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Thermophysical and Acoustical Properties of the Binary Mixtures
1,2-Dibromoethane+ Heptane within the Temperature Range from 293.15 K to
313.15 K

Mirostaw Chorazewski*

Institute of Chemistry, University of Silesia, 9 Szkolna Street, 40-006 Katowice, Poland

Densities for binary mixtures 1,2-dibromoethafieheptane have been measured within the temperature range

from 293 K to 313 K using a vibrating-tube densimeter. The phase speeds of ultrasound have been measured
with a pulse-echo-overlap apparatus. The heat capacities at constant pressure have been measured with a
differential scanning calorimeter DSC 1ll (Setaram). From those experimental data, the excess molar volumes,
excess isobaric molar heat capacities, excess isochoric molar heat capacities, excess molar isobaric expansions,
excess molar isentropic compressions, excess molar isothermal compressions, excess ultrasonic speeds, and excess
internal pressures have been calculated.

Introduction Recently, Troncoso et a&f. have been successful in the

. . . L ., quantitative description of the W-shaped molar excess heat

iml,Zr;Dét:rolmcitreth?r][? Iisn? rprglallr nﬁn?is:tocrlatgdrjlqwd |r; ;Vh'cth capacities basing on the NRTL model. Moreover, the systems
portant electrostatic intermolecuiar Interactions occur due 10 a4 axpipit a W-shape dependence of excess heat capacity on

permanent dipole moments of the molecules and/or their possibleCom L :
) . 8 . position have large excess enthalpies from (1000 to 2000)
higher multipoles. 1,2-Dibromoethane has attracted the attention ;. -1 214 excess Gibbs energies from (800 to 126@p0-=.

of many researchers because of a conformational equilibrium This rule applies also to the system 1,2-dibromoethane

between the nonpolargns form and the po!agaugheform heptane. The values éfF for this systert® are~1600 dmol=.
due to the internal rotation around the-C axis. As indicated . . .
As a matter of fact, the basic properties @fv-dibromo-

by the results of ultrasonic spectroscopy measurements, near

the room temperature approximately 85 % of the molecules are gltl,(r?;ﬁz;n:ntgir ;néﬁtsuﬁssvgﬁzglgfg‘i;ﬁgf:f;?;mf;a%?fgfis,;
present in the more stabteans configurationt ) P y rep

dditionally. the th d ic behavior of mi the literature. To the best of our knowledge, for the mixtures
Al |t|do_rt1)a y, t Iit €rmo yfnamlc_de %‘l"ofo m'XtLt‘)reS con- (L,2-dibromoethane with heptane studied in this paper, no
taining dibromoalkanes is of considerable interest because o experimental data on the density, speed of sound, and heat
their theoretical and industrial importance. The correlation of

. - ) . capacity as functions of temperature are available in the
their molecular structures with thermodynamic properties of ,.cesgiple literature. The only literature data available for this
_dlbromo_alkane mixtures s necessary for gaining systematic system are the densities and heat capacities at 2981#3rK.
information on the behavior of substances with dlffefrent specific this work, the excess properties of molar volumeﬁ)(
groups. Therefore, a knowledge of the behavior of those . ) " . .
mixtures constitutes a good test of the limitations and ap- isobaric molar heat capaC|t|es:5(), isochoric molar heat

" E . . . E .
plicability of predictive methods based on the group contribution ¢@Pacities Cy), molar_isobaric expansions;), molar isen-
theorie—5 tropic compressions<§), molar isothermal compressioris),

ultrasonic speedsuf), and internal pressurespf(‘) of the

This work follows our systematic studies on heat capacities . \
binary system 1,2-dibromoethareheptane are reported.

of pure halogenoalkan&$ and on thermodynamic and acousti-
cal properties of liquid mixtures containingw-dibromoalkanes

with heptané. It is most interesting that, for the investigated
mixtures of 1,2-dibromoethane with heptane, the excess heat Chemicals.Heptane £ 99.8 %) from POCH (Polish Chemi-

Experimental Section

capacity as a function of mole fractionis W-shaped. cals) was used without further purification. 1,2-Dibromoethane
Grolier et al*8 have discovered the W-shape anomaly of the (Lancaster, 99 %) was purified before use by fractional
dependence of excess isobaric molar heat Capacmg)sdn distillation and the middle fraction (apprOXimate|y 5 %) collected

composition. Since then the interest on this phenomenon hasin every case. The purities of the liquid samples of 1,2-
constantly grown. Theoretical and model descriptions have beendibromoethane checked by gaguid chromatography (GLC)
suggested by relating the W-shape effect to rotational isom- Were> 99 %.

erism1%-1222and this has evolved finally into a full interpretation ~ The mass fraction of water, determined by the Karl Fischer
accomplished by Saint-Victor and Patter§énThe latter method, was less than 6 1078 for 1,2-dibromoethane and 3
interpretation is based on the Guggenheim quasi-chemical latticex 108 for heptane. Prior to the measurements, the pure liquids
theory of solutions. A comprehensive discussion of this Were dried with molecular sieves (type 3A (1 to 2) mm beads

phenomenon was carried out by CoBds. from Lancaster) and degassed in an ultrasonic stream.
The mixtures were prepared by mass using a Sartorius RC
* E-mail: choraz3@ich.us.edu.pl. 210D balance with an accuracy #f2 x 107° g. Before each
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Table 1. Comparison of the Isobaric Molar Heat Capacities,
Densities, Speeds of Sound, Isobaric Expansibilities, Isentropic
Compressibilities, Isothermal Compressibilities, and Isochoric Molar
Heat Capacities in the Pure Components afl = 298.15 K Obtained

KMnO,4 and deaerated by multiple boiling. The apparatus was
also tested with the density of known molality of aqueous NaCl.

