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Abstract - Densities and viscosities of ternary liquid mixtures 

of isopropanol +1,2-propanediol + cyclohexanone, were measured 

at 308.15 K and 318.15 K over entire range of composition. From 

the density () and viscosity () data, the excess thermodynamic 

properties, viz., the excess volume (VE), molar volume (V), 

deviation in viscosity (), interaction parameter (d) and 

excess Gibbs free energy of activation of viscous flow (G*E) 

were calculated. The values of excess parameters namely VE, 

 and G*E were fitted to Redlich Kister type polynomial 

equation. Further heat of mixing and IR spectra were studied 

at equimolar concentration. From these results, the nature of 

interaction have been discussed interms of intermolecular 

interaction between the mixing components. 

Keywords   Excess volume, Deviation in viscosity, Excess Gibbs 

free energy of activation of viscous flow. Heat of mixing and IR-

Study. 

 

I. INTRODUCTION 

Physico-chemical and thermodynamic investigations play 

an important role in helping to understand the nature and 

extent of patterns of molecular aggregation that exists in 

binary and ternary liquid mixtures and their sensitivities to 

variation in composition and molecular structure of pure 

components [1]. A full understanding of thermodynamic and 

transport properties of binary and ternary liquid mixtures is 

essential in many chemical engineering processes such as 

separation process, design calculation, heat transfer, mass 

transfer, fluid flow and so forth [2]. 

Isopropanol is self-associated liquid molecule through 

hydrogen bonding and it is used as solvent for coating in 

pharmaceutical applications. 1,2-propanediol is also self-

associated through intermolecular and intramolecular  

hydrogen bonding. It is used as medical lubricant, 

moisturizer in medicines, tobacco products and cosmetics. 

cylohexanone exhibit dipole-dipole interaction in pure state 

and its derivatives are used for the synthesis of 

pharmaceuticals, dyes, herbicides, pesticides, plasticizers and 

rubber chemicals. Keeping in view of the importance, the 

liquids, measurement of density and viscosity of isopropanol 

(1) + 1,2-propanediol (2) + cyclohexanone (3) ternary liquid 

mixtures were reported over the entire range of composition 

at 308.15K and 318.15K. A survey of literatures has shown 

that no experimental physico-chemical studies for the above 

ternary liquid mixtures were reported earlier.  

 

II. EXPERIMENTAL METHODS 

The chemicals used in the present study are analytical 

grade (Merck) and further purified by standard  methods [3, 

4]. Before use, the chemicals were dried by suitable drying 

agents to remove the water content, if any. The mixtures 

were prepared by knowing mass and were kept in special air 

tight glass stoppered conical type bottles to avoid evaporation. 

The weighing measurements were performed on a Shimasdzu 

Auy 220 Japan electronic digital balance with precision of  

0.0001 g. 

a. Density and Viscosity measurements 

The density of pure liquids and their liquid mixtures were 

measured by using special type specific gravity bottle of 10 

ml capacity with an accuracy  0.0001 g. The specific 

gravity bottle containing solution was immersed in a 

constant temperature water bath (Guna company) measured 

at 308.15 and 318.15 K. Each reported values are the 

average of at least three measurements. 

The viscosity of pure liquids and their liquid mixtures were 

measured by using in ostwald’s viscometer of 10 ml capacity. 

The viscosities at temperature 308.15 and 318.15 K were 

measured. The time given to attain thermal equilibrium for 

the content of viscometer was 15 min. The time of flow was 

measured with an accurate stop watch which is capable of 

measuring time to within 0.01 s. Three sets of reading for 

the flow time were taken and the average values were taken 

for each pure liquids and liquid mixtures. 

b. Heat of Mixing 

Heat of mixing of ternary liquid mixtures were 

measured with calorimeter (Dewar flask) at equimolar 

concentration. 

c. IR study 

IR spectra for pure liquids and equimolar liquid 

mixtures were recorded by Perkin Elmer FT-IR. 

