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Abstract 
Density () and viscosity () for ternary liquid mixtures of ethanol + 1,2 propanediol + cyclohexanone were measured at 308.15 

and 318.15K over the entire range of composition. From the measured data, Excess volume (VE), Deviation in viscosity () and 

excess Gibbs free energy of activation of viscous flow (G*E) were calculated. The results were fitted with Redlich-kister’s type 
polynomial equation and standard deviation between calculated and experimental excess parameter have been determined. 

Further, Heat of mixing and FT-IR spectrum are studied at equimolar concentration. The results provide information on the 

interaction of molecules in the pure liquids as well as in the ternary liquid mixtures.  
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--------------------------------------------------------------------***---------------------------------------------------------------------- 

1. INTRODUCTION 

Liquid mixtures are widely used in processing and product 

formation in many industrial applications, such as 

concerning heat transfer, mass transfer and fluid flow. 

Thermodynamic and transport properties of liquids provide 

useful information about physical and chemical force acting 

between the molecules have the same substance in pure 
liquids and molecules have the different substance in liquid 

mixtures.  

 

When two liquids were mixed together the resulting changes 

in physical and thermodynamic properties can be considered 

as sum of several contribution due to volume change, 

change in energy, change in molecular orientation etc. The 

density () and viscosity () of binary and ternary liquid 
mixtures are important from practical and theoretical point 

of view to understand the liquid theory.  

 

The excess thermodynamic functions also provide 

information on the nature of molecular interaction between 
the molecules [1-3]. This work involves systematic studies 

on thermodynamic properties of ternary liquid mixtures. The 

present work is focused on the qualitative explanation of the 

influence of molecular volumetric data of ternary mixtures 

containing Ethanol, 1,2-propanediol and cyclohexanone. 

Ethanol (1) is considered as first component and second 

component is 1,2-propanediol (2) and cyclohexanone (3) as 

the third component. Moreover a survey of literatures has 

shown that no experimental ternary liquid mixtures on 

ethanol and 1,2-propanediol with cyclohexanone were 

reported earlier.  

Ethanol molecule is polar and self associated through 

hydrogen bonding of their hydroxyl group [4]. Generally 

alkanols are used as fuels, perfumes, cosmetics, paints, 

vanishes, drugs, explosives, fats, waxes, resins, plastics and 

rubber, detergents etc. [5]. Alkanediols are self associated 
compounds through intermolecular hydrogen bonding with 

other molecules and also intramolecular hydrogen bonding 

within their molecules. Cyclohexanone is expected to 

exhibit dipole-dipole interaction in pure state because of its 

fairly high dipolmoment. However the association between 

cyclohexanone molecules is weak and does not compete with 

high degree of association between alcohol molecules.  

 

2. EXPERIMENTAL METHODS 

The chemicals used in the present study are analytical grade 

(Merck) and furthur purified by standard methods [6, 7]. 

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 

evoporation. The weighing measurements were performed 

on a shimasdzu Auy 220 Japan electronic digital balance 

with precision of  0. 0001g.  
 

The density of pure liquids and their liquid mixtures were 

measured by using special type specific gravity bottle of 

10ml capacity with an accuracy  0.0001g. The specific 
gravity bottle containing solution was immersed in a 

constant temperature water bath (Guna company) measured 

at 308.15 and 318.15K. Each reported values are the average 

of at least three measurements. 
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The viscosity of pure liquids and their liquid mixtures were 

measured by using an ostwald viscometer of 10ml capacity. 

The viscosities at temperature 308.15 and 318.15K were 

measured. The time given to attain thermal equallibrium for 

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

measured with an accurate stop watch which is capable of 
measuring time to within 0.01s. Three sets of reading for the 

flow time were taken and the average values were taken for 

each pure liquids and liquid mixtures. 

 

Heat of mixing of ternary liquid mixtures were measured with 

calorimeter (Dewar flask) at equimolar concentration.  

IR study 

 

IR spectra for pure liquids and equimolar liquid mixtures 

were recorded by Brucker FT-IR, Alpha-E Germany.  

