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Luminescent Lanthanide Complexes with a Pyridine-
bis(Carboxamide)-Bithiophene Sensitizer Showing Wavelength-
Dependent Singlet Oxygen Generation 
Katherine R. Johnson,a Sebastian B. Vittardi,b Manuel A. Gracia-Nava,a Jeffrey J. Rack,b* and Ana de 
Bettencourt-Diasa*

A new pyridine-bis(carboxamide)-based ligand with a bithiophene pendant, 2Tcbx, was synthesized. Its lanthanide ion (LnIII) 
complexes, [Ln(2Tcbx)2]3+, were isolated and their photophysical properties were explored. Upon excitation at 360 nm, these 
complexes display emission in the near-infrared (NIR) with efficiencies of 0.69% for LnIII = YbIII, 0.20% for LnIII = NdIII, and 
0.01% for LnIII = ErIII, respectively. Concurrent 1O2 formation was seen for all complexes, with efficiencies of 19% for the YbIII 

complex, 25% for the NdIII complex, and 9% for the ErIII complex. When exciting at a longer wavelength, 435 nm, only LnIII 
emission was observed and larger efficiencies of LnIII-centered emission were obtained. The lack of 1O2 generation indicates 
that energy pathways involving different ligand conformations, which were investigated by transient absorption 
spectroscopy, are involved in the sensitization process, and enable the wavelength-dependent generation of 1O2. 

Introduction
Lanthanide (LnIII) luminescence, which arises from f-f 

transitions, is ideal for imaging applications due to the 
characteristic luminescence spectra for each LnIII ion and the 
emission colour purity.1 Because of the forbidden nature of 
these transitions, the metal-centred emission is efficiently 
sensitized through coordinated ligands, which results in large 
Stokes shifts of sensitized emission.2 The coordinated ligands 
absorb energy to populate a ligand-based singlet excited state, 
1S. Subsequent intersystem crossing (ISC) generates a ligand-
based triplet excited state, 3T. Energy transfer from the 3T state 
to the LnIII-based f* excited state leads to metal-centred 
luminescence. This sensitization process is referred to as the 
antenna effect (Figure 1).2

The use of organic ligands as sensitizers allows tailoring the 
resulting complexes to have dual properties, as was recently 
reviewed.3 Examples of LnIII complexes with dual properties 
include MRI contrast agents that also sense oxygen,4 MRI 
contrast agents that generate singlet oxygen (1O2),5 NdIII-doped 
nanoparticles with chlorin-e6 appended to its surface that 
generate 1O2 as well and that lead to in vivo tumour reduction,6 
porphyrin-based LnIII complexes emitting in the near-infrared 

(NIR) with efficiencies of 1O2 generation (1O2) in the range 1.5 
– 4%,7 and a TbIII complex with appended naphthyl and 
azaxanthonyl functional groups with TbIII-centred emission 
efficiency (Tb) of 24% and 1O2 = 12%.8 Some of us recently 
reported naphthalimide-based complexes with concurrent 
emission from visible- and NIR-emitting LnIII ions and 1O2 
generation with 1O2 up to 64%.9 

Figure 1. Energy level diagram showing the energy transfer (ET) pathways for both 
LnIII ion sensitization and 1O2 generation. Energy h is absorbed by the ligand to 
populate a singlet excited state (1S). Intersystem crossing (ISC) leads to the 
population of a triplet excited state (3T). This state can then transfer energy to 
populate the emissive f* excited state which decays by luminescence (L) to the 
ground state f. Alternatively, the energy transfer leads to 1O2 generation, which 
decays to triplet oxygen 3O2 by emitting at 1270 nm. Nonradiative (NR) (dash-dot 
lines) pathways lead to quenching of excited states. Competing radiative 
processes are fluorescence (F) and phosphorescence (P). Energy levels are not 
drawn to scale.

