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Abstract

Excess molar volumes measured at 298.15 K using a vibrating-tube densimeter are
reported for ten binary mixtures formed by nm-hexane with the hexanol isomers:
3-methyipentan-1-ol, 4-methylpentan-1-ol, 2,2-dimethylbutan-1-o0i, 2,3-dimethylbutan-1-ol,
hexan-2-ol, hexan-3-ol, 2-methyipentan-3-ol, 3,3-dimethylbutan-2-ol, 2-methylpentan-2-ol
and 2,3-dimentylbutan-2-ol. The results are compared with previous excess volumes for
mixtures of n#-hexane and the other hexanol isomers.

INTRODUCTION

The literature contains a number of studies on the thermodynamic
properties of normal alkanols in various solvents. However, systematic
studies on branched alkanols are less common. These mixtures offer an
interesting opportunity to observe the relationship between the thermo-
dynamic properties of the mixtures and the isomer type (primary,
secondary, or tertiary), as well as the influence of the posmon of the
hydroxyl group on the alkanol.

In a recent series of papers, our laboramry has reported the mixing
enthalpy values of mixtures of n-nonane with isomers of hexanol [1] and the
excess volumes of isomers of hexanol with several different components,
such as toluene [2] cyclohexane [3] and benzene [4]. The purpose of this
research has been to study the effect of molecular shape on  the
thermodynamic magnitudes of systems consisting of binary mixtures
consisting of isomers of hexanol together with a second component, in this
case a hydrocarbon, n-hexane. The literature has divulged a considerable
quantity of v” values for mixtures of n-hexane with several different
isomers of hexanol, namely, hexan-1-ol (H1) [5, 6], 2-methylpentan-1-ol
(2M-P1) [6,7], 2-ethylbutan-1-ol (2E-Bl) (8], 3,3-dimethylbutan-1-ol
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(3,3DM-B1) [9], 4-methylpentan-2-ol (4M-P2) [6], 3- methylpentan-2-01 |
(3M-P2) [6] and 3- methylpentan-3-ol (3M-P3) [6].

- As a further investigation in this series, we have measured the excess
volumes at 298.15 K for mixtures of n-hexane with the other isomers of
hexanol not previously considered, namely, the primary isomers 3-
methylpentan-1-o1 (3M-P1), 4-methylpentan-1-ol (4M-P1), 2,2-dimethyl-
butan-1-ol (2,2DM-B1), and 23-dimethyibutan-1-ol (2,3DM-B1), the
secondary isomers hexan-2-ol (H2), hexan-3-ol (H3), 2-methy1pe'1tan -3-ol
(2M-P3), and 3,3-dimethylbutan-2-ol (3,3DM-B2), and the tertiary isomers
2-methylpentan-2-ol (2M-P2), and 2,3-dimethylbutan-2-ol (2,3DM-B2).

EXPERIMENTAL

Values for the physical properties of hexanol isomers have been
published in several previous papers {[2-<4]. The n-hexane (puriss
p.a.>99.5, Fluka) employed in this experiment was degassed with
ultrasound and then dried on a molecular sieve (ref. 69828, Fluka). The
values of the physical properties, namely, the density and the refractive
index, determined at 298.15 K were: p = 654.78, 654.81 [6] and 654.84 [10]
(kg m~?); and np = 1.3723, 1.37226 [10].

An Anton Paar model DMA 60/602 v1brat1ng tube densimeter was used
to determine the changes in volume on mixing the liquid components under
constant pressure and temperature. Temperature was regulated at
298.15 £+ 0.01 K and the densimeter was calibrated at this temperature using
water at a setting of p =997.043kgm™ and n-nonane at a setting of
p =T713.855 kg m™3, as previously reported by one of the authors [11]. The
binary mixtures were prepared by weight; the imprecision in the deter-

inations of the mole fraction of the hydrocarbon was estimated at
+5 X 107° over the entire range of concentrations. Excess molar volumes
vE were determined indirectly from the density values; the imprecision in
- the v® calculations was estimated at less than =0.002 cm?® mol™!

RESULTS AND DISCUSSION

Experimental values of the molar excess volumes v® obtained by us for
- the binary mixtures of n-hexane with ten hexanol isomers at 298.15K are
listed in Table 1. In all cases, x, denotes the mole fraction of the
- hydrocarbon. These resulis are also plotted in Figs. 1, 2 and 3 according to
the type of isomer namely, primary, secondary, or tertiary, respectively, for
clarity of presentation.

