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Abstract: Densities (ρ), speeds of sound (u), and viscosities (η) are reported for binary mixtures of N,N-diethyl 

aniline with  1-alkanols (1-hexanol, 1-heptanol and 1-octanol) over the entire composition range of mole 

fraction at T = (303.15 - 318.15) K and at atmospheric pressure 0.1 MPa. The excess properties such as excess 

molar volume, excess isentropic compressibility and deviations in viscosity are calculated from the density, 

speed of sound and viscosity. Excess properties are correlated using the Redlich – Kister equation. The excess 

partial molar volumes and excess partial molar isentropic compressibilities are calculated for all the binary 

systems throughout the composition range and also at infinity dilutions. The results are analyzed in terms of 

ruptureofhydrogenbonded chainofthedipolar interaction betweensoluteand1- alkanolexceedstheintermolecular 

interactionthroughdipole-dipoleandhydrogenbonding betweenN, N-diethyl anilineand1-alkanolmolecules.The V
E
 

results are analyzed in the light of Prigogine-Flory-Patterson theory. Analysis of each of the three contributions 

viz. interactional, free volume and P* to V
E 

has shown that interactional contribution are positive for all 

systems, both the free volume effect and P* contribution are negative for all the mixtures. 
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I. Introduction 

Thestudyofthermodynamicpropertiesofbinarymixturescontributesto an understanding of the 

behaviorofdifferentliquidsandtheirfunctionalgroups. This information is very useful in the design of 

industrialprocessandinthedevelopment oftheoriesfortheliquidstateandpredictivemethods.Excess 

thermodynamicparametersofdifferentmixturesareusefulinthe studyofmolecularinteractionsand 

arrangements[1].Forengineeringapplications,liquidmixtures,ratherthan single componentliquidsystemsare usedin 

processingandproductformulations.The thermodynamicparametersderivedfromthemeasurementof density,speed 

of soundandviscosityare usefulinunderstandingthenatureandtypeofintermolecular 

interactionsbetweenthecompoundmolecules 
 The variations in densities, speeds of sound and other properties derived using them, pertainingto 

binary mixtures of alcohols with divergent organic liquids which differ in molecular size, shape, chain length 

and degree of molecular association than that of normal alcohols, is one of the interesting aspect of research in 

molecular interactions [2]. In the present work, the liquid components selected for the study of molecular 

interactions are N, N-diethyl aniline and 1-alkanols: 1-hexanol, 1-heptanol and 1-octanol.These solvents are 

well known organic liquids with a wide range of applications in various fields of chemistry in addition to their 

use in industries and routine analytical work.  N, N-diethyl aniline is used as a solvent and also in preparation of 

dyes and various organic products. Alcohols are interesting as they are biologically and industrially important 

amphiphilic materials and also versatile solvents used in chemical and technological processes and further, they 

are inexpensive and easily available at high purity [3]. 

 The aim of the present work is to know the effect of carbon chain length and the influence of polarity 

of the 1-alkanols in the binary blends of N, N-diethyl aniline with 1-alkanols on the excess volume, excess 

isentropic compressibility and deviation in viscosity values. The present investigation is a continuation of our 

earlier research [4] on thermodynamic properties of binary liquid mixtures. 

 A review of the literature has shown that the thermodynamic properties of binary mixtures of   O-

chlorophenol with aniline and N-alkylanilines [5], 2-methoxyethanol with diethylamine and triethylamine [6], 

m-cresol with substituted anilines [7] and 2-(2-butoxyethoxy) ethanol with aniline and N-alkylanilines [8] have 

been investigated. There are no information accessible indicating itemized physical properties such as density, 
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speed of sound and viscosity for the binary mixtures of N, N-diethyl aniline with 1-alkanols. Hence, this 

research work is undertaken pertaining to these binary blends. The data found in this work may be helpful in 

various industrial processes such as formulation of PVC cements.  In this paper we report densities (ρ), speeds 

of sound (u) and viscosities () of the binary mixtures of N, N-diethyl aniline with 1-alkanols (including pure 

liquids) at different temperatures over the entire composition range. By using these data, various 

physicochemical parameters, viz., V
E
 (excess molar volume), κs

E
 (excess isentropic compressibility), deviation in 

viscosity (∆), excess Gibbs energy of activation of viscous flow (G
E

),
E

m ,1V


, 
E

m ,2V
 E

s ,m ,1
K


and

°E

s ,m ,2
K  have 

been calculated.  