 

3. RESULTS AND DISCUSSION 

Comparison of experimental density () and viscosity () values 
with literature values for pure Ethanol, 1,2 propanediol and 

cyclohexanone are presented in Table-1. There is good 
agreement with literature values at 308.15 and 318.5K 

temperature for both density () and viscosity (). 

 

Table - 1: Comparison of density () and viscosity () valves with literature values of pure liquids at 308.15 and 318.15K 

Name of the 

components 

Temperature 

K 

Density 

/g cm
-3

 

Viscosity 

/mPa.s
 

Expt Lit Expt Lit 

1. ETHANOL 308.15 0.7766 0.7765 [8] 0.9138 0.8970 [9] 

 318.15 0.7652 0.7684 [10] 0.7678 0.8714 [11] 

2. 1,2 PROPANEDIOL 308.15 1.0256 1.0251 [12] 21.3250 25.2200 [13] 

 318.15 1.0199 1.0180 [14] 12.7391 12.7800 [15] 

3. CYCLOHEXANONE 308.15 0.9290 0.9306 [16] 1.3140 1.6562 [17] 

 318.15 0.9237 0.9225 [18] 1.0640 1.3700 [19] 

 

The densities () and viscosities () of given ternary 
mixtures containing namely Ethanol and 1,2-propanediol 

with cyclohexanone at 308.15 and 318.15K are presented in 

Table 2&3 which also includes the values of excess 

thermodynamic function viz, Excess volume (VE), deviation 

in viscosity (), molar volume (Vmix) and excess Gibbs 

free energy of activation of viscous flow (G*E). It can be 

seen that variation of density () and viscosity () with 
composition of ternary mixture is non-linear which 

indication the presence of molecular interactions [20,21].  

 

The excess volume of the given ternary liquid mixtures was 

evaluated from the molar volumes of mixtures and that of its 

pure components V1, V2 and V3 using the equation (1) [22]. 

 

E 1 1 2 2 3 3 3 31 1 2 2

mix 1 2 3

x M + x M + x M x Mx M x M
V = - +

ùé ù é
úê ú ê +
úê ú êr r r rë û ë û
   ...(1) 

 

Viscosities of ternary liquid mixtures and their pure liquids 

were calculated by using the following equation (2) [22].  

 ( )Bη = At - ×
t

r              ...(2) 

 

where A and B are characteristic constant, t-is the time flow, 

- is the density. 

 
The molar volumes (Vmix) of mixtures and their pure liquid 

components were calculated from the measured density (mix) 

and pure liquids (1, 2 and 3) 1, 2 and 3 using the 
following equation (3) [23]. 

 1 1 2 2 3 3

mix

mix

x M + x M + x M
V =

r

é ù
ê ú
ê ú
ë û

      ...(3) 

where x1, x2 and x3 are the molefraction of the individual 

components of ternary liquid mixtures respectively, V1 is 

1

1

M
,

r
 V2 is 2

2

M
r

 and V3 is 3

3

M
,

r
M1, M2 and M3 are 

the molecular weight of the components 1, 2 and 3, 1, 2 

and 3 densities of the pure components 1,2 and 3 of the 
termary liquid mixtures. 

 

The deviation in viscosity () of the ternary liquid 
mixtures was calculated from the observed viscosity of 

mixtures (mix) and that of its pure components using the 
equation (4) [24].  

 = mix - {x11+x22+ x33}             ........................ 4 
 

where mix is the viscosity of termary liquid mixtures and 1, 

2 and 3,  are the viscosity of pure components respectively 
1, 2 and 3, x1, x2 and  x3 are the mole molefraction of the  

components 1, 2 and 3. 

 

Excess Gibbs energy of activation of viscous flow (G*E) 
for the liquid mixtures were computed from the following 

equation (5) [25]. 

G*E = 

RT   mix mix 1 1 1 2 2 2 3 3 3ln η V -[x ln( v )+x ln( v )+x ln( v )]              ...(5) 

 
where the letters have their usual significance 

 

Grunberg and Nissan [26] putforward logarithmic relation 

between viscosity of binary mixtures and their pure 

components in equation (6).  

