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The viscosities, diffusion coefficients, and thermal diffusion factors for eight binary gas mixtures: He+SFg, He+
CO,, He+0,, He+N,0O, CH4+SFs, CHs +CO,, CHy +0O,, and CHs +N,0 were determined from the extended law
of corresponding states for viscosity using the inversion technique for the corresponding interaction potential energies.
Lennard-Jones (12-6), (LJ (12-6)), potential function is used as the initial model potential required by the technique. The
interaction potential energies from this inversion technique reproduce the viscosities within 1%, the diffusion coefficients
within 5%, and the thermal diffusion factors within 25%. The interaction potential energy determined from this inversion
method for He+ SF¢ system is compared with other methods.
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The results of statistical-mechanical theory provide the-
oretical expressions for various equilibrium and non-equi-
librium properties of substances in terms of the potential
energy of interaction between a pair of molecules.” Given
the importance of these properties and thus their prediction,
it seems reasonable to attempt to produce an accurate pair
potential energy.

The direct measurement of the potential energy between
molecules is impossible, so the indirect methods play an
important role in determination of interaction potential en-
ergies. The indirect methods are based on the extraction of
information about forces between molecules from the fol-
lowing sources: 1) transport data, 2) equilibrium properties,
3) quantum mechanical calculations, 4) spectroscopic obser-
vations, and 5) molecular beam studies.

Jonah and Rowlinson started an indirect method when the
temperature virial coefficients of helinm were inverted to
determine repulsive forces.” Later a method proposed by
Dymond® has been used to determine the repulsive forces
of inert gases directly from viscosity data.¥ The Dymond
method was based on the one that devised by Hirschfelder
and Eliason for the calculation of approximate transport
properties.”

The iterative inversion procedure, which is an extension of
Dymond’s method, for extraction of the full potential energy
curve from equilibrium and transport data was proposed by
Smith et al.*~® This method will be explained in the next two
sections. It has been used also to invert the vibrational and
rotational fine structures of IR and UV absorption spectra of
diatomic molecules,>'® and to invert the differential cross
sections obtained in molecular beam studies to produce the
potential function proposed by Buck'” and Siska et al.!?
Mobility data also have been successfully inverted to obtain
ion-neutral potentials directly between alkali ions and rare
gas atoms by Viehland et al.'® The inversions of transport and

equilibrium data and their corresponding states correlatlon
have been applied by Boushehri et al.'*—2%

Our previous work (part I)*? was concerned with the direct
inversion of the viscosity collision integrals obtained from
the extended law of corresponding states to produce pairwise
interaction potential energies and the corresponding transport
properties of eight equimolar binary gas mixtures (Ar+0O,,
Ar+CQO;, Ar+SFg, Ar+N>,O, Ne+0O,, Ne+CO,, Ne+SFg,
and Ne+N,O). In the present paper, this method has been
applied to eight other equimolar binary gas mixtures (He +
SFs, He+0,, He+CO,, He+N,0, CHs+ SFs, CHy + O3,
CH4+CO,, and CH4+N,0). Our estimated accuracies are
within 1% for viscosities, 5% for binary diffusion coefficients
and 25% for thermal diffusion factors.

Kinetic Theory of Gases

For gases at low density, the transport coefficients depend

“on the binary interactions between molecules in the gas. The

Chapman—Enskog solution of the Boltzman kinetic equation
for dilute monatomic gases relates these coefficients to a
series of collision integrals ¢, The scattering angle, 6,
the transport collision integral, Q(l), and the collision integral,
QU9 are defined as:V

r2dr

f=m- Zb/o =@/ —V/BIR’ W
0 ol - FEDTT 2
0 (E')_ZJE[I 2(1+z)] /0(1 cos' 6)bdb, )

Q9D = [(s+ D17 o /O ~ 0O(E)exp (~E/KDE™dE
3)

where b is the impact parameter, ry is the closest approach of
two trajectories, E is the relative kinetic energy of colliding
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partners, and k7 has its usual meaning.

