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The role of spin-orbit coupling in the optical spectroscopy
of atomic sodium isolated in solid xenon
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Molecular dynamics calculations, based on the diatomics-in-molecules method, have been used to probe
the manifestations of spin-orbit (SO) coupling in the experimental absorption bands of atomic sodium isolated
in solid xenon. Inclusion of SO coupling of -320 em Lin spectral simulations of the 3p 2P « 35S transition
leads to unequal band spacings which very closely match the asymmetrical bandshape observed for blue single
vacancy (SV) site occupancy. This SO value, extracted in a previous MCD study, reveals the dramatic change
in the effective SO coupling constant of the Na atom (from the gas phase value of +17 cmfl) in solid Xe when
it is close to the 12 xenon atoms in the first surrounding sphere. In contrast, the symmetrical three-fold split band
of the red tetra vacancy (TV) site in Na/Xe is not affected nearly as much by SO coupling. This reflects a greatly
reduced “external heavy atom” effect when the 24 Xe atoms surrounding the Na atom in TV are located at great-
er distances. The contrasting behavior of sodium in the SV and TV sites suggests a strong dependence of the SO

coupling strength on the Na—Xe distance.
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1. Introduction

The spectroscopy of alkali atoms isolated in rare gas ma-
trices has attracted attention for more than fifty years [1,2].
Initial motivations were the relatively simple spectroscopy
of the alkali atoms and the hope for a detailed theoretical
understanding of the experimental observations. Absorption
and emission spectra of sodium embedded in rare gas solids
were reported in several works with sodium atoms gener-
ated by different techniques [3-5]. The observed spectra
suggested that the atom was trapped in more than one site.
The absorption features of alkali atoms in rare gas matrices
exhibit a triplet structure and magnetic circular dichroism
(MCD) experiments [4] demonstrated that the dynamical
Jahn-Teller effect is responsible for this structure. More
recently, molecular dynamics calculations in combination
with experiments were conducted to describe an alkali at-
om (Na) in a matrix environment (Ar and Kr) [6]. The fo-
cus was on the nature of the trapping sites.

* In memoriam, deceased July 2016.

Experiments were also conducted in solid xenon (Xe
matrices) [6], revealing the presence of two sites: a stable
one (absorption spectrum around 560 nm: the “blue” site)
and a thermally unstable one (absorption spectrum around
600 nm: the “red” site). These results were in agreement
with previous studies [4,5] in which it was assumed that
the stable site arose from single vacancy (SV) occupancy —
Na taking the place of one Xe atom in the lattice [5-7].
The triplet structure of the absorption in the blue site ex-
hibits “atypical” splitting between the three components.
However, this structure is well explained by a Jahn-Teller
effect thanks to the recorded MCD spectra allowing an
analysis in terms of coupling with phonon modes [4]. The
MCD analysis also revealed a pronounced “heavy atom”
effect on the spin-orbit (SO) coupling of the sodium atom
isolated in the blue site of xenon.

The theoretical investigations by Gervais’ group in Caen
has shown that in alkali (A)-rare gas (RG) pairs, the spin-
orbit coupling depends strongly on the alkali-rare gas dis-
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tance Ra—rg [8,9]. The effect is especially large when
a light alkali atom (e.g., Na) interacts with a heavy rare gas
(e.g., Xe). For instance, considering the energy levels,
which correlate with the first P state of the alkali atom at
infinite Rao-Rrg Separation, the molecular spin-orbit coeffi-
cients a (Rna-xe) = “Typ | Hso |* TTyj2) and b(Ryy_xe) =
={ 21‘[_1, |Hso | 221,2> of the Na-Xe pair, vary from
+5.7cm  at infinite Na-Xe separation to +27.5 and
-21.1 cmfl, respectively, when Rya—xe = 3.4 A. The latter
distance corresponds to the bond length of the deeply
bound excited A1y, state of diatomic Na—Xe.

We anticipate that the “atypical” splitting observed in
the recorded Na/Xe spectra is, as mentioned above, due to
the occurrence of spin-orbit coupling. This is partly justi-
fied by the MCD work of Schatz and coworkers [4] which
indicates a strong modification of the spin-orbit coupling
in Na when trapped in a xenon matrix. This effect was ob-
served in other metal atom/rare gas samples [2]. The pre-
sent work aims at exploring the consequences of the spin-
orbit coupling on the absorption spectroscopy of atomic
sodium isolated in a xenon matrix. The absorption profiles
arising from the resonance 3p %p  3s %5 transition of Na
are analysed for both the thermally unstable “red” trapping
site band and the stable “blue” site band, present alone in
annealed samples.

