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The photochemical behavior of [TC2C18]27 was investigated in acetonitrile. The speciation of Tc before and after irradia-
tion at 254 nm was performed by UV-vis spectroscopy. Upon irradiation at 254 nm, [TCZCIR]} was unstable, the scission
of the Tc==Tec unit occurred and the complex [TcCl4(CH5CN),] was identified. The disappearance rate of [M2C13]27
(M = Tc, Re) under irradiation has been measured and was ~7.5 time faster for Tc than for Re.
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1. Introduction

Technetium is the lightest radioelement on the periodic table; it has
34 known isotopes, the most common being PT¢ and *"Tc which
are produced in nuclear reactors from the neutron-induced fission of
25U 1. During the past 30 years, most studies on Tc have focused
on the use of *’™T¢ as an imaging agent, leaving substantial gaps
in our knowledge of its fundamental chemistry [2,3]. Due to the ra-
dioactive nature of Tc and the relatively small number of laboratories
equipped to work with this element, the coordination chemistry of Tc
has lagged behind that of Re, its heavier non-radioactive congener.
One illustrative example is the chemistry of complexes with multiple
metal-metal bonds. As of 2015, the number of these complexes for Tc
was limited and only 35 dinuclear species had been structurally char-
acterized [4,5]. This contrasts with the chemistry of Re where more
than 550 complexes are known [5,6]. In addition to the coordination
chemistry, the photochemistry of Tc dinuclear complexes with mul-
tiple metal-metal bonds is underdeveloped. Study of the photochem-
istry of Tc dinuclear complexes can lead to a better understanding of
electronic structure and reactivity of metal-metal bonds. Photochemi-
cal techniques can also be used in synthetic chemistry for the prepa-
ration of new complexes, e.g., it has been shown that the photo-in-
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duced cleavage of the Tc24+ unit (Tc = Tc) in [TCZ(CH3CN)10]4+ in
acetonitrile leads to the quantitative production of [Tc(CH3CN)6]2+, a
low spin d° octahedral complex [7].

For Re, the photochemistry of [ReZCIS]} has been extensively
studied [8-11]. Photolysis of [Re2C18]2_ at 300-366 nm in acetoni-
trile leads to the formation of [ReCl;(CH;CN);] via the photoreac-
tive [ReCl,(CH;CN),] intermediate [8]. The photo reactivity of the
dimer is wavelength dependent, and irradiation at 254 nm leads to
the formation of [ReCl,(CH;CN),] which is further oxidized to
[ReCl4(CH5CN),] and an unknown product. The photoreactivity of
[Re2C18]27 is also solvent dependent; in CH,Cl, no reaction was ob-
served, while in CHCIl; the Re(IV) dimer [Re,Cly] was formed via
solvent radical formation [10].

The photochemical behavior of [Tc,Clg]* is unexplored. One of
the questions to explore is whether photo-induced scission of the Tcz6+
unit in [T02C18]27 will occur and whether similar products can be iden-
tified as was the case for the Re analogue. In the present work, we
investigate the behavior of [Tc,Clg]*” in acetonitrile under irradiation
at 254 nm. The speciation of Tc before and after irradiation has been
studied by UV-vis spectroscopy.

2. Experimental
Caution! Techetium-99 is a weak beta emitter (E,, =292 keV).

All manipulations were performed in radiochemistry laboratories de-
signed for chemical synthesis using efficient HEPA-filtered fume
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hoods and following locally approved radioisotope handling and mon-
itoring procedures.

2.1. Starting materials and protocols

The (n-BuyN),[Re,Clg] salt was purchased from Sigma-Aldrich
and used as received. HPLC grade acetonitrile (Sigma-Aldrich) was
dried over activated 3 A molecular sieves and purged with dry Ar
gas for 15 min prior to use. The (n-Bu,N),[Tc,Clg] salt was synthe-
sized according to the method reported in the literature and recrys-
tallized two times from acetone/diethyl ether and two times from
CH,Cl,/hexane [12]. Technetium tetrachloride was prepared in a glass
sealed tube according the method reported in the literature [13]. Af-
ter the preparation, the glass tube was opened, acetonitrile (2 mL) was
introduced in the part of the tube that contained TcCl, and the so-
lution turned immediately yellow. The yellow solution was removed
from the tube, diluted (~1:10) with acetonitrile and its UV—vis spectra
recorded.

Irradiations were conducted with a Spectroline 6 W lamp
(Amax = 254 nm). Solutions of (n-BuyN),[Tc,Clg] (0.2 mM, 2 mL)
were irradiated at room temperature in 1 cm quartz cells placed at
5 cm (fixed geometry) from the light source. After irradiations, the
cells were immediately protected from light and transferred to the
UV-vis spectrometer for measurement. The time between the end of
an irradiation and the UV-vis measurement was ~90 s. The UV-vis
measurements were performed between 200 and 800 nm using ace-
tonitrile as a reference baseline. Measurements were performed in
1 cm matched quartz cells on a Cary 6000i spectrophotometer.