The phase speed of the ultrasound at 4 MHz was measured

in This Work with Those Reported in the Literature

liquid this work literature
Heptane

Cy/kmol~+K~1 22472 22470747 22471820224 7148
224.7221224.782

u/mes™t 1130.76  1129.81491129.85%61129.92%3
1130.14421130.18241130.2%°
1130.44261130.6%7 1138

plkgm™3 679.59 679.427679.5030679.5216
679.54%5679.55%0 679.5831
679.602442679.6823679.7032
679.813

ap x 10°/K™2 1.261 1.25611.245%21.2465

ks x 10%%Pat
kT x 1019Pal

Cy/Fmol~LK-1

Cy/Fmol~+K~1

u/ms™t
olkgm=3

ap x 10°/K1
ks x 10t39Pa?
kT x 1019YPal

1150.96 1152.84°1152.08%21152.326

1462.1 14831149541 1455.142 144043
145545 1460.67

176.9 177.92,178.05

1,2-Dibromoethane

137.04 136.4,134.73334136.8716 134.935

136.0236135.3
993.73 99(%+37993.935994. 2

2168.41 2167.992168.7%8 2168.5392169.59¢

2170.1342170.2%72170.3%

0.964 0.951440.9665%° 0.956'
467.01 466.45466.39470.144
642.3 607.074645.135640.7

with a pulse-echo-overlap apparatus designed and constructed
in the Department of Physical Chemistry of the University of
Silesia (electronic part and ultrasonic cell). The vessel was
immersed in a water bath. The temperature was stabilized within
the limits+ 0.005 K by a Techne TU16D temperature controller
of proportional integrating differential type. The main thermostat
was cooled by a MLW MK cryostat connected with a MLW
U10 thermostat in a cascade arrangement. In order to achieve
a homogeneous temperature distribution, the main thermostat
was additionally equipped with a two-paddle mixer. The
temperature was measured with an Ertco Hart 850 platinum
resistance thermometer with an uncertaintyt00.05 K and a
resolution of 0.001 K. The temperature fluctuations did not
exceedt 0.005 K in a 30 min period of measurement and did
not exceed+ 0.01 K during 1 day. The uncertainty of the
pulse-echo-overlap apparatus is limited mainly by the calibra-
tion procedure and may be estimated on the order of $dm
Higher accuracy is rather difficult to attain due to uncertainty
in the speed of sound in reference liquids. That uncertainty is
on the order of 5 crs! in water#® which is undoubtedly the
best standard liquid available. The ultrasonic apparatus was
calibrated with re-distilled water as the standard liquid.

Cv/¥molm+K=1  99.64 97.53,98.47¢104.32

The speeds of sound in water, calculated from the poly-
nomial of Marczak® at atmospheric pressure, were taken as true
values.

aValues from ref 9P Value calculated from ref 4Z.Value calculated
from ref 35.9Value calculated from ref 44 Value calculated from ref
34.

Results and Discussion

series of measurements, each sample was degassed in an
ultrasonic cleaner. The measurements of the heat capacity of the mixtures studied

The compounds of the homologous seriesagh-dihalo- were carried out generally W_ithin the temperatgre range from
genoalkanes are difficult to study due to their instability. They 293 K to 313 K. The scanning rate was 0.imkn™*. Thus,
are sensitive to the light and temperature. Thus, the decomposi-With varying temperature, a measuring point is recorded each
tion of the 1,2-dibromoethane is the major source of errors. The 0-01 K, which results in 2600 data points over the temperature
instability of 1,2-dibromoethane is also the main reason that range studied. For clarity, only the values obtained for every 1
there are only a few papers in the literature concerning the K are presented in Table 2. The other experimental data, that
properties of the 1,2-dibromoethane as a function of temperature.is, the densities and speeds of sound at 293 K to 313 K, are

