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and nonane with benzene, toluene and ethylbenzene
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Densities, speeds of sound and the refractive indices of binary systems
containing alkanes (hexane, heptane, octane and nonane) with aromatic
compounds (benzene, toluene and ethylbenzene) at T¼ 283.15 and
298.15K under atmospheric pressure were determined over the whole
composition range. From the experimental results, the derived and excess
properties (excess molar volumes, isentropic compressibility, excess molar
isentropic compressibility and refractive index deviations) at T¼ 283.15
and 298.15K were calculated and satisfactorily fitted to the Redlich–Kister
equation.

Keywords: density; refractive index; speed of sound; alkanes; aromatic
compounds; physical properties

1. Introduction

Aromatic hydrocarbons are very important to the petrochemical industry. Among
these are benzene, toluene, ethylbenzene, and xylenes, which are basic raw material
for the production of a number of important petrochemicals. Extraction of
aromatics from refinery products such us naphtha, kerosene, and fuels jets by
liquid–liquid extraction (LLE) has a potential of commercial importance in the oil
refining industry. The information about the physical properties of pure liquids and
liquid mixtures containing aromatic and aliphatic compounds, and their dependence
on composition and temperature are very important basic data for their use in the
extraction separation.

The binary systems containing alkanes with aromatic compounds are available
in the literature [1–19], above all at T¼ 298.15K, but experimental data at
T¼ 283.15K [4] are very scarce. The studies in the literature are usually focused on
density and excess molar volume. In this article, as the extension of our work
concerning to the study of the behaviour of alkanes and aromatics compounds
[19,20], the experimental density, speed of sound and refractive index at T¼ 283.15
and 298.15K under the atmospheric pressure of binary systems containing alkanes
(hexane, heptane, octane and nonane) with aromatic compounds (benzene, toluene
and ethylbenzene) were determined. The results were used to calculate excess molar
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volumes, isentropic compressibility, excess molar isentropic compressibility and

refractive index deviations.

2. Experimental

2.1. Chemicals

Hexane, heptane, octane and nonane were supplied by Fluka with purity higher than

99.0%, 99.5%, 99.5% and 99.0%, respectively. Benzene, toluene and ethylbenzene

were supplied by Sigma-Aldrich with purity higher than 99.8% for all of them. They

were degassed ultrasonically and dried over molecular sieves type 4 Å, supplied by

Aldrich and kept in an inert argon atmosphere. Table 1 shows a comparison of

experimental and literature data of pure components at T¼ 298.15K.

2.2. Apparatus and procedure

Samples were prepared by syringing known masses of the pure liquids into stoppered
bottles. For weight measurements, a Mettler AX-205 Delta Range balance with a

precision of �10�5 g was used. Good mixing was ensured by magnetic stirring. All

samples were prepared immediately prior to measurements to avoid variations in the

composition due to the evaporation of the components.
Densities and speeds of sound were measured using an Anton Paar DSA-48

digital vibrating-tube densimeter. The uncertainty in experimental measurements has

been found to be lower than �10�4 g cm�3 for the density and �1m s�1 for the speed

of sound. The apparatus was calibrated by air and water, according to the manual

instructions. The calibration was checked with the pure liquids shown in Table 1.

Table 1. Comparison of experimental density of pure component data with literature values
at T¼ 298.15K and literature data of heat capacity, C�p,i, and isobaric expansibility, ��p,i at
T¼ 298.15K.

�(g cm�3) C�p,i ðJmol�1 K�1Þ ��p,iðK
�1Þ

Component Exp. Lit. Lit. Lit.

Hexane 0.6552 0.65484a 192.63d 0.00138d

0.65516b

Heptane 0.6796 0.67946a 230.42d 0.00126d

0.6796c

Octane 0.6986 0.69862a 254.69d 0.00111d

Nonane 0.7140 0.71375a 282.61d 0.00107d

0.7140c

Benzene 0.8736 0.87360a 137.86d 0.00114d

Toluene 0.8622 0.86219a 157.48d 0.00108d

Ethylbenzene 0.8625 0.86253a 183.58d 0.00100d

Note: aFrom reference [21], breference [3], creference [22], dreference [23].
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To measure the refractive indices of pure components and their mixtures, an

automatic refractometer (Abbemat-HP, Dr. Kernchen) with an uncertainty in the
experimental measurements of �4� 10�5 was used.