 

II. Experimental 
2.1 Materials 

Chemicals used in the present study were N, N-diethyl aniline, 1-hexanol, 1-heptanol and 1-octanol. 

All the chemicals were purchased from S.D. Fine Chemicals Ltd. N, N- diethyl aniline was dried over potassium 

hydroxide pellets for several days [9]. All the chemicals were further purified by distillation and fractional 

distillation under reduced pressure, and only the middle fractions were collected [9,10]. Before use, the 

chemicals were stored over 0.4 nm molecular sieves for about 72 h to remove water and degassed. The purity of 

the liquid samples was checked by gas chromatography. The water contents were determined by Karl-Fischer 

method. The details of the chemicals and pertaining purification methods were presented in Table 1.  

 

2.2   Apparatus and procedure 

All the binary liquid mixtures were prepared by weighing an amount of pure liquids in an electric 

balance (ER-120A, Afoset) with a precision of  0.1 mg by syringing each component into air-tight stopper 

bottles to minimize evaporation losses. The uncertainty of the mole fraction was  110
-4

. 

Thedensitiesofpureliquidsand theirbinarymixturesweremeasured byusing asingle-

capillarypycnometer(madeofBorosilglass) 

havingabulbcapacityof~10cm
3
.Thecapillarywithgraduatedmarks haduniformboreandcouldbeclosed 

withawell-fittedcap.Themarks onthe capillarywerecalibrated byusing 

triplydistilledwater.Theuncertaintyindensitymeasurementwasfoundwithin±0.2×10
-3

 g·cm
-3.The speed 

of sound measurements was performed using a commercially available single crystal ultrasonic in terferometer 

(model F-05) from Mittal Enterprises, New Delhi, India, at 2 MHz frequency at various temperatures. The 

uncertainty in the measured speed of sound is ±0.5. The temperatureofthe testliquidsduringthe 

measurementswas maintainedwithinanuncertaintyof±0.01Kinanelectronicallycontrolled 

thermostaticwaterbath. The interferometer function was tested by obtaining measurements for pure samples 

of benzene, toluene, chloroform, chlorobenzene and acetone and the measured speeds of sound of these liquids 

were in good agreement with those reported in the literature [11].The viscosities of pure liquids and their 

mixtures were determined at atmospheric pressure at T = (303.15 - 318.15) K by using an Ubbelohde 

viscometer, which was calibrated with benzene, carbon tetrachloride, acetonitrile and doubly distilled water 

[12]. The Ubbelohde viscometer bulb capacity was 15 ml and the capillary tube had a length of about 90 mm 

with 0.5 mm internal diameter. The viscometer was thoroughly cleaned and perfectly dried, filled with the 

sample liquid by fitting the viscometer to about 30
o
from the vertical and its limbs were closed with Teflon caps 

to avoid the evaporation. The viscometer was kept in a transparent walled bath with a thermal stability of  0.1 

K for about 20 min to obtain thermal equilibrium. An electronic digital stopwatch with an uncertainty of ± 0.01 

s was used for flow time measurements. The experimental uncertainty of viscosity was estimated as ±1.03% 

and the uncertainty of temperature ± 0.1 K. The purity of all these solvents were compared with the measured 

densities, speeds of sound and viscosities of the pure liquids with the literature [13-21] and these were enlisted   

in Table 2. 

