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This paper reports excess volumes, v", and viscosity deviations, Aq, for binary mixtures 
of 2-methyl-l-chloropropane with an isomer of butanol at the temperatures 298.15K 
and 313.15 K. These properties were obtained from density and viscosity measurements. 
The results are correlated by means of a Redlich-Kister type equation, and interpreted in 
terms of molecular interactions. The systems show positive values of VE except in a short 
range of compositions for mixtures containing primary butanols (1-butanol at both tem- 
peratures and 2-methyl-1-propanol at 298.15 K), whereas Aq presents negative values at 
both temperatures over the whole composition range. 

Keywork Binary mixtures; Butanols; 2-Methyl-l-chloropropane; Excess properties 

INTRODUCTION 

Excess properties of liquid mixtures reveal the existence of specific 
molecular interactions. The systematic investigations of these excess 
properties are therefore of great importance in order to get a better 
knowledge of those interactions. The present work completes a series 

*Corresponding author. 
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of papers devoted to the study of the volumetric and viscosimetric 
behaviour of systems formed by an isomer of chlorobutane plus an 
isomer of butanol [l -41. This series is comprised into a wider inves- 
tigation of thermodynamic and transport properties of binary mix- 
tures of butanols with chlorobutanes [5 - 81, investigation whose 
objective is to provide experimental information about C1-OH inter- 
action. As far as we know, there are no literature data for these sys- 
tems in order to compare our values. 

EXPERIMENTAL 

The liquids used were: 2-methyl-l-chloropropane, (better than 
98.0mol%), provided by Huka, and 1-butanol (better than 99.8%), 
2-methyl-1-propanol and 2-methyl-2-propanol (better than 99.5%) 
and 2-butanol (better than 99.0%), all supplied by Aldrich. The purity 
of chemicals used was checked by measuring their density and was 
considered sufficient, so no further purification was attempted. 

Table I shows the experimental values of density and viscosity for the 
pure compounds at 298.15 K in comparison with published values 
[9,10]. The densities of the pure components and mixtures were meas- 
ured by means of an Anton Paar DMA-58 vibrating tube densimeter 
automatically thermostated at 298.15 f 0.01 K. Calibration was carri- 
ed out with deionized doubly distilled water and dry air. The precision 
of the density measurements is estimated to be f 0.00001 g a ~ m - ~ .  

The viscosity measurements were obtained with an Ubbelhode 
viscosimeter and a Schott-Gerate automatic measuring unity model 

TABLE I Densities and Viscosities of pure compounds at T= 298.15 K compared with 
literature data [9] 

P rl 
g - ~ m - ~  mPa.s 

Compound Exptl. Lit. Exptl. Lit. 

2-Methyl-l-chloropropane 0.87105 0.8717 0.4318 0.431a 
I-Butanol 0.80575 0.80575 2.5455 2.5710 
2-Butanol 0.80241 0.80241 3.0425 2.998 
2-Methyl-1-propanol 0.79784 0.7978 3.3996 3.3330 
ZMeth yl-2-propanol 0.78034 0.7812 4.4059 4.438 

* Reference [lo]. 
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AVS-440. Mole fractions of the mixtures were determined by mass. 
Details of the procedure have been described previously [l 11. 

RESULTS AND DISCUSSION 

The excess properties were calculated from our measurements 
according to the following equations: 

i= 1 

where xi, Mi, pi and qi designate mole fraction, molecular weight 
(g.mol-’), density (g.cm-3) and absolute viscosity (mPa-s) of pure 
component i, respectively. Symbols without subscript refer to the 
mixture, subscript 1 is used for 2-methyl-1-chloropropane and 2 for 
isomeric butanol. 

The excess properties for binary mixtures were fitted to a Redlich- 
Kister polynomial equation [12]: 

p=o 

where qf is VE or Aq, xi denotes the mole fraction of component i in 
the i, j mixture with xi= 1 -xi ,  and Ap are adjustable parameters. 

The calculated values of the excess functions for the binary mixtures 
are presented in Tables I1 and 111, and graphically shown in Figures 
1-4. The coefficients Ap (Eq. (3)) and the standard deviations c 
obtained by the least squares method are given in Table IV. 