- Each set of results was fitted with a polynomial equation of the form

vE (em® mol™!) =x,x, 3 A ln /(e + kxa)f | )
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TABLE 1

Excess molar volumes at 298.15 K for the mixtuers x, n-hexane + x; isomer of hexanol and

B .,E E
Sy- = vl.'lp = Uem

[

Xy ;!u -1 51.:: X "—)‘l X 3vn -1 BUJE " 1911 X '-.UE -1 Suf‘x 19‘:
(cm mol™') (ecm"mol” ) ! (cm mol™ ') (em mol™ ) ! (em”inol™) (em mol™')
xy n-hexane + x, 3-methylpentan-1-al
0.9382 0.021 -1 0.6545  -0.128 -1 0.2950 -0.258 -8
(L9054 0.017 4 0.5819 -0.168 -2 02682 -0,245 =1
0.8571 ~0.017 -9 0.4999 —-0.203 2 0.1782 -0.192 8
0.8163 —0.025 8 d.4136 -=0.236 2 0,1080 -0.140 -4
0.713% =0.098 -1 13403 —0.251 1 0.0362 —-0.049 -0
X n-hexane + x, 4-methylpentan-1-ol
0.9823 Q.013 ¥ 0.6360 0.021 14 02999 —0.182 -3
{1.9652 0.025 1 0.5967 0.010 27 0.2076 —0.162 10
(.9240 0.043 -2 0.5651 -0,028 9 01218 -0.117 1
G.H617 0.051 =11 0.5492 ={1.054 5 0.1123 =0.107 2
0.8177 0.055 -9 05132 -0.090 -19 0.0459 =046 -7
0.7210 0.041 -4 0.4245 =140 -13 - - -
x, r-hexane + x5 2,2-dimethylbutan-1-ol
0.9752 0.081 -0 0.6R71 0.102 2 0.4069 0.079 -0
0.9563 0.096 0 0.6011 0.094 -1 0.3337 0.069 -1
0.9075 0.104 -0 0.5913 1.093 -1 .2534 D.061 1
0.8581 0.106 1 0.5026 0.040 3 0.1628 0.045 2
0.7717 0.iu4 -1 0.4403 0.081 -2 0.0737 0.018 -4
X n-hexane + x, 2,3-dimethylbutan-1-ol
0.9371 0.033 -0 0.6789  -0.011 5 03249 -0,158 1
0.8602 0.036 L 0.5718 —0.052 -4 0.2440 -0.172 -3
0.7742 0.010 -4 0.4936 -0.091 -1 L1606 -0.140 3
Qa.7516 0.007 0 0.4311 -0.117 2 00744 -0.674 -1
X, n-hexane + x5 hexan-2-ol
0.9627 0.09% 2 0.5093 G.101 0 0.2962 0.0z1 5
0.8903  0.127 -3 14646 D079 -5 02439  0.002 3
0.8210 0.135 1 0.4171 0.061 -4 _ 0.1936  -0.015 =2
0.7820 0139 3 0.3923 0.054 -1 0.1264  —0.025 -5
0.6576 0.136 -1 0.3537 0.041 2 0.0807 —0.021 -2
0.5706 0.121 1 03136 0.028 6 0.0261 -0.010 -2
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TABLE 1

L0736

{continued)
vt su" x 107 " su™ x 10" ot svx 10’
ol (em” mol ™) em mol™ ) a (em*mol™")  {em’mol ™"} *r fem mol™'}  (ecm’ mol™ )
&y n-hexane + vy hexan-3-al
4433 (0.143 1 0.7618 1180 -1 0.2208 0117 -1
09265  (.152 -2 05986 (L1766 -1 0.1944 0,708 -2
0869y (L1710 =i 04127 0,158 2 .1090 0475 1
0.8841 n.175 1 (L3173 0.140 -1 0.0919 0.4 -0
0.7939 0179 1 (2619 {0,130 | (L{3401 (L1133 2
x, a-hexane + x5 2-methylpentan-3-ol .
(L9618 0,145 3 0.6177 0.124 p 0.2999 0.020 2
D.NE (RIRY -4 (1.5642 0.098 -2 {.2725 0.m7 4
0.8635 (0L.203 | 1.5435 (0.089 -3 (.2087 0.5 Z
08509 0,206 4 051498 (L84 | 0.1442 =000 1
0.7815 0.187 1 0,4688 0.063 -2 00863 —-0.006 -2
06915 0,153 1 0.4383 0.052 -3 00402 =0.001 1
0.66Y0  0.145 2 0.3597 0030 -2 - - -
Xy n-hexane + x5 3,3-dimethylbutan-ol
0.9420 0.173 3 0.6753 0.161 -5 L2258 0,014 -1
08996  0.199 -8 0.5837  (L138 4 0.1844 0012 0
04515 0.215 3 0.4709 0.094 1 00018 —08K4 -3
07873 D203 2 (L3860 0038 -7 462 —04X3 -2
07379 (L1886 -0 10,2703 0.038 9 - - -
X, n-hexane + x; 2-methylpentan-2-ol
00,9264 (1281 5 {.5514 0.301 8 .269 0035 1
OH997  [L344 -1 0.5116 0.237 -7 0.1764 L.(K)5 1
08132 0459 =4 0.4685 (.18% -4 0.1461 —.(04 -3
07140 {.456 -3 0.41%4 13w -3 007806 —0.007 2
06637 0.421 1 (L3875 0).113 1 - - -
06334 0.3u5 5 0.3409 0.079 4 - - -
x, n-hexane + x5 2,3-dimethylbutan-2-ol
(UH3Z 0103 ‘ =) 0.6596 0.149 =0 1.3500 XD § ] 3
L 09510 08 0 0.7420 0,189 2 0.2781  -0.014 |
(j.‘jl75 0.211 n (L5359 0.0K82 -4 01652 0032 -5
: U.HZ(IG 0.210 -1 1.4321 0.03K 2 —={L016 3
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Fig. 1. Representation of experimental v* values and those calculated using egn. (1) along
with the curves of previous papers for the mixture x, n-hexane + x, primary isomers of
hexanol: - - - -, hexan-1-ol [5]; -+ - . 3.3-dimethylbutan-1-ol [9]; — - —, 2-methypentan-1-ol
[7]; ———. 2-ethylbutan-t-ol: A, 2,2-dimethylbutan-i-ol: OJ. 4-methylpentan-1-ol; @,
2.3-dimethylbutan-1-ol; K. 3-methylpentan-1-ol.