 

l nmix = x1 ln1 + x2 ln 2 + x1 x2d                          ... (6) 
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on applying to ternary liquid mixtures this equation take up 

the following form (7). 

lnmix = x1n1 + x2 ln2  + x3 ln3 +x1 x2 x3d      ...(7) 
 

where d is constant regarded as a measure of strength of 

interaction between mixing component molecules.   

Excess values of other parameter are calculated using the 
relation (8) [27]. 

AE =  Aexp – A id                                    ... (8) 

 

Aid = xiAi, xi and Ai are the molefraction and parameters 
of the ith component liquid. 

 

All the calculated excess values were fitted to Redlich- 

Kister type polynomial equation (9).  

AE = x1x2 x3 [a + bx1 (x2 - x3) + (c
2

1x (x2- x3)
2 ]      ... (9) 

 

by the method of least square to derive the adjustable 

parameters a, b and c. From these a, b and c values 

theoretical values for all the excess parameter were 

calculated using the following relation (10) [27]. 

 

 = [( E E 1/2

exp calA - A / (n - m)] ]      ...(10) 

 

where n – is the number of measurements and m is the 

number of adjustable parameters. The values of a, b, c and  
are given in the Table 4(a) & 4(b). 

 

Table - 2: Densities, viscosities and Excess parameters for the ternary mixture of Ethanol + 1, 2 Propanediol + Cyclohexanone at 

308.15K 

X1 X2 X3 
 

g.cm
-3

 

V
E 

(cm
3
mol

-1
) 

 

(mPa.s) 

 

(mpa.s) 

ln 

(mpa.s) 
d 

Vmix 

(cm
3
mol

-1
) 

V1 

(cm
3
mol

-1
) 

V2 

(cm
3
mol

-1
) 

V3 

(cm
3
mol

-1
) 

G
*E 

(kJmol
-1

) 

0.104 0.1975 0.6985 0.9350 -0.1074 1.6538 -3.5706 -0.7856 -54.7630 94.4012 6.1703 14.6545 73.6528 11.4591 

0.2062 0.2946 0.4992 0.9335 -0.1555 1.8373 -5.2893 -1.0191 -33.6087 86.5967 12.2339 21.8594 52.6378 11.5021 

0.3007 0.3917 0.3076 0.9326 -0.2164 2.2902 -6.7417 -1.2554 -34.6517 79.1348 17.8406 29.0643 32.4346 11.7976 

0.3941 0.4851 0.1207 0.9323 -0.3521 3.3161 -7.5473 -1.4817 -64.2154 71.7542 23.3820 35.9946 12.7271 12.4152 

0.4514 0.1499 0.3937 0.8946 -0.3081 1.2385 -2.8879 -0.5255 -19.7261 79.1240 26.7817 11.1226 41.5134 10.4026 

0.6082 0.2013 0.1827 0.8757 -0.3569 1.4287 -3.6598 -0.6110 -27.3166 69.9326 36.0847 14.9365 19.2646 10.4466 

0.7014 0.2023 0.0963 0.8593 -0.2807 1.4306 -3.6508 -0.5820 -42.5989 66.4976 41.6142 15.0107 10.1542 10.3352 

0.8017 0.0954 0.0981 0.8309 -0.2339 1.2467 -1.6491 -0.2464 -32.8451 64.7523 47.5651 7.0787 10.3440 9.9628 

0.8913 0.0543 0.0541 0.8086 -0.1620 1.1073 -0.9361 -0.1005 -38.4141 62.4483 52.8811 4.0290 5.7045 9.6113 

0.7096 0.0986 0.1917 0.8502 -0.2677 1.1968 -1.8060 -0.2900 -21.6280 69.3662 42.1008 7.3161 20.2136 10.0264 

0.5037 0.199 0.2972 0.8913 -0.2964 1.4036 -3.6908 -0.6446 -21.6403 75.7018 29.8846 14.7658 31.3380 10.5862 

