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ABSTRACT: We report results from experiments with the quinoline-O2 complex,
which was photodissociated using light near 312 nm. Photodissociation resulted in
formation of the lowest excited state of oxygen, O2 a

1Δg, which we detected using
resonance enhanced multiphoton ionization and velocity map ion imaging. The
O2

+ ion image allowed for a determination of the center-of-mass translational
energy distribution, P(ET), following complex dissociation. We also report results
of electronic structure calculations for the quinoline singlet ground state and
lowest energy triplet state. From the CCSD/aug-cc-pVDZ//(U)MP2/cc-pVDZ
calculations, we determined the lowest energy triplet state to have ππ* electronic
character and to be 2.69 eV above the ground state. We also used electronic structure calculations to determine the geometry and
binding energy for several quinoline-O2 complexes. The calculations indicated that the most strongly bound complex has a well
depth of about 0.11 eV and places the O2 moiety above and approximately parallel to the quinoline ring system. By comparing the
experimental P(ET) with the energy for the singlet ground state and the lowest energy triplet state, we concluded that the quinoline
product was formed in the lowest energy triplet state. Finally, we found the experimental P(ET) to be in agreement with a Prior
translational energy distribution, which suggests a statistical dissociation for the complex.

I. INTRODUCTION

Quinoline is a mono-substituted azanaphthalene that exhibits
essentially no fluorescence following ultraviolet excitation to
the lowest lying singlet states. In solution quinoline shows
ultraviolet absorption bands with two maxima near about 275
nm and about 313 nm.1−3 These maxima shift with solvent and
are assigned as transitions to ππ* excited singlet states.3 In the
most recent gas phase absorption spectrum,4 these transitions
were observed as a narrow band at 3.99 eV (311 nm) and as a
broad band centered near 4.71 eV (263 nm). The former
transition is assigned as the 2 1A′ ← 1 1A′ (ππ*) transition and
the latter as the 3 1A′ ← 1 1A′ (ππ*) with the origin bands for
these states at 3.991 and 4.441 eV, respectively.4−6 Based on
the 1+1′ resonance enhanced multiphoton ionization
(REMPI) spectrum of quinoline, the (nπ*) excited state is
slightly lower in energy at 3.77 eV (334 nm).5,6 Finally, the
lowest energy quinoline (ππ*) triplet state lies near 2.79 eV
based on the gas phase luminescence spectrum.5,7

For quinoline, the maximum fluorescence to phosphor-
escence ratio is F/P ∼ 2 × 10−5 based on the lower detection
limit from the observed combined luminescence spectrum.2

The weak fluorescence and strong phosphorescence results
from e=cient intersystem crossing that has been attributed to
spin-orbit coupling along with vibronic coupling in the triplet
manifold allowing phosphorescence to gain intensity.8 More
recent electronic structure calculations also confirm quinoline
to have strong spin-orbit coupling between the singlet and
triplet manifolds compared with the related aza-compounds:
isoquinoline, indole and isoindole, although we note this study

focused on intersystem crossing from the lowest energy (nπ*)
singlet state.9

Quinoline also forms the central ring system for quinolone
and the associated fluoroquinolone antibiotics and these
antibiotics are known to cause phototoxicity.10 Antibiotic
and pharmaceutical phototoxicity is a concern in clinical
settings as well as more generally since these antibiotics have
been observed in environmental water studies.11,12 Fluoroqui-
nolone phototoxicity may be attributed to formation of either
F− or reactive oxygen species such as superoxide, O2

−, or
singlet oxygen: 1O2 (a 1Δg).

13,14 These reactive oxygen species
may be formed through a photosensitization reaction between
O2 and an excited photosensitizer and for fluoroquinolones the
observed solution phase 1O2 quantum yield, ΦΔ, varies with
derivatization.14 We also note that while 1O2 may account for
some of the observed fluoroquinolone phototoxicity, 1O2 has
beneficial uses including photodynamic therapy cancer treat-
ments15 and point-of-use water disinfection.16 As such, we are
interested in 1O2 formation and the current work seeks to
better understand the intrinsic photochemistry of the quino-
line-O2 complex and thus provide a baseline for future studies.
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Gas phase experiments with the isoprene-O2 complex
observed 1O2 following ultraviolet excitation, and this product
was assigned to a double spin flip (DSF) process.17 This field
was recently reviewed by Baklanov and Parker,18 and during
the DSF transition, both moieties of a complex undergo spin-
changing transitions but the overall complex multiplicity is
unchanged. For quinoline-O2 the DSF transition may be
written as 3(1Q−3O2) → 3(3Q*−1O2), where 1Q and 3Q* are
the quinoline singlet ground state and lowest triplet excited
states, respectively. The DSF transition energy may be
estimated17 as the triplet state energy and the 1O2 term
energy, 0.98 eV.19 Using the quinoline triplet energy of 2.79
eV,7 we expect the threshold for the DSF transition to be about
3.87 eV when accounting for the complex binding energy of
about 0.1 eV. While a vertical transition would be somewhat
higher in energy, we expect this threshold transition may be
accessible at 312 nm (3.97 eV) and in Figure 1, we have

