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The Xe shielding surfaces for Xe interacting with linear molecules
and spherical tops
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The '2*Xe nuclear magnetic resonance spectrum of xenon in gas mixtures of Xe with other
molecules provides a test of tlab initio surfaces for the intermolecular shielding of Xe in the
presence of the other molecule. We examine the electron correlation contributions to the Xe—CO
Xe—N,, Xe—CO, Xe—CH, and Xe—CF shielding surfaces and test the calculations against the
experimental temperature dependence of the density coefficients of the Xe chemical shift in the gas
mixtures at infinite dilution in Xe. Comparisons with the gas phase data permit the refinement of
site—site potential functions for Xe—IN Xe—CO, and Xe—CJespecially for atom-Xe distances in

the range 3.5—-6 A. With the atom—atom shielding surfaces and potential parameters obtained in the
present work, construction of shielding surfaces and potentials for applications such as molecular
dynamics averaging of Xe chemical shifts in liquid solvents containing,GEH,, CF;, and Ch

groups is possible. €004 American Institute of Physic§DOI: 10.1063/1.1758691

INTRODUCTION water moleculed! tested against experimental data for Xe in
polycrystalline clathrate hydraté$;*in preparation for cal-
The range of Xe nuclear magnetic resonaiIR)  cyjating the average Xe chemical shift in liquid water via
chemical shifts for Xe dissolved in organic solvents is of themglecular dynamic&>1®The large difference in Xe chemical
order of 300 ppm, typical values are from 85 ppm in ghifts in solution in alkanes vs fluoroalkanes is an intriguing
hexafluorobenzene, to 237 in methyl iodide and 245 ppm ipservation. There are no comparable cages of crystalline
dimethyl sulfoxide? This large chemical shift range in so- glkanes or fluoroalkanes in which Xe can be trapped. Thus,
lutions suggests an equally large range for Xe in solid mateye will use gas phase experiments to test the Xe shielding
rials. Xe atoms trapped in rigid inorganic crystals have beenesponse calculations. Similarly, we have tested calculations
widely studied by NMR In polymers, Xe chemical shifts of Xe chemical shift functions for Xe—CQ Xe—CO, and
ranging from 83 ppm in polyetrafiuoroethyleneto 220 xe_N, (Ref. 17 against the experimental density coeffi-
ppm in polystyrene have been observed at roontients in these gases as a function of temperature, in the limit
temperaturé. There are, as yet, no comparable Xe NMR of infinite dilution in Xe#-2In the present work, we repeat
studies in solid biological systems, although peptide nanoe |atter calculations in order to take into account the elec-
tubes offer interesting environments with one-dimensionayon correlation contributions to Xe chemical shifts that were
channels analogous to aluminosilicaté renewed interest missing from the earlier Hartree—Fock calculations. In this

in the applications of Xe NMR as a probe of biological sys-paper, we calculate the Xe shielding as a function of configu-
tems can be attributed to the increased sensitivity afforded bytion in the supermolecular systems Xe—GHe—CF, us-
hyperpolarized**Xe.” Currently known Xe chemical shifts ing Hartree—Fock and density functional methods, and in
in the latter environments include 197 ppm in a lipid xe_cQ,, Xe—CO, Xe—N systems using density functional
emulsion; 216 ppm for Xe in red blood celfsand 192 ppm  methods. By comparison with gas phase data, we obtain the
in blood plasma. These applications rely on the Xe shielding parameters that will permit the construction of shielding sur-
response to different electronic environments. TheoretiCalaces and potentials for later applications to molecular dy-
studies which contribute to our understanding of the Xenamics averaging of Xe chemical shifts in liquid solvents
shielding response in simpler systems such as gas phase Mggntaining CH, CH,, CH, CR;, CF,, and CF groups.

tures can be helpful in predicting Xe shielding response in

complex electronic environments such as solutions or prOteiRPPROACH

pockets.