0.3079 0.2989 0.3931 0.9239 -0.2458 1.7925 -5.3793 -0.9941 -27.4809 81.6662 18.2678 22.1785 41.4501 11.3132 

0.1113 0.3939 0.5038 0.9515 -0.1962 2.5133 -6.6502 -1.3328 -60.3442 88.7796 6.6034 29.2275 53.1228 12.2692 

0.4026 0.4444 0.1529 0.9286 -0.4605 3.2720 -6.7736 -1.3652 -49.9073 72.5268 23.8863 32.9746 16.1224 12.4093 

0.2003 0.5086 0.2089 0.9592 -0.3502 4.0667 -7.2367 -1.5952 -74.9603 71.3072 11.8838 37.7383 22.0273 12.8643 

0.1092 0.6835 0.2072 0.9832 -0.3864 6.0897 -8.8579 -2.1381 -138.2580 78.6651 6.4788 50.7160 21.8480 14.0026 

0.1031 0.7005 0.1962 0.9849 -0.3230 8.5011 -6.7890 -2.1873 -154.3930 78.4676 6.1169 51.9774 20.6881 14.7540 

0.0592 0.8717 0.0692 1.0075 -0.2152 12.002 -6.7312 -2.6806 -750.7220 75.2771 3.5123 64.6805 7.29675 15.4419 

0.2077 0.6914 0.1008 0.9748 -0.3368 6.6165 -8.4497 -2.1244 -146.7610 73.9200 12.3229 51.3022 10.6287 14.0497 

0.3012 0.5021 0.1966 0.9440 -0.2838 3.0936 -8.1472 -1.5629 -52.5657 75.5794 17.8702 37.2560 20.7303 12.3754 

0.4085 0.2936 0.2979 0.9107 -0.1961 1.9304 -5.0952 -0.9429 -26.3906 77.2478 24.2364 21.7852 31.4118 11.3553 

0.5135 0.1829 0.3037 0.8886 -0.2965 1.2865 -3.4820 -0.5963 -20.9056 75.7741 30.4661 13.5712 32.0234 10.3908 

0.4012 0.1594 0.4414 0.9016 -0.2657 1.1899 -3.1558 -0.5721 -20.2676 81.9252 23.8033 11.8275 46.5431 10.3901 

0.2051 0.1994 0.5955 0.9265 -0.2233 1.4229 -3.7992 -0.7542 -30.9709 89.5585 12.1686 14.7955 62.7921 10.9984 

0.2033 0.1103 0.6863 0.9194 -0.1806 1.3769 -2.0628 -0.5065 -32.9178 92.4615 12.0618 8.1843 72.3664 10.9963 

0.1158 0.0873 0.7968 0.9260 -0.1476 1.4229 -1.5915 -0.4742 -58.8788 97.2539 6.87045 6.4777 84.0180 11.1854 

0.0565 0.0614 0.8821 0.9292 -0.0999 1.4692 -1.0507 -0.4236 -138.4480 100.8603 3.3521 4.5559 93.0124 11.3406 
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Table - 3: Densities, viscosities and Excess parameters for the ternary mixture of Ethanol + 1, 2 Propanediol + Cyclohexanone at 

318.15K 

X1 X2 X3 
 

g.cm
-3

 

V
E 

(cm
3
mol

-1
) 

 

(mpa.s) 

 

(mpa.s) 

ln 

(mPa.s) 
d 

Vmix 

(cm
3
mol

-1
) 

V1 

(cm
3
mol

-1
) 

V2 

(cm
3
mol

-1
) 

V3 

(cm
3
mol

-1
) 

G
*E 

(kJmol
-1

) 

0.1025 0.1924 0.605 0.9298 -0.1290 1.4007 -1.7727 -0.5000 -41.9106 84.5855 6.1711 14.3559 64.1875 10.8336 

0.2062 0.2946 0.4992 0.9273 -0.1859 1.4821 -2.9602 -0.7261 -23.9457 87.1729 12.4145 21.9816 52.9626 11.0299 

