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Nuclear magnetic shielding and chirality. I. The shielding tensor
of Xe interacting with Ne helices

Devin N. Sears and Cynthia J. Jameson
Department of Chemistry M/C-111, University of lllinois at Chicago, Chicago, lllinois 60607-7061

Robert A. Harris
Department of Chemistry, University of California, Berkeley, California 94720

(Received 24 February 2003; accepted 5 May 2003

Chirality and, in particular, induced chirality is investigated using Xe interacting with chirally
perturbed Ne helices. The full nuclear magnetic shielding tensors are calculated and physical
implications are discussed. ®003 American Institute of Physic§DOI: 10.1063/1.1586698

I. INTRODUCTION and

There are two measures of chirality. These measures of
chirality are pseudoscalar and scalar measures, respectively.
A pseudoscalar measure of chirality is one thatthree di-
mensiong is invariant with respect to rotations, but changes
sign under inversion. A scalar measure of chirality is one in
which one measures an interaction between two chiral sys- [PSILD)|#[PSRI)| (6)
tems. The measurement is not signed but differs depending
on the enantiomer. Most, but not all, pseudoscalar measurét is clear from Eqs(1)—(6) that one knows thatl and Rr
ments are obtained from a combination of scalar measurere mirror images antr andRl are mirror images. But, the
ments. diastereomeric character is not known unless further struc-

The simplest direct pseudoscalar measurements are optHral information is given. If we know the systerhandr but
cal rotation and coherent sum-frequency generation. Théo not know whether or not the systeim(or R) is chiral,
simplest pseudoscalar measurement that is constructed froppserving a split line, that is, finding the inequal{8) holds,
scalar measurements is circular dichroism. The above meds a necessary and sufficient condition thatr R actually is
sures of chirality, with the exception of coherent sum-chiral. This is equivalent to the observation efand — for
frequency generation, all involve circularly polarized light, Pseudoscalars. As in the latter case, we cannot, without cal-
which is chiral. culation or experimenta priori predict which will be above

In what follows we describe scalar measures of chiralityor below the original line. This is true of any scalar property.
that do not involve spin as the agent of chirality. Scalar meaEquations(1)—(3) form the basis for the application of chiral
sures of chirality require at leasto chiral systems and do shift reagents in NMR. See, for example, Ref. 1.
not vanish if one or both of the systems is achiral, the hall-  In these papers we are going to investigate particular
mark of pseudoscalar measures. aspects of chirality and diastereomerism, namely chirality

In order to be clear we shall use as examples diasterdnduced in an achiral system. Induction of a chiral response
omers, by which we mean two chiral systems localized oin an achiral molecule by a chiral environmefibtduced
bound to one another such that we may replace either or boghirality) is almost as well known as chirality itself. The

with their enantiomeric twir.We call one system’s chirality quantitative quantum-mechanical analysis first appeared in
as bemgL or R the other being or r. Hence the diastere- the work of Moffitt and MoscowitZ.ChiraIity induced in Xe

omers are(Ll, Rr, RI, Lr). LI andRr are mirror imagesRl ~ has been called “chiralization®* An example of induced
andLr are mirror images. From parity conservation we havechirality has been reported in Xe trapped in cryptophane

PSRI)=—PSLr). (5)

In general,

for any scalar measureme(8) that cages with chiral tethersThe Pines and Wemmer groups
have developed a biosensor based on a molecule designed to
S(LI)=S(Rr) @) bind both xenon and protefiThe molecule consists of three
and parts: the cage, which contains the xenon, the ligand, which
binds to the protein, and the tether, which links the ligand
S(Lr)=$S(RI). (20 and the cage. The initial demonstration of the technique

proved that distinct resolved xenon chemical shifts from the
free and the bound molecule signal the presence and amount
S(LI)#S(Lr). (3)  of the specific protein. The cryptophane cage itself is chiral;
upon attaching a tether containiigamino acids to solubilize

the cage in water, diastereomers are produced, exhibiting in-
PSLI)=—PSRr) (4)  duced chirality in the xenon.

