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Excess Molar Volumes of Binary Mixtures of 
4-Methyl-2-pentanone and Some Hydrocarbons 
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Summary. Excess molar volumes (V E) for binary mixtures of 4-methyl-2-pentanone and some 
hydrocarbons (cyclohexane, benzene, toluene, and p-xylene) over the whole mole fraction range are 
determined by density measurement at 293.15 K. The variation of the V E values with the composition 
for all binary systems is symmetrical except for benezene where the dependence is sigmoid. The V E 
values are positive for the binary mixture of the ketone with cyclohexane. For the other hydrocarbons, 
the V E values are progressively negative over the entire mole fraction range except the system 
containing benzene, where a few values at higher mole fractions of benzene are positive. The results 
are discussed in terms of molecular interactions steric effects. 
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Molare Zusatzvolumina von biniiren Misehungen yon 4-Methyl-2-pentanon und einigen Kohlenwas- 
serstoffen 

Zusammenfassung. Molare Zusatzvolumina (V E) von bin~ren Mischungen von 4-Methyl-2-pentanon 
und einigen Kohlenwasserstoffen (Cyclohexan, Benzol, Toluol und p-Xylol) wurden bei 293.15 K durch 
Dichtemessungen fiber den gesamten Molenbruchbereich bestimmt. Mit Ausnahme der binfiren 
Mischung mit Benzol (sigmoide Kurvenform) ist die Anderung yon V ~ in Abh/ingigkeit yon der 
Zusammensetzung der Mischungen symmetrisch. Fiir das System Keton/Cyclohexan sind die 
VE-Werte stark positiv, w/ihrend sic ffir die anderen Gemische negativ sind. Eine Ausnahme bildet 
wieder das System mit Benzol als Kohlenwasserstoff, wo einige Werte bei h6heren Molenbrfichen von 
Benzol positiv sind. Die Ergebnisse werden im Zusammenhang mit intermolekularen Wechsel- 
wirkungen und dem EinfluB sterischer Faktoren diskutiert. 

Introduction 

Molecu la r  in te rac t ions  in b ina ry  mix tu res  of  two unlike molecules  have  been 
extensively s tudied by  excess m o l a r  v o l u m e  m e a s u r e m e n t s  [1]. Nigam et al. [-2] have  
de t e rmined  excess vo lumes  d i l a tomet r ica l ly  as a funct ion of t e m p e r a t u r e  and  
c o m p o s i t i o n  for va r ious  ca tegor ies  of  b ina ry  sys tems  such as p o l a r - p o l a r ,  po l a r  

non-po la r ,  a n d  n o n - p o l a r - n o n - p o l a r  l iquid mix tu res  and  examined  the different 
theor ies  of  solut ion.  Excess vo lumes  for the b ina ry  mix tu res  of  me thy l  ethyl  ke tone  

as one  c o m p o n e n t  and  l iquids wi th  increas ing steric d e m a n d  such as di-, tri- and  
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tetrachloromethane as the second component have been determined recently by 
J a i n  et  al. [-3] and the results have been discussed in terms of the existence of specific 
interactions between unlike molecules. Although excess volume measurements for 
binary mixtures of lower ketones [3, 4] and hydrocarbons have been performed, 
hardly any data exist for the study of molecular interactions between higher ketones 
and hydrocarbons. 

In continuation with our earlier work on molecular interactions between polar 
molecules and hydrocarbons by dipole moment [5], viscosity [-6], and excess volume 
[7, 8] measurements, it was intended to employ excess molar volume measurements 
for binary mixtures to study the molecular interactions between a higher ketone 
(4-methyl-2-pentanone) and aromatic hydrocarbons progressively differing in their 
steric environment (benzene, toluene, and p-xylene) and the effect of steric hindrance 
in such interactions. Cyclohexane has been used as an inert solvent in order to have 
a reference point for comparing the molecular interactions of the ketone with the 
other hydrocarbons. 