0.3007 0.3917 0.3076 0.9259 -0.2568 1.7247 -3.8232 -0.9363 -25.8451 79.7088 18.1040 29.2267 32.6348 11.1707 

0.3941 0.4851 0.1207 0.9249 -0.4008 2.3650 -4.2456 -1.1377 -49.3075 72.3280 23.7273 36.1958 12.8056 11.6665 

0.4514 0.1499 0.3937 0.8872 -0.3465 1.0331 -1.6419 -0.2866 -10.7583 79.7851 27.1772 11.1848 41.7696 10.0101 

0.6082 0.2094 0.1827 0.8684 -0.3964 1.1175 -2.2114 -0.3834 -16.4812 71.2291 36.6175 15.6244 19.3835 99.3090 

0.7014 0.2023 0.0963 0.8503 -0.3390 1.2216 -1.9964 -0.3354 -24.5482 67.2014 42.2288 15.0946 10.2169 10.0010 

0.8017 0.0954 0.0981 0.8212 -0.2746 0.9964 -0.9387 -0.0370 -4.9338 65.5191 48.2675 7.11828 10.4079 948122 

0.8913 0.0543 0.0541 0.7981 -0.1881 0.9146 -0.5189 0.0939 35.89056 63.2652 53.6620 4.05160 5.73974 92.0728 

0.7096 0.0986 0.1917 0.8411 -0.3008 1.0365 -0.9682 -0.0753 -5.61431 70.1171 42.7225 7.35705 20.3384 97.2475 

0.5037 0.199 0.2972 0.8836 -0.3489 1.0957 -2.1423 -0.3917 -13.1498 76.3568 30.326 14.8484 31.5314 10.0440 

0.3079 0.2989 0.3931 0.9172 -0.2873 1.4827 -2.9796 -0.7036 -19.4495 82.2586 18.5375 22.3024 41.7059 10.8992 

0.1113 0.3939 0.5038 0.9458 -0.2312 1.9649 -3.6745 -1.0041 -45.4651 89.3113 6.7009 29.3909 53.4506 11.7244 

0.4026 0.4444 0.1529 0.9211 -0.5042 2.4448 -3.6882 -1.0339 -37.7963 73.1158 24.2391 33.1589 16.2219 11.7665 

0.2003 0.5086 0.2089 0.9532 -0.4148 3.0394 -3.8157 -1.2542 -58.9374 71.7570 12.0593 37.9492 22.1632 12.2181 

0.1092 0.6835 0.2072 0.9777 -0.4437 4.6592 -4.3522 -1.7232 -111.431 79.1131 6.5745 50.9994 21.9828 13.4082 

0.1031 0.7005 0.1962 0.9791 -0.3603 6.3931 -2.8185 -1.7674 -124.735 78.9306 6.2072 52.2679 20.8158 14.1209 

0.0592 0.8717 0.0692 1.0021 -0.2623 9.3444 -1.8793 -2.2068 -617.984 75.6857 3.5642 65.0420 7.34177 14.8864 

0.2077 0.6914 0.1008 0.9685 -0.3859 4.5016 -4.5729 -1.7107 -118.185 74.4022 12.5048 51.5889 10.6943 13.1907 

0.3012 0.5021 0.1966 0.9373 -0.3352 2.4044 -4.4322 -1.2102 -40.7063 76.1214 18.1341 37.4642 20.8582 11.8200 

0.4085 0.2936 0.2979 0.9035 -0.2367 1.4834 -2.8873 -0.6576 -18.4070 77.8703 24.5943 21.9070 31.6057 10.7760 

0.5135 0.1829 0.3037 0.8808 -0.3373 1.0335 -2.0138 -0.3485 -12.221 76.4468 30.9160 13.6471 32.2210 9.9141 

0.4012 0.1594 0.4414 0.8946 -0.3046 0.9907 -1.8175 -0.3270 -11.5841 82.5741 24.1548 11.8936 46.8303 9.9930 

