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Abstract

Densities of the binary systems of 1,2-dimethylbenzene with ethyl acrylate (EA), butyl acrylate (BA), methyl methacrylate
(MMA), and styrene have been measured as a function of the composition, at 298.15K and atmospheric pressure, using
an Anton Paar DMA 5000 oscillating U-tube densimeter. The calculated excess volMmesere correlated with the
Redlich—Kister equation. The excess volumes are positive for the binaresydéne with MMA and styrene, and negative
for o-xylene+ butyl acrylate. All systems present small deviations from ideality; the systagiene+ ethyl acrylate is
closest to ideality.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Sastry and Davfl,2] measured the excess volumes
(VE), isentropic compressibilities, and dielectric be-
The mixing of different compounds gives rise to so- havior of 15 binary mixtures of alkyl (methyl, ethyl,
lutions that generally do not behave ideally. The devi- and butyl) methacrylate with hexane, heptane, carbon
ation from ideality may be expressed by the so-called tetrachloride, chlorobenzene, anddichlorobenzene
excess properties, which corresponds to the differenceat 308.15 K and found that with aliphatic hydrocarbons
between the actual property and the property if the the results were controlled by dispersing interactions;
system behaves ideally. with chlorinated solvents the controlling factors were
This work is part of our program to provide data specific interactions (O-Cl and-w types). Sastry
for the characterization of the molecular interactions and Valand[3] also measured the excess volumes
between solvents and commercially important mono- of mixtures of alkyl (methyl, ethyl, and butyl) acry-
mers, in particular the influence of the chemical struc- lates in several alkanols at 298.15 and 308.15K, and
ture of the solute in the systems under consideration. found that they were always positive. These results
were explained on the basis of non-specific inter-
"+ Corresponding author. Tek:52-844-438-9830; actions between the components. Sastry et[4l.
fax: +52-844-438-98-39. measured the excess volumes of methyl methacry-
E-mail addressrene@polimex.ciga.mx (R.D. Peralta). late (MMA) with ethylbenzene and other aromatic
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hydrocarbons such as benzene, toluene, andn(
p)-xylene, at 298.15 and 303.15K and found that ex-
cept for toluene all exhibited positive excess volumes.
The excess volumes for the system MMAo-xylene
showed almost ideal behavior with a maximum at
aboutVE ~ 0.07 cn¥ mol~L.

No literature data are available for the excess vol-
umes of the systems af-xylene with ethyl acrylate
(EA), butyl acrylate (BA), and styrene.

2. Experimental section
2.1. Materials

1,2-Dimethylbenzeneofxylene, 99.3 mass%), EA
(>99 mass%), BA (>99 mass%), MMA (>99 mass%),
and styrene (99 mass%) were purchased from Aldrich.
The supplier certified the purity of all the reagents.
EA, BA, and MMA were vacuum distilled previous to
use to eliminate the stabilizer (about 0.002 mass% of
hydroquinone monomethyl ether). Styrene, containing
10-15ppm of 4-tert-butylcatechol as stabilizer, was
not distilled to avoid polymerization but was degassed
by freezing and heating. After purification all reagents
were stored under molecular sieves. The purity of the
solvents was further ascertained by comparing their
densities at 298.15 K with values reported in the liter-
ature (Table 1).

2.2. Density measurements

The density of the samples was measured with an
Anton Paar model DMA 5000 oscillating U-tube den-
simeter, provided with automatic viscosity correction,
two integrated Pt (1 0 0) platinum thermometers (DKD
traceable), and a stated accuracy of 506 gcm 3.

Table 1
Purity and densities of pure components at 298.15K

Component Purity Density (g cnt3)
(mass%) -
Measured Literature
o-Xylene (1) 99.3 0.875772 0.8756[B]
Butyl acrylate (2) >99 0.893958 0.8943]
Ethyl acrylate (3) 99 0.915930 0.91683]
Methyl methacrylate (4) 99 0.937669 0.937%
Styrene (5) 99 0.901972 0.901¢10]
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The temperature in the cell was regulatecdd®.001 K
with a solid-state thermostat. The apparatus was cali-
brated once a day with dry air and bi-distilled freshly
degassed water.

All liquids were boiled or heated to remove dis-
solved air. Solutions of different compositions were
prepared by mass in a 10 émubber-stoppered vial to
prevent evaporation, using a Mettler AG 204 balance
accurate ta10~*g. To minimize the errors in com-
position, the heavier component was charged first and
the sample kept in ice water. Accuracy in the mole
fraction is+5 x 10~°, of the density (duplicate) mea-
surement:2 x 10-8gcm 23, and of the temperature
+0.002K.

Proper safety measures were taken when handling
all the materials.

3. Results and discussion

At least 21 density measurements were performed
(with repetition) for each binary system over the full
concentration range (8 x < 1).

The excess volumeg® of the solutions of molar
compositionx were calculated from the densities of
the pure liquids and their mixtures according to the
following equation:

_ M1+ A -nMa]
1)

0
wherep, p1, andp, are the densities of the solution
and pure components 1 and 2, respectively, Bhd
andM are the molar masses of the pure components.
The corresponding values pfandVE are reported in
Tables 2-&andFig. 1.

