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High-level ab initio calculations are used to obtain accurate potential energy curves forkiia
Na'-Xe, and Nd -Rn. These data are used to calculate spectroscopic parameters for these three
species, and the data for the whole*NRg series (Rg He—Rn) are compared. Potentials for the
whole series are then used to calculate both mobilities and diffusion coefficients fomaing
through a bath of each of the six rare gases, under conditions that match previous experimental
determinations. Different available potentials and experimental data are then statistically compared.
It is concluded that the present potentials are very accurate. The potential and other data for Na
-Rn appear to be the first such reported. 2603 American Institute of Physics.

[DOI: 10.1063/1.1591171

I. INTRODUCTION A number of previous studies are of relevance here. Kim
and Gordon provided early attempts to describe the attractive
We have recently been involved in the generation of acand repulsive parts of the interaction potential of closed-
curateab initio potential energy curves for the alkali metal/ shell/Rg system&8Waldman and Gorddrhave reported the
rare gas 1:1 complexes and the derivation, from these, afsults of the most recelitodified electron gas modeling,
spectroscopic constants and transport coefficients. To datalthough an earlier study by Gianturco had been published.
we have reported the whole set of results fof IRg (Rg  Powers and Cro$shave reported the results of ion beam
=He—Rn)"? and the potential energy curves and spectrosscattering studies, as have Gisla%omnd Kita et all®
copy of Na - Rg (Rg=He—Ar) 2 This work follows on from  Viehland"'* derived potential parameters from ion scattering
these results and from previous work by one dfushere  and transport data, and subsequently Koutseloal® de-
interaction potentials were derived from transport data. In theveloped a universal scaling scheme that provided good
present work, we presemb initio potential energy curves agreement with experiment for all alkali metal/rare gas sys-
and derive spectroscopic quantities for the three heavier spéems (excepting species involving Fr and RnNyland
cies, Na -Kr, Na'-Xe and Nd -Rn, as well as transport et al® considered the interaction potentials of N&r and
coefficients for the whole Na Rg series. We shall compare Na'-Xe using a range of fitting and combination rules. Fi-
our calculated spectroscopic and transport results with previrally, Freitaget al1® reported results for Na Xe using SCF
ously available values, particularly the spectroscopic workand CEPA methods.
on M- Rg species summarized in a recent reViemd the
transport data referred to below. Complexes involving an alil. THEORETICAL DETAILS
kali metal cation interacting with a rare gas atom are proto- i .
. . . A. Ab initio calculations
typical closed-shell neutral/closed-shell cation species. They
are simple enough that very accurate calculations can be per- The interatomic curves were computed at the CCSD
formed, so providing insight into the fundamental interac-level of theory using a derivéd basis set equivalent to an
tions that occur in this model microsolvation syst&m. aug-cc-pVQZ basis set for Na The standard version of
these basis sets was used for He, Ne, and Ar, as reported in
Ref. 3. For Kr, the ECP28MWH effective core potential

dE|ectronic mail: Viehland@chatham.edu

bElectronic mail: e.p.lee@soton.ac.uk (ECP was employed. Here and below, the M generally in-
9Electronic mail: t.g.wright@sussex.ac.uk dicates that the neutral atom is used in the derivation of the
0021-9606/2003/119(7)/3729/8/$20.00 3729 © 2003 American Institute of Physics
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ECP, and WB implies the use of the quasirelativistic ap-TABLE I. Potentials for Na-Rg: the energies are given in cf with
proach described by Wood and Boritythe number indi- ~ "®SPect 1o the relevant dissociation fimit.

cates the number of electrons which are included in the core. V(R)em™?