Preliminary results appeared in Ref. 6, which dealt al-
most exclusively with the isolation of sodium in argon and
krypton matrices. The Na/Xe findings presented here fol-
low the same approach in which the experimental data are
compared with spectral simulations emerging from molec-
ular dynamics calculations that utilize a simple numerical
approach to generate the solid-state potentials. With this
method, the electronic problem is treated by the pair-wise
addition of the Na—Xe potentials within the Diatomic-In-
Molecule (DIM) formalism [10-14]. Although more re-
fined treatments exist which include many body effects,
e.g., the one-electron model based on core polarization
pseudo-potentials developed by Gervais’ group [9,15], the
simpler DIM approach is appropriate here for the flexibil-
ity it provides to turn on and off the effect of spin-orbit
coupling in the spectral simulations.

2. Experimental
2.1. Experimental setup

The experimental apparatus used in the preparation of
Na/Xe matrices and the set up used to record spectra have
been described in previous publications from the Maynooth
group [16]. Solid Na/Xe samples were prepared by co-con-
densing Na vapor, produced by electron bombardment of
Na metal in a Mo crucible, with xenon onto a cold CaF;
window. Samples were deposited at temperatures ranging
from 12 to 35 K. Low temperatures were achieved using
an APD cryogenic closed-cycle helium displex system
(HC-2D). The temperature was monitored with a silicon
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diode sensor placed on the copper holder of the CaF, win-
dow. High vacuum (10_7 mbar) within the sample chamber
was maintained by an Edwards oil vapor diffusion pump
(EO2K) backed with an Edwards rotary vacuum pump
(E2M2) and monitored by an Alcatel CF2P Penning gauge.

Vacuum in the gas-handling system (GHS), on the or-
der of 10°° mbar, was monitored by an ionization gauge
and maintained by a Balzers-Pfeiffer turbo-molecular pump
(TPU-180H). Two Tylan General baratron capacitance ma-
nometers were used to monitor the amounts of gas in the
GHS. A Granville-Phillips (GP model 203) variable leak
valve controlled the gas flow rate onto the cold CaF, win-
dow, the rate generally being between 3.8 and 4.8 mmol-h !,
The output of a continuous tungsten lamp, dispersed with
a 0.3 m Acton Research Corporation SpectraPro SP-300i
(ARC SP-300i) monochromator, was used to excite Na with-
in the Xe matrix. Transmittance spectra were obtained with
a Hamamatsu IP28 photomultiplier tube (PMT) by scann-
ing the ARC SP-300i.

2.2. Experimental results

The absorftion spectrum recorded in the region of the
3p %p 35 %S transition of atomic sodium deposited in a
solid xenon matrix at 12.7 K is shown in the top panel of
Fig. 1.

The well-known yellow emission of atomic Na in the
gas-phase consists of a pair of lines at 16956.17 and
16973.36 cm ' whose splitting of 17.2 cm ' arises from
the weak spin-orbit coupling constant of this light metal
atom. The location of the former line is indicated by the
vertical line in Fig. 1 near 589.7 nm. In solid xenon, a pair
of bands, each with a threefold splitting, dominate the
freshly deposited spectrum as shown in the top panel. The
existence of this pair of bands suggests that two trapping
sites are present, namely the red site (A’, B’ and C' fea-
tures) and the blue site (A, B and C features). This anticipa-
tion is confirmed upon annealing the matrix up to 35 K as
shown in the middle panel of Fig. 1. Only the three higher
energy peaks pertaining to the blue site remain. This band
is located entirely on the blue side of the gas phase Na re-
sonance 3p %p 35 2S transition and its shape is remark-
able. From red to blue, the features centered at 17,553 and
17,816 cm | are separated by only 263 cm ' whereas
the feature at 18,211 cm ! is more distant, separated by
395 cm ! from the middle feature. The width of the blue
peak is also noteworthy as it is considerably narrower than
the typical absorption profiles of matrix-isolated metal
atoms [2].

