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VISCOSITY BEHAVIOUR OF 2-BUTOXYETHANOL
—-N-HEXANE AND -N-HEPTANE MIXTURES
AT 303.15 AND 313.15K

N. V. SASTRY and M. M. RAJ

Department of Chemistry, Sardar Patel University,
Vallabh Vidyanagar 388 120, Gujarat, India

( Received 26 January 1995)

Excess viscosities and free energy of activation of flow have been reported for the binary liquid mixtures
of 2-butoxyethanol with n-hexane and n-heptane at 303.15 and 313.15 K. The Alny® and AG* are
positive. Bloomfield and Dewan approach based on Flory theory is used to calculate the various thermo-
dynamic contributions to the mixtures viscosities. Entropy contributions are found to contribute to the
observed experimental excess viscosities. The calculations indicate that the disorder type interactions are
predominant in the present systems studied. The mixture viscosities are also found to be reasonably
expressed by Grunberg-Nissan and Mc Allister relations.

KEY WORDS: Viscosities, free energy of flow of activation, entropy contributions, disorder interactions.

1. INTRODUCTION

Alkoxyethanols especially the ethoxy- and butoxyethanols are widely used industrial
solvents. The simultaneous presence of proton donating -OH group and proton
accepting etheric linkage in the same molecule make interesting interactions at
molecular level in the binary mixtures containing alkoxyethanols as one of the
components. Inspite of the greater attention, the alkoxyethanols received as solvents,
there exist relatively few studies involving measurements of thermo- dynamic prop-
erties on binary mixtures of alkoxyethanols with other polar and nonpolar solvents.

Casanova et al., have reported the excess enthalpies'-2, excess molar volumes and
heat capacities®* of n-alkoxyethanols-organic solvent mixtures. An attempt was also
made to give a quantitative interpretation of excess molar volumes and isentropic
compressibilities of 2-ethoxyethanol- n-heptane®, -glycol® and -water’ mixtures
interms of specific molecular interactions. Mac Neil et al.® have also indicated the
presence of weak hydrogen bonding interactions between 2-butoxyethanol and several
anilines from density and viscosity measurements. Koga er al.” ~'? have dealt in detail
the aqueous solutions of 2-butoxyethanols through measurements of various thermo-
dynamic properties such as vapour pressure, partial molar volumes and heat capaci-
ties. The authors have suggested the presence of three regions in each of which the
mixing scheme is qualitatively different from that in the other regions. Similar obser-
vation was also made by Fioretto et al.'*'* from dielectric relaxation measurements.

47



08:16 28 January 2011

Downl oaded At:

48 N. V. SASTRY AND M. M. RAJ

We have recently reported the excess dielectric functions of 2-butoxyethanol-
n-hexane, and n-heptane mixtures!®. In continuation of our systematic studies of the
thermodynamic properties of binary mixtures with alkoxyethanols as one of the
components, this paper describes the measurements on viscosities and densities of
2-butoxyethanol-n-hexane and -n-heptane mixtures both at 303.15 and 313.15K.
The excess viscosity functions such as Alnn® and free energy of activation of flow,
AGE are derived from the mixture viscosity and density data. The mixture viscosities
were also derived from Flory theory based on Bloomfield—Dewan approach to
ascertain the dominant factor that contributes to the mixture viscosity. The mixture
viscosities were also derived from Grunberg—Nissan and Mc Allister’s approaches.

2. EXPERIMENTAL SECTION

Materials

2-Butoxyethanol was of Fluka puriss grade (with > 99% purity on mole basis) and used
as such without any further treatment. n-Hexane and n-heptane were also of SD AnalaR
reagent grade and were used with out any further purification procedures. The purity of
the chemicals was checked by measuring their densities, viscosities and refractive indices
and comparing them with literature values. Such a comparison is presented in Table 1.

The binary solutions were prepared in glass vials by mass on a single pan Mettler
balance with a mole fraction accuracy of + 0.0001.