Experimental datagraphically compared [22-33] and in the givensupplementarymaterial Figs. from 1S 

to 9S  and  also third-order polynomial was used to fit viscosity and speed of sound as a function of 

concentration, for pure substances and its binary mixture of N,N-diethyl aniline with 1-heptanol, + 1-octanol, 

were listed in Tables and Figs. 1S, 2S. 10S, 11S and 12S respectively  (Supplementary material). 

The analysis of 1-hexanol indicated that the literature data [23] are more scattered as compared to our 

data. It may arise due to experimental procedure because viscosity ‘’ was well correlated with our 

experimental values.The AAD values for ‘u’ were found to be less than 0.28% (Jerie et al [27])to our 

experimental values may be experimental procedure or chemical purity. The 1-heptanol and 1-octanol speed of 

sound ‘u’ values varies with 0.4% and 0.35% (Average Absolute Deviation) with Dzida et al [32] at 303.15K. 

The deviations may be arising due to experimental procedure. 
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III. Results And Discussion: 
The experimental densities and viscosities for all the binary systems at various compositions were used to 

calculate the excess thermodynamic functions using following equations: 

V
E
 / cm

3
.mol

-1
= [x1M1 + x2M2] /ρ–[x1M1/ρ1+x2M2/ρ2]                                                 (1) 

 ∆ / mPa·s=    - (x11 + x22)             (2)  

 G
*E

 / J·mol
-1

 =RT [lnV - (x1 ln1V1+ x2 ln 2V2)]    (3) 

where ρ ,and V are density, viscosity and molar volume of the binary mixture. x1, M1, ρ1, 1,V1 and x2, M2, 

ρ2,2,V2are the mole fraction, molar mass, density, viscosity and molar volume of pure components 1 and 2 

respectively. R is the gas constant and T is the absolute temperature 

The experimental data were used to compute isentropic compressibility (κs) by using the following relation:  

            κs   =  (u
2
ρ)

 -1  
                          

(4) 

The method used for calculating κs
E
 (Benson - Kiyohara approach) was outlined previously [34]. 

V
E
, κs

E
 and ∆ values were fitted to a Redlich - Kister [35] polynomial equation,                                                                                                                                          

 
E

1 2 1

0

1 2

j
i

i

i

Y x x A x



                                                                (5)                                                                    

where Y
E
 is the V

E
 , κs

E
  and ∆  . Values of the coefficients Aiwere determined by using the method of least - 

squares. The standard deviations σ (Y
E
) were calculated by using the formula                                                                                                                                          

                        σ (Y
E
) = [ Σ(Y

E
exp - Y

E
cal )

2
/(m-n)]

1/2                                                                                   
(6) 

where m is the total number of experimental points and n is the number of parameters. The coefficients, Ai and 

corresponding standard deviation values ( ) were presented in Table 5. 

The densities, speeds of sound and viscosities for mixtures of various mole fractions of N, N-diethyl aniline in 

1-alkanols were presented in Tables 3.The excess molar volumes, excess isentropic compressibility, viscosity 

deviation and excess Gibbs energy of activation of viscous flow at various temperatures were presented in 

Tables 4. Figs. 1, 2, 3 and 4 show values of V
E
, κs

E
, ∆and G

*E
 as a function of the molar fraction of N, N-

diethyl aniline, respectively. 

The volume changes arising due to addition of N, N-diethyl aniline to an alkanol results from several 

opposing effects [36]. The main volume effects accompanying the addition of N, N-diethyl aniline to an alkanol 

result from changes of free volume,disruption of the alkanol structure, and the so-called condensation effect[37] 

due to restriction of the rotational motion of the alkanol molecule[38]. A perusal of Table 4shows that theexcess 

molar volume data for the mixtures N,N-diethyl aniline with 1-alkanols are positive over the entire composition 

range at all temperatures. In the present mixtures, considerable amounts of positive contributions are expected 

due todissociation of intermolecular interactions between like molecules is dominant over the heteroassociation 

interactions between unlike molecules. Similar results have also been reported for N,N-dimethylformamide with 

n-alkanols [39] and toluene with n-alkanols  mixtures [40]. 

