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Excess molar volumes VE for 9 binary mixtures formed
by three methyl n-alkanoates (ethanoate, propanoate, and
butanoate) with three alkanols (propan-2-ol, butan-2-ol,
and 2-methylpropan-1-ol) have been determined from
density measurements at 298.15 K . All the VE values are
positive and decrease with the chain length of the n-
alkanoate. For a given n-alkanoate, VE increases in the

order: 2-methylpropan-1-ol < propan-2-ol < butan-2-ol.

1. INTRODUCTION

In continuation of our systematic experimental studies
on the excess molar enthalpies HE of mixtures
containing alkanoates (esters) and alkanols (alcohols)
[LOPM0860; ORTJ0954; ORTJ0956; SARF0880], we
present here excess molar volume VE measurements at
298.15 K for 9 binary mixtures formed by three methyl n-
alkanoates (ethanoate, propanoate, and butanoate) with
two alkan-2-ols (propan-2-ol and butan-2-0l) and an
isoalkanol (2-methylpropan-1-ol). The excess molar
enthalpies HE of the same mixtures at 298.15 K have
been reported previously [ORTJ0960]. .

The purpose of these investigations is to examine the
effect of the molecular structure of isomeric alkanols on
the properties of mixtures with n-alkanoates.

No VE data are found in the literature for the systems
of this work, except our preliminary measurements with
butan-2-0l [ORTJ0965].

2. EXPERIMENTAL SECTION

2.1. Apparatus and Procedure

A vibrating tube densimeter, Model DMA 60 equipped
with a cell model 602 (Anton Paar, Graz, Austria) was
used. Temperature T was controlled to within 0.01 K
with a Heto ultrathermostat and was measured by means
of a calibrated Pt resistance thermometer against ITS-90
to within o(7)/K = 0.01.

Density, p, was calculated from period of vibration, 7:

p =a + br? (1)

Constants a and b were determined by calibrating the
apparatus with doubly distilled and degassed H,O,
p(298.15 K)kg m?> = 997.043 [RIDJ0860], and
nonane, from Fluka AG (Buchs, Switzerland) "purum"”
grade material, lot no. 74252, of stated purity > 99 mole
%, p(298.15 K)/kg m> = 713.855, see [ORTJ0852].
Density measurements were taken with an accuracy of
better than 0.01 kg m™

Mixtures were prepared by mass. VE was calculated
from p of the mixtures and the densities p; and molar
masses M; of the pure components i:

VE =V — (;M,/p; + x,M,lp,) )

V= (M + M)l 3)
The experimental uncertainties are o(x;) = 0.0001 and
o(VEY10°m®mol ! < 3.

2.2. Materials

C;H(O,, Methyl ethanoate (Methyl acetate). Fluka
AG (Buchs, Switzerland) "puriss" grade material of
stated purity > 99 mole % was degassed ultrasonically
and dried over molecular sieves Type 3A (reference
69828, from Fluka), and wused without further
purification. n(D, 298.15 K) = 13589 (1.3589
[RIDJO860]); p;(298.15 K)/kg m3 = 927.07 (927.9
[RIDJ0860]).

C;HgO, Propan-2-ol (Isopropanol) Fluka AG (Buchs,
Switzerland) "puriss p.a." grade material of stated purity
> 99.5 mole % was degassed ultrasonically and dried
over molecular sieves Type 3A (reference 69828, from
Fluka), and used without further purification. n(D,
298.15 K) = 1.3751 (1.3752 [RIDJ0860]); p;(298.15
K)/kg m = 781.19 (781.26 [RIDJ0860]).

C,HgO,, Methyl propanoate (Methyl propionate).
Fluka AG (Buchs, Switzerland) "puriss" grade material
of stated purity > 99 mole % was degassed ultrasonically
and dried over molecular sieves Type 3A (reference
69828, from Fluka), and used without further
purification. n(D, 298.15 K) = 1.3745 (1.3775 at 293.15
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K [LIDD1960]); p;(298.15 K)/kg m™> = 908.86 (909.0
[LIDD1940)).

