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ABSTRACT 

 Viscosity(η),Density(ρ) and Ultrasonic velocities(U) are reported for binary mixtures of 1-Hexanol and 1-Heptanol 
with Nitrobenzene over entire range of mole fraction at 303.15 and 313.15 K and atmospheric pressure The viscosity 
deviation(∆η) Excess molar volume(VE) and isentropic compressibility(Ks) have been calculated. These values were 
fitted with Redlich-Kister type polynomial equation. 
Keywords: Viscosity, Density, Ultrasonic velocities 
 

 
INTRODUCTION 

The Viscosity (η), Density (ρ) and Ultrasonic velocities (U) measurements find wide applications in 
characterizing the physico-chemical behavior of liquid mixtures 1-3  and in the study of molecular 
interactions. Ultrasonic velocity of a liquid is related to the binding forces between the atomsr the 
molecules. Ultrasonic velocity has been adequately employed in understanding the nature omolecular 
interactions in pure liquids 4 and binary mixtures. The method of studying the molecular interaction from 
the knowledge of variation of thermodynamic parameters and their excess -values with composition gives 
an insight into the molecular process 5-7 . The investigations regarding the molecular association in 
organic binary mixtures having 1-alkanol group as one of the components is of particular interest, since 1-
alkanol group is highly polar and can associate with any other group having some degree of polar 
attractions. Nitro-Benzene is aprotic, strongly associated due to highly polar N = 0 group is the molecule 
and large dipole moment8. 

 In view of the importance mentioned, an attempt has been made to elucidate the molecular interactions in 
the mixtures of nitrobenzene with 1-hexanol and 1-heptanol respectively at 303.15 and 313.15 K. Further, 
the excess values of some of the acoustical ultrasonic velocity, density and viscosity of the mixtures. The 
excess functions are used to explain intermolecular interactions in these binary mixtures.    
 

EXPERIMENTAL 
All the chemicals used in the present research work are analytical reagent (AR) and spectroscopic reagent 
(SR) grades of minimum assay of 99.9% obtained from E-Merck, Germany and Sd Fine chemicals, India, 
which are used as such without further purification. The purities of the above chemicals were checked by 
density determination at 303.15 and 313.15 K the uncertainty is less than ± 1x10–4 gcm–3. The binary 
liquid mixtures of different known compositions were prepared in stopper measuring flasks. The density, 
viscosity and velocity were measured as a function of composition of the binary liquid mixture of nitro-
benzene with 1-hexanol and 1-heptanol respectively at 303.15 and 313.15 K. The density was determined 
using a Bi-capillary pyknometer. The weight of the sample was measured using electronic digital balance 
with an accuracy of ± 0.1 mg (Model: Shimadzu AX-200). An Ubbelohde viscometer (20ml) was used for 
the viscosity measurement and efflux time was determined using a digital clock to within ±0.01s. An 
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ultrasonic interferometer having the frequency of 2 MHz (Mittal Enterprises, New Delhi, Model:  F-81) 
with an overall accuracy of ± 0.1% has been used for velocity measurement. An electronically digital 
operated constant temperature bath (RAAGA Industries) has been used to circulate water through the 
double walled measuring cell made up of steel containing the experimental solution at the desired 
temperature with an accuracy of ± 0.01 K. 
 
Theory and Calculations 
Excess volumes are determined by: 

VE  =  (  M1X1+M2X2   ) /  ρ12 -  (  M1X1 ) /  ρ1   -    (  M2X2  ) / ρ2    (1) 
 
Viscosity of Binary Mixtures is determined by: 
      ln ηm = X1 ln η1 + X2 ln η2        (2) 
 
Deviation in Viscosity of Binary Mixtures is determined by : 

∆ηm    =   η12  - X1 η1 - X2 η2        (3) 
 
Deviation in isentropic compressibility have been evaluated by using the equation  

∆kS =  kS – (Ф1 kS1 + Ф2 kS2 )       (4) 
Where kS1, kS2 and KS are isentropic compressibility of liquid mixtures and Ф is volume fraction of pure 
components. 
 
The excess properties yE are fitted by the method of non linear least squares to a Redlich kister type 
polynomial (5)  

 yE = X1 X2  ∑ Ai (X1 – X2 )i        (5) 
 
In each case the optimum number of coefficients Ai was determined from an examination of the variation 
of standard deviation as calculated by : 

 σ yE  = [ ∑ (yE
obs  - yE

cal) / ( n-m ) ]1/2      (6) 
Where n represents the number of experimental points and m represents the number of coefficients in 
fitting the data.  

