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Fig. 1. Correlation of the Mean Amplitude Quantities o with percent 3t
ionic character. The carbon tetrahalides are given O, the silicon by @,
the tin by A, the germanium by 4 , the indium by M, the gallium i .
by @ , the thallium by 4 , the zinc by [], the cadmium by @ , and the 2 1l 1?5 === 2 : =
hydrogen halides by (). The o:—! scale on the right is for the hydrogen 6-'x102
halides. X

somewhere else. Moreover, it is most intriguing to note
that if the percent ionic character of all the fluorides
were reduced by approximately 10 units then they all
behave “normally” and fall on the “expected” curves.
Naturally, one is tempted to “correct” the ionicity of
the fluorides, but, unfortunately, in so doing one de-
stroys a great number of other correlations, including
our previous force constant correlation, and indeed
gains very little, if anything.

Secondly, it is extremely interesting to find that when
all of the curves are extrapolated beyond the origin
to —15% I.C., there seems to be a 1 to 1 correspon-
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The root-mean-square amplitudes of vibration of both the
Xe—O and the O...O interatomic distances of XeO, have
been theoretically estimated to be 0.0373 A and 0.0742 A
respectively at 298 °K. Although the experimental parameters
for XeO, are not yet available, it is hoped that the results of
this investigation could, at least, be used as first approxima-

1 W. A. Yeranos, Molec. Phys. 12, 529 [1967].

2 (a) Y. Morivo, K. Kucnrrsu, and T. Seimanovcar, J. Chem.
Phys. 20, 726 [1952]; (b) Y. Mormo, K. Kucarrsu, A. Ta-
kanasHI, and K. Makepa, J. Chem. Phys. 21, 1927 [1953].

Fig.2. or=! vs. Force Constants for the

Hydrogen Halides. (i) Values depicted by o

are without anharmonicity corrections, and

(ii) values depicted by @ are with anharmo-
nicity corrections.

dence with their respective correlations of the Urey-
BrabLey force constants K with covalency (see Fig. 1
of Ref. 2). That is, curve for curve the slopes and the
intercepts seem to be more or less the same.

Of course, the most intriguing question is why? We
are presently working in that direction and will report
as soon as a mathematical formulation is obtained.

tions in any future electron diffraction data refinements of
XeOy .

In a recent investigation! we presented a study of
the root-mean-square amplitudes of vibration of the
bonded and non-bonded interatomic distances of XeF,
and XeF, within the framework of the Mormo-CyviN
formalism % 3. In the present work, we extend this in-
vestigation to the study of yet another xenon com-
pound, that of xenon tetroxide.

Xenon tetroxide, it should be mentioned, is an un-
stable compound 4, solid samples of which have ex-
ploded at temperatures as low as —40 °C! Nonetheless,
it can be handled at room temperature and since its
infrared spectrum in the gaseous phase * has been

3 S. J. Cyviy, K. Norske Vidensk. Selsk. Ski. 1959, 2.

4 J. G. Marm, H. Sevtg, J. Jortner, and S. A. Rice, Chem.
Revs. 63, 199 [1965].

* Its vapor pressure at 0 °C is 25 mm 5.
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obtained and studied % , there is every reason to believe
that some day its electron diffraction parameters shall
be reported too. Anticipating this, we report our study
of the root-mean-square amplitudes of vibration of the
bonded and the non-bonded interatomic distances of
XeOy, not so much as to provide numbers which will
later be matched to the experimental values, but rather
as numbers which can, at worse, be used as first ap-
proximations in future electron diffraction data refine-
ments of XeO, . In short, we have asked infrared spec-
troscopy to come to the help of a future electron dif-
fraction study.

1. Theory

Within the Morimno-Cyvin formalism the mean-square
amplitude matrix 2 for a vibrating molecule at a given
temperature is given by:

Z=L4L,
where 4 is a diagonal matrix having:
h ¢ ¥;
h(éET)
on its diagonal, and where L is the transformation

matrix from the normal cordinates Q to the symmetry
coordinates S, such that

S=LQ.

The matrix elements of the mean-amplitude matrix,
on the other hand, are given by:

=G, j) =(Si S

A= E?’.}icm

where (S; S;) can be expanded as a linear combination
of the mean-square quantities oz, which are themselves
defined as:

Oy = <r$a Er,® 77>

and where a and/or b are equal to 1 respectively, if
£ and 7 are internal cordinates which define angle de-
formations, and zero otherwise. It should, furthermore,
be noted that in practice the mean-square quantities of
the bonded and non-bonded interatomic distances are
the most important ones and can, in principle at least,
be determined from electron diffraction data 8.

2. Determination of Root-Mean-Square Amplitudes
of Vibration and Discussion

The infrared spectrum of XeO, has been reported
by Craassex® while a theoretical vibrational analysis
of the said molecule has been presented by the author
himself . The set of Urev-BrapLev force constants !?

5 H. H. Craassex, C. L. Crernick, J. G. Mary, and J. L. Hus-
ToN, Science 143, 1322 [1964].

6 R. W. James, Phys. Z. 33, 737 [1932].

7 I. L. Kareg, and J. Karcg, J. Chem. Phys. 17, 1052 [1949].

8 L. S. BarteLL, L. O. Brockway, and R. H. ScawexpEmany, J.
Chem. Phys. 23, 1854 [1955].

9 W. A. Yeranos, Bull. Soc. Chem. Belges 74, 414 [1965].
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obtained by the latter not only reproduces quite well
the experimentally observed ** infrared bands, but pro-
vides us also with tentative values for the missing
Raman frequencies and, in as for as the present work
is concerned, is instrumental in the determination of
the L matrix of XeO, .