The behaviour exhibited by the binary mixtures can be interpret- 
ed through the interactions present in the pure liquids and in the 
mixtures. 
In this respect and first of all, the main characteristics of the pure 

compounds to be taken into account are the hydrogen bond associated 
structure of the alcohols, and the dipole - dipole interactions existing 
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FIGURE 1 Excess volumes, v", of 2-methyl-lchloropropane (l)+a butanol (2) at 
298.15K as a function of mole fraction X I :  1-butanol (0); 2-butanol (B); 2-methyl-l- 
propanol (e); 2-methyl-2-propanol(o). 

between alcohol monomers and also between the polar molecules of 2- 
methyl- 1 -chloropropane. In the mixture appear the specific interaction 
Cl-OH and also structural factors. The contribution of these effects is 
described in detail in Ref. [2]. 

The volumetric behaviour of the systems is notably different 
depending on the isomer of butanol involved. So, at 298.15 K, those 
systems containing secondary or tertiary butanol (2-butanol and 2- 
methyl-2-propanol, respectively) show positive VE values in the whole 
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FIGURE 2 Excess volumes, v", of 2-methyl-l-chloropropane ( l )+a butanol (2) at 
313.15K as a function of mole fraction X I :  1-butanol (0); 2-butanol (B); 2-methyl-l- 
propanol (0); 2-methyl-2-propanol (0). 

composition range, being the greatest the values corresponding to 
mixtures with 2-methyl-2-propanol. When the butanol involved is the 
primary one, sigmoidal shaped curves are obtained. The region of 
negative VE is that of poor compositions in halogenated compound 
(up to x=O.2-0.3). When temperature is 313.15K all of the systems 
present higher values of the excess volume in such a way that the curve 
for the mixture 2-methyl- 1-chloropropane + 2-methyl-1 -propano1 be- 
comes positive over the entire composition range. At both tempera- 
tures, the systems with the linear primary isomer show lower than 
those with the branched one. 
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FIGURE 3 Viscosity deviations, Aq, of 2-methyl-l-chloropropane (1) +a  butanol(2) 
at 298.15K as a function of mole fraction x l :  l-butanol(0); 2-butanol (m); 2-methyl-l- 
propanol (0); 2-methyl-2-propanol(o). 

As to the Aq, they are negative over the whole composition range at 
both temperatures. The most negative values correspond to the system 
of 2-methyl-l-chloropropane with 2-methyl-2-propanolY and the least 
negative to those with 1-butanol. The mixtures with 2-butanol and 2- 
methyl-l-propanol at 298.15 K show very similar values of Aq, being 
the corresponding curves almost superposed. At 313.15 K the viscosity 
deviations are rather more negative for the branched alcoholic isomer. 
Anyway, an increase in the working temperature makes Aq less 
negative, especially for the mixtures containing 2-methyl-2-propanol. 
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FIGURE 4 Viscosity deviations, A9, of 2-methyl-1-chloropropaae (1) +a  butanol (2) 
at 313.15K as a function of mole fraction x,:  1-butaaol(0); 2-butaaol (w); 2-methyl-l- 
propanol (e); 2-methyl-2-propaaol(o). 

The volumetric behaviour of the systems here studied shows great 
similarity with the systems consisting of the same alcohols and 
1-chlorobutane [l], not only in the sigmoidal shape of the curves of 
primary butanols but also in the values and positions of both maxima 
and minima. These values and positions are practically identical 
independently of the chlorinated isomer and the working temperature. 
When the halogenated derivative is 2-chlorobutane or 2-methyl-2- 
chloropropane [2,3] the results obtained were lower, particularly for 
the tertiary halogenated isomer. In any case the VE values for every 
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TABLE IV Coefficients, A,,, and standard deviations, u( YE), for Eq. (3) at  indicated 
temperature 

2-Methyl-1-chloropropane (1) + 1-Butanol (2) at 298.153 
vE/cm3. mol ~ 0.247 0.620 0.460 0.604 - 0.001 
Aq/mPa s -2.6745 1.1304 -0.2386 -0.2402 - 0.0017 

2-Methyl-1-chloropropane (1) i2-Butanol (2) at 298.15 K 
vE/cm3. mol ~ ' 1.637 0.767 0.808 0.815 - 0.004 
Aq/mPa s . -4.1094 2.8750 -2.3573 1.2699 - 0.0064 