 
RESULTS AND DISCUSSION 

In their pure state, the self association of alkanols decreases with increasing chain length, when alkanols 
are mixed with nitrobenzene then there is interaction between their individual functional groups (-OH and 
–NO2). The presence of electron withdrawing group on benzene ring decreases its electron densities. The 
polarity of alkanols is less hence there degree of self-association is less as compared to nitrobenzene9 The 
experimental values of density, viscosity and ultrasonic velocity, for the two binary liquid systems at 
303.15 and 313.15 K, are given in Table 1. The values of excess volume, viscosity deviation and 
deviation in isentropic compressibility parameters are presented in Tables 2 The variation of excess 
parameter with the mole fraction of 1-alkanols (x2) at 303.15 and 313.15 K are plotted in Figures 1-6.  
It is seen from Fig. 3-6 that the curves for ∆η and ∆kS values are negative over the entire mole fraction of 
the alkanols at 303.15 and 313.15 K temperatures these curves are W-shaped with minima around x1 = 
0.4-0.5 mole fraction of the alkanol.These excess parameters at a particular mole fraction of the alkanols 
becomes less negative with increase of temperature. The negative ∆η and ∆kS may be attributed to the 
existence of dispersion and dipolar forces between unlike molecules and related to the difference in size 
and shape of the molecules10. Increase of temperature disturb hereto and homo-association of the 
molecules which increases fluidity of the liquid. Values of ∆η are more at higher temperature provide 
additional evidence for the existence of interactions of weak magnitude like dipole-induced dipole type 
between components of liquid mixtures 11. 
The magnitude of ∆η and ∆kS, the sign and the extent of deviation of these properties from ideality 
depend on the strength of interaction between unlike molecules. According to Fort et. al. the excess 
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viscosity gives the strength of the molecular interaction between the interacting molecules. For systems 
where dispersion, induction and dipolar forces which are operated by the values of excess viscosity are 
found to be negative, the large negative values of excess viscosity for all the systems can be attributed to 
the presence of the dispersion, induction, and dipolar forces between the components. 
The magnitude of ∆η and ∆kS suddenly increases at x1= 0.4 and 0.8 this indicates      that the specific 
interactions leading to the formation of complexes in liquid mixtures tend to make ∆η and ∆kS values 
positive. The positive isentropic compressibility which indicates loosely packed molecules in the mixtures 
results due to shape and size.  
VE values are positive over the entire mole fraction of the alkanols the values VE parameter become more 
positive with increasing x1.This is because nitrobenzene and alkanols are associated12.The observed VE 
may be analyzed in terms of several effects, which may be divided into physical, chemical and 
geometrical contributions13. The physical interactions comprise mainly dispersion forces and non-specific 
physical interaction giving a positive contribution. The chemical interaction involve the charge transfer 
complexes, resulting in contraction of volume, geometrical or structural contribution arising from 
geometrical fitting of one component into other, due to different in molar volume and free volumes 
between the components increases14.   In the present investigation the positive deviations of VE have been 
attributed to dispersive forces that show weak molecular interaction between the unlike molecules. 
It is found that for the solution of the fifth degree polynomial, the agreement between the experimental 
values and the calculated ones is satisfactory. The derived parameters   A0, A1, A2, A3, A4 and σ are 
presented in Tables 3 and 4 
A good agreement was found in between Redlich-Kister parameters the solution of the fifth degree 
polynomial obtained with VE, ∆η and ∆kS 
 

Table-1: Values of density (ρ) viscosity (η) ultrasonic velocity (U), Excess volume (VE), viscosity deviations and 
(∆η), deviation on isentropic compressibility (∆kS) for Binary System of 1-hexanol and Nitrobenzene at 303.15 and 

313.15 K 

 
0.0000  0.69550  2.82890 1263.2 0.0000 0.000  0.00 
0.0906  0.71690  2.49990 1280.0 1.9133 -19.528  -18.59 
0.1756  0.74360  2.05120 1200.0 2.5150 -51.825  -45.04 
0.2735  0.76960  1.99200 1318.0 4.4227 -43.265  -52.73 
0.3701  0.79484  1.58450 1336.0 6.5787 -69.727  -55.44 
0.4676  0.82396  1.46560 1352.0 8.3083 -67.196  -52.54 
0.5681  0.85640  1.35970 1372.0 9.9377 -57.921  -47.33 
0.6719  0.89260  1.22310 1390.0 11.4889 -61.228  -32.98 