To this was added &8s7p5d3f2g] valence basis set as

+. + T
detailed in Ref. 2. For Xe, the ECP46MWBECP was RA Na“-Kr Na®-Xe Na“-Rn
employed, to which was added [6#s6p4d3f2g] valence 2.000 14 978.206 28550.083 35301.860
basis set detailed in Ref. 2. For Rn, the ECP78MMBCP 2.300 2501.035 7319.638 10152.053
was employed, augmented by[40s9p7d4f2g] valence 2400 754.059 3946.776 5966.843
basis set: this basis set has been given explicitly in Refs. 21 20 362443 Lozr.raz 3011228

- g plicitly : 2.600 —1046.239 66.584 956.434
and 22. _ . 2.700 —1435.992 —952.903 —441.124
Energies were determined at a range of intermolecular 2.800 ~1628.650 —1588.206 ~1361.655
separationsR, covering the short- as well as long-range re-  2.900 —1691.798 —1953.746 —1938.421
gions. The ranges oR used were selected based upon the 3990 ~1672.267 —2132.424 —2269.793
ition of the minimum and upon the demands of the trans- o -00 1602272 ~2184.000 —2428.214
pos , por ' 3.200 ~1503.724 ~2151.616 —2466.863
port property calculations. Basis set superposition error 33qp —11391.284 —2065.737 —2424.602
(BSSB was accounted for by employing the full counter- 3.400 —1274.571 —1948.091 —2329.701
poise correction of Boys and Bernardin a point-by-point 3.500 —1159.681 —1813.805 —2202.589
manner. All energy calculations were performed employing 3-890 —855.020 —1398.531 —1753.606
24The frozen core approximation was used through- & =20 ~625.769 1045462 1334499
MOLPROQ. pp 9 4.400 —462.352 ~778.059 ~1001.700
out, with the Z and 2 electrons of N& treated as valence. 4.700 —347.268 _583.967 —753.850
We showed in Ref. 17 that the freezing of the core orbitals  5.000 —265.620 —444.633 —573.593
had a negligible effect on the calculated dissociation energy 6.000 —122.201 —201.020 —257.194
and equilibrium bond length; indeed, freezing these orbitals 8990 —37.186 —60.305 —76.448
had the beneficial effect of reducing the BSSE. The frozen o-9%° 15019 24238 30623
Ietiet , g : 13.000 ~5.232 —8.403 ~10.602
core approximation obviously affects the calculated total en- 15,000 —2.958 —4.737 —5.973
ergy, but our previous calculations with the *LLiRg 17.000 —1.805 —2.879 —3.627
system&? indicate that it has a negligible effect upon the  20.000 —0.960 -1519 —1.898
calculated interaction potential energies. 22.000 —0.667 —1.049 —1318
25.000 ~0.416 ~0.645 ~0.807
B. Spectroscopy and interaction parameters
P py P Ill. RESULTS AND DISCUSSION

From the interaction potential energy functions, the equi- ) i . il . .
librium interatomic separations and the dissociation energies Our ion—neutral interaction potential energies are given
were obtained, and LeRoylVEL prograni® was used to in Table I. For a closed-shell atom interacting with a singly
calculate rovibrational energy levels. Thg and w.X. pa- charged ion at long range
rameters were then determined from the calculated energy D,

6
levels by straightforward means. UR)=— gz~ ge t* "= Eind(R) + EaisgR), 1)
where
. llay ap
C. Transport coefficients Eing(R)=— > ( = + =G +.. ) , 2)

Starting from the interaction potentials, transport cross
sections were calculated to an accuracy of 0.1% using the and E o R) = — Ce %+... 3)
programQVALUES.?%?” These cross sections were then used disel R® R® ’

in the programGRAMCHAR® to determine the ion mobility where E;q is the induction energyEqq, is the dispersion

and the other gaseous ion transport coefficients as functionesner o, is the static dipolar polarizabilitjor simply static
of E/N, the ratio of the electric field strength to the gas gy.ay P P Ply

polarizability), and«, is the static quadrupolar polarizability

number density, at particular gas temperatures. The mObI|Ic-)f the rare gas atom. Ignoring the higher order terms, Ahl-

. . i o i
ties are generally preC|se_W|_th|n 0.1%, which means that th?ichs et al?® (among otheshave noted thab, and Dy are
numerical procedures within the programALUES and

