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Although **Tc is the fourth most sensitive nucleus
for NMR detection, only a few reports of **Tc NMR
spectra exist [1—6]. Its high spin, /=9/2 with
resultant quadrupolar moment, and radioactive
nature (low energy § emitter; #;,,=2 X 10° y) have
prevented extensive study of diamagnetic technetium
compounds by NMR. Generally, one expects efficient
relaxation via the quadrupolar moment which results
in very short T,s and consequently broad NMR
signals. However, if the electronic distribution about
the nucleus is symmetrical, a sharp ®Tc NMR signal
can be obtained. For example, the *Tc NMR spec-
trum of the tetrahedral pertechnetate jon TcO,4™ gives
a line width at half height (v, ;) of less than 2 Hz [5].
For symmetry less than Oy, or T4, a person’s chemical
intuition relative to symmetry and line widths can be
misled. For instance, it has been shown [7] that the
Cy, fdcial isomer of complexes like MoP;C3 (P=2a
phosphine and C =CO) is a pseudooctahedral com-
plex and yields a much sharper molybdenum spec-
trum than the meridional isomer although many
guess the opposite.

A recent report [8] of the **Tc NMR spectrum of
Tc,(CO)so and our independent discovery of the
same characteristics, demonstrated that compounds
of lower symmetry containing two technetium nuclei
can produce a sharp signal (vy/, =1.4 Hz). The Tc
atoms are equivalent [9] but not symmetric along the
metal—metal axes and neither possess local T, or Oy,
symmetry. The compound, Tcy(CO)y, has Dgy
symmetry with both of the metal atoms in the zero
valent state. Neither of the corresponding spin 5/2
manganese or rhenium compounds gives sharp metal
NMR spectra although their nuclear properties are
somewhat different from those of technetium. It was
the purpose of this investigation to see if the sharp
technetium spectrum was an accident or has broader
implications to technetium organometallic chemistry.

The forward and back metal—carbon electron
donation in metal carbonyls is well known. Trifluoro-
phosphine has been shown to possess bonding charac-
teristics similar to those of carbon monoxide, and has
been used as a probe to study the chemistry of metal
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carbonyls [10,11]. If any ligand can preserve the
electronic environment of the decacarbonyl, it is
likely to be PF;. In the case of the molybdenum com-
pounds Mo(CO)¢_,(PF3),, the substitution of PF;
for CO causes only moderate broadening and little
chemical shift in the molybdenum-95 spectra [12].

Preparation and isolation of the sample will be
reported separately [13]. The data were obtained on
an in-house-constructed ‘SEMINOLE’ NMR having a
magnetic strength of 3.55 T. An aqueous solution of
NH;TcO,4 was emg;oyed as an external and secondary
reference for the ”Tc NMR. An internal standard of
Tc(CO)yo (—2480 ppm from TcO, ™) was used as the
primary reference for the technetium spectra. For
19F an external reference of CFCl; was used. The Tc
resonance in TcO,~ is found at 34 MHz, while the
fluorine in CFCl, is found at 142 MHz. Spectra were
obtained in CHCl;.

Figure 1 gives the '>F NMR spectra of ax-Tc,-
(CO)o(PF5) at: (a) 257 K; (b) 297 K; and (c) 337 K.
The doublet results from *Jg_p coupling of 1280 Hz
which is the characteristic splitting of P-F com-
pounds. The peaks in each half are unusually broad
with vy,, of 360 Hz at room temperature. The '°F
spectra of the analogous compounds Mn,(CO)e(PF;)
and Re,(CO)y(PF3) have signals with v, ,, of less than
5 Hz. An approximately equal mixture of Re,-
(CO)yo—,(PF3), and Tc,(CO)yp— »(PF3), compounds
yields sharp '°F signals for the rhenium compounds
while only broad peaks are observed for the tech-
netium compounds. This is a strong indication that
the broadening of the '°F NMR signal is due to the
presence of the Tc nucleus rather than other prob-
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Fig. 1. The 'F NMR spectrum of ax-Tcy(CO)g(PF3) in
CFCl3: (a) 257 K; (b) 297 K; (¢) 337 K.
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lems such as paramagnetic impurities. Previous studies
have reported only a weak interaction between Tc
and F even when directly bonded [4].