Thus three successive numerical integrations are required
to obtain a collision integral. The collision integral depends
on temperature 7, and well depth &, but it is convenient to
express the variables in terms of a dimensionless quantity 7
defined by '

T* =kT)e. @)

The reduced collision integral, therefore, depends on 7* only.
For the viscosity as a transport property, Egs. 2 and 3 can
be expressed respectively by

0% =3 /0 = [1—cos” (b, B)] bab, | )

Q%2 = [6kry]” /0 T QP (Byexp(~E/KDEGE.  (6)

The kinetic theory expression for the viscosity coefficient
of a pure monatomic dilute gas of molecule mass m at the
temperature T is

_ 5 (mwmkD)'/?

=16 Qeaq’m )

where f, represents the higher-order correction to the first
kinetic theory approximation. Its value is obtained by:

3 g
=1+ 1geBE" =77, ®)

where E* is the ratio of collision integrals. (See Eq. 15)

Inversion Scheme.  The inversion procedure initiates
if an estimated mode] potential and the well depth, ¢, are
known. It is encouraging that the £ value can be determined
from viscosity data alone.”” The idea behind this approach
is based on considering a reasonable model potential to cal-
culate G, the inversion function, as a function of T* for
converting the experimental data points (.Q;g’z), T*) to the
related pair values (V*, 7*) on the potential energy curve,
using these equations:

V*=V/e=GT", ©)

and
rt=r/o= (22, 10)

G values for potentials with a short-range repulsion, a long-
range attraction, and a single smooth minimum in the in-
termediate region, depend almost entirely on the single pa-
rameter T*. The values of G for LJ(12-6) model potential
as an initial model have been taken from Viehland et al.’s
tabulation.' The reduced viscosity collision integral may be
defined as

Q@D _ Q*(Z’Z)/noz. (11

Here o is a length scaling factor such that V(o) =0. Since V
in our work is defined such that V(agy) = 0, it turns out to that
the value of o is nearly equal to gy: precisely, o/ gy =0.997.
It must be mentioned that *}{(2.,2) values are obtained from
the correlation equations given in Ref. 23.
The new potentials obtained by Eqs. 9 and 10 are closer ap-

proximations to the true potential than was the initial model
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potential. The new potential is used to calculate collision
integrals by integrating Eqgs. 1, 2, and 3 using the Gatland
version of the computer program developed by O’Hara and
Smith?**> and the process is repeated until a convergence
occurs. The convergence condition is the degree to which
a calculated collision integral around an iteration is in close
agreement with the one obtained from corresponding states
correlation® and also the degree to which the intermolecular
potential energies obtained by inversion, reproduce thermo-
physical properties consistent with the experimental values.

The results given in the following section have converged
after two iterations.

Results and Discussion

The traditional procedure for extracting of potential energy
is represented by introducing a potential energy function with
several adjustable parameters. It has the disadvantage that it
can not produce a unique potential energy. But the inversion
procedure of transport collision integrals, especially the vis-
cosity collision integral presented in this work, is obviously
a powerful method for the calculation of unlike molecular
interaction potentials. This potential can reproduce trans-
port properties within the experimental accuracy. A major
advantage of this approach, therefore, is that the need of a
potential function with adjustable parameters is removed and
the approach also guarantees a unique potential energy.

It should be mentioned that this paper is concerned with
molecular gases rather than just binary noble gases or CHy
(nearly noble gases) + noble gases, like the previous ones.
It comes as somewhat of a surprise that a spherical potential
serves for a wide variety of molecular gases (O,, N,O, CO,,
and SF¢) with sufficient accuracy for our purposes.

In this work, we have obtained accurate reduced potentials
for eight binary gas mixtures. In Fig. 1, typically, a reduced
pair potential energy curve has been given for He+SF¢ sys-
tem and compared with those obtained experimentally by
other methods.?®*” We could observe some discrepancies
between the potential energy from the inversion procedure,
that we have claimed to be reliable, and the potential en-
ergy obtained by Kupperman et al.?® and Taylor and Urly.2”
These discrepancies are more explicit in the short-range re-
gion than in the other regions. It is of important to note that
recently it has been shown that Kupperman’s potential®® ex-
hibits a discrepancy from that obtained by Chapman et al.?®
Taylor’s potential has been obtained mainly from thermal
diffusion measurements. On the other hand the revision of
the extended principle of the corresponding states by Najafi
et al.?” and Bzowski et al.>® correlates properties of the noble
gases, molecular gases, and all their mixtures at low density
over a very large temperature range with excellent accuracy
and characterizes each binary interaction with the aid of five
classical material parameters: o, &, p*, V&, C¢*. Cs* char-
acterizes well the long-range attractive tail of the potential
and p* plus Vg characterize the short-range repulsive one.
Therefore our binary interaction potential is more accurate
than those obtained by the other methods.

