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ABSTRACT: Ru-based coordination compounds have important
a p p l i c a t i o n s a s p h o t o s e n s i t i z e r s a n d c a t a l y s t s .
[RuII(bpy)2(bpyNO)]

2+ (bpy = 2,2′-bipyridine and bpyNO =
2,2′-bipyridine-N-oxide) was reported to be extremely light-
sensitive, but its light-induced transformation pathways have not
been analyzed. Here, we elucidated a mechanism of the light-
induced transformation of [RuII(bpy)2(bpyNO)]

2+ using UV−vis,
EPR, resonance Raman, and NMR spectroscopic techniques. The
spectroscopic analysis was augmented with the DFT calculations.
We concluded that upon 530−650 nm light excitation,
3[RuIII(bpyNO−•)(bpy)2]

2+ is formed similarly to the
3[RuIII(bpy−•)(bpy)2]

2+ light-induced state of the well-known
photosensitizer [RuII(bpy)3]

2+. An electron localization on the
bpyNO ligand was confirmed by obtaining a unique EPR signal of reduced [RuII(bpy)2(bpyNO

−•)]+ (gxx = 2.02, gyy = 1.99, and gzz =
1.87 and 14N hfs Axx = 12 G, Ayy = 34 G, and Azz = 11 G). 3[RuIII(bpyNO−•)(bpy)2]

2+ may evolve via breaking of the Ru−O−N
fragment at two different positions resulting in [RuIVO(bpy)2(bpyout)]

2+ for breakage at the O-|-N bond and [RuII(H2O)-
(bpy)2(bpyNOout)]

2+ for breakage at the Ru-|-O bond. These pathways were found to have comparable ΔG. A reduction of [RuIV
O(bpy)2(bpyout)]

2+ may result in water elimination and formation of [RuII(bpy)3]
2+. The expected intermediates,

[RuIII(bpy)2(bpyNO)]
3+ and [RuIII(bpy)3]

3+, were detected by EPR. In addition, a new signal with gxx = 2.38, gyy = 2.10, and gzz
= 1.85 was observed and tentatively assigned to a complex with the dissociated ligand, such as [RuIII(H2O)(bpy)2(bpyNOout)]

3+.
The spectroscopic signatures of [RuIVO(bpy)2(bpyout)]

2+ were not observed, although DFT analysis and [RuII(bpy)3]
2+ formation

suggest this intermediate. Thus, [RuII(bpy)2(bpyNO)]
2+ has potential as a light-induced oxidizer.

■ INTRODUCTION

Ru based coordination compounds were developed as
catalysts,1−5 photosensitizers,6,7 and anticancer drugs.8,9 Multi-
ple Ru-based polypyridine complexes draw considerable
attention as they are easily modifiable, stable catalysts, and
sensitizers in processes with harsh reaction conditions such as
oxidation reactions.10−12 Their analogs, Ru coordination
compounds with polypyridyl N-oxides, were noted in multiple
Ru-based catalytic systems under the conditions of water
oxidation.13−16 Polypyridyl N-oxides are reactive compounds
with applications in chemical synthesis, catalysis, and drug
design.17,18 Their combination with the photoactive Ru
catalytic centers may result in novel, unusual properties
particularly suitable for the oxidation reactions.19,20 Out of
these considerations, we studied the photochemical trans-
formations of [RuII(bpy)2(bpyNO)]

2+ (1-NO), a compound
with pronounced light sensitivity.15,21 Its structural prede-
cessor, [Ru(bpy)3]

2+ (1), is widely known as a photosensitizer
with well-understood photochemistry and has wide-ranging
applications in a photoredox catalysis.22−24 The analogs of this
compound are also used in dye-sensitized solar cells.25 This

compound appears as a single product of (1-NO) irradiation.
Previously, (1-NO) behavior was analyzed in oxidation.15 For
instance, the oxidation of (1-NO) in the dark with Ce(IV)
ammonium nitrate (CeIV) resulted in a majority conversion to
[RuIII(bpy)2(bpyNO)]