The ESI-MS measurements were performed using a Dionex MSQ
plus electrospray ionization with a quadrupole mass filter detector.
The solutions were introduced via syringe in a capillary (10 pL) and
then diluted in a carrier solvent. In order to avoid secondary reactions
of the ions in the instrument, the cone voltage was kept at 5 V with
a temperature of 350 °C. This method has already been successfully
used for the speciation of other ionic Tc compounds in acetonitrile
[14].

3. Results
3.1. Behavior of[TczCl&]% in acetonitrile in absence of irradiation

The UV-vis spectrum of [T02C18]27 in acetonitrile exhibits bands
at 675nm (1210 M ' em™"), 388 nm (6580 M ' ecm ") and 301 nm
(8200 M~ cm ™). Previous studies have shown that the UV-vis spec-
trum  of [Tc%Clg]z_ in CH,Cl, exhibits bands at 679 nm
1391 M 'em ™), 390nm  (8674M 'cm ') and 303 nm
(10,564 M "' cm ') that have been attributed to the & — &*, n(Cl) — &*
and m— " transitions, respectively [15,16]. The spectrum of
[TCZCls]zf in acetonitrile is slightly shifted to lower wavelength rel-
ative to the one in CH,Cl,; a similar solvatochromism has been ob-
served for [ReZC18]27 in these solvents [15,17]. In the quartz
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cell, the [Tc,Clg]*™ acetonitrile solutions are stable for up to 1 h in the
dark at room temperature.

The ESI-MS spectrum (negative mode) of a solution obtained af-
ter the dissolution of (n-Bu,N),[Tc,Clg] in acetonitrile is presented in
Fig. 1. Under the experimental conditions, three species with m/z ra-
tios centered at 240, 262 and 281 were observed. The isotopic dis-
tributions (Table S1) are consistent with the formulations [Tc2C18]27,
[Tc,Clg(CH;CN)J* and [Te,Clg(CH;CN),*". We hypothesize that
acetonitrile coordinates to [T02C18]27 during the ionization process in
the ESI-MS analysis. Experiments performed in the positive mode
show only the presence of (n-Bu,N)" cations.

3.2. Behavior 0fTC2C1827 in acetonitrile under irradiation at 254 nm

Solutions of [Tc,Clg]*” in acetonitrile were irradiated at 254 nm for
10s, 1, 2, 4 and 10 min. The evolution of the UV-vis spectra in the
region 200-800 nm and 500-800 nm as a function of the irradiation
time are respectively presented in Fig. 2. Analysis of Fig. 2 shows that
the intensity of the § — 8" transition at 675 nm dramatically decreases
with the irradiation time, and after 4 min the absorption at 675 nm has
disappeared. As the irradiation progresses, a new band grows in at
340 nm, reaching a maximum after 1 min of irradiation. Upon contin-
ued irradiation, the band at 340 nm then decreases in intensity simul-
taneously with an increase in the absorbance at 301 nm. After 10 min
of irradiation, the spectrum of the yellow solution exhibits two bands
(233 nm and 301 nm) and a shoulder (~400 nm) and is very similar to
the one of the species ([TcCl,(CH;CN),]) obtained after the dissolu-
tion of TcCly in acetonitrile (Fig. 3). A previous study reported that the
dissolution of TcCl, in acetonitrile lead to [TcCl,(CH;CN),] [18,19].

The UV-vis results unequivocally demonstrate that irradiation of
[Tc2C18]27 at 254 nm leads to the cleavage of the Tc=Tc quadru-
ple bond; the predominant species after 10 min of irradiation being
[TcCl4(CH;CN),].

3.3. Behavior of Re,Cl’~ in acetonitrile under irradiation at 254 nm

Irradiations of [ReZClg]z_ solutions were performed under the same
conditions as those for [Tc2C18]27. Solutions of [RezClg]} in acetoni-
trile were irradiated at 254 nm for 10 s, 1, 2, 4 and 10 min. Similar to
previous reports, the irradiation leads to the disappearance of the band
at 680 nm which is consistent with scission of the Re=Re bond [8].
The spectrum after 10 min of irradiation (Fig. 4) is identical to that
of [ReCl,(CH;CN),] which also confirm this species to be a terminal
photolysis product of [Re2C18]27 [11].