Results and Discussion 

The densities (P12) and excess molar volumes (V E) of the binary systems are reported 
in Table 1. Fig. 1 shows that the variation of V E with the composition is symmetrical 
for the binary mixtures of 4-methyl-2-pentanone with cyclohexane, toluene, and 
p-xylene. The V E vs. x graph is sigmoid for the ketone-benzene system with generally 
negative values over the region rich in ketone and very few positive values in the 
region rich in hydrocarbon. Table 1 shows that V E is large positive for the 
4-methyl-2-pentanone-cyclohexane system over the entire composition range. It 
becomes negative when cyclohexane is replaced by benzene, toluene, or p-xylene. 
However, the excess volume becomes positive for the ketone-benzene system at a 
higher mole fractions (about 0.78) of the hydrocarbon. The V E values for equimolar 

Table 1. Mole fractions of the hydrocarbon (x2), densities (P12) and excess molar volumes of mixing 

(V E) at 293.15 K 

P12 vE /912 vE 

X 2 (g-cm -3) (cm3.mo1-1) x 2 (g-cm -a) (cm3.mo1-1) 

4-methyl-2-pentanone-cyclohexane 4-methyl-2-pentanone-benzene 

0.0000 0.8018 - 0.0000 0.8018 - 

0.0923 0.7987 0.207 0.1142 0.8088 -0.061 

0.2263 0.7945 0.442 0.2605 0.8181 -0.080 

0.3353 0.7912 0.601 0.3972 0.8276 -0.099 

0.4773 0.7874 0.710 0.5215 0.8~68 -0.089 

0.5154 0.7862 0.763 0.5625 0.8399 -0.072 

0.5566 0.7850 0.803 0.4009 0.8430 -0.071 

0.5935 0.7844 0.767 0.6397 0.8461 -0.056 

0.7094 0.7818 0.753 0.7482 0.8555 -0.042 

0.8212 0.7804 0.567 0.8471 0.8640 +0.052 

0.9254 0.7794 0.345 0.9395 0.8733 +0.059 

1.0000 0.7800 - 1.0000 0.8804 - 
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/912 V E 

X 2 (g.cm - 3) (cm 3 .mol -  1) X2 

P12 vE 

( g ' c m -  3) (cm 3"mol-  1) 

4-methyl-2-pentanone-toluene 4-methyl-2-pentanone-p-xylene 
0.0000 0.8018 - 0.0000 0,8018 - 

0.0993 0.8085 -0 .154  0.2745 0,8201 -0 .322  

0,2283 0.8168 -0 .245  0.4648 0,8317 -0 .365  

0.3542 0.8248 -0 .272  0.5359 0.8360 -0 .373  

0.4817 0.8330 -0 .265  0.5672 0,8378 -0 .362  

0.5236 0.8357 -0 .253  0.5986 0.8396 -0 .350  

0.5588 0.8381 -0 .258  0.7347 0.8474 -0 .298  

0.5965 0.8405 -0 .234  0.8638 0.8546 --0,217 

0.7114 0.8482 -0 .192  1.0000 0.8613 - 

0.8214 0.8560 -0 .170  

0.9278 0.8633 -0 .083  

1.0000 0.8682 - 

I ' 0  
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Fig. 1. Excess molar volume (V E) vs. mole fraction (x2) of 
hydrocarbons at 293.15 K; • :  cyclohexane, x : benzene, A: 

toluene, O: p-xylene 

mixtures of ketone and different hydrocarbons have the order cyclohexane > 
benzene > toluene > p-xylene. 

Anderson et al. [9] measured the V ~ values for nitroethane and a number of 
hydrocarbons of increasing electron donating power and found that V E increases 
with the ionization potential of the hydrocarbon. The order of the ionization 
potential of different hydrocarbons is the same as that of the V E values of the 
equimolar mixtures of ketone and different hydrocarbons in the systems studied [9]. 
Duncan et al., on the basis of the excess volume measurement of hexafluorobenzene 
with several hydrocarbons at 313.15K, indicated that the extent of interaction 
increases with the electron donating power of the hydrocarbon [10]. It has been 
shown that the magnitude of the excess molar volume decreases with the increase 
of the number of substituted methyl groups on the benzene ring [11]. The V ~ values 
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for the binary mixture of ketone with benzene, toluene, and p-xylene have the similar 
trend with decreasing values (increasing negative values) of V E for the three 
hydrocarbons,  respectively, except for very few positive values at higher mole 
fractions of the hydrocarbon in the ketone-benzene system. 

