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Excess molar volumes v E  have been measured for the binary liquid mixtures of propyl ethanoate with five 
n-alkanes (n-hexane, n-heptane, n-octane, n-nonane and n-decane) at 298.15 and 308.15 K, using an Anton 
Paar densimeter. All the mixtures studied present positive oE values that increase with the length of the 
chain of the alkane and with the temperature. The experimental results are compared with the predictions 
of the Nitta-Chao model. 

K E Y  WORDS: Excess molar volumes, density, ester + alkane, Nitta-Chao model 

INTRODUCTION 

In previous papers experimental results for excess molar enthalpies and excess molar 
volumes of binary mixtures containing propyl propanoate or propyl butanoate with 
n-alkanes were presented'q2. We now report the excess molar volumes of propyl 
ethanoate with n-alkane (from hexane to decane) at 298.15 K and 308.15 K. The 
purpose of this investigation is to know the influence of the alkyl radical of the propyl 
esters on the excess properties of their mixtures with n-alkanes. 

* To whom correspondence should he addressed. 
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14 M. T. LORENZANA er al. 

Group-contribution models are very useful to predict excess molar properties of 
binary mixtures. Among the usual group-contribution models the only capable to 
predict excess molar volumes is the Nitta-Chao model3 which is based in Carnahan- 
Starling4 hard-sphere equation of state. This model also predicts vaporization 
energies of pure compounds and excess enthalpies and activity coefficients of 
mixtures. The characteristic parameters corresponding to the ester + n-alkane mix- 
tures of the Nitta-Chao model were calculated by us previously536. The measured 
excess molar volumes were used to test this model. 

EXPERIMENTAL SECTION 

Propyl ethanoate was supplied by Aldrich and n-alkanes by Sigma, all with a 
guaranteed purity >99 moles%. All the chemicals were degassed, dried with 
molecular sieves (Union Carbide type 4A from Fluka) and used without further 
purification. The densities of the pure liquids agree well with the literature values as 
Table 1 shows7-''. 

Excess molar volumes were determined from densities of the pure liquids and 
mixtures measured with an Anton Paar DMA 60/602 densimeter and thermostatted 
to within k0.01 K in a Haake F3 circulating-water bath. The experimental technique 
has been described previously'. hlixtures were prepared by weighing with an 
estimated precision of l.10-4 in mole fraction; the precision of v E  was estimated 
better than k0.003 cm3 mol- '. 

Table 1 Densities of the pure liquids at 298.15 and 308.15 K 

Substance p x 10- 3 / k g . m - 3  

Experiniental Literature 

298.15 308.15 298.15 308.15 

Propyl ethanoate 0.88258 0.87135 0.8826a 
0.88303' 

n-hexane 0.65503 0.64598 0.65489d 
0,65508' 

n-heptane 0.6795 1 0.67102 0.67951' 
0.67946' 

n-octane 0.69843 0.69042 0.69844' 
0.69849' 

n-nonane 0.71364 0.70596 0.7 1375' 
0.71381' 

n-decane 0.726 14 0.7 1854 0.72615d 
0.7261 5d 

0.871 16b 

0.6457gd 
0.64586' 
0.671059 
0,67107' 
0.69042h 
0.690508 
0.70591e 
0.70596' 
0.718549 
0.7 I872* 

Ref. 7. In te rpola ted  from values in Ref 7. ' Ref. 8. Ref. 9. ' Ref. 10. Ref. I 1  
Y R e f .  I ? .  h R e f .  13. ' R e f .  14. ' R e l .  IS.  
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EXCESS VOLUMES OF ESTER n-ALKANE MIXTURES 15 

RESULTS AND DISCUSSION 

The experimental results for the excess molar volumes at 298.15 K and 308.15 K are 
listed in Tables 2 and 3. To each set of vE values, a Redlich-Kister function. 

n 

U E  = x(l - x) 2 4 ( 2 x  - 1)' 
i = O  

was fitted, where x is the mole fraction of propyl ethanoate. The coefficients Ai and 
the standard deviation given in Table 4 were calculated by the unweighted least- 
squares method, the degree of the polynomial having been optimized by applying 

Table2 Excess molar volumes at 298.15 K 

0.0622 
0.0899 
0.1591 
0.1974 
0.2442 

0.0799 
0.1480 
0.2429 
0.3095 

0.0543 
0.1175 
0.1698 
0.1785 
0.2632 

0.0790 
0.1091 
0.1574 
0.2157 
0.2641 

0.0622 
0.1177 
0.1554 
0.2182 
0.2700 

0.1864 
0.2578 
0.4034 
0.4650 
0.5233 

0.2941 
0.4763 
0.6589 
0.7366 

0.2138 
0.4221 
0.5583 
0.5773 
0.7388 

0.3031 
0.4025 
0.5428 
0.6807 
0.7736 

0.2531 
0.4333 
0.5452 
0.7013 
0.8054 

Propyl ethanoate + n-hexane 
0.3387 0.5982 0.5300 0.5997 
0.3505 0.6088 0.5926 0.5577 
0.3895 0.6215 0.6538 0.5061 
0.4528 0.6151 0.6937 0.4638 
0.4911 0.6119 0.7207 0.4302 