The densities of the pure components and their mixtures were determined by a
bicapilary pyknometer. The details of the calibration of the pyknometer was
described elsewhere!®. The measured densities were accurate to +0.0001 units.

Table 1 Densities (p), Viscosities (1) and Refractive Indices (np) of pure liquids.

298.15K 303.15K 313.15K
This work Lit. This work Lit. This work Lit.
n-Hexane
p,g.cm”3 0.6547 0.65482%) 0.6502 0.65022¢! 0.6411 0.641484
0.65453‘:7’ 0.6506127 0.641327
,cP 0.292 0.292034 0.264 . 1237 -
e 0.2943% 0%
np 1.3723 1.372208 1.3695 1.3698126 1.3675 1.364202%
1.369912%
n-Heptane
p.g.cm 3 0.6794 0.679439 0.6756 0.67542% 0.6660 0.666831
n,cP 0.392 0.390¢% 0.376 0.335 e
np 1.3850 1.38510® 1.3830 1.382720 1.3800
2-Butoxyethanol
p.g.cm”3 0.8963 0.8962'® 0.8924 0.8920® 0.8834 0.88353%
0.8960'3% 0.892933) 0.8836%
ncP 2.784 2786128 2.401 2.403® 1.868 1.867®

"y 1.4300 1.4109
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The viscosities, # were measured by an Ubbelhode suspended type viscometer.
The viscometer was calibrated with double distilled benzene and triple distilled
water at the measuring temperatures to evaluate the viscometer constants A and B,
which were further used to calculate the absolute viscosities from the measured flow
times ¢ by the following relation

n=p(A—B/1) (1)

where p = density in g.cm ™ . The measured viscosities were accurate upto + 0.003 cP.

THEORY

Flory Theory

The mixture viscosities can also be theoretically predicted by combining the
absolute reaction rate theory of Eyring and co-workers and free volumes theory.
Bloomfield and Dewan'” had described the following relation,

AH,,,+ASR | X; X
RT R i—1 -1 v,—1

Iny=x/Inn, +x,Inp, — (2)
where AH,, is the enthalpy of mixing for the mole of the solution, AS® is the
residual entropy per mole, R is the gas constant T is the absolute temperature in K.
¥, 7, and ¥, are the reduced volumes of the mixture and pure components respective-
ly. The Eq. 2 can also be written alternately as

Alnn*=Inng +Inng+1Iny, (3)
where
. — AH,
Ny = RT '
ASR
Inng=——
and
X, X,
Iny, =< —

F—1 §,—1 §,—1

The individual enthalpy and entropy contributions to the mixture viscosity can be
obtained by the relations given by Flory and co-workers'®:'? as per Eq. 4 and Eq. 5

AHn,:X1~C1 l_; +x2~CZ l_i +-\'1~€1()X1z )
RT T, \V ¥, T, \v Vv, v, P¥
ASK

A 1
R :_3|:‘Y1C11nﬁ+“{2€211]‘71/3f_1:| (5)
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The various terms that are given in Egs. 4 and 5 are same as described in detail by
Abe and Flory!'® in their original papers. The reduced volumes of the mixtures and
the pure components are calculated with the use of experimental densities, thermal
expansion coefficients, « and the molar volumes V using following relations
vV V.
e =t ©)
x, Vi+x,V% V¥
The characteristic parameters viz. V*, temperature T* and pressure P* have the
same significance as described by Abe and Flory. The parameter C; for a component
is defined as

4

Ci_RT;"

(7

The parameter ¥, , that was employed for the evaluation of enthalpy contribution
was estimated from the fit of experimental excess volume data at equimolar concen-
trations.

The characteristic parameters of the pure liquids together with other physico-
chemical data are given in Table 2.

Grunberg-Nissan approach
The viscosity of the mixture is also expressed by Eq. 8 by Grunberg and Nissan?%:?!
Inn=x,Inn, +x,Inn, +x(1 —x)d,, (8)

d,, in Eq. 8 is an adjustible parameter and is taken as a measure of strength of the
interaction between the components in the mixture.