Using the symmetry coordinates presented by us in
a previous publication !* we have, for the 3 matrix of
an MX, molecule of Tq symmetry, the following
matrix elements:

2(,1) =0r+3 0,

2(2,2) =64—2 0pa+0'ga s

2(3,3) =0r—0rr

2(3s4') - 2(4"3) = V2 (Ura = 0,ra) )
2(44) =0,—0'ga,

where the primes in the mean-square quantities o,
represent trans interactions.

The above matrix elements, coupled with the follow-
ing relations obtained from the redundancy condition:
Oa+4 Oaa+0'0a=0 )

and
Ora+0ra=0,

give us, for the mean-square quantities of the inter-
atomic distances Xe—O and O...O, the following re-
lationships t:

or=%1[2(11) +32(33)],

and

ca=3[23(1,1)+33(2,2) +23(3,3) + 23(3,4) + $ 2(4,4)].

The results of our calculations for XeO, are given
in Table 1, along with the root-mean-square amplitudes
of vibration e (i, j) between atoms i and j which are

defined as: .
le(i: ]) = VOE ‘

3'(1,1) =0.00119301 A*
3(2,2) =0.01691569 A2
3'(3,3) =0.00145518 A®
3 (3,4) == (4,3) = —0.00080858 A*
' (4,4) =0.01441861 A®
0:=0.00138964 A2
64=0.00550903 A2
le (Xe—0) =0.0375¢ A
1(0...0) =0.0742, A

Table 1. Results obtained for 7=298 °K.

10 H, C. Urey and C. A. Brabirey, Jr., Phys. Rev. 38, 1969
[1931].

** Observed: 7;(t,) =877 cm™1, ¥,(t,) =306 cm—1.
Calculated: 74(¢,) =876 cm™1, ¥,(¢,) =305 cm™1,

7, (ay) =906 cm~—1, #,(e) =301 cm—%.

11 W. A. Yeranos and F. D. Foss, Molec. Phys. 9, 87 [1965].

t By convention, if & and # are the same, the mean-square
quantity involved is simply written as o¢ .
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An examination of the values of 0, and o4 for XeO,
shows that they are almost half as much as their respec-
tive counterparts in ! XeF, . This is indeed interesting
if one remembers that the force constants of both mole-
cules bear the inverse relationship 2.

12 Preliminary results of the 27 tetrahedral molecules studied
previously 13 suggests a linear relationship between the per-
cent ionic character with the reciprocal of the mean ampli-
tude quantities o, . The complete study shall be submitted
to this Journal as soon as available.

A Level-Crossing Investigation of the hfs
in the 3 *P;,-State of Sodium

M. Baumann

Physikalisches Institut der Universitdt Tiibingen
(Z. Naturforsch. 23 a, 620—622 [1968] ; received 16 February 1963)

The first studies of the hyperfine structure (hfs) in
the 3 2Py, state of 23Na atoms 2 had yielded an ambi-
guity, concerning the sign and magnitude of the nu-
clear electric quadrupole moment of 23Na (I=3/2),
which could be removed by some recent double-reso-
nance experiments 3%, In view of the difficulties in in-
terpreting double resonance spectra in a case where the
hfs level separations are comparable with the level-
widths ¢, it seemed worth-while to seek for a confirma-
tion of the results in a level-crossing experiment 7 & by
observing the field-dependence of the polarization of
fluorescence radiation in a magnetic field. Such an ex-
periment had been previously undertaken? but the
authors were not able to deduce the hfs coupling con-
stants from their measurements.

According to Brerr 1° the intensity, R(f.&), of late-
rally scattered fluorescence radiation is given by the
formula

fmu fum’ &m'w &u'm
1-2xitv(m,m’) "’

R(f.8)=C2,

m,m’, p, 1’

0

Here fm.=<{m| f-r |u), etc., where fand g are the
polarization vectors of the exciting light and the observ-
ed fluorescent light, respectively. The eigenvectors of
the excited state and of the ground state are | m) and
| u) , respectively. 7 is the radiative lifetime of the ex-
cited atoms. ¥(m, m’) = (E;y—En) [k is the difference
of term values in the excited state. In (1) it is assum-
ed that the power density of the exciting light is con-
stant over the hfs components of the atomic resonance

1 P. L. Sacavryx, Phys. Rev. 94, 885 [1954].

2 M. L. Peri, L. L. RaB1 u. B. Senitzki, Phys. Rev. 98, 611
[1955].

3 J. N. Doop and R. W. N. KinnNear, Proc. Phys. Soc. London
75,51 [1960].

4 H. Ackermany, Z. Phys. 194, 253 [1966].

5 M. Baumann, W. Hartmany, H. Kriicer, and A. Oep, Z. Phys.
194, 270 [1966].
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The author wishes to extend his sincere gratitude to Pro-
fessor Sven J. Cyvin of the Institute of Theoretical Chemistry
of the Technical University of Norway whose timely articles
on mean amplitudes of vibration have been a constant source
of inspiration to him.

13 W. A. Yeranos and J. D. Granam, Spectrochim. Acta 23 A,
732 [1966].

line and that no multiple scattering takes place. The
first assumption is not exactly satisfied for the lamp
in the present experiment.

The eigenvectors of the Na atoms were determined
by diagonalizing the Hamiltonian for the atoms in a
magnetic field with the aid of a computer. R(f> &) was
calculated as a function of the magnetic field for dif-
ferent values of the magnetic hfs splitting constant A
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Fig. 1. Splitting of the 3 2Py, hfs levels of >*Na in a magnetic

field: 4=18,8 Mc/sec; B=2,9 Mc/sec; g;=1,33444; the

Am=1 crossings are marked by single and double circles,
respectively.
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