0.2051 0.1994 0.5955 0.9205 -0.2608 1.1965 -2.1347 -0.4901 -20.1263 90.1453 12.3483 14.8782 63.1796 10.6201 

0.2033 0.1103 0.6863 0.9137 -0.2388 1.1763 -1.1151 -0.2695 -17.5142 93.0442 12.2399 8.23005 72.8130 10.6534 

0.1158 0.0873 0.7968 0.9204 -0.1733 1.1138 -0.9349 -0.2409 -29.9167 97.8490 6.9719 6.51390 84.5365 10.6436 

0.0565 0.0614 0.8821 0.9237 -0.1117 1.1756 -0.5884 -0.1960 -64.0620 101.4577 3.4016 4.58137 93.5864 10.8482 

 

Table - 4(a): Adjustable parameters a, b, c and  (standard 
deviation) values for the excess parameters at 308.15K 

Parameters a b c  

VE (g.cm-3) -9.16208 -20.9987 -291.8910 0.0082 

 (mPa.s) -198.7270 -938.7330 -1209.7000 0.0812 

G*E (kJ mol-1) 426627 447595 20.1745 0.6195 

 

Table - 4(b): Adjustable parameters a, b, c and  (standard 
deviation) values for the excess parameters at 318.15K 

Parameters a b c  

VE (g.cm-3) 10.6224 -23.0984 -331.289 0.0969 

 (mPa.s) -107.405 -480.475 -851.307 0.0489 

G*E (kJmol-1) 407083 395809 13.5242 0.5968 

 

 
Fig - 1(a): 3D contour curves of Excess volume against with 

molefraction x1, x2 and x3 ternary mixtures of Ethanol + 1,2-

propanediol + cyclohexanone at 308.15k 
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Fig - 1(b): 3D contour curves point of Excess volume 

against with molefraction x1, x2 and x3 ternary mixtures of 

Ethanol + 1,2-propanediol + cyclohexanone at 308.15k 

 

 
Fig - 2(a): 3D contour curves of Excess volume against with 

molefraction x1, x2 and x3 ternary mixtures of Ethanol + 1,2-
propanediol + cyclohexanone at 318.15k 

 

 
Fig - 2(b): 3D contour curves point of Excess volume 

against with molefraction x1, x2 and x3 ternary mixtures of 

Ethanol + 1,2-propanediol + cyclohexanone at 308.15k 

3
3
0
6
.0

4

2
9
7
2
.8

3

2
8
8
4
.5

8

1
0
8
5
.8

6
1
0
4
3
.8

7

8
7
8
.9

4

5
2
1
.0

6
4
7
2
.2

3
4
1
8
.2

4

500100015002000250030003500

Wavenumber cm-1

-2
0

0
2
0

4
0

6
0

T
ra

n
s
m

it
ta

n
c
e
 [

%
]

 Page 1/1  
Fig - 3: FT-IR spectra of pure Ethanol   
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Fig - 4: FT-IR spectra of pure 1,2-propanediol  
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Fig - 5: FT-IR spectra of pure Cyclohexanone 
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Fig - 6: Normalised FT-IR spectra of Ethanol + 1,2-

propanediol + cyclohexanone ternary mixtures at equimolar 

concentration. 

 
The types of interaction taking place between the molecule 

in the given analysed ternay mixtures are discussed below 

on the basis of the values of Excess volume (VE), deviation 

in viscosity () and Gibbs free energy of activation of 

viscous flow (G*E) which are presented in Table 2 & 3. 
The important factors which influence the sign and 

magnitude of excess thermodynamic functions can be 

divided into physical, chemical and structural contributions.  

1. Physical contribution comprises dispersion forces. 

2. Chemical contribution includes charge transfer and 

formation of hydrogen bonds.  

3. Geometrical fitting of component molecules into each 

other and structure also due to difference in size and 

shape of the molecules. 
 

The factor (1) will contribute expansion in volume and 2 & 

3 factor will contribute contraction or reduction in volume. 