Mc Allister approach

The composition dependence of the absolute viscosity for the binary mixtures is also
expressed by following Eq. 9 based on three-body interaction model proposed by
Mc Allister?2.

Innp=x3}lny, +3xix,Inv;, +3x,x3Inv,, + x3Inn, + x3In(M,/M,)
+3x, X2 In {(1 +2M,)/M,)/3} + 3x2x, In {(2 + M,)/M, /3}
—In(x, +(x,M,/M) 9)

Table 2 Physico-Chemical Data and Equation of State Parameters for Pure Liquids at 303.15K.

Liquid ax 103K ™! v V*em*mol™'  P*J.¢em™? T Vem® mol™!
Hexane 1.404 1.3292 99.71 419.5 0.06808 132.45
Heptane 1.266 1.3038 113.74 426.8 0.06491 148.39
Butoxy-

cthanol  0.964 1.2436 106.48 475.9 0.05636 132.43
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The terms 5, x and M are the viscosity, mole fraction and molecular weight of the

component 1 and 2 respectively. The terms v;; are the adjustible parameters and are
determined from the fits of experimental viscosity data by least square procedure.

RESULTS AND DISCUSSION
The experimental densities and viscosities for the binary mixtures at 303.15 and

313.15K are presented in Table 3. The logarithmic excess viscosities, Alny? and
excess free energy of flow, AG? as evaluated from the following relations

Alny® =1Inn,, —(x, Iny, +x;1nn,,) (10)
AGF=RT(Iny,V ,—x,Inp, V, —x,lnn, V,) (11)

where n and V are the viscosities and molar volumes of the pure components 1 or 2
and mixture 12, are also included in Table 3.

Table 3 Densities (p), Viscosities (1), Excess viscosities (A1ny%) and Free energy of flow of activation (AGF)
of the 2-butoxyethanol (1)-alkane mixtures at 303.15 and 313.15K.

T=303.15K T=31315K

X, pyg.em™ neP AlnnfcP  AGEJ.mol™' pg.em™3 ncP AlnmpEeP AGEJ. mol™!

2-Butoxyethanol-n-hexane

0.0327 0.6576 0.292 0.028 74.10 0.6484 0.258 0.018 48.95
0.1014 0.6738 0.354 0.06% 178.10 0.6645 0.310 0.060 154.25
0.1974 0.6965 0.456 0.110 284.55 0.6842 0.396 0.105 273.46
0.2974 0.7196 0.587 0.143 368.48 0.7109 0.506 0.144 371.76
0.3950 0.7437 0.741 0.160 410.32 0.7344 0.634 0.168 433.00
0.4968 0.7683 0.930 0.162 416.62 0.7589 0.787 0.175 448.13
0.5957 0.7924 1.148 0.155 369.21 0.7830 0.956 0.165 423.17
0.7323 0.8259 1.507 0.125 320.59 0.8166 1.230 0.135 345.55
0.8316 0.8505 1.793 0.080 204.15 0.8412 1.458 0.100 253.80
0.8992 0.8673 2.025 0.052 133.83 0.8587 1.634 0.074 148.00
0.9658 0.8840 2271 0.020 50.41 0.8748 1.790 0.028 71.33

2-Butoxyethanol-n-heptane

0.0365 0.6812 0.407 0.012 35.29 0.6725 0.364 0.019 55.72
0.1077 0.6947 0.484 0.053 179.70 0.6859 0.426 0.055 149.96
0.2126 0.7152 0.626 0.116 303.20 0.7063 0.534 0.100 272.06
0.3160 0.7361 0.799 0.168 436.53 0.7272 0.661 0.136 367.36
0.4170 0.7572 0.987 0.192 497.52 0.7482 0.797 0.150 591.00
0.5114 0.7775 1.177 0.190 530.29 0.7685 0.941 0.151 444.16
0.6155 0.8006 1.411 0.181 469.04 0.7915 1.116 0.146 390.79
0.7469 0.8308 1.741 0.148 381.84 0.8216 1.359 0.117 313.20
0.8450 0.8542 2011 0.110 283.80 0.8448 1.550 0.080 214.27
0.9057 0.8690 2,162 0.070 180.08 0.8597 1.654 0.040 109.35