In general,

For pseudoscalaiPS measurements,
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It is clear that the most direct measure of the additionaused for all calculations> Counterpoise calculations were
chirality of a Xe atom interacting with a chiral system is the performed to correct for basis set superposition effofhat
circular dichroism(CD) near a Xe excitation energy. The is, the intermolecular shielding tensor reported in this work
excitation energy may be determined from the absorptions obtained by taking the difference between the absolute
spectrum of the complex. Another way is to measure scalal’®Xe shielding calculated in the system and that calculated
properties related to Xe, say. Here one needs to introducesing all the basis functions, but with only the electrons on
diastereomeric interactions. In particular, there will be athe Xe atom. The latter is considered the absolute shielding
splitting of the Xe nuclear magnetic resonance line. Againof the free Xe atom under full counterpoise correction. In all
we stress that it is necessary but not sufficient that such eases, the counterpoise corrections were found to be negligi-
splitting occur. bly small. For Xe the difference between the calculated

In this paper we shall investigate models of chiral sys-shielding in Xe atom with and without the ghost orbitals on
tems interacting with Xe. Although only the isotropic chemi- the Ng helix is 0.0213 ppm. It is comparably small for the
cal shifts have been observed in Xe complexes exhibitingke@Ne and Xe@Ngs systems discussed in the Appendix.
induced chirality’~> we shall calculate not only the chemical
shifts but the full shielding tensors.

lll. RESULTS AND DISCUSSIONS
IIl. METHODS

. . . L . A. Xe in Ne g helices
The chiral shifts found in Xe trapped inside chiral cages

attached to tethers with asymmetric carbon centers appear to [N all the tables presented here, the Xe intermolecular
be real and reproducibfeOur goal here is to study the full shielding tensor is given in terms of the difference between
nuclear magnetic shielding tensor of the Xe atom in a chirathe shielding calculated for the system and that calculated for
environment and also in the chiral field of other asymmetricthe Xe atom alone. We have also included both pairs of mir-
groups. To model the chiral environment we choose helice&or images. Although this may appear to be redundant, we
of neon atoms with a radius of 3.260 A and a pitch of 3.5 A Wished to exhibit the difference in sign of certain off-
small enough so that calculated chirality shifts are not vandiagonal elements within enantiomeric pairs.
ishingly small. We have chosen helices consisting of 7, 8,  The Xe shielding tensor components calculated for Xe at
and 15 neon atoms. Because of the reduction in symmetri€ center of a Nehelix where the nuclear site symmetry is
which occurs when the helices contain 7 and 15 Ne, wé2 are given in Table I. The number of nonvanishing com-
concentrate on the Nenelix. The Ne and Ngs helices are  Ponents of shielding is as predicted by Buckingham and
briefly mentioned when their inclusion is appropriate. The gMalm’ for this nuclear site symmetry. The Xe shielding ten-
Ne atoms are in the range 3.27—3.70 A from the Xe nucleussor components for th& and L helices are related by a
To model a second chiral field electronically coupled to thefotation that changes the signs of the off-diagonal elements.
helix of neon atoms, we choose a helix with a radius ofhree principal components of the tensor and the directions
6.3706 A, co-axial with the helix of Ne atoms, made up of a0f the principal axes system relative to the laboratory axes
partia| Charge array Of 15 equa”y Spaced positive Chargegre a maximum Of SiX quantitieS tha.t can be determined from
(magnitude+ 0.061 952, that is,  of the partial charge that @ single crystal NMR experiment. At most three principal
the AMBER force field software assigns to any carbonyl-typecomponents can be obtained from a powder NMR spectrum.
carbon atom’ The Ne atoms and the positive charges areOnly the isotropic shielding can be obtained from a solution
equally spaced on the inner and outer helices. The inner hel®MR spectrum. We can see from the shielding tensor in
of Neg is eitherL or Rand the outer helix of charges is either Table | that theR and theL system produce the same Xe
| orr. NMR spectrum.