The actual value of Excess volume (VE) would be 

determined by the relative strength of the factor which were 

responsible for expansion and contraction. 

 

As it can be seen from the Table 2 & 3, The excess volumes 

(VE) of the given ternary mixtures are negative for over all 

the entire composition range at 308. 15 and 318.15K. The 

variation of excess volume (VE) are plotted against with 
respect to molefraction x1, x2 and x3 which are graphically 

represented in Figures 1 (a), 1 (b), 2 (a) and 2 (b). Negative 

VE values are observed by increasing the concentration of 

first component (1) Ethanol while the VE becomes more 

negative values when increasing the concentration of second 

component (2) (1,2-propanediol) and smaller negative VE 

values could be observed by increasing the concentration 

third component (3). (cyclohexanone). when compared to 

component 1 and 2 composition of range of the VE values 

will be higher magnitude of negative values than the third 

component (3) composition range. The negative values of 
VE prove that there is specific interaction like through 

hydrogen bond formation between the mixed components 

are stronger than the interaction between the pure 

components of molecules. It is like the hydrogen bond 

formation between Ehanol +1,2-propanediol are stronger 

than Ethanol – Ethanol and 1,2-propanediol – 1,2-propanediol 

i.e., OH.... OH of Ethanol and 1,2-propanediol. 

 

The excess volume of constitute binary mixtures is negative 

magnitude from measured data and the literature values are 
also negative magnitude because of all the three components 

are polar nature and the dipolemoment value 1.69D (1), 

2.27D (2) and 3.01D (3). At near equimolar concentration, 

component 1 [x1 = 0.3, 0.4, 0.3], 2 [x2 = 0.3, 0.3, 0.4] and 3 

[x3 = 0.4, 0.3, 0.3] the component (2) VE value will be higher 

negative magnitude than the component 1 and 3. 

 

As the temperature is raised from 308. 15K to 318. 15K the 

excess volume (VE) will be decreased ie., more negative 

values. It suggest that hetero association occurs through 

Ethanol +1,2-propanediol + cyclohexanone. The interaction 
between Ethanol + 1,2-propanediol is stronger than the 

interaction between 1,2-propanediol + cyclohexanone and 

ethanol + cyclohexanone. Because of both Ethanol and 1,2-

propanediol are self associated compounds and can easily 

associated through intermolecular hydrogen bonding formation 

between the molecules. In the case of cyclohexanone it 

exhilbits dipole-dipole interaction in pure state. So it can 

form weak association to Ethanol molecules. Therefore dipole-

dipole interaction H-bond formation are favorable for 1,2-

propanediol + cyclohexanone, and Ethanol + cyclohexanone. 

 

From the excess volume (VE) observation, Ethanol + 1,2-
propanediol interaction are stronger than the Ethanol + 

cyclohexanone and 1,2-propanediol + cyclohexanone and 

there will be formation of cross complex between the 

Ethanol + 1,2-propanediol + cyclohexanone systems. The 

above attractive interactions are indicated by the contour 

triangle graphs. 

 

Tables 2 & 3 show that the values of  for the analysed 
ternary mixtures are negative over the entire composition 

range at 308.15 and 318.15K. According to Vogel and 

Weiss [28] mixtures with strong interaction between the 

molecules results in positive viscosity deviation () where 
as for mixtures without strong interaction viscosity deviation 

are negative.  
 

The present system under discussion 1,2-propanediol as the 

common component of the system of Ethanol + 1, 2 

propanediol + cyclohexanone. By the observation of VE, the 

breaking of hydrogen bonding in alkanol and 1, 2 

propanediol, formation of hydrogen bonding between 

Ethanol and 1,2- propanediol, at the same time charge 

transfer occurs like dipole-dipole interaction between 1,2-

propanediol + cyclohexanone and Ethanol + cyclohexanone 

make the mixture is easily flow than the pure liquids. The 

value of ln and d also negative. This will indicate the 
presence of dispersion force arising in associated pure 

liquids. When temperature increased from 308. 15 to 

318.15K, the  values will become less negative. 