- . . related to the other parameters by
GRAMCHAR have converged within 0.1% for the given ion—
neutral interaction potential. However, at some intermediate D,= «,/2, (4)
E/N values convergence is sometimes only within a few B .
tenths of a percent and a slight wobble is detectable in the D= az/2+Ce(Na’-Rg). ®)
computed values for the heavier rare gases. The diffusion As a consequence of Eqgl) and (5), least-squares fit-
coefficients are generally precise within 1%, with the excep+ting of the calculated potentials at largeto Eq. (1) should
tion of intermediateE/N values where convergence is only yield values for the parameteB®, andDg. Note that it is
within 3%. also possible to incorporate “universal damping functions
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TABLE IlI. Calculated spectroscopic parameters¥ha’ - Rg. Bold values  TABLE Ill. Calculated rovibrational spectroscopic constants féXa"
are those calculated in the present work. -Rg. E(v,J)=E(v,0)+B,J(J+1)—D,J?(J+1)%+H,3(JI+1)°.
Species Re/A welem o /emt  Dg/emt v E(v,00—-E(0,00 B,/cm?! D, cm ! H, cm !
Na'-“He 2.324 154.7 20.5 329.1 Na'-*He
Na"-®Ne  2.472 106.6 6.56 513.8 0 0 0.848 1.44%10* 5.611x10° 8
Na" - “%Ar 2.780 125.2 3.41 1333.0 1 113.71 0.702 2.13710°* 14.71x10°8
Na' - 8Kr 2.920 117.7 2.34 1693.3 2 186.43 0.541 3.23210* 36.02x10°¢
3.5¢ 1340 3 226.88 0.380 4.62810°% 79.26x10°8
2.89 1500 2
277 1900 Na”-“Ne } :
0 0 0.250 6.41810°°% 3.947x10°1°
2.85' 1630 . 0
o8P 169G 1 93.56 0.233 7.51210 5.950x 10
2 71+0.1d 2100+ 300 2 173.70 0.215 8.9041072 8.983x 10;2
087 1770 3 241.06 0.197 10.6810 13.43x 10
Na“-'¥%e  3.104 1185 1.79 2184.1 Na® - 40ar
.47 2280 0o 0 0.147 8.76%10°7  9.798<10 12
2.92 2300 1 11838 0.143 9.30810 7 117810
3.06 1040 2 229.90 0.139 9.906107 14.19x10" 12
3.08 2090 3 33463 0.134 1058107 17.14x10 %2
2.79+0.11 108 1.8 2900+ 500
3.1 2080 Na" - 8Kr
321 1690' 0 0 0.108 3.87%10°7 2.337x10 *?
Na"-?*Rn  3.192 115.9 1.48 2467.2 1 113.022 0.106 4.03510°7 2.675x10° 12
2 221.352 0.104 4220107 3.066x 10 *?
*From Ref. 11. 3 325.007 0.101 44041077  3.520< 10712
bFrom Ref. 8, model IlI.
°From Ref. 10. Na'-13%Xe
9From Ref. 9. 0 0 8.864x10°2 2.062x10°7 7.234x10° 18
fFrom Ref. 12. 1 114.902 8.72210°% 2.124x10°7 8.056x107 13
“Best” estimate | from Ref. 15. 2 226.222 8.57%10°2 21901077 8.979x10° 1
From Ref. 4. 3 333.958 8.4381072 2.261x10°7 10.023<107 1
"From Ref. 16.
Na'-??2Rn
0 0 7.892% 1072 15111077 3.887x10° '3
1 112.952 77821072 1.547x10°7 4.268<107 13
in the fit for D, andDg (see, e.g., Ref. 29however, it has 2 ~ 222.943 7.67% 1072 1.584x 107; 4.691x 10712
3 329.966 7.559 10 1.625x< 10 5.158< 10

