
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Physics and Chemistry of Liquids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713646857

Viscosity Behaviour of 2-Butoxyethanol -N-Hexane and -N-Heptane
Mixtures at 303.15 and 313.15 K
N. V. Sastrya; M. M. Raja

a Department of Chemistry, Sardar Patel University, Vallabh Vidyanagar, Gujarat, India

To cite this Article Sastry, N. V. and Raj, M. M.(1995) 'Viscosity Behaviour of 2-Butoxyethanol -N-Hexane and -N-Heptane
Mixtures at 303.15 and 313.15 K', Physics and Chemistry of Liquids, 30: 1, 47 — 57
To link to this Article: DOI: 10.1080/00319109508028432
URL: http://dx.doi.org/10.1080/00319109508028432

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319109508028432
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phys. Chem. Liq., 1995, Vol. 30, pp. 47-57 
Reprints available directly from the publisher 
Photocopying permitted by license only 

tj.') 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 
Gordon and Breach Science Publishers SA 

Printed in Malaysia 

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, Sardcir Putel Uniuersity, 
Vallahh Vidyanagar 388 120, Gujurat, India 

(Rewired  26 Jniiutrry I005 ) 

Excess viscosities and free energy of activation of How have been reported for the binary liquid mixtures 
of 2-butoxyethanol with n-hexane and n-heptanc at 303.15 and 313.15 K .  The Alnq" 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. 

K E Y  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 receivcd 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 id., have reported the excess ent halpies'.2, excess molar volumes and 
heat capacities"4 of n-alkoxyethanols-organic solvent mixtures. An attempt was also 
made to give ;i quantitative interpretation of excess molar volumes and isentropic 
compressibilities of 2-ethoxyethanol ~ n-Iieptane', -glycol6 and -water7 mixtures 
interms of specific molecular interactions. Mac Neil et u/.* have also indicated the 
presence of weak hydrogen bonding interactions between 2-butoxyethanol and several 
anilines from density and viscosity measurements. Koga et ( I / . ~  ~ have dealt in detail 
the aqueous solutions of 2-butoxyethanols through measurements of various thermo- 
dynamic properties such as vapour prcssure, 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 dilTcrcnt from that in the other regions. Similar obser- 
vation was also made by Fioretto r t  a/.' '.'' from dielectric relaxation measurements. 
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48 N. V. SASTRY AND M. M. RAJ 

We have recently reported the excess dielectric functions of 2-butoxyethanol- 
n-hexane, and n-heptane  mixture^'^. 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 313.15 K. 
The excess viscosity functions such as AlnvE 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 f 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 elsewhere16. The measured densities were accurate to f 0.0001 units. 

Table 1 Densities (p) ,  Viscosities ( q )  and Refractive Indices (no) of pure liquids. 

298.15 K 303.15 K 313.15 K 

This work Lit. This work Lit. This work Lit. 

p , q . ~ m - ~  

Jl,  L.P 

n D  

0.6547 

0.292 

1.3723 

0.6794 
0.392 
1.3850 

0.8963 

2.784 
_ _ _ _  

n-Hexane 

0.6548'2b' 0.6502 
0.6545'27J 
0.292'34' 0.264 
0.294'35' 
1.3722"") 1.3695 

n-Heptane 

0.6794'30' 0.6756 
0.390'28' 0.376 
1.3851'2s' 1.3830 

2-Butoxyethanol 

0.8962'" 0.8924 
0.8960'32' 
2.786'*"' 2.401 
_ _ _ _  1.4300 

1.3698'261 
1 .3699'29' 

0.8920'"' 
0.8929'33' 
2.403'"' _ _ _ _  

0.641 1 

0.237 

1.3675 

0.6660 
0.335 
1.3800 

0.8834 

1.868 
1.4109 

0.64 14'34' 
0.64 13(' 'I _ _ _ _  
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VISCOSITY OF MIXTURES 49 

The viscosities, q 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 t by the following relation 

‘1 = P ( A  - B/d (1) 

where p = density in g. cm- ’. The measured viscosities were accurate upto k 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, 

where AHm is the enthalpy of mixing for the mole of the solution, ASR is the 
residual entropy per mole. R is the gas constant T is the absolute temperature in K .  
S, Sl and S, are the reduced volumes of the mixture and pure components respective- 
ly. The Eq. 2 can also be written alternately as 

( 3 )  A In if = In q H  + In q.s + In q v  

where 

AHm In q,, = - ~ 

R T ’  

A S R  
In q S  = ~ 

R 

and 

The individual enthalpy and entropy contributions to the mixture viscosity can be 
obtained by the relations given by Flory and co-workers’8,’9 as per Eq. 4 and Eq. 5 
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50 N. V. SASTRY A N D  M. M. RAJ 

The various terms that are given in Eqs. 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, c( and the molar volumes I/ using following relations 

The characteristic parameters viz. V*, temperature T* and pressure P* have the 
same significance as described by Abe and Flory. The parameter Ci for a component 
is defined as 

Pi" v* ci=- 
R T* (7) 

The parameter x 1 2  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 NissanzoS2' 

Inq = x, lnq, + x2 lnq, + x(l  - x ) d 1 2  (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 approuch 

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 Allister22. 