Calculations of the nuclear magnetic shielding tensor are
carried out using coupled perturbation methods for a system
in the presence of both an external magnetic field and &aBLE I. The 12%e shielding tensor components for Xe at the center of a
nuclear momerft® Coupled Hartree—Fock or density- Nes helix (nuclear site symmetry i€,).
functional methods provide comparable results provided thée
basis sets used are adequdtéve have used both Hartree—
Fock and density-functional methods for calculating shield-
ing tensors for the Xe atom in various intermolecular —56-4483 0 0 —56.4483 0 0
environments™*? In this paper we use density-functional :ig'ggég :;i'ggi 8 75%0:31330 _9112'2‘;70‘:12
theory (DFT) and the popular hybrid functional B3LYP. For ' ' ' '
Xe atom we use 240 basis functions, includfraybitals, the Symmetric tensor
same basis set as we had used eatli&from the compila- 964483 0 0 —56.4483 0 0
tion by Partridge and Faegri, with additional polarization :ig:gg;g :;igggi 8 _sfé(.)ggs?e 79112_'259%3;6
functions from Bishop and Cybulski:}* For each Ne atom
we use 77 basis functions, uncontracteds(18p) plus four ~ Antisymmetric tensor
d polarization functions® Distributed gauge origins are g +80294 % 7000294
implemented through the use of gauge-including atomic or- 00294 0 0 400294 0
bitals (GIAO) and theGAUSSIAN 98 program package was

Xe@Ng(R) Xe@Ng(L)
Full tensor

o O
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TABLE II. The '?Xe shielding tensor for Xe at the center of agNg;s 5650
helix where the Ng helix is surrounded by a helix of 15 partial charges
(+0.061 958). Nuclear site symmetry i€,. soa0 | free Xe atom
Xe@Ng-q;5(Rr) Xe@Neg- q5(LC)
Full tensor
5630 |-
—15.6121 0 0 —15.6121 0 0
0 —17.3762 —4.5346 0 —17.3762 4.5346 g Xe@Ne,q Lr RI
0 —3.7095 -29.7162 0 3.7095 —29.7162 5 56201 ) Rr
. o
Symmetric tensor o
—15.6121 0 0 —15.6121 0 0 '8' 5610 |
0 —-17.3762 —4.1221 0 —17.3762 41221 o
0 —-4.1221 —-29.7162 0 41221 —29.7162 &
Antisymmetric tensor 5600
0 0 0 0 0 0
0 0 —0.4126 0 0 +0.4126 5500 |
0 +0.4126 0 0 —0.4126 0
Xe@Ne- dss(R() Xe@Ng- gus(Lr) 5580 |
Full tensor
—14.5921 0 0 —14.5921 0 0 Xe@Ne, L R
0 —16.9236 —4.1914 0 —16.9236 4.1914 5570
0 —3.8906 —28.3861 0 3.8906 —28.3861
. FIG. 1. The isotropic shielding of the Xe atom in a left- or right-handed
Symmeiric tensor helix of eight Ne atoms, and in helices of eight Ne atoms and 15 partial
—14.5921 0 0 —14.5921 0 0 positive charges.
0 —16.9236 —4.0410 0 —16.9236 4.0410
0 —4.0410 -28.3861 0 4.0410 —28.3861
Antisymmetric tensor shieldings in the diastereomeric pairs, [igs(Xe@L{)
0 0 0 0 0 0 — Oiso(Xe@Lr)]=[oiso( Xe@Rr) — giso( Xe@R€) ]=0.9324
0 0 —0.1504 0 0 +0.1504 ialdi ; i
0 01504 5 0 01504 5 ppm for Xe@Ng- ;5. The Xe shielding level diagram in

Fig. 1 can be viewed as&°Xe NMR spectrum by viewing

the diagram sideways: the enantiomers Xe@nd Xe@L

both appearing as one peak, highly deshielded from the gas
B. Xe in diastereomeric helices peak(free Xe aton, and the diastereomers giving rise to the
two peaks separated by 0.9342 ppm, each peak comprising
of two species, one peak from X&@ and Xe@.¢, the
other peak from Xe@¢ and Xe@Lr, still deshielded com-
aﬁared to the Xe gas peak, but not as much.