indicated the DSF transition energy as the horizontal red line.
An organic-O2 complex may also potentially undergo a charge
transfer transition between the organic donor and O2

acceptor.20 The approximate threshold energy for a charge
transfer transition may be estimated as: ECT = IPD − EAA − e2/
R,21 where IPD is the ionization energy for quinoline, 8.63
eV,19 EAA is the O2 adiabatic electron a=nity, 0.448 eV,22 and
R is the point charge separation. While this simplistic
calculation suggests the threshold for a charge transfer
transition to be around 4 eV, the increased O2

− bond relative
to ground state O2 results in a vertical transition to the charge
transfer state at an energy above 4.3 eV.22 Thus, we expect this
state to be inaccessible at 3.97 eV although a 266 nm photon
(4.66 eV) may potentially access the charge transfer state.
Finally, since the quinoline absorption spectrum shows a band
at 311 nm, we also consider the possibility for localized
excitation of the quinoline moiety. Localized excitation may
promote quinoline to the lowest ππ* singlet excited state:
3(1Q−3O2) → 3(1Q*−3O2), which is shown by the horizontal
orange line in Figure 1.

Figure 1 also depicts the expected energetics for product
channels resulting in 1O2 and either ground state quinoline,
1Q, or the lowest quinoline triplet state, 3Q*. The black vertical

arrows in Figure 1 indicate the available energy that may be
partitioned into either center-of-mass (CM) recoil kinetic
energy or internal energy of the quinoline product. We note
the large diEerence in available energy (2.79 eV) between the
1Q + 1O2 and 3Q* + 1O2 product channels can be resolved in
our conventional velocity map ion imaging experiments, which
are discussed in the next section along with computational
methods. In Section III, we then present our computational
and experimental results and evaluate the data to determine
the product channels from complex dissociation. We also
compare the experimental results with that expected for a
statistical dissociation using the Prior distribution and we
comment on the excited state. Finally, in Section IV, we
present a brief conclusion for this study.

II. METHODS

II.I. Theoretical Methods. The relative energies of the
quinoline singlet and triplet states are determined using ab
initio electronic structure calculations carried out with the
GAMESS23 suite of programs while the structure and
energetics of the quinoline-O2 complex are determined using
the ORCA program suite.24 We determine the geometry for
the quinoline singlet state with the MP2 method,25 and for the
quinoline triplet state and for the quinoline-O2 complexes
using the UMP2 method.26 For all structures, geometry
optimizations are performed using the correlation consistent
double-ζ basis set, cc-pVDZ,27 and the lowest energy
stationary points are confirmed as minima using double
diEerenced numerical Hessian calculations. Finally, using the
optimized (U)MP2/cc-pVDZ geometries, we determine the
single point energies at both the (U)MP2/aug-cc-pVDZ and
CCSD/aug-cc-pVDZ levels of theory.28

II.II. Experimental Section. The original quinoline sample
(Sigma-Aldrich) was dark from impurities and so we vacuum
distill the sample and verify the purity using GCMS. After
purification, we measure the vapor pressure above the
quinoline to be ∼0.3 Torr at 20 °C using a Baratron pressure
gauge (MKS), and for experiments we place 30 μL of quinoline
inside the quartz sample tube of an Even-Lavie pulsed nozzle
(Lamid, 150 μm orifice).29,30 We back the nozzle with about
200 psig (15 bar) of a gas mix consisting of 3% O2 in a He
buEer. The resulting supersonic expansion is about 20 μs wide
and passes through a 3.0 mm diameter skimmer (Beam
Dynamics) located about 100 mm downstream from the
nozzle. After skimming, the resulting molecular beam passes
along the cylindrical axis of a four plate ion optics stack
allowing for conventional velocity map ion imaging.31