The V
E
 values at equimolar concentration of mixtures follow the order: 

 1-octanol>1-heptanol >1-hexanol 

It indicates thatclustering decreases with increase of chain length of alkanols owing to less proton-donating 

tendency of higher alkanols. Therefore, heteroassociation effects decrease in the binary mixtures with an 

increase of chain length of linear alkanols. Hence above order is justified. 

The increase of V
E
 with increase of temperature suggests the breaking of interactions and aggregates of alkanols 

and N,N-diethyl aniline at elevated temperature [36].An examination of data in the Table 4 shows that the 

excess isentropic compressibility data   for all the binary systems are positive over the entire composition range 

at T= (303.15 to 318.15) K.  

The observed values of 
E

s
 can be qualitatively explained by considering the factors (i) declustering 

and breaking of H-bonds in 1-alkanols (ii) repulsive forces due to the electric charge of components, (iii) size 

and shape of both component molecules along with the effect of the alkyl chain of the 1-alkanols because the 

hydrophobic character of the 1-alkanol is amplified by  an increase in chain length, and consequently, the 

molecular interactions between 1-alkanols and N,N-diethyl aniline molecules are weaken. It also suggests that 

the physical dipole-dipole interactions between 1- alkanol monomers and multimers contribute to increase in 

free-spaces and these results in decrease in sound velocity and it is reflected in the positive deviation in 

isentropic compressibilities [41] 

Fromthe Fig.2, it is inferred that the positive κs
E
 values increases from 1-octanol to 1-heptanol in their 

binary blends with N, N-diethyl aniline. This fact signifies decreasing dipole-dipole interaction due to 

decreasing proton donating ability with increasing chain length of 1-alkanols. It also suggests the rupture of 

hydrogen bonded chain of the dipolar interactions between N,N-diethyl aniline and 1-alkanol exceed the 
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intermolecular interaction through dipole-dipole and hydrogen bonding between N,N-diethyl aniline and 1-

alkanol molecules.  

The positive κs
E
 values for binary systems follow the order:  

1-octanol >1-heptanol>1-hexanol 

The order indicates that the strength of interactions between component molecules decreases due to 

decrease in polarizability of 1-alkanol molecules [42, 43] as the carbon chain increases and also decreases in 

proper dipole alignment of the components. 

According to Kauzman and Eyring [44], the viscosity of a mixture strongly depends on the entropy of 

mixture, which is related to liquid structure and enthalpy and consequently, to the molecular interactions 

between the components of the mixture. Vogel and Weiss [45] affirm that mixtures with strong interactions 

between different molecules (H
E
< 0) and negative deviations from Raoult’s law present positive viscosity 

deviations (Δη > 0), whereas for mixtures with positive deviations of Raoult’s law and without strong specific 

interactions, the viscosity deviations are negative (Δη < 0). 

An examination of curves in Figs.3 and 4 suggests that the deviation in viscosity (η) and excess Gibbs 

energy of activation of viscous flow (G
*E

) for all the binary systems is negative over the entire composition 

range at different temperatures. The negative values of deviation in viscosity and excess Gibbs free energy of 

activation of viscous flow  for the binary systems investigated suggest that the breaking of the self-associated 

molecules and weak interactions between unlike molecules, decrease systematically with an increasein chain 

length of alkanol. With increasing in chain length of alkanol, hydrogen bonding interaction of N,N-

diethylaniline with 1-hexanol, 1-heptanol and 1-octanol is weaker due to decreased polarizabilityas suggested by 

Mecke [38].The viscosity deviation values are found to be opposite to the sign of excess molar volumes for all 

binary mixtures, which is in agreement with the view proposed by Brocos et al [46, 47] 

 

IV. Partial Molar Properties 

The interpretation of excess partial molar properties (
E

m ,1V ,
E

m ,2V , 
E

s,m ,1K and
E

s,m ,2K ) and excess partial molar 

properties at infinite dilution(
E

m ,1V


, 
E

m ,2V
 E

s,m ,1K


and
E

s,m ,2K


) of components 2  have previously been described 

[48]. 

