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Nitrate is an ubiquitous chemical species which also plays
an important role in many biological systems. The reduction
of nitrate is catalyzed by certain metalloenzymes (nitrate
reductases).! It seems likely that the reduction occurs in the
coordinated state of NO3;~. Nitrate reduction may occur not
only thermally but also as a light-induced reaction. In fact,
several observations on the photochemical reduction of NO;~
have been reported. While in most cases nitrate served simply
as an electron acceptor in intermolecular excited-state electron
transfer processes,? at least one complex, Mn(TPP)(NO3), with
TPP = 5,10,15,20-tetraphenylporphyrinate(2—), was shown to
undergo photochemical reduction of coordinated nitrate although
with a very low efficiency.* However, owing to the complicated
electronic structure of this porphyrin complex, the nature of the
reactive excited state is not quite clear. Accordingly, it should
be of considerable interest to study the electronic spectra and
the photochemistry of a simple nitrato complex which contains
a redox-active metal. In this context it is quite surprising that
very little is known about the participation of the nitrate ligand
in electronic transitions of metal complexes.*5 Although NO3~
is an oxidizing species with an empty s7* orbital at relatively
low energies,*%7 it has apparently not yet been considered to
serve as an electron-accepting ligand for MLCT (metal to ligand
charge transfer) transitions. We explored this possibility and
selected the complex Cu(PPhs3);NO3® as a promising candidate
for an inner-sphere photoreduction of nitrate. This choice was
based on the observation that copper(I) complexes with acceptor
ligands such as polypyridyls have available low-energy MLCT
states.>10 Moreover, Cu(PPh;),NOj; was not expected to display
a complicated electronic spectrum owing to the d'° configuration
of the metal. In addition, the present work should be facilitated
by previous studies, particularly those by Kutal and his group,
on the spectroscopy and photochemistry of other copper(l)
triphenylphosphine complexes.!® It was observed that such
compounds do not undergo efficient intramolecular photode-
compositions. A further interesting aspect of our investigation
concerns the nature of the products which might be obtained
by the photoreduction of nitrate. Nitric oxide, which is one of
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Figure 1. Electronic absorption (—) and emission (**) spectra of Cu-
(PPh3);NO;. Absorption, 4.06 x 1075 M in acetonitrile at room
temperature under argon, l-cm cell; emission, in ethanol at room

temperature, dexe = 300 nm, intensity in arbitrary units.
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Figure 2. Spectral changes during the photolysis of 1.35 x 10-° M
Cu(PPh3),NO; in acetonitrile under argon at (a) 0 and (d) 60 s irradiation
time with white light (Osram HBO 100 W/2 lamp), 1-cm cell.

the possible products, has attracted much recent attention since
it is involved in a variety of important biological processes.!!

Solutions of Cu(PPh;);NO;? in various solvents display an
absorption band at Apax = 263 nm (¢ = 18 900) with a shoulder
at 275 nm (e = 16 000) (Figure 1). In low-temperature glasses,
Cu(PPh3),NO; showed a rather intense photoluminescence at
Amax = 450 nm, The excitation spectrum matched the absorption
spectrum quite well. At room temperature in solution, this
emission was largely quenched, but a residual luminescence (¢
= 3.4 x 1074 at Aexc = 300 nm) was still detected (Figure 1).

Solutions of Cu(PPh;3);NO; in CH3CN under argon were
stable in the dark but rather sensitive to UV light. The
irradiation was accompanied by spectral changes (Figure 2)
which clearly indicated the formation of triphenylphosphine
oxide. PPh;O was identified by its characteristic absorption
features at 260, 266, 272, and 274 nm. Triphenylphosphine
oxide could be also extracted with hexane from the photolyzed
solution. Nitric oxide was formed as a further photolysis
product. The detection of NO was achieved according to a
procedure described by Hoshino and his group.!? The photo-
lyzed solution was added to a solution of Co(IlI) tetraphenylpor-
phyrin in toluene under argon. The nitrosyl adduct of this
complex, which was formed immediately, showed a typical
absorption spectrum with maxima at 439 (Soret band) and 538
nm (Q band).