In order to minimize the errors, the compounds were kept in Shown in Tables 3 and 4, respectively.
the dark glass flasks. The flasks were wrapped in an aluminum The dependences of the molar heat capacities (for all the
foil and stored in the desiccator. The solutions were used experimental points), densities, and speeds of sound on tem-
immediately after they were prepared. The measuring cells haveperature were fitted to the following equation:
been filled in the drybox.
A comparison of the molar heat capacities, densities, speed 2 )
of sound, isobaric expansibilities, isentropic compressibilities, y=") a(T/K — 293.15) (1)
isothermal compressibilities, and isochoric molar heat capacities =
values of the pure components determined in this work with
those reported in the literature is given in Table 1. Most of the Wherey is the molar heat capacity, density, or speed of sound;
data are in satisfactory agreement. Small differences may resultT/K is the absolute temperature; are the polynomial coef-
from differences in the purity of the chemicals, measurement ficients @ = ¢; for the molar heat capacity;, = p; for the
techniques, and calibrations. density, andg; = u; for the speed of sound) calculated by the
Apparatus and Procedurelsobaric heat capacities were |€ast-squares method. The backward stepwise rejection proce-
measured in a micro DSC Il scanning calorimeter from dure was used to reduce the number of nonzero coefficients.
Setaram, using the “continuous with reference” method. The The values of the coefficients and mean deviations from the
uncertainty of the measurements was estimated te- 15 regression line are collected in Table 5. In order to calculate
%. Details of the applied procedure and the calorimeter C, E;, K5, Kf, uf, and pf; and to obtain a consistent
calibration have been described previously. presentation of the measurement results, “new” (calculated)
The measurements of the densitigsdf the pure components ~ density and speed of sound values have been generated (i.e.,
and the binary mixtures were carried out using an ArtBaar those for mole fractions at which the heat capacities were
densitometer (model DMA 5000) operated in static mode with measured). To this end, polynomials of the 4th orgesr(u =
an uncertainty of 5x 1072 kgsm~3. The water used for the  ¥_,a-x) describing the density and speed of sound isotherms
calibration of the densimeter was re-distilled over alkaline were used.
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Table 2. Experimental Molar Heat Capacities,C,, for x 1,2-Dibromoethane+ (1 — x) Heptane at TemperaturesT

Cy/dmol-1-K1
TIK  x=0.0000 x=0.1016 x=0.2016 x=0.2989 x=0.3977 x=0.4996 x=0.5991 x=0.6928 x=0.8022 x=0.9003 x = 1.0000
29315  222.87 213.58  204.39 196.15 187.73 179.31 170.59 162.47 153.18 14490  136.87
294.15  223.23 213.90  204.73 196.48 188.03 179.43 170.80 162.60 153.26 14494  136.90
29515  223.60 214.26  204.92 196.66 188.20 179.65 170.96 162.81 153.40 145.07 136.95
296.15  223.97 21459  205.30 196.95 188.51 179.89 171.13 162.90 153.53 145.16 136.99
297.15  224.35 214.90 20551 197.29 188.66 180.09 171.23 163.05 153.63 14524  137.02
298.15  224.72 21525  205.83 197.53 188.94 180.26 171.40 163.18 153.72 145.27 137.04
299.15  225.10 21555  206.18 197.72 189.11 180.39 171.55 163.24 153.84 145.33 137.09
300.15  225.47 21590  206.45 198.00 189.43 180.66 171.77 163.47 153.91 14540  137.11
301.15 22587 216.32  206.71 198.31 189.64 180.79 171.90 163.50 153.98 145.47 137.15
302.15  226.22 216.60  207.03 198.60 189.82 181.03 172.01 163.71 154.13 14560  137.20
303.15  226.61 216.95  207.33 198.77 190.01 181.17 172.23 163.89 154.24 145,65 137.25
304.15  227.00 217.33  207.57 199.17 190.33 181.40  172.31 163.94 154.32 14575 137.29
305.15  227.40 217.70  207.95 199.39 190.62 18154  172.49 164.06 154.37 145.77 137.32
306.15  227.75 218.07  208.28 199.58 190.75 181.72 172.71 164.29 154.55 145.83 137.39
307.15  228.14 218.39  208.47 199.90 191.03 181.95 172.88 164.40 154.60 145.96 137.42
308.15 22854 218.69  208.80  200.20 191.31 182.17 173.00 164.48 154.68 146.01 137.49
309.15  228.95 21910  209.10  200.37 191.50 182.37 173.19 164.70 154.79 146.13 137.53
310.15  229.30 21941 20950  200.65 191.66 182.48 173.29 164.80 154.90 14620  137.60
31115 229.71 219.69  209.78  200.99 191.91 182.68 173.50 164.88 155.00 146.21 137.65
31215  230.11 22011 21010 20115 192.12 182.91 173.69 165.06 155.16 14630  137.71
313.15  230.51 22035 21039 20151 192.42 183.06 173.84  165.16 155.25 146.43 137.77

aValues from ref 9.

Table 3. Experimental Densities,p, for x 1,2-Dibromoethane+ (1 — x) Heptane at TemperaturesT

plkg-m—3
X T=293.15K T=298.15K T=303.15K T=308.15K T=313.15K
0.0000 683.82 679.59 675.31 671.02 666.68
0.1018 776.01 771.16 766.40 761.38 756.39
0.2052 878.46 872.98 867.72 862.14 856.68
0.2931 973.90 968.00 962.23 956.31 950.37
0.3754 1070.54 1064.30 1058.00 1051.80 1045.35
0.3919 1091.09 1084.74 1078.36 1071.93 1065.57
0.5009 1234.71 1227.73 1220.93 1213.97 1207.14
0.5993 1379.31 1372.04 1364.69 1357.19 1349.51
0.6916 1530.51 1522.49 1514.35 1506.30 1498.20
0.7886 1707.97 1699.34 1690.56 1681.76 1673.14
0.8919 1922.00 1912.55 1903.13 1893.55 1884.12
1.0000 2178.77 2168.41 2157.94 2147.47 2136.96