Between the first and second ion optics we cross the
molecular beam with light near 312 nm (3.97 eV) generated by
frequency doubling the 624 nm output from a Nd:YAG
pumped dye laser (Sirah Cobra Stretch). The same laser pulse
excites the quinoline-O2 complex and resonantly ionizes the O2

a 1Δg state using the two-photon allowed transition to the d
1Πg state.32−34 The resulting O2

+ is projected onto a 2D
position sensitive detector and the ion image is recorded using
a CCD camera (QCam Fast 1394). In the image, individual
ions are several pixels wide and this width sets a lower limit for
the experimental kinetic energy resolution. To improve this
resolution, we event count individual ions by recording short
duration (∼200 ms) images and we centroid individual images
using the Python 3.10 SciKit Imaging libraries. The composite

Figure 1. Schematic energy diagram for excited state and product
channels resulting in 1O2. At 3.97 eV, the available transitions include:
DSF (red line) or locally excited quinoline (orange line). The blue
upward arrow corresponds to the above photon energy. The available
product channels are shown on the right and diEer by the quinoline
triplet state energy, 2.79 eV. The downward black arrows correspond
with the available energy that may be partitioned into CM translation
and quinoline vibrational excitation.
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event counted image is then Abel inverted using the Basex
program.35

In the experiment, the VMI ion optics magnify the image
such that the observed velocity, vobs, is larger than the actual
velocity, vactual, resulting in a magnification factor of M = vobs/
vactual. We calibrate the experimental magnification factor using
the photodissociation of methyl iodide, CH3I, at 266 nm from
a second Nd:YAG laser (Amplitude Surelite EX) and we
resonantly ionize the I (2P3/2) and I* (2P1/2) products near 304
nm.36

Finally, as with our previous experiments,32 we record the
2+1 REMPI spectrum for 1O2 by scanning the dye laser
wavelength while measuring the total detector signal for m/z =
32. To record the spectrum, the detector signal for a particular
mass is binned using a boxcar integrator (Stanford Research
Systems SR250) and recorded using a USB data acquisition
device (LabJack U3-HV).

III. RESULTS AND DISCUSSION

The geometry for the quinoline singlet ground state and lowest
energy triplet state were optimized using (U)MP2/cc-pVDZ
calculations and the overall structure is shown in Figure S1 of
the Supporting Information. Tables S1 and S2 of the
Supporting Information give the optimized bond lengths and
angles and Tables S3 and S4 give the unscaled harmonic
vibrational frequencies. Figures S2 and S3 of the Supporting
Information show the singly occupied molecular orbitals for
the lowest energy triplet state corresponding with a 3(π1π*1)
electron configuration, which is consistent with previous
work.37,38 Our CCSD/aug-cc-pVDZ calculations give a
quinoline vertical triplet state energy of 3.29 eV while the
zero-point corrected adiabatic triplet state energy was
determined to be 2.69 eV, which is 0.1 eV lower than the
experimental value of 2.79 eV from the gas phase luminescence
spectrum.7 These values are summarized below in Table 1 and
additional computational details are given in the Supporting
Information.

We also optimized the quinoline-O2 complex geometry and
three stable minima were located. Further details of these
calculations are given in the Supporting Information and
Figure S1 shows the approximate geometries for the three
minima. Tables S5−S10 of the Supporting Information give
the Cartesian coordinates of the complexes. From these
complexes, we determined the binding energy and the results
are given in Table 1, which shows the most strongly bound
complex has a binding energy of 0.11 eV.

In our experiments, the quinoline-O2 complex is excited at
312 nm and then dissociates giving the 1O2 product. We first
verified the 1O2 product by recording the 2+1 REMPI
spectrum using the d 1Πg (v″ = 3) ←← a 1Δg (v″ = 0)

transition.33,34 In Figure 2 we have compared the experimental
spectrum, black points, with a simulated spectrum, red curve,

generated using the PGOPHER program.39 The simulated
spectrum has a rotational temperature of 80 K and the
simulation reasonably reproduced the experimental spectrum
for temperatures ranging between 70 and 90 K. The spectrum
in Figure 2 confirms formation of the 1O2 product and we
estimate the rotational temperature to be ∼80 ± 10 K
corresponding with an average rotational energy of about 7
meV.

