss 
is -0.9496 for paracetamol-DMSO system. Values 
of correlation coefficient for paracetamol- DMSO 
obtained between viscosity and dielectric loss are 
-0.9644. It indicates that strong negative correlation is 
present between these properties.

Conclusions

Correlation between physical and dielectric 
properties was attempted to understand the behavior of 
the dielectric properties under different conditions like 
concentration in solution. It was observed that there 
was a strong correlation between viscosity and density 
with dielectric constant, dielectric loss and relaxation 
time. Debye relaxation of paracetamol-DMSO mixture 
gave the information of molecular rotation of solute 
molecule in mixture. Relaxation time increased with 
increase in viscosity and density and obeyed the Debye 
relaxation model.
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