3. Results and discussion

The experimental data of density, �, speed of sound, u, refractive index, nD,
isentropic compressibility, KS,m, excess molar volume, VE

m, excess molar isentropic

compressibility, KE
S,m, and refractive index deviation, DnD, for the binary systems

(hexane (1), heptane (1), octane (1) or nonane (1) with benzene (2), toluene (2) or
ethylbenzene (2)) at T¼ 283.15 and 298.15K under atmospheric pressure are

reported in the Appendix. The excess molar volumes and refractive index deviations
were calculated by the following equations:

VE
m ¼

XN
i¼1

xiMi �
�1 � ��1i

� �
ð1Þ

DnD ¼ nD �
XN
i

xinD, i, ð2Þ

where � and �i are the density of the mixture and the density of the pure components,

respectively; xi represents the mole fraction of the component i, and nD and nD,i are

the refractive index of the mixture and the pure component, respectively.
The speed of sound, u, is related to the isentropic compressibility, �s, by Laplace

equation:

�s ¼ �V
�1
m @Vm=@pð ÞS¼ �

�1u�2 ¼ Vm= Mmu
2

� �
ð3Þ

where, Vm is the molar volume, and Mm is the molar mass of the mixture and the

pure components.
To achieve agreement with the other thermodynamic quantities, it is appropriate

to shift from the volume-intensive �s to the mole-intensive quantity KS,m [24,25]:

KS,m ¼ � @Vm=@pð ÞS¼ Vm�s ¼ V2
m= Mmu

2
� �

, ð4Þ

where KS,m is the molar isentropic compressibility.
Experimental values for the speed of sound are reported in the Appendix,

together with the derived values of isentropic compressibility and their excess, KE
S,m.

The excess molar isentropic compressibility, KE
S,m, is calculated by the following

equation:

KE
S,m ¼ KS,m � K id

S,m, ð5Þ

where Kid
S,m is defined by the approach developed by Benson and Kiyohara [26]:

K id
S,m ¼

X
i

xi K�S,i þ T
E�p,i

� �2
C�p,i

2
64

3
75� T

P
i xiE

�
p,i

� �2
P

i xiC
�
p,i

2
64

3
75, ð6Þ
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where K�S, i is the product of the molar volume, V�i , and the isentropic compressibility,
��S, i, of the pure component i. The molar isobaric expansion of pure component i,
E�p,i, is the product of the molar volume and the isobaric expansibility ��p,i
(��p,i ¼ �

1
�ð
@�
@TÞP), and C�p,i is the molar isobaric heat capacity of the pure component

i. The values of ��p,i and C�p,i were taken from literature [23] and these values are
shown in Table 1 at T¼ 298.15K.

The excess and deviation properties at the studied temperatures were fitted to a
Redlich–Kister-type [27] equation:

DQ12 ¼ x1x2
XM
p¼0

Bp x1 � x2ð Þ
p, ð7Þ

where DQ12 is the excess property, x1 and x2 are the mole fraction of components 1
and 2, respectively, Bp is the fitting parameter and M is the degree of the polynomic
expansion. The fitting parameters are given in Tables 2 and 3 together with the root-
mean-square deviations, �, given by:

� ¼
Xndat
i

zexp � zcalc
� �2

=ndat

( )1=2

ð8Þ

where zexp, zcalc and ndat, are the values of the experimental and calculated property
and the number of experimental data, respectively.

Figures 1–3 show the fitted curves of the excess molar volumes, the refractive
index deviation and the excess molar isentropic compressibility, respectively, of the
studied binary systems containing alkanes (1) with aromatic compounds (2) at
T¼ 283.15 and 298.15K.