In contrast, the red site is found to disappear completely
from the matrix at approximately 30 K and is clearly ther-
mally unstable. Such behavior has been observed in earlier
works [4,5]. The location and bandshape of the red site is
presented in the bottom panel of Fig. 1. It was obtained in
the present study as the difference spectrum of the freshly
deposited and annealed scans and is shown by the red
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Fig. 1. (Color online) Absorption spectra recorded at T = 12.7 K
for atomic Na isolated in a solid xenon matrix. The top panel
shows the spectrum on deposition while that in the middle pre-
sents the blue site bands recorded after annealing the matrix to
35 K. In the bottom panel the red site spectrum, obtained as the
difference of the freshly deposited and annealed scans, is shown
by the red curve. As is evident by the complex structure in the
blue portion of the difference spectrum, lineshape changes of the
blue site occur on annealing. To obtain the isolated red site pro-
file the results of a fit, done with three Gaussian curves is shown
by the green trace. The vertical line indicates the position of the
atomic Na 3p "P « 3s %S transition in the gas phase.

trace. As is evident by the complex structure in the blue
portion of the difference spectrum, lineshape changes of
the blue site occur on annealing. To obtain the isolated red
site profile, the results of a fit, done with three Gaussian
curves is shown by the green trace. The parameters of the
fit involved three bands centered at 16220, 16694 and
17235 cm* with (fwhm) widths of 477, 404 and 522 cm ™,
respectively. The symmetric shape of the resulting profile
is typical of spectra recorded for P < S transitions of metal
atoms isolated in the solid rare gases.

3. Simulation of the absorption spectrum

3.1. Simulation technique

Simulation of the absorption spectrum was performed
using the same method as that reported in Ref. 6. Atomic Na
isolated in the Xe matrix was modeled as a NaXey cluster
and followed the strategy developed by Visticot et al. [17].
An alternative strategy could have been Monte-Carlo simu-
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lations, such as those done by Lawrence and Apkarian,
rather than the Molecular Dynamics calculations conduct-
ed in the present work [18]. Molecular dynamics were also
conducted to simulate the formation of the matrix itself in
order to characterize the most stable sites. The method to
simulate sample deposition and thereby obtain the stable
sites is described in Ref. 6.

The simulation of the spectra is performed in four steps:
i) construction of a Na(Xe)1291 cluster to mimic Na in the
matrix environment; ii) generating the Hamiltonians de-
scribing both ground and excited Na(Xe)1291 from additive
pair potentials within the Diatomics-in-Molecule (DIM) for-
malism; iii) following the classical evolution of the system
in the ground state by a Molecular Dynamics (MD) calcu-
lation, whereby the distribution of nuclear configurations
of the atoms on the ground state potential energy surface is
established; iv) adding the excited electronic energies of
each Na—Xe pair in the total Hamiltonian describing each
configuration. Diagonalisation follows and three transition
energies are obtained. A histogram of these energies is built
when sampling all the configurations stored at step iii). This
energy summation generates the simulated absorption
spectrum. Details of steps i)—iii) are given below.

Step i) A cluster of 1292 xenon atoms is built first. It
consists of nine layers of an fcc crystal with a lattice para-
meter of 6.13 A. Following our previous work on sodium
trapped in argon and krypton matrices [6], two trapping sites
are considered, a single vacancy site (SV) and a tetra va-
cancy site (TV) (see Sec. 4). A Xe atom at the center of
the cluster is replaced by a sodium atom to mimic a sub-
stitution trapping (SV) site of the matrix. The resulting
Na(Xe)1201 cluster is used as the initial geometry for the
molecular dynamics calculations. For the TV site, four
adjacent Xe atoms surrounding a tetrahedral interstitial site
are removed and replaced by a single Na atom. MD calcu-
lations were then run for the resulting Na(Xe)12gg cluster.

Step ii) The pair potentials which are included in the Di-
atomics-in-Molecule (DIM) formalism describe the Xe—Xe
and Na—Xe interactions. For Xe—Xe, only the ground elec-
tronic state needs to be considered. A simple Lennard-Jones
(12-6) function was used. It is parametrized with ¢ =
=191.3 cm ' and o = 3.88 A [19]. For Na-Xe, both the
ground state and the excited electronic states correlating to
Na(3p 2P) + Xe at infinite separation need to be considered.
Their inclusion into the DIM formalism is different depend-
ing on whether the spin-orbit interaction is included or not.