been noted by Ahmadit al2° that this can lead to significant

error in the fitted potential. Although in Ref. 3 we were able

to derive D, and Dg from the long-range regions of the Npote that in Ref. 3 there were some errors in the reported
Na’-He, Na -Ne and N& - Ar potentials, we noted that for yajye of the exponent for the centrifugal distortion terms for
Dg in particular, a heuristic approach had to be taken. Rena*. Ne and N& - Ar, and so we present the whole set of
gions of the potential energy curve were matched to(El.  correct results in the present work for clarity. The explicit
to obtain the smallest error, with no account being taken o iprational energy levels are given in Table Il for all six
the repulsive terms, damping factors, or higligf terms.  complexes, and the derived, and weX, values are given in
Subsequent detailed work on ‘LiHe', where the latter Taple I: for all except N&- He, these were obtained from a
terms were considered, has led us to the conclusion that th of the four vibrational energies listed in Table Il to the
fitting of D¢ (and otherD,, termg requires very careful con- two-term Morse potential energy functigthe higher anhar-
sideration, and we refrain from such fits in the present workmonicity of Na*-He meant that such a fit had significant
We did, however, confirm that the potentials at very laRje error, and so only the two lowest energy levels were used in
have a—D,/R* dependence, and that the value®f was  this casg

consistent with well-established values for the polarizabil- e only include the N&-He, Na" -Ne, and N&-Ar

ities of He—Ar, and with the values for Kr—Rn calculated by results here for comparison and completeness; the spectro-
ourselved and others. Breckenridge and co-workers havescopic results and their comparison with previous studies
considered the importance of the various contributions thayve been described in detail in Ref. 3, where good agree-

M*-Rg bonding>%*** ment with the most-recent, high-level calculations was noted.
Information on N& - Kr and Na" - Xe has been obtained
A. Spectroscopy indirectly from ion beam scattering studifs;? as well as

The derived rovibrational spectroscopic quantities ardfom ion transport dat&> Theoretical studies have been
given in Tables Il and Ill. The rotational energy levels for undertaken, but these seem to have been limited to electron

each vibrational level were fitted to the expression gas calculatior’sand some recent Coupled Electron Pair
Approximation (CEPA) calculations:® No previous studies
+
E(v,J)=E(v,0)+B,J(J+1)—D,J2(J+1)? of Na ~_Rn have been repor_ted to our knoyvledg.e.lThe valugs
for the internuclear separations and the dissociation energies
+HUJ3(J+ 1)3. (6) obtained in the previous studies are given in Table I, to-
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gether with the values derived in the present work. It may be
seen that, on the whole, there is reasonable agreement be
tween our results and the previous experimental values, al-
though the bond lengths derived from the earlier electron
beam scattering experimehtseem to be too long. One ex-
ception is that the dissociation energy for N&r obtained
experimentally appears to be too small—perhaps this is not 10 1
surprising as beam studies generally probe the repulsive re-

gion of the potential, rather than the attractive part: indeed, “»
no information on the attractive regions of the lighter'Na N

-Rg systems could be obtainédowing to the insensitivity § 57
of the experiment to this part of the potential. The quantities &
derived from the ion transport studies are in relatively good Ar

agreement with the results obtained herein, which is likely to i
be due to the fact that the potentials have been derived from Kr

a wide range oE/N data, which will be sensitive to both the 2 1 ' ' L .
attractive and repulsive regions of the potential—statistical Xe —f
comparisons between these potentials will be made below