Table 4. Experimental Speeds of Soundy, for x 1,2-Dibromoethane+ (1 — x) Heptane at TemperaturesT

X TIK um-s?t TIK u/m-s?t TIK wmes! TIK wmest TIK wmes1
0.000@ 292.84 1153.67 298.84 1127.72 303.80 1106.38 308.78 1085.10 314.87 1059.14
0.1024 292.64 1112.12 298.56 1087.95 303.59 1067.66 308.62 1047.39 314.59 1023.62
0.2000 292.62 1079.50 298.58 1056.48 303.61 1037.19 308.65 1017.99 314.56 995.72
0.2986 292.64 1050.76 298.69 1028.57 303.65 1010.63 308.62 992.63 314.61 971.18
0.4002 292.68 1027.19 298.60 1006.69 303.54 989.74 308.58 972.63 314.58 952.25
0.4996 292.70 1009.41 298.59 990.17 303.66 973.72 309.57 954,55 314.59 938.54
0.6005 292.60 996.77 298.59 978.03 303.62 962.51 308.59 947.22 314.59 928.96
0.6997 292.66 989.87 298.60 972.29 303.61 957.60 308.57 943.03 314.55 925.53
0.8004 292.68 989.25 298.68 972.17 303.78 957.87 308.59 944.46 314.58 927.74
0.9061 292.70 995.84 298.56 980.00 303.57 966.53 308.44 953.47 314.52 937.35
1.0000 292.84 1007.52 299.17 991.14 303.37 980.18 308.75 966.56 314.45 952.00

aValues from ref 9.

The isentropic compressibility§) was calculated from the TVmOLpZ
Newton-Laplace equation: KT =Kst—5 (4)
p,Mm
1
Ks=— (2) Ki =V k1 (5)
pu

where the isobaric expansibilitgg) was calculated by analytical

andKs was calculated from : o L .
s differentiation of the density fitting equation:

Ks = Viks 3)

A C
The isothermal compressibilityxf) and molar isothermal P\ aT o p\dT/p
compression K1) were calculated from the well-known
thermodynamic relationship: The temperature dependence of the “new” densities, calculated
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as mentioned above, were described again by eq 1. Linearwhere
dependences were achieved for each mole fraction andthe

values calculated analytically from eq 6. . T(l;’i
The molar isobaric expansioitf) was calculated from Pint; = o (23)
Ti
E, = o,V (7)

is the internal pressures, and
Excess properties were calculated using the following expres-

sion: K74
Y= - * (24)
ZE=7_ 7d 8) XKy 1+ (1= x)Kq,
whereZF is the excess quantity of the prope#y(Vm, Cp, Cv, is called the “compression fraction” where},i is the molar
Ep Ks, K7, U, pny) andZd is the corresponding ideal value. isothermal compression amdis the mole fractions of the pure
The ideal values were calculated using the criteria redefined ith component, respectively. The asterisks indicate parameters
by Douheet et al.5° of the pure components.
_ The results obtained in this way were fitted to polynomials
V=%V, + (1 —x)V, 9) of the Redlich-Kister type:
id __ * _ * n .
Com=%XCpm1t (1= X)Cp 2 (10) ZF=x1-x)Y Al -2x) (25)
id, id\2 =
id _ id _ Tvlm(ap) 11 . . .
ks =kt cd (11) where ZF is the excess function, an4; are the polynomlal
m coefficients & = VE ; for the excess molar volume&, C
Kid = \/d, id (12) for the excess |sobar|c molar heat capacm&s= Cv for the
s ms excess isochoric molar heat capaciti&s— E ; for the excess
i * * _ E
Kg = pue + (1 — p s (13) molar |s_obar|c expapsmnsA. Ks; for the excess molar
isentropic compressionsA, = KTI for the excess molar
Kid = \/d, id (14) isothermal compressiongy = u for the excess speeds of
mtT _ . E
sound, andd = p,y; for the excess internal pressures). The
= a4 (1— o 15 coefficients were determined by the multiple regression method
p = P11t (1= 9%, (15) using a stepwise rejection procedure andikest. The values
= \idgid (16) of the coefficients and mean deviations from the regression line
are collected in Table 6.
C'd Douheet et al®® discussed extensively the methods of
= (4,2 pml C:Vm calculation of excess ultrasound speeds and proposed a ther-
. Cv maf \ wi(u l) modynamically correct equation for expressing the ultrasonic

p.m.2 P, the pure components in contrast to many other proposals based
2( 2) on either empirical or intuitive approaches. Somewhat later
Glinski®? argued that an equation proposed earlier by Ernst et

*

c id /Cid —12 speeds in binary ideal liquid mixtures in terms of the speeds in
(¢2) ( Sl @n
Cum,

” Kig al 53 is the simplest one and leads to reliable results. However
Cpm id (18) the conclusions of Gliski are based only on statistical argu-
kr ments; furthermore, Ernst et al. have stressed that only a rough

estimate of the excess ultrasound speeds can be obtained in this

where in eqgs 13 and 18y is the ideal volume fraction: way. Therefore, in this work the excess ultrasonic speeds have