Figure 1(a)–(c) shows the excess molar volume for alkanes with benzene, toluene
and ethylbenzene, respectively, at T¼ 283.15. Most parts of the systems present a
similar behaviour for this physical property. As can be observed in this figure, excess
molar volumes are positive over the entire composition range for all the investigated
mixtures with a maximum between x1¼ 0.4 and x1¼ 0.5, except for the hexane
(1)þ toluene (2) and hexane (1)þ ethylbenzene (2) binary systems which present a
minimum about x1¼ 0.5. For all the studied systems containing lineal alkanes, when
the aliphatic chain of the alkane increases the excess molar volume increases, and
when the aliphatic chain and the methyl radical of the aromatic compounds
increases, this excess property decreases. For comparison purposes the experimental
data from Letcher [4] at T¼ 283.15K are also presented in Figure 1(a).

Figure 2 shows the refractive index deviations for the studied systems over the
entire composition range at T¼ 298.15K. Figure 2(a)–(c) shows this deviation for
alkanes with benzene, toluene and ethylbenzene, respectively. All studied systems
present a similar behaviour for this physical property with small values of refractive
index deviation. For this derived property, all systems present a minimum at
approximately x1¼ 0.4 or x1¼ 0.5 and all they show is when the aliphatic chain of
the alkane increases, the value of the refractive index deviation decreases. As in the
excess molar volume case, for these systems, when the aliphatic chain and the methyl
radical of the aromatic compounds increases, the refractive index decreases. The
experimental data from Dı́az et al. [14] at T¼ 298.15K are also presented in
Figure 2(c).
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Table 2. Fitting parameters and root mean square deviations (�) for binary mixtures at
T¼ 283.15K.

B0 B1 B2 B3 �

Hexane (1)þ benzene (2)
VE (cm3mol�1) 1.6124 0.0884 0.007
DnD �0.0587 0.0124 �0.0003 8� 10�4

KE
S,m (m3TPa�1mol�1) �0.0105 0.0036 5� 10�5

Heptane (1)þ benzene(2)
VE (cm3mol�1) 2.2477 �0.4252 0.3172 0.008
DnD �0.0069 0.0203 �0.0065 7� 10�4

KE
S,m (m3TPa�1mol�1) 0.0009 0.0029 3� 10�5

Octane (1)þ benzene (2)
VE (cm3mol�1) 2.8002 �0.4938 0.1721 0.009
DnD �0.0779 0.0252 3� 10�4

KE
S,m (m3TPa�1mol�1) 0.0082 0.0020 2� 10�5

Nonane (1)þ benzene (2)
VE (cm3mol�1) 3.1975 �0.7641 0.1745 �0.0439 0.013
DnD �0.0801 0.0325 �0.0126 9� 10�4

KE
S,m (m3TPa�1mol�1) 0.0129 �0.0009 5� 10�5

Hexane (1)þ toluene (2)
VE (cm3mol�1) �0.2245 0.0394 �0.145 0.003
DnD �0.0260 0.0028 1� 10�4

KE
S,m (m3TPa�1mol�1) �0.0198 �0.0008 7� 10�5

Heptane (1)þ toluene (2)
VE (cm3mol�1) 0.5590 �0.0906 0.003
DnD �0.0401 0.0072 3� 10�5

KE
S,m (m3TPa�1mol�1) �0.0079 0.0012 2� 10�5

Octane (1)þ toluene (2)
VE (cm3mol�1) 0.8978 �0.2297 0.005
DnD �0.0496 0.0104 1� 10�4

KE
S,m (m3TPa�1mol�1) �0.0010 0.0011 2� 10�5

Nonane (1)þ toluene (2)
VE (cm3mol�1) 1.1611 �0.2859 0.006
DnD �0.0547 0.0163 1� 10�4

KE
S,m (m3TPa�1mol�1) 0.0035 0.0005 3� 10�5

Hexane (1)þ ethylbenzene (2)
VE (cm3mol�1) �0.6034 �0.0216 �0.2833 0.005
DnD �0.0061 0.0013 6� 10�5

