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Temperature Dependence of the Speed of Sound of Nonare 1-Chlorononane in

the Range of (293.15 to 423.15) K
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The speed of sound of binary mixtures of nonane with 1-chlorononane has been measured as a function of
composition at temperatures between (293.15 and 423.15) K. The speed of sound was measured by a pulse-phase
echo ultrasonic device at a frequency of 1 MHz with an uncertainty &1 %.

Introduction Table 2. Speed of Sound: of Nonane (1)+ 1-Chlorononane (2)

from (293.15 to 423.15) K

The thermophysical properties of binary mixtures containing
alkanes with 1-chloroalkanes have been extensively studied with

w(m-s) forx, =

the aim of better understanding intermolecular interactions. A TK
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detailed understanding of the effect of the presence of the 9315 12972
chlorine (CI) group in a mixture on the excess thermodynamic 298.15 1278.2
properties and the behavior of haloalkanes in mixtures with 303.15 1259.5
alkanes is important from both practical and fundamental 308.15 1240.9

viewpoints. On the other hand, a knowledge of the thermo-

313.15 1222.5
318.15 1204.3

physical properties of nonelectrolyte solutions such as speed ;5.7 5 11563
of sound will be helpful for the chemical industry for the design 355 15 11638.4
of processes of mass transfer, heat transfer, and fluid flow.  333.15 1150.7

In this work, the speed of sound of the binary mixtures nonane 338.15 1133.2

+ 1-chlorononane was measured in the temperature range of343-15
(293.15 to 423.15) K. Our literature survey indicated there is

1115.9
348.15 1098.8
353.15 1081.9

no experimental data on the thermophysical properties of the 556 15 10651

above mixture. 363.15 1048.5
, , 368.15 1032.2
Experimental Section 373.15 1015.9
Nonane and 1-chlorononane (mole fractien0.98) were 378.15 999.1
supplied by Sigma-Aldrich Ltd. and were used without further ggg'ig ggg'z
purification. The mixtures were prepared by mass, with @ 59575 9503
precision of+ 5-10°° g. The uncertainty in the mole fraction 39315 934.3
is less than 8.0~4. The ultrasonic speed was measured along 403.15 918.4
the saturation line by a pulse-phase echo ultrasonic device 408.15 902.6
constructed by the authdrat a frequency of 1 MHz, to a 41315 8870
precision of £ 0.1 %. The acoustic cell consisted of two gg'ig ggé'g

transducer piezoceramics of 20 mm in diameter located on the
fixed distance of 21.234 0.001 mm. The temperature change
of the acoustic path was taken into account. Experimental value
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gTable 3. Values of Parameters of Equation 1 and Standard
Deviation for Nonane (1) + 1-Chlorononane (2) from (293.15 to
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Table 1. Comparison of Speed of Sound for Nonane with

Literature Data at Different Temperatures X1 AL A As ol(m-s™)

uw(ms) w(mes™) 0.000 2621.6 —5.309 2.6910°3 2.0

e e 0.100 2611.1 —5.262 2.5010°3 1.9

TIK ref 2 this work TIK ref 2 this work 0.300 2656.6 5573 2 8610-2 16

293.15 1227.0 1227.3 353.15  992.1 992.8 0.500 2548.6 —4.988 1.951073 1.6

303.15 1186.6  1187.2 373.15 916.7 917.9 0.700 2679.2 5776 2 9910-2 27

313.15 1146.9 1147.5 393.15 844.1 844.7 0.800 2607.2 ~5.375 2.3410°3 1.2

333.15 1068.7 1069.3 413.15 7717 773.2 0.850 2571.2 —5.151 1.9810°3 292

_ 0.900 2438.4  —4.442 1.0010°3 1.1

of sound speed for nonane at different temperatures were 1.000 2587.7 —5.248 2.0710°3 11

compared with Boelhouer’s data and were in good agreement,
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The speed of sound of nonane (t)1-chlorononane (2) is  whereuspsganducacqare the observed and calculated quantities
given in Table 2 from (293.15 to 373.15) K. The speed of sound as defined earliem is the total number of experimental points;
(u) values are fitted by the method of least-squares using theandp is the number of parameters.
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Received for review January 13, 2007. Accepted April 2, 2007. This
study was supported by the Russian Foundation for Basic Research

n 1/2
_ 2 under Grant No. 06-08-00875.
0= (uobsd_ ucalcc) /(n - p) (2)
JE700021F