3+. A minority, assigned to an open
form, [RuII(H2O)(bpy)2(bpyNOout)]

2+, is capable of O−O
bond formation and O2 evolution via the proposed [RuIV
O(bpy)2(bpyNO

+•
out)]

3+ intermediate.15 After oxidation with
CeIV in the dark, the RuIVO moiety vibration was detected at
∼799 cm−1.15 Here, we describe the behavior of (1-NO) under
the illumination with visible light (530−650 nm). A relatively
short (5−30 min) exposure of (1-NO) solution in water or
acetonitrile to ambient light resulted in irreversible changes in
its UV−vis spectrum. We were able to characterize a final
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product of the light-induced transformation as (1). We
propose that light-induced 3[RuIII(bpyNO−•)(bpy)2]

2+ is
capable of dissociating the N-oxide group with formation of
the intermediate [RuIVO(bpy)2(bpyout)]

2+, which later
reduces to (1) and water.

■ EXPERIMENTAL SECTION
Synthesis. Complex (1-NO) was prepared using the published

procedure.15

Sample Illumination. All samples were exposed to LED lamps
with 530 nm (10 W), 650 nm (10 W), and 760 nm (15 W). The
spectrum of each LED was measured, and the fwhm of each LED was
less than 15 nm. Each sample was exposed to intense LED light (15
cm away from the light source) for 30 min in a heat bath to keep the
temperature constant (room temperature) during the experiment. No
change in the neutral pH was observed while irradiating samples in
water.
Raman Spectroscopy. A HeCd CW laser (442 nm and ∼15

mW) was employed for the resonance Raman. The measurement was
conducted at room temperature; hence, the sample was in liquid form.
To minimize background, measurements were done on a hanging
drop partially extruded from a syringe prefilled with sample solution.
The sample area directly exposed to the laser was a circle with a
diameter of ∼0.5 mm. The laser beam was focused on the sample with
fused silica lens with 10 cm focal length. The (Raman signal) light-
collecting system consisted of two fused silica lenses: the first lens was
the same lens which focused the laser beam on the sample, and the
second lens focused the collected signal on the monochromator slit.
The slit width during the measurement was 70 μm. A Semrock edge
pass filter prevented Rayleigh scattering to get into the mono-
chromator. A holographic grating with 1800 l/mm was used to
disperse the Raman signal onto the detector. An iDus 420 Andor
camera was used.
EPR Spectroscopy. A 200 μL aliquot of sample with 1 mM

concentration in 0.1 M HNO3 was added to EPR tubes and frozen in
liquid nitrogen (in less than 30 s). Low-temperature (20 K using
ColdEdge closed cycle cryostat) X-band EPR spectra were recorded
with a Bruker EMX X-band spectrometer and X-Band CW microwave
bridge. For EPR signal quantitation, the standard EPR sample tubes
were filled with the samples through all of the resonator space. The
signal intensities were measured on the same day and in the same
conditions to allow direct comparison of the signal intensities. For the
spectrum simulation, SimFonia software from Bruker was used.
UV−Vis Absorption Spectroscopy. A Cary 300 UV−vis

spectrometer was used for the absorption measurements. The sample
was held in a quartz cuvette with 1 mm light path at room
temperature.
Oxygen-evolution measurement. Oxygen-evolution measure-

ments of 1 mM and 4 mM Ru(bpy)2(bpyNO)(PF6)2 water solutions
were performed under irradiation with visible light. In a typical
experiment, 0.5 mL of (1-NO) solution was added to an Oxygraph
System (Hansatech Instruments, Ltd.) chamber and constantly
stirred, followed by illumination with a 150 W halogen lamp, covering
the entire visible range, for 30 min. Oxygen concentration was
recorded as a function of time. Calibration was performed by
measuring a signal in oxygen-saturated deionized water (284 μM/L at
20 °C), followed by an addition of the oxygen-depleted reagent
(sodium dithionite).
DFT. Gaussian16 software with the B3LYP exchange-correlation

