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Transport properties of ground state oxygen atoms

Paul M. Holland
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Department of Chemistry, University of Missouri-Rolla, Rolla, Missouri 65401

(Received 23 February 1988; accepted 20 May 1988)

The transport properties of dilute monatomic gases depend on the two body interactions
between like atoms. When two ground state oxygen atoms interact, they can follow any of 18
potential energy curves corresponding to O,, all of which contribute to the transport properties
of the ground state atoms. Transport collision integrals have been calculated for those
interactions with an attractive minimum in the potential by accurately representing ab initio
quantum mechanical potential energy curves with the Hulburt-Hirschfelder potential.
Repulsive ab initio potential energy curves have been accurately represented either with the
exponential repulsive potential or with an exponential repulsive potential with an additional
Gaussian term to model a shoulder-like feature on the repulsive wall. Results are given for
viscosity, thermal conductivity, and diffusion and they are compared with previous theoretical

calculations.

I. INTRODUCTION

Knowledge of the thermophysical properties of oxygen
atoms is important in the chemistry and physics of the upper
atmosphere’ and in a variety of applications involving air at
high temperatures.>* Molecular oxygen is 50% dissociated
at about 3500 K. Experimental thermophysical property
data is sparse** for atomic oxygen because of the high tem-
peratures required.

Thus it is necessary to use the kinetic theory of gases’ to
obtain the transport properties of oxygen atoms. The trans-
port properties depend on the two body interaction poten-
tials between two oxygen atoms. When two ground state
(*P) oxygen atoms interact they can follow® any of 18 poten-
tial energy curves corresponding to the O, molecule. These
states are listed in Table I and are generally classified as
having either an attractive potential well or as being repul-
sive (based on the ab initio quantum mechanical calcula-
tions of the potential energy curves by Saxon and Liu®).

Il. THE O-O INTERACTION POTENTIALS

Since the overall transport properties of the ground state
oxygen atoms are obtained by averaging the transport prop-
erties for each of the 18 molecular states according to their
degeneracies, '® each of the different states must be consid-
ered, using the best interaction potential energy curve avail-
able. The SCF-CI calculations of the O, potential energy
curves by Saxon and Liu® have been used for our calcula-
tions.

The seven states with a significant attractive minimum
have been fit with the Hulburt-Hirschfelder (HH) poten-
tial.'"'? This potential has the reduced form

V:IH —e—2atr/d—1) __ 9o—alr*/d—1)

+B(r*/d — 1)*[1 + y(r*/d — 1)]e =24 =1,
(1)
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where
V*=V/e, r*=r/o, d=r./0,
a=0,/(2\B,€), B=cd’ y=ba,
c=1+ape/a,, b=2— (1/12 — ay/a,)/c,

0): _ 1 a,w, _ 5 2 zweXe
=% M7 T e T4 T T3B,

Also, V is the potential energy,  is the interatomic separa-
tion, € is the depth of the potential well, 7, is the interatomic
separation corresponding to €, €' is the well depth in wave
numbers, , is the fundamental vibrational frequency, ®, .
is the anharmonicity constant, B, is the rotational constant,
a, is the rotation-vibration coupling constant, and o is the
smallest interatomic separation at which the potential is zero
(the effective hard sphere diameter). The HH potential re-
duces to the Morse potential if ¢ = 0.

The HH potential is probably the best general purpose

TABLE I. Molecular states for two interacting ground state (*P) oxygen
atoms.

Attractive minima  Repulsive Repulsive with shoulder
X'z, 1'm, (*)® 11, ()
a'd, 23} 131, (*)
bz} 273 1', (%)
c'Z; 2™
CA, 0, (*)
A3} A, (M)
sng 1 52; *)
273

*The symbol (*) means that these states actually have a small attractive
minimum according to the calculations of Saxon and Liu (Ref. 9). Their
spectroscopic notation has been used.

© 1988 American Institute of Physics 3203
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potential for fitting atom—atom interactions with an attrac-
tive minimum in the potential.*'>-'¢ It accurately repro-
duces “experimental” RKR potentials for most atom-atom
and atom—ion interactions'>'*'"!8 and can reproduce the lo-
cal maxima often found at larger interatomic separations for
atom-atom interactions.'*-?*> A computer code has recently
been developed®*2¢ which calculates the transport collision
integrals for the HH potential. The computed results for
monatomic argon,?’ lithium,?® and sodium® are in very
good agreement with the experimental transport properties
for these gases.