when considering the transport data. Rn
Looking at the theoretical studies, tlimodified elec- 1 T T
tron gas model of Waldman and Gordoperforms fairly 1 10 100
well, giving values for both the internuclear separation and E/NinTd
the well depth that are close to the values derived from the . .
i FIG. 1. Log-log plots of the standard mobilit, in cn?V 's™!, as a
present work for bOth Na- Kr_and Na 'Xe_ (see Table i function of the reduced field strengtB/N in Td (1 Td=10"2' vV m?), for
The only otherab initio study is that of Freitagt al,*® who Na* in the rare gases. The temperature is 300 K for all gases except Xe, for
only considered N&- Xe at the CEPA level of theory. Their which T=303 K. The curves are those calculated in the present work—see
bond Iength isin good agreement with the present value, bu‘liables IV=VIII for statistical analyses. The lines are experjmental v_alues
the well depth is a little shallow: this probably results from afrom Refs. 37 and 38, whose length represents the maximum estimated
N = . experimental errors. The small wobbles in the calculatgdcurves are
combination of the omission of some of the correlation en-artifacts—see the text.
ergy, as well as the use of a relatively small basis set. Only a
small basis set could be used in that work, both because of
computational limitations at that time, but also as no ECPB: Transport data
was employed, and so the number of valence basis functions \We have calculated the transport coefficients at a large
was limited. It is especially important in these species to beyumber of E/N values and at many gas temperatures for
able to describe the distortion of the Rg valence orbitalseach of the six Na-Rg systems. The number of results is
along the internuclear direction, as caused by the chargeéo large to list here or even to show graphically; we have
induced-dipole interaction. This in turn means that one musplaced them in the gaseous ion transport database maintained
be able to describe the polarization of the Rg atom well; weat Chatham Colleg& As a guide to the eye, we present in
showed in Ref. 31, and for i Rg in Ref. 2, that the types Fig. 1 the calculated standard mobilities and the experimen-
of basis sets we employ herein are able to describe thesel results from the Georgia Tech grotfo As noted above,
effects well. there are very slight “wobbles” in th&, curves at interme-
There appears only to have been one previous report of diate E/N caused by a slower convergence in these regions,
vibrational frequency for these species—for'NXe in Ref.  which we did not attempt to overcome with more extensive
16. The values for botw, and weX, are in good agreement computations.
with our derived valuegsee Table ). In previous worké®*°we have reported the average per-
We conclude that we have produced a reliable set otentage difference and standard deviation between calculated
potential energy parameters for these species; in a number ahd measured transport coefficients. More recéfitiye in-
cases, these values are the first ones reported. troduced statistical quantitied,and x, to measure the differ-
Considering the set of values in Table Il for the Na ences between calculated and measured transport coefficients
-Rg series, we see that, as expected, the dissociation energiile taking into account the estimated errors in each quan-
increases as we descend the Rg group, in line with the irtity. If the experimental and calculated errors are the same at
creasing polarizability of RgRef. 3)—a trend also ob- all E/N, then§is the ratio of the average percentage differ-
served in our work on LYi-Rg (Ref. 2 and RgNO* (Refs.  ence to the maximum combined percentage difference ex-
34 and 35%. Interestingly, the vibrational frequencies do not pected, whiley is the ratio of the standard deviation of the
follow a monotonically increasing trend, and such a variationpercentage differences to the root-mean-square of the maxi-
is also seen for other M Rg specie$® it probably repre- mum combined percentage deviations expected. A positive
sents a subtle balance between the increasing attractioralue of § indicates that the data lie above the calculated
(charge/induced dipoJeand increasing repulsiveelectron—  values, and vice versa. Values of the absolute valu@tbht
electron repulsionterms. are substantially lowefalternatively, higherthan 1 indicate

He |
20

Ne
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TABLE |V. Statistical comparison of calculated and experimental transport data foridte in He gas.
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Ref. 5 Ref. 43 This work/Ref. 3
Range of No. of
Data type E/N? Accuracy  Points  Precisiofi ) X Precisiofi ) X Precisiofi S X
K, 300 K
1-10 2 14 0.1 —1.300 1.316 0.1 —1.548 1.554 0.1 0.544 0.585
Ref. 37 10-50 2 10 0.1 0.089 0.704 0.1 —0.431 0.756 0.1 1.164 1.175
50-174 2 5 0.1 0.906 0.995 0.1 0.555 0.606 0.1 1.306 1.327
1-174 29 —0.44 1.09 —0.80 1.19 0.89 0.97
D, 300 K 1-10 5 14 1 1.509 1.539 1 1.045 1.087 1 2.355 2.378
10-50 5 10 1 2.973 3.446 1 2.595 3.248 1 3.069 3.312
Ref. 41 50-174 5 5 1 3.223 3.456 1 3.228 3.467 1 4.216 4.324
1-174 29 2.31 2.70 1.96 2.51 2.92 3.12
K, 309 K 1-10 3 14 0.1 —0.738 0.774 0.1 —1.407 1.426 0.1 0.499 0.555
10-50 3 21 0.1 —0.213 0.703 0.1 —0.730 1.046 0.1 0.584 0.811
Ref. 40 50-139 3 9 0.1 0.032 0.488 0.1 —0.071 0.465 0.1 0.198 0.498
2-125 44 —-0.33 0.69 -0.81 1.10 0.48 0.68

4n units of Td.
PAccuracy of experiment%).
“Precision of calculationéo).