(XC) functional was used for DFT calculations. The 6-31G* basis
was set for all organic atoms (C, O, N, and H), and the all-electron
DGDZVP basis was set for the Ru atom. To model water solvation,
the CPCM polarizable conductor model was used. The value of the
reference potential (NHE) was assigned to 4.44 V, and the free
energy of a solvated proton was set to −11.64 V.
NMR. NMR spectra were recorded on a Bruker AV-III-HD-400

400 MHz spectrometer, and chemical shifts were referenced to
solvent residual peaks. 1H NMR of (1-NO) (400 MHz, CD3CN) σ/
ppm: 8.98 (d, 1H), 8.70 (d, 1H), 8.57−8.50 (m, 2 H), 8.38 (dd, 2H),

8.25 (t, 1H), 8.09−8.05 (m, 4 H), 7.98−7.88 (m, 4 H), 7.84 (d, 1 H),
7.75−7.69 (m, 2 H), 7.48 (d, 1 H), 7.41 (t, 1 H), 7.31−7.26 (m, 2
H), 7.22−7.15 (m, 2 H). 1H NMR of (1-NO) (400 MHz, D2O) σ/
ppm: 8.96 (d, 1 H), 8.74 (d, 1 H), 8.60−8.58 (m, 2 H), 8.46−8.42
(m, 2 H), 8.26 (t, 1 H), 8.19 (s, 1 H), 8.15 (s, 1 H), 8.10−8.03 (m, 2
H), 8.01−7.88 (m, 5 H), 7.69 (t, 1 H), 7.55 (d, 1 H), 7.40−7.33 (m,
3 H), 7.26 (t, 1 H), 7.21−7.13 (m, 2 H).

In situ NMR experiments were performed in D2O (>99.8 atom %
D) and CD3CN (>99.8 atom % D) by irradiation of D2O and
CD3CN solutions of (1-NO) with LEDs at 520 and 659 nm. 1H
NMR (400 MHz, D2O) σ/ppm after irradiation: 8.55 (d, 6 H), 8.05
(t, 6 H), 7.82 (d, 6 H), 7.38 (t, 6 H). 1H NMR (400 MHz, CD3CN)
σ/ppm after irradiation: 8.51 (d, 6 H), 8.07 (t, 6 H), 7.74 (d, 6 H),
7.41 (t, 6 H).

■ RESULTS
Redox Behavior. In the previous report, we outlined the

ma i n s p e c t r o s c op i c and r edo x p r op e r t i e s o f
[RuII(bpy)2(bpyNO)]2+ (1-NO).15 (1-NO) is EPR-silent
with Ru2+ in the d6 electronic configuration, a singlet (S =
0) low-spin state and the neutral ligands. A singlet state allows
a convenient investigation of (1-NO) by NMR. Upon addition
of 1 equiv of an oxidant or reductant, it converts into a S = 1/2
species [RuIII(bpy)2(bpyNO)]

3+15 (will be discussed later in
the EPR studies section) and [RuII(bpy)2(bpyNO

•−)]1+,
correspondingly. An EPR spectrum of the reduced (1-NO)
(Figure 1) was generated by addition of 1 equiv of sodium

ascorbate (Asc). The EPR spectrum was simulated with g-
factors gxx = 2.02, gyy = 1.99, and gzz = 1.87 as well as Axx = 12
G, Ayy = 34 G, and Azz = 11 G. The signal shape and g-factor of
reduced (1), [RuII(bpy)2(bpy

•−)]1+, were reported previ-
ously26 and are significantly different from those of reduced
(1-NO) in Figure 1. Asc is a mild reductant with an estimated
redox potential of ca. −0.3 V.27 Earlier, it was found that the
N-oxides of pyridine origin were difficult to reduce in the
aprotic solvents.28 An interaction of a polypyridine N-oxide
ligand with the RuII center is likely to lower the reduction
potential. The redox potential for the reduction of (1-NO) was
measured as −0.4 V vs NHE by cyclic voltammetry in
acetonitrile solution with 0.1 M Et4NClO4 as an electrolyte.
Table 1 shows the DFT-estimated redox potentials. A one-

electron oxidation allows conversion of the Ru center to a
paramagnetic [RuIII(bpy)2(bpyNO)]