VA been calculated using the mixing rule suggested by Daihe
= - (19) et al.
Vi The excess properties are plotted against mole frastioh

1,2-dibromoethane in Figures 1 to 8. Additionally in Figures 9
x1 being the mole fraction for component 1 (1,2-dibromoethane). and 10 the molar excess volumes and excess isobaric molar
In eq 17,41 is the volume fraction defined by the mass fraction, heat capacity at 298.15 K have been compared with literature
Wy datal® respectively. The only literature existing data for the

id studded system are from Lainez et ‘dlthus the following
_Wap (20) remarks ought to be made. It was impractical to carry on the
p*l proper statistical analysis (e.g., determination of the residual
errors, deviation plot) if the only set of the available literature
where data is at one temperature. According to the instability of 1,2-
) dibromoethane (see the Chemicals section), the observed
P9 =0, + (1 — d)p, (21) deviation in Figures 9 and 10 may be attribute to the measure-
ments difficulty and can be regarded as small. The absolute
The excess internal pressures were calculated from the equatiovalues of excess molar volumes and excess molar heat capacities
of Marczak®! are small, and the relative errors are magnified.
As shown in Figure 1 the values ®F have been found to
Pt = ¥aPinea T (1 = ¥)Pinc (22) be positive throughout the entire range>ofwhich indicates
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Table 5. Coefficients of Equation 1 with Their Standard Deviations and Mean Deviations from the Regression Lin&;

2 a a Oy
X co/Fmol~-K~1 cy/Fmol~+K~2 Co/Fmol~+K—3 Ocp/Fmol~LK 1
0.000@ 222.867+ 0.006 0.3673t 0.0013 0.000744- 0.000056 0.18
0.1016 213.514 0.011 0.3439t 0.0030 0.19
0.2016 204.35% 0.003 0.2994+ 0.0056 0.08
0.2989 196.176 0.011 0.2648t 0.0019 0.20
0.3977 187.752- 0.018 0.233H 0.0022 0.17
0.4996 179.298& 0.019 0.1894f 0.0031 0.19
0.5991 170.611 0.004 0.160Gt 0.0010 0.09
0.6928 162.49&- 0.023 0.1343t 0.0029 0.20
0.8022 153.18% 0.005 0.1022+ 0.0012 0.12
0.9003 144.88% 0.005 0.0758t 0.0013 0.10
1.0000 136.87# 0.006 0.0294+ 0.0011 0.000731 0.000044 0.05
a ap az Oy
X Ug/mrst uy/mrs~ LK1 Up/mrs LK 2 Oumrs™?
0.000¢ 1152.337+ 0.013 —4.3375+ 0.0027 0.00217% 0.000122 0.01
0.1024 1110.023 0.044 —4.0937+ 0.0096 0.002964- 0.000436 0.05
0.2000 1077.44% 0.021 —3.8803+ 0.0046 0.002876&- 0.000211 0.02
0.2986 1048.856 0.045 —3.6699+ 0.0096 0.00229# 0.000436 0.05
0.4002 1025.53% 0.042 —3.4667+ 0.0090 0.002221 0.000408 0.05
0.4996 1007.944- 0.044 —3.2791+ 0.0098 0.00186% 0.000443 0.05
0.6005 995.024: 0.024 —3.1345+ 0.0052 0.00249¢- 0.000236 0.03
0.6997 988.41% 0.028 —2.9578+ 0.0060 0.00091< 0.000275 0.03
0.8004 987.88& 0.059 —2.8424+ 0.0127 0.001734: 0.000577 0.06
0.9061 994.63& 0.019 —2.7161+ 0.0040 0.001668& 0.000183 0.02
1.0000 1006.708 0.068 —2.6045+ 0.0142 0.001726- 0.000596 0.07
Ao a a 5y
X po/kgm—3 pi/kgm=3K 1 p2lkgm=3K 2 O /kgm=3
0.0000 683.853 0.026 —0.8571+ 0.0021 0.03
0.1018 775.994r 0.050 —0.9501+ 0.0117 —0.001506+ 0.000563 0.05
0.2052 878.47% 0.063 —1.0882+ 0.0052 0.08
0.2931 973.91@& 0.042 —1.1748+ 0.0034 0.05
0.3754 1070.57% 0.052 —1.2579+ 0.0043 0.07
0.3919 1091.104 0.020 —1.27674+ 0.0016 0.03
0.5009 1234.67% 0.038 —1.3779+ 0.0031 0.05
0.5993 1379.295% 0.023 —1.4328+ 0.0054 —0.002794+ 0.000257 0.02
0.6916 1530.534- 0.023 —1.61634+ 0.0019 0.03
0.7886 1708.00&: 0.046 —1.7446+ 0.0038 0.06
0.8919 1922.02% 0.035 —1.8950+ 0.0028 0.04
1.0000 2178.824-0.038 —2.0912+ 0.0031 0.05

aValues from ref 9.

