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Experimental investigation of the equations of state of superheated liquids is
connected with a number of difficulties, and the available methods of its analytical
construction are too cumbersome and labour consuming to make it possible to calculate
rapidly, but with a sufficient accuracy the P, v, T values for the metastable region [1].
Below is a procedure that allows solving this problem.

To describe P, v — isotherms a simple relation based on the expansion of free
energy into a series in the vicinity of the spinodal has been suggested [2, 3]:

P=p,+1-(v-v,), (1)
where Py, and vy, are the pressure and the specific volume on the spinodal, / is the
expansion coefficient. Relation (1) gives value of the specific volumes of n-hexane,
diethyl ether and argon, which do not differ by more than 0.5% from the data of
reference [1] in a wide range of temperatures and pressures [2]. In this case it is
assumed that the spinodal parameters are known, and the constant / is determined by the

P, v, T — data of the saturation line or by the derivative (OP/ v), . With the use of

relations of the thermodynamic similarity theory formula (1) makes it possible to
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perform calculation by minimum initial information with an accuracy sufficient for
most applications.
To determine the pressure on the spinodal we use generalization of the Fiirth

formula in the framework of the one-parametric theory of thermodynamic similarity [4,

51.
r=1-a'-(1-7)+0(1-7), 2)
a=8.07-3.9831g 4 3)
0 =0.03795+0.018414 —0.0019.4° (4)

Here 7=T/T, is the reduced temperature, 7 =P/P, is the reduced pressure,
A=1007, , is the criterion of thermodynamic similarity, g=1.2233.

The remaining constants in Equation (1) will be determined from tabulated data.
We shall assume that at a given temperature the pressure of saturated vapor P, and the
specific volume of the liquid phase on the saturation line v,, and also N values of the P,
v —quantities in the stable region are known. Then for every point of the isotherm we

can write:

— P (vl. -V,

- :&_%j (i=1,..,N) (5)

sp

a, =
1

After resolving (5) with respect to vy, summing over i and dividing by the number of

points in the stable region N we shall obtain
(6)

where <3\/Z> and<v> are the average values of the corresponding quantities. For the

coefficient / from (1) it follows:



1=(P-P,)l.-v, ). )

Table 1 gives absolute (Av, cm’/g) and relative (Av/v,%) discrepancies between

the specific volumes obtained by the suggested methods and the data from the paper [1]
by isotherms for n-hexane, diethyl ether, argon. Table 2 presents the values of the

complex

v

®)

L
Av \/Z(v” _VT)Z/L %
VS

characterizing the integral degree of co-ordination of the methods, for the same liquids
at the same temperatures. Summation is made by all the points of the isotherm L to the
depth of penetration into the metastable region described in the table by the parameter €

- degree of metastability:

, % ©

As may be seen, differences in the determination of the specific volume between
the methods under consideration in the vicinity of the saturation line are from 0.03% to
0.5%. Table 2 also gives discrepancies with [1] in the determination of the pressure on
the spinodal APy, by formulae (2)-(4) and the specific volume by formula (6) - Avy,/vy,.
From Table 1 and 2 it follow that in the vicinity of the spinodal differences in the
determination of the specific volume may reach 2%.

Tables of twenty organic liquids [6-14] have been extended to the metastable
region to illustrate the above-mentioned methods.
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Degree of coordinatyion of nethods.