KE
S,m (m3TPa�1mol�1) �0.0245 �0.0034 6� 10�5

Heptane (1)þ ethylbenzene (2)
VE (cm3mol�1) 0.2445 �0.0610 �0.1288 0.002
DnD �0.0217 0.0021 5� 10�5

KE
S,m (m3TPa�1mol�1) �0.0122 �0.0001 4� 10�5

Octane (1)þ ethylbenzene (2)
VE (cm3mol�1) 0.6621 �0.2754 �0.1255 0.004
DnD �0.0330 0.0044 8� 10�5

KE
S,m (m3TPa�1mol�1) �0.0045 0.0004 2� 10�5

Nonane (1)þ ethylbenzene (2)
VE (cm3mol�1) 1.0278 �0.1960 0.0584 0.004
DnD �0.0396 0.0083 1� 10�4

KE
S,m (m3TPa�1mol�1) 0.0007 0.0007 1� 10�7
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Table 3. Fitting parameters and root mean square deviations (�) for binary mixtures at
T¼ 298.15K.

B0 B1 B2 �

Hexane (1)þ benzene (2)
VE (cm3mol�1) 1.5461 0.0460 0.006
DnD �0.0580 0.0094 7� 10�5

KE
S,m (m3TPa�1 mol�1) �0.0145 0.0047 5� 10�5

Heptane (1)þ benzene(2)
VE (cm3mol�1) 2.2425 �0.2342 0.4521 0.007
DnD �0.0695 0.0188 2� 10�4

KE
S,m (m3TPa�1mol�1) 0.0004 0.0015 2� 10�5

Octane (1)þ benzene (2)
VE (cm3mol�1) 2.7053 �0.5059 0.3533 0.008
DnD �0.0750 0.0250 2� 10�4

KE
S,m (m3TPa�1mol�1) 0.0086 0.0018 5� 10�5

Nonane (1)þ benzene (2)
VE (cm3mol�1) 3.1026 �0.8180 0.3651 0.009
DnD �0.0773 0.0317 �0.0125 8� 10�5

KE
S,m (m3TPa�1mol�1) 0.0152 0.0002 5� 10�5

Hexane (1)þ toluene (2)
VE (cm3mol�1) �0.3702 0.0779 0.006
DnD �0.0258 0.0019 3� 10�5

KE
S,m (m3TPa�1mol�1) �0.0262 0.0001 3� 10�5

Heptane (1)þ toluene (2)
VE (cm3mol�1) 0.6397 0.0294 0.007
DnD �0.0392 0.0073 5� 10�5

KE
S,m (m3TPa�1mol�1) �0.0103 0.0023 2� 10�5

Octane (1)þ toluene (2)
VE (cm3mol�1) 0.9089 �0.1083 0.007
DnD �0.0480 0.0116 8� 10�5

KE
S,m (m3TPa�1mol�1) �0.0023 0.0017 5� 10�5

Nonane (1)þ toluene (2)
VE (cm3mol�1) 1.4157 �0.2235 �0.0349 0.004
DnD �0.0537 0.0160 1� 10�4

KE
S,m (m3TPa�1mol�1) 0.0045 0.0014 4� 10�5

Hexane (1)þ ethylbenzene (2)
VE (cm3mol�1) �0.6572 0.0325 0.005
DnD �0.0061 0.0004 9� 10�5

KE
S,m (m3TPa�1mol�1) �0.0324 �0.0042 9� 10�5

Heptane (1)þ ethylbenzene (2)
VE (cm3mol�1) 0.2768 �0.0749 �0.1678 0.004
DnD �0.0210 0.0024 8� 10�5

KE
S,m (m3TPa�1mol�1) �0.0161 0.0001 4� 10�5

Octane (1)þ ethylbenzene (2)
VE (cm3mol�1) 0.6889 �0.2639 0.004
DnD �0.0316 0.0049 4� 10�5