The rate of disappearance of [ReZClg]z_ upon irradiation at 254 nm
was compared to that of [TCZCIS]%; the fraction of [M2C18]27 M =Tec,
Re) in solution as a function of the irradiation time (Fig. 5) were de-
termined using the absorbances at 675 nm and 680 nm. The initial
disappearance rate of [M2Clg]2_ (calculated for the first 10 s of ir-
radiation) is ~7.5 time faster for Tc (9.26:10 > mM.s ') than for Re

[TcoClg(CHaCN)*

r [Te2Clg(CHsCN)2J>
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Fig. 1. ESI-mass spectrum (negative mode, 5 V) of the solution obtained after the dissolution of (n-BuyN),[Tc,Clg] in acetonitrile.
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Fig. 2. Evolution of the UV-vis spectrum of a solution of (n-BuyN),[Tc,Clg] in acetoni-
trile as a function of the irradiation time. Irradiation time: a) t=0,b)t=10s,¢c)t=60s,
d)t=120s,e) t=240s and f) t = 600 s.
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Fig. 3. UV—vis spectra of the solution obtained after: a) irradiation (600 s) of [Tc,Clg> ]
in acetonitrile and b) dissolution of TcCly in acetonitrile.
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Fig. 4. UV-vis spectra of the solution obtained after the irradiation (600 s) of [RezClng]
at 254 nm in acetonitrile.
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Fig. 5. Evolution of the fraction of a) [T02C1827] and b) [ReZCIS}] a function of the ir-
radiation time (seconds).

4. Discussion

The photochemistry of Re and Mo complexes with quadruple
metal-metal bonds have been reviewed [20]. Photoirradiation can lead
to either (i) cleavage of the metal-metal bond without change of the
oxidation state, or (ii) oxidation with retention of the dinuclear metal
core. The mechanism depends on many parameters such as the nature
of the solvent, irradiation wavelength and the presence of ligand in so-
lution. As noted above, irradiation of [ReZCIS]z_ in acetonitrile leads to
the formation of [ReCl,(CH;CN),] and [ReCl;(CH;CN);], while no
reaction is observed in CH,Cl,.

In acetonitrile, the speciation of Re during irradiation depends of
the wavelength. Irradiation with a laser at 632.8 nm (8 — §%) and at
436 nm does not lead to scission of the Re==Re bond, while irradi-
ation with a Pyrex filtered UV lamp (300-366 nm) leads to the for-
mation of [ReCl,(CH;CN),] and [ReCl;(CH;CN);]. In a preparative
scale photolysis, [ReCl;(CH;CN);] was isolated in a higher yield than
[ReCl4(CH;CN),] . At 254 nm, the situation is more complicated; ir-
radiation of [Re2C18]27 produced [ReCl,(CH;CN),] as the primary
product. The latter species is photosensitive and undergo a different
photoreaction depending on the wavelength, i.e., irradiation with a
Pyrex filtered UV lamp produced [ReCl;(CH;CN);] while irradiation
at 254 nm produced [ReCl,(CH;CN),] and an unidentified side prod-
uct [11].

The behavior of [T02C18]27 in acetonitrile upon 254 nm irradia-
tion is similar to that of [Re,Clg]* and cleavage of the Tc=Tc
bond occurs. After irradiation, the UV-vis spectra was consistent
with the presence of [TcCl,(CH;CN),]. Similar to [RezClg]z_, it is
possible that the photolysis of [Tc2C18]27 at 254 nm initially pro-
duces [TcCl,(CH;CN),] which undergoes photo-oxidation to
[TcCl,(CH;CN),].

The irradiation wavelength is in the range of the 1 — n* transition
of [Te,Clg]* . Previous theoretical calculations have shown that the
bonds are the strongest component of the Tc=Tc quadruple bond
[21]. Irradiation at 254 nm will promote an electron into the x* orbitals
(6*n*8? - o*x’8%x*"), this will result in a significant weakening of the
metal-metal bond and ultimately to its cleavage due to interaction with
the solvent molecules.
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5. Conclusions

In summary, the photophysical behavior of [T02C18]27 in acetoni-
trile has been studied in the dark and under irradiation at 254 nm. In
the absence of irradiation, ESI-MS results are consistent with the pres-
ence of [Tc,Clg]*, [Te,Clg(CH;CN)J*™ and [Tc,Clg(CH,CN),]*~ Un-
der continuous irradiation at 254 nm, [Tc,Clg]” is unstable, and the
Tcz6+ unit undergoes a photo-induced scission; the promotion of an
electron into the ©* component of the Tc= Tc quadruple bond is pro-
posed as the origin of the cleavage of the metal-metal bond. After irra-
diation, the [TcCl4(CH;CN),] species was identified by UV—vis spec-
troscopy.

The behavior of [M,Clg]*” (M = Tc, Re) in acetonitrile under ir-
radiation at 254 nm appears to be similar, as both complexes pro-
duced [MCI4(CH;CN),]. Upon irradiation, the disappearance rate of
[M2C18]27 is faster for Tc than for Re. Further experiments in ace-
tonitrile and CH,Cl, at different wavelengths (252 nm, 675 nm and
300 nm) are needed to further probe the photochemistry of [TCZC18]27,
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