Tabk 1.
nthexane

T=120 T=130 T=140 T=150 T=160
P AV | AW % AN |AW%| P AV | AW % AV | AW % AV | AW %
30 00009 004 30 0002020 011 30 000029 002 300 000007, 0,004 30 000155 008
25 0,00008 0,004 25 000115 006 250 000006 0,003 25 000016 001 25 00046 002
20 000037 002 20 000013] 001 20 00004 002 200 000011 001 200 000008 0,01
15/ 000043 0,02 15/ 000004 0,002 15/ 000034 002 15/ 000025 001 15/ 000114 006
100 000034 002 100 000137, 008 100 000029 002 100 000005 001 100 00009 004
5 000036 002 5/ 0,00189 01 5 000049 003 5 000005 0,003 5 000113 004
0 00005 003 0 00016 009 0 000002 0001 0 000041 002 0 000129 006
-5 0000771 004 -5 00024 0,14 -5 000024 001 -5 000135 007 -5 0000820 002
-100 000118 0,07 -100 000271 015 -10 0001120 006 -10 00017, 009 -100 000025 001
-15) 000075 004 -15 000314 0,17 -15 00016 008 -15 000235 012 -15) 00014 007
200 000048 003 200 000387, 021 200 000264 0,14 200 000414 021 20 005655 268
o0 000401 022 500 000318 0,17 300 000507, 026 300 000828 041 300 011408 515
-1000 002998 1,53 -0 000997, 049 -0 0015150 0,77 40 0016020 07 40 00316 145

00 0049 217 50 003145 1,51




etk I(cartinuetion)

nhoare

= =) =D =0 =210

DV |DW % Dv (DW% P DV |DW % DV |DW% P DV |DW %
30 Q00 QB 30 Qoo Q01 30 Qo34 Q6 33 Qo4 oo 33 ooy Qll
23 Q002 O 23 Qoo 008 23 Q004 008 30 Qoell O 30 Qoo Qo
2] Qo01§ Q01 2] Qo012 Q01 A1 QR QM4 23 Qo 0 23 00143 0
15 Qo3 QS 15 QoY Q@ 15 Qoo Q01 A1 00004 O A1 Q0B Q14
10 Qo017 Q0 1000097 Q0 10 QOO1I™ Q8 15 000001 022 15 Q2Ry 108
5 Q049 Q17 5 Q44 Q19 5 0004 0 10 001599 067
g Qs OXR g o 041 q0as48 067 5 00 1Y
5 0003 03 -5 006l 0 = I010722)| B 92
-1 001317 082 -1 0253  LI3
-18 001999 091 18 01 208
A 0881 132
30 01127 4%




Tabk 1(continuation).

Fther

T=100 T=110 =120 T=130

AV | AW % AV | AW % AV |AW%| P AV | AW %
400 000018 001 400 0000460 003 400 0000190 001 40 00019 008
300 000017, 001 300 000260 002 300 000004 0003 300 0000160 001
20 000009 001 20 000037 002 20 000014 001 20 0001621 009
100 0,0001 0,01 100 000035 002 5 000037 002 10 0002321 013
(0 000019, 001 5 000005 0003 (0 000019f 001 5 00058 014
-100 000012 001 0 00004 003 -100 0000060 0,003 0 00016 0.2
200 000016 001 5| 000078 005 200 000068, 004 -100 00046 025
40 000012 001 -100 000076f 005 400 000177, 009 200 000655 035
o0 000105 006 200 000077, 005 S0 000727 039 401 003592 1,34
0 0006060 038 40 00004 003
0 001539, 086 -0 000088 0




Tebk 1(continuation).

Fher
=140 =150 =160 =160

P AV | AW % AV | AW % AV |AW%| P AV | AW %
40 000172 00011 004 40 00009 003 40 000432 021
30 0,00048 00007/ 004 35 000038 002 35 00049 02
) 000125 00035 02 30 000033 002 30 000188 009
100 000259 000049 003 25 000011 001 25 00093 014
5 000363 00012 004 2 O 005 20 000163 007
0 000339 00034 017 15 0,003 0,16 15 003312 141
-10 000478 00064 031 10 0, 039

20 00002 000587 028 5 O 09




Table 1(end).