313.15  

0.7811  0.93280  1.08540 1416.0 13.1447 -58.846  -15.05 

Temp. 
(K) x1 

ρ 
(gm/cm3) 

η103 (N 
sm-2) U (M S-1) 

VE x 
106(m3 
mole-1) 

∆η x 103 

(Kg m-1 s-1) 
∆kS x 

1011(m2 N-1) 

0.0000  0.70410  3.97540 1288.2 0.0000 0.000  0.00 
0.0906  0.72610  3.44440 1307.3 1.7865 -31.809  -20.44 
0.1756  0.75265  2.77120 1326.0 2.4470 -79.117  -41.08 
0.2735  0.77930  2.65030 1347.2 4.2327 -68.157  -53.49 
0.3701  0.80460  2.07900 1366.0 6.3723 -102.544  -48.10 
0.4676  0.83410  1.90620 1385.3 8.0405 -96.868  -55.84 
0.5681  0.86700  1.73410 1399.1 9.6029 -90.416  -45.06 
0.6719  0.90365  1.52930 1418.0 11.0962 -86.458  -31.99 
0.7811  0.94901  1.33570 1439.0 12.0679 -69.108  -13.75 
0.8877  0.98723  1.29900 1458.0 14.1642 -64680  17.97 

303.15  

1.0000  1.19320  1.62100 1478.0 0.0000 0.000  0.00 
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0.8877  0.97514  1.05880 1433.0 14.6784 -45.739  17.47 
1.0000  1.18290  1.08970 1449.0 0.0000 -26.010  0.00 

 
Table-2: Values of density (ρ) viscosity (η) ultrasonic velocity (U), Excess volume (VE), viscosity deviations and 

(∆η), deviation on isentropic compressibility (∆kS) for Binary System of 1-heptanol and Nitrobenzene at 303.15 and 
313.15 K. 

Temp. 
(K) x1 ρ (gm/cm3) η103 (N sm-2) U (M S-1) 

VE x 
106(m3 
mole-1) 

∆η x 103 

(Kg m-1 s-1) 

∆kS x 
1011(m2 

N-1) 
0.0000 0.70400 3.08160 1336.4 0.0000 0.000 0.00 
0.0949 0.72790 2.69500 1352.6 1.3617 -24.830 -19.11 
0.1911 0.75230 2.30130 1372.3 2.9972 -50.149 -36.51 
0.2875 0.77850 2.06720 1390.2 4.5649 -44.479 -47.75 
0.3865 0.74900 1.82940 1412.5 6.5753 -68.799 -39.78 
0.4853 0.83670 1.59600 1425.8 7.8812 -77.708 -54.69 
0.5857 0.86930 1.53630 1438.5 9.5323 -69.014 -46.18 
0.6812 0.90330 1.36090 1447.5 10.9629 -72.605 -31.46 
0.7903 0.94273 1.35620 1458.5 12.9100 -47.140 -7.64 
0.8943 0.98420 1.31760 1469.7 14.6310 -45.809 21.25 

303.15 

1.0000 1.19320 1.62100 1478.0 0.0000 0.000 0.00 
 
 
  

 
 
 
 
 
 
 
 
 
 
 

 
Table-3: The binary coefficients (Ai) and standard errors (σ ) for Nitrobenzene + 1-alkanols at 303.15 K 

 
Binary system Function Binary coefficients 
         A0         A1    A2 A3       A4  σ 

VE x 106(m3 mole-1)               
33.817 63.308 59.044 3.486 23.792 2.586 
 ∆η x 103 (Kg m-1 s-1)            -
403.76 -76.449 -130.411 -26.55 -100.23 15.005 

Nitro-Benzen 
+  1-hexanol       

∆kS x 1011(m2 N-1)                 -
215.50 99.11 52.42 -2.35 -81.627 8.077 

 
VE x 106(m3 mole-1)                
47.557 62.94 29.2355 4.9728 51.304 6.597 
∆η x 103 (Kg m-1 s-1)              -
304.27 -83.016 -97.3281 1.2142 -72.520 6.950 

Nitro-Benzen+ 
1- Heptanol 

 ∆kS x 1011(m2 N-1)                -
154.78 56.01 -65.7349 -21.085 -35.425 20.754 

 