Inq= .x~ lnq ,  +3x~.x,lnu,,  +3.xlx~Inu, ,  +x;Inil2 + . x ; I ~ ( M , / M , )  

+3x1x:1n {(l  +2M2)/M,)/3}+3x:x21n{(2+ M,)/M,/3) 

- In(x1 + (x,M,/M,) (9) 

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

Liquid a x  I U ' K '  3 V*ct~i'mmol-' P * J .  cni- ' I VCIII' t w -  

Hexane 1.404 1.3292 99.71 419.5 0.06808 132.45 
Heptane 1.266 1.3038 1 13.74 426.8 0.0649 I 148.39 
Butoxy- 

cthanol 0.964 1.2436 106.48 475.9 0.05636 132.43 
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VISCOSITY OF MIXTURES 51 

The terms q, x and M are the viscosity, mole fraction and molecular weight of the 
component 1 and 2 respectively. The terms uij 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, AInqE and 
excess free energy of flow, AGE as evaluated from the following relations 

AlnqE = lnq12 -(xl  lnq, + x21nq12) 

where q 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 
of the 2-butoxyethanol (I)-alkane mixtures at 303.15 and 313.15 K.  

Densities ( p ) ,  Viscosities (q) ,  Excess viscosities (Alnq") and Free energy of flow of activation (ACE)  

0.0327 
0.1014 
0.1974 
0.2974 
0.3950 
0.4968 
0.5957 
0.7323 
0.8316 
0.8992 
0.9658 

0.0365 
0. I077 
0.2 126 
0.3160 
0.41 70 
0.51 I4 
0.6155 
0.7469 
0.8450 
0.9057 
0.9663 

0.6576 
0.6738 
0.6965 
0.7 196 
0.7437 
0.7683 
0.7924 
0.8259 
0.8505 
0.8673 
0.8840 

0.68 12 
0.6947 
0.7152 
0.7361 
0.7572 
0.7775 
0.8006 
0.8308 
0.8542 
0.8690 
0.8839 

0.292 
0.354 
0.456 
0.587 
0.741 
0.930 
1.148 
1.507 
1.793 
2.025 
2.271 

0.407 
0.484 
0.626 
0.799 
0.987 
1.177 
1.41 I 
1.741 
2.01 1 
2. I62 
2.306 

0.028 
0.069 
0.1 10 
0.143 
0.160 
0.162 
0.155 
0.125 
0.080 
0.052 
0.020 

0.0 I2 
0.053 
0.1 16 
0.168 
0.192 
0. I90 
0.181 
0. I48 
0.1 10 
0.070 
0.022 

2-Butoxyethanol-n-hexane 

74.10 
178.10 
284.55 
368.48 
410.32 
416.62 
369.21 
320.59 
204. I5 
133.83 
50.4 I 

0.6484 
0.6645 
0.6842 
0.7109 
0.7344 
0.7589 
0.7830 
0.8 166 
0.841 2 
0.8587 
0.8748 

35.29 
179.70 
303.20 
436.53 
497.52 
530.29 
469.04 
381.84 
283.80 
IX0.OX 
58.47 

0.6725 
0.6859 
0.7063 
0.7272 
0.7482 
0.768 5 
0.7915 
0.82 16 
0.8448 
0.8597 
0.8748 

0.258 
0.310 
0.396 
0.506 
0.634 
0.787 
0.956 
1.230 
1.458 
1.634 
1.790 

0.364 
0.426 
0.534 
0.66 1 
0.797 
0.94 I 
1 .1  16 
1.359 
1.550 
1.654 
1.784 

0.018 
0.060 
0.105 
0.144 
0.168 
0. I75 
0.165 
0.135 
0.100 
0.074 
0.028 

0.019 
0.055 
0. I00 
0. I36 
0. I50 
0.151 
0. I46 
0.117 
o.ox0 
0.040 
0.0 I2 

48.95 
154.25 
273.46 
37 1.76 
433.00 
448. I 3  
423.17 
345.55 
253.80 
148.00 
71.33 

55.72 
149.96 
272.06 
367.36 
59 1 .oo 
444. I6 
390.79 
3 13.20 
2 14.27 
109.35 
33 85 
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52 N. V. SASTRY AND M .  M .  RAJ 

The excess viscosity functions are fitted through an empirical relation 

Y E  = X2(l - X*)-&4(2X2 - 1) '  

where Y E  = either A lnqE or AGE respectively. The constants ui are evaluated by a 
regression analysis. The values of the constants together with the standard devi- 
ations, CJ are given in Table 4. 