When not including the spin-orbit interaction, three po-
tential energy curves X 2y, A%11 and B2 describe the Na—Xe
interaction. They are documented in an extensive investi-
gation of the electronic state properties of the Na—Xe pair
using ab initio methodologies and various pseudopotential
approaches [20]. The latter work includes a reference cal-
culation for the low lying states X 23, A211 and B2x. For
its use in the present DIM calculations, the X?x potential
curve was fit with the expression
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The resulting fit parameters where i varies from 3 to 7 are
given in Table 1. Similar expressions where i varies up to
i =12 are used to fit the A%l and B2X potential energy
curves. They have no particular physical meaning, beyond
being fit parameters. Their values are reported in Table 1.

Table 1. Parameters used in Eq. (1) to fit the XZZ, ATI and
B potential energy curves provided in Ref. 20 for the Na—Xe
interaction

Cp, cm A" X 23 A2nn B

Ce 8430410° | -7.604310° | 57754.10°

Ce 2.1535.10° 1.077310° | -5.603310°
C1o —1841910° | -4367210% | 48763.10™
Ciz 7.5150.10° 81786.10° | -1.8715.10"
Cua ~11561.10° | —6.767010% | 4101510
Cis 1455310° | —5.6004.107
Cis 4.862810™°
Coo ~2.6130-10
Coo 7.9157.10""
Cos ~1.031 3108
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Fig. 2. (Color online) The potential energy curves for the ground
X and excited A and B states of NaXe used in the spectral simula-
tions of Na/Xe matrices. The origin of the curves are the ab initio
calculations of Ref. 20 which are fitted to get the potentials
shown. For the purposes of comparison the interaction potential
of xenon dimer is also presented. A Lennard-Jones function, with
the parameters ¢ = 191.3 cm71 and o = 3.88 A, was used for Xep.
Shown by the vertical lines are the sizes of the single vacancy
(SV) and tetravacancy (TV) sites in solid xenon. This comparison
reveals how well the SV site size and the NaXe X state bond
lengths match and the extent to which the TV site is too large.
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The three NaXe potentials used in the present work are
shown in Fig. 2 where they are compared with the ground
state potential of Xe,. This comparison reveals how well
matched the ground states of NaXe (X 22) (blue trace) and
Xey (black trace) are, particularly at their energy minima.
A consequence of which is the favourable isolation of so-
dium in a single vacancy site in solid xenon. The energetics
of diatomic NaXe at the SV and TV site sizes are also pro-
vided in Fig. 2. It is evident there that the latter site is de-
stabilised by approximately 31 cm ™" relative to the SV site.
This may be the reason for the thermal instability of the
larger TV site as observed in the annealing study.

When including spin-orbit coupling, four potential en-
ergy curves X 2%y, A2Tly,, A2Tly, and B2S, are re-
quired to describe the Na—Xe interaction. They are easy to
deduce from the X2%, AZIT and B2S curves when the
spin-orbit coupling does not depend on the internuclear
distance, RNa—xe- The formalism which allows determining
the interaction Hamiltonian plus the spin-orbit Hamiltonian
in the coupled ‘(Is)j,mj> basis set is fully described by
Lawrence and Apkarian [18]. It is used here assuming that
the spin-orbit coupling (A in the notation of Lawrence and
Apkarian) is equal to =320 cmfl, the value obtained from
MCD experiments in Na/Xe [4].

Step iii) The MD calculation was run for 10 ns in steps
of 5 fs. The first 5 ns served to stabilize the Na(Xe)1291 and
Na(Xe)12gs clusters at the working temperature T for the
SV and TV sites, respectively. We consider that full therm-
alization was achieved since the average potential energy
no longer varied significantly after 5 ns. A geometry was
saved every 500 fs during the remaining 5 ns of the MD.
This provided us with an extensive body of 10000 configu-
rations. In order to account for the actual motional ampli-
tudes of the atoms in the lattice at the experimental tem-
perature (12.7 K), the MD calculations were conducted at
an “effective” temperature T. At these elevated temperatures
it is expected that quantum effects arising from zero point
vibrational energy will be accounted for. Different effec-
tive temperatures have been suggested following distinct
methods developed by several authors [21-23]. These lead
to effective temperatures either around 30 K or around 50 K
when adapted to the present case. MD calculations were
performed at both of these two values to look at the tem-
perature dependence. In fact, a strong temperature depend-
ence was experimentally observed in the spectra of the
blue site [4]. As will be shown ahead, the simulated spectra
we obtained show that the temperature of 50 K reproduces
the present experimental data better. Consequently, the re-
sults presented in the following sections were obtained using
the higher effective temperature.