We also confirmed formation of the quinoline-O2

bimolecular complex by recording a mass spectrum of the
molecular beam using 312 nm light for non-resonant
ionization. Figure S4 of the Supporting information shows
the mass spectrum from 90 to 170 u, with peaks at C9NH7

+

and C9NH7-O2
+. The signal at C9NH7

+ and C9NH7-O2
+

decreased when the relative timing between the 10 ns laser
pulse and the ∼20 μs gas pulse was increased or decreased and
both ion signals were maximized within ±3 μs of the middle of
the gas pulse. We further note that during all experiments the
quinoline vapor pressure was maintained under 0.015 bar and
thus constituted less than 0.1% of the total gas mix. Under
these conditions, the mass spectrum showed no contribution
from higher order clusters and the ion image of the C9NH7-
O2

+ signal appeared as a simple beam spot, which indicated the
bimolecular complex did not result from dissociation of a
higher order cluster.

We recorded the O2
+ ion image at 312.03 nm, which is the

maximum for the R-branch transition in the REMPI spectrum,
Figure 2. The ion image appears as the inset of Figure 3 where
the vertical arrow indicates the laser polarization.

We used the Basex program35 to extract the O2 velocity
distribution from the resulting ion image and then transform
the velocity distribution to a center-of-mass recoil kinetic
energy distribution, P(ET), accounting for the velocity-to-
energy Jacobian.40 For dissociation of the B-A complex (B =
quinoline, A = O2) the center-of-mass translational energy is

given by: =
+( )E m v

m m

mT
1

2 A A
2A B

B

where mA and vA are the mass

and velocity of the detected O2 fragment and the center-of-
mass P(ET) in Figure 3, black points, was determined for
dissociation of bimolecular C9NH7-O2.

Table 1. Triplet State Energy and Cluster Binding Energies

(U)MP2/aug-cc-pVDZa CCSD/aug-cc-pVDZa

vertical triplet energy 3.940 3.293

adiabatic triplet energy 3.543 2.823

adiabatic triplet
energy + ZPE

3.411 2.692

above ringb 0.157 0.110

C-atom side complexb 0.078 0.067

N-atom side complexb 0.078 0.064
aEnergy in eV. bLabels given in the Supporting Information.

Figure 2. Black points correspond to the observed m/z = 32 (O2
+)

ion signal as a function of two photon energy. The red curve shows
the simulated spectrum, which corresponds to an 80 K rotational
distribution.
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The P(ET) in Figure 3 extends to a maximum kinetic energy
of about 1100 cm−1 or 0.13 eV. In the experiment, the photon
energy, Ephoton, dissociates the complex C9NH7-O2 and so
some of the photon energy must be used to overcome the
complex binding energy, D″. During dissociation, the photon
energy is also partitioned into internal energy of the quinoline
and 1O2 products, EQ,int and EO d2,int, respectively, as well as into

center-of-mass translation for the recoiling fragments, ET. The
1O2 internal energy is the term energy, 0.98 eV, plus the
rotational energy, and the latter is essentially zero for the
lowest rotational levels probed at the R branch maximum.
Thus, the maximum available energy, Eavail′ , that may be
partitioned into either center-of-mass translation, ET, or
quinoline internal energy, EQ,int is then given by:

= + = + +

=

E E E E E E

E E D

avail T Q,int Q,rovib Q,el T

photon O ,int2 (1)

Thus, for our 3.97 eV photon, Eavail′ is 2.88 eV, assuming a
binding energy of 0.11 eV for the most strongly bound
complex in Table 1. From eq 1, the quinoline internal energy is
thus related to the available energy, Eavail′ , as:

=E E EQ,int T avail (2)

So, for a maximum kinetic energy of 0.13 eV the minimum
quinoline internal energy would be 2.75 eV from eq 2.
Moreover, using the normalized experimental P(ET), Figure 3,
we determined the average translational energy as: ET,ave =
∫ ETP (ET)dET. For quinoline-O2, the average translational
energy is 0.032 eV and eq 2 gives the average quinoline
internal energy to be 2.848 eV. We summarize these average
experimental values in Table 2.