 

III. RESULTS AND DISCUSSION 

Comparison of experimental density () and viscosity 

() values with literature values for pure isopropanol, 1,2-

propanediol and cyclohexanone, are presented in Table-1. 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV6IS120032

Published by :

www.ijert.org
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Vol. 6 Issue 12, December - 2017

64



 

There is a good agreement with literature values at 308.15 

and 318.15 K temperature for both density () and viscosity 

() data. 

Table 3.1 Comparison of density () and viscosity () 

values with literature values of pure liquids at  

308.15 K and 318.15 K 

Name of the 

Components 

Temperature 

K 

Density /g cm-3 Viscosity /m Pa.s 

Expt Lit Expt Lit 

Isopropanol 
308.15 0.7720 0.7728 [5] 1.1282 1.5014 [6] 

318.15 0.7668 0.7654 [7] 0.9450 1.1890 [8] 

1,2-

propanediol 

308.15 1.0256 1.0251 [9] 21.3250 25.2200 [10] 

318.15 1.0199 1.0175 [11] 12.7391 12.7800 [12] 

Cyclohexanone 
308.15 0.9290 0.9306 [13] 1.3140 1.6562 [14] 

318.15 0.9237 0.9225 [15] 1.0640 1.3700 [16] 

a. Calculation of Excess Thermodynamic parameters  

1. Excess volume (VE) [17] 

 VE = 
1

i
i i i i

mix i

x M x M
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   (1) 

where x1, x2 and x3 are molefraction of component 1,2 and 3, 

1, 2, 3 and mix are densities of pure liquids and mixtures, M1, 

M2 and M3 are molecular weight of components 1,2 and 3 respectively. 

2. Molar volume (V) [18] 

1

n
i i

i

x M
V



 
  

 
     (2) 

V refers to molar volume that can be calculated from the 

density of mixtures, Here   is density of mixtures.  

3. Viscosity () [19] 
B

At
t

 
 

  
 

    (3) 

A and B are characteristic constants of viscometer 

calculated using standard liquids water and nitrobenzene, t is 

time of flow. 

4. Deviation in viscosity () [20] 

1 1 2 2 3 3( )tern mix x x x           (4) 

5. ln [20]            (5) 

6. Interaction parameter (d) [21] 

1 1 2 2 1 2ln ln lnmizx x x x x d       (6) 

The equation (6) can be rearranged in the form of  
 

1 1 2 2 3 3 1 2 3ln ( ln ln ln ) /( )tern mixd x x x x x x        

      (7) 

where d is Grunberg Nissan interaction parameter 

7. Excess Gibbs free energy of activation of viscous flow 

(G*E) [21] 
*

1 1 1 2 2 2 3 3 3[ln( ) ( ln( ) ln( ) ln( ))]E

tern mixG RT V x V x V x V            (8) 

where 1,2,3 and mix are the viscosities of pure liquids and 

liquid mixtures, x1, x2 and x3 are molefraction of component 

1,2 and 3 respectively. R is gas constant, T is temperature, 

V1, V2, V3 and V are molar volumes of pure components and 

mixtures respectively. 

8. Heat of mixing (H) [22] 

 q = m s T + w  T   (9) 

where, m is mass of liquid solution, s is specific heat of 

solution, w is water equivalent calorimeter, q is the heat loss 

or gained, T is the change in Temperature.  

Excess values of other parameter are calculated using the 

relation 

AE = Aexp - Aid 

Aid =  xiAi, xi and Ai are molefraction and parameters of 

ith component liquid. 

The calculated values of VE,  and G*E were fitted to 

Redlich-Kister type polynomial equation  
2 2

1 2 3 1 2 3 1 2 3[( ( ) ( ) ]E

ternA x x x a bx x x cx x x      . (10) 

The method of least squares was used to derive the 

adjustable parameters a, b and c. The standard deviation [25]  

values were calculated using the relation. 