It is clear from Eqs(1)—(6) that one knows thaltl and
Rr are mirror images antdr andRI are mirror images. In the
various diastereomers shown in Table Il, #8&e shielding
tensor exhibits the expected sign change for the off-diagon
elements of the full shielding tensor in going from one mir-C Antisymmetric elements
ror image to the other. The two diastereomeric pairs are dif-" y
ferent from each other; all the shielding tensor components  Although it may come as a surprise to some, the chemi-
are different. For Xe in the Xe@MNe the symmetry of the cal shift tensor is not necessarily a symmetric tedéor’
system is such that there isGy axis (chosen as the labora- Experimentally it is difficult to measure the antisymmetric
tory X axis) perpendicular to the helical axis, in which case components directly. The symmetric part of the shielding
only oy, and o,y are nonvanishing. Thus one principal axis tensor appears in the NMR Hamiltonian as first-order correc-
of the symmetric part of the shielding tensor lies alongXhe tions to the Zeeman transition frequency. In the high-field
axis of the molecular frame. As expected, the principal com+egime where the Zeeman interactions are dominant, these
ponents of the symmetric tensor in corresponding syst@ms terms remain secular: their typical magnitudes ara the
andL, R¢ andLr, RrandL¢) are the same. The principal order of ppm of the Larmor frequency and are easily mea-
axis system of the tensor does rotate, in going from Xe@ surable by conventional NMR techniques. In contrast, the
to Xe@L, for example. The lower symmetry at the Xe site in antisymmetric part of the shielding tensor appears only in the
Xe@Ne, Xe@Ne - .3 systems, and extension of the helix nonsecular spin terms, so their Hamiltonian appears as a
in the Xe@Ngs system provide some additional information second-order effect of the ordéf. When quadrupolar nu-
(see the Appendix clei are observed, a tilting of the axis of quantization away

The diastereomers are less deshielded tharLtlbe R from the direction 0B, is brought about by the quadrupolar
systems. The fact that we used positive charges means thiateraction, which enables nonsecular terms to show up, in
the Ne electrons having been drawn toward the positivgarticular, for the antisymmetric part of the shielding to
charges leave the Ne atoms unable to provide as large rmanifest itself as a frequency shift in the orderdafg, that
shielding response via overlap and exchange with the Xés of the order of magnitude of ppm of the quadrupole cou-
electrons. pling constant, in a single-crystal experiment. The first at-

The isotropic chiral shift, the difference between thetempt of a direct measurement that takes advantage of this
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is described by Wi and Frydmaf.***Xe would be a good ric terms of (€) and(Lr) are not only shifted froni, but
candidate. Previous attempts at obtaining the antisymmetrigiffer from one another. That is,
part of the shielding have been through relaxation experi-

ments:™*> Hovz—07v]=0.0294 ppm,
Theoretically, the condition for the existence of the an-
tisymmetric component of has been studied. In particular, Toy,— ozv]L,=0.4126 ppm,

Buckingham carried out an analysis of which nuclear site
point-group symmetries support antisymmetry and how
many distinct nonvanishing elements are possibldansen

and Bouman have performed extensive calculations and pr
vided pictorial representations of the antisymmetric part.
More recent discussions on the antisymmetric part of th
shielding tensor can be found elsewh&&* The magnitude duced character.

of the antisymmetry has been linked to strained small In the fOHO\.ng. pa_per(Paper 1) we mvest!ggte the_
. 19 25.26 . ) . . nuclear magnetic shielding tensor of a naked spin interacting
rings:~“>“°In this paper we discuss antisymmetry in con-

nection with chirality. with Neg helices and partial charges identical with those

There are two theoretical aspects to the existence of anC-OUpled to Xe in this paper, as well as partial charges which