C,H,,0, Butan-2-ol (sec-Butanol). Fluka AG (Buchs,
Switzerland) "puriss p. a." grade material of stated purity
> 99.5 mole % was degassed ultrasonically and dried
over molecular sieves Type 3A (reference 69828, from
Fluka), and used without further purification; n(D,
298.15 K) = 1.3953 (1.3939 [RIDJ0860]); p,(298.15
K)/kg m™ = 802.36 (802.41 [RIDJ0860]).
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Figure 1. Equimolar excess volumes VE at 298.15 K of
propan-2-ol (P2), butan-2-ol (B2), and 2-methylpropan-
1-ol (2MP1) + methyl ethanoate (m = 1), methyl
propanoate (m = 2), or methyl butanoate (m = 3) (this
work)

C,H,,0, 2-Methylpropan-1-ol (Isobutanol). Fluka
AG (Buchs, Switzerland) "puriss p. a." grade material of
stated purity > 99.5 mole % was degassed ultrasonically
and dried over molecular sieves Type 3A (reference
69828, from Fluka), and used without further
purification; n(D, 298.15 K) = 1.3939 (1.3939
[RIDJ0860)); p;(298.15 K)kg m™ = 797.83 (797.8
[RIDJ0860]).

CsH,,0,, Methyl butanoate (Methyl butyrate). Fluka
AG (Buchs, Switzerland) "puriss" grade material of
stated purity > 99 mole % was degassed ultrasonically
and dried over molecular sieves Type 3A (reference
69828, from Fluka), and used without further
purification; n(D, 298.15 K) = 1.3849 (1.3878 at 293.15
K [LIDD1960]); p;(298.15 K)/kg m3 = 892.61 (892.6
[LIDD1940)).

3. RESULTS
The experimental VE values of the 9 systems are
tabulated and graphed in the Appendix and saved on

disk as Standard ELDATA Files ORTJ0964.001
through ORTJ0964 . 009.
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The data were fitted to Eq. (4):

VE i mPmol! = x 0,34 .[x,/(x; + k)t (4)
all points weighted equally. With an adjusted coefficient
k and n = 3 coefficients A; the standard deviations
o(VE), defined by Eq.(5):

o(VE) = [Z(VE

where N is the number of experimental values, are less

- VEIN-m)1 2 (5)
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Figure 2. Equimolar excess enthalpies HE at 298.15 K
of propan-2-0l (P2), butan-2-ol (B2), and 2-
methylpropan-1-0l (2MP1) + methyl ethanoate (m =
1), methyl propanoate (m = 2), or methyl butanoate (m
= 3) [ORTJ0960]

than 3.1 10°mmol™? (less than 1 % atx, = 0.5).
4. DISCUSSION AND CONCLUSIONS

All the VE values are positive with fairly symmetrical
VE vs. x, curves. The change of the equimolar VE with
the chain-length of the n-alkanoate, for a given alkanol
(Figure 1), is similar to the change of HE (Figure 2)
[ORTJ0960]. For a given alkanol, VE decreases from
methyl ethanoate to methyl propanoate. For a given n-
alkanoate, VE increases in the order: 2-methylpropan-1-
ol < propan-2-ol < butan-2-ol and HE increases in the
order: propan-2-0l < 2-methylpropan-1-ol < butan-2-0l.
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Property Code: [VMSL1000] VOLUMETRIC PROPERTIES OF LIQUID MIXTURES AND SOLUTIONS

[ORTJ0964.001

State: Two-component system, single-phase liquid
Pure component 1, liquid
Pure component 2, liquid
Parameters: [P1] T/K, Temperature
Variables: [X1] xy/-. Mole fraction of component |
[Yn /m>mol’!, Molar excess volume
Method: Calculation of VE from low-pressure density measurements at variable x, and constant T
Components: 1. C3H¢O, , Methyl ethanoate -