 
1/2

2

exp / ( )E E

calA A n m    
  

  (11) 

where ‘n’ is number of experimental data, ‘m’ is number of 

adjustable parameters. 

The experimental values of the density () and viscosity 

() in case the ternary liquid mixtures under study over the 

entire molefraction range at 308.15K and 318.15K are given 

in Table 3.2 and 3.3. From these available values of density 

and viscosity, the values of excess volume (VE), molar 

volume (V), deviation in viscosity (), interaction 

parameter (d) and excess Gibbs free energy of activation of 

viscous flow (G*E) were calculated. The excess volumes 

were plotted against with molefractions at 308.15K and 

318.15K over the entire composition range. The excess 

parameters namely, VE,  and G*E are fitted to the Redlich 

Kister type polynomial equation and the adjustable 

parameters a, b and c evaluated by the method of least squares, 

along with standard deviation () are presented in Table 3.4. 

The deviations observed in the excess parameters 

indicate the strength of interactions present between the 

unlike molecules of the liquid mixtures under study [23]. The 

variation in these excess parameters may be result of 

contributions from several effects such as (i) breaking up of 

hydrogen bond.  (ii) The specific forces that exist between 

the molecules like dipole-dipole interaction and hydrogen 

bonding interaction. (iii) Geometrical fitting of one 

molecule into other molecule because of difference in their 

molar volumes. 

The densities and viscosities of  given  ternary liquid 

mixtures containing namely, isopropanol+1,2-propanediol + 

cyclohexanone at 308.15K and 318.15K over entire 

composition range are presented in Table 2 and 3. It can be 

seen that variation of density and viscosity with composition 

of the mixture is non-linear which indication the presence of 

molecular interactions. 
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Table 3.2 Densities, Viscosities and Excess Properties of Ternary Liquid Mixtures of Isopropanol (1) +  

1,2-Propanediol (2)  + Cyclohexanone (3) at 308.15 K 

x1 x2 
ρ            

(g.cm-3) 

VE  

(cm3.mol-1) 
 

 (mPa.s) 

Δ  

(mPa.s) 

Δln 

(mPa.s) 
d 

V                  
(cm3.mol-1) 

ΔG*E   

(kJ mol-1) 