We have used our reasonably accurate potentials to obtain
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Fig. 1. Thereduced pair potential energy for He+SFg system.
The results of inversion of the viscosity data shown by
@®. The solid line (—) shown for comparison, is Taylor’s
potential. Kupperman’s potential is shown by V.
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Table 2. The Reduced Collision Integrals and Their Ratios
for *He+0, System

10gT* Q*(l,l) Q*(Z,Z)

A* B*

c* E* F*

0.0
0.2
04
0.6
0.8
1.0
1.2
14
1.6
1.8
2.0

1.3977 1.5530 1.1111 1.1955 0.8482 0.8821

1.1512
0.9848
0.8723
0.7912
0.7268
0.6711
0.6190
0.5702
0.5298
0.5028

1.2677
1.0807
0.9607
0.8773
0.8122
0.7570
0.7053
0.6482
0.5874
0.5367

1.1013
1.0975 1.1131
1.1013 1.1007
1.1089 1.0975
1.1175 1.0995
1.1280 1.1073
1.1394 1.1123
1.1368 1.0929
1.1087 1.0520
1.0674 1.0152

1.1437

0.9222
0.9385
0.9608
0.9817
0.9972
1.0069
1.0121
1.0187
1.0286
1.0321
1.0261

0.8727
0.9008
0.9223
0.9351
0.9413
0.9425
0.9405
0.9420
0.9534
0.9713

0.9006
0.9258
0.9449
0.9553
0.9604
0.9627
0.9591
0.9491
0.9462
0.9579

Table 3.

for *He+CO, System

The Reduced Collision Integrals and Their Ratios

log T* Q*1D

Q*(Z,Z) A* B*

cr E* F*

0.0
0.2
04
0.6
0.8
1.0
12
14
1.6
1.8
2.0

1.3984
1.1526
0.9860
0.8732
0.7924
0.7296
0.6763
0.6274
0.5820
0.5446
0.5197

1.5606 1.1160 1.1954
12726 1.1041 1.1449
1.0833 1.0987 1.1137
0.9614 1.1010 1.0993
0.8766 1.1063 1.0936
0.8113 1.1121 1.0929
0.7574 1.1200 1.0986
0.7085 1.1293 1.1024
0.6555 1.1262 1.0839
0.5989 1.0997 1.0463
0.5517 1.0616 1.0132

0.8490
0.8730
0.9006
0.9223
0.9360
0.9435
0.9460
0.9452
0.9473
0.9581
0.9745

0.8813
0.8998
0.9250
0.9439
0.9547
0.9607
0.9642
0.9619
0.9533
0.9509
0.9618

0.9234
0.9391
0.9612
0.9822
0.9976
1.0070
1.0119
1.0180
1.0274
1.0308
1.0249

Table 4. The Reduced Collision Integrals and Their Ratios

for “He+N,O System

log T* ©*(D

Q *(2,2) A* B*

cr E* F*

the improved kinetic theory collision integrals necessary for
the calculation of transport properties. Finally, these colli-
sion integrals have been used to calculate viscosities, diffu-
sion coefficients, and thermal diffusion factors as transport
properties. Collision integrals in conjunction with their ra-
tios are shown in Tables 1, 2, 3, 4, 5, 6, 7, and 8 for eight
binary mixtures. The ratios of the collision integrals have
been calculated by the following equations:

A* —_ Q*(2,2)/Q*(1,1)’ (12)

Table 1. The Reduced Collision Integrals and Their Ratios
for “He+SFs System

IOgT* Q*(l,l) g*(2,2) A* B*
0.0 1.4000 1.5616 1.1154 1.1955
0.2 1.1541 1.2737 1.1036 1.1448
04 0.9874 1.0846 1.0984 1.1135
0.6 0.8747 0.9623 1.1002 1.0978
0.8 0.7945 0.8768 1.1036 1.0894
1.0 0.7332 0.8110 1.1060 1.0848
1.2 0.6830 0.7576 1.1092 1.0856
1.4 0.6388 0.7115 1.1138 1.0859
1.6 0.5990 0.6643 1.1090 1.0694
1.8 0.5667 0.6153 1.0857 1.0378
2.0 0.5454 0.5742 1.0530 1.0105

