SOME THERMODYNAMIC PROPERTIES OF n-HEPTANE
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The results of measurements of the speed of sound in n-heptane on the saturation line are
presented. The values obtained are used to calculate a series of thermodynamic quantities.

The study ofthe thermodynamic properties of liquids over a broad interval of temperatures and pres-
sures is of undoubted theoretical and applied interest. However, because of the experimental difficulties,
the thermodynamic properties of only a few liquids have been thoroughly studied.

As a means of investigation, acoustic methods are notable for their relative simplicity and reasonable
accuracy. A knowledge of the speedof sound makes it possible to calculate such important thermodynamic
quantities as the adiabatic 85 and isothermal gy compressibilities, the specific heats at constant pressure p
and constant volume cy, and their ratio v = cp/cv.

We have measured the speed of ultrasound in the liguid phase of n-heptane on the saturation line in the
temperature interval 20-266°C. The measurements were made on a pulsed ultrasonic apparatus at a fre~
quency of 1 MHz using the method of a single fixed distance., An autoclave with the test liquid was placed in
an air heater with an electronic thermoregulator and kept at a given temperature for the time needed to es-
tablish the equilibrium state (6-8 h near the critical point). The temperature was measured with a platinum
resistance thermometer introduced into the autoclave near the acoustic path. The accuracy of the tempera-
ture measurements was 0.1°C. The error in determining the speed of sound was +2 m/sec.

For investigation purposes we took a sample of n-heptane with the following characteristics: p3°
= 0.6837; nZ) = 1.3878; t},, = 98.4°C (760 mm Hg).

TABLE 2. Thermodynarﬁic Properties of n-
Heptane on the Saturation Line

TABLE 1. Speed of Sound in n—Hepta,ne a-long the ‘oG 8. 101 ﬁt 10M, cp <1073 ¢y 1073,
Saturation Line ) N B I/kg. degli/kg. deg|
o mfsec 20 109,7 1/; 8 | 2,227 9
. - - , , , 1,75 1,266
t,oc  |amWhors - gublished t, °C ¢, m/sec 30 119,8 151,4 | 2,265 | 1,792 | 1,264
ments data : 40 131,3 165,7 | 2,303 | 1,825 | 1,262
gg }gg,x 181,4 | 2,345 | 1,863 |-1,959
,8 199,6 | 2,386 | 1,808 | 1,257
20 1155 1154 1 150 620 70 175,7 220,3 | 2,428 1,936 1,2?4
1148 |2 160 580 80 . 194,3 243,3 | 2,474 1,976 1,252
30 1112 12 1 170 540 90 216 270 2,520 | 2,019 1,248
1107,5 |2 180 500 100 242 302 2,571 2,062 1,247
40 1069 1070 |1 190 459 110 271 339 2,621 2,097 1,250
-~ 1062,2 |2 200 417 120 307 384 2,671 2,130 1,254
50 1027 1028 |1 210 374 130 350 438 2,721 2,172 1,253
1022 |2 220 330 140 402 504 2,776 | 2,214 1,254
60 985 981 |2 230 285 150 465 - 585 2,830 | 2.250 | 1,258
70 943 940 [2 240 236 160 542 681 2,880 | 2.299 | 1,956
80 903 250 184 170 640 807 2,947 2,337 1,261
90 862 260 T 180 764 972 3,006 | 2,365 | 1,271
100 821 265 85 190 937 1201 3,068 | 2,393 | 1,282
110 782 266 77 200 1164 1502 3,135 | 2,423 | 1.294
120 741 210 1402 1966 3,206 | 2,432 | 1.318
{ ig gg(l) 220 1989 2703 3,294 | 2,424 | 1,359

Pedagogic Institute, Kursk, Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 15, No.5, pp.
890-892, November, 1968, Original article submitted January 3, 1968.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Sireet, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

1098



The results of the measurements are presented in Table 1 and compared with the most accurate pub-
lished values [1, 2].

The results obtained for the speed of sound and the known values of the density p [3], the saturated
vapor pressure P [3, 4] and the specific heat at constant pressure {3, 5] enabled us to calculate the adiaba-
tic and isothermal compressibilities, the specific heat at constant volume, and the ratio of specific heats.

The adiabatic compressibility was calculated from the known equation

The joint solution of the equations

and

dpP
a, =a, + T3
» S Yﬁs dT
where op and ag are the coefficients of thermal expansion at constant pressure and on the saturation line,
respectively, enabled us todeterminethequantity v. The values of y thus calculated were used to compute
the isothermal compressibility 8t = ¥8g and the specific heat at constant volume cy = Cp/’)'. The results are
presented in Table 2,

Analysis of the results reveals certain features of the temperature variation of the thermodynamic
properties of n-heptane along the saturation line. In particular, v has a weakly expressed minimum at the
boiling point. 1t should be noted that during the interval 20-80°C the variation of y with temperature is so
small (1-2%) that for approximate calculations this quantity may be assumed to be independent of the tem-
perature, At higher temperatures Y increases appreciably. The specific beat ¢y increases with tempera-
ture.

It may be assumed that these features of the temperature behavior of vy and cy, will also be observed in
connection with other liquids having similar chemical structure and physical properties, in particular,
other members of the n-paraffin homologous series.

NOTATION

c is the speed of sound;

Bg is the adiabatic compressibility;

Bt is the isothermal compressibility;

cp is the specific heat at constant pressure;
Cy is the specific heat at constant volume;
Y is the ratio of specific heats;

p is the density;

np  is the index of refraction;

P is the vapor pressure;
T is the absolute temperature;
o is the coefficient of volume expansion.
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