0.1150 0.2134 0.9300 0.0323 2.3275 -3.2355 -0.0055 -50.7425 95.6664 0.0174 

0.2079 0.2980 0.9237 0.0753 2.7403 -4.4975 -0.0636 -34.0436 90.4312 -0.1199 

0.2809 0.4253 0.9231 0.1241 3.7937 -5.9787 -0.0821 -38.9945 84.5424 -0.1755 

0.3994 0.4981 0.9106 0.1553 5.9010 -5.3066 0.1748 -76.5533 79.0415 0.4658 

0.4547 0.1446 0.8748 0.1770 1.7252 -2.3716 -0.0559 -23.4756 86.4646 0.0702 

0.5848 0.2119 0.8595 0.1282 2.0001 -3.4435 -0.0808 -30.2740 82.6551 -0.1667 

0.7013 0.1922 0.8385 0.0651 2.4874 -2.5422 0.2095 -48.0644 80.1360 0.5539 

0.7922 0.1103 0.8176 0.0453 2.0938 -1.2801 0.2793 -53.2702 80.1769 0.7299 

0.8932 0.0517 0.7956 0.0266 1.9446 -0.2382 0.3840 -109.5762 79.2211 0.9908 

0.6911 0.1164 0.8367 0.0250 1.8240 -1.6909 0.1089 -31.1771 82.7707 0.3006 

0.4863 0.2090 0.8765 0.0545 2.0653 -3.3408 -0.0561 -24.4986 85.5740 -0.1141 

0.3065 0.3042 0.9097 0.1374 2.5935 -4.7500 -0.1209 -28.6866 87.5635 -0.2657 

0.1028 0.4028 0.9461 0.0983 3.0786 -6.2767 -0.2555 -66.2811 90.1433 -0.6141 

0.3969 0.4566 0.9082 0.1232 5.8856 -4.5047 0.2848 -50.7166 81.4003 0.6678 

0.2065 0.5920 0.9491 0.0877 6.8438 -6.2786 0.0319 -74.7853 81.3677 0.1086 

0.1073 0.6936 0.9735 0.0626 8.9301 -6.2435 -0.0002 -145.6555 80.8738 0.0287 

0.1097 0.7892 0.9841 0.0331 13.1558 -3.9303 0.1212 -278.2606 77.7867 0.3279 

0.0662 0.8880 1.0020 0.0168 18.4338 -0.6377 0.1765 -1013.9056 75.8919 0.4605 

0.1988 0.7028 0.9620 0.0388 10.4930 -4.8478 0.1494 -157.7683 78.0436 0.3989 

0.2929 0.5014 0.9282 0.0824 4.7607 -6.5324 -0.0653 -52.2554 81.7879 -0.1394 

0.3929 0.3029 0.8965 0.1482 2.6079 -4.6943 -0.0987 -28.2554 85.2901 -0.2174 

0.4966 0.1117 0.8676 0.1783 1.6591 -1.7985 -0.0025 -22.8806 88.4998 0.0249 

0.4003 0.1501 0.8848 0.1828 1.6388 -2.6070 -0.1369 -22.7609 90.1121 -0.3302 

0.2056 0.2074 0.9167 0.1335 2.0253 -3.4006 -0.1139 -32.0474 93.4405 -0.2545 

0.2053 0.1146 0.9106 0.0902 1.6867 -1.8823 -0.0384 -34.5501 96.3092 -0.0672 

0.1102 0.1245 0.9238 0.0576 1.9319 -1.8529 0.0553 -56.7980 98.5953 0.1676 

0.0594 0.0567 0.9256 0.0258 1.6587 -0.7789 0.0840 -141.2602 102.0997 0.2289 

Table 3.3 Densities, Viscosities and Excess Properties of Ternary Liquid Mixtures of Isopropanol (1) +  

1,2-Propanediol (2)  + Cyclohexanone (3) at 318.15 K 

x1 x2 
ρ            

(g.cm-3) 

VE  

(cm3.mol-1) 

 

 (mPa.s) 

Δ  

(mPa.s) 

Δln 

(mPa.s) 
d 

V                  

(cm3.mol-1) 

ΔG*E   

(kJ mol-1) 