It should be noted that the HH potential depends only
on the spectroscopic constants of the dimer. If these con-
stants are known, then the HH potential can be used without
adjustable parameters. This procedure allows thermophysi-
cal properties to be computed quite accurately. Alternative-
ly, a, B, and y in the HH potential can be used’®?*?* as
adjustable parameters for obtaining accurate fits to ab initio
quantum mechanical potential energy curves. We have used
a nonlinear Nelder-Mead simplex optimization proce-
dure®®3! to simultaneously fit the four HH parameters a, 5,
7, and € for various values of the fifth, o, for the seven states
of O, with significant attractive minima listed in the first
column of Table I. An example of the excellent fits that we
obtain is given for the a 'A, state in Fig. 1. This is typical of
the fits for these states. Another example of the fit, for the
°T1, state which has a much smaller attractive minimum, is
shown in Fig. 2. In the case of the ground X *Z state, the
Saxon and Liu® ab initio results were only available for the
inner. repulsive part of the potential at a single point, which
was below 1 eV. In order to ensure a reasonable fit for this
part of the potential, some additional higher energy values
generated from the spectroscopic HH potential were includ-
ed in our fitting procedure for this state.

A second group of eight states, listed in the second col-
umn of Table 1, can be fit using the exponential repulsive
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FIG. 1. A comparison of the simplex fit of the HH potential to the SL poten-
tial (Ref. 9) for the a 'A‘s state of O,. The solid line is the result of the
simplex fit and the points (X) are the SL results.

3-

2

[«5]

- 2}

- L

[ds]

x |

LIJl_

=

z |
ot e
o 7 2z 3 4 5 s

R(A)
FIG. 2. A comparison of the simplex fit of the HH potential to the SL poten-

tial (Ref. 9) for the 311 ¢ stateof O, . The solid line is the result of the simplex
fit and the points (X) are the SL results.

(ER) potential, given by

VE=e 7"-D, (2)
where
V*=V/e, r*=r/o.

The symbols o and € are used here as length and energy
scaling parameters, in order to provide a properly reduced
form of the potential for the computations, and ¥ is used as
an adjustable parameter. For these states, since the level of
monatomic oxygen in the atmosphere drops below 1% due
to ionization above 20 000 K (and thus is outside the range
of interest for these calculations), the fitting procedure for
the ER potentials was modified by limiting it to ab initio
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FIG. 3. A comparison of the simplex fit of the ER potential to the SL poten-
tial (Ref. 9) for the 2 '2} state of O,. The solid line is the result of the

simplex fit and the points (X) are the SL results.
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FIG. 4. A comparison of the simplex fit of the ER potential to the SL poten-

tial (Ref. 9) for the 2 °ZF state of O,. The solid line is the result of the
simplex fit and the points (X) are the SL results.

results below 4.5 eV to improve the quality of the fit in the
region of greatest interest. However, in each case, compari-
sons at higher energies were also made to ensure that the
resulting potentials were reasonable well beyond the limits of
the fits themselves.

Examples of the fits are given for the relatively low lying
2 'S state and for the higher 2 °Z}* state in Figs. 3 and 4,
respectively. The calculations of Saxon and Liu® indicate
that the 2 ' state has a change in slope (i.e., a “shoul-
der”) above 5 eV (see Fig. 1 of Ref. 9) but Fig. 3 shows an
excellent fit to be obtained within the energy range of inter-
est.

The final group of three states listed in the third column
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FIG. 5. A comparison of the simplex fit of the ERG potential to the SL
potential (Ref. 9) for the 1 *I1,, state of O, . The solid line is the result of the
simplex fit and the points (X) are the SL results.
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FIG. 6. A comparison of the simplex fit of the ERG potential to the SL
potential (Ref. 9) for the 1 ’n ¢ state of O,. The solid line is the result of the

simplex fit and the points (X) are the SL results.

of Table I have repulsive potential energy curves which ex-
hibit a shoulder-like feature below 5 eV. These have been fit
with a modified ER potential (called ERG) which includes
an additional Gaussian term to model the shoulder. This
potential has the form

— =1 — B(r* — )
Vire = Kerg (e ™" )+ Ade ) (3
where
V¥=V/e r*=r/oc r¥f=r/o
1
K, -
ERG 1+Ae_-B(l_r!)2
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FIG. 7. A comparison of the simplex fit of the ERG potential to the SL
potential (Ref. 9) for the 1 'I1, state of O, . The solid line is the result of the

simplex fit and the points (X) are the SL results.
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TABLE II. Spectroscopic constants for the O, states with an attractive minimum.*