The values oW were correlated with composition
using the Redlich—Kister expressi{s

VE

XM 1—x)M:
|: 1+( YM>
p1 P2

VE = x1x2) Ar(rn — x2)f )

k=0

whereA,’'s are the adjustable parameters of the model.
Eq. (2) was fitted using a least-squares optimiza-

tion procedure, with all points weighted equally and

minimizing the following objective function (OF):

N
OF = Z(Vil,zexpt - ‘/tialc)z 3
1



R.D. Peralta et al./ Thermochimica Acta 402 (2003) 247-252 249

Table 2 Table 3
Experimental densities, volumes, and calculated excess volumes Experimental densities, volumes, and calculated excess volumes
for the systemp-xylene (1) + butyl acrylate (2) at 298.15K for the systemo-xylene (1) + ethyl acrylate (3) at 298.15K
X o (genr3) V (cmdmol—1) VE x 103 X1 o (gen3) V (cm® mol=1) VE x 103
(cm® mol—1) (cm® mol—1)
0 0.893958 143.374 0 0 0.915930 109.310 0
0.0249 0.893645 142.812 -11.3 0.0250 0.914832 109.606 -1.71
0.0561 0.893232 142.108 —-23.0 0.0501 0.913746 109.903 —-4.21
0.1000 0.892615 141.124 —34.7 0.1000 0.911570 110.496 -5.33
0.1507 0.891889 139.989 —47.6 0.1509 0.909382 111.100 —7.58
0.2003 0.891147 138.882 —-57.2 0.2010 0.907221 111.699 —6.12
0.2509 0.890371 137.751 —66.1 0.2503 0.905118 112.288 —4.65
0.3006 0.889583 136.645 —72.6 0.3015 0.902955 112.900 -3.14
0.3505 0.888766 135.534 —77.3 0.3501 0.900902 113.484 1.33
0.4009 0.887917 134.415 —80.5 0.3999 0.898877 114.075 —1.67
0.4501 0.887078 133.323 —83.9 0.4504 0.896826 114.677 —2.24
0.5002 0.886197 132.212 —85.7 0.4996 0.894851 115.262 —-2.91
0.5501 0.885295 131.108 —86.0 0.5514 0.892785 115.880 —2.57
0.6002 0.884357 129.999 —84.0 0.6001 0.890821 116.466 3.03
0.6506 0.883389 128.886 —80.7 0.6503 0.888895 117.061 —1.48
0.6995 0.882431 127.806 -77.3 0.7011 0.886950 117.663 —3.45
0.7513 0.881371 126.668 —69.4 0.7495 0.885082 118.243 —1.50
0.8001 0.880346 125.597 —60.7 0.8002 0.883158 118.848 -1.01
0.8499 0.879277 124.502 —51.5 0.8498 0.881294 119.440 —0.284
0.9000 0.878144 123.408 —36.6 0.8996 0.879470 120.030 —3.58
0.9499 0.876984 122.320 —20.0 0.9499 0.877619 120.630 -3.30
0.9749 0.876390 121.775 —-11.2 0.9745 0.876714 120.924 —2.41
1 0.875772 121.230 0 1 0.875772 121.230 0

whereN is the number of observations. The standard from the adjustable parameters as folld&k

deviations was calculated as _E oo _ 0
(VE VE_y27/2 Vi =Ao— A1+ Az—- = V0=V ()
—VE o

i i, expt i, cal _ _
§= Z N —k ) VZE’OO=A0+A1+A2+~-~=VZOO—V20 (6)

The statistical significance of adding one or more WhereV? is the molar volume of pure componeint
terms after the third was examined using &based The pertinent values d?’,.E’OO are given inTable 6.
test, coupled to the requirement that the residues be Fig. 2compares the results of this work with those
randomly distributed, tested by the Durbin—Watson of Sastry et al[4] for the systenp-xylene+ methyl
statistic, as suggested by Wisniak and Polispijklt methacrylate. It is seen that the results of the latter are
was not deemed necessary to perform a step-wise re-somewhat bigger than those reported here and show
gression. The optimal values of the different adjustable a large degree of dispersion near the middle range of
parametersA; are reported iffable 6together with concentrations. Anyhow, the results of Sastry et al.
the pertinent statistics. may also be interpreted as showing near ideal behavior.