that there is substantial agreemédisagreementbetween gases. There are no data to which we can compare the
the calculated and measured values, on average. Valugs ofpresent Na/Rn results.
that are not much larger thdd| indicate that there is little
scatter in the experimental data, and that the agreement be-
tween the calculated and measured values is uniform over aff
values ofE/N, while values ofy substantially greater than lon scattering and transport experiments do not provide
|8] indicate that at least one of these factors is not true. Thenformation on shallow potentials unless the relative kinetic
statistical comparisons are performed at low, intermediategnergy or gas temperature is very low. Since the well depth
and highE/N regions, using a larger estimate of the calcu-for the Na' - He interaction is 40.8 meVequivalent to 474
lation errors at intermediat&/N in order to prevent the K), we expect ourab initio potential for He to be more
slight wobble from influencing our conclusions. accurate near and beyond the minimum positidd bohr or
Tables IV-VIII give the values ob and y obtained for 2.3 angstromthan are potentials derived from inverting scat-
the transport properties of Naions in the first five rare tering or mobility data.

Nat-He

TABLE V. Statistical comparison of calculated and experimental transport data foiidws in Ne gas.

Ref. 5 This work/Ref. 3
Range of No. of
Data type E/N®  Accuracy points Precisiofi S X Precisiofi 8 X
Ko 300K 4-15 2 7 0.1 0.233 0.491 0.1 0.144 0.488
15-65 2 10 0.3 0.327 0.424 0.3 0.244 0.311
Ref. 37 65-200 2 8 0.1 0.061 0.403 0.1 0.739 0.806
4-200 25 0.22 0.44 0.37 0.56
D, 300K 4-15 5 7 0.1 0.640 0.815 1 0.540 0.768
15-65 5 10 0.3 2.051 2132 3 2.226 2.450
Ref. 41 65-200 5 8 0.1 1.662 1.851 1 2.873 2.910
4-200 25 1.53 1.76 1.96 2.30
Ky 311 K 2-15 0.85 24 0.1 —2.457 2505 0.1 —2.706 2.740
15-65 0.85 24 0.3 —1.590 1.611 0.3 —1.827 1.870
Ref. 46 65-125  0.85 5 0.1 —2.007 2.064 0.1 -0.921 1.001
2-125 53 —-2.02 2.10 —-2.14 2.25
D,311 K 2-15 18.5 24 1 0.540 0930 1 0.509 0.920
15-65 7 24 3 -0.194 0.719 3 0.046 0.591
Ref. 46 65-125 7 5 1 —-0.637 1271 1 0.154 1.118
2-125 53 0.10 0.88 0.27 0.81
D, 295K 10-65 3 6 3 0.052 0.176 3 0.118 0.181
65-200 3 14 1 —1542 1698 1 —0.514 0.764
Ref. 47 10-200 20 -1.06 1.42 -0.32 0.65

4n units of Td.
PAccuracy of experiment%).
Precision of calculation§).
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TABLE VI. Statistical comparison of calculated and experimental transport data foridve in Ar gas.