0.9663 0.8839 2.306 0.022 58.47 0.8748 1.784 0.012 33.85
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The excess viscosity functions are fitted through an empirical relation
YE=x,(1—x,)) a,(2x, — 1)} (12)

where Y£ = either Alnn® or AGF respectively. The constants a; are evaluated by a
regression analysis. The values of the constants together with the standard devi-
ations, ¢ are given in Table 4,

In Fig. 1, are shown the experimental Alny* at 303.15 and 313.15K together with
the calculated values through Eq. 12 and the constants from the Table 4 as a
function of 2-butoxyethanol mole fraction. It can be seen from the Fig. 1 that the
logarithmic excess viscosities are positive over the entire range of mole fraction both
in 2-butoxyethanol-n-hexane and -n-heptane mixtures at the two different tempera-
tures. The rise in temperature was observed to influence differently in n-hexane and
-n-heptane mixtures at about equimolar concentrations. A slight decrease was noted
in the former and an increase was observed in the later.

The free energy of activation of flow, AGE derived from experimental viscosities
and also calculated from Eq. 12 using the constants from the Table 4 are shown in
Fig. 2. The AG* was found to be positive in both the mixtures and follow the similar
pattern as logarithmic excess viscosities.

As far as we are aware, there is no viscosity data on the similar systems in the
literature for a comparison. In order to ascertain the dominant thermodynamic
factor that contribute to the present mixture viscosity and for explaining our results,
we have evaluated the theoretical viscosities of the mixtures through Flory theory
and following an approach proposed by Bloomfield and Dewan. The pertinent
relations that are used are already given in Egs. 2-35.

The various individual contributions viz. enthalpy, entropy, free energy and free
volume viscosities together with their combinations to the overall mixture viscosity
are given in Table 5. An inspection of the data reveals that the contribution n,, 5 is

Table 4 The coefficients of Eq. 12 for the excess viscosity functions of the liquid

mixtures.
303.15K 313.15K
Alnn¥.cP AGE J.mol™'  Alng¥,cP AGE J.mol ™!
2-Butoxyethanol~n-hexane
I 0.5328 1636.6 0.7383 1812.3
a, 0.0225 —98.0 —0.3513 —2154
a, 0.4554 240.7 —0.1020 —484.3
ay 0.3577 —379.1 1.6090 541.5
a, 563.0
a 0 0 0.0003 0
2-Butoxyethanol—n-hexane
g 0.8115 2127 0.6423 1917.4
d, 0.0333 —121 0.0652 —47.2
a, —-0.2807 —605.5 —0.1863 —721.5
a; 0.1962 —483.6 —0.1754 —205.3

a 0 0 0.0003 0.008




08:16 28 January 2011

Downl oaded At:

VISCOSITY OF MIXTURES 53

0,2

0,18 \
0,08 - \

o 01 02 03 04 05 06 07 08 09 1

(ol
O
w 0,28
o
C
Z 02

0,18

0,1

0,05

Figure 1  Excess viscosities for a) 2-butoxyethanol n-hexane and b) 2-butoxyethanol n-heptane mix-
tures at () 303.15 and ([J) 313.15K.

found to be close to experimental viscosities in case of both the mixtures. The
product #, 5 1n both the mixtures was slightly more than »,, whereas other combi-
nations, in general are smaller than the ideal viscosity. The enthalpies of
2-butoxyethanol-n-heptane mixtures at 25°C? were reported to be positive over the
entire range of butoxyethanol concentration. If the same trend is extrapolated to our
mixtures at 30 °C, the smaller values of 1,1, over n,, can be expected. The small
value of the combination #;, 1, in both the mixtures indicate that the free volume of
the mixutre is smaller than the pure components. However the higher values of
HiaMs over n,, emphasize the changes in the orderness of the molecules upon mixing.