. . : . : are negative. The antisymmetric terms in the Xe complexes
tisymmetric components which are of interest. First of all, : :
; . . : . are an order of magnitude larger than those of the naked spin.
since the diamagnetic part is symmetric when the gauge ori: . . .
o . Clearly the induced chiral paramagnetic currents of the Xe
gin is taken to be at the nucleus of interest, only the Paraz, . trons olav a dominant role
magnetic portion of the shielding contributes. Hence the ex- play '
istence of the antisymmetric tensor may be considered a
(gauge-dependenmeasure of the paramagnetic component.
Second, the current induced by the static field must have B. Comparison with the pairwise additive model

component parallel to the magnetic fiéfdSome theories of for shielding
nuclear magnetic shielding assume the magnetic field and - The ap initio shielding tensors that we have calculated
induced current are perpendicular to each other. for the systems in this work (Xe@Neand also the Xe in
All of the above has nothing to do with chirality. Clearly, Ne, and Ngs helices that are mentioned in the Appendix
with the exception of the chiral point groui3,,, T, andO,  can be understood in terms of an additive model. For the
which forbid the existence of antisymmetric shieldig, cajculations of line shapes of Xe in zeolite channels, one of
chirality is a sufficient condition for the existence of anti- ;s has created a “dimer tensor model” described in a recent
symmetry in the shielding but not a necessary condition. Iaper?® The shielding tensor of a single Xe atom located at a
is interesting to note that the creation of diastereomers b¥pecific position X;, y;, z;), within a channel constituted
the addition of further chiral elements will Sp“t the scalar of Ne atoms is approximated by a sum of Xe—=Ne contribu-
shielding at the center even if the added elements presery@ns. In the additive dimer tensor model, the intermolecular
the symmetries listed above. The antisymmetric shieldinge shielding is considered to arise from contributions from
tensors will still be zero. On the other hand, if the addedeach atom of the channel by Considering each Xe-atom con-
elements create a lower symmetry thBp, T, or O, the  tripution at a time. In other words, it is assumed that the Xe
antisymmetric elements will be created at the center, andhjelding of theJth Xe atom at positionx;,y;,z;), can be
of course, be different for the different diastereomers. Theg|culated by using a summation over the contributions of
splittings that will appear in these cases are the antisymxe_Ne dimers, using thab initio XeNe dimer shielding
metric elements of the diastereomers. As discussed earliggnctior?® in each case. For example, the contribution to the
all elements of the shielding tensors are either identical folke shielding due toith Ne atom located atx(,y;,z) is
L andR helices, or differ by a rotation-dependent sign. IS0-given by the ab initio tensor component, the function
lated atomic Xe is totally diamagnetic; with the origin at (¢ o ,0;)xene (evaluated afyeynd. The derived expres-
the nucleus, there is no paramagnetic shielding. The fieldsions turn out to be very simple geometric factors coupled

induced current is perpendicular to the exterBgl field.  with ¢, (evaluated atyen ando; (evaluated atyeye). FOr
Hence the existence of antisymmetric terms of the shielexample,

ding tensors for Xe i or R Ne helices are a measure of a
lower symmetry induced paramag_net!c sh|e_ld|ng and CUlgr = [ (X — X;)/T 13120
rent parallel to the external magnetic field. Since the helical
axis is chosen along th2 direction in the molecular frame, HIYi=y) Ity P+ [(zi—z)Iry1% o, (7
the signs of the antisymmetric tensor elements are reversed
for the components involving, when the handedness of 3(oxy+ ayx)=[(Xi—x)/ri;1-[(Yi—y)/risl(oy—a,). (8)
the Ne helix is changed frorh to R. Because th&€, sym-
metry axis is along the molecular frame axis for the Terms like these are summed to include all the atoms in the
Xe@Ng system, the only antisymmetric component ischannel. Then the shielding response in an external magnetic
Hoyr—ozv]. field (B,) along a particular chosen directiof, ¢),° can be
We see in Tables | and Il that the equivalent antisymmet<calculated as follows:

A oyz— 07yl =0.1504 ppm.

QI:his difference is a direct measure that the paramagnetic
ghielding and current parallel to the field have a chiral in-
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TABLE Ill. Comparison of theab initio values of thé”**Xe shielding tensor
components for Xe inside various Naelices with those calculated using

the dimer tensor model in which the tensor components of the supermok

ecule system (Xe@Np are estimated as sums over tieinitio 12>Xe—Ne
dimer tensor components at various distancég initio” are the values for
the Xe@Neg, “Calc” are the values from the additive dimer tensor model.