X3z, a'a, b3 '3 CA, A3
e(eV) 5.2136 42259 3.5685 1.066 0.867 0.8243
w,(cm™") 1580.2 1483.5 1432.8 794.2 850 799.07
w.x. (cm™") 11.98 12 14.00 12.73 20 12.16
B, (cm™") 1.4456 1.4264 1.4004 0915 0.96 0.9106
a,(em™") 0.0159 0.0171 0.0182 0.0139 0.026 0.0141
r.(A) 1.2075 12156 1.2269 1.517 1.48 1.5215

*The spectroscopic constants tabulated above are from Huber and Herzberg (Ref. 34) except that the value of € for the 433 state is from Krupenie

(Ref. 14).

Again, o and € represent length and energy scaling param-
eters for this potential with r, representing the location of
the Gaussian shoulder, and A, B, and y are used as adjusta-
ble parameters. The fits obtained for these three states are

TABLE III. Ratio of the RKR to the spectroscopic HH potential for the
ground X *2 state of O, as a function of interatomic separation.

r(A) RKR/HH rA) RKR/HH
0.9761 1.05 1.246 1.00
0.9776 1.05 1.263 1.00
0.9791 1.05 1.288 1.00
0.9807 1.04 1.308 1.00
0.9824 1.04 1.326 1.00
0.9841 1.04 1.342 1.00
0.9858 1.04 1.357 1.00
0.9876 1.03 1.371 1.00
0.9894 1.03 1.385 1.00
0.9913 1.03 1.398 1.00
0.9933 1.03 1.410 1.00
0.9953 1.02 1.423 1.00
0.9974 1.02 1.435 1.00
0.9995 1.02 1.446 1.00
1.002 1.01 1.458 1.00
1.004 1.02 1.469 0.99
1.006 1.02 1.481 0.99
1.009 1.01 1.492 0.99
1.011 1.02 1.503 0.99
1.014 1.01 1.514 0.99
1.016 1.02 1.524 0.99
1.019 1.01 1.535 0.99
1.022 1.01 1.546 0.98
1.025 1.01 1.556 0.98
1.028 1.01 1.567 0.98
1.031 1.01 1.577 0.97
1.035 1.00 1.588 0.97
1.038 1.01 1.598 0.97
1.042 1.00 1.609 0.97
1.045 1.01 1.619 0.96
1.049 1.01 1.630 0.96
1.054 1.00 1.640 0.95
1.058 1.00 1.651 0.95
1.063 1.00 1.661 0.94
1.068 1.00 1.672 0.94
1.073 1.00 1.683 0.94
1.079 1.00 1.693 0.93
1.085 1.00 1.704 0.92
1.091 1.00 1.715 0.92
1.099 1.00 1.725 0.91
1.107 1.00 1.736 0.90
1.116 1.00 1.747 0.89
1.127 1.00 1.758 0.88
1.141 1.00 1.769 0.88
1.159 1.00 1.780 0.87
1.173 1.00 1.792 0.86

shown in Figs. 5-7. Of these, the fit for the 1 *II, state was
limited to ab initio energies below 4.5 eV. The shoulder-like
features in these potentials are the result of avoided curve
crossings as the figures in Refs. 32 and 33 make clear for the
’I1, and ', states. The quality of the fit at the lowest ener-
gies (below 0.5 eV) for the *I1, and 'II, states was compro-
mised somewhat in order to obtain an accurate fit in the 1-3
eV region of greatest interest for these calculations.

Iil. SPECTROSCOPIC POTENTIALS

The spectroscopic constants needed to obtain the HH
potential directly from the spectroscopy of the dimers are
known for six of the states of O, with a minimum in the
potential. These are shown in Table II (while the *TI ¢ State
has a very shallow minimum according to the calculations of
Saxon and Liu,’ spectroscopic constants have not been de-
termined for this state).

