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PVT-x Behavior of He-N, Mixtures from 270 to 353 K and up to 
280 bar 
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The compresslblllty factor of He-N, mixtures was 
measured wlth a Burnett setup and an optlcal apparatus In 
the pressure range up to 280 bar and the temperature 
range from 270 to 353 K. The pure and unlike second 
and third viral coefflclents and their dependence on 
temperature were derlved from the experlmental data. 

1. Introduction 

The number of investigations concerning the thermodynamic 
behavior of binary mixtures at high pressure is very limited. 
Moreover, the applications of high-pressure technology is in- 
creasing rapidly, and the data of thermodynamic properties of 
mixtures at high pressure are important to these applications. 
I t  is well-known that the unlike interactions cannot be accu- 
rately determined from the interactions in pure substances. 
Therefore, the information on the equation of state of binary 
mixtures is indispensable in determining the thermodynamic 
properties of a binary system and the effective pair potentials, 
in particular, the repulsive part. 

This investigation is part of a systematic study of the PVT-x 
properties of binary mixtures of helium and nitrogen up to 10 
kbar at the Van der Waals-Zeeman Laboratory. The interest 
in this particular binary system is due not only to the simple 
shapes of both helium and nitrogen molecules but also to the 
relatively large difference in size and mass of these molecules. 
These would allow an easier approach to acquire knowledge 
of unlike interactions and to compare existing theories for fluid 
mixtures with experimental data. Moreover, the internal degree 
of freedom in the nitrogen molecule gives a more complicated 
phase diagram and plays a role in a very interesting behavior 
of the helium-nitrogen mixture in the solid phase (I), although 
the nitrogen molecule is almost spherical. To explain these 
phenomena, the knowledge of the unlike interactions is es- 
sential. 

The experiments on the compressibility factor of this binary 
system as well as pure helium were carried out in Ruhrgas AG, 
Dorsten, West Germany, with a Burnett setup and an optical 
apparatus consisting of interferometers (2). More details about 
the experiments and the experimental compressibility factor of 
pure nitrogen have been published elsewhere (3, 4). 

2. Experlmental Methods 

Burnett and optical experiments were used to measure the 
compressibility factor of pure helium and mixtures of 24.940, 
49.964, and 74.91 1 mol % helium. The data were collected 
along isotherms in the temperature range from 270 to 353 K 
and the pressure range up to 280 bar. The optical experiment 
allows quick measurement, but it needs the Burnett experiment 
for a precise calibration; therefore, both methods were used in 
this work. 

2.1. Burnett Experlment. Since the setups have been 
described elsewhere (2), we will give here only an outline of 
the method. 

The Burnett setup consists of vessels A and B (Figure 1). 
Vessel A is connected to a gas compressor through valve 1 
and also connected to a dead-weight pressure balance by a 
differential pressure meter (DPM). Vessel B is connected to a 
vacuum pump through valve 2. Moreover vessels A and B are 
connected through expansion valve 3. All these parts are in 
a thermostat bath in which the temperature can be stabilized 
within 0.01 K and can be measured with a mercury thermom- 
eter. 

One can start the experiment by filling vessel A up to 280 
bar, while keeping vessel B at high vacuum, and then close 
valve 1. After the gas in vessel A reaches thermal equilibrium 
with the thermostat bath, the pressure in vessel A is measured 
with the dead-weight balance. The procedure is then as fol- 
lows: the gas in vessel A is released into vessel B. When the 
gas in vessels A and B reaches mechanical and thermal 
equilibrium, the pressure is measured with the dead-weight 
pressure balance and the expansion valve 3 is then closed. 
The vessel B is evacuated to high vacuum, and the above 
procedure is repeated. The experiment is finished when the gas 
pressure reaches the lower limit of the accurate pressure 
measurement (about 1 bar). 