3+, while further oxidation

Figure 1. X-band EPR of [RuII(bpy)(bpyNO•−)]1+ obtained by (1-
NO) reduction with ascorbate in water. The measurement was
conducted at 20 K, using a modulation amplitude of 10 G and 30 mW
of power. Dashed line is the simulated spectrum.
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to [RuIV(bpy)2(bpyNO)]
4+ is thermodynamically prohibitive

(Table 1). The reduction is ligand-centered and produces the
bpyNO•− ligand. A closed configuration, where bpyNO•− is a
bidentate ligand to Ru atom, is a predominant state since the
reaction occurs in the dark and earlier data has shown that the
closed configuration is thermodynamically more favorable.15,29

Nevertheless, a possibility of an open configuration should not
be excluded. Regardless of the configuration, a reductive
potential of the [RuII(bpy)2(bpyNO

•−)]1+ species is estimated
to be significantly more negative than that for Asc used to
generate the unique [RuII(bpy)(bpyNO•−)]1+ EPR signal
(Table 1). Previously, it was shown that DFT results for the
Ru complexes can deviate up to ca. −0.5 eV for the reduction
reactions.30 The calculations presented in Table 1 for the
[RuII(bpy)2(bpyNO•−)]1+ and [RuI I(bpy)2(H2O)-
(bpyNO•Hout)]

2+ correctly predict the localization of an
unpaired electron on the bpyNO ligand. We conducted the
DFT calculations for multiple possible configurations of the
reduced [Ru(bpy)(bpyNO)]1+ species and found that only the
[Ru I I (bpy)(bpyNO •−)] 1+ and [Ru I I (H2O)(bpy)-
(bpyNO•Hout)]

2+ species were energetically viable and provide
reasonable 14N hyperfine splitting (hfs) (Table S1). The EPR
signal in Figure 1 resembles the EPR spectrum of RuII

complexes with NO• such as trans-[RuIICl(NO•)(cyclam)]+

with gxx = 2.03, gyy = 1.99, gzz = 1.88, and 14N (I = 1), hfs Axx =
17 G, Ayy = 32 G, Azz = 15 G,31 and trans-[RuII(NO•)-
((CH3CH2)2PCH2CH2P(CH2CH3)2)2Cl]

+ with gxx = 2.01, gyy
= 1.98, gzz = 1.88, hfs Axx = 18 G, Ayy = 35 G, and Azz = 19 G.31

The following redox potentials were reported for other Ru
complexes with [RuII(NO)(L)5]

2+ structures, such as trans-
[Ru(NO)Cl(cyclam)]2+ with −0.37 V vs Ag/AgCl,32 trans-
[Ru(NO)Cl(1-(3-propylammonium)cyclam)]3+ with −0.34 V
vs Ag/AgCl,33 trans-[Ru(NO)Cl(15aneN4)]

2+ with −0.28 V vs
Ag/AgCl3 4 and f a c - [Ru(NO)Cl2(k

3N 4 ,N 8 ,N 1 1 (1 -
carboxypropyl)cyclam)]+ with −0.39 V vs Ag/AgCl35 (see
Figure S1 for the structures).
Spectroscopic Characterization of the Final Product

of Light-Induced (1-NO) Transformation. Previously, our
group15 and others21 have noted the extreme light sensitivity of
(1-NO). To gain further insight, light-induced changes were
monitored using UV−vis, NMR, and resonance Raman
spectroscopy (Figures 2−4). We have compared spectroscopic
properties of (1-NO) after light irradiation with spectra of (1).
It was found that the product of (1-NO) irradiation resembles
(1). Irradiation for 30 min was performed using three LED
monochromatic light sources at 760, 650, and 530 nm. We
recorded absorption spectra of irradiated (1-NO) with
different irradiation times (Figure S3) and found that 30 min
light exposure is sufficient to achieve the end of photo
reactivity under the experimental condition. The 760 nm light