(ol E* F*
0.8492 0.8813 0.9229
0.8731 0.9000 0.9389
0.9007 0.9251 0.9612
0.9226 0.9436 0.9826
0.9371 0.9543 0.9984
0.9460 0.9606 1.0078
0.9507 0.9652 1.0123
0.9523 0.9654 1.0174
0.9556 0.9598 1.0253
0.9653 0.9586 1.0282
0.9792 0.9679 1.0230

0.0
0.2
0.4
0.6
0.8
1.0
12
14
1.6
1.8
2.0

1.4000
1.1530
0.9859
0.8732
0.7927
0.7301
0.6773
0.6289
0.5839
0.5466
0.5216

1.5551
1.2703
1.0825

1.1108 1.1961 0.8483
1.1018 1.1446 0.8726
1.0979 1.1132 0.9005

0.8824 0.9222
0.9006 0.9384
0.9253 0.9611

0.9610 1.1006 1.0987
0.8764 1.1057 1.0928
0.8113 1.1112 1.0918
0.7577 1.1187 1.0973
0.7094 1.1280 1.1013
0.6571 1.1254 1.0838
0.6011 1.0998 1.0468
0.5539 1.0620 1.0137

0.9224
0.9363
0.9439
0.9466
0.9559
0.9478
0.9582
0.9744

0.9440 0.9823
0.9548 0.9977
0.9608 1.0071
0.9645 1.0118
0.9625 1.0178
0.9540 1.0271
0.9514 1.0307
0.9618 1.0250

Table 5.

The Reduced Collision Integrals and Their Ratios
for CH4+SFs System

log T* QD

Q*(2,2) A* B*

c E* F*

0.0
0.2
0.4
0.6
0.8
1.0
12
14
1.6
1.8
2.0

1.4001
1.1537
0.9869
0.8743
0.7941
0.7328
0.6824
0.6377
0.5972
0.5643
0.5424

1.5606 1.1147 1.1953
1.2733 1.1037 1.14445
1.0843 1.0986 1.1133
0.9620 1.1003 1.0978
0.8765 1.1037 1.0896
0.8109 1.1065 1.0856
0.7576 1.1103 1.0870
0.7113 1.1155 1.0878
0.6636 1.1111 1.0712
0.6137 1.0875 1.0392
0.5718 1.0541 1.0109

0.8487 0.8814 0.9232
0.8729 0.9002 0.9392
0.9007 0.9250 0.9615
0.9227 0.9436 0.9827
0.9371 0.9544 0.9983
0.9458 0.9607 1.0076
0.9502 0.9652 1.0122
0.9515 0.9651 1.0174
0.9546 0.9591 1.0255
0.9645 0.9577 1.0285
0.9786 0.9671 1.0233
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Table 6. The Reduced Collision Integrals and Their Ratios dispersion coefficient and u is the reciprocal of the inter-
for CHs+0O; System molecular separation, both in atomic units.
The main advantage of the ratios of collision integrals ob-

logT* Q"0 @*¢» 4+ g E F
00 14024 1.5621 1.1139 1.1978 0.8481 0.8804 0.9212
02 11543 1.2720 1.1020 1.1451 0.8720 0.8992 0.9373