By analyzing the experimental procedure and applying the 
mass conservation principle, one can derive the following for- 
mula to calculate the compressibility factor after the /th ex- 
pansion of the sample gas: 

I t  is obvious that the volumes V, and V, would expand 
under pressure, and therefore we apply a linear Taylor expan- 
sion to the distorted V O ~ U ~ ~ S  ( V A  + V& and ( VA),-,. Equation 
1 then becomes 

Zo 1 (v,  + V,)O(I + ap,) 
, q=P- - r I  (2) 

l P O  i = l  (VA)O(1 + bpi-1) 

where No = (V ,  4- V,)O/( V,)' is the zero-pressure cell con- 
stant. The parameters a and b are those of a Taylor expansion 
around zero pressure and are independent of temperature, The 
cell constant No and the run constant Zo/Po can be calculated 
by applying the 

(3) 

PO (V ,  + V,)O(I + aP,) 
- = lim pjrI (4) 
zO p i 4  (VA)O(1 + bpi-,) 

2.2. optrcar Experhmnt. The optical setup consists of one 
measuring interferometer and one pressure interferometer, 
which are installed in different thermostats. Each interferometer 
consists of a measuring cell and a reference cell. Both 
measuring cells are connected to a pressure equilibrium 
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Valve 1 DPM Valve 2 

I I 

Flguro 1. Burnett setup: differential pressure meter (DPM); dead- 
weight balance; gas compressor; mercury thermometer; vacuum 
system; valve 1; valve 2; valve 3; vessel A; vessel B. 

Density interferometer Press. interferometer 

I 

8 v3 
Flgure 2. Optical setup: C, L, and V represents signal converter (C); 
laser (L); valve (V); pressure equilibrium chamber (PEC). 

chamber (PEC) through valve 1 and valve 2,  as shown in Figure 
2. 

Both interferometers work as follows (see Figure 2). A laser 
beam is split by a diffraction grating into a measuring beam and 
a coherent reference one. After traveling through the meas- 
uring cell filled with gas and the reference cell kept at high 
vacuum, these two coherent beams are focused on a signal 
converter C and display interference which is recorded by a 
fringe counter. I f  the optical path length differs by 1 wave- 
length, a full bright-dark-bright change in the interference 
fringes occurs. The refractive index is measured by counting 
the changes in the interference fringes caused by the density 
changes of the gas. 

n -  1 = XkL-l (5) 

where n is the refractive index, X is the wavelength of the laser, 
k is the fringe number, and L is the cell length. 

The density of the sample gas can be determined from the 
measured refractive index by the Lorentz-Lorenz law 

where A,, 4, C,, ... are refractive virial coefficients. A, has 
been directly determined from the measured refractive index 
by plotting (n2  - 1 ) / [ ( n 2  4- 2)P]  as a function of pressure at 
ideal gas c o n d i i  P = 0. The 6, and C,, have been determined 
by a least-squares fit against the Burnett measurement. I t  
should be noted that A,, weighs over 99% in the total contri- 
bution of all the terms in the right-hand side of eq 6, and 
therefore the dependence of the optical experiment upon the 
Burnett one is very weak. 

Since the pressure interferometer has been calibrated with 
pure nitrogen against a deadweight balance and the density of 
nitrogen is accurately known, one can determine the pressure 
in the measuring cell from the refractive index of pure nitrogen. 

Table I. Experimental Refractive Virial Coefficients 
helium/ A,/ u l l  Bnl cn/  
(mol %) (cm3/mol) (cm3/mol) (cm6/mol2) (cmg/moP) 
100.OOO 0.5206 0.0006 -0.16 6 
74.911 1.5048 O.OOO8 -0.05 -1 
49.964 2.4852 0.0016 0.11 -32 
24.940 3.4674 0.0016 0.33 -61 
0.000 4.4465 0.0018 0.60 -85 

One can start the optical experiment by filling the measuring 
cell of the measuring interferometer with sample gas and that 
of the pressure interferometer with pure nitrogen up to 280 bar 
and then manipulate valves 1, 2 ,  and 3 in such a way that both 
gases expand into the PEC and reach both mechanical and 
thermal equilibrium. So the pressures in both cells are the 
same and can be calculated from the refractive index of pure 
nitrogen. One should measure the temperature and the re- 
fractive indexes of both sample gas and pure nitrogen. Then 
one can open valve 3 to release some gases to reach lower 
pressure and close valve 3 and measure the same quantities 
after both gases reach equilibrium again. This procedure is 
repeated until the pressure in the cells of both interferometers 
is very low. 
2.3. The Uncerlanlfy of Measurements. The temperature 

was controlled and measured with platinum resistance and 
mercury thermometers in both Burnett and optical experiments. 
The uncertainty of the temperature measurements is 0.01 K. 

The dead-weight pressure balance in the Burnett setup 
measures pressure with an uncertainty of 0.0006 bar in the 
range from 1 to 6 bar and 0.01 % above 6 bar. The pressure 
interferometer of the optical experiment measures pressure 
with an uncertainty of 0.0009 bar in the range from 1 to 6 bar 
and 0.015% above 6 bar. 