In general, the negative values of excess partial molar volume component 1 and excess partial molar volume 

component 2 (
,1m

E
V ,

, 2

E

m
V ,

E

s,m ,1K  and 
E

s,m ,2K ) values,  indicate the presence of significant solute-solvent 

interactions between unlike molecules, whereas the positive excess partial molar volume component 1 and 

excess partial molar volume component 2 data indicate presence of solute-solute / solvent-solvent  interactions 

between like molecules in the  mixtures [49,50]. 

A close perusal of Table 6 indicates that the values of 
E

m ,1V and 
E

m ,2V  are positive for all the binary mixtures 

over the whole composition range.  Positive values may be attributed to the breaking up of self-associated 

structures of the components of the mixtures is dominant over the effect of H-bonding and dipole-dipole 

interaction between unlike molecules      

From the Table 6 it may be inferred that the values of 
E

s,m ,1K  and 
E

s,m ,2K  are positive for all the binary mixtures 

over the whole composition range. The positive values indicate thattheruptureofhydrogen 

bondedchainofthedipolarinteraction betweensolute,N, N-diethyl anilineand1-

alkanolexceedtheintermolecularinteractionthroughdipole-dipoleandhydrogenbondingbetweenN, N-diethyl  

anil ine  and 1-alkanolmolecules. 

From the Table 7, it can be seen that the values of 
E

m ,1V


and
E

m ,2V


 are positive for all the binary mixtures over 

the whole composition range. The positive 
E

m ,1V


and
E

m ,2V


values indicate that the rupture of three-dimensional 

hydrogen-bonded networkof 1-alkanol duetotheadditionofsolute,N,N-diethyl 

anilineisnotcompensatedbytheweakinteractionsbetweenunlike molecules. 

It is seen from the Table 7 that the values of 
E

s,m ,1K


 and 
E

s,m ,2K


 are positive for all the binary systems at each 

investigated temperature. The positive values may be due to interruption of dipolar association in the binary 

mixtures of N, N-diethyl aniline with 1-alkanols or attributed to weak dipole-dipole interactions between unlike 

molecules in the mixtures [51, 52].  
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Prigogine-Flory-Patterson Theory: 
The Prigogine-Flory-Patterson theory considers excess thermodynamic properties of binary mixtures to 

be the sum of different contributions [53-55]. The excess molar volume can be expressed as: an interactional 

term which is proportional to the interaction parameter, 12, a free volume contribution which arises from the 

dependence of the reduced volume upon the reduced temperature as a result of the differences between the 

degrees of thermal expansion of the components and an internal pressures and of the reduced volumes of the 

components 

* *

1 1 2 2

E
V

x V x V
= .

1 / 3 2 / 3

1 2

1 21 / 3 *

1

( 1)

[( 4 / 3) 1]

V V

V P






 
  

  

 


.

int.contribution) -

2 1 / 3

1 2 1 2

1 / 3

( ) [ (1 4 / 9 ) 1]

[ ( 4 / 3 ) 1)

V V V

V V





   





 

(fv.contribution) +

* *

1 2 1 2

1 2* *

1 2 2 1

( )( )V V P P

P P

 
 

  

 
 (𝑃∗contribution)                                            (7) 

The reduced volume of pure component Ṽ𝑖  was calculated from the isobaric thermal expansively 𝛼𝑖  by equation: 

 Ṽ𝑖 =  
1+ 

4

3
 𝛼𝑖𝑇

1+𝛼𝑖𝑇
                             (8) 