Ref. 5 This work/Ref. 3
Range of No. of
Data type E/N? Accuracy  points Precisiofi S X Precisiofi S X
Ky, 300 K 6-40 2 12 0.3 0.531 0.595 0.1 0.435 0.528
40-125 2 12 0.9 0.860 1.305 0.3 0.166 0.865
Ref. 37 125-190 2 4 2.0 0.446 0.515 0.3 0.095 0.136
190-502 2 7 0.9 —0.187 0.327 0.3 0.577 0.694
6-502 35 0.49 0.87 0.33 0.67
D, 300 K 6-40 5 12 3 1.223 1340 1 1.238 1.287
120-190 5 5 20 0.809 0.873 3 1.980 2.046
Ref. 41 190-502 5 7 9 0.550 0578 1 2.905 2.985
6-502 24 0.94 1.07 1.88 2.07
Ko 303 K 42-125 3 8 0.9 1.979 2.033 0.1 1.784 1.857
125-190 3 4 2.0 0.462 0.495 0.3 0.825 0.868
Ref. 48 190-339 3 6 0.9 —0.396 0.784 0.1 0.013 0.854
42-339 18 0.85 1.45 0.98 1.39
Ky 314 K 6-40 0.85 17 0.3 —0.731 0.807 0.1 —1.375 1.398
40-125 0.85 11 0.9 0.543 0.867 0.3 —-0.979 1.273
Ref. 46 125-190 0.85 6 2.0 —0.705 0.722 0.3 —1.536 1.571
190-409 0.85 6 0.9 —1.404 1.422 0.1 —0.601 0.816
6—-409 40 —0.48 0.93 —-1.17 1.32
D,314 K 6-40 18.5 17 3 1.180 1376 1 1.213 1.480
125-190 7.0 6 20 0.004 0.307 3 0.501 0.725
Ref. 46 190-409 185 6 9 —0.302 0354 1 —0.079 0.272
6—-409 29 0.63 1.07 0.80 1.19
D, 297 K 10-40 3 6 1 0.445 0.504 1 0.204 0.273
40-125 3 9 3 —-1.751 2171 3 —1.987 2.247
Ref. 47 125-190 3 3 3 —-4.314 4327 3 —2.613 2.627
190-260 3 4 1 —4.798 4.798 1 —4.132 4.133
10-260 22 —2.06 2.96 -1.12 2.48

4n units of Td.
PAccuracy of experiment%).
‘Precision of calculation&).

In Ref. 2, we noted thadb initio curves at very shof®  energy as the internuclear separation increases, and our
may suffer from the effects of BSSE, which is difficult to Na"-He potential gives scattering results that are in good
correct for as the basis functions overlap more, and the moiagreement with experiment.
eties in the counterpoise correction become less defined. For- The transport data from Refs. 37, 41, and 42 are com-
tunately, the BSSE becomes a smaller percentage of the totaared in Table IV to the present calculated results and to the

TABLE VII. Statistical comparison of calculated and experimental transport data foridtes in Kr gas.

Ref. 5 This work
Range of No. of
Data type E/N®  Accuracy points Precisiofi S X Precisiofi 8 X
Ky, 300 K 7-40 2.5 11 0.2 —0.142 0.296 0.1 0.482 0.549
40-100 2.5 15 2 0.540 0.745 1 1.376 1.546
Ref. 38 100-115 4 2 2 0.713 0713 1 0.908 0.909
115-515 4 18 0.2 0.528 0.565 0.1 0.550 0.579
7-515 46 0.38 0.59 0.82 1.01
D, 300K 7-40 55 11 2 —-0.166 0.728 1 0.121 0.887
160-515 10 15 2 1.053 1232 1 1.223 1.414
Ref. 38 7-515 26 0.54 1.05 0.76 1.22
D, 295 K 10-45 2 5 1 —0.567 0.724 1 —0.405 0.599
45-115 2 6 3 —1.238 1425 3 —1.132 1.345
Ref. 45 115-500 2 9 1 —0.346 0460 1 —0.326 0.395
10-500 20 —0.67 0.91 —0.59 0.84
D, 303K 5-42 3 8 1 0.192 0224 1 0.326 0.365
42-115 3 10 3 —0.971 1154 3 —0.888 1.102
Ref. 50 15-500 3 19 1 —-0.329 0459 1 —0.310 0.462
5-500 37 —-0.39 0.69 —0.33 0.68

4n units of Td.
PAccuracy of experiment%).
Precision of calculation§).
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TABLE VIII. Statistical comparison of calculated and experimental transport data forities in Xe gas.