The uncertainfis of the cell constant and run constant of the 
Burnett experiment are 0.001 and 0.05%, respectively. The 
uncertainties of the refractive index and the A, value of the 
optical experiment are 0.0015 and 0.05%. The refractive virial 
coefficients used in this work to calculate the compressiblllty 
factor from eq 6 are listed in Table I. 

The concentrations of helium in this binary system are 
100.000, 74.911, 49.964, 24.940, and 0.000 mol%. The 
sample gas for this work was purchased from Messer Griesh- 
eim, and the maximum uncertainty of the concentration of he- 
lium in the binary mixtures is claimed to be less than 0.008 
mol % . 

Taking into account these uncertainties, one can derive that 
the overall uncertainty of the compressibility factor of the 
Burnett experiment is 0.07% from 6 to 80 bar and 0.10% 
above 80 bar. The optical experiment is consistent with the 
Burnett experiment within 0.03%, as indicated in Table 11 in 
the lines denoted by superscript B. 

3. Results 

3.1. EirpenhwMter Resulys. The compressibility factor along 
each isotherm determined by the Burnett and optical methods 
can be presented by a polynomial expression in density as 
follows 

z = 1 + c,p + c2p2 + c3p3 (7) 

and the coefficients c, (i = 1, 2,  and 3) of each isotherm and 
the percentage standard deviation of each fit are given in Table 
11. For each isotherm the number of data points is about 55, 
except for those along which both Burnett and optical mea- 
surements have been performed in which cases the numbers 
ranged from 65 to 90. Since the standard deviation for those 
isotherms, where the Burnett and optical results are fltted sl- 
muttaneously, is equal to or less than 0.03 % , it is obvious that 
the Burnett measurements are consistent with the optical 
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1400 

1350 

Table 11. Coefficients for Equation 7 
helium/ T /  c, I C d  C?/ 10000~~ 1 

- 
- 

-2.50 I 9 

- 8  

- 7  

- 6  

- 5  

- 4  

- 3  

- 2  

(mol 9i') K (cm3jmol) (cm6[mol2) (cmgimo13) % 

100.000 273.15 11.896 109.6 108 0.005' 

N- E I3O0 

6 2 1200 

1250 

100.000 393.15 
100.000 313.15 
100,000 330.00 
100.000 353.15 
74.911 270.00 
74.911 290.00 
74.911 298.15 
74.911 310.00 
74.911 330.00 
74.911 350.00 
49.964 270.00 
49.964 290.00 
49.964 310.00 
49.964 330.00 
24.940 270.00 
24.940 290.00 
24.940 298.15 
24.940 310.00 
24.940 330.00 
24.940 350.00 
0.000 269.30 
0.000 273.15 
0.000 290.00 
0.000 293.15 
0.000 310.00 
0.000 313.15 
0.000 323.15 
0.000 330.00 
0.000 350.00 
0.000 353.15 

- 

- 

- 

11.819 
11.747 
11.728 
11.632 
13.949 
14.267 
14.613 
14.727 
14.841 
15.174 
10.929 
11.824 
12.752 
13.852 
2.636 
5.273 
6.010 
7.564 
9.450 

11.085 
-10.589 
-9.727 
-6.069 
-5.507 
-2.345 
-1.807 
-0.170 
0.874 
3.681 
4.092 

99.5 184 
96.9 157 
72.8 344 
67.8 371 

270.0 548 
274.0 482 
233.7 688 
227.4 745 
268.0 425 
236.1 60 1 
491.5 1395 
553.8 954 
579.0 747 
563.4 76 1 
816.1 2768 
800.1 2713 
840.1 2404 
778.7 2697 
767.5 2691 
767.0 2608 

1165.4 5179 
1162.1 5223 
1160.1 4986 
1173.0 4898 
1150.0 4891 
1145.8 4911 
1140.1 4869 
1142.3 4789 
1136.0 4670 
1132.7 4690 

0.006' 
0.006' 
0.005' 
0.006' 
0.006 
0.005 
0.005' 
0.007 
0.004 
0.002 
0.005 
0.004' 
0.009' 
0.007 
0.006 
0.006 
0.007' 
0.004 
0.003 
0.003 
0.023 
0.030' 
0.016 
0.016' 
0.010 
0.013' 
0.010 
0.008 
0.006' 
0.007' 

Standard deviation of each fit. Superscript B denotes the fit 
with data points of both Burnett and optical measurements. 

measurements within the experimental uncertainty. 
However, the raw data of compressibility factor of pure he- 

lium as well as the binary mixtures of helium and nitrogen are 
presented in the supplementary material. The nitrogen data 
have bean published elsewhere (3, 4). 
3.2. Pure and Interaction Virial Coefficients . The ex- 

perimental compressibility factors have been analyzed by ap- 
plying the virial equation of state along each isotherm. 