2. C3HgO , Propan-2-ol

[P1] = .298150E+03
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Copyright©1997 ELDATA SARL France. All rights reserved
Property Code: [VMSL1000] VOLUMETRIC PROPERTIES OF LIQUID MIXTURES AND SOLUTIONS L ORTJ0964.002
State: Two-component system, single-phase liquid
Pure component 1, liquid
Pure component 2, liquid
Parameters: [P1] T/K, Temperature
Variables: [X1] xy/-, Mole fraction of component |
[Y1j /m>mol”!, Molar excess volume
Method: Calculation of VE from low-pressure density measurements at variable x, and constant T
Components: 1. C3H4O, , Methyl ethanoate
2. C4H,00 , Butan-2-ol
[P1] = .298150E+03 (Y1)
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Property Code: [VMSL1000] VOLUMETRIC PROPERTIES OF LIQUID MIXTURES AND SOLUTIONS [ ORTJ0964.003
State: Two-component system, single-phase liquid
Pure component 1. liquid
Pure component 2. liquid
Parameters: [P1] T/K, Temperature
Variables: [X1] x/-, Mole fraction of component 1
[Yl1] /m>mol’!, Molar excess volume
Method: “Calculation of VE from low-pressure density measurements at variable x, and constant T
Components: 1. C3H¢O, , Methyl ethanoate
2. C4H¢O0 , 2-Methylpropan-1-ol
[P1] = 298150E+03
(Y1
[X1] [Yl1]
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Property Code: [VMSL1000] VOLUMETRIC PROPERTIES OF LIQUID MIXTURES AND SOLUTIONS [ ORTJ0964.004
State: Two-component system, single-phase liquid
Pure component 1, liquid
Pure component 2, liquid
Parameters: [P1] T/K. Temperature
Variables: [X1] xy/-. Mole fraction of component |
[Yl] /mmol!, Molar excess volume
Method: Calculation of VE from low-pressure density measurements at variable x, and constant 7
Components: 1. C3HgO , Propan-2-ol
2. C4HgO, , Methyl propanoate
[P1] = .298150E+03
X1] Y1) (1]
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Copyright©® 1997 ELDATA SARL France. All rights reserved
Property Code: [VMSL1000] VOLUMETRIC PROPERTIES OF LIQUID MIXTURES AND SOLUTIONS

[ORTJ0964.005

State: Two-component system. single-phase liquid
Pure component 1, liquid
Pure component 2, liquid
Parameters: [P1] 7/K, Temperature
Variables: [X1] xy/-. Mole fraction of component |
[Yt] /n_13mol'l Molar excess volume
Method: Calculation of VE from low-pressure density measurements at variable x, and constant T
Components: 1. C3HgO , Propan-2-ol

2. CsH,90; , Methyl butanoate

[P1] = .298150E+03
(X1} (¥1) [YZOE 06
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_Copyright© 1997 ELDATA SARL France. All rights reserved
Property Code: [VMSL1000] VOLUMETRIC PROPERTIES OF LIQUID MIXTURES AND SOLUTIONS ORTJ0964.006
State: Two-component system, single-phase liquid
Pure component |, liquid
Pure component 2, liquid
Parameters: [P1] 7/K, Temperature
Variables: [X1] xy/-, Mole fraction of component |
[Y1] V'E/m:‘mo]'I Molar excess volume
Method: Calculation of VE from low-pressure density measurements at variable x, and constant T
Components: 1. C4HgO, , Methyl propanoate
2. C4H100 ’ Butan-2-ol
[P1] = .298150E+03
X1] [Y1] [YLLOE o
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Property Code: [VMSL1000] VOLUMETRIC PROPERTIES OF LIQUID MIXTURES AND SOLUTIONS

| ORTJ0964.007

State: Two-component system, single-phase liquid
Pure component I, liquid
Pure component 2, liquid
Parameters: [P1] T/K. Temperature
Variables: [X1] xy/-, Mole fraction of component |
[Y1] Vk:‘/m:’mol'I Molar excess volume
Method: Calculation of VE from low-pressure density measurements at variable x, and constant T
Components: 1. C4HgO, , Methyl propanoate
2. C4H,¢0 , 2-Methylpropan-1-ol
[P1] = .298150E+03
") s
413000E-01 .560000E-07 ’ T N )
.716000E-01 | .991000E-07 O [P1] = .298150E+03
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Property Code: [VMSL1000] VOLUMETRIC PROPERTIES OF LIQUID MIXTURES AND SOLUTIONS [ ORTJ0964.008
State: Two-component system, single-phase liquid
Pure component 1, liquid
Pure component 2, liquid
Parameters: [P1] T/K. Temperature
Variables: [X1] xy/-, Mole fraction of component 1
[Y1] VE/m®mol’!, Molar excess volume
Method: Calculation of Vg from low-pressure density measurements at variable x, and constant T
Components: 1. C4H;oO , Butan-2-ol
2. CsH]oOz N Methyl butanoate
(P1] = .298150E+03
Bl 1] Y gioe.06
.744000E-01 .159500E-06 ’ T "
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Property Code: [VMSL1000] VOLUMETRIC PROPERT ORT]0964.009
Stare: Two-component system. single. o liquIidF.S OF LIQUID MIXTURES AND SOLUTIONS
Pure component 1, liquid
Pure component 2, liquid
Parameters:  [P1] T/K, Temperature
Variables: [X1] fk 3., Mole fraction of component |
[Y1] V¥/m mol"/i_f Molar excess volume
Method: Calculation of V* from low-pressure density measurements at variable x, and constant T
Components: 1. C4H,00 , 2-Methylpropan-1-ol
2. CsH190; , Methyl butanoate
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