Previous interpretations of Xe chemical shifts in solu-  We carry out Hartree—Fock and density functional cal-
tions were empirically based, using refractive indices of theculations of Xe shielding in various configurations of the
solvent as a means of correlating the chemical shifthe- Xe—CO,, Xe—CO, Xe—N, Xe—CH,, and Xe—Ck super-
oretical calculations of Xe chemical shifts in a liquid solvent molecular systems. The isotropic shielding is fitted to an ap-
would be possible by molecular dynamics simulations if thepropriate functional form to reproduce the calculated values
Xe chemical shift were known as a function of the coordi-and also to provide interpolated values for arbitrary configu-
nates of Xe and a solvent molecule cage. We have begun tations. For Xe—Chand Xe—CF, the form of the shielding
use this approach, calculating the chemical shiftabynitio ~ function is taken to be of the pairwise additive site—site
and density functional methods for Xe in cages of 20 or moreXe—H, Xe—C, and Xe—F shielding functions, so that the lat-
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ter can be used for Xe dissolved in alkanes and perfluoroathe fitting to the Xe—C[ shielding values, the values for the
kanes. Potential functions describing the binary interactiongonfiguration with collinear XeF—Cwere used as the lower
are adopted for each system, using wherever possible, fungounds for the Xe—F shielding function. It turns out that the
tions that have been fitted to van der Waals spectra anite—C shielding functions resulting from the fit to Xe—¢H
crossed molecular beam scattering data. The temperature dgnd to Xe—CF are slightly different, so that a common
pendent second virial coefficient;(T) of the Xe chemical Xe—C shielding function may not be used.

shift in gas mixtures of Xe and GO CO, N,, CHy, and CR Calculated shielding values at 7&,() points each for
in the limit of zero mole fraction of Xe is calculated using Xe—CQ, and Xe—N were fitted to the following functional
the adopted potential functions, as follows: form:
o (T)zf f f o(R,0,6)ex] — V(R 0,4)/ksT] = S
1 , 0, 0, B {o(R,0)— 0o (*)}= 2 R™P Z ap)\P;\(COSH),
) p=6,even N=0,even
XR?dRsin6dodg, D ©)

and compared with the published gas phase results. The r
sulting isotropic shielding functions(R, 6, ¢) and potential
functionsV(R, 6, ¢) can later be used for simulations involv-
ing solutions of Xe in liquid solvents containing GHCH,, 12 4

CH, CFs, CF,, and CF groups, provided they can be written ~ {o(R,0)—o(®)}= >, R P> apPy(cosd). (4)
in terms of pairwise site—site forms. p=6even  A=0

ﬁ/’herem is a Legendre polynomial. For Xe—CO the values
at 130 R, #) points were fitted to

We use only even inverse powers Rffor all cases, sym-
metrical and unsymmetrical, since the nucleus of interest re-
sides in a molecule that has spherical symmetry.

For Xe atom, we used 240 basis functions, an uncon-
tracted 2821p17d9f set that we have found to provide an
accurate shielding response at various orientations and inter-
molecular separations. The core §2Bp13d) was taken RESULTS AND COMPARISONS WITH EXPERIMENT
from Partridge and Faegft;this was augmented bys3 2p, Xe-CO,
4d, and & orbitals with exponents taken from Bish&pEor
C, N, O, F, and H, the Pople-type 6-311Gbasis set was
used.

For CH, and CHR, three configurations were considered

SHIELDING CALCULATIONS AND SHIELDING
FUNCTIONS

The shielding values calculated for XexNsing DFT/
B3LYP have the same angular dependence as obtained pre-
viously using the Hartree—Fock methtdput the DFT val-

. i o . ues are much more deshielded at eaBh#] configuration.
at various Xe—C separations: the first in which the Xe aPve fitted the current results to Ed). Angod %otential

prqach Is collinear with _the HGor FC) bond, the ;econd in function is available for Xe-CQ based on crossed-
which the Xe approach is perpendicular to the triangular fac(?nolecular beam scattering cross sections, the best experi-

of the tetrghedral mo!ecule, and the third in which the Xemental data for refining those portions of the potential func-
approach is perpendicular to an edge of the tetrahedron)

) tion close tory,. The Xe—CQ potential function of Buck
Sé?}i;?e euéga:f'ﬂ r?cq[?ori(:&ifasr}::rear:z ?)r:at)?ebt?) HSE% t;)olet al % was fitted to crossed molecular beam differential en-
g . . P a ergy loss spectra, including multiple collision rotational
vents containing CHland CF, functional groups, the shield-

ing values were fitted to site—site pairwise additive functionsraim)owsz'4 In our earlier work;” this potential has been
! - S found to reproduce fairly well the parameters obtained from
We describe the calculated values for Xe shielding in th b y P

. She van der Waals spectral data, including bend and stretch
ie_EH“ gm)c(i Xg(—ChE hsystelr(r; Sb “Sc;f‘f? Xet—]t-l, X(tah— c, t?nd frequencies and rotational constants of the difiéfas well
€-" and Ae—Lwhich could be difierent from the otner o = y,q temperature-dependent mixture second virial
Xe-C) site—site functions of the internuclear separation