Z = 1 + Bp + Cp2 + Dp3 + Ep4 (8) 

The second virial coefficient B and third virial coefficient C 
were determined at each temperature by a least-squares fit of 
the virial equation against the experimental compressibility 
factor. The fit was carried out by including successively more 
data points and more coefficients according to the scheme 
proposed by Van den Berg (5). 

Since the virial coefficients are only dependent on the tem- 
perature of the gas, the standard deviation of the fit should not 
systematically increase. As soon as that happens, a higher 
power of the density is included in the expression. On each 
isotherm, the least-squares fit was carried out on the virial 
equation, including initially two terms against the experimental 
data, starting from the first six data points of lowest pressure. 
This was then repeated with the same number of terms each 
time after one more data point of higher pressure was added. 
The fit was considered consistent until a systematic increase 
of the standard deviation occurred or until the virial coefficients 
determined by the fit went beyond the uncertainties of virial 
coefficients determined in the preceding fit at the same tem- 
perature. Then one higher order term was added to the virial 
equation, and above-mentioned procedure was started again. 
The fitting process of one isotherm was continued until five 
terms of the virial equation were used. 

The application of these criteria in determining the second 
and third virial coefficients is demonstrated in Figures 3 and 4, 

: 1 "  
b 
0 - 

-2.80 ' 
0 50 100 150 200 250 300 

pibar 
Flgue 3. Second vlrlal coefflclents of pure nitrogen at 310.00 K. Open 
symbols stand for values of second virial coefficients, and filled ones 
represent the standard deviation of each fit. Error bars associated with 
the open symbols, representing only random errors of the experiment, 
were mathematically determined from the fitting procedures. Circles, 
squares, and triangles denote three-term, four-term, and five-term fits 
of the virial equation of state, respectively. 
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Flgure 4. Third virial coefficients of pure nitrogen at 310.00 K. Open 
symbols stand for values of third vlrlal coefficients, and fllled ones 
represent the standard deviation of each flt. Error bars associated with 
the open symbols, representing only random errors of the experiment, 
were mathematically determined from the fitting procedures. Circles, 
squares, and triangles denote three-term, four-term, and five-term fits 
of the virial equation of state, respectively. 

where the values for B and C are plotted along the left vertical 
axis, the values for the standard deviation of the fit along the 
right vertical axis, and the pressure along the horizontal axis. 
Filled circles, squares, and triangles represent the standard 
deviation of the fit of the virial equatlon of three, four, and five 
terms respectively, and open symbols stand for the values of 
B and C following the same sequence. A systematic increase 
of the standard deviation of the fi t  indicates the demand for a 
higher order term in the virial equation in order to obtain sig- 
nificant values of B and C. These two figures also demonstrate 
that the values of B and C determined with virial equations of 
three, four, and five terms are consistent within their uncer- 
tainties. 

The values of second and third virial coefficients given in 
Table I11 are Ute averages of all the significant virial coefficients 
at the same temperature determined with a three-term virial 
equation of state, e.g., the averages of values denoted by the 
open circles in Figures 3 and 4 give respectively the second and 
third virial coefficients listed in Table 111. This treatment made 
the virial coefficients of pure nitrogen presented in Table I11 
somewhat different from those published elsewhere (3, 4,  7), 
which are the significant virial coefficients at highest pressure 
before the systematic increase of standard deviation in the 



Table 111. Experimental Second and Third Virial 
Coefficients 

helium/ TI  B"l C"/ 
(mol %) K 
100.OO0 273.15 11.90 111 

(cm3/mol) (cme/mo12) 
0.20 

100.OO0 
100.OO0 
100.OO0 
100.OO0 
74.911 
74.911 
74.911 
74.911 
74.911 
74.911 
49.964 
49.964 
49.964 
49.964 
24.940 
24.940 
24.940 
24.940 
24.940 
24.940 
O.OO0 
O.OO0 
O.OO0 
O.OO0 
O.OO0 
O.OO0 
O.OO0 
O.OO0 
O.OO0 
O.Oo0 