We now compare the experimentally observed quinoline
internal energy with that expected for formation of either the
ground or triplet excited state. First, ground state quinoline
would have a minimum internal energy of 0 eV for

vibrationally cold products, which would correspond with a
maximum translational energy of 2.88 eV. While we expect
vibrational excitation during dissociation, the experimental
P(ET) extending to only 0.13 eV is inconsistent with ground
state quinoline. Alternatively, the average quinoline internal
energy of about 2.848 eV is only slightly larger than the
experimental triplet energy, 2.79 eV, which supports formation
of the triplet state. Moreover, while the triplet state energy is
slightly greater than the minimum quinoline internal energy
from our experiment, 2.75 eV, the latter value was calculated
assuming dissociation of the most strongly bound complex
with no internal energy before photoexcitation. Dissociation of
either (1) a more-weakly bound complex or (2) a complex
with significant internal energy before photoexcitation will
partition more energy into either CM translation or quinoline
internal energy. Either case would increase our calculated
minimum internal energy, 2.75 eV, bringing the value into
better agreement with the experimental triplet energy.
Moreover, partitioning more energy into CM translation
would result in a P(ET) extending beyond the nominal
energetic limit and Figure 3 indeed shows a weak tail extending
to higher translational energies. A similar high energy tail has
been observed in near threshold dissociation of the ArNO
complex and was attributed to complexes with significant
internal energy before photodissociation (hotbands).41 Thus,
the high energy tail in Figure 3 suggests a contribution from
dissociation of more-weakly bound or internally excited
quinoline-O2 complexes.

In Figure 3 we also show a Prior distribution P0 (ET|Eavail),
which corresponds to a statistical partitioning of available
energy, Eavail, into CM translation and product rotational and
vibrational modes during dissociation.42,43 Our experiment
resonantly ionizes the lowest rotational levels of the 1O2

ground vibrational state and so we only account for the
energetically allowed rotational and vibrational modes of
quinoline. The available energy for the Prior distribution is:
Eavail = EQ,rovib + ET = Eavail′ − EQ,el with Eavail′ defined in eq 1.
Formation of triplet quinoline results in Eavail = 0.09 eV and to
find the Prior distribution we use the rotational constants and
unscaled harmonic vibrational frequencies from Table S4 of
the Supporting Information. The result is given as the red
curve in Figure 3 and from the normalized Prior distribution
we determined the average translational energy to be 0.026 eV.
Using eq 2, this average translational energy corresponds with
a predicted average internal energy of 2.854 eV for triplet
quinoline and these results are summarized in Table 2.

Figure 3 and Table 2 show excellent agreement between the
experimental P(ET) and that predicted by a Prior distribution
corresponding to a statistical partitioning of energy during
dissociation. In particular, the quinoline average internal
energy is nearly identical, supporting the conclusion that
photodissociation of the complex produces triplet quinoline
and the 1O2 product. Moreover, as with our previous work
with β-ionone-O2,

32 the close agreement between the
experimental P(ET) and the Prior distribution suggests the
complex dissociates statistically.

Figure 3. Inset shows the O2
+ ion image at 3.97 eV (312 nm) photon

energy with the vertical arrow indicating the photolysis laser
polarization. In the ion image, the O2

+ signal intensity is a maximum
at the center (blue) and decreases moving to the edge (red/light
purple region). For the P(ET), the lower energy axis is in units of
cm−1 and the upper energy axis is given in units of eV. The black
points correspond to the center-of-mass P(ET) for dissociation of
bimolecular C9NH7-O2 and the red curve corresponds to the
statistical Prior distribution: P0 (ET|Eavail).

Table 2. Average Translational and Internal Energies

ET,ave
a Eint,ave

a

experimental 0.032 2.848

prior 0.026 2.854
aEnergies in eV.
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We now briefly consider the excited state leading to
photodissociation, which must be consistent with formation
of 1O2 based on the REMPI spectrum, Figure 2, and must be
consistent with the P(ET) shown in Figure 3. The latter shows
that quinoline is formed with a large average internal energy,
2.848 eV, but with a narrow energy distribution since, using eq
2 the internal energy ranges between 2.75 and 2.88 eV. For the
DSF excitation, 0.11 eV is partitioned into complex
dissociation, 0.98 eV is partitioned to form 1O2 and 2.79 eV
is partitioned to form electronically excited triplet quinoline.
Again, for an internally cold complex, 0.09 eV remains to be
partitioned between CM translation and quinoline rotational
and vibrational excitation and this small available energy range
would result in a narrow P(ET) like that observed in Figure 3.