that the addition of heptane decreases the attractive van der Hence,CE is a value that clearly indicates the degree of non-
Waals interactions between the molecules of the polar compo-randomness in the mixture. The values(bj decrease and
nent. This effect is more pronounced at lower temperatures at\w-shape becomes less pronounced with increasing temperature.
which the dipole interactions are stronger. The excess volumesAs can be seen in Figure 2, the randomness, being predominant
show a point of interest: they are crossing each other within a within the composition ranges 0 to 0.4 and 0.6 to 1, results
narrow concentration interval in the vicinity of the mole fraction from the disruption of the molecular order of the dilute
x ~ 0.4 of 1,2-dibromoethane. It is worthy of notice that the component (i.e., the molecules of the dilute component; the
single crossing point of the excess volume isotherms appearsolute) are separated and randomly distributed in the component
practically at the same concentrations at which the excess molarof higher concentration (the solvent). However, for compositions
isobaric expansion values change their sign from positive t0 ranging fromx = 0.4 tox = 0.6, a positive contribution tG,'f
negative ones (see Figure 4). These facts seem to suggest thg observed (non-randomness) that results from the possible
formation of a stable, temperature independent (or almost attractive van der Waals molecular interactions: attractions
temperature independent) structure in the vicinityat 0.4. between permanent dipoles (Keesom’s effects), between per-
A W-shape of the excess heat capacity plotted as a functionmanent and induced dipoles (Debye’s effects), and dispersive
of the mole fraction is observed in Figures 2 and 3. A interactions (London’s effects). Higher multipoles can also play
comprehensive interpretation of this phenomenon, based on thesome role. This situation becomes more pronounced with
Guggenheim quasi-chemical lattice theory of solutions, was decreasing temperature, probably because the Keesom effects
suggested by Saint-Victor and Patter§bfihe W-shaped curves  increase. The W-shape of th& curves (Figure 3) is a
have two regions of negative curvature separated by a regionconsequence of a strong influence of the isobaric heat capacity
of a positive one. This is a consequence of two opposite on the isochoric oneC\E, is a thermodynamic function more
contributions: a positive contribution fbg (the so-called non-  sensible to the molecular order of the liquid tt@&] hence the
random contribution) transferring into a parabolic negative curve W-shape becomes less pronounced at higher temperatures (i.e.,
(the so-called random contribution). 313.15 K).
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Table 6. Coefficients of Equation 25 with Their Standard Deviations and Mean Deviations from the Regression Lin&