2-Methyl- 1-chloropropane (1) + 2-Methyl-1-propanol (2) at  298.15 K 
vE/cm3. mol - ' 0.440 0.616 0.461 0.933 - 0.001 
Aq/mPa s -4.4077 2.7921 - 1.0956 -0.3905 - 0.0184 

2-Methyl-1-chloropropane (1)+2-Methyl-2-propanol (2) at  298.15 K 
vE/cm3. mol - ' 2.708 -0.043 1.435 0.974 - 0.005 
Aq/mPa. s -6.8950 5.4973 -3.5526 4.8114 -6.5123 0.0100 

2-Methyl-1-chloropropane ( 1 ) i  1-Butanol (2) at 313.15K 
vE/cm3. mol - I 0.309 0.780 0.486 0.333 - 0.001 
Aq/mPa. s - 1.6582 0.7028 -0.0845 -0.0061 - 0.0023 

2-Methyl-1-chloropropane (1)+2-Butanol (2) at 313.15 K 
vE/m3. mol - ' 1.974 0.779 0.768 0.282 - 0.005 
Aq/mPa. s -2.0854 1.3570 -0.8394 0.5221 - 0.0045 

2-Methyl-1-chloropropane (1)+2-Methyl-l-propanoI (2) at  313.15 K 
~ ~ / c m ~ . m o l -  ' 0.765 0.812 0.403 0.290 - 0.002 
Aq/mPa. s -2.4833 1.5239 -0.4428 -0.1839 - 0.01 10 

vE/cm3 mol ' 3.018 0.307 1.438 0.475 - 0.006 
2-Methyl-1-chloropropane (1)+2-Methyl-2-propanol (2) at  313.15 K 

Aq/mPa. s -2.6261 1.9419 -1.7797 1.3084 - 0.0061 

isomer of chlorobutane follow the increasing sequence: 1-butanol < 
2-methyl- 1 -propano1 < 2-butanol< 2-methyl-2-propanol. 

From the viewpoint of a defined alcoholic isomer, the situation is 
not so regular: whereas the mixtures containing 2-methyl-2-propanol 
show similar VE curves with all the chlorinated isomers (at 298.15 K 
symmetric curves with a maximum in 0,68 cm3 . mol- '), the systems 
involving the remaining butanols present the greatest excess volumes 
when the chlorine atom is placed on a primary carbon and the lowest 
ones with the tertiary chlorinated isomer. 

From all these data it can be concluded that the volumetric 
behaviour is governed by the nature of the carbon atom that carries 
the functional group (Cl, OH). This is mainly true for the butanol 
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isomers because the more important effect in the mixing process is the 
breaking of their association. The remaining effects become prominent 
only when the values here reported are compared with those of 
systems butanol isomer + l-bromobutane or 2-methyl-l-bromopro- 
pane [13,14], in which the presence of bromine atom instead of 
chlorine one leads to a similar behaviour but reaching greater excess 
volumes (always positive). 

On the other hand, the viscosimetric behaviour is very similar to 
that observed for the mixtures of the isomers of butanol with the 
remaining isomers of chlorobutane [2-41, and even with 2-methyl- 
l-bromobutane [14]. The most remarkable feature in all these sys- 
tems is the similarity in the values for the mixtures containing 
2-butanol and 2-methyl-l-propanol, especially at 298.15 K. In all 
these cases and according to the expectancy, the characteristic that 
determines the A7 values is the nature of the alcoholic isomer: the 
breaking of the association in butanols allows an easier flow of the 
mixture, then A7 shows always negative values. However, it seems 
that this property is not so influenced by the atom carrying the func- 
tional group as was VE. Instead, the specific interactions and the 
interstitial accommodation produced in the mixing process acquire a 
major role, yielding both effects to a positive contribution to the 
viscosity deviations. 

From the results it could be concluded that the specific interactions 
Cl-OH are easier with primary alcohols while the structural 
accommodation is favoured in the case of linear molecules. In this 
way it could be explained the fact that the most negative values were 
always obtained for the mixtures with 2-methyl-2-propanol and the 
least negative for the mixtures with l-butanol. For the other two 
isomers of butanol, the effects are opposite and the system containing 
them shows very similar values. In the case of 2-butanol the major 
contribution would be the accommodation whereas the specific 
interaction C1-OH would be the prevailing effect in the case of 
2-methyl- 1 -propanol. 
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