‘coefficients?’
in the same functional form as the Xe—-Rg (Rg . o
— Xe,Kr,ArNe) shielding functions: Using the Buck potential in Eq1) we calculatedr(T)

for Xe—CQ, using both the Hartree—Fock and the DFT/

12 - B3LYP shielding surfaces. The results are analogous to the
{U(Rﬁ,(b)—cr(oc)}:pzévenCpRXepc findings in the Xe—Xe case: the set @f(T) experimental

values falls between the results calculated using the Hartree—
4 Fock and the DFT/B3LYP shieldings. The experiment corre-
+> > hpRxdi » (20 sponds to 1.191 times the Hartree—Fock function or 0.8145
1=1 p=6.even times the DFT shielding function. In the case of Xe—Xe the
where the coefficients, andh, (or f;) correspond to the factors were 1.16 and 0.85, respectively. Figu@ shows
site—site Xe—C and Xe—Hor Xe—C and Xe—Fshielding the comparison with experimeniand in Fig. 1b) we see
functions. We fit the Xe—Cldshielding values to Xe—C and the results of using 1.19% . 1ee-rockR,6) and
Xe—H pairwise functions such as to have #ieinitio values  0.814%5,vp(R, 6) to calculates(T). The agreement with
for the configuration with collinear &H-C serve as the experiment is excellent with either of the scaled functions.
lower bounds for the Xe—H shielding function. Similarly, in The deviations at the lowest temperatures may be due in part
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FIG. 1. Comparison of theoretical calculations with experimeatdll’) for
Xe—CQ,. Theoretical values at 50 K intervals are joined with straight lines
in this figure and Fig. 2(a) The ol(T)Xe,COZ calculated using the B3LYP T,K
and the Hartree—Fock shielding response functions, @dusing 1.19
X Oparree—rockR), and 0.8 ogs1vp(R) shielding functions. The Buck po- FIG. 2. Comparison of theoretical calculations with experimental density
tential function for Xe—CQ was used in all calculations of the thermal coefficients of the Xe shielding as a function of temperaturg(T) for
averages. Xe—-N, and Xe—CO calculated using our Hartree—Fock—damped dispersion
potential function:(a) the crl(T)XE_Nz calculated using the B3LYP and the
Hartree—Fock shielding response functions, éndthe o;(T)xe_co calcu-
lated using the B3LYP and the Hartree—Fock shielding response functions,
to some contamination of the second virial coefficient of theand (¢) using 1.13X 0'arree—rockR), @and 0.723& og31vp(R) shielding

Xe chemical shift with higher order contributions which are f)‘(‘”C“O”S(R;th,ﬁZ,‘Nfa”?_ “Sifng xl-zg%“;amee—Foc(R)_’ a”t?] 0-84‘|3t5f

S ogayp(R) shielding functions for Xe—CO. For comparison, the results for
more significant at lower temperatures. Xe—N, with the TNTB potential using the same shielding functions are also
shown in(c).

Xe—N,

The DFT/B3LYP shielding in the Xe—Nsystem, like tions, using the same dispersion coefficients from Hettema
Xe—-CQ,, is found to track the previously calculated et al®were tried in the present work, in addition to the ones
Hartree—Fock shielding functiorf.The two shielding func- reported previously’
tions scale, so if we take 1.130 times the Hartree—Fock func- In Fig. 2(a) we see that the experimental data fall be-
tion or 0.7238 times the DFT shielding function, the two tween the values calculated with and without electron corre-
functions reproduce the room temperature value of the deration. These results were obtained by using our Hartree—
sity coefficient for Xe in N gas. The temperature depen- Fock—damped dispersion potential function. This potential
dence from ther,(T) experiments suggests that the Xe~N function had been constructed as described edfligith the
potential is highly anisotropic. This is in line with the known dispersion coefficients from Hettenea al>° except that the
anisotropies of the N-Ar and the N—Kr potential surfaces entire dispersion part is enhanced by the factor 1.15 in order
that best agree with scattering, relaxation, and van der Waats obtain reasonably good agreement with the pressure virial
spectral datd®?® A number of constructed potential func- coefficientB;,(T). We find approximately the same fraction
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of electron correlation corrections for XeNhat we had ~On the other hand, since we have found the shielding func-
found for Xe—CQ, that is, the Hartree—Fock functions are tion to be highly deshielded at short distances and highly

multiplied by the factor 1.130 and the B3LYP functions by ¢-dependent, we need the corréctiependence af to ob-
the factor 0.7238 for Xe—N tain accurate density coefficients of the chemical shifts in the

gas phaser,(T). In Fig. Zc) is a comparison of the calcu-
lated with the experimental density coefficients of the chemi-
Xe—-CO cal shift for Xe in mixtures of Xe in CO and Nusing the