The difference in the logarithmic excess viscosities calculated theoretically from
Eq.3 and those derived from experimentally measured viscosities from Eq.9
presented further insight into the nature of interactions in the mixtures under study.
The deviations in excess viscosities for both the mixtures are given in Table 6 at
303.15K. It can be seen from the Table 6 that the individual enthalpy contributions
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Figure 2 Excess free energy of flow for a) 2-butoxyethanol-n-hexane and b) 2-butoxyethanol-n-heptane
mixtures at (l) 303.15 and ([J) 313.15K.

and also the combination of free energy and free volume viscosity contributions at
equimolar concentrations are close to the theoretical excess viscosity. Whereas the
experimental excess viscosities are not even in sign agreement with Iny,; and Inngn,
values. The entropy contribution was however positive and seems to be dominant
factor for the observed experimental logarithmic excess viscosities. The high positive
deviation in the experimental and calculated excess viscosities are indicative of the
presence of nonspecific disorder or deorientation interactions as suggested by Delmas
et al.2? between 2-butoxyethanol and n-hexane and n-heptane molecules. The posi-
tive excess viscosities as presented in Fig. 1 are also supportive to this conclusion.
Similar positive deviations were also attributed to the presence of disorder interac-
tions in case of ethyl acetate—hexane?# and cyclohexene-organic solvents*® mixtures.

An attempt is also made to derive the mixture viscosities following the Grunberg-
Nissan and Mc Allister approaches and the rclated equations for the same are
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Table 6 Entrpoy Iny, Enthalpy Inn, Free Energy Ing and Free Volume Iny contributions to the mixture
viscosity at equimolar concentrations at 303.15K.

Butoxy- )
ethanol + v Inng Inny Inng Inn, Alnn,,, Alnn,, o*
Hexane 1.2806  0.0777 —0.5098 —04321 —0.1137 —0.5458 0.1527 0.6985
Heptane 1.2785  0.0841 —0.3527 02686 —0.1134 —0.3820 0.0390 04210

*5 = Alnn,,,, — Aln,,

Table 7 Values of the Interaction Parameter (d,,), the adjustible parameters v;; and the Average
Absolute Deviation (AAD*) for the liquid mixtures at 303.15 and 313.15K.

AAD
T.K d,,(Eq.8) vi,(Eq.9) v (Eq.9) Eq. 8 Eq.9
Butoxyethanol-n-hexane
303.15 0.847 1.4805 0.7762 0.0139 0.002
313.15 0.702 - - 0.0108 -
Butoxyethanol-n-heptane
303.15 0.788 1.7269 0.6869 0.0596 0.015

313.15 0.630 0.0095 -

*AAD = Z|n,,, — .al/n where n = no. of measurements

already given in Eq. 8 and 9. The adjustible parameters that appear in Eqgs. 8 and 9
are derived from the fits of experimental viscosities. These parameters are in turn are
substituted in the same equations to calculate the mixture viscosities over the entire
range of concentration. The values of the adjustible parameters together with the
absolute average deviations (AAD) between the experimental and calculated viscosi-
ties are given in Table 7. The very smaller values of AAD indicate that the mixture
viscosities can be reasonably represented by both the approaches.

Acknowledgement

The authors appreciate greatly the support of Prof. M. N. Patel, Head of the Department for providing the
necessary laboratory fecilities.

References

1. J.C. Cobos and C. Casanova, J. Chem. Thermodyn., 19, 751 (1987).

2. J. C. Cobos, 1. Garcia and C. Casanova, Can. J. Chem., 66, 2618 (1988).

3. ). C. Cobos, C. Casanova, G. Roux-Desgranges and J. P. E. Grolier, Thermochim. Acta. 131, 73 (1988).
4. Ibid, J. Chem. Thermodyn., 19, 791 (1987).

