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Abstract 

The dielectric relaxation study for the hydrogen bonded binary system of polar liquid Butyl alcohol in water 

has been carried out, using the Time domain Reflectometry technique, at 20oC and volume in different 

fractions. The dielectric parameters static permittivity, excess permittivity, Bruggemann parameter, 

relaxation time, excess inverse relaxation time and Kirkwood correlation factor have been obtained. The 

dielectric parameters show systematic change with concentrations. Variation in linear relation in 

Bruggemann factor suggests the presence of intermolecular interaction in the binary mixtures. The 

Kirkwood correlation factor confirms the parallel and antiparallel orientation of the dipoles in the mixtures. 
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1. Introduction 

Water behaves as hydrogen bonded liquid because strong intermolecular hydrogen bonds exist between its 

molecules. These bonds are responsible for many unique physical and chemical properties of water. Butyl 

alcohol is an organic liquid used in chemical and electrical studies because it behaves as a moderately polar 

dielectric medium. The binary mixture of Water and Butyl alcohol is important in physical chemistry, 

dielectric studies, and solution chemistry and physics.  

Dielectric relaxation studies are useful to investigate molecular and intra-molecular motions, solute–solute 

inter actions and solute–solvent interactions [1]. Early dielectric studies [2–8] were centered at a single 

component system either in pure state or in non-polar solvents. Dielectric investigation of binary polar liquid 

mixtures consisting of one associative and other non-associative liquids, provide valuable information 

regarding molecular complex formation in solution. Alcohols are strongly associated in solution because of 

dipole–dipole interaction and hydrogen bonding. Hydrogen bonding is complex in liquid state because of the 
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uncertainty in identifying the particular bonds and the number of molecules involved. Molecular mixtures 

bring about changes in physical properties like refractive index, dielectric permittivity, density, molar 

volume and also in thermodynamic properties like activation free energy, enthalpy, entropy, etc. [9]. 

2. Experimental details 

Materials: - The chemicals utilized for the present investigation having 99% purity and used without further 

purification.  

Methodology:- 

Samples were prepared by mixing the volume fractions of Butyl alcohol in water. Measurements were taken 

by placing the sample in electronically temperature controller bath with an accuracy of ± 0.1 °C. The 

Tektronix DSA8300 sampling main frame oscilloscope sampling with the dual channel sampling module 

80E10B has been used for time domain reflectometry. Sampling oscilloscope monitors changes in pulse 

after reflection from the end of line. Reflected pulse without sample R1(t) and with sample Rx(t)] were 

recorded in time window of 5 ns and digitized in 2000 points. The addition [q(t) = R1(t) + Rx(t)]] and 

subtraction [p(t) = R1(t) - Rx(t)] of these pulses are done in oscilloscope memory. These subtracted and 

added pulses are transferred to PC for further analysis. The Fourier transformations of the pulse and data 

analysis were done earlier to determine complex permittivity spectra ε*(ω) using non linear least square fit 

method [10, 11]. 

Frequency dependent complex permittivity spectra for Butyl alcohol-water mixture oButyl alcoholined in 

the frequency region 10 MHz -30 GHz at room temperature are shown in Figure 1. The values of ε' and ε" 

for all the studied solvents were observed to be decreased with decreasing Polarity Index) towards high 

frequency. Complex permittivity spectra are described by Havriliak-Negami equation [12] given as: 
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where, ε0 is static permittivity, ε∞ is permittivity at high frequency, τ is relaxation time, α and β are the 

empirical parameters for the distribution of relaxation time between 0 and 1. The Havriliak-Negami function 

includes the Cole-Cole [13] (β=1), Cole-Davidson [14] (α=0) and Debye [15] (α=0, β=1) relaxation spectral 

function in limiting form. The complex permittivity spectra have been fitted in Debye type model using 

nonlinear least squares fit method to determine the dielectric relaxation parameters.  
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2. Results and discussion 

2.1.Dielectric constant and relaxation time 

 

Figure 1: Dielectric parameters for Butyl alcohol and water binary mixture at 20oC. 

The frequency and temperature dependences of the complex dielectric spectra of Butyl alcohol-water binary 

mixtures were measured. The Butyl alcohol-water mixture dielectric spectra, at 20oC, are shown in Figure 1. 

It can be seen that the mixture values of 0  start to decrease up to certain concentrations and then increase 

with increasing solute concentration, which may be due to the change in size and shape of the solute–solvent 

complexes [16]. This change reflects possible intermolecular interactions, including H-bonding and dipole–

dipole interactions between unlike molecules in the mixtures [17]. In general, for ideal binary mixtures, the 

variation of 0  with solute volume fraction remains linear. As a result of associative interactions between 

the solute and solvent, deviations from ideal mixture behavior occurs. All the binary mixtures showed 

nonlinear variation of 0  with water, which indicates H-bonding formation between water and Butyl alcohol 

molecules. The pure Butyl alcohol has high relaxation times that increase with increase of chain length of 

alcohols and changes in the position of the hydroxyl group. The polar hydroxyl group restricts the molecular 

rotation as a result of H-bonding. 