Ao A A As A4 As 0ZF
T Vi o x 108 Vi x 10° Vi 2 X 10° Vi g x 108 VE 4 x 10° VEgx 100 OVE x 108
K m*mol~t m>mol~! m>mol~! m>mol~! m>mol~! m>mol~* m>mol~*
293.15 1.578:0.013 0.959+ 0.050 0.200+ 0.065 0.354+0.138 0.006
298.15 1.536+ 0.012 1.123+ 0.062 0.61A0.141 0.898+ 0.422 —0.385+ 0.252 —0.8324+ 0.583 0.005
303.15 1.493+ 0.018 1.369t 0.037 0.415+ 0.088 0.008
308.15 1.435+ 0.014 1.51Gt 0.040 0.800+ 0.070 0.718+ 0.207 0.007
313.15 1.383: 0.020 1.567 0.077 0.944+ 0.099 0.796+ 0.212 0.009
Ao A A As As As 0ZF
T Cho Cha Cha Crs Cha Crs 6Cy
K Jmol+K~1 Jmol~LK~1 Jmol~LK 1 Jmol~LK 1 Jmol~LK~1 Jmol~-K~1 Jmol~LK 1
293.15 —2.74+0.20 —0.36+ 1.06 —11.914+2.20 —11.284+6.85 9.43+ 3.87 17.50+ 9.15 0.07
298.15 —2.91+0.16 —11.71+1.80 —14.02+ 2.47 10.54+ 3.16 20.82+ 4.56 0.06
303.15 —3.24+0.15 —11.54+1.64 —14.71+2.25 11.074 2.87 21.73+£4.15 0.05
308.15 —3.72+0.14 —11.40+ 1.56 —15.41+2.15 11.05+2.74 22.64+ 3.96 0.05
313.15 —4.35+0.14 —11.30+ 1.57 —16.12+ 2.16 10.45+ 2.76 23.57+ 3.99 0.05
Ao Ay Ay Ag Ay As 0ZF
K Jmol--K~1 Jmol+K1 Jmol+K1 Fmol LK1
293.15 —9.12+ 0.15 —9.41+0.31 —17.88+0.71 0.07
298.15 —9.64+0.15 —9.29+0.31 —17.34+0.71 0.07
303.15 —10.29+ 0.16 —9.10+£0.32 —17.07£0.74 0.07
308.15 —11.10+0.17 —8.97+0.33 —17.23+0.77 0.07
313.15 —12.05+0.17 —8.84+0.35 —17.69+ 0.80 0.08
Ao Ay A As Ay As 0ZF
T ES,O x 10° Es, x 10° Es, x 10° Bty x 10° Es, x 10° Es, x 10° 0Es x 10°
K m¥*mol~-K 1 m®mol~K~t m3mol~+K~t m3mol~+K~1 m®mol~LK 1 m3mol~+K~t m3mol~+K~1
293.15 —7.16+ 0.05 28.99+ 0.28 14.23+ 0.58 431+ 1.81 12.29+1.02 10.95+ 2.42 0.02
298.15 —7.39+ 0.05 29.74+ 0.29 14.72+ 0.60 4.46+ 1.85 12.58+ 1.05 11.17+ 2.48 0.02
303.15 —7.72+0.05 30.25+0.29 15.05+ 0.60 4.58+ 1.86 12.66+ 1.05 11.244+2.49 0.02
308.15 —8.00+ 0.06 30.98+ 0.30 15.51+ 0.63 4,70+ 1.96 13.25+1.11 11.80+ 2.62 0.02
313.15 —8.34+ 0.06 31.75:£0.31 16.02+ 0.64 4.86+ 1.99 13.50+ 1.13 12.08+ 2.67 0.02
Ao A A As A As 0Z8
T Ko x 1013 K§yx 108 K§o x 1013 KSsx 108 aKE x 10t
K m3Pamol~* m>Pamol~! m*Pamol~* m>Pamol~! m>Pamol~!
293.15 —0.304+ 0.000 0.073+ 0.002 0.022+ 0.004 0.000
298.15 —0.3304+ 0.000 0.08Gt 0.002 0.025+ 0.004 0.000
303.15 —0.361+ 0.000 0.085+ 0.001 0.006t+ 0.002 0.02A 0.004 0.000
308.15 —0.395+ 0.000 0.092+ 0.002 0.013t 0.002 0.032t 0.005 0.000
313.15 —0.432+ 0.000 0.098+ 0.002 0.018+ 0.002 0.035k 0.005 0.000
Ao A A As A As 0ZF
T KE o x 1013 KT, x 1008 KT, x 10t KE,x 108 aKE x 10
K m3Pa mol~* m>Pa mol~! m>Pa mol~* m>Pa mol~! m>Pa mol~!
293.15 —0.331+0.001 0.193+ 0.004 0.122+ 0.005 0.08A 0.010 0.000
298.15 —0.360+ 0.001 0.20A 0.004 0.133+ 0.005 0.093+ 0.011 0.000
303.15 —0.3924+ 0.001 0.21A 0.004 0.140+ 0.005 0.09A 0.010 0.000
308.15 —0.427+ 0.001 0.23Gt 0.005 0.153+ 0.005 0.10A 0.012 0.001
313.15 —0.465+ 0.001 0.243t 0.005 0.166+ 0.006 0.114+ 0.013 0.001
Ao Au Ay Ag Ay As OZE
T $ uf us o o u OUE
K m-s1 mst mes~t mest mrst mest mst
293.15 167.66= 0.07 —118.50+ 0.36 85.74+ 0.74 —49.66+ 2.31 46.94+ 1.31 —32.24+ 3.09 0.02
298.15 170.81 0.07 —121.70+ 0.38 86.94+ 0.79 —51.13+ 2.44 48.80+ 1.38 —33.47+ 3.26 0.03
303.15 174.16: 0.08 —124.77+ 0.40 88.43+ 0.83 —52.66+ 2.58 50.83f 1.46 —34.77+ 3.45 0.03
308.15 177.55-0.08 —127.71+0.43 90.21+ 0.88 —54.27+2.74 53.04f 1.55 —36.13+ 3.67 0.03
313.15 181.16- 0.09 —130.56+ 0.45 92.29+ 0.94 —55.97+ 2.92 55.45+ 1.65 —37.60+ 3.91 0.03
Ao A A As A As 0ZF
T Pho x 107 Phes X 1075 Phe2 X 1075 Phes X 1075 Phia x 1075 Opj x 10°5
K Pa Pa Pa Pa Pa Pa
293.15 644.24t 1.41 —375.73£ 4.60 511.48t 15.64 —490.89+ 11.98 499.52+ 27.46 0.51
298.15 663.89 1.49 —402.21+ 4.86 526.93+ 16.51 —513.95+ 12.65 518.44+ 28.99 0.54
303.15 684.11 1.58 —427.01£5.15 543.57 17.47 —536.78+ 13.39 536.08t 30.68 0.57
308.15 704.22+ 1.67 —452.12+ 5.43 561.17 18.43 —560.31+ 14.13 550.06t 32.37 0.60
313.15 724.93t 1.75 —477.15£5.71 580.08t 19.40 —583.98+ 14.86 564.10k 34.06 0.63
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Figure 1. Excess molar volume‘e,En for {x 1,2-dibromoethane- (1 — Xx)
heptang at O, 293.15 K;0O, 298.15 K; <, 303.15 K; A, 308.15 K; @,
313.15 K;—, values calculated from eq 25.
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Figure 2. Excess isobaric molar heat capacit@% for {x 1,2-dibromo-
ethanet (1 — x) heptang atO, 293.15 K;0O, 298.15 K;<, 303.15 K;a,
308.15 K;®, 313.15 K;—, values calculated from eq 25.
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Figure 3. Excess isochoric molar heat capacit@fﬁfor {x 1,2-dibromo-
ethane+ (1 — x) heptang at O, 293.15 K;0O, 298.15 K;<, 303.15 K; A,
308.15 K;®, 313.15 K;—, values calculated from eq 25.
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Figure 4. Excess molar isobaric expansidﬁ&for {x 1,2-dibromoethane

+ (1 — x) heptang atO, 293.15 K;O, 298.15 K;<, 303.15 K;a, 308.15

K; @, 313.15 K;—, values calculated from eq 25.
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Figure 5. Excess molar isentropic compressid(%for {x 1,2-dibromo-

ethanet (1 — x) heptang at O, 293.15 K;O, 298.15 K;<, 303.15 K; A,
308.15 K;®, 313.15 K;—, values calculated from eq 25.
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Figure 6. Excess molar isothermal compressickﬁsfor {x 1,2-dibromo-

ethanet (1 - x) heptang at O, 293.15 K;O, 298.15 K;<, 303.15 K; A,
308.15 K;®, 313.15 K;—, values calculated from eq 25.

