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The ultraacoustic method is now being widely employed for studying the physicochemical properties
of materials. By using experimental data relating to the velocity of sound C, the density p, and the specific
heat at constant pressure Cp, many important thermodynamic parameters (8g, 87, v, Cy etc.) may be cal-
culated. In this paper we shall present the results of measurements made on the velocity of sound in five
liquid-phase hydrocarbons (pentene-1, hexene-1, n-hexane, n-heptane, and toluene) on the saturation line
between —120 and +310°C. Altogether we have studied 22 hydrocarbons belonging to various homoélogous
series: n-alkanes, 1-alkenes, and aromatic hydrocarbons, The parameters of the liquids considered in
this paper are presented in Table 1,

The measurements were carried out in the pulse-type ultrasonic installation described in [1]. The
temperature was measured with a platinum resistance thermometer placed directly in the test liquid (ac-
curacy 0.1°C). In the low-temperature range a cryostat based on liquid nitrogen was employed, The error
in determining the velocity of sound (allowing for scaling inaccuracies) was no greater than 1-3 m/sec,

The resultant velocity-of-sound data were used, together with the experimental values of the density
p [2-7], saturated vapor pressure P {1, 8-9], and specific heat at constant pressure C, {2, 3, 10-18}, to
calculate the adiabatic and isothermal compressibilities B and B and the ratio of the specific heats v.
The error in determining 85, AT, and vy was, respectively, 0,5-1,5, 1-3, and 1.5-5%. The results of the
calculations, and also the experimental data relating to the velocity of sound, are presented in Table 2,

Analysis of the results showed that the isothermal compressibility 87 of the n-alkanes and 1-alkenes
closely obeyed the equation :

BrC=a-Lbt,

where C is the veloeity of sound in m/sec, t is the temperature in °C, n=2,5, and ¢ and b are constants,
For hydrocarbons of the same series the quantity « falls regularly with increasing number of the homolog,
while b is approximately the same for all terms of the series, The values of the coefficients a and b ob-
tained by the method of least squares are given in Table 1, The mean error in the calculation of Aq by
means of the foregoing equation is no greater than 1-2%.

On passing from one homolog to another in the n-alkanes, 1-alkenes, and alkyl benzenes, the velocity
of sound increases and the adiabatic and isothermal compressibilities diminish, This is evidently because
of the increasing intensity of the intermolecular forces which occurr with increasing number ofthe homolog.

TABLE 1
Hydrocarbo 0}’ wy th:*C 3 mA 4
i i 9 5 -
ydrocarbon oo i Gsomm Hg)  ImAed /bar (deged) /bar
Pentene | 0,6410 1,3716 30,2 6977 —6,2
Hexene { 06733 11,3880 63,6 6383 —6,4
m-Hexane | 0,659 1,3751 68,7 6373 — 44
m-Heptane 00,6837 1,3878 98,4 53915 —4.9
Toluene 0.8666 14968 10,6 — —_
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TABLE 2

o -108, 108, 10%, 10¢,
T,%¢| C, " —1 °1 —1 v c, s —1 PT —1 ¥
m/sec | bar bar m/sec | bar bar
Pentene 1 Hexene 1
—100 1664 47,8 66 1,38 1687 43,2 60 1,34
-—80 1549 56,5 79 1,38 1582 52,4 70 1,34
—40 1331 80,7 112 1,38 1379 72,3 96 1,33
0 1125 120 165 1,38 1187 103 136 1.32
40) 927 188 258 1,37 1005 151 198 1,31
80 735 324 447 1,38 829 237 308 - 1,30
100 B33 448 (20 1.38 742 307 400 1,30
140 447 569 570 1 740 1,30
180 217 391 1360 1820 1,34
200 ' 293 2660 3700 1,39
n-Hexane ' n-Heptane
~80 | 1585 53,5 69,6 | 4,30 f 1622 49,7 63,6 | 1,28
—40 | 1382 73.6 95,7 | 130 | 1425 67.1 85.9 | 1,28
0 1189 105 135 1,29 1241 92,7 118 1,27
40 1010 153 - 198 1,29 1067 131 166 1,26
80 834 239 309 1,29 901 194 243 1,25
100 747 308 297 1,29 820 242 302 1,25
140 973 570 747 1,31 660 402 504 1,25
180 393 1360 1860 1,37 499 763 972 1,27
200 296. 2620 3760 1,44 418 1160 1500 1,29
240 236 4300 6500 1,51
Toluene
—80 1818 31,5 45,2 1,44 |
—40 | 1613 41,7 384 | 1,40 |
0| 1417 56,2 76,8 | 1.37
40 1240 76,7 103 1,34
80 1074 107 142 1,33
100 995 128 169 1,31
140 842 189 250 1,530
180 691 300 393 1,31
200 615 393 519 1,32
240 462 763 1050 1,37
280 296 2140 3190 1,49
300 200 — — —

The ratio of the specific heats v or the n-alkanes _and 1-alkenes varies very little between the melt-
ing point t;,; and 0.85 of the critical temperature.

It was shown earlier [17] that for many physical properties of the n-alkanes and alkylbenzenes a re-
lation of the following kind was closely satisfied:

’y—l = const for T, —T, =T, —T,,
where y; and y, are the properties of homologs 1 and 2 under consideration at certain temperatures Ty and
T,, respectively, while T'x and T", are the critical temperatures. This relationship holds for the sub-
stances considered in the present investigation.
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