2.2.Excess properties 

2.2.1. Excess permittivity 

The values of excess permittivity has been figured out using equation [18] 

(ɛ0)
E= (ɛ0)m-[(ɛ0)EXE+(ɛ0)A(1-XE)]         (2) 

Where XE represents the volume fraction of water. Subscripts m, E and A represents Mixture, water and 

solute Butyl alcohol respectively.  
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Figure 1: Excess  permittivity (εE) vs volume fraction of water for Butyl alcohol and water 

binary mixtures at 20oC 

The ɛ0
E values for all binary liquid systems were evaluated using Eq. 2 and the variation of ɛ0

E as a function 

of water concentration is shown in Figure 2. The deviation of ɛ0
E from zero is evidence of the strength of the 

intermolecular interactions between water and Butyl alcohol molecules in the mixture. The ɛ0
E values of 

water and Butyl alcohol mixtures are negative over the entire concentration range; this is due to anti-parallel 

alignment of dipoles in water and Butyl alcohol mixture molecules. This suggests that the change occurs as a 

result of charge transfer or dipole–dipole interaction or H-bonding between solute and solvent molecules. 

 

2.2.2.  Excess inverse relaxation time:- 

The excess inverse relaxation time was found out using the relation 
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is the excess inverse relaxation time which represents the average broadening of dielectric 

spectra [19]. The (
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values provide evidence of molecular dynamics and rotational changes. The variation 
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with volume fraction of water is calculated by using Eq. 3. The calculated (
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with volume fraction of 

water for all concentrations are shown in Figure 3. The Butyl alcohol-water mixtures have negative 

(
1
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values for water content, which reveals that the dissimilar molecule interactions produce the electric 

field and promote slower rotation of the effective dipoles. 
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Figure 3: excess inverse relaxation time vs volume fraction of water for Butyl alcohol and water 

binary mixtures at 20oC 

2.3.Kirkwood correlation factor 

Static dielectric constant for the mixture can be explained using Kirkwood Frohlich equation as follows [20, 

21]. 

 

4πNρ

9KTM
gμ2 =

(∈0−∈∞)(2 ∈0+∈∞)

∈0 (∈∞+ 2)2
            (4) 

Where μ, ρ and M indicates, dipole moment in gas phase ,density and molecular weight respectively, k is 

Boltzmann  constant, T is the temperature, and N is the Avogadro’s number. 

Kirkwood correlation factor “g” calculated from dielectric constant yields significant information 

regarding collective orientation correlation between molecules. For the mixture of two polar liquids a 

and b equation (5) is a modified form of equation (4) as described earlier in the literature[22, 23] with 

the assumption that g for the binary mixture is expressed by an effective average correlation factor geff 

such that 
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Figure 4: g 
eff vs volume fraction of water for Butyl alcohol-water binary mixtures at 20oC 

The Kirkwood correlation factor (geff) for all the binary systems were calculated at 20oC. the geff value 

decreases non-linearly with the increase of Butyl alcohol concentration, which signifies the formation of a 

hydrogen bonded network structure between Butyl alcohols with water  molecules in the binary mixtures. 

The decrease is also due to the addition of water molecule which leads to the breakup of parallel dipole 

orientation in alcohols and results in the formation of antiparallel alignments between alcohol dipoles with 

water dipoles in the binary mixtures. At a lower concentration of water the geff values are increased, due to 

the association of large numbers of alcohol molecules with the surrounding Butyl alcohol molecules, leading 

to the formation of aggregates of Butyl alcohol molecules with water molecules and a reduction of parallel 

dipole orientations. 

2.4.Bruggemann factor 

The Bruggemann equation [24] is another parameter which may be used as an indicator of solute solvent 

interaction. The Bruggemann factor (fB) is given by, 
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Where ε0m, ε01 and ε02 are the static dielectric constant corresponding to mixture, solute and solvent 

respectively; V- is the volume fraction of solvent (water). From above equation, the linear relation is 

expected from a plot fB Vs Volume fraction of water. But in binary liquids, there is non-linear relationship. 

To explain non-linear relationship of the plot, above equation has been modified as [25],    
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In this equation, volume fraction (V) is changed by a factor ‘ a -( a -1) V’ of the mixture. 

 

 Figure 5: fB  vs volume fraction of water for butyl alcohol-water binary mixtures at 20oC 

The Bruggemann fB factor values of Butyl alcohol-water systems data shows that there is a deviation from 

the linear relation which gives the confirmation of strong intermolecular interactions between ethanol-water 

and methanol-water binary solutions. The estimated values of fB are shown in Figure 5. The Bruggemann 

factor fB shows a negative deviation around 30% of water volume fraction, from the ideal line. This indicates 

that intermolecular interaction is taking place in the mixture. 

Conclusion 

The dielectric complex spectra of water in Butyl alcohol solutions have been studied in the frequency range 

of 10 MHz to 30 GHz using the time domain reflectometry method at 20oC. The static dielectric constant of 

the Butyl alcohol-water system decreases with increase in volume fraction of water. The excess permittivity 

of the Butyl alcohol-water binary system is negative due to anti-parallel alignment of dipoles in water and 

Butyl alcohol mixture molecules. Butyl alcohol-water mixtures have negative (
1

𝜏
)

𝐸

values for water content, 

due to slower rotation of the effective dipoles. In the mixture, the dipole pairs are formed and orient in the 

antiparallel direction in Butyl alcohol rich region. The Bruggemann factor study shows the deviation from 

the linear relation which gives the strong evidence of molecular interactions in binary solutions.  
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