Table 9. The Predicted Transport Properties of an Equimo-

04 09865 1.0823 1.0971 1.1134 0.9002 0.9251 0.9599 lar Mixture of “He+SFs
0.6 0.8732 0.9613 1.1009 1.1008 0.9219 0.9447 0.9811 7 ” D (1013 ban) .
0.8 0.7916 0.8778 1.1089 1.0979 0.9348 0.9553 0.9968 —
1.0 0.7270 0.8126 1.1177 1.0998 0.9410 0.9602 1.0068 K uPas 107" m”s
1.2 0.6710 0.7570 1.1281 1.1071 0.9424 0.9624 1.0122 273.15 16.24 0.3484 0.4883
1.4 0.6190 0.7050 1.1391 1.1117 0.9406 0.9589 1.0188 313.15 18.21 0.4369 0.4928
1.6 0.5703 0.6479 1.1361 1.0921 0.9423 0.9492 1.0285 353.15 20.09 0.5327 0.4955
1.8 05301 0.5873 1.1079 1.0513 0.9537 0.9465 1.0320 423.15 23.24 0.7176 0.4986
20 05034 0.5370 1.0668 1.0149 0.9716 0.9583 1.0260 473.15 2533 0.8626 0.5002
523.15 27.39 1.0176 0.5016
573.15 29.31 1.1826 0.5030
Table 7. The Reduced Collision Integrals and Their Ratios 623.15 31.20 1.3572 0.5046
for CHs+CO, System
log7* Q0 Q*®» A~ B+  E  F Table 10. The Predicted Transport Properties of an Equimo-
00 13999 1.5616 1.1156 1.1962 0.8485 0.8807 0.9229 lar Mixture “He+0,
02 1.1530 12724 1.1035 1.1447 0.8726 0.8995 0.9387
04 09860 1.0828 1.0982 1.1134 0.9005 0.9250 0.9608 T n D (1.013 bar) ar
0.6 0.8732 0.9613 1.1009 1.0997 0.9222 0.9442 0.9818 K uPas 107* m?s™!
0.8 07922 0.8771 1.1071 1.0950 0.9357 0.9550 0.9974 57315 2033 73T 03756
1.0 0.7288 0.8118 1.1139 1.0951 0.9427 0.9605 1.0070 313.15 5250 0.8314 0.3756
1.2 0.6747 0.7573 1.1225 1.1012 0.9449 0.9636 1.0120 35315 2454 L0172 03778
14 0.6248 0.7075 1.1323 1.1053 0.9438 0.9611 1.0182 3,15 2701 L3764 0.3788
1.6 0.5784 0.6533 1.1295 1.0868 0.9457 0.9521 1.0277 473.15 30.19 16500 0.3788
1.8 0.5400 0.5955 1.1028 1.0484 0.9566 0.9495 1.0312 52315 32,38 L 9625 03783
20 05143 0.5472 1.0638 1.0141 0.9734 0.9605 1.0254 57315 3447 22865 0.3775
623.15 36.52 2.6301 0.3765

Table 8. The Reduced Collision Integrals and Their Ratios

for CH4+N,0 System Table 11. The Predicted Transport Properties of an Equimo-
log T* 0L O*@2)  g* B* c* I F* lar Mixture of *He+CO;
0.0 1.3998 1.5616 1.1156 1.1962 0.8485 0.8808 0.9230 T 7 D (1.013 bar) o
0.2 1.1530 1.2725 1.1036 1.1447 0.8726 0.8996 0.9389 < uPas 10— m? o
04 0.9860 1.0829 1.0983 1.1135 0.9005 0.9250 0.9609
0.6 0.8732 0.9613 1.1009 1.0996 0.9223 0.9442 0.9819 273.15 16.55 0.5399 0.3991
0.8 0.7923 0.8770 1.1070 1.0947 0.9357 0.9550 0.9974 313.15 18.54 0.6791 0.4057
1.0 0.7289 0.8118 1.1137 1.0948 0.9428 0.9606 1.0070 353.15 2043 0.8310 0.4111
1.2 0.6749 0.7574 1.1222 1.1009 0.9450 0.9637 1.0120 423.15 23.60 1.1243 0.4173
14 0.6252 0.7076 1.1320 1.1049 0.9440 0.9612 1.0181 473.15 25.76 1.3540 0.4198
1.6 0.5788 0.6536 1.1291 1.0865 0.9459 0.9523 1.0277 523.15 27.81 1.6006 0.4219
1.8 0.5406 0.5960 1.1025 1.0482 0.9567 0.9497 1.0312 573.15 29.84 1.8630 0.4229
20  0.5150 0.5478 1.0636 1.0140 0.9735 0.9607 1.0254 623.15 31.73 2.1408 0.4234
B* = (5212 — 40+ Q*1D (13) Table 12. The Predicted Transport Properties of an Equimo-
lar Mixture *He+N,0
C* — Q*(1,2)/Q*(1,1)7 (14)
X 0B ) ) T n D (1.013 bar) or
E=Q /Q ; (15) K uPas 104 m?s™!
F* = Q0P /0D, (16) 273.15 16.62 0.5484 0.3955
; 313.15 18.61 0.6901 0.4014
It must be mentioned that we are concerned only with tem- 353.15 20.55 0.8449 0.4091
peratures related to 7% >1.0 because viscosity collision inte- 423.15 23.80 1.1428 0.4157
grals for molecular gases at low temperature are not available 473.15 25.96 1.3768 0.4192
(for further discussions see Ref. 30). Therefore, an extrapo- gggg gg(l)? }ggﬁ 81%;‘21
lation function at low temperatures (long-range region) has 2315 32,07 5 1762 0.4239