The Xe shielding values obtained using DFT/B3LYP shielding functions with electron correlation, i.e., 1.130 and

have the same angular dependence as obtained previous"1 062 tlmest_thel HaTr:]ree—Fock Sh!{eld'ﬂ.g fordXBZ_ththlcri] Xe- .
using the Hartree—Fock methofFor the same Xe—C as , respectively. The agreement achieved with the experi-

Xe—0 distance in the collinear configuration, the shielding ismental data is only modest for both Xe—CO and Xe-M/e

much more pronounced when the Xe is approaching the ¢t1clude 3ghe gxample_ of the TNTB potential function for
atom (#=180°) than the O atomfd=0°). We fitted the Xe-N,,™ which provides the besB,,(T) of those Xe—N

values obtained from the B3LYP/DET calculations at thePOtentials used in earlier work,to demonstrate that poten-
various configurations to Eqd) tial functions that reproduce tH&,,(T) generally fail to re-

There is a large difference between the repulsive potenprOduce the temperature dependenceogfT) for Xe-N,

tial energies in the Xe—OC and the Xe—-CO configurationsf'ind Xe—CO. We can construct potential functions for Xg-N

At the global minimum(nearly 90° arrangemenof the van and Xe—CO that would reproduce the observed maximum

der Waals XéCO) complex, the average distance betweenand the pronounced experimental decreaser{(iT) with
the Xe and the center of rr,lass of the CO is 4.19% Ahe increasing temperature, however these potential functions do

shielding surface reflects this same large anisotropy, alreaop}f)t p.rov.lde good agreement with second. Ymal coefﬁments.
noted in the Hartree—Fock calculations. CalculatedT) i principle, all Ul(T) curves would exhibit a maximum
values are shown in Fig.(B) for Xe—CO. As for Xe—-C@Q, (see, for example, Fig. 6 n Ref. B{although for most gases
we find that the Xe—CO system has a comparable fraction'® have not observed Fhls maximum in the experimental
for electron correlation that needs to be added to thd®MPerature ranges studied.
Hartree—Fock shielding function, that is, 1.262 times the
Hartree—Fock shielding function and 0.8465 times theXe—CH,
B3LYP/DFT shielding function. These are not very different  \\e fitted both the Hartree—Fock and the B3LYP/DFT
from the Xe-N and the Xe-CQ systems. The Hartree— gpje|ding values calculated for various Xe—CEbnfigura-
Fock—damped dispersion pot_entla! function used here fofions to the functional form of Eq2). For Xe—CH,, there is
Xe—-CO, constructed as described in Ref. 17, needed an eg-pigh quality potential function fitted to crossed molecular
hanced dispersion pafby a factor 1.18in order to agreeé peam scattering data which can be adopted for the present
with the experimental temperature dependence of the pregyork, The best available Xe—GHpotential function was fit-
sure virial coefficientsB,,(T). The parameters of the teq py L juti et al. to crossed-molecular beam absolute inte-
Xe-CG;, Xe-CO, and Xe—Nshielding and potential func- 15| cross sections, including analysis of the fully developed
tions used here are given in supplementary mateftals. glory oscillations® We had fitted this potential to Xe—C and
_In previous work, using Hartree—Fock values for thexe_H Maitland—Smith functions previousi§,and used the
shielding functiono(R, 6), we were unsuccessful in finding |atter successfully to reproduce the Xe chemical shifts and
a potential function for Xe—hthat would predict the proper jistriputions of Xe and Climolecules among the cages of
o1(T) magnitude at 300 K and the correct temperature degystalline zeolite NaA. The parameters for that Xe—CH
pendence, as well as reproducing the second pressure Vmﬁbtential, used in the present work, are given in Table I.
coefficient Byo(T).*" By scaling the dispersion so as to In Figure 3a) we compare the second virial coefficients
deepen the well to obtain bett&:,(T) values and magni- o the Xe shieldingo(T) calculated using the Xe—GH
tude ofe4 (300 K), the unusual temperature dependeiope  ghielding function used previouslgcaled from Ar—CH) %
posite to the usually observed sign of the temperaturgng aiso the B3LYP and the Hartree—Fock calculations of the
coefficien)™ of o4(T) was lost. The Hartree—Fock values of present work. The calculated density coefficients from the
o were not sufficiently deshielding. In the present study, withgcgied shielding function are in very good agreement with
electron correlation included in the Xe shielding responsgne B3LYP results and with the experiments. The Hartree—
surfaceo (R, 6), an enhanced well depth in the potential _does,:ock values giver,(T) results that are too small. Thus, we
not have to be invoked to compensate for th, 0) defi- ¢4 ejther continue to use the previous scaled version of Ref.
ciency, to lead to a magnitude 0% (300 K) closer to experi- 35 or else adopt the B3LYP shielding function for Xe—CH
ment. Nevertheless, the potential functions have yet to b@ye choose the latter. The coefficients of the Xe—C and