0.1150 0.2134 0.9251 -0.0138 1.9532 -1.5886 0.0913 -34.4112 96.1759 0.2726 

0.2079 0.2980 0.9197 -0.0582 2.2118 -2.3060 0.0166 -24.6251 90.8298 0.0845 

0.2809 0.4253 0.9200 -0.0936 3.0011 -2.9949 0.0144 -29.8015 84.8272 0.0673 

0.3994 0.4981 0.9087 -0.1631 4.1654 -2.6667 0.1755 -59.8166 79.2027 0.4722 

0.4547 0.1446 0.8720 -0.0778 1.5466 -1.1302 0.0702 -14.1801 86.7403 0.3985 

0.5848 0.2119 0.8563 -0.0884 1.8081 -1.6585 0.0736 -20.1582 82.9572 0.2295 

0.7013 0.1922 0.8345 -0.0689 2.0675 -1.1567 0.2704 -31.0997 80.5163 0.7285 

0.7922 0.1103 0.8132 -0.0498 1.7171 -0.5403 0.2987 -27.8827 80.6047 0.8018 

0.8932 0.0517 0.7908 -0.0231 1.6110 0.0496 0.3924 -32.6553 79.6979 1.0435 

0.6911 0.1164 0.8319 -0.0212 1.5700 -0.7707 0.1821 -16.9230 83.2541 0.5022 

0.4863 0.2090 0.8723 -0.0628 1.7118 -1.7345 0.0143 -16.3525 85.9847 0.0648 

0.3065 0.3042 0.9067 -0.1017 2.3120 -2.2663 0.0573 -20.7135 87.8475 0.1896 

0.1028 0.4028 0.9423 -0.0565 2.8741 -2.8804 0.0059 -50.2264 90.5091 0.0526 

0.3969 0.4566 0.9060 -0.1736 4.4646 -1.8935 0.3470 -39.0474 81.5970 0.8443 

0.2065 0.5920 0.9458 -0.1054 5.0501 -2.9012 0.1121 -59.5094 81.6511 0.3179 

0.1073 0.6936 0.9696 -0.0746 7.4222 -1.7268 0.2332 -117.5927 81.2013 0.6425 

0.1097 0.7892 0.9795 -0.0478 10.1492 -0.1157 0.3091 -227.3596 78.1521 0.8329 

0.0662 0.8880 0.9969 -0.0248 11.5409 0.1173 0.1871 -836.5026 76.2812 0.5021 

0.1988 0.7028 0.9580 -0.0965 9.0202 -0.2254 0.4162 -127.5097 78.3643 1.1131 

0.2929 0.5014 0.9251 -0.1244 3.7927 -3.0903 0.0610 -40.7764 82.0682 0.1835 

0.3929 0.3029 0.8933 -0.0639 2.2133 -2.3402 0.0271 -20.4104 85.5951 0.1016 

0.4966 0.1117 0.8651 -0.0871 1.4348 -0.8790 0.0803 -12.4124 89.2047 0.1999 

0.4003 0.1501 0.8818 -0.0643 1.5303 -1.2405 0.0381 -13.8518 90.4120 0.1147 

0.2056 0.2074 0.9131 -0.0507 1.7233 -1.7375 -0.0083 -21.5343 93.8061 0.0115 

0.2053 0.1146 0.9064 -0.0324 1.4330 -0.9444 0.0376 -19.7789 96.7541 0.1279 

0.1102 0.1245 0.9192 -0.0214 1.7349 -0.7694 0.1929 -33.5538 99.0894 0.5349 

0.0594 0.0567 0.9207 -0.0179 1.7377 0.0188 0.3568 -65.2045 102.6458 0.9567 
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Excess volume versus Molefractions 

Fig. 3.1 3D contour diagram for Ternary Liquid Mixtures of Isopropanol (1) + 

1,2-Propanediol (2) + Cyclohexanone (3) at 308.15K 
 

 
Excess volume versus Molefractions 

Fig. 3.2 3D contour diagram for Ternary Liquid Mixtures of Isopropanol 

(1) +1,2-Propanediol (2) + Cyclohexanone (3) at 318.15K 

 

 

Table 3.4 Adjustable parameters a, b and c for Redlich – Kister polynomial equation with the standard deviation (YE) for 

excess volume (VE), deviation in viscosity () and excess Gibbs free energy of activation of flow (G*E) for 

ternary mixtures of Isopropanol + 1,2-Propanediol +Cyclohexanone at temperature 308.15K and 318.15K. 
Temperature Parameters a b c (YE) 

Isopropanol + 1,2-Propanediol +Cyclohexanone 

308.15K VE(cm3.mol-1) 

(mPa.s) 

G*E (kJ.mol-1) 

3.1810 

-167.1370 
-4.1560 

-6.5930 

-602.4460 
77.6734 

174.4640 

83.0559 
760.5780 

0.0004 

0.0433 
0.0216 

318.15K VE(cm3.mol-1) 

(mPa.s) 

G*E (kJ.mol-1) 

-2.4228 

-77.2645 

8.6339 

14.0172 

199.7700 

74.7430 

-142.7450 

396.2450 

654.1510 

0.0001 

0.0134 

0.0347 

 

The excess volume data for the ternary liquid mixtures of 

isopropanol + 1,2-propanediol + cyclohexanone are reported in 

Table 3.2 and 3.3 over  the entire  concentration range at 

308.15K and 318.15K. It is found to be positive at 308.15K. 