was not effective in changing (1-NO) due to low (1-NO)
absorption at that wavelength. Despite the low absorption at
650 nm, conversion of (1-NO) to (1) occurs, which shows an
extent of (1-NO) light sensitivity. As a result of the
illumination, the main MLCT peak in (1-NO) is blueshifted
by about 10 nm to coincide with the main MLCT of (1), while
the broad peak at ∼560 nm largely disappeared. It was
observed that (1-NO) transforms to (1) by illumination with
both 650 and 530 nm light (Figure 2). The deconvolution of
UV−vis of the product after 650 nm illumination shows that
70% of (1-NO) converted to (1), 11% remained intact, and
9% formed other intermediates (Figure S2). In UV−vis
absorption spectra, a greater effect was observed under
illumination with the 530 nm light. In this case, a new
absorption band around 750 nm appeared. This band could be
assigned to the RuIII species since the RuIII complexes have an
absorption band in the 750 nm region. Asc caused this
absorption band to disappear which also supports the
assignment of the 750 nm band to the RuIII.
NMR spectroscopy showed evidence of (1-NO) to (1)

conversion (Figure 3). NMR spectrum of (1) is well-known36

and has a distinct signal because of its D3 point-group
symmetry. The majority of the (1-NO) converts to (1) in D2O
after 30 min of 650 nm illumination (Figure 3). A spectrum
after irradiation with the 530 nm light is not shown because
the peaks are less resolved due to a presence of paramagnetic

Table 1. Redox Properties of [RuII(bpy)2(bpyNO)]2+ and [RuII(bpy)3]
2+ from DFT Analysisa

E°/V

Asc− → Asc•− + e− + H+ −0.01

[ ] → [ ] +•− + + −Ru (bpy) (bpyNO ) Ru (bpy) (bpyNO) eII
2

1 II
2

2 −1.39

[RuII(bpy)2(H2O)(bpyNO
•Hout)]

2+ → [RuII(bpy)2(H2O)(bpyNOout)]
2+ + e− + H+ −1.45

[RuII(bpy)2(bpyNO)]
2+ → [RuIII(bpy)2(bpyNO)]

3+ + e− +1.00
[RuIII(bpy)2(bpyNO)]

3+ → [RuIV(bpy)2(bpyNO)]
3+ + e− +2.88

[RuII(bpy)3]
2+ → [RuIII(bpy)3]

3+ + e− +1.29 (1.27)47

[ ] → [ ] ++ + −Ru (bpy) Ru (bpy) eI
3
1 II

3
2 −1.71 (−1.31)47

aThe values in the parentheses are from the experiment.

Figure 2. Absorption spectra of 1 mM (1-NO) and (1) solutions in
water (pH 7) before and after irradiation with the different
wavelengths (760, 650, and 530 nm) marked by the arrows. The
solutions were irradiated for 30 min at a room temperature. To
examine the reversibllity, 20 equiv of Acs was added to reduce the
sample after the irradiation with the 530 nm LED (dash blue line).
Although the small absorption band around 750 nm disappeared
upon Asc addition, no absorption maximum shift was observed (green
line). The black line is the spectrum of (1).
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RuIII in the reaction mixture. This result is in agreement with
the UV−vis spectroscopic data of the RuIII at 530 nm. A
presence of the RuIII species was later confirmed by EPR
(Figure 5).
Resonance spectroscopy with 442 nm excitation was used to

analyze the structural changes in (1-NO) (Figure 4). The band

at 827 cm−1 is typical for the Ru−O−N vibration.13,15,37 After
the illumination all the vibrational bands of (1-NO) remain,
except the 827 cm−1 band, which loses its intensity. In Figure 4
insert, the fitted data show that the intensity of the Ru−N−O
band reduced by more than 76%.
EPR studies were used to investigate the paramagnetic