In Fig. 1, are shown the experimental AlnqE 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, A G E  derived from experimental viscosities 
and also calculated from Eq. 12 using the constants from the Table 4 are shown in 
Fig. 2. The A G E  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 a'pproach proposed by Bloomfield and Dewan. The pertinent 
relations that are used are already given in Eqs. 2-5. 

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 !lid qS is 

Table4 The coefficients of Eq. 12 for the excess viscosity functions of the liquid 
mixtures. 

303.15 K 313.t.5 K 

L\117P/".CP AG".J.M$ ' Aln$',cP AG",J.tno/- ' 

0.5328 
0.0225 
0.4554 
0.3577 

2-Butoxyethanol --n-hexane 

1636.6 0.7383 
-98.0 - 0.35 13 
240.7 -0.1020 

- 379.1 1.6090 

0 

0.8115 
0.0333 

-0.2807 
0.1962 
0 

0 0.0003 

2-Butoxyethanol-n-hexane 

2127 0.6423 
- 12.1 0.0652 
- 605.5 - 0.1863 
-483.6 -0.1754 

0 0.0003 

1812.3 
-215.4 
-484.3 

541.5 
563.0 
0 

1917.4 
-47.2 

-721.5 
-205.3 

0.008 
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n, ; 

0.13 

0.1 

0.05 

0 

a 
0 

L 

a 

0,I 0,2 0,J 0,4 0,s 0,6 0,7 0,8 0,9 I 

t b 

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 

Xt 

Figure 1 Excess viscosities for  a )  ?-butoxyethano1 n-hcxane and b) 2-butoxycthanol n-heptane mix- 
tures a t  (.) 303.15 and (0) 313.1SK.  

found to be close to experimental viscosities in case of both the mixtures. The 
product qjd qs in  both the mixtures was slightly more than qid whereas other combi- 
nations, in general are smaller than the ideal viscosity. The enthalpies of 
2-butoxyethanol-n-heptane mixtures at 25 'C2  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 qid qf, over qid can be expected. The small 
value of the combination qid q v  in both the mixtures indicate that the free volume of 
the mixutre is smaller than the pure components. However the higher values of 
qid qS over qid 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. I t  can be seen from the Table 6 that the individual enthalpy contributions 
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Lu 
(3 
Q 

E 
0 
ii 

C 
W 
0)  

u. 
v) 
v) 
0)  

W 

2 

s: 

I a 

_ _ _ _ _ _ ~  

0.3 0.4 0.5 0.6 0.7 0.8 0.9 

500 - 

400 - 

0 0,l 0,2 0,3 0.4 0.3 

X I  

b/ 

Figure 2 
mixtures at (W) 303.15 and (0) 3 1 3 . 1 5 K .  

Excess free energy of flow for a) 2-butoxyethanol-n-hexane and b) 2-butoxyethanol-n-heptane 

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 In q H  and In q c q v  
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 aI.*’ 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 a~e ta te -hexane~~ and cyclohexene-organic  solvent^'^ mixtures. 

An attempt is also made to derive the mixture viscosities following the Grunberg- 
Nissan and Mc Allister approaches and the related equations for the same are 
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Table 6 
viscosity at equimolar concentrations at 303.15 K. 

Entrpoy lnq, Enthalpy Inq, Free Energy Inq and Free Volume Inti contributions to the mixture 

Hexane 1.2806 0.0777 -0.5098 -0.4321 -0.1 137 -0.5458 0.1527 0.6985 
Heptane 1.2785 0.0841 -0.3527 -0.2686 -0.1 134 -0.3820 0.0390 0.4210 

*6 = Alnqexn - Alnqca, 

Table7 
Absolute Deviation (AAD*) for the liquid mixtures at 303.15 and 313.15 K. 

Values of the Interaction Parameter (dIz), the adjustible parameters t',j and the Average 

A A D  

Butoxyethanol-n-hexane 

303.15 0.847 1.4805 0.7762 0.0139 0.002 
313.15 0.702 _ _  -- 0.0 I08 -- 

Butoxyethanol-n-heptane 

303. I5 0.788 1.7269 0.6869 0.0596 0.015 
313.15 0.630 0.0095 _ _  

*AAD = Zlqexp - qcalI/n, where n = no. of measurements 

already given in Eq. 8 and 9. The adjustible parameters that appear in Eqs. 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. 
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