Comparisons of the spectroscopically determined HH
potential with the available RKR potentials'* for two of
these states are shown in Tables III and IV. In addition, the

TABLE 1V. Ratio of the RKR to the spectroscopically determined HH
potential energy for the 4 32} excited state of O, as a function of interato-
mic separation.

r(A) RKR/HH r(A) RKR/HH
1.297 —091 1.600 1.00
1.298 —2.37 1.638 1.00
1.301 4.26 1.668 1.00
1.304 1.85 1.696 1.00
1.306 1.66 1.722 1.00
1.310 1.30 1.748 1.00
1.313 1.24 1.772 1.00
1.317 1.16 1.797 1.00
1.322 1.08 1.822 1.01
1.326 1.08 1.846 1.00
1.332 1.03 1.872 1.01
1.337 1.03 1.897 1.01
1.343 1.03 1.925 1.01
1.350 1.01 1.953 1.01
1.357 1.01 1.982 1.01
1.366 1.00 2,014 1.01
1.375 1.00 2.050 1.02
1.385 1.00 2.089 1.04
1.397 1.00 2.131 1.05
1.411 1.00 2.182 1.10
1.429 1.00 2.245 1.20
1.454 1.00 2.323. 1.40
2423 1.76

J. Chem. Phys., Vol. 89, No. 5, 1 September 1988
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FIG. 8. A comparison of the simplex fit of the HH potential to the SL poten-
tial (Ref. 9) with the spectroscopically determined HH potential for the
ground X °Z " state of O,. The solid line is the result of the simplex fit, the

dashed line is obtained using the experimental spectroscopic constants, and
the points (X) are the SL results.

ratio of the RKR to the HH potential is 1.00 for all values of »
forthea 'A, and b 'Z} states. Thus agreement is seen to be
excellent for each of the states except for the 4 33 state at
small  (where the HH potential has a steeper repulsive wall
than the RKR potential) and at large 7 (where the HH po-
tential goes to zero faster than the RKR potential). The
spectroscopic constants listed in Table II are from Huber
and Herzberg® except that € for the 433 state is from
Krupenie.'* The Huber and Herzberg value of € for this state
gives an HH potential which has much poorer agreement
with the RKR potential than that shown in Table IV.
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FIG. 9. A comparison of the simplex fit of the HH potential to the SL poten-
tial (Ref. 9) with the spectroscopically determined HH potential for the
A3Z} state of O,. The solid line is the result of the simplex fit, the dashed
line is obtained using the experimental spectroscopic constants, and the
points (X) are the SL results.

Comparisons of the spectroscopically determined HH
potentials with our fits using the ab initio results of Saxon
and Liu® for the ground X °Z~ and 4 >3} states are shown
in Figs. 8 and 9, respectively. The potentials are generally
seen to agree quite well except for differences in €. In the case
of the ground X °2. state, it should be noted that some
additional values from the spectroscopic HH potential were
used in fitting the inner repulsive wall of the potential.

IV. TRANSPORT PROPERTIES OF ATOMIC OXYGEN

According to the kinetic theory of gases,’ the viscosity
of a pure gas 7 is given by
_ 5 ( mkT )‘/ 2 1
16\ 7 P’
where m is the mass, k is Boltzmann’s constant, T is the
temperature, and 0°Q>?" is the viscosity collision integral.
Also, the translational thermal conductivity of a pure gas 4,
is given by

_25(kT\* ¢, 5
-37(;,;) pErer, (%)

where ¢, is the specific heat per atom, taken to be 3k /2, and
the self-diffusion coefficient D is given by

3(kT\? 1
p=4(om) e ®
where p is the particle density and o?Q """ is the diffusion
collision integral.

Using the transport collision integral program devel-
oped previously,?*?¢ diffusion and viscosity collision inte-
grals have been calculated for each of the 18 molecular states
of O, that dissociate to ground state oxygen atoms, using our
potential fits to the ab initio potential energy curves of Saxon

(4)

TABLE V.The diffusion collision integral o>Q"*">* and the viscosity colli-
sion integral ?Q*?"° for the ground (*P) state of oxygen atoms as a func-
tion of temperature.

T(K) 20D (R2) D" (A?)
2000 4.9761 5.6880
2500 4.6787 5.3606
3000 4.4452 5.1060
3500 4.2534 4.8989
4000 4.0922 4.7255
4500 3.9531 4.5755
5000 3.8305 4.4447
6000 3.6238 42238
7000 3.4539 4.0430
8 000 3.3103 3.8906
9000 3.1865 3.7589

10 000 3.0783 3.6433

11 000 2.9819 3.5404

12 000 2.8954 3.4475

13 000 2.8171 3.3630

14 000 2.7455 3.2857

15 000 2.6801 3.2143

16 000 2.6201 3.1480

17 000 2.5643 3.0864

18 000 2.5124 3.0286

19 000 2.4639 29748

20 000 2.4186 2.9239

J. Chem. Phys., Vol. 89, No. 5, 1 September 1988
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TABLE VI. The theoretically caiculated transport properties viscosity 7,
thermal conductivity 4, and self-diffusion D, for ground state oxygen atoms
as a function of temperature at 1 atm.