found that will give the correct temperature dependence ofo_H shielding functions used here for Xe—CHire given
the o1(T) for Xe—N, and Xe—CO and which also give val- i, Taple I.

ues of the second pressure virial coefficieBis(T) in good
agreement with the experimental val#ésSince the second
pressure virial coefficier,,(T) is not very sensitive to the
anisotropy of the potential we need primarily the correct vol-  We fitted both the Hartree—Fock and the B3LYP/DFT
ume of the potential well to calculate accur8tg(T) values.  shielding values calculated for various Xe—Ce€onfigura-

Xe—-CF,
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TABLE I. Coefficients for site—site shielding functions Xe—CG)HXe—-C(F), Xe—H, Xe—F. as defined in E@2). Also given are the parameters for the
Maitland—Smith forms of Xe—C, Xe—H, Xe—F potential functions, and alternate parameters for exp-6 potential functions for Xe—C, Xe—H, Xe—Fefrhe form
are suitable for Monte Carlo simulations and the latter for molecular dynamics simulations.

Shielding function, ppm Xe-C(H Xe—C(F) Xe—-H Xe—F
{o(R,6,4) = o(*)}cx, cg A6 cg A he A™8 fo A°O
12 4 12 =1.482 11X 10° =1.628 91x 10* =—-8.583 34 10° =—7.445 68 10°
= > CPR;epc+2 > xRS cg A8 cg A8 hg A~8 fg A8
p=6,even i=1 p=6,even
=—1.04590x 10’ =-2.909 18 1¢° =6.557 3% 10° =6.937 6 10°
ClOAflo CloAflo hloAflo floAflo
=1.901 3% 1¢° =4.8351% 10’ =—1.4213x 10’ =—1.899 30x 10’
chAflz Clz’&712 hle—lz f12A712
=-1.3843% 10 =—2.760 70x 10° =6.347 47 10 =1.32148<10°
Cl4A—14 C14A—m hMA’l“ qu—m
=3.45561x 10° =5.230 7% 10 =—4.200 88 10’ =-277610x 10°

Potential functionV(Xe—-CX,)

=V(Ryed) +2{V(Ryex)) Xe-C(H,) Xe-C(F) Xe-H Xe-F
6 \_ elkg=141.52 K elkg=141.52 K elkg=53.07 K elkg=78.235 K
V(RxEA):e{(m)r ”—( m=13 m=13 m=13 m=13
) y=9.5 v=9.5 vy=9.5 y=9.5
I min=4.0047 A I min=4.0047 A Fmin=3.671 A I min=3.941 A
R
=22 n=mt 1)
I min
Alternative V(Ryen) elkg=141.2 K elkg=141.2 K elkg=53.3 K elkg=78.5K
6 e a=16.1 a=16.1 a=15.9 a=14.2
——g expet e Tl Foin=3.99 A rin=3.99 A Frin=3.66 A rin=3.93 A
—¢ .
_ a I'min )
@—6 |Ryen

tions to the functional form of Eq2). Just as in the Xe—CH  shifts of Xe dissolved in liquid perfluoroalkanes.
system, the calculations including electron correlation, albeit ~ Our calculations are in excellent agreement with experi-
using approximate functionals, produce shielding responsement in terms of the relative magnitudes of the average
that are significantly more deshielded than using theshielding response from GF(smaller average response
Hartree—Fock method. For the Xe—£€hemical shifts, we compared to that from CH despite the larger polarizability
will assume that the electron correlation for XeG$about  of CF, in comparison to Ciimolecule. This greater average
the same fraction as for Xe—GHThat is, we will use the response from CI arises from two contributing factors
site—site Shleldlng functions fitted to the B3LYP Ca|CU|ati0nSWhich are illustrated in F|g 4: One is the more pronounced
for Xe—CF, as the final shielding functions to be used tontrinsic Xe shielding response for GHtompared to CF,
interpret the gas phase chemical shifts of Xe dilute in mix-fq, comparable configurations of the Xe—gXupermol-
tures with various densities of Gfgas. ecule. A second factor is that the longer C¢@empared to
For Xe-Ch, we need similar Xe-C and Xe-F ¢_p hond corresponds to averages at longer distances for
Maitland—Smith functions as we have used for Xe2CH o xo_c shielding contribution; and the longe, for the