A plot of the functionVE/x,-xj against composition  The difference between the two sets of measurements
was used in every case to test the quality of the data; may be explained by considering the numerical value
this function is extremely sensitive to experimental er- of the two terms that compose the RHS Edj. (1).
rors, particularly in the dilute ranges and helps detect- Consider for example the point= 0.5508 inTable 4.
ing outliers. In addition, its values at infinite dilution  For this concentration the molar volumes of the solu-
represent the values of the partial excess volume attion and of the equivalent ideal solution (rounded) are
infinite dilution, \7iE'°°, which can also be calculated 114.796 and 114.737 dmol~1, respectively. Hence,
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Table 4 Table 5
Experimental densities, volumes, and calculated excess volumes Experimental densities, volumes, and calculated excess volumes
for the systen-xylene(1) + methyl methacrylate (4) at 298.15K for the systenmp-xylene (1) + styrene (5) at 298.15K

X1 p (gem3) V (cm® mol—1) VE x 10° X1 p (gem3) V (cm® mol—1) VE x 10°

(cm® mol—1) (cm® mol~1)
0 0.937669 106.775 0 0 0.901972 115.469 0
0.0258 0.935825 107.152 4.40 0.0261 0.901191 115.628 8.17
0.0505 0.934081 107.513 7.15 0.0504 0.900472 115.775 15.0
0.1008 0.930548 108.248 15.0 0.1003 0.899014 116.075 27.4
0.1503 0.927122 108.971 23.0 0.1511 0.897580 116.374 34.6
0.1928 0.924219 109.591 29.5 0.2005 0.896196 116.665 41.1
0.2504 0.920329 110.433 38.2 0.2512 0.894792 116.963 46.3
0.2998 0.917043 111.155 45.9 0.3006 0.893443 117.251 50.3
0.3507 0.913730 111.895 50.4 0.3506 0.892098 117.541 52.2
0.4006 0.910532 112.619 53.8 0.4005 0.890767 117.830 53.6
0.4503 0.907386 113.341 56.9 0.4502 0.889451 118.117 54.4
0.5006 0.904253 114.071 59.0 0.5012 0.888114 118.411 54.5
0.5508 0.901183 114.796 58.8 0.5502 0.886841 118.693 53.5
0.6001 0.898212 115.508 58.5 0.6002 0.885553 118.979 52.1
0.6502 0.895236 116.231 56.4 0.6500 0.884289 119.263 49.2
0.7000 0.892338 116.945 52.2 0.6996 0.883038 119.545 46.0
0.7501 0.889461 117.665 46.7 0.7504 0.881772 119.834 41.1
0.8004 0.886623 118.385 39.2 0.8003 0.880545 120.115 35.2
0.8504 0.883843 119.099 31.2 0.8502 0.879329 120.396 28.6
0.9000 0.881140 119.805 20.2 0.9004 0.878111 120.678 21.7
0.9503 0.878414 120.523 11.2 0.9501 0.876934 120.955 11.9
0.9742 0.877135 120.864 6.47 0.9749 0.876351 121.092 6.52
1 0.875772 121.230 0 1 0.875772 121.230 0

calculation of the excess volumes will normally in- Thisverysmall figure (relative to/) is a consequence
volve taking the difference between two very large of the solution being almost ideal. It is clear that a
numbers of about the same size and yielding, for small error in each of the two large volumes may

the specific concentratio;® = —0.059 cnd mol~1. reflect in avery large error in their difference. For
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Fig. 1. Excess volumes at 298.15KK {j o-xylene+ MMA; ( A) o-xylene+ EA; (@) o-xylene+ BA; (@) o-xylene+ styrene.
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Table 6
CoefficientsA; (Eq. (2)), standard deviatios (Eq. (4)), Durbin-Watson statistid (VE),—os, and V5> at 298.15K

Systerd Ao x 107 A3 x 10  Ayx 10  Agx 1P  sx10t P (VE)mos x 12 VE® x 107 VE® x 10

(cm®mol—1) (cm®mol~1)  (cm®mol?t)
1)+ (2 —34.05 —-3.58 —9.05 4.82 7.31 1.70 -8.513 —44.35 —41.86
1) + @) 23.71 4.36 —5.02 6.32 1.65 5.928 14.32 23.05
1) + (5) 21.69 —-2.04 7.06 —2.47 5.06 1.51 5.422 33.27 24.24
2The system (1} (3) is considered ideal.
bd = ZL],V=2(€14 - €u—1)2/2iv=1€5§ ey = VuE.CEllci VzEexptI'
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Fig. 2. Comparison of the density measurements for the systagiene+ MMA: (@) this work; (@) Sastry et all[4].

the particular system and concentration the overall o-xylene with MMA and styrene, negative for the bi-
uncertainty is about:6 x 10~4. Hence the impor- nary o-xylene+ butyl acrylate, and that the system
tance of making the measurements very carefully and o-xylene+ ethyl acrylate is the closest to ideality. The
using equipment that will provide enough significant function VE(x) is almost symmetric for all the sys-
figures. This is the same problem present in the cal- tems, suggesting that the maximum specific interac-
culation of heats of reaction; they can be calculated tion occurs near the equimolar composition and lack
from heats of formation or from heats of combustion. of self-association of the solute or solvent.
The second case is usually in large error for the same
reason; we are taking the difference between large
numbers to obtain a number smaller in one order of
magnitude (at least) of the original figures.
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show that the excess volumes are very small (relative 109 (1997) 211.
to V) for all systems and positive for the binaries of [3] N.V. Sastry, M.K. Valand, Phys. Chem. Lig. 38 (2000) 61.
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