TABLE VIL. Ratios of the viscosity collision integrals 0>(1‘*»>* obtained for
ground state oxygen atoms by Yun and Mason (Ref. 35) and by Capitelli
and Ficocelli (Ref. 40) to the results obtained in this work.

T(K) 7(10~*kg/ms) A(W/mK) D(10~3 m%/s) T(X) (Ref. 35)/(this work) (Ref. 40)/(this work)
2000 0.8395 0.1636 1.181 2000 1.08 0.96
2 500 0.9963 0.1941 1.756 2 500 1.09
3000 1.145 0.2232 2.429 3000 1.09
3500 1.290 0.2513 3.199 3500 1.09
4 000 1.429 0.2785 4.062 4 000 1.09 0.99
4 500 - 1.565 0.3051 5.018 4 500 1.10
5000 1.699 0.3310 6.064 5000 1.10
6 000 1.958 0.3816 8.448 6 000 1.10 1.00
7 000 2.209 0.4305 11.16 7 000 1.10
8 000 2.454 0.4783 14.23 8 000 1.10 1.00
9 000 2.694 0.5251 17.64 9 000 1.10

10 000 2.930 0.5710 21.38 10 000 1.10 1.01

11 000 3.163 0.6163 25.45 11 000 1.10

12 000 3.393 0.6611 29.87 12 000 1.10 1.01

13 000 3.620 0.7054 34.60 13 000 1.10

14 000 3.845 0.7493 39.68 14 000 1.10 1.02

15 000 4.069 0.7928 45.07 15 000 1.10

16 000 4.290 0.8360 50.78 16 000 1.02

17 000 4.510 0.8789 56.82 18 000 1.02

18 000 4.730 0.9217 63.19 20 000 1.03

19 000 4.947 0.9641 69.87

20 000 5.164 1.007 76.87

curves of Saxon and Liu.” The individual collision integrals
were then degeneracy averaged.'® The resulting collision in-
tegrals are given in Table V and the transport properties are
given in Table VI.

V. DISCUSSION

The first rigorous calculation of the transport collision
integrals of ground state oxygen atoms were reported by
Yun and Mason®* (YM). These calculations were based on
the representation of the 18 O, potential energy curves ob-
tained by Vanderslice et al.®'® In general, they used the spec-
troscopically determined RKR potential for the bound
states and fitted the RKR results with either the inverse
power attractive potential or the exponential-six potential
and then used the tabulated transport collision integrals for
these potentials.*®*” The potential energy curves for the re-
pulsive states were estimated by using a qualitative semi-
empirical quantum mechanical technique based on the per-
fect pairing method.?*® These results were then fitted with
the ER potential for which the transport collision integrals
are tabulated.”® A comparison of the degeneracy averaged
viscosity collision integrals obtained by YM with our results
is shown in the second column of Table VII. Agreement is
reasonably good (approximately a 10% difference at all
temperatures considered) despite the fact that the potentials
used by YM are generally quite different than those used in
our work. This suggests that the variety of approximations
used by YM were well chosen.

Capitelli and Ficocelli** (CF) calculated the transport
collision integrals of ground state oxygen atoms by fitting
the ab initio quantum mechanical potential energy curves
obtained by Schaefer and Harris*' with the ER potential for
repulsive states and with the Morse potential for states with

an attractive minimum. They then used the tabulated trans-
port collision integrals for these potentials.*>*> A compari-
son of their degeneracy averaged viscosity collision integrals
with our results is shown in the third column of Table VII.
There is only a difference of a few percent over the tempera-
ture range considered.

Saxon and Liu® (SL) compared the spectroscopic con-
stants obtained from their calculations for the bound states
with those obtained by Schaefer and Harris*' (SH). The
more recent SL results agree better with the experimental
spectroscopic constants than do the SH results for each of
the calculated constants. This is especially important for €
since the well depth has an important effect on the transport
collision integrals. Compared with experimental values for
€, the average error in the SL calculations for six states is
6.1% while the average error in the SH calculation is 27%.
Saxon and Liu® also concluded that their calculations for
repulsive states should be a substantial improvement over
the earlier minimum basis set SH calculations. Thus, we
would expect collision integral calculations based on the SL
potential energy curves to be more accurate than calcula-
tions based on the SH potential energy curves.