The Ṽ of mixture was approximated in equation (8) by  

Ṽ = 𝛹1Ṽ1 + 𝛹2Ṽ2                                      (9) 

The molecular contact energy fraction of components𝛹1is  given by 

𝛹1 = 1 − 𝛹2 =
𝜙1𝑃1

∗

𝜙1𝑃1
∗+𝜙2𝑃2

∗                                   (10) 

The characteristic volume is 𝑉𝑖
∗ = 𝑉𝑖

∗ Ṽ𝑖  and the characteristic pressure is given by  

 𝑃𝑖
∗ =

𝑇Ṽ𝑖
2
𝛼𝑖

к𝑇𝑖
       (11)          

where к𝑇𝑖  is the isothermal compressibility of pure component i.  

The hard-core volume fractions of the components 1and 2   (𝜙1and𝜙2) are defined by  

𝜙1=1-𝜙2 = 
𝑥1𝑉1

∗

𝑥1𝑉1
∗+𝑥2𝑉2

∗                                    (12) 

The к𝑇values were calculated from the following expression, 

к𝑇 = к𝑆 +
𝑇𝑉𝛼2

𝐶𝑃
                                          (13) 

 The 12 parameter required for the calculation of V
E 

using Flory-Patterson theory was derived by fitting 

the V
E 

expression to the experimental equimolar value of V
E 

for each system investigated. The calculated 

equimolar values of the three contributions together with the 12 parameter for each system were listed in Table 

8.An analysis of each of the three contributions to V
E
 showed that the interactional contribution was positive for 

all systems, the free volume contribution was negative for all the mixtures and P* contribution was positive for 

all the mixtures except 1-octanol which had a negative internal pressure term. It is clear from Table 8 that the 

dominant role is played by the interactional contribution and this is the main parameter for deciding the sign and 

magnitude of excess volumes for N,N-diethyl aniline + 1-alkanols. 

 

V. Conclusion 

This paper reports experimental data of densities, speeds of sound and viscosities of binary blends of 

N,N-diethyl aniline with 1-alkanols (1-hexanol,1-heptanol and1-octanol) binary mixtures over the entire 

composition range at T= (303.15 - 318.15) K with 5 K intervals. From the experimental data, various 

physicochemical parameters, viz., 
E

m
V , 

E

s
 andη of the mixtures, the excess partial molar properties at 

infinite dilution(
E

m ,1V


, 
E

m ,2V
 E

s,m ,1K


and 
E

s,m ,2K


) of components were calculated. The results are analyzed in 

terms of rupture ofhydrogenbonded chainofthedipolar interaction betweensoluteand1-

alkanolexceedtheintermolecular interactionthroughdipole-dipoleandhydrogenbonding betweenN,N-diethyl 

anilineand1-alkanolmolecules.Thisbehaviorischaracteristicfor systemscontaininganassociated component. 

Moreover, the V
E
 values have been analyzed with Prigogine- Flory-Patterson theory and shown that the 

interactional contribution is the main factor for positive values of excess molar quantities. 
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Figure 1 Variation of excess molar volume (V

E
) with mole fraction (x1) of N, N-diethyl aniline  in the binary 

liquid mixtures of N,N-diethyl aniline with  1-hexanol (■),  1-heptanol (●)     and 1-octanol (▲) at   303.15 K 
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Figure 2 Excess isentropic compressibility (κs

E
)with mole fraction (x1) of N, N-diethyl aniline   in the binary 

liquid mixtures of N,N-diethyl aniline with  1-hexanol (■),  1-heptanol  (●)  and 1-octanol (▲) at   303.15 K 

0.0 0.2 0.4 0.6 0.8 1.0

-1.0

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

 

 