 

The Gibbs free energy of activation of viscous flow (G*E) 
of ternary mixtures at both temperatures are presented in 
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Table 2&3 over whole range of composition. According 

Reed and Tailor [29] the positive value of  G*E may be due 
to specific interaction like hydrogen bond formation and 

charge transfer, where as negative values of  G*E may be 

ascribed to dispersion force within the  systems. The G*E 
values are positive over all concentration at both 

temperatures. In these system, the positive values of G*E 
decreased with increasing temperature from 308.15 to 

318.15K. This would imply that there would be specific 

interaction like hydrogen bonding between component 

moleclues and dipole-dipole interaction among the Ethanol + 

1,2-Propanediol + cyclohexanone molecules. 

 

4. HEAT OF MIXING 

The heats of mixing value of the given ternary system were 

measured with calorimeter. Generally heat of mixing of 

binary and ternary liquid mixture may be influenced by two 

factor such as (1) The absorption of heat [endothermic] due 

to the dissociation of self associated liquids. (ii) The second 

factor is the liberation of heat [Exothermic] as result of 

hydrogen bonding formation between the component 

molecules [30]. The heat of mixing value of the ternary 

mixture at near equimolar concentration is - 895 J/mol. The 

observation of VE,  G*E and 
E

mixH  would predict that 

there is specific interaction between the component 

molecules.  

 

5. FT-IR SPECTRA 

FT-IR spectra of pure liquids of ethanol, 1,2-Propanediol, 

cyclohexanone and mixtures of Ethanol, + 1,2-propanediol 

+ cyclohexanone at equimolar concentration are depicted in 

Figures (3,4,5 and 6). According to karunakar and srinivas 

[31] the intensity of an absorption in the IR spectrum is 

related to change in dipolemoment that occurs during the 

vibration. Consequently, vibration that (occur) produce large 
change in dipolemoment results in more intense absorption 

than those that result in a relatively modest change in dipole. 

Vibration that donot change in dipolemoment will show 

little or no absorption for this vibration. Furthur FT-IR 

spectra has been used extensively to study intermolecular 

and intramolecular hytrogen bonding interaction between the 

component molecules. Usually intermolecular hydrogen 

bonding gives rise to broad bands, where as intramolecular 

hydrogen bonds appears sharp bands. In aliphatic alkanols 

shows the band appears at 3650cm-1 which is due to free-

OH group in their pure state.  

 
Pure Ethanol exhibits peak of 3306.04 cm-1 and 1,2- 

propanediol exhibits 3283.44cm-1, no-OH peak can be 

observed for cyclohexanone. when Ethanol is mixed with   

1,2- propanediol and cyclohexanone mixture the absorption 

is shifted to longer wave number caused by strong 

intermolecular interaction like hydrogen bonding between 

OH group of Ethanol and OH-group of 1,2-propanediol. It is 

clearly observed, the mixtures peak at 3362.99cm-1 and the 

spectrum is broad. This contention was supported by the 

formation of intermolecular hydrogen bonding between the 

component molecules. 

CONCLUSION 

The densities and viscosities for ternary liquid mixtures of 

Ethanol and 1,2-propanediol with cylohexanone are 

determined experimentally, at 308.15 and 318.15K 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 polynomial equation and corresponding standard 

deviations are calculated. The observed negative value of VE, 

 and the positive values of G*E for the given analysed 

ternary mixtures having the following conclusions may be 

drawn. 

1. The negative magnitude of VE values suggest that 

intermolecular hydrogen bonding and dipole-dipole 

interaction between the molecules. This kind of 

interaction increasing with increasing temperature.  

2. The  values predicts the given mixtures is less 

viscous and greater fluidity than that of corresponding 

pure liquids. 

3. G*E values reveals that there would be specific 

interaction between the conponent molecules.  

4. The negative values HE
mix indicates attractive 

interaction among of unlike molecules.  

5. FT-IR spectra reveals the formation of intermolecular 

hydrogen bonding between the component liquids.  
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