Propyl ethanoate + n-heptane 
0.3800 0.7833 0.5415 0.7859 
0.4600 0.8036 0.6288 0.7168 
0.4948 0.8012 0.6508 0.7009 
0.5284 0.7889 0.6600 0.6864 

Propyl ethanoate + n-octane 
,0.3009 0.7969 0.5486 0.8960 
0.3549 0.8517 0.6038 0.8617 
0.4365 0.9042 0.6371 0.8292 
0.4382 0.9004 0.6912 0.7666 
0.4989 0.9081 0.7300 0.7089 

Propyl ethanoate + n-nonane 
0.3196 0.8564 0.5529 0.9703 
0.3455 0.8892 0.5950 0.9490 
0.4037 0.9470 0.6465 0.9016 
0.4437 0.9682 0.7056 0.8314 
0.5087 0.9792 0.7510 0.7487 

Propyl ethanoate + n-decane 
0.3634 0.9392 0.6044 1.0019 
0.4464 1 .O 1 8 1 0.6501 0.9588 
0.4964 1.0304 0.6931 0.9004 
0.5478 1.0173 0.7167 0.8677 
0.5717 1.0217 0.7792 0.7471 

0.7910 
0.8296 
0.8843 
0.9308 
0.9497 

0.7138 
0.7765 
0.8359 
0.8929 

0.7477 
0.7951 
0.8888 
0.9145 
0.9518 

0.7971 
0.8412 
0.8988 
0.9438 

0.8241 
0.8540 
0.8924 
0.9434 

0.3428 
0.2870 
0.2035 
0.1284 
0.0960 

0.6201 
0.5235 
0.4185 
0.2826 

0.6761 
0.5893 
0.3586 
0.2885 
0.1701 

0.6546 
0.5457 
0.3769 
0.2234 

0.6297 
0.5592 
0.438 1 
0.2503 
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16 M. T. LORENZANA et al. 

Table 3 Excess molar volumes at 308.15 K 
~~ ~~ 

X V E  X U E  X U E  X U E  

cm3.mol- cm'.mol- cm-'.mol- cm3.mo1-' 

0.0837 
0.1259 
0.2007 
0.2326 
0.2770 

0.1044 
0.1178 
0.1931 
0.2567 

0.0954 
0.1944 
0.2499 
0.3219 
0.3769 

0.0962 
0.1666 
0.2950 
0.3337 
0.4061 

0.1006 
0.1718 
0.2493 
0.3099 
0.3517 

0.2786 
0.3810 
0.5200 
0.5588 
0.6055 

0.3795 
0.4162 
0.6054 
0.7096 

0.3694 
0.6535 
0.7684 
0.8796 
0.9403 

0.3729 
0.5899 
0.8680 
0.9258 
0.9992 

0.4256 
0.6417 
0.8235 
0.9231 
0.9757 

Propyl ethanoate + n-hexane 
0.3281 0.6367 0.5723 0.5806 
0.3820 0.6506 0.6348 0.5272 
0.4309 0.6519 0.6973 0.4632 
0.4844 0.6327 0.1249 0.4317 
0.5250 0.6135 0.7767 0.3680 

Propyl ethanoate + n-heptane 
0.3146 0.7894 0.5057 0.8487 
0.3621 0.8348 0.5515 0.8260 
0.4078 0.8494 0.6239 0.7653 
0.4619 0.8564 0.7033 0.6716 

Propyl ethanoate + n-octane 
0.421 1 0.9659 0.7254 0.7719 
0.5303 0.9740 0.7647 0.7012 
0.5677 0.9568 0.8007 0.6244 
0.6347 0.8992 0.8432 0.5 189 
0.6810 0.8454 0.8759 0.4286 

Propyl ethanoate + n-nonane 
0.4474 1.0190 0.7034 0.8730 
0.5059 1.0326 0.7600 0.7750 
0.5385 1.0304 0.7868 0.7193 
0.6039 0.9958 0.8181 0.6361 
0.6538 0.9428 0.8438 0.5737 

Propyl ethanoate i- n-decane 
0.4357 1.0546 0.7099 0.9363 
0.4900 1.0730 0.7563 0.8423 
0.5726 1.0652 0.7925 0.1654 
0.627 1 1.0356 0.8234 0.6858 
0.6814 0.9696 0.8698 0.5458 

0.8063 
0.8596 
0.9014 
0.9397 

0.7855 
0.8248 
0.9295 
0.9560 

0.9181 
0.9544 

0.8905 
0.9265 
0.9555 

0.8717 
0.9289 
0.9632 

0.3267 
0.2539 
0.1826 
0.1 149 

0.5268 
0.4450 
0.1985 
0.1244 

0.2973 
0.1720 

0.4289 
0.300 1 
0.1880 

0.5329 
0.3219 
0.1712 

the F-test". Figures 1 and 2 show the measured values of uE together with the fitted 
curves cE(x) .  