 /
 c

P

X1

 
 Figure 3 Variation of deviation viscosity (η) with mole fraction (x1) of N, N-diethyl  

aniline in the binary liquid mixtures of N,N-diethyl aniline with  1-hexanol (■),  1- heptanol (●)  and 1-octanol 

(▲) at   303.15 K 
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Figure 4 Excess Gibbs energy of activation of viscous flow (G

*E
) with mole fraction (x1) of N, N-diethyl aniline 

in the binary liquid mixtures of N, N-diethyl aniline with 1-hexanol (), 1-heptanol () and 1-octanol (∆) at   

303.15 K 

0.0 0.2 0.4 0.6 0.8 1.0

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

 

 

V
E

 /
 c

m
3

. m
o

l-1

X1

 
Figure 5 Excess molar volumes of the binary mixtures against mole fraction x1 at T = 303.15 K   for N,N-

diethyl aniline + 1-hexanol (), N,N-diethyl aniline + 1-heptanol (),  N, N-diethyl aniline + 1-octanol (∆) and 

(---) calculated with PFP theory using  Parameters 

 

 
Figure1sdensity of 1-hexanol 
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Figure2sdensity of 1-heptanol 

 
Figure 3sdensity of 1-octanol 

 

 
Figure 4sSpeed of sound of 1-hexanol 
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Figure 5sSpeed of sound of 1-heptanol 

 
Figure6sSpeed of sound of 1-octanol 

 
Figure  7s  Viscosity of 1-hexanol 
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Figure 8s   Viscosity of 1-heptanol 
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Figure 9sViscosity of 1-octanol 

 

Table 1S:  Coefficients of the polynomial for the correlation of the viscosity as a function of concentration at 

different temperatures for the N,N-diethylaniline (1) +1-heptanol (2), N,N-diethylaniline (1) +1-octanol (2) 

binary system
 

T / (K) b0 / (mPa·s) b1 / (mPa·s) b2 / (mPa·s) b3 /(mPa·s) σ 

 N,N-diethylaniline (1) +1-heptanol(2) 

303.15 5.054 -7.250 5.439 -1.545 0.013 
308.15 4.337 -6.079 4.163 -0.894 0.016 
313.15 3.735 -5.528 4.089 -0.910 0.023 
318.15 3.407 -6.925 7.510 -2.760 0.046 

N,N-diethylaniline (1) +1-octanol(2) 

303.15 6.392 -9.593 7.304 -2.406 0.015 
308.15 5.388 -9.414 8.461 -2.936 0.038 
313.15 4.585 -8.905 9.174 -3.500 0.045 
318.15 4.011 -8.760 9.882 -3.903 0.045 
303.15 6.392 -9.593 7.304 -2.406 0.015 

Parameters of the equation 
3 2

3 1 1 1 1 02
u b x b x b x b   
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Table 2S: Coefficients of the polynomial for the correlation of the speed of sound as a function of concentration 

at different temperatures for the N,N-diethylaniline (1) +1-octanol (2) binary system
 

Parameters of the equation 
3 2

3 1 1 1 1 02
u b x b x b x b   

 

0.0 0.2 0.4 0.6 0.8 1.0
1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5


 /

 m
P

a
.s

X1

 
 Figure10s: viscosity of binary mixture of N,N-diethylaniline+1-heptanol following the  third-order 

polynomial equation 
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Figure11s: viscosity of binary mixture of N,N-diethylaniline+1-octanol following the  third-order 

polynomial equation 

T / (K) b0 / (ms–1) b1 / ( ms–1) b2 / ( ms–1) b3 /( ms–1) σ 

303.15 
1334.73 38.91 17.13 41.55 0.471 

308.15 
1318.02 24.70 50.51 21.56 0.642 

313.15 
1298.85 13.90 72.33 11.47 1.072 

318.15 
1284.31 35.19 14.71 43.68 0.741 
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Figure12s: speed of sound of binary mixture of N,N-diethylaniline+1-octanol following the  third-order 

polynomial equation 
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