Ab initio Calc Ab-Calc
Xe@Ne(L)
Txx —55.4526 —55.3409 -0.11
Oyy —52.2268 —52.1340 —0.09
077 —86.6174 —98.1004 11.48
%(UXYJF ) —0.0948 0.0000 -0.09
Loxat 02y —2.8110 —3.2641 0.45
Loy s+ ozy) 12.7147 15.4706 -2.76
Tiso —64.7656 —68.5253 3.76
Xe@Negy(L)
Txx —56.4270 —56.5864 0.16
Tyy —59.0700 —59.4600 0.39
077 —91.2691 —103.6742 12.41
Loyt vy 0.0000 0.0000 0.00
G 0.0000 0.0000 0.00
Hoyz+ oz 12.5036 15.4706 -2.97
Tiso —68.9221 —73.2404 4.32
Xe@Nes(L)
Txx —64.8244 —66.4863 1.66
Oyy —65.1560 —66.6497 1.49
077 —97.4705 —111.0832 13.61
Hoyy+ oy —0.1955 —0.1000 -0.10
%(JXZJr o7y) 3.3079 4.2987 —-0.99
%( Tyzt+ ozy) 6.7964 8.9260 -2.13
Tiso —75.8170 —81.4067 5.59

0go( 6, )= axx SII? 6COF P+ oy y SIIF O Sir? ¢

+ 027708 0+ X oyy+ oyy)Sir? 0sin 2¢

+ Y oyz+ 02%)SiN 260 COSP

+ 3oy 2+ ozy)Sin20sin . 9
Since we have calculated the Xe@Nend XeNg and
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TABLE V. The **Xe shielding tensor components for Xe at the center of
Ne;- g3 helices. Nuclear site symmetry @&, .

Xe@Neg - q,5(Rr) Xe@Ng - q5(L¢)
Full tensor

—21.4184 —0.2301 0.6066 —21.4184 —0.2301 —0.6066
—0.3583 —20.6056 —5.7792 —0.3583 —20.6056 5.7792
—0.1738 —5.0188 —37.3808 0.1738 5.0188 —37.3808

Symmetric tensor

—21.4184 —0.2942 0.2164 —21.4184 —0.2942 -0.2164
—0.2942 —20.6056 —5.3990 —0.2942 -20.6056 5.3990
0.2164 —5.3990 -37.3808 —0.2164 5.3990 —37.3808

Antisymmetric tensor

0 0.0641 0.3902 0 0.0641 —0.3902
—0.0641 0 —0.3802 —0.0641 0 0.3802
—0.3902 0.3802 0 0.3902 —0.3802 0

Xe@Neg - q5(R¢) Xe@Ne - qq5(Lr)
Full tensor

—20.5602 —0.0417 0.5125 —20.5602 —0.0417 —0.5125
—0.1546 —-19.9772 —-5.4787 —0.1546 -—-19.9772 5.4787
—0.0912 —5.1458 -—35.9708 0.0912 5.1458 —35.9708

Symmetric tensor
—20.5602 —0.0981 0.2107 —20.5602 —0.0981 —0.2107
—0.0981 -19.9772 -5.3123 —0.0981 -—19.9772 5.3123
0.2107 —5.3123 —35.9708 —0.2107 5.3123 —35.9708

Antisymmetric tensor

0 0.0564 +0.3019 0 0.0564 —0.3019
—0.0564 0 —0.1664 —0.0564 0 0.1664
—0.3019 0.1664 0 0.3019 —0.1664 0

XeNe dimer, it would be a good test of the dimer tensor
model to compare the symmetric part of the tensor predicted
using the additive dimer tensors against #ieinitio shield-
ing tensor for Xe in the helix of Ne atoms. Results are shown
in Table IIl, where theab initio values calculated for the
Xe@Neg, are compared with the values calculated from the
additive dimer tensor model.

The additive model works best at longer distances, of
course, but it seems to work reasonably well even at Xe—Ne

Xe@N@gs using the same basis functions and the samgjisiances well inside the,, (3.8661 A of the XeNe poten-

method(DFT-B3LYP) for Xe and Ne as what we had used tial well.

for (o, ando)xene (evaluated atryene in the isolated

TABLE V. The *?*(e shielding tensor components for Xe in a;Nelix.
Nuclear site symmetry i€, .