At later stages of the photolysis, a precipitate separated which
contained PPh;O and Cu(II). The precipitate was treated with
2 M aqueous ammonia. A clear blue solution of [Cu(NH3)4]2*
(Amax = 616 nm, € = 63) and a solid residue of PPh;O was
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obtained. The spectrophotometric analysis yielded a PPh;0 to
Cu(Il) ratio of 2.03. For a further characterization of this
precipitate, it was treated with NBuyCl (0.1 M) in acetone. A
yellow solution was formed which showed an absorption at Amax
== 410 nm. This band is indicative for the compound Cu%-
OClg(PPh30)4.13 A large variety of related clusters of the
general composition CusOCl¢L4 are formed under comparable
conditions.!4

The efficiency of the photolysis of Cu(PPh3);NOs in CHj3-
CN was determined by measuring the decrease of the absorption
at 263 nm, taking into account the residual absorption of the
photolysis products. The quantum yield for the disappearance
of Cu(PPh3),NO; at room temperature was ¢ = 0.15 at i, =
254 nm.

The following interpretation relies on the assumption that Cu-
(PPh3),NO; in CH3;CN remains intact and does not dissociate.
In the latter case, the photoreaction could originate from the
components such as PPhs. Several observations show that a
dissociation did not occur. The absorption spectrum of Cu-
(PPh;3);NOs in CH3CN obeyed the Lambert—Beer law in the
concentration range from 1073 to 3 x 1073 M. The absorption
spectrum was almost independent of the solvent, including
noncoordinating cyclohexane (Amax = 264 nm, € = 18 600; Ay
=277 nm, € = 16 700). Moreover, the spectral changes during
the photolysis (Figure 2) were also quite similar in CH3CN and
cyclohexane. In addition, free PPh; shows a luminescence at
Amax = 475 nm, while the emission of Cu(PPh3;),NO; appeared
at Amax = 450 nm. Previous observations led also to the
conclusion that complexes of the type Cu(PPh3)X (X =
bidentate anion) do not lose PPh3.2 In the case of X = BHy,
this was confirmed independently.!3

The complex Cu(PPh;),NO3 has a pseudotetrahedral struc-
ture.!® Nitrate is coordinated as a bidentate ligand via two
oxygen atoms. Which low-energy excited states are available
to Cu(PPh3);NO3? Since Cu(I) has a d!° electron configuration,
LF (ligand field) transitions cannot occur. The nitrate ligand
can, in principle, participate in IL (intraligand), LMCT (ligand
to metal charge transfer), and MLCT transitions. The lowest
energy nor* IL transition of NO3;~ gives rise to an absorption
near 300 nm.*%7 Although some absorption bands of nitrate
complexes were occasionally believed to be of the LMCT
type,*®17 such transitions are not expected to occur at reasonably
low energies, since NO;™~ is hardly reducing. The oxidation of
nitrate to the NO; radical requires extremely high potentials
(E° = 2.67 V).1® On the contrary, nitrate is strongly oxidizing
(NO;™ + 2H* == NO; + H,0, E° = 0.78 V)!® and should thus
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Figure 3. Potential energy surfaces for the ground and lowest energy
excited states of Cu(PPh;),NO:s.

function as a powerful acceptor ligand for MLCT transitions.
However, the one-electron reduction of nitrate is associated with
large structural changes since one N—O bond is broken. It
follows that even nitrate complexes of reducing metals will not
display MLCT absorptions at very long wavelength owing to
the large Franck—Condon factor.

It can be immediately recognized that the absorption and
emission spectra of Cu(PPhs3),NO; (Figure 1) are quite similar
to those of other Cu(l) triphenylphosphine complexes,10:15.2021
Accordingly, the lowest energy transition of the nitrate complex
in absorption and emission is certainly also of the IL (PPh;)
type. However, the efficient luminescence quenching which
was observed at room temperature is indicative of a facile
radiationless deactivation of this IL state. In agreement with
the photochemical results, we suggest that the deactivation. is
associated with the population of a reactive Cu(I) to NOs~
MLCT excited state (Figure 3). It is assumed that MLCT
population leads to a heterolytic breakage of a NO bond, eq 1:

(PPh,),Cu'NO, — (PPh,),Cu"0 + NO, (1)

Since NO; is a powerful oxygen-transferring agent, it is not
surprising that it oxidizes PPhs in a subsequent reaction,? eq

PPh, + NO, — PPh,0 + NO o))

Finally, the photolysis is accompanied by the formation of a
precipitate. Although the nature of this compound is not
completely clear, it is assumed to have the composition Cu-
(PPh30),0. Similar species which tend to polymerize have been
described previously.?> The conversion of this Cu(Il) oxide
complex to CusOCle¢(PPh;O)4 in the presence of chloride
provides further support for this assumption.
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