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We determined the tensorial spin-rotation- (¢;) and the spin-spin interaction constant (d)
of germane from the hyperfine splittings of Q-branch microwave lines measured by microwave

FOURIER transform (MWFT) spectroscopy.

Introduction

In a previous paper [1] we reported on the investiga-
tion of the vibrational ground state microwave spec-
trum of the isotopically enriched germane species
°GeH,, "*GeH, and "*GeH,. We pointed out that
most of the F-type lines were broadened or split due
to spin-rotation and spin-spin interaction. Three ex-
amples are given in Figure 1.

The magnitude of the splitting depends on the re-
spective transition and ranges up to 100 kHz. As ex-
pected an isotopic dependence was not observed. In
many cases the hyperfine structure could not be com-
pletely resolved. To increase the precision of the fre-
quencies of the multiplet components we performed a
line shape analysis [2]. These data provided the basis
of the fit of the tensorial spin-rotation constant ¢, and
the spin-spin interaction constant d.

Theory

There exist many theoretical contributions in the
field of spin-rotation and spin-spin interaction of
tetrahedral molecules [3—9]. We will not repeat either
of them. We based our calculations on the formulas
given by Hougen [7] because they seam to be most
convenient in practical application. The hyperfine
energies of the F; and F, species ground state transi-
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tions are given by Eq. (16) of [7],

E=hoD, +[— ¢, + hy ¢ (C/2) (1)
+hyd[(3/4) C(C+1) = I +1) J(J + D)J (J +1).

hy, hy and h, are numerical values depending on the
respective transition. h, is tabulated in [9] (there it is
called f), h, and h, are found in [7]. D, is the tensorial
centrifugal distortion constant, ¢, represents the scalar
spin-rotation constant. C ist defined by

C=FF4+1)—-JJ+1)—-I(I+1), (2)

where J is the quantum number of the overall rota-
tional momentum operator J, I the quantum number
of the coupled four proton spin operators I and F the
quantum number of the total angular momentum op-
erator F composed of J and I. For the case of F-type
transitions I can be shown to be always equal 2. For
Q-branch transitions predominantly AF = 0-lines are
observed. In this case AC = 0 and the transition fre-
quency is proportional to

AE = (hg — hp) D, + (b} — k') c,(C/2)
+ (hy — hh)d[(3/4) C(C +1)
—IT+1)JJ + D]/ +D]. (3)

The superscripts u and | indicate the upper and the
lower level. Obviously the scalar spin-rotation con-
stant ¢, is not determinable.

The splitting between two lines with different F-
quantum numbers (indicated with *and ") of a hyper-
fine triplet can be expressed as

A(AE)= Ac,+ Bd
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Fig. 1. Three examples for F-type transitions. Measurements and theoretical patterns (calculated with parameters of Table 1
fitted to transitions in Fig. 1a) are shown. Frequencies in MHz. Hyperfine components are labelled with F-quantum

numbers. a) Rotational transition 19 F, (4) —

frequency: 14380.4 MHz. Sample mterval 20 ns. 8- 10° averagmg cycles. b) Rotational transition 19 F, (4) —

F, (2) of "*GeH,,. Cell temperature: 20°C. Gas pressure: 3.8 mTorr. Polarizing

F,(3)of "*GeH,.

Cell temperature: 20°C. Gas pressure: 43mTorr Polarizing frequency: 12690.5 MHz. Sample mterval 20 ns. 5 10° averaging

cycles. c) Rotational transition 20 F, (4) —

F,(2) of "*GeH,. Cell temperature: 20°C. Gas pressure: 4.1 mTorr. Polarizing

frequency: 17026.8 MHz. Sample mterval 20 ns. 5-10° averagmg cycles.

with
= (1/2)(h} = hy)(C' = C"),
B = (3/4)(hs — hb)
[C(C+1)=C"(C"+D]/[J T+ 1)].

In order to calculate the constants ¢, and d we selected
the best resolved transition 19F,(4) —19F,(2)
(Figure 1a). The values of A and B as well as the
measured splittings are given in Table 1. The resulting
constants are ¢; =10.07(53) kHz and d = 8.9(55) kHz.
The errors are estimated from the precision of the
frequency determination of the multiplet components.
The values of Tab. 1 were used to calculate the splitt-
ings of all measured transitions, which were unsplit
or partly split. Always the pattern agreed. A

Table 1. Numerical values of A and B and corresponding
measured splittings 4 (4v) for the 19 F, (4) —19 F,(2). All
data are given in kHz. For line frequencies see Figure 1.

F'—F' A B A(Av)
18 — 19 7.28634 0.743431 80
19— 20 7.66984 —0.706212 71

second possibility is to assume d to be fixed at its
theoretical value d = 7.88 kHz [5]. In this case we
obtain ¢, =10.08(55) kHz (mean value). This result
may be compared with the spin-rotation constant
¢; = 5.5(50) kHz measured by magnetic resonance
methods [5].
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Conclusion

Today MWET spectroscopy seems to be a well suit-
ed method to determine spin-rotation and spin-spin
interaction constants of tetrahedral molecules with
high accuracy in comparison to magnetic resonance
methods. The ground state spectra of methane and
silane have been also investigated [11, 12] but a hyper-
fine structure has not yet been reported.
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