0.0000 0.69543 2.25450 1298.6 0.0000 0.000 0.00 
0.0949 0.71590 1.99100 1318.7 2.1255 -17.787 -21.90 
0.1911 0.74320 1.73690 1341.4 3.0931 -34.494 -47.17 
0.2875 0.76890 1.56340 1356.9 4.7530 -30.123 -55.86 
0.3865 0.77210 1.40710 1371.5 7.2384 -49.796 -59.23 
0.4853 0.82632 1.25190 1381.4 8.1934 -56.378 -51.91 
0.5857 0.85890 1.22020 1395.5 9.8386 -50.464 -43.99 
0.6812 0.89271 1.08650 1410.5 11.2906 -55.194 -32.58 
0.7903 0.93141 1.06910 1427.8 13.3420 -47.064 -10.37 
0.8943 0.97313 1.08900 1438.7 15.0271 -35.665 22.05 

313.15 

1.0000 1.18290 1.34980 1449.0 0.0000 0.000 0.00 
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Table-4: The binary coefficients (Ai) and standard errors (σ) for Nitrobenzene + 1-alkanols at 313.15 K 
 
 

Binary system Function Binary coefficients 
        A0        A1    A2 A3        A4  σ 

VE x 106(m3 mole-1)   34.829 66.194 64.274 3.336 23.016 2.529 
 ∆η x 103 (Kg m-1 s-

1)           -276.92 -96.011 -104.865 16.690 -81.185 11.165 Nitro-Benzen 
+  1-hexanol       ∆kS x 1011(m2 N-1)      -149.84 77.933 331.765 -156.70 261.186 54.974 

 
VE x 106(m3 mole-1)    39.242 64.665 58.422 5.489 38.146 4.0505 
∆η x 103 (Kg m-1 s-1)   -222.35 -85.145 -90.624 3.367 -49.095 4.868 Nitro-Benzen+ 

1- Heptanol  ∆kS x 1011(m2 N-1)     -195.52 84.872 -20.648 -3.278 -99.47 12.678 
 
 
The measurement of viscosity in binary mixture yields some reliable information in the study of 
molecular interaction. Table 2 shows that the value of excess viscosity and deviation on isentropic 
compressibility decreases with increase in concentration of 1-alkanols. The thermodynamic excess 
properties are found to be more sensitive towards intermolecular interaction between component 
molecules of liquid mixtures.. The excess viscosity and deviation on isentropic compressibility (Fig. 3-6) 
are negative through the whole range of concentration in both the systems. From the analysis and close 
observations, it is found that they decrease with increase in concentration of 1-alkanols, but however it 
found to increase with elevation of temperature The negative  values for binary mixtures indicate, the 
formation of H-bonds (between the – O = N – group of Nitro-benzene and the –OH group of alkanols).  
 

CONCLUSION 
The experimental data of Ultrasonic velocity (U), density (ρ) and viscosity (η) are reported for binary 
mixtures of 1- Hexanol and 1-Heptanol with Nitro-benzene over entire range of mole fractions at 303.15 
and 313.15 K. Calculated viscosity deviation, excess molar volume and change in isentropic 
compressibility are fitted with Redlich kister type polynomial equations. Very large negative deviations 
are observed for both the investigated binary systems. This reveals the existence of molecular interactions 
in the binary mixtures. The present investigation shows that greater molecular interaction exists in 1-
hexanol mixtures which may be due to hydrogen bond formation and weak molecular interaction that 
exists in the 1-heptanol mixtures which may be due to the dominance of dispersion forces and dipolar 
interaction between the unlike molecules. The interaction tends to be weaker with rise in temperature 
which may due to weak intermolecular forces and thermal dispersion forces. The existence of molecular 
interaction in the mixture is in the order: 1- Hexanol. > 1- Heptanol. 
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Fig.-1: Excess volume V/s mole fraction for binary systems of 1-Hexanol(1) and 1-heptanol (1) with Nitrobenzene 

at 303.15K 
 
 

 
 
Fig.-2: Excess volume V/s Mole fraction for binary systems of 1-Hexanol (1) and 1- Heptanol (1) with nitrobenzene 

at 313.15K 
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Fig.-3: Viscosity deviations V/s Mole fraction for binary systems of 1-Hexanol (1) and 1- Heptanol (1) with 
nitrobenzene at 303.15K 

       
 

Fig.-4: Viscosity deviations V/s Mole fraction for binary systems of 1-Hexanol (1) and 1- Heptanol (1) with 
nitrobenzene at 313.15K 

 

 
 

Fig.-5: Deviation on isentropic compressibility V/s Mole fraction for binary systems of 1-Hexanol (1) and 1- 
Heptanol (1) with nitrobenzene at 303.15K 
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Fig.-6: Deviation on isentropic compressibility V/s Mole fraction for binary systems of 1-Hexanol (1) and 1- 

Heptanol (1) with nitrobenzene  
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