Ether
=-168 =-158 =-148 =-138

P AV | AVN % AV | AVN % AV | AVN % P AV | AVN %
45 0,00005 0,01 45 0,00018 0,02 501 0,00027 0,03 70| 0,00031 0,03
40( 0,00007 0,01 40( 0,00015 0,02 45 0,00023 0,03 60| 0,00017 0,02
35| 0,00009 0,12 35| 0,00017 0,02 40( 0,00019 0,02 501 0,00043 0,05
30! 0,00002 0,003 30| 0,00004 0,004 35| 0,00008 0,01 45 0,00032 0,03
25| 0,00002 0,004 25| 0,00005 0,01 30| 0,00011 0,01 401 0,00016 0,02
20 0,00005 0,01 20( 0,00009 0,11 25( 0,00024 0,03 35 0,00016 0,02
15| 0,00005 0,01 15| 0,00018 0,02 20 0,00042 0,05 301 0,00062 0,06
10| 0,00014 0,02 10f 0,00031 0,04 15 0,00002 0,002 25( 0,00007 0,01
1{ 0,00003 0,004 5[ 0,00008 0,01 10f 0,00032 0,04 20( 0,00107 0,11
-50f 0,00115 0,14 1{ 0,00002 0,02 5| 0,00059 0,07 151 0,00266 0,26
-80| 0,00363 0,45 -10] 0,00059 0,07 11 0,00119 0,13 10| 0,00501 0,49
-100{ 0,00483 0,59 -30/0,0048 0,17 -10] 0,00269 0,29 51 0,00809 0,77

-50| 0,00363 0,42 -30] 0,00665 0,69

-80| 0,00834 0,93




Degree of co-ordinatyion of calculations of spinodal paraneters
and average values of discrepancies with [ 1] on 1soterns.

Table 2.
T,°C Py Pp APy, Vi Vp AVgp  AVep/Vip AVIV%
1 2 3 4 5 6 7 8 10
n-hexane
120 -108,1| -108,16| -0,06| 2116 2078 -0,04; -1,89 22 0,03
130 -89,8| -89,55 025 2,167 2,157 -0,01 -0,46 26 0,12
140, -729| -72,76 0,14 2222 2,174 -0,05 -2,25 46 0,09
150, -574| -57733 0,07( 2281 2237\ -04| -175 58 0,15
160 -43,1| -4326| -0,16] 2346 2323 -0,02] -0,85 75 1,86
170 -30, -30,28)  -0,28] 2418 2,363 -0,06) -248 75 0,58
180 -179| -1835 -045| 2499 2459 -0,04 -1,6 89 0,85
190 -6,8|  -734] 054 2593| 2,581 -0,01 -0,46 89 0,74
200 3,3 2,74 0,56 2,705 2,683 -0,02] -0,81 85 0,88
210 125 11,94 -0,56| 2,844 2,841 -0,003 -0,11 67 0,52




Tabk 2 (end).

T,°C Pr Pp AP, A% Vp AVyp AV V! AVIVY%
1 2 3 4 5 6 7 8 10
Ether
110 90| -7826| 11,74 1,984 1,947 -0,04] -2,02 56 0,03
120 -67,6] 59,25 835 2,038 2,008 -0,03] -147 72 0,04
130 47,3 -41,97 533 2,099 2,092 -0,01 -0,48 96 0,69
140;  -29,1| -26,13 297 2,17)  2,166] -0,004| -0,18 85 0,23
150 -12,8] -11,75 LOS| 2253|2241 -0,01 -0,44 94 0,18
160 1,6 1,39, -021| 2,353 2,35 -0,003) -0,13 81 0,39
170 14,1| 13,34 -0,76 248 2,519 0,04 1,61 87 0,64
Argone
-168| -185,1| -200,37| -15,27 0,97 0962 -0,008] -0,01 51 0,23
-158 -113| -117,65  -4,65| 1,008 1,008| -0,0002| -0,02 70 0,29
-148]  -53.4| -55,07 -1,6(1.077. 1,074 -0,003|] -0,27 36 0,23
-138 5,20 -5,89] -0,69 1,18 1,169 -0,011 -0,01 49 0,29
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