KE
S,m (m3TPa�1mol�1) �0.0070 0.0002 4� 10�5

Nonane (1)þ ethylbenzene (2)
VE (cm3mol�1) 1.1294 �0.0604 0.1578 0.006
DnD �0.0388 0.0077 8� 10�5

KE
S,m (m3TPa�1mol�1) 0.0005 0.0023 4� 10�5
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The excess molar isentropic compressibilities are plotted in Figure 3 over the
entire composition range at T¼ 283.15. Figure 3(a)–(c) shows the excess molar
volume for alkanes with benzene, toluene and ethylbenzene. All studied systems
present a behaviour very close to the ideality. As in the excess molar volume case, for
all studied systems when the aliphatic chain of the alkane increases, the excess molar
isentropic compressibility increases, but when the aliphatic chain and the methyl
radical of the aromatic compounds increase this excess is more negative. The values
of this property are negative for the binary systems hexane (1)þ aromatic
compounds (2), heptane (1) or octane (1)þ toluene (2) andþ ethylbenzene (2);
partially negative for values lower than approximately x1¼ 0.4 for the system
heptane (1)þbenzene (2), and positive in the whole composition range for the other
two systems (octane (1)þbenzene (2) and nonane (1)þ aromatic compounds (2)).
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Figure 1. Excess molar volumes, VE, plotted against mole fraction for the binary mixture
alkane (1) þ aromatic (2) at T¼ 283.15K for: (a) benzene, (b) toluene and (c) ethylbenzene.
Experimental data: � hexane, D heptane, h octane, r nonane. Literature data: ?
heptane,þ octane from Letcher et al. [4]. Solid line: Redlich–Kister fitting.
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4. Conclusions

Densities, speeds of sound and refractive index of binary systems hexane (1), heptane

(1), octane (1) and nonane (1) with benzene (2), toluene (2) and ethylbenzene (2) at
T¼ 283.15 and 298.15K under atmospheric pressure over the whole composition
range are presented in this article.

From experimental data for all binary systems, the excess properties (excess

molar volume, refractive index deviations and excess molar isentropic compressi-
bilities) have been determined and these data have been fitted to Redlich–Kister
equation to test the quality of the experimental values and very good results are

obtained.
Excess molar volumes are positive over the entire composition range for all

the studied mixtures except for the hexane (1)þ toluene (2) and hexane
(1)þ ethylbenzene (2) at both studied temperatures. For the refractive index

deviations, all systems present negative values at studied temperatures. In the
study of the excess molar isentropic compressibilities, it can be observed that the
binary systems with nonane and the mixture octane (1)þ benzene (2) present positive
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Figure 2. Refractive index deviations, DnD, plotted against mole fraction for the binary
mixture alkane (1) þ aromatic (2) at T¼ 298.15K for: (a) benzene, (b) toluene and (c)
ethylbenzene. Experimental data: � hexane, D heptane, h octane, r nonane. Literature data:
? heptane from Dı́az et al. [14]. Solid line: Redlich–Kister fitting.
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values, the system heptane (1)þ benzene (2) has a sigmoid behaviour, while that of
the other studied systems have a negative trend. All studied systems present the
values of excess molar isentropic compressibilities very close to zero for both studied
temperatures.

It is possible to say that when the aliphatic chain of the alkane is higher, the
excess molar volume and the excess molar isentropic compressibilities increase, but
the refractive index deviations decrease; and when the aliphatic chain of the aromatic
compound increases, the excess molar volume and the refractive index deviation
decreases, but the excess molar isentropic compressibilities increase.

With the experimental data obtained in this article and the experimental data
obtained in previous work [19], it can conclude that the temperature has scarce
influence on these studied excess.
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[20] N. Calvar, B. González, E. Gómez, and J. Canosa, J. Chem. Eng. Data 54, 1334 (2009).
[21] J.A. Riddick, W.B. Bunger, and T.K. Sakano, Organic Solvents (Wiley, New York, 1986).