Compounds with the ability to generate 1O2 are useful in 
therapeutic10-16 and agricultural applications,17 among others.18-

20 The toxicity of 1O2 arises from its ability to oxidize 
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biomolecules.16, 21-24 Widely studied 1O2 generators include 
tetrapyrroles and related molecules,12, 16, 20, 25 yet their use is 
limited by their dark toxicity, cutaneous photosensitivity, and 
dimer formation, which decreases the photosensitizing 
efficiency.26 Poor solubility27 and aggregation28 shorten the 
lifetime of the excited state, resulting in low 1O2.29 Unlike these 
functional groups, BODIPY dyes do not suffer as strongly from 
photobleaching, and can be easily synthesized.14, 30, 31 Metal-
organic frameworks (MOFs) have been successfully used to 
generate 1O2, leading to the oxidation of alcohols32 and mustard 
gas,33 as well as sensing O2 in solution.34 However, 1O2 for these 
systems strongly depends on the nature of the coordinated 
metal, as it promotes ISC through the heavy atom effect.35 
Fullerenes also generate 1O2 and C60 has 1O2 of 1; however, 
surface functionalization to increase solubility disrupts the core, 
which decreases 1O2.36 More recently, nanoparticles have been 
actively pursued as 1O2 generators, despite presenting 
significant challenges with isolation of pure systems and with 
long-term stability.10, 13, 37, 38 Despite the limitations mentioned 
above, small molecule-based systems are actively pursued due 
to the ability to tune their properties through further 
functionalization. 

We became interested in thiophene-based ligands, as they 
display interesting photophysical properties.39-41 
Oligothiophenes, such as 2,2'-bithiophene and 2,2':5',2”-
terthiophene, are biologically active floral pigments, and are 
well-studied 1O2 generators with 1O2 ranging from 60 to 86%.42 
Our group has recently described a thiophene-based system 
that generates 1O2 and sensitizes red EuIII emission with Eu = 
25%,43 as well as oligothiophenes, which are phototoxic and  are 
luminescent in the visible (EuIII) and NIR range (YbIII, NdIII).44 A 
limitation of these photosensitizers is that they luminesce and 
generate 1O2 simultaneously, and upon light exposure will harm 
cells/tissues in their path. To explore safer alternatives, we have 
developed dual functional luminescent compounds which 
generate 1O2 at specific excitation wavelengths. We recently 
described 3Tcbx, a pyridine-bis(carboxamide) functionalized 
with terthiophene. Its LnIII complexes demonstrate NIR 
luminescence and 1O2 generation simultaneously when 
irradiated at 400 nm. We also reported that when irradiating at 
lower energy (490 nm) the complexes do not generate 1O2, 
leading to wavelength-dependent 1O2 generation.45

Here, we report the synthesis, characterization, and 
photophysical properties of a bithienyl-derivatized N,N,N’,N’-
tetraethyl-pyridine-2,6-dicarboxamide photosensitizer, 2Tcbx, 
and its luminescent LnIII complexes. In analogy to the 3Tcbx 
complexes, the 2Tcbx-based complexes show only LnIII-centred 
emission, or concurrent LnIII emission and 1O2 generation, 
depending on the excitation wavelength.

Results and Discussion
2Tcbx, shown in Figure 2, was prepared by Pd-catalyzed 

Suzuki-Miyaura cross-coupling between 4-bromopyridine-2,6-
dicarboxamide and the boronic acid of 2,2'-bithiophene (Figure 
S1). It was recovered in 32% yield after purification and was 

characterized using standard techniques, including single 
crystal X-ray diffraction (Figures S2-S8, Figure 2).

2Tcbx crystallized in the Pna2(1) space group with unit cell 
parameters of a = 7.67 Å, b = 17.29 Å, c = 17.15 Å, and V = 2273 
Å3. Crystallographic details are summarized in Table S1, and 
selected bond distances and angles are available in Table S2 
(Supporting Information). The structure consists of a pyridine 
ring with bis(carboxamide) functional groups at the 2- and 6- 
positions as well as a bithiophene moiety at the 4- position. We 
do observe thiophene-related disorder for the terminal 
thiophene, which has been reported in other thiophene-
containing molecules.46-48 The centremost thiophene ring is 
slightly twisted from the plane of the pyridine ring, with a 
torsion angle (C11–C9–C8–S2) of 27.8(3)°. This angle is similar 
to what has been reported for 2-thienyl groups, which range 
from 9.36° – 21.0.49-53 In addition, the thiophene moieties are 
slightly twisted from each other, with angles of S2–C5–C4–C3 = 
13.54(51)° and S1–C4–C5–C6 = 16.14(38)° for the centremost 
and terminal thiophene, respectively. 

The amide oxygen atoms point in opposite directions and 
away from the pyridine ring, as observed for other 
uncoordinated pyridine-bis(carboxamide) compounds.54, 55 
They will point in the same direction of the pyridine nitrogen 
atom, once coordinated to a LnIII ion.