intermediates and products of illuminated (1-NO). Both RuII

and RuIV are EPR silent, while RuIII and RuV are paramagnetic
with S = 1/2. RuV complexes with polypyridine ligands are
scarce and may also be thermodynamically inaccessible for
some complexes.13,15 The characteristic g-factors of RuV37,38

have not been observed in EPR spectra in this study. Light-
exposed (1-NO) solutions showed formation of at least two
coexisting RuIII species. One intermediate has g-factor values of

gxx = 2.64, gyy = 2.22, and gzz = 1.74, while the second has gxx =
2.38, gyy = 2.10, and gzz = 1.85 (Figure 5, red and green
spectra). We assigned the first one to a RuIII complex with the
oxygen atom in bpyNO ligand coordinated to the Ru center
([RuIII(bpy)2(bpyNO)]

3+), which is also referred to as the
“closed form”. Addition of 1 equiv of CeIV to (1-NO) in the
dark produces the same signal (Figure 5, black line). The EPR
signal of illuminated (1-NO) in Figure 5 (green and red
spectra) is significantly less intense than (1-NO) mixed with 1
equiv of CeIV (black spectrum), which confirms the UV−vis
deconvolution assessment that the majority of illuminated (1-
NO) is not in the form of RuIII. In addition, a new signal with
gxx = 2.38, gyy = 2.10, and gzz = 1.85 was observed and
tentatively assigned to a complex with the dissociated ligand
such as [RuIII(H2O)(bpy)2(bpyNOout)]

3+. g-factors of the RuIII

complexes with polipyridine N-oxide ligands reported
previously are similar to the g-factors observed in this
study.13,16,37 For example, gxx = 2.31, gyy = 2.2, and gzz =
1.91 have been assigned to oxidized [RuII(bpyNO)(tpy)-
(H2O)]2+ compound. Another study39 on trans-
[RuIII(bpy)2(H2O)2]

3+ reported gxx = 2.38, gyy = 2.27, and gzz
= 1.88.
Last, to test the (1-NO) to (1) conversion hypothesis, CeIV

was added to the prolonged-light-exposure (1-NO) and
compared with CeIV-oxidized (1) (Figure 5, blue and
magenta). This comparison indicates that the final products
of oxidized illuminated (1-NO) and oxidized (1) are similar.

Discussion of the Mechanism of the Light-Induced
Transformation. Ru polypyridine complexes are well known
for their distinct photophysical properties.40,41 (1) and similar
Ru-based complexes are among the most-studied systems since
they are widely used as photosensitizers.6,7 Absorption of a
photon in (1) followed by an intersystem crossing results in a
triplet state of (1):

υ[ ] + → [ ]

→ [ ]

+ +*

·− +

hRu (bpy) Ru (bpy)

Ru (bpy) (bpy )

II
3
2 II

3
2

III
2

3 2

The lifetime of the charge separated state is solvent-dependent,
but on average is ∼1 μs.42 (1-NO) system may undergo similar
light excitation and charge separation processes:

υ[ ] + → [ ]

→ [ ]

+ +*

·− +

hRu (bpy) (bpyNO) Ru (bpy) (bpyNO)

Ru (bpy) (bpyNO )

II
2

2 II
2

2

III
2

3 2

Figure 6 red arrows represent this path. In (1), due to its D3
point-group symmetry, any of the ligands can be reduced,
while for (1-NO), the bpyNO ligand becomes reduced due to
the higher electronegativity of its N−O moiety. Figure 6
depicts a spin-density distribution for the (1-NO) triplet state
to illustrate an electron localization on the bpyNO ligand. We
compared the well-known photoluminescence of (1),43 (1-
NO), and (1-NO) exposed to light (Figure S4). The intensity
of the spectrum is lower in (1-NO) compared to (1). A ∼4 nm
redshift in the emission spectrum of (1-NO) indicates the
smaller energy band gap between the singlet ground and
excited state in (1-NO).
As experimental data strongly supports (1-NO) to (1)

conversion, we proposed several viable pathways for this
conversion (Figure 6). Since no O2 evolution was observed for
this system under light illumination (Figure S5), the oxygen
from the bpyNO ligand would be released either as water or as
O•H radical. In Figure 6, one pathway proceeds with the

Figure 3. NMR spectra of (1), (1-NO), and (1-NO) illuminated with
650 nm light in D2O.