3.2. Simulation of the deposition

The results of approximately ninety deposition simula-
tions in the Na/Xe system demonstrate that atomic Na pre-
fers to occupy a SV site in the fcc lattice. This behavior is

839



P. de Pujo, M. Ryan, C. Crépin, J.-M. Mestdagh, and J.G. McCaffrey

consistent with the similarity of the Na-Xe ground state
bond length and the SV size of the host matrix (see Fig. 2).

From the experimental work, we know that two sites are
formed on deposition, one of which is thermally unstable.
Identification therefore, of the second site meant relying on
results obtained using the modelling techniques described
earlier. In an attempt to reproduce the second site, the con-
ditions of the deposition were varied extensively, in partic-
ular the temperature, velocity of the ad-atoms and the re-
laxation time between the incoming atoms. However, the
second site has not been observed in simulated depositions.
We thereby conclude that the stable site is likely to be
a SV site.

3.3. Spectral simulations

Figure 3 shows the simulated spectra both with (bottom
panel) and without (top panel) the spin-orbit Hamiltonian
when describing the interaction between Na and the sur-
rounding Xe atoms in SV and TV sites. Inclusion of spin-
orbit coupling has an effect on both simulated spectra but it
is especially dramatic for the SV site. Its presence causes
the SV spectrum to switch from a regularly spaced three-
fold splitting — typical of most Jahn—Teller coupled sys-
tems — to a situation where the blue feature is significant-
ly more distant from the middle feature than the red one.
This effect is less in the TV site but here also there is sig-
nificant narrowing of the bands. From a comparison of the
simulated SV site spectrum and the absorption profile
shown in Fig. 1 for the thermally stable site, it is immedi-
ately evident that inclusion of the spin-orbit coupling gen-
erates the recorded band shape very successfully.

Single-vacancy Tetra-vacancy

2.0

1.5F

Absorbance, arb. units

— ;
16.0 17.0
1

-
16.0 17.0
Wavenumber, 10° ecm’

Fig. 3. Simulated spectra generated at T =50 K when neglecting
(top traces) and including (bottom traces) the spin-orbit Hamilto-
nian into the description of the interaction between atomic sodium
and the surrounding xenon atoms. The panel on the left shows the
results for the SV site of Na/Xe — that on the right shows the
results for the TV site. The magnitude of the spin-orbit coupling
used was —320 Cm_1 which is the value determined in the matrix
MCD study of Na/Xe presented in Ref. 4.
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4. Discussion and conclusion

The identities of the sites responsible for the red and
blue absorption bands in Na/Xe have been investigated
already in frequency shift vabs(cm_l) versus polarisability
plots in Ar, Kr and Xe. From these plots (see Fig. 6 in
Ref. 6) and the results of the MD calculations done on the
Na/Ar and Na/Kr matrix systems, it is proposed that the
two sites are SV and TV sites. The thermally stable blue
band arises from a single vacancy (SV) site in agreement
with the conclusion from the present simulations of the
deposition. The unstable red site is thus attributed to a tet-
ra-vacancy (TV) site. Figure 4, which compares the rec-
orded and simulated spectra was generated in accordance
with these site attributions.

Symmetrical three-fold splitting is characteristic of the
absorption spectra for P «— S transitions of matrix-isolated
metal atoms and has been ascribed to the dynamic Jahn-
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Fig. 4. (Color online) A comparison of the experimental absorp-
tion spectra — colour coded for the red and blue sites — with the
band shapes simulated (black traces) for the SV and TV sites of
Na/Xe. The experimental blue site band was recorded after an-
nealing, while the red site was obtained as a difference spectrum
of the freshly deposited and annealed scans. The band shown for
the red site is the fit done on the difference spectrum with three
Gaussian curves and presented in Fig. 1. In making this compari-
son with experiment, the simulated bands were generated at an
effective temperature of 50 K as outlined in the Methods section.
The SV and TV bands have been blue shifted by 1350 and
280cm ' respectively to match the observed bands. As indicated,
the value of the spin-orbit coupling used for the SV site was ¢ =
=-320 cmfl, while it was zero for the TV site.
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Teller (JT) [4]. It arises from coupling between the excited
P state metal atom with the host lattice inducing a tempo-
rary break down in the triply degenerate P energy level.
This behavior is related to the site symmetry and such
splittings are anticipated in the cases of site occupancy
with octahedral or cubo-octahedral symmetry. Simulations
of the dynamical JT typically leads to regularly spaced
features, as seen for the SV site with no SO included. Re-
gardless of the potential used, the symmetrical three-fold
shape remains — only the spacing and width changes.