Ref. 5 This work
Range of No. of
Data type E/N®  Accuracy points Precisiofi S X Precisiofi ) X
K, 303 K 7-42 2 13 0.1 —0.337 0.425 0.1 0.648 0.722
42-155 2 17 1 —-0.064 0.710 1 0.903 1.132
Ref. 38 115-509 2 18 0.1 1.791 2.078 0.1 1.006 1.153
7-509 48 0.56 1.36 0.87 1.05
ND, 303 K 12-42 5 10 1 0.934 1.886 1 1.585 2.301
42-155 5 17 3 —-0.129 1.641 3 0.213 1.300
Ref. 38 155-509 5 18 1 3.648 3.792 1 1.967 2.152
7-509 45 1.62 2.75 1.22 1.92
K, 300 K 7-42 5 4 0.1 —0.305 0.307 0.1 0.110 0.133
42-155 5 4 1 —0.066 0.312 1 0.340 0.435
Ref. 52 155-500 5 5 0.1 0.876 0.934 0.1 0.395 0.420
7-500 13 0.223 0.628 0.290 0.496
D, /K 303K 5-42 3.5 8 1 -0.174 0371 1 —0.005 0.193
42-155 3.5 15 3 —0.694 0.886 3 —0.299 0.485
Ref. 51 155-440 3.5 17 1 —0.281 0.396 1 —-1.171 1.309
5-440 40 —-0.41 0.62 —-0.61 0.91

4n units of Td.
bAccuracy of experiment%).
Precision of calculation&).

results calculated from the potentials of Refs. 5 and 43pected result. The mobility data from Ref. 48 are inconsistent
(Note that additional results that have been calculated fromwith the calculated values at lo®/N, suggesting that the
the potential in Ref. 5 are given in Ref. ¥4rhe mobility  cited accuracy is too small; however, at high\ the agree-
data from Refs. 37 and 42 are consistent with all three poment is much better. The mobility data from Ref. 46 are
tentials, with the best agreement being found for the preserdlightly in disagreement with the calculated values, suggest-
potential. This is a somewhat surprising result since theng that the cited error is a little on the low side.
model potential in Ref. 5 was derived from inverting the The diffusion data from Ref. 48 have such large error
mobility data. bars that they encompass the results calculated from both
As may be seen from Table 1V, the diffusion data from potentials, and hence cannot discriminate between the poten-
Ref. 41 are not consistent with any of the potentials, sinceials. TheD, /K data from Ref. 47 are certainly in error
o>1 for all of the potentials and the disagreement is out-above 40 Td. With regard to the diffusion data from Ref. 43,
side the cited range. We suspect that these data are not e potential from Ref. 5 is close to being consistent with the
accurate as claimed by the experiments, for reasons diskata, whereas the present potential is not. This is surprising
cussed in Ref. 45. because it is the reverse of the situation for the mobility and
because the raw data used in both ci<¥svere from the
same experiments. One possibility for this disagreement
would be that insufficient analy$fsof the raw data makes
he cited errors too small, especially for the diffusion data.

2. Nat-Ne

The transport data from Refs. 37, 41, 46, and 47 ar
compared in Table V with values calculated from the presen
potential and those derived from the potential of Ref. 5. The .
mobility data from Ref. 46 are not consistent with either 4 Na -Kr
potential, whereas the other data are, suggesting that the The transport data from Refs. 38, 45, and 50 are com-
cited error of 0.85% in Ref. 46 is optimistic. Although the pared in Table VII to the present calculated results and those
diffusion data from Ref. 46 are consistent with the potentialsderived from the potential of Ref. 5. With the possible ex-
and the other experimental data, this is probably only beeeption of theD, /K data from Ref. 45, the potential from
cause of the large error bars claimed for the data. In contraftef. 5 appears to represent the available data better than the
to Na' - He, this time the results from the potential from Ref. present potential. Since the potential from Ref. 5 was derived
5 are in slightly better agreement with the data than thosérom the data in Ref. 38, this merely suggests that all of the
from the present work: this is as expected as the model p@xperimental data are in agreement.
tential in Ref. 5 was derived from the experimental data.

5. Na* in Xe

3. Na*-Ar The transport data from Refs. 38 and 51 and the
The transport data from Refs. 37, 41, 46, 47, and 48 aremoothed data from Ref. 52 are compared in Table VIII

compared in Table VI to the present results and those deriveid the present calculated results and those derived from the

from the potential of Ref. 5. As with Na He, butin contrast potential of Ref. 5. At lowE/N the potential from Ref. 5

to Na' - Ne, the present potential fits the mobility data from represents the data from Refs. 38 and 52 better then the

Ref. 37 slightly better than that of Ref. 5—again an unex-present potential, but the reverse is true for higftN. Both
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