0 

V 

0 

r 7 

293.15 
313.15 
330.00 
353.15 
270.00 
290.00 
298.15 
310.00 
330.00 
350.00 
270.00 
290.00 
310.00 
330.00 
270.00 
290.00 
298.15 
310.00 
330.00 
350.00 
269.30 
273.15 
290.00 
293.15 
310.00 
313.15 
323.15 
330.00 
350.00 
353.15 

11.78 
11.73 
11.75 
11.61 
13.91 
14.23 
14.61 
14.69 
14.83 
15.14 
10.95 
11.70 
12.65 
13.75 
2.57 
5.21 
5.81 
7.56 
9.47 
11.10 
-11.18 
-10.23 

-5.87 
-2.65 
-2.07 

-6.46 

-0.40 
0.64 
3.64 
3.92 

120 
109 
74 
87 
297 
301 
260 
263 
284 
260 
513 
627 
639 
624 
888 
860 
983 
842 
785 
791 
1480 
1440 
1400 
1420 
1360 
1350 
1300 
1320 
1220 
1290 

"The uncertainties of B and C are estimated to be 0.20 cm3/mol 
and 100 cm6/mo12, respectively. 

Table IV. Interaction Second Virial Coefficients Blz 
helium/ TI B, , /  helium/ TI B1,/ 
(mol $1 K (cdTii01) 
74.911 270.00 21.1 
74.911 290.00 21.3 
74.911 298.15 22.1 
74.911 310.00 22.0 
74.911 330.00 21.9 
74.911 350.00 22.3 
49.964 270.00 21.5 
49.964 290.00 20.8 

(mol %) 
49.964 
49.964 
24.940 
24.940 
24.940 
24.940 
24.940 
24.940 

K 
310.00 
330.00 
270.00 
290.00 
298.15 
310.00 
330.00 
350.00 

(cm3jG01) 
20.7 
21.3 
21.4 
21.8 
20.9 
22.2 
22.3 
22.4 

fitting occurs. But the discrepancy is within the experimental 
accuracy. 

Since the second virial coefficients of the three mixtures and 
two pure components are now available (see Table 111), the 
interaction second virial coefficient B 12 could be determined 
with the mixing rule 

6dx, = x12B1 + 2x1x2B12 + x;B2 (9) 

where subscripts 1 and 2 denote helium and nitrogen, respec- 
tively. The values of interaction second virial coefficient are 
given in Table IV. 

But the values of the interaction third virial coefficients could 
not be directly determined with the mixing rule 

c,,, = xl3C1 + 3xi2x2C112 + 3x1x22c122 + x23c2 (10) 

The values of Cl12 and ClZ2 have been determined using all 
the C values of mixture in Table I11 from eq 10. I t  turns out 
that C 12 and C 122 are constant within the experimental accu- 
racy. The second virial coefflclents in Tables I11 and I V  are 
also represented by the functions of temperature. Since the 
results at 350.00 K for the mixture of 49.964 mol % helium are 

\ 

-5 -o.20 m 
' 8  -0.40 

m 

A 0 

A 
A 

A +  

-0.80 ' I 
260 280 300 320 340 360 

T/K 
Flgurr 5. Comparison of the second virial coefficients of pure helium 
from this work, as well as those from literature, wlth those calculated 
using the temperature dependence, eq 11: A, ref 8; A, ref 9; 0, ref 
10; 0, ref 11; V, ref 12; V, ref 13; 0, ref 14; W, ref 15; 0, ref 18; 
e,  ref 17; +, this work. 

