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An examination of the values of 0, and oq 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 12.

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.
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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 37, 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

R(f8)=C2,

m,m’, p, 1’

fmu fum’ &m'w &u'm
1-2xitv(m,m’) "’

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
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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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and the electric quadrupole interaction constant B in
order to fit the experimental results. The term-value
diagram for the 3 2Py, state of 2Na is shown in Fig. 1.
Several level-crossings Am =2 and A4m =1 occur in the
region where I and J are increasingly decoupled by the
magnetic field.

The experimental arrangement for detecting these
crossings was as follows: Sodium atoms in a sealed
glass cell (vapour pressure 2-107% torr) were irradiat-
ed by a microwave excited Na lamp. By absorption of
the Dyline (2=5890 A) the atoms were raised from
their 3 2S;/, ground state to the 3 2Py, excited state.
The resonance fluorescence could be observed through
suitable analyzers and a lucite light pipe by means
of a wu-metal shielded multiplier. The magnetic field
was generated by Helmholtz coils and calibrated by
EPR. The earth’s field was compensated.

Am =2 crossings

In a coordinate system with the basic vectors i, J, k,
the exciting light was directed along the j axis with its
electric vector parallel to i . The magnetic field and the
direction of observation were along the k axis. The
scattered light was observed through a rotating linear
analyzer. Thus the intensity of the coherent part in the
scattered radiation was modulated at twice the rotation
frequency of the analyzer, because the light coherently
scattered in the k direction is linearly polarized per-
pendicular to the magnetic field. The incoherently scat-
tered light (6" and o™ radiation) will not be modulated.
By lock-in detection it was possible to observe only the
coherently scattered radiation. This modulation tech-
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Fig. 2. Theoretical signal curve for level-crossings Am=2

with 4=18,8 Mc/sec; B=2,9 Mc/sec; g;=1,3344; v=1,59

+10—8 sec 11; r=1,44. The dots are mean values of experimen-

tal curves; the individual runs differ less than the diameter
of the dots.

11 E. Huvrekg, E. Pauvt, and W. Pauw, Z. Phys. 177, 257 [1964].
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nique offers the advantage that the influence of the
lamp profile on the crossing signals will be consider-
ably reduced. By appropriate phase adjusting of the
lock-in detector, the intensity difference I(i) —1I(J)
could be measured as a function of the magnetic field,
where 1(i) and I(J) denote the intensity seen by the
multiplier when the analyzer transmits light with the
electric vector parallel to i and J, respectively. Under
these conditions an isolated crossing signal has a Lo-
rentzian line shape (apart from the field dependence of
the matrix elements fp, etc.). Fig. 2 shows the experi-
mental results and a calculated signal curve which is
fitted at H=0 Gauss. The influence of the line profile
of the exciting radiation was approximately accounted
for by introducing a parameter r =1,/I, which gives the
intensity ratio of the incident light that can be absorb-
ed by the two ground state hfs terms F=1 and F=2,
respectively. The parameter r exerted only a weak in-
fluence on the position of maxima and minima in the
signal curve; its chief influence was to alter the height
of the maximum at =~ 12 Gauss.

Am =1 crossings

The incident light was directed along the j axis
through a rotating polarizer. The fluorescence radiation
was observed in the i direction through a fixed ana-
lyzer with the electric vector of the transmitted light
parallel to (j+k). The phase of the lock-in detector
was suitably adjusted to observe the signal difference
between the two directions (i+ k) and (i—k) of the

I(RR-1(1-k)
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Fig. 3. Theoretical signal curve for level-crossings Am=1.
Parameters are the same as in Fig. 2, but r=1,28. The ex-
perimental dots (mean values of 5 runs) and the calculated
curve are fitted at 24 Gauss. The error bars indicate three
times the standard deviation of the mean. There was a slight
difference in the excitation of the Na lamp between the
Am=1 and 4Am=2 measurements, which causes the differ-
ence in the lamp parameter r.
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polarization in the exciting light. It can be shown that
under these conditions the coherently scattered light
with |m—m'|=1 gives the only contribution to the
signal which is neither disturbed by 4m =2 crossings
nor masked by incoherently scattered radiation. An iso-
lated crossing signal 4m =1 should have the shape of
a dispersion curve. Fig. 3 shows the experimental re-
sults together with a theoretical signal curve.

These values are in agreement with the results of the
double resonance experiments within the error bars.
From the ratio B/4 the nuclear electric quadrupole
moment of 22Na can be derived 12:

Q(33Na) = (0.124 % 0.02) - 102 cm?

(without Sternheimer correction).
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The experimental results of the observation of Am =2
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CH,
|, H g = 2.0067,
CHg3—Sn—C ag =21 G,
| \H asn = 132G.
CH,

The observed Sn-coupling represents a tin 5s spin population

Im Rahmen strahlenchemischer Untersuchungen zur

Radikalbildung in rontgenbestrahlten zinnorganischen

By y-radiolysis of tetramethyltin at 77 °K a tin-organic free
radical with Sn-hyperfine structure is formed with the follow-
ing parameters ¢, aff and asn:

Verbindungen (1) wurde in bestrahltem, erstarrtem
Tetramethylzinn bei 77 °K ein ESR-Spektrum gefun-
den, aus dem auf eine Beteiligung des Zinnatoms an

der Hyperfeinstruktur (Hfs)-Wechselwirkung geschlos-

sen wird.
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Das in der Abb.1 gezeigte ESR-Spek-
trum von bei 77 °K bestrahltem und ge-
messenem Tetramethylzinn ist stark asym-
metrisch und hat eine Gesamtbreite von
etwa 170 GauB}. Im Zentrum sind zwei
starke Linien mit dem Intensitdtsverhalt-
nis 1 : 2 im Abstand von 21 £1 GauB von-
einander erkennbar. Die dritte dazugeho-
rige Linie mit der relativen Intensitat 1 ist
von einer extrem asymmetrischen breiten
Linie bei g = 2,023 teilweise verdeckt.
Beiderseits des starken Tripletts mit
¢ = 2,0067 sind um etwa eine GroBen-
ordnung schwichere Satellitenlinien, eben-
falls als 1:2:1-Triplett erkennbar, die
auf der Seite niedrigeren Feldes von der
breiten Linie teilweise iiberlagert werden
und nur angedeutet sind. Die Aufspaltung

_der Satellitenlinien betrdgt 20+£1 GauBl

und stimmt innerhalb der Fehlergrenze
mit der des Haupttripletts iiberein.