Values of the coefficients A; and the parameter k, and standard deviations
by the least-squares method with all points weighted equally, are given in
Table 2. The curves (solid lines) corresponding to our experiment data in
Figs. 1-3 were calculated from eqn. (1) with these values of A; and k. The
broken lines represent the curves of v* derived from the literature for the
other isomers not included in Table 1. So, in this paper a comparative
analysis of the n-hexane mixtures with the seventeen. hexanol isomers is
shown. ‘
As revealed by the figures, the v® curves for most of the mixtures were
sigmoidal. However, the behaviour of the primary alkanols is clearly
distinguishable from that of the rest of the isomers. Thus, in Fig. 1 the
curves for the primary lsomers generally have values of v®>0 at fow
alkano! concentrations and v"® < 0 at higher concentrations, and contraction
effects tend to decrease with isomer type, although there are exceptions.
Rupture of the hydrogen bonds at high values of x, reflected the positive v®
values which provided a partial basis for the order followed in the figures.
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Fig. 2. Representation of experimental v* values and those calculated using eqn. (1) along
with the curves of previous papers for the mixtures x, n-hexane + x, secondary isomers of
~ hexanol: ------ , 3-methylpentan-2-ol [6]; — — —, 4-methylpentan-2-c} [6]; O, hexan-3-ol;
A 3,3- dlmethylhulan-2-ol', @, 2-methylpentan-3-ol; O, hexan-2-ol.

As alkanol concentration increased, the bonuds ruptured more easily,
because there was a smaller quantity of hydrocarbon However, the
interstitial accommodation effects increased, resultmg in contraction of the
volume of the mixture. 2,2DM-B1, whose vE values were positive over the
entire range of concentrations, was the exception among the primary
isomers. Contraction effects decreased in the secondary and tertiary
alkanols, suggesting an increase in the rupture of the hydrogen bonds as the
—OH group assumed a more central position in the molecule, coupled with
an opposing decrease in the effects of interstitial accommodation between
the hydrocarbon and alkanol molecules. In other words, there was an
‘increase in the physical effects of steric hindrance arising when branched
alkanols are present in the mixtures.

- Contrasting the volumetric behaviour of the systems considered here
(n-hexane + hexanol isomers) with that of systems containing mixtures of
cyclohexane and hexanol isomers [3], the following variation for the v®
wvalues was found: cyclohexane >hexane; this was attributable to the
differing extent of the interactions between the alkanol isomers and
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Fig. 3. Representation of experimental v® values and those calculated using eqn. (1) along
with the curves of previous papers for the mixtures x, n-hexane + x, tertiary isomers of
hexanol: =« - - » 3-methylpentan-3-ol [6]; O, 2,3-dimethylbutan-2-ol; @, 2-methylpentan-2-

ol.

TABLE 2

Parameters of eqn. (1) and standard deviation s(v")

x, n-hexane + x;, k Ag A, A, A, A, 10°
x s(v"%)
3-Methylpentan-1-ol 1.296 —-1.372 —-1.562 14.067 ~—23.033 12.860 5
4-Methylpentan-1-ol 0.293 —0.513 -—3.292 4.580 - - 1
2,2-Dimethylbutan-1-ol 8.113  0.318 -0.377 7.317  —13.331 12494 2
2,3-Dimethylbutan-1-01  0.895 —0.866 —3.944 21.181 -30.269 14.780 3 .
Hexan-2-ol : 4.282 —0.367 -6.055 —13.080 11905 - 3
Hexan-3-ol 3.470 0.840 —2.989 14235 —23052 16.182 1
2-Methylpentan-3-ol 10.000 —9.064 4325 -6.917 2438 - '3
3,3-Dimethylbutan-2-01  3.751 -7.524 2778 —3.324 5822 - 5
2-Methylpentan-2-ol 0.596 —-0345 2515 -6.521 9146 - 4
2,3-Dimethylbutan-2-01  7.680 —0.342 6.014 -7.007 9.793 - 3
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‘hydrocarbon type. The results obtained when other solvents, such as
‘benzene and toluene, were used do not appear to be comparable.
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