As is evident in the experimental spectra shown in
Fig. 1, symmetrical three-fold splitting is not ethibited by
the blue site band recorded for the 3p “P « 3s S transition
of Na in solid xenon. Inclusion of SO leads, as shown in
Fig. 4 to an unequal spacing in the simulated spectrum that
matches the recorded bandshape particularly well for the
SV site. The value of =320 cm ' reflects the dramatic
change of the SO coupling value when the Na atom is
close to the 12 Xe atoms in the first surrounding sphere.
The fact that our formalism assumes the SO coupling is
constant as Rna-xe IS Vvaried, is a first approximation, but
evidently works well with the SV site. The influence on
the Na guest atom is dominated by the first surrounding Xe
layer where the SO coupling value used in the calculation
simply represents an average value for these nearest Xe
atoms. We performed calculations with SO values ranging
between 0 and —500 cm . The results show a continuous
effect on the spacing between the three components and
their widths when decreasing this parameter. The “atypi-
cal” shape of the triplet structure in absorption is obviously
due to the effect of spin-orbit in the cramped site.

Experimentally, the thermally unstable red (TV) site ex-
hibits almost equal spacing of the three bands (gaps of 475
and 540 cm_l). This is probably an indication that a smaller
SO coupling is at play for this site where the Na—Xe dis-
tance is greater than in the SV site. This anticipation fits with
the calculations of Gervais et al. where the SO coupling is
examined as a function of the Na-rare gas distance [8,9].
For this reason, the simulation with no SO is included in
Fig. 4 for the TV site.

Beyond the triplet structure, the overall agreement be-
tween experiment and simulation is not perfect. In particu-
lar, the centre positions of the simulated bands are located
to the red of the observed positions for the two sites. As in-
dicated in the caption of Fig. 4, it is quite small for the TV
site but a value of 1350 cm ~ is considerable for the SV
site. Moreover, it is also evident that the extension of the
simulated spectrum is limited for both sites. These discrep-
ancies are most likely due to the approximations contained
in the calculation for the solid-state interaction potential
with the DIM method — specifically, the additive use of
pair potentials and the accuracy of the Na—Xe potential
curves. These limitations have been bypassed in a work of
the Gervais group on alkali atoms in an argon matrix where
an excellent agreement was found with experiment [15].
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A calculation of this type could be undertaken in the Xe
matrix environment. However, the importance of the SO
effect that is revealed here, should motivate a full treat-
ment which includes SO coupling.
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Ponb cniH-op6iTanbHOro 3B’s13Ky B ONTUYHOMY
Jiana3oHi aToMapHOro HaTpito, i301bOBaHOro
TBEPAMM KCEHOHOM

P. de Pujo, M. Ryan, C. Crépin, J.-M. Mestdagh,
J.G. McCaffrey

MornekynsipHO-IUHAMIYHI PO3paXyHKH Ha OCHOBI METOJy Aia-
TOMIB B MOJIEKYJTi OyJIi BUKOPUCTaHI [JIsl BUBUCHHSI IIPOSIBY CITiH-
op6itansHoro (CO) 3B’3Ky B €KCIICPHMEHTAIBHUX CMYrax IOT-
JIMHAHHA aTOMApHOTO HATPilO, 130JIbOBAHOTO Y TBEPAOMY KCEHO-
ui. Bpaxysauus CO 38’s13ky — 320 ¢M ~ 1IpU MO/IEIIIOBaHHI CIie-
KTpa 3p %P 35 %S Nepexoy NpU3BOAUTH IO HEEKBIBAJIEHTHOL
BiJICTaHI MiXX KOMIIOHEHTaMH, SIKi I0Ope ONUCYIOTh aCUMETPUIHY
¢dbopMy cMyTH, L0 CIIOCTEPIiraeThes IPH 3aMOBHEHHI CHHBOT O/IU-
HouHOI BakaHcii (OB). L Benmmunna CO, 3100yTa paHinie MeTo-
JIOM MarHiTHoro kpyroBoro auxpoizmy (MKJI), mokasye pi3ky
3MiHy e¢exruBHOl koHcTaHTH CO 3B’s3Ky aroma Na (Bin 3Ha-
qermsa +17 oM B ra3ononiOHiit ¢asi) B TBepaomMy Xe, KoM BiH
3HAXOAUThCS OMHM3bKO 110 12 aToMiB Xe B MepImiid KOOpIHHAIIIH-
Hiit cdepi. Ha Bigminy Bix uporo CO 3B’5130K Maiike HE BIUINBAE
Ha CHUMETpPHYHE TOTpPiliHEe PO3IICIUICHHS CMYTH YEpBOHOI TeTpa-
Bakancii (TB) B Na/Xe. Ile cBiguuth mpo 3MeHLICHHS e(eKTy
«30BHIIIHBOTO BAKKOTO aroMmay, koiu 24 atomu Xe, sKi OTOUY-
10Tb aroM Na B TB, posrauioBani Ha Benukux BincraHsx. KoHT-
pacTtHa moBexinka Harpiro B CB i TB mo3umisx y pemiTni cBif-
YUTh PO CHJIbHY 3anexHicTs i CO 3B’s13Ky Bif BifictaHi Na—Xe.