Figure 4. Resonance Raman spectrum of 3 mM solution of (1-NO) in
water (pH 7) before (orange curve) and after (blue curve) exposure
to an ambient light. Spectrum was recorded with 442 nm laser
excitation at a room temperature. The measurement took 100 s to
minimize the laser damage. The second measurement occurred after
30 min of the ambient light exposure of the sample. The insert is
focused on 827 cm−1 band and corresponding fits.
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RuIVO formation. First, the RuIV intermediate would be
reduced to RuIII followed by conversion to the RuII species
with the release of H2O. DFT calculations predict a negative
free energy for RuIV to RuIII and RuIII to RuII reductions. Table
2 presents possible reactions and their corresponding energies.
Although this path is thermodynamically favorable, two
electrons and protons are needed for its completion. The

initial RuII complex can serve as a reductant to achieve the
RuIII state. [RuIII(bpy)3]

3+ is known to spontaneously decay in
basic solutions with [RuII(bpy)3]

2+ formation.44 Some
literature reports indicate a possibility of a hydroxyl radical
production from reduced N-oxides via protonation.45 Decoor-
dinated bpy-N-oxide ligand can potentially engage in such a
pathway (Figure 6) producing a highly reactive hydroxyl

Figure 5. X-band EPR spectra (20 K) of illuminated and oxidized (1-NO) and (1). Green and red curves represent (1-NO) irradiated with 530
and 650 nm light. Black curve is (1-NO) oxidized with 1 equiv of CeIV in the dark. Blue curve is (1-NO) oxidized with 20 equiv of CeIV after an
exposure to an ambient light for 3 days. The inserted structures are added to depict a closed and open configuration. pH for CeIV mixture was 1,
and for the rest of samples it was 7.

Figure 6. Possible pathways of conversion of (1-NO) to (1) upon light irradiation. S0 and S1 are the singlet ground and excited states, and T1 is the
excited triplet state. The spin density of the triplet state is at the top and shows the electron localization on the bpyNO ligand. The triplet state
could transform into two main structures initiating different pathways.
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radical, which may have potential in the biomedical
applications, such as cancer treatments.8,9,46 However, it is
an energetically more demanding pathway (Table 2), and we
did not observe any indication of O•H radical formation (data
not shown). In both pathways, we assumed that (1-NO) is in
water solution, where the protons needed for the trans-
formation are readily available. In an attempt to determine the
solvent dependency of the (1-NO) conversion to (1), we
illuminated (1-NO) dissolved in trifluoroethanol, which is a
noncoordinating solvent (Figure S6), although to a lesser
extent the conversion still occurs in trifluoroethanol. Another
possible pathway that may be solvent independent is oxygen
atom transfer from [RuIVO(bpy)2(bpyout)]

2+ to the solvent,
organic impurities, or bpy ligand with consecutive degradation.

■ CONCLUSIONS
We have investigated the photochemical and redox behavior of
the very light-sensitive (1-NO) complex. The bpyNO ligand in
(1-NO) undergoes a reduction to bpyNO−• in the presence of
the mild reducing agent Asc. The UV−vis, NMR, and Raman
spectroscopy confirm the formation of (1) as a single product
of the light irradiation of (1-NO). EPR signals observed in the
solutions of (1-NO) upon the irradiation were assigned to the
open and closed forms of the RuIII intermediates. The
simulated hfs are in agreement with the EPR measurements
and the previous reports of NO radicals coordinated to the Ru
center. Several pathways were proposed to explain the
conversion of (1-NO) to (1) and validated with DFT
calculations.
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