[22] Z.F. Wang, L.S. Wang, and T.B. Fan, J. Chem. Eng. Data 52, 1866 (2007).
[23] C.L. Yaws, Chemical Properties Handbook: Physical, Thermodynamic, Environmental,

Transport, Safety, and Health Related Properties for Organic and Inorganic Chemicals

(Mc-Graw Hill, New York, 1999).
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[25] G. Douhéret, M.I. Davis, J.C.R. Reis, I.J. Fjellanger, M.B. Vaage, and H. Hoiland, Phys.
Chem. Chem. Phys. 4, 6034 (2002).

[26] G.C. Benson and O. Kiyohara, J. Chem. Thermodyn. 11, 1061 (1979).
[27] O. Redilch and A.T. Kister, Ing. Eng. Chem. 40, 345 (1948).

Physics and Chemistry of Liquids 523

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
2
6
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



A
p
p
en
d
ix

T
a
b
le

A
1
.
D
en
si
ti
es
,
�
,
sp
ee
d
s
o
f
so
u
n
d
,
u
,
re
fr
a
ct
iv
e
in
d
ic
es
,
n
D
,
is
en
tr
o
p
ic

co
m
p
re
ss
ib
il
it
ie
s,

K
s,
m
,
ex
ce
ss

m
o
la
r
v
o
lu
m
es
,
V

E m
,
d
ev
ia
ti
o
n
s
in

th
e

re
fr
a
ct
iv
e
in
d
ex
,
D
n
D
,
a
n
d
ex
ce
ss

m
o
la
r
is
en
tr
o
p
ic
co
m
p
re
ss
ib
il
it
ie
s,
K

E S
,m
,
o
f
th
e
b
in
a
ry

m
ix
tu
re
s
a
lk
a
n
es

(1
)
þ
a
ro
m
a
ti
c
co
m
p
o
u
n
d
s
(2
)
a
t
T
¼
2
8
3
.1
5
K
.

x
1

�
(g
cm
�
3
)

n
D

u
(m

s�
1
)

K
S
,m

(m
3
T
P
a
�
1
m
o
l�

1
)

V
E

(c
m

3
m
o
l�

1
)

D
n
D

K
E S
,m

(m
3
T
P
a
�
1
m
o
l�

1
)

H
ex
a
n
e
(1
)
þ
b
en
ze
n
e
(2
)