The excess speeds of sound and excess internal pressure are

principle negative and a little asymmetric with minima shifted positive for the whole composition range and have an asym-
to higher mole fractions of 1,2-dibromoethane. The values of metric shape with maxima shifted toward higher mole fractions

KE andKE decrease with increasing temperature (Figures 5 and of 1,2-dibromoethane. The values @ and pf,, increase with

6). The dependence df and KS on the mole fraction is
similar to that ofuF, but the signs are opposite. The minima of

increasing temperature (Figures 7 and 8).

The excess ultrasound speed is a function of the product of

the excess molar compressions are located around the molawo thermodynamic quantitiess) 22 = V¥4 Mks) V2. It is

fraction x = 0.6. On the other hand, for the mixtures under therefore difficult to interpret the ultrasound speed like ther-
modynamic quantities (i.e., in terms of molecular structure,
molecular space filling, or molecular interactions). The positive

test, the excess molar compressions afjdhave opposite

signs.
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Figure 7. Excess speeds of sounfl for {x 1,2-dibromoethané- (1 — x)

heptang at O, 293.15 K;0O, 298.15 K;<, 303.15 K; A, 308.15 K; @,
313.15 K;—, values calculated from eq 25.
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Figure 8. Excess internal pressurqa%t for {x 1,2-dibromoethand- (1 —
x) heptang at O, 293.15 K;0O, 298.15 K;<, 303.15 K; A, 308.15 K;@,
313.15 K;—, values calculated from eq 25.
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Figure 9. Excess molar volume¥?, for {x 1,2-dibromoethane- (1 — x)

heptang at 298.15 KO, experimental points from this worl, literature
datai® —, values calculated from eq 25.
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Figure 10. Excess isobaric molar heat capacit@ﬁfor {x 1,2-dibromo-

ethane+ (1 — x) heptang at 298.15 K;O, experimental points from this

work; W, literature datd® —, values calculated from eq 25.

intermolecular interaction energy, and the molecular structure
(correlation of molecular orientations). However, some explana-
tion of the opposite signs &f;, andKS andK® for the mixtures

of 1,2-dibromoethane with heptane should be given. Negative
values ofK§ mean that the mixture is less compressible than
the corresponding ideal mixture and suggest that/ﬁgealues
increase with increasing pressure. Generally, negative values
of the excess molar isentropic compression are observed when
two unlike components of a mixture undergo specific interac-
tions leading to the formation of either H-bonds or charge-
transfer complexes, but those interactions are impossible in 1,2-
dibromoethanet heptane.

Heptane and,w-dibromoalkanes are different regarding their
chemical nature; thus, the interactional contribution to the excess
molar volumes of their binary mixtures should be significant.

It should be noticed that in both the types of the pure substances,
that is, in the nonpolar heptane and in the potatw-
dibromoalkanes, there exists some molecular order; hence, the
structure breaking effects in both the components during mixing
have to be taken into account. Positive valuesVpfresult
from the predominance of positive contributions, that is, the
destruction of dispersive interactions and/or the dipolar order
of at least one of the pure components (breaking down dipole
dipole interactions in 1,2-dibromoethane), or from the reduction
of the orientational order of long-chain linear heptane. The
expansion of volume, on the other hand, is caused generally by
factors such as unfavorable geometric fitting or steric effects,
which hinder the molecules from approaching each other. In
addition, the destruction of the molecular order is favored as
the temperature increases and ther\e’ﬁyncreases too.

The internal pressur@inc = (0U/V)r = (0Un/dVy)T IS a
measure of the energy that must be supplied to increase the
volume of the liquid by one unit at constant temperature. It is
therefore related to internal forces in the liquid phase and thereby
to molecular interactions. The excesses found are asymmetric

excess ultrasound speed results from a simple relationshipwith maxima shifted toward higher concentrations of the polar

betweenuE = V¥%(Mkg)t2 — (V9VZ(MS)2, the excess

molar volume (/51), and the excess adiabatic compressibility

coefficient 5): if uE > 0, the inequalityVm/ks > Vi/ks =

Vi/V9 > kglicd must be fulfilled. For the system under test, the

excess volumes are positiviy( > Vi, i.e., Vi/Vi > 1) and
excess adiabatic compressibilities are negatiwe<( Kg’; ie.,
Ks/;c'g < 1). Thus, the excess speed is positive.

component, where dipole interactions should be more pro-
nounced. It is worthy of notice that a similar shift of the
maximum appears in the system bromofotnoctanes!
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