5. G. C. Benson, C. J. Halpin and J. Treszczanowicz, J. Chem. Thermodyn., 13, 1175 (1981).

6. A. M. Awwad, J. Chem. Thermodyn., 18, 443 (1986).

7. G. Douheret, A. Pal and M. 1. Davis, J. Chem. Thermodyn., 22, 99 (1990).

8. J. H. MacNeil and R. Palepu, Thermochim. Acta., 149, 275 (1989).

9. W.Siu and Y. Koga, Can. J. Chem., 67, 671 (1989).



08:16 28 January 2011

Downl oaded At:

35

VISCOSITY OF MIXTURES 57

. W. Siu, T. Y. H. Wong, Jhon T. W. Lal, A. Chong and Y. Koga, J. Chem. Thermodyn., 24, 159 (1992).

. Y. Koga, J. Kristanisen and A. Hvidt, J. Chem. Thermodyn., 25, 51 (1993).

. Y. Koga, J. Phys. Chem., 95, 4119 (1991).

. D. Fioretto, A. Marinin, G. Onori, L. Palmierui, A. Santucci, G. Socino and L. Verdini, Chem. Phys.
Lert., 196, 583 (1992).

. Ibid, Conf. Proc. Vol. 43, Water-Biomolecule Interactions, M. V. Palma et al. (Eds.) SIF, Bologna,
p. 85 (1993).

. N.V. Sastry ans M. M. Raj, J. Soln. Chem., (Submitted in 1995).

. N. V. Sastry ans M. M. Raj, Thermochim. Acta., (In Press).

. V. A. Bloomfield and R. K. Dewan, J. Phys. Chem. 75, 3113 (1971).

. P.J Flory, R.A. Orwoll and A, Vrij, J. Amer. Chem. Soc. 86, 3507, 3515 (1964).

. A. Abe and P. J. Flory, J. Amer. Chem. Soc., 86, 1338 (1965).

. L. Grunberg and A. H. Nissan, Nature (London), 164, 799 (1965).

. L. Grunberg and A. H. Nissan, Trans. Faraday Soc., 45 (1949).

. R.A. Mc Allister, AIchE J., 6, 427 (1960).

. G. Delmas, P. Purves and P. De Saint Roman, J Phys. Chem., 79, 1970 (1975).

. S. Oswal, Can J. Chem., 66, 111 (1988).

. P. Raja Sekar, R. Venkateshwarulu, and K. S. Reddy, Can J. Chen., 68, 363 (1990).

. J. Ortega, and J. S. Matos, Materials Chem. Phys., 18, 415 (1986).

. U. Srinivasulu and P. R. Naidu, J. Chem. Eng., data, 35, 33 (1990).

. J.A. Riddick and E. Toops ‘Organic Solvents’ in Techniques of Organic Chemistry, Vol VII,
(A. Weissberger et al. (Eds.)), Inter Sci. Publ., NY, 1955.

. R.D. Singh and C. P. Sinha, J. Chem. Eng. Data, 27, 283 (1982).

. Selected Values of Properties of Hydrocarbons and Related Compounds, TRC Hydrocarbon Project,
Texas A&M Univ. Sys. Texas, 1977.

. 1. B. Goates, J. B. Ott and R. B. Grigg, J. Chem. Thermodyn., 13, 907 (1981).

. N. P. Rao, and R. E. Verrall, Can J. Chem., 65, 810 (1987).

. lan A. McLure, F. Guzman-Flgueroa and 1. L. Pegg, J. Chem. Eny. Data, 27, 398 (1982).

. I A. Riddick, W. Bunger and T. K. Sakura, ‘Organic Solvents’ 4th Edn. Wiely, NY, 1986

. A. Fattah, A. Asfour and F. Dullien, J. Chem. Eng. Data, 26, 312 (1981).