15 I 0' 1 
+ + l o t  a - i 

P -5 t 4 . - 
,? -101 

+ 

-25 1 
A 

A 

+ : 
1 

-30 I 
- 

I 
260 280 300 320 340 360 

T/K 
Flgm 6. Comparison of the third vir@ coefficients of pue helium from 
this work, as well as those from literature, with those calculated using 
the temperature dependence, eq 11: A, ref 9; 0, ref 10; V, ref 12; 
V, ref 13; 0, ref 14; 0, ref 1 6  +, this work. 

not reliable, the values of this isotherm is not included in the 
fitting: 

BI/(cm3 mol-') = 12.729 - 0.00312(T/K) 

B12/(cm3 mol-') = 17.85 + O.O123(T/K) 

B,/(cm3 mol-') = 
-122.92 + 0.5945(T/K) - 0.0006662(T/K)2 

Cl/(cms mol-') = 249.00 - 0.476(T/K) 

Cllz/(cm6 mol-') = 347 

ClZ2/(cm6 mol-2) = 585 

C2/(cms mol-') = 2147.9 - 2.54(T/K) (1 1) 

4. Summary 

I n  general the uncertainties of the interaction second virial 
coefficients are somewhat larger than those of the second virial 
coefficients of the pure components. 

I n  Figures 5-8 we compare eq 11 with the values of virial 
coefficients of pure helium and pure nitrogen given in Table 111, 
as well as those of the l i a t u r e  quoted by Dymond (6) as class 
I. Moreover comparison with the results by Duschek (7) has 
also been made. Generally speaking, our results are close to 
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Figwe 7. Comparison of the second vkial coefficients of pure nbogen 
from this work, as well as those from literature, with those calculated 
using the temperature dependence, eq 11: +, ref 18; A, ref 19; 0, 
ref 20; +, ref 21; A, ref 10; 0,  ref 25; V, ref 12; 0, ref 22; 0, ref 
14; V, ref 7; +, ref 4; D, this work. 
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Figure 8. Comparison of the third virial coefficients of pure nitrogen 
from this work, as well as those from literature, with those calculated 
using the temperature dependence, eq 1 1: +, ref 18; A, ref 19; 0, 
ref 20; + ,  ref 21; A, ref 10; V, ref 12; 0, ref 22; 0, ref 14; V, ref 
7; +, ref 4; D, this work. 

22.50 I 1 

0.00 
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N 
I d  -0.04 

NU 
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0 
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-0.06 

-0.08 

-0.10 
0 50 100 150 200 250 300 

p/bar 
Figure 10. Deviation of the compressibility factor of pure helium 
calculated with the threaterm virial equation of state from the ex- 
perimental data of this work: 0, 273.15; A, 293.15 K; 0, 313.15 K; 
V, 330.00 K; D, 353.15 K. 
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0.00 

B e -0.02 2 
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p/bar 
Figure 11. Deviation of the compressibility factor of pure nitrogen 
calculated with the threeterm virial equation of state from the ex- 
perimental data of Jaeschke et ai. (3, 4): +, 269.30 K; 0, 273.15 
K; +, 290.00 K; A, 293.15 K; V, 310.00 K; 0, 313.15 K 0, 323.15 
K; V, 330.00 K; +, 350.00 K; D, 353.15 K. 

I n  Figures 10 and 11, we compare the compressibility factor 
predicted by eq 11 with experimental data. I t  is shown that this 
temperature dependence of B and C, eq 1 1, describes the PVT 
behavior of pure helium up to 200 bar with a deviation of less 
than 0.05 % , and the same is true for nitrogen, only up to about 
80 bar. For the mixtures it is somewhere between 80 and 200 
bar, depending on the composition of the mixtures. 
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Glossary 

a,  b pressure distortion coefficients 
A,, B,, 

GI 
B ,  C, 

D ,  E 
cl, c p ,  

c3 

lst, 2nd, and 3rd refractive virial coefficients 

2nd, 3rd, 4th, and 5th virial coefficients, respectively 

coefficients of eq 7 



L 
n 
N 
P 
T 
V 
X 

ZOfPO 
Z 

cell length 
refractive index number 
cell constant 
pressure 
temperature 
volume 
mole fraction 
run constant 
compressibility factor 

Abbreviations 

BUR Burnett experiment 
DPM differential pressure meter 
eq equation 
eqs equations 
OPT optical experiment 
PEC pressure equilibrium chamber 

Cireek Letters 

A uncertainty 
x wavelength 
P density 
d standard deviation 

Subscripts 

0 initial condition 
1, 2 
i ,  i gas expansion number 
mix. mixture 

components of helium and nitrogen, respectively 

Superscript 

0 condition of zero pressure 
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Suppknmtnry Materbl AvaYabk: Tables of experbnental compcesslbillty 
factors of the binary system of helium and nitrogen, containing raw data 
whlch were obtained in Burnett and optlcal experiments ( I O  pages). Or- 
derlng information is given on any current masthead page. 