Alternatively, as discussed in the Introduction, 312 nm
excitation may also locally excite the quinoline moiety:
3(1Q*−3O2). Excitation to this locally excited state followed
by direct dissociation would yield the 3O2 ground state
product, which is inconsistent with our experiments that
resonantly ionize 1O2 as shown in Figure 2. Alternatively,
vibronic spin-orbit coupling8 of the quinoline moiety may
allow for rapid intersystem crossing from the locally excited
state 3(1Q*−3O2) to the (3Q*−3O2) complex. Direct
dissociation of this complex also yields 3O2, which is again
inconsistent with Figure 2. However, analogous to photo-
sensitization, 3O2 may potentially quench the 3Q* moiety
giving ground state quinoline, 1Q, and the 1O2 product. Such
production of 1O2 would be consistent with Figure 2; however,
from energy conservation, 2.88 eV must now be partitioned
between CM translation and vibrational excitation of ground
state quinoline, but Figure 3 extends to at most 0.13 eV of CM
translational energy. We briefly considered the ground state
quinoline product above, but to further assess this we also
determined the Prior distribution for statistical dissociation
giving 1Q and the 1O2 products. Figure S5 of the Supporting
Information gives the resulting distribution, which extends to
about 1 eV CM translational energy and is thus significantly
higher than the maximum observed in Figure 3, ∼0.13 eV.
Furthermore, the average CM translational energy from the
Prior distribution in Figure S5 is 0.17 eV, which is also
significantly higher than the experimental value of 0.032 eV,
Table 2. Thus, quenching to the 1Q and 1O2 products through
a statistical mechanism cannot account for the experimental
P(ET) in Figure 3 and while a non-statistical quenching
mechanism may play a role, we cannot assess this without a
better understanding of the quinoline-O2 excited state.

Another possibility is a concerted intersystem crossing from
the locally excited complex: 3(1Q*−3O2) → 3(3Q*−1O2). We
refer to this as intersystem crossing although the overall
process is spin-allowed. Following such intersystem crossing,
direct dissociation of the complex yields the 1O2 and 3Q*
products. Furthermore, since 2.79 eV is partitioned into
quinoline electronic excitation, this would result in a narrow
CM translational energy distribution and thus be consistent
with both Figures 2 and 3. Such an intersystem crossing may
potentially be enhanced by the strong quinoline vibronic spin-
orbit coupling.8 However, since either localized excitation
followed by intersystem crossing or dissociation through a DSF
transition result in the same products our experimental data
cannot distinguish between these possible channels. Therefore,
a better understanding of these processes would also require
high level electronic structure calculations for the complex

excited state or perhaps a time-resolved experiment to identify
changes in the occupied molecular orbitals.

In order to further consider localized excitation of the
quinoline moiety, we also attempted to photolyze the complex
at 266 nm (4.66 eV), which is on resonance with a ππ* higher
quinoline excited state.4 We note that this photon energy may
also potentially access a charge transfer state, which as
discussed in the Introduction, would have a vertical excitation
energy above 4.3 eV. In this final experiment, we first
confirmed spatial overlap of the 266 and ∼310 nm probe
laser through photolysis of CH3I. However, in the experiment
we observed no enhancement to the 1O2 signal due to the 266
nm laser. Moreover, the resulting P(ET) was identical with that
shown in Figure 3, consistent with photolysis at 312 nm. This
experiment seems to indicate that the higher energy ππ*
quinoline excited state and the charge transfer state do not play
a significant role in 1O2 production.

Finally, our current experiments demonstrate that ultraviolet
excitation of the quinoline-O2 complex directly yields 1O2. This
observation of photochemical 1O2 formation may explain some
of the observed phototoxicity for the related fluoroquinolone
antibiotics and we are interested in future photochemical
studies involving derivatized quinoline or fluoroquinolones
also complexed with molecular oxygen.

IV. CONCLUSIONS

Using electronic structure calculations, we determined the
zero-point corrected adiabatic triplet state energy for quinoline
to be 2.69 eV at the CCSD/aug-cc-pVDZ level. The calculated
triplet state energy is 0.1 eV lower than the triplet state energy
from the gas phase phosphorescence spectrum, 2.79 eV,7 and
the calculations show the lowest triplet state to have a 3(π1π*1)
electron configuration. Based on the mass spectrum, our
experiments demonstrated formation of the quinoline-O2

complex and following 312 nm photoexcitation we confirmed
formation of 1O2 through REMPI spectroscopy. We recorded
the 1O2 velocity map ion image, and from the resulting
experimental P(ET), we determined the average quinoline
internal energy to be 2.848 eV, which compares closely with
the predicted average internal energy of 2.854 eV for statistical
dissociation giving quinoline in the lowest triplet state and we
considered several excitation mechanisms to account for these
products. Finally, we observed no enhancement of 1O2

production through photoexcitation at 266 nm, which
indicates the second quinoline singlet excited state and the
charge transfer state do not play a large role in forming
photochemical 1O2.
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