0
.0
0
0
0

0
.8
8
9
5

1
.5
0
7
6
5

1
3
7
1

0
.0
5
2
5
5

0
.0
0
0

0
.0
0
0
0

0
.0
0
0
0
0

0
.0
9
6
5

0
.8
5
8
3

1
.4
8
9
3
2

1
3
3
1

0
.0
6
0
4
9

0
.1
3
3

�
0
.0
0
6
1

�
0
.0
0
1
1
9

0
.2
0
1
6

0
.8
2
7
6

1
.4
7
1
3
6

1
2
9
4

0
.0
6
9
5
5

0
.2
4
8

�
0
.0
1
0
7

�
0
.0
0
2
0
8

0
.3
0
4
2

0
.8
0
0
4

1
.4
5
5
6
1

1
2
6
3

0
.0
7
8
8
0

0
.3
4
1

�
0
.0
1
3
4

�
0
.0
0
2
5
3

0
.4
0
1
9

0
.7
7
7
0

1
.4
4
1
9
0

1
2
3
9

0
.0
8
7
8
8

0
.3
7
0

�
0
.0
1
4
7

�
0
.0
0
2
7
0

0
.5
0
0
9

0
.7
5
5
0

1
.4
2
9
4
0

1
2
1
7

0
.0
9
7
3
5

0
.4
0
9

�
0
.0
1
4
6

�
0
.0
0
2
6
0

0
.5
9
9
1

0
.7
3
5
1

1
.4
1
7
9
4

1
1
9
8

0
.1
0
6
9
2

0
.3
9
9

�
0
.0
1
3
6

�
0
.0
0
2
3
1

0
.6
9
8
8

0
.7
1
6
5

1
.4
0
7
4
4

1
1
8
1

0
.1
1
6
8
2

0
.3
5
2

�
0
.0
1
1
4

�
0
.0
0
1
8
5

0
.8
0
7
2

0
.6
9
8
0

1
.3
9
7
3
1

1
1
6
7

0
.1
2
7
5
2

0
.2
4
7

�
0
.0
0
7
8

�
0
.0
0
1
4
1

0
.9
0
2
1

0
.6
8
2
9

1
.3
8
8
6
7

1
1
5
5

0
.1
3
7
1
9

0
.1
4
8

�
0
.0
0
4
4

�
0
.0
0
0
7
2

1
.0
0
0
0

0
.6
6
8
5

1
.3
8
0
6
1

1
1
4
5

0
.1
4
7
1
7

0
.0
0
0

0
.0
0
0
0

0
.0
0
0
0
0

H
ep
ta
n
e
(1
)
þ
b
en
ze
n
e
(2
)

0
.0
0
0
0

0
.8
8
9
5

1
.5
0
7
6
5

1
3
7
1

0
.0
5
2
5
6

0
.0
0
0

0
.0
0
0
0

0
.0
0
0
0
0

0
.0
9
9
3

0
.8
5
6
9

1
.4
8
8
3
1

1
3
3
1

0
.0
6
1
7
5

0
.2
4
5

�
0
.0
0
8
0

�
0
.0
0
0
1
3

0
.2
0
2
5

0
.8
2
7
8

1
.4
7
0
8
3

1
2
9
9

0
.0
7
1
4
2

0
.4
1
5

�
0
.0
1
3
6

�
0
.0
0
0
1
6

0
.3
0
2
9

0
.8
0
3
1

1
.4
5
6
4
3

1
2
7
4

0
.0
8
0
9
8

0
.5
2
6

�
0
.0
1
6
5

�
0
.0
0
0
0
4

0
.3
9
3
1

0
.7
8
3
4

1
.4
4
4
8
2

1
2
5
6

0
.0
8
9
6
0

0
.5
7
3

�
0
.0
1
7
8

0
.0
0
0
1
0

0
.5
0
0
1

0
.7
6
3
0

1
.4
3
3
1
1

1
2
3
9

0
.0
9
9
7
8

0
.5
5
2

�
0
.0
1
7
2

0
.0
0
0
2
3

0
.5
9
2
9

0
.7
4
6
9

1
.4
2
3
7
3

1
2
2
7

0
.1
0
8
6
3

0
.5
2
9

�
0
.0
1
5
9

0
.0
0
0
3
6

0
.7
1
8
8

0
.7
2
7
6

1
.4
1
2
7
3

1
2
1
4

0
.1
2
0
5
1

0
.4
1
7

�
0
.0
1
2
5

0
.0
0
0
4
0

0
.8
4
4
7

0
.7
1
0
4

1
.4
0
3
1
2

1
2
0
4

0
.1
3
2
3
7

0
.2
8
9

�
0
.0
0
7
7

0
.0
0
0
4
4

0
.9
0
3
4

0
.7
0
3
2

1
.3
9
9
0
7

1
2
0
0

0
.1
3
7
6
7

0
.1
8
3

�
0
.0
0
5
0

0
.0
0
0
2
2

1
.0
0
0
0

0
.6
9
2
1

1
.3
9
2
9
7

1
1
9
5

0
.1
4
6
5
3

0
.0
0
0

0
.0
0
0
0

0
.0
0
0
0
0

O
ct
a
n
e
(1
)
þ
b
en
ze
n
e
(2
)

0
.0
0
0
0

0
.8
8
9
5

1
.5
0
7
6
5

1
3
7
1

0
.0
5
2
5
5

0
.0
0
0

0
.0
0
0
0

0
.0
0
0
0
0

0
.1
0
2
4

0
.8
5
5
9

1
.4
8
7
4
4

1
3
3
2

0
.0
6
2
9
5

0
.2
9
9

�
0
.0
0
9
5

0
.0
0
0
5
9

(c
o
n
ti
n
u
ed

)

524 B. González et al.
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