Xe@Ne(R) Xe@Ne(L)
Full tensor

—55.4526 —0.1086 2.8242 —55.4526 —0.1086 —2.8242
—0.0810 —52.2268 —12.6953 —0.0810 -—52.2268 12.6953
2.7978 —12.7341 -86.6174 —2.7978 12.7341 —86.6174

Symmetric tensor
—55.4526  —0.0948 2.8110 —55.4526 —0.0948 —2.8110
—0.0948 —52.2268 —12.7147 —0.0948 —52.2268 12.7147
2.8110 —12.7147 -86.6174 —2.8110 12.7147 —86.6174

Antisymmetric tensor

0 —0.0138 0.0132 0 —0.0138 —0.0132
0.0138 0 0.0194 0.0138 0 —0.0194
—0.0132 -0.0194 0 0.0132 0.0194 0

In Table Il we see that the dimer tensor model
gives a good accounting of the signs and magnitudes of the
tensor components: the symmetry of the system is preserved,
the signs of the off-diagonal elements are preserved, the non-
vanishing off-diagonal symmetric components are nonvan-
ishing, and the magnitudes of the individual components of
the symmetric part of the shielding tensor are relatively well
reproduced. The differences betwean initio and additive
model values are found to be reasonably small. The largest
error occurs where the deshielding is the greatest; since the
axis of the Ne helix is along theaxis, this is thezzcompo-
nent. Nevertheless, even for this worst case, the relative error
is no more than 15%. We also calculated the right-handed
ones(not shown, and the sign changes occur just as in the
ab initio values. The additive tensor model provides the rea-
soning for the relative magnitudes of the tensor elements.
With the helix axis along thé&, the largest deshielding com-
ponent is found to ber,,, as seen in Tables I-V. Such
trends are easily predicted for nanochanAgfs.
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IV. CONCLUSIONS TABLE VI. Isotropic Xe shielding in various helices.

The antisymmetric tensor element, only one for the site  Model Xe@Ne- Q3 Xe@Neg- Q15 Xe@Nejs
symmetry of Xe in the Ng helix, is one measure of the 64,7656 68,9434 R
induced chirality. The lowering of symmetry in the Neelix g, 96.4683 50.9015 '
demonstrates the general three-element antisymmetric part, ri —25.5027 —19.9673
Incidentally, the calculatedb initio Xe shieldings in the (LI-Lr), (Rr-RD —0.9656 —0.9342

Ne;, Ne;, and Ngs helices provide a good test of the dimer
tensor model. This model provides good estimates for all six
elements of the symmetric shielding tensor. )
The chiral potential provided by the point charge helix is EMeNts- The lower symmetry also leads to larger antisym-
sufficient to provide a chiral shift for Xe atom that is of the metric terms(see Table ¥ and the diastereomers _Of t.he
right order of magnitude to be observable in ti&e NMR '°_"Ver symmgtry Ne_'q13 system leads to a 'argef shielding
spectrum. Using point charges each about one-tenth of gﬁference(chlral shify than the more symmetrical hedys
typical partial charge used for a carbonyl atom in proteinSYStem-: _ _
dynamics simulations was sufficient to see a chiral shift of The two-turn Nes helix per_m|ts us to _explore the _eﬁe_cts )
the order of 1 ppm. This gives us some hope that we cafn the Xe response of extending the helix. The_deshleldln_g is
calculate the Xe shielding at the center of the chiral cryp-dréater for the larger number of Ne atoms, in comparing
tophane cage attached to chiral tethers by using a chiral pdy€7: Nés, and Nes (in Table V). Extending the helix to two

tential, point charges to represent the atoms of the tethefUrns adds N.e a.toms at longer dlstanges from Xe. Since the
(i.e., no additional electrons, no additional basis functibns!xe_Ne deshielding becomes monotonically less pronounced

so that we might be able to assign the fine structure observetf therXeNe increases, the dimer tensor model explains vyhy
by E. J. Ruizet al. in functionalized X& adding more turns to the helix does not produce a deshield-
ing proportional to the incremental number of neon atoms.
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