been applied which reads as V* = — Csu®, where, Cg is the
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tained from inversion of the corresponding states viscosity =~ much more accurate than measurements of the other prop-
is that it is more accurate than those obtained from other erties (say, diffusion). Besides, rather limited experimental
corresponding states because measurements of viscosity are  data on transport properties except viscosity are available

because, in general, the measurement of viscosity is more

Table 13. The Predicted Transport Properties of an Equimo-

lar Mixture of CH,+SFg Table 16. The Predicted Transport Properties of an Equimo-
lar Mixture of CH4+N,O
T n D (1.013 bar) o
K uPas 1074 m?s—! T n D (1.013 bar) ar
273.15 13.76 0.0970 0.1533 K uPas 107 m’s™!
313.15 15.56 0.1253 0.1820 273.15 12.52 0.1449 0.0632
353.15 17.27 0.1564 0.2062 313.15 14.22 0.1881 0.0805
423.15 20.12 02176 - 0.2409 353.15 15.85 0.2359 0.0960
523.15 23.86 0.3184 0.2768 423.15 18.60 0.3306 0.1197
623.15 2727 04333 0.3019 523.15 2221 0.4873 0.1457
773.15 31.98 0.6303 0.3274 623.15 25.50 0.6662 0.1642
973.15 37.68 0.9352 0.3491 773.15 30.05 0.9748 0.1837
1173.15 42.89 1.2838 0.3631 973.15 35.54 1.4538 0.2000
1773.15 56.68 2.5660 0.3856 1173.15 40.55 2.0032 0.2103
2273.15 66.75 3.8760 0.3943 1773.15 53.80 40321 0.2256
2773.15 75.95 5.3846 0.3990 2273.15 63.51 6.1144 0.2309
3273.15 84.50 7.0791 0.4016 2773.15 72.43 8.5217 0.2334
3273.15 80.75 11.2340 0.2344
Table 14. The Predicted Transport Properties of an Equimo-
lar Mixtures of CH4+0O, Table 17. Deviation of the Calculated Values of the Dif-
fusion Coefficients of Mixtures From the Experimental
T n D (1.013 bar) ar Values
K uPas 1074 m?s~! HorO, @
2
273.15 14.78 0.1928 0.0754 T(K) 195.10 205.20 218.07 234.22 255.50 280.00 290.00
313.15 16.56 0.2474 0.0873 Dexe 03644 0.3957 0.4378 0.4934 0.5710 0.6624 0.7032
353.15 18.25 0.3079 0.0972 Deaca 0.3696 0.4026 0.4464 0.5036 0.5830 0.6804 0.7215
o A g oo Dev%” —141 —1.71 —193 —2.03 —206 —2.65 —2.54
623.15 27.91 0.8368 0.1327 T(K) 300.00 320.00 337.90 356.07 373.09 385.49 400.21
77315 3244 12118 0.1409 Deg  0.7448 0.8305 0.9104 0.9939 1.072 1.135 1.208
973.15 37.94 1.7918 0.1471 Deaca 0.7636 0.8508 0.9323 1.0179 1.1004 1.1623 1.2374
1173.15 43.01 2.4568 0.1506 Dev%® —246 —239 —235 —236 —2.58 —235 —2.38
1773.15 56.53 49141 0.1542
2273.15 66.58 7.4459 0.1539 HeCO, ¥
2773.15 75.40 10.3864 0.1529
7313 8176 137118 o317 T(K) 195.10 205.20 218.07 234.22 255.50 280.00 290.00

Dexpe 02927 0.3188 0.3539 0.3991 0.4620 0.5366 0.5689
Deacd 0.3007 0.3279 0.3638 0.4106 0.4758 0.5553 0.5891
Dev%® —2.66 —2.78 —2.72 —2.80 —2.90 —3.37 —3.43