The sign of excess volume of a system depends on the 

relative magnitude of expansion or contraction on mixing of 

two or more liquids. The positive contribution to VE cause to 

expansion in volume by breaking up of H-bond. This may 

due to (a) loss of dipolar association in isopropanol 

molecule which is relatively cleavable in H-bond. (b) steric 

hindrance of  isopropanol molecules a secondary alcohol.  

The variation of excess volume with respect to 

molefractions (x1, x2 and x3) are graphically represented by 

3D contour diagram in figure 3.1. This will indicate that the 

weaker forces are dominating over the attractive forces.  

Krishna Rao et al., [24] were observed negative excess 

volume for the binary mixture of isopropanol + 1,2-

propanediol at 308.15K and positive excess volume  value 

was  obtained for the binary mixtures of isopropanol 

+cyclohexanone at 308.15K investigated by Mohammed alsmasi 

et al., [25]. 

In the present study, the constituent binary mixtures of 

isopropanol + 1,2-propanediol are negative magnitude of VE 

values and positive magnitude of VE values were observed 

in  for isopropanol + cyclohexanone at 308.15K. These are 

good agreement. 

When temperature is increased from 308.15K to 

318.15K. The positive VE values changes to negative VE 

values. These are clearly represented in Fig 3.2. This may 

due to increase in the rate of association of unlike molecules 

and enhance in  the dipolar association between the unlike 

molecules. Hence the interaction increase with increasing 

temperature. Therefore the given ternary liquid mixture are 

more compact than that of corresponding pure liquids at 

318.15K. 

Cyclohexanone is polar molecules, since the oxygen 

atom with its non-bonding electron pairs makes the 

cyclohexanone molecules H-bond acceptor. When isopropanol 

is mixed with 1,2-propanediol and cyclohexanone, the 

strength of interaction between the participating molecule 

depends on the dipolemoment, polarisability and geometry 

of the interacting moleules. The dipolemoment values 

fallow isopropanol  = 1.66D; 1,2-propanediol           = 

2.27D and cyclohexanone  = 3.01D.   

The contraction in volume when increasing temperature 

to 318.15K results the negative VE values in the mixtures 

investigated. This fact is clearly evident from the values of 

molar volume for the molecules in study. The molar 

volumes of isopropanol, 1,2-propanediol and cyclohexanone 

at 318.15K are 78.3777cm3. mol-1, 74.6151 cm3.mol-1 and 

106.0950 cm3. mol-1 respectively. The above differences in 

their molar volumes of pure liquids reveal the geometrically 

more favorable fitting of one molecule into other molecule 

at higher temperature. From the VE values and the above 

observation conclude the presence of a hetero association 

like weak dipole – dipole interaction and formation of 

hydrogen bond between the unlike molecules. 

The deviation in viscosity (), ln and interaction 

parameter (d) are recorded in Table 2 and 3 over all through 

whole concentration range at 308.15K and 318.15K. The 

values of , d are negative  and ln values are negative 

and positive at 308.15K. As temperature is increase to 
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318.15K. The negative values  and d become less 

negative and ln values become completely positive. The 

viscosity of a mixture depends on the molecular interactions 

between the components: mixtures with strong interactions 

between different molecules show positive deviations; while 

for mixtures without strong specific interactions, viscosity 

deviations are negative [26]. In the present study, the 

negative deviation in viscosity () values of this system 

will imply that the mixture is less viscous and can flow more 

easily than that of corresponding pure liquids. 