As far as we know only the @'s of propyl ethanoate + n-heptane system were 
measured before. O u r  value for s = 0.5 is 0.4% greater than the one of Grolier et 
d." and 1.1% lower than that of Dusart er a l l 8  All these experimental values are 
represented in Figure 3. 

Figures 1 and 2 show that the characteristics of the excess volumes of propyl 
ethanoate + n-alkane follow the general behaviour of those of the ester + n-alkane 
mixtures: the r L ( x )  curves shift to the ester-rich region and uE increases more rapidly 
for small than for longer alkanes',2.' - 1 7 - 2 1 .  
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EXCESS VOLUMES OF ESTER n-ALKANE MIXTURES 17 

Table 4 Coefficients A ,  for Eq. (1) and standard deviations s determined by the method of 
least squares. 

System A0 A ,  A2 A3 S 

T = 298.15 K 

Propyl ethanoate 
+ n-hexane 2.4336 -0.7160 0.1825 - 0.0025 
+ n-heptane 3.1912 - 0.501 3 0.4157 - 0.1205 0.003 1 
+ n-octane 3.6300 -0.2415 0.3666 - 0.0021 
+ n-nanone 3.9162 0.01 59 0.3553 - 0.002 1 
+ n-decane 4.1 123 2.0938 0.3873 - 0.0050 

T = 308.15 K 
Propyl ethanoate 

+ n-hexane 2.5035 -0.9489 0.4710 - 0.00 19 
+n-heptane 3.4036 -0.6151 0.2235 - 0.0034 

0.001 5 + n-octane 3.9217 - 0.2122 0.3046 - 
+ n-nonane 4.1324 0.0447 0.3376 - 0.0026 
+ n-decane 4.3027 0.28 15 0.7270 -0.3 I74 0.003 1 

1.2 

1 .o 

0.8 

,--. 
'5 0.6 
E 

0 

6 
Y 0.4 

0 2  

0.0 
0.0 0.5 1 

x 
3 

Figure 1 
+n-nonane (O), +n-decane (0) at 298.15 K. Continuous curves were calculated from Eq. (1). 

Excess molar volumes for propyl ethanoate + n-hexane (a), +n-heptane (m), fn-octane (A), 
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18 M. T. LORENZANA et al. 

I 
0.5 1 

0.0 -r- 
0.0 

x 
I 

Figure 2 
+n-nonane (0). +n-decane (U) at 308.15 K Continuous curves were calculated from Eq. (1). 

Excess molar volumes for propyl ethanoate + n-hexane (Oj, fn-heptane (m), +n-octane (a), 

1 

Figure 3 Plots of excess molar volumes at 298.15 K and x = 0.5 of {xC,Hz,+,COOC,H7 + 
(1 - x)C,H,,+,} against n. m = 1: (0) this work, (0)  Grolier et aI.l7 and (A) Dusart et al." m = 2 (0) 
Lorezana er a/.' m = 3 (0) Lorenzana et a1.' Continuous curves are the predicted value with the 
Nitta-Chao r n ~ d e I ~ - ~ .  
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EXCESS VOLUMES OF ESTER n-ALKANE MIXTURES 19 

0.4 ~ 

5 6 7 8 9 1 0 1 1  

Figure 4 Excess molar volumes for equimolar propyl ethanoate + n-alkane mixtures against n, the 
number of carbons of the n-alkane at 298.15 (0) and at 308.15 K (0). Continuous curves are the predicted 
values with the Nitta-Chao m ~ d d - ~ .  

n 

Figure 3 shows the excess molar volumes at equimolar composition of the present 
systems together with another propyl alkanoate + n-alkane systems from the litera- 
t ~ r e ' ~ - ' * .  As usual, excess molar volumes decrease as the length of the ester chain 
increases' ,2,11,17-2 1 . This decrease, in a given series of alkanoates corresponds to a 
dilution of the ester group. 

The excess molar volumes increase when the temperature grows in all the 
concentration range. We have not found in the literature any vE data for ester + n- 
alkane systems at temperature different from 298.15 K. Therefore it is not possible at 
the present stage to draw a definitive conclusion about the general behaviour with 
the temperature for the type of mixtures studied. 

Figure 4 show the experimental excess volumes together with those predicted with 
the Nitta-Chao model with the parameters calculated by Navarr0'9~ for the ester- 
alkane interaction. The model predicts well the dependence of the excess molar 
volumes with the ester and alkane length and with the temperature. The differences 
between predicted and experimental values at x = 0.5 for the systems with propyl 
ethanoate are 8.0% at 298.15 K and 7.2% at 308.15 K. For all the systems presented 
in Figure 3 the mean deviation is 8.7%. 
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