Powell and Swinton suggested that large positive V E values indicate a weak 
unlike interaction, whereas large negative V E values usually show the presence of 
strong interactions to form an intermolecular complex 1-12]. The large positive V E 
values for the entire composit ion range of the ketone-cyclohexane system show the 
presence of weak forces between unlike pairs of molecules rather than that between 
similar molecules. This is quite obvious in view of the known associating tendency 
of the ketone. The forces between unlike molecules seem to be of the dispersion type. 
The V E values for the equimolar binary mixtures of the ketone with benzene, toluene, 
and p-xylene are negative and their absolute values increase in the above order. This 
shows the presence of appreciable forces between the two unlike molecules in the 
ketone benzene system. The forces between unlike molecules seem to increase when 
benzene is replaced with toluene or p-xylene, respectively. 

It seems that the polar ketone polarizes the non-polar aromatic hydrocarbon 
benzene, resulting in an induced dipole moment  in the ketone; the resultant forces 
between unlike pairs of molecules are of dipole-induced dipole type. However,  a few 
positive values of V E for this system at higher mole fractions of the hydrocarbon 
could not be explained. Enhanced forces between unlike pairs of molecules for the 
polar ketone- to luene system are expected due to dipole-dipole interaction, the 
hydrocarbon toluene being a polar molecule with a gas phase dipole moment  of 
0.36 D [13]. The unlike forces are still higher in the binary mixture of ke tone-  
p-xylene as is evident from the increased negative values of V E. This seems to be due 
to the locking effect by the further methylation of toluene where the ketone molecule 
is trapped by the methyl groups of p-xylene [14]. 

Experimental 

The binary systems studied consisted of 4-methyl-2-pentanone and cyclohexane, benzene, toluene, and 
p-xylene, respectively. All compounds were commercially available and fractionally distilled over one 
meter column prior to use. The middle fractions were used for the measurements. 

A series of binary mixtures of ketone and hydrocarbon covering the whole mole fraction range was 
prepared gravimetrically by injecting the components in vials sealed with rubber stoppers with a 
syringe in order to avoid evaporation losses. The densities of the liquids and liquid mixtures were 
measured with a single capillary pycnometer after equilibrating in a thermostat regulated at 293.15 K. 
The densities were accurate to _+0.0001 g'cm -3. The excess molar volumes for the binary mixtures 
were calculated from the densities of the pure liquids and liquid mixtures with an accuracy of 
+0.001 cm3.mol - 1 by equation 1 where Pl, P> and Pla are the densities of the pure components and 
binary liquid mixtures, respectively, at the experimental temperature. M~, M;, xt, and x 2 are the 
molecular weights and mole fractions of the components in the liquid mixtures. 

V E-X1M1 q-x2M2 xlM1 x2M2 1 

P12 Pl P2 

Acknowledgement 
The author is grateful to the U.G.C. (New Delhi) for financial support. 



Excess Molar Volumes of Some Binary Mixtures 533 

References 

[1] Battino R (1971) Chem Rev 71:5 
[2] Nigam RK, Singh PP (1969) Trans Faraday Soc 65:950 
[3] Jain DVS, Saini, SB, Bajaj SK (1980) Indian J Chem 19A: 1007 
[4] Reddy KS, Naidu PR (1980) Indian J Chem 19A: 942 
[5] Yadava RR, Yadava SS (1978) Indian J Chem 16A: 826 
[6] Yadava RR, Yadava SS, Singh VN (1988) J Chem Eng Data 33:402 
[7] Yadava RR, Yadava SS, Maurya SR (1988) Indian J Chem 27A: 716 
[8] Yadava RR, Yadava SS (1993) Rev Roumaine de Chimie 38:533 
[9] Anderson R, Cambio R, Prausnitz JM (1962) J A I Ch E, 8:66 

[10] Duncan WA, Sheridan, JP, Swinton FL (1966) Trans Faraday Soc 62:1090 
[I 1] Yadav OP, Khatkar SP, Saini RC (1986) J Indian Chern Soc LXIII: 306 
[12] Powell RJ, Swinton FL (1970) J Chem Thermodyn 2:87 
[13] Weast RC (1979) CRC Hand Book of Chemistry and Physics. CRC Press, Florida 
[14] Homer J, Yadava RR (1974) J Chem Soc Faraday Trans I: 611 

Received July 18, 1994. Accepted (revised) October 10, 1994 