The values of Gibbs free energy of activation of viscous 

flow (G*E) are listed in Table 2 and 3 over entire range of 

composition at 308.15K and 318.15K. It is found to be 

positive and negative values at 308.15K. Positive values of 

G*E are due to presence of strong specific interaction 

between the component molecule, whereas their negative values 

suggest  the existence of weaker interactions  [27]. When 

temperature is increased to 318.15K the negative values of 

G*E changes to positive and the positive values of G*E 

become more positive. This will indicate the presence of 

specific interaction between the unlike molecules at 

318.15K. 

b. Heat of mixing (H) 

The heat of mixing (H) was measured by using dewar 

flask as calorimeter at equimolar concentration. Positive H 

value was observed for the ternary mixtures of isopropanol + 

1,2-propanediol + cyclohexanone. These positive value 

suggest that the dominant effect in the mixing process is the 

presumably endothermic dissociation of hydrogen bonds in 

isopropanol molecule [28].  The heat of mixing values is 

1114.73 J. mol-1. This less positive H value reveals the 

presence of weaker intermolecular interaction between the 

unlike moleucles of the component in the liquid mixture. This 

will also support the presence of weaker intermolecular 

hydrogen bonding in the isopropanol + 1,2-propanediol + 

cyclohexanone liquid mixtures. 

c. FT-IR Spectra 

FT-IR spectra for pure monomeric isopropanol, 1,2-

propanediol and cyclohexanone along with ternary liquid 

mixture at equimolar concentration are recorded. The pure 

isopropanol molecule exhibit –OH peak at 3315.26 cm-1 and 

1,2-propanediol exhibit -OH peak at 3339.85 cm-1,  no –OH 

peak can be observed for cyclohexanone. When isopropanol is 

mixed with 1,2-propanediol and cyclohexanone mixture, the 

absorption is shifted to longer wavenumber caused by weaker 

interaction like hydrogen bonding between -OH group of  

isopropanol with –OH group of 1,2-propanediol and C = O 

group of cyclohexanone. The mixture peak is observed at 

3348.59 cm-1 and the spectrum is broad. These are clearly 

seen in Fig 3.4-3.7. Intermolecular hydrogen bonding 

involves association of two or more molecules of same or 

different compounds. The bonds that results from 

intermolecular hydrogen bonding appear at lower energies 

[29]. This supports the conclusion drawn from VE,  and 

G*E data. 
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Fig. 3.4 FTIR – Spectra for pure Isopropanol Molecule 
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Fig. 3.5 FTIR – FTIR – Spectra for pure 1,2-Propanediol  Molecule 
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Fig. 3.6 FTIR – FTIR – Spectra for pure Cyclohexanone Molecule 
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Fig. 3.7 FTIR - Spectra for pure Ternary Liquid Mixture of Isopropanol (1) 

+ 1,2-Propanediol (2) + Cyclohexanone (3) at equimolar concentration. 

 

IV CONCLUSION 

The densities and viscosities for ternary liquid mixtures 

of isopropanol + 1,2-propanediol + cyclohexanone are determined 

experimentally, at 308.15 and 318.15 K over whole 

composition range. The value of VE,  and G*E are 

calculated from experimental results at both temperatures. 

The excess deviation function are fitted to Redlich-Kister type 
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polynomial equation and corresponding standard deviations 

() are calculated. The observed positive and negative 

values of VE,  and G*E for the given analysed ternary 

mixtures having the following conclusions may be drawn.  

1. The positive and negative magnitude of VE values 

suggest that weaker intermolecular hydrogen bonding and 

dipole-dipole interaction between the molecules. This kind 

of interaction increasing with increasing temperature.  

2. The negative  values predict the given mixtures is 

less viscous and greater fluidity than that of 

corresponding pure liquids.  

3. G*E values reveal that there would be weaker specific 

interaction between the component molecules.  

4. The less positive values of H indicate weaker 

interaction among the unlike molecules.  

5. FT-IR spectra reveals the formation of weaker 

intermolecular hydrogen bonding between the 

component liquids.  
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