which _wiII.reproduce the expgrimental values .Of the.Chem"Xe—F(compared to Xe—MHpotential function corresponds to
cal shifts in the gas phase mixture. As a starting point for aaverages at longer distances for the Xe—F shielding contri-

Xe—CF, potential in the form of pairwise additive site—site | . "the intrinsic shielding response and the potential en-
Xe-C and Xe—F potentials, we use the same Xe—C param- ) g resp P

eters as was found for Xe—GHnd find thes andr ;. of the ergy function along each (_)f th'ree particular Xe approaches to
Xe—F by using as starting point the Xe—Ne potentfaFor CH, and CR are shown in Fig. 4. We see that for all ap-
Xe—F we use ;,=3.93 A (somewhat longer than the 3.861 proachedexcept for the approach along the C-X brttle

A for Xe—Ne and e/kg=78.5K (slightly deeper than intrinsic shielding response is more pronounced for Xe;zCH
74.205 K for Xe—Ng. We refined the Xe—F potential param- than for Xe—Ck at the same Xe-C distance. At the same
eters to make the temperature dependence of the density cdéMe, the favorable potential energy is at longer Xe-C dis-
efficients agree with experiment in the region of intefego  tances for Xe—CF than for Xe—CH. Since the intrinsic

to 420 K) for Xe—CF,. The results are shown in Fig(I8. shielding response falls off drastically with increasing dis-
The parameters for the Xe—gPotential used here are given tance, the averages are smaller for,Glran for CH, at the

in Table I. Isotropic two-center Xe—GFpotentials previ- Ssame temperature. Figure 4 clearly shows that the contribu-
ously used by others cannot be used in the present work ifon to the total integral from each of the three approaches is
the results are to be adopted for understanding the chemicallarger negative value for Xe—GHhan for Xe—CEk. The
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FIG. 3. Comparison with experimental density coefficients of the Xe shield-
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scaled from Ar—CH, the solid and dashed curves used shielding values r 0
from density functional(B3LYP) and Hartree—Fock calculations, respec-
tively. (b) The comparison otry(T) for Xe—CH, and Xe—CEk. The Xe -50 {
shielding functions used were based on the density functi@®LYP) val- L _100
ues for both Xe—Cl and Xe—CFk systems. The same potential functions
were used to calculate alt,(T) for Xe—CH, in (a) and (b). The potential -100
function parameters for Xe—GHand Xe—CR are given in Table I.
r -200
-150 1
parameters for the Xe—C and Xe—F shielding function used
here for Xe—CJ are given in Table I. 200l ¢ e Q L -300
L] Xe@CF, ,\,} 0
Xe@CHy A
CONCLUSIONS ———  xe@CFy o
) ) -250 T " : . . -400
Since the Xe—C@and Xe—CH potentials are adequate, 3 4 5 6 7 8 9

we used the experimentat,(T) to find that the electron
correlation contributions in Xe—CfQare very similar to the
fraction found in Xe—Xe, and we found that we can use the
B3LYP shielding V_alues fo.”(xe—CHt)- _FOI’ Xe—CR N0 [iG. 4. Comparisons of the calculated intrinsic Xe shielding responses for a
well-tested potential function was available, so we usedpecific direction of approach of Xe toward the £#hd C; molecules and
B3LYP shielding values forr(Xe—CF,) to find Xe—F site— the potential energy function along this trajectd). Xe approach perpen-

; ; ; ~dicular to the triangular face of +or F;, (b) Xe approach perpendicular to
site poteqtlal parameters th‘f"t prov@e_d good agre?ment Wltﬁi]e edge of the tetrahedron, along the bisector of the HCH or FCF bond
.the eXpe”me.ntal second virial coefficient for chemical shifts;ngie (c) xe approach along a vertex of the tetrahedron toward the H—C or
in Xe—CF, mixtures. F-C bond.

Rxe-C, Angstroms
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