Kirouosi croBa: criiH-opOiTansHa B3aeMOIisl, aTOMApHUH HAaTPiH,
TBEpAMil KCCHOH, CHMHA IOOAMHOKA BAKAaHCii, YCpBOHA TeTpa-
BaKaHCIs.
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Ponb cnnH-opbuTansHOM CBA3M B ONTUYECKOM
CMeKTpe aTOMapHOro HaTpusi, M30NIMPOBAHHOIO
TBEPAbIM KCEHOHOM

P. de Pujo, M. Ryan, C. Crépin, J.-M. Mestdagh,
J.G. McCaffrey

MornekynspHo-IMHAMUYECKHE pacdeThl Ha OCHOBE METOJa
IMAaTOMOB B MOJIEKyJe ObUIM HCIIOIB30BAHBI A H3YUCHUS IIPO-
saBieHus cnuH-opoutansHoi (CO) CBSI3M B 3KCHEPHUMEHTAIBHBIX
1oJI0cax MOTJIOIICHUSI aTOMapHOTO HATPHs, M30JIMPOBAHHOTO B
TBepaoM KceHoHe. Yuer CO cBsazu — 320 oM IpU MOAEIHUPO-
BaHUH CIIEKTpa 3P P —3s% nepexoja MpUBOJUT K HEIKBUBA-
JIEHTHOMY PAcCTOSIHUIO MEXly KOMIOHEHTaMHU, KOTOPBIE XOPOILIO
OIICHIBAIOT aCHMMETPHYHYIO ()OpMY IOJIOCHI, HaOII0OAaeMOH 1pH
3aroJIHEHUM CUHEH oauHOo4HOM Bakancuu (OB). Ora Bennuuna
CO, nmoxy4yeHHas1 paHee METOIOM MarHUTHOTO KPYTOBOTO JIHXPO-
n3ma (MKJI), nokasbiBaeT pe3koe n3MeHeHne d3GPEKTHBHON KOH-
crautel CO cBs3u atoma Na (ot 3HaueHust +17 CM_l B razoo0pas-
HOH (haze) B TBepaoM Xe, Korzna OH HaxoauTcs OMu3Ko K 12 arto-
MaM Xe B IIepBOH KOOPAUHAIIMOHHOM cdepe. B oTimmaue ot storo
CO cBs3b OYTH HE BIMAET HA CHMMETPHYHOE TPOMHOE pacuier-
JIeHHe T0JI0CHl KpacHo TerpaBakaHcuu (TB) B Na/Xe. Oto cBu-
JIeTeNbCTBYET 00 yMeHbLIeHHH 3(Q@{eKTa «BHELIHEro TSHKEIOro
aToMa», korga 24 aroma Xe, okpyxatomue atoM Na B TB, pac-
TIONIOKEHBI Ha OONbIINX paccTosiHUsAX. KoHTpacTHOE moBeneHHe
Hatpusd B OB u TB no3unusx B pelIeTKe CBUAETEILCTBYET O
cuibHOI 3aBucuMocTu cuiibl CO cBsi3M OT paccTostHus Na—Xe.

KitroueBsie cioBa: cCiMH-OpPOUTAIBHOE B3aHMOJICHCTBHE, aTOMap-
HBbI HaTpuil, TBEPIAbIH KCEHOH, CHHSS OJUMHOYHAs BaKaHCHS,
KpacHasl TeTpaBaKaHCHUs.
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