That the HH potential is perhaps the best general pur-
pose atom—atom potential is supported by the results in Ta-
bles III and IV which show the HH potential to mimic the
experimental RKR potential very accurately in most cases.
To provide a further test, we have also calculated the trans-
port collision integrals using experimental (spectroscopic)
HH parameters for the six states of O, listed in Table IT. We
find there to be less than a 3% difference from 2000 to 20 000
K between the viscosity collision integrals obtained using the
ab initio calculations of Saxon and Liu® for all states and the
viscosity collision integrals obtained when the HH potential
is used for the six bound states.

However, the good agreement between the overall re-

J. Chem. Phys., Vol. 89, No. 5, 1 September 1988
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TABLE VIIIL Ratios of the viscosity collision integrals 6?Q>»" calculated
theoretically at 10 000 K. :

State YM/SL CF/SL “HH/SL
Xz, 1.06 1.05 110
a'a, 1.02 1.02 1.09
b's; 099 101 1.04
'z 0.85 0.94 0.92
c3A, 1.03 098 0.98
A3 1.06 0.99 099
rmsd-a* 8% 4% 1%
23} 091 0.97

233} 0.85 097

153, 1.09 0.95

3 1.20 1.09

253} 1.00 0.92

1, 0.97 1.02

1'm, 0.87 1.09

1°m, 1.08 1.10

1°m, 1.23 1.42

5T, 1.28 1.06

I, 127 0.96

A, 1.10 0.95

rmsd-r 17% 14%

rmsd-t 14% 12%

* The symbol rmsd means the root mean square percent difference in the two
results being compared; the symbols a, r, and t mean the attractive
(bound) states, the repulsive states, and all 18 (total) states, respectively.

sults obtained by us using only the ab initio SL potentials and
the YM and CF results, and between our ab initio results and
our results obtained using the HH potential for the bound
states masks some differences for individual states. This is
shown in Table VIII at 10 000 K, a temperature at which
almost all of the oxygen in air exists as oxygen atoms. It can
be seen that, at 10 000 K, there are some substantial differ-
ences in the viscosity collision integrals for individual states
as obtained from the four calculations. The CF collision inte-
grals differ from ours by 10% or less for the various states
except for the 1 °I1, state. If that state were ignored, the CF
viscosity collision integrals for the repulsive states would
have a root mean square difference from ours of only 6%.

Also notice (column four of Table VIII) that the state-
by-state comparison of the viscosity collision integrals based
on the HH potential (which Tables III and IV indicate is
essentially the experimental RKR potential) with our re-
sults based on the ab initio SL potentials shows that three of
the HH states are “high” and three are “low”, leading to the
excellent average agreement for all six states.

Unfortunately, there is very limited experimental data
relating to the transport properties of oxygen atoms at high
temperatures*® and what data is available is for mixtures of
oxygen atoms and molecules. Thus direct comparison of our
calculations with experimental results is not possible at the
present time.

The SCF-CI calculations of the O, potential energy
curves by Saxon and Liu,” on which our calculations are
based, should be considerably improved over the minimum
basis set potential energy curves of Schaefer and Harris,*' on
which the CF*° calculations are based. This is discussed in

detail by Saxon and Liu.® We previously estimated” that the
thermophysical property calculations for monatomic sodi-
um using theoretical Na, potentials were in error by about
10% or less. This estimate was supported by comparison
with the limited experimental transport data. We expect the
O, potential energy curves to be about as accurate as the Na,
potential energy curves and, on this basis, we estimate the
error in the transport properties given in Table VI to be
10%-15% or less.

Finally, the calculations of Moss and Goddard*® for the
A33 .} state of O, indicate this state to have a maximum in
the potential energy curve while the SL calculations do not
indicate this. Our HH spectroscopic parameter calculations
indicate this to be a type 3 potential®®; i.e., it has a maximum
but the maximum occurs at slightly negative energies. Only a
small change in the values of the spectroscopic parameters
would convert this to a type 4 HH potential®; i.e., a potential
with a maximum at slightly positive energies such as that
obtained by Moss and Goddard.** Since all of our previous
experience with the HH potential has indicated that this po-
tential form is remarkably well suited for reproducing much
of the detail of “true” potentials, we would suggest that the
A 33 F state probably does have a local maximum. We have
used the SL ab initio results in the present work rather than
those of Moss and Goddard*® because the results of SL have
slightly better values of € which is very important for the
calculation of the transport collision integrals.
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