The compounds were variously examined as raw
samples, after filtration, after vacuum distillation, and
after gas chromatographic separation. Broadness
appears not to be attributable to sample conditions.
In our previous experience with the fluorine or
hydrogen spectra of PF; complexes of spin 5/2
metals like cobalt and manganese, H—F coupling
occurs across the metal nuclei without coupling to it
nor broadening caused by it. Line widths of only a
few Hz were found. The fluorine spectra of the PF;
complexes with quadrupolar metals are generally
quite similar to those found with metals that do not
have a quadrupole. The only time we see broad
fluorine spectra is when several equivalent PF; groups
exist resulting in second order broadening or, occa-
sionally, when some stereochemically non-rigid
process occurs as found with five-coordinate com-
plexes. The broadening in the present case has the
characteristics of neither.

The width of the fluorine line is presumably
related to the coupling with technetium as it is found
to be temperature dependent. The fluorine could
couple to the immediate technetium to yield a ten
line pattern which in turn could perhaps be split
further by coupling to the far technetium (now
chemically inequivalent) yielding the unresolved
broad pattern. A related temperature phenomenon has
been reported previously for a !>C signal when
attached directly to a quadrupolar nucleus [14, 15].
In our case, the vy,, drops from over 400 Hz at the
elevated temperature to 360 Hz at room temperature
to less than 200 Hz at the lower temperature (Fig. 1).

The ®Tc NMR spectra are shown in Fig. 2 for
ax-Tc,(CO)o(PF;) at three different temperatures: (a)
257 K; (b) 297 K; (c) 337 K. The sharp signal at 0
ppm is the internal reference Tc,(CO);o. The broad
peak downfield at 19 ppm results from the unsub-
stituted Tc atom in the (CO)sTc—Tc(CO)4(PF3)
compound. The doublet upfield, centered about
—130 ppm, is the substituted Tc split by the adjacent
3P nucleus. The large 'J,_p coupling of 1750 Hz
reflects the strong interaction between the two
nuclei.

Cooling the sample sharpens and enhances the
signal of the unsubstituted Tc¢, while substantially
broadening the substituted Tc. Conversely, heating
the sample sharpens the substituted Tc signal, and the
signal of the unsubstituted Tc begins to resolve into a
doublet. The *Jp._p is small and is of the order of
40 Hz. The *Jp._p coupling is not resolved and can
not be determined from the present data. However its
existence is shown by the thermal decoupling of the
F spectrum as the signal sharpens at lower tem-

eratures, which apparently does not affect the
Jg_p coupling.

This is the first example of Tc coupling to a
nucleus to which it is not directly bonded. Of continu-
ing interest is the thermal decoupling of fluorine in
the *Tc spectrum. For the substituted nucleus, cool-
ing results in the collapse of the signal, while for the
unsubstituted Tc nucleus, cooling sharpens the signal.
Substantially unanswered is the fundamental question
of whether the sharp spectrum of Tc,(CO),o is an
accident or will be reflected in the NMR of other
organometallic compounds. The extensive coupling
complicates the determination of the natural line
width.

The fluorine and technetium spectra of the diaxial
diphosphine complex are even broader than the
monophosphine. The two technetium atoms are
equivalent, but even further possibilities for second
order coupling exist. Further progress in the study
demands better methods for the isolation of the
individual complexes plus some decoupling experi-
ments.
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Fig. 2. The 9Tc NMR spectrum of ax-Tc,y(CO)g(PF3) in
CFClj: (a) 257 K; (b) 297 K; (¢) 337 K.
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