Table 15. The Predicted Transport Properties of an Equimo-

lar Mixture of CHa +CO; T(K) 300.00 320.00 337.90 356.07 373.09 385.49 400.21
T 7 D (1.013 ba) P De 06023 0.6704 0.7362 —  0.8708 0.9179 0.9780
- . T Dcaca  0.6236 0.6950 0.7617 0.8314 0.8989 0.9493 1.0108

uras ms Dev%® —342 —354 —335 — —3.12 —342 —325

273.15 12.54 0.1449 0.0691

313.15 14.25 0.1882 0.0863 He+SF,®

353.15 15.84 0.2355 0.1024 T(K) 195.10 205.20 218.07 234.22 255.50 280.00 290.00
423.15 18.54 0.3293 0.1258 Dexpe  0.1899 0.2057 0.2284 02585 —  0.3469 0.3680

523.15 22.09 0.4845 0.1512 Decaca  0.1966 0.2138 0.2366 0.2665 0.3079 0.3583 0.3797

623.15 25.36 0.6628 0.1697 Dev%” —3.41 —3.79 —347 —3.00 — —3.18 —3.08

773.15 29.83 0.9682 0.1884 _

973.15 35.21 1.4421 0.2040 T(K) 300.00 320.00 337.90 356.07 373.09 385.49 400.21
1173.15 40.11 1.9850 0.2135 Deg: 03894 0.4332 0.4758 0.5190 0.5593 0.5912 0.6281
1773.15 53.11 3.9902 0.2278 Dcaca 04017 0.4468 0.4888 0.5328 0.5756 0.6074 0.6461
2273.15 62.67 6.0491 02326 Dev%® —3.06 —3.04 —2.66 —2.59 —2.83 —2.67 —2.79
2773.15 71.44 8.4291 0.2347

327315  79.64 11.1115 0.2351 2) Ref. 31 b) Devd = 2Bp=Dosed 10
‘Caled
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Table 18. Deviation of the Calculated Values of the Thermal
Diffusion Factors of Mixtures From the Experimental

Values
T=2553K He+SFg ¥
Xsr, 0.189 0.199 0.788  0.806
(o1 )Expt 0.8099 0.7976 0.3690 0.3512
(ar)cacd 0.8552 0.8348 0.3473 03412
Dev%® —530 —446 625 2.93
T=3000K
Xsr, 0.200 0.788  0.809
(orr)Expt 0.8300 0.3701 0.3628
(ar)cald 0.8427 03515 0.3443
Dev%® —-1.50 529 5.37
T=2553K He+CO, ©
Xco, 0.190 0.199 0210 0.790 0.810
(or)Expt 0.5784 0.5688 0.5807 0.3092 0.3095
(er)caled 0.5948 0.5861 0.5759 0.3006 0.2957
Dev%? —276 —295 083 2.86 4.67
T=2553K He+0, ©
Xo, 0.189 0209 0789 0.810
(om)Expt 04980 0.4819 02931 0.2981
(&r)cated 0.5152 0.5025 0.2941 0.2898
Dev%? —334 —410 -—034 286

a) Ref.32. b) Dev% = 0w —(@)ciud , 1)
(a1)calcd

c) Ref. 31.
practical than those of other transport properties.

Tables 9, 10, 11, 12, 13, 14, 15, and 16 contain predicted
viscosities, diffusion coefficients, and thermal diffusion fac-
tors of the low density and equimolar binary gas mixtures
from inversion method calculated by using the relationships
given in Ref. 23. The higher order correction term for vis-
cosity f, and the higher order correction factor for diffusion
Ajj, have been taken into account. The literature and the cal-
culated values of the diffusion coefficients and the thermal
diffusion factors have been given in Tables 17 and 18. De-
viations of the calculated from the experimental values have
also been included.

Conclusion

The direct inversion technique represents a distinct ad-
vance over the traditional methods of force fitting data to
potential functions of primitive forms. This scheme pro-
vides an accurate potential energy and allows determination
of collision integrals more accurately than is possible by the
extended law of corresponding states. The accurate potential
energy obtained by inversion of viscosity data can reproduce
(within the precision of the experimental data) all transport
properties. '

Our estimated accuracies are within 1% for 7 (viscosity),
5% for Di, (binary diffusion coefficient), and 25% for ar
(thermal diffusion factor) for all eight mixtures.

The authors wish to thank the Computer Center and the
Department of Chemistry of Shiraz University for the com-
puter facilities. The authors are also indebted to the Research
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Committee of Shiraz University.
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