Figure 2. Thermal ellipsoid plot of 4-aminopyridine-2,6-dicarboxamide. Ellipsoids 
are shown at the 50% probability level. Hydrogen atoms in both images are 
omitted for clarity.

In acetonitrile, 2Tcbx shows an absorption maximum at 360 
nm (Figure S9) with a molar absorptivity () of ~36,000 M-1 cm-

1. It emits in the visible region of the spectrum with a maximum 
at 435 nm (Figure S10) and a fluorescence quantum yield (F) of 
56% (Table 1). These values are similar to other oligothienyl-
based systems where F range from 2 to 65%.45, 56, 57 2Tcbx is a 
1O2 generator in acetonitrile as evidenced by the emission peak 
at 1270 nm (Figure S11), with 1O2 of 29%. This value is 
comparable to other aryl-substituted oligothiophenes, with 
reported 1O2 ranging from 23 to 80%,42, 44, 45, 58, 59 and is less 
efficient at 1O2 generation than 3Tcbx (1O2 = 60%).45 Excitation 
at 435 nm did not lead to 1O2 generation or ligand fluorescence 
(vide infra).
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LnIII ion complexes were isolated by mixing 2Tcbx with 
Ln(NO3)3 (Ln = NdIII, GdIII, ErIII, and YbIII) in acetonitrile (Figures 
S12 – S13, Table S3). The speciation diagrams (Figure S12b & 
S13b) show that solutions with the 2:1 species, [Ln(2Tcbx)2]3+, 
as the dominant species can be prepared, in analogy to what 
was observed for the 3Tcbx-based system.45 This stoichiometry 
was therefore used for photophysical characterization. 

All metal complexes were prepared by mixing one 
equivalent of Ln(NO3)3 (Ln = EuIII, GdIII, YbIII, NdIII, or ErIII) with 2 
equivalents of 2Tcbx. Once combined, the mixtures were 
refluxed in acetonitrile and the solvent removed under reduced 
pressure (see supporting information). Their formation was 
confirmed by mass spectrometry (Figures S5-S8). For 
spectroscopic studies the complexes were generated in 
solution. 

To assess the ability of 2Tcbx to act as sensitizer of LnIII 
luminescence, the 1S and 3T energies of the GdIII complex60 were 
determined in degassed n-hexanes and are at 25,000 and 
23,500 cm-1 (Figures S14 and S15), respectively. These are high 
enough to sensitize NdIII, YbIII, and ErIII luminescence. Although 
the 3T state appears high enough to sensitize EuIII, a visible 
emitter, only very weak EuIII emission was observed, and 
therefore this complex was not further pursued for this study. 

Figure 3. Emission spectra of [Ln(2Tcbx)2]3+ in acetonitrile at 25.0 ± 0.1 C (Ln = 
NdIII (purple), YbIII (teal), ErIII (pink)). 1O2 emission at 1270 nm is shown for NdIII only, 
for clarity, but is observed for all three complexes. The 2Tcbx molecule is pictured. 

Upon excitation at the absorption maximum, the 
characteristic metal-centred emission is observed. For 
[Yb(2Tcbx)2]3+, the spectrum displayed the typical transition 
2F5/2  2F7/2 at 976 nm. For [Nd(2Tcbx)2]3+ the 4F3/2  4IJ (J = 9/2 
– 13/2) transitions with a maximum at 1053 nm are observed. 
The 4I13/2  4I15/2 transition at 1513 nm for [Er(2Tcbx)2]3+ was 
also observed. Quantum yields of sensitized LnIII emission (Ln) 
for these complexes are summarized in Table 1. [Yb(2Tcbx)2]3+ 

has Yb = 0.08%, [Nd(2Tcbx)2]3+ has Nd = 0.09%, and 
[Er(2Tcbx)2]3+ has Er = 0.01% (Table 1). These values are 
comparable to other YbIII, NdIII and ErIII complexes,43, 45, 61-66 and 
are notably higher than what is observed for the 3Tcbx-based 
systems (Table 1).45

In addition to sensitizing LnIII emission, these complexes 
generate 1O2 when excited at 360 nm, as evidenced by the 
emission peak at 1270 nm (Figure 3). 1O2 are 19% for 
[Yb(2Tcbx)2]3+, 25% for [Nd(2Tcbx)2]3+, and 9% for [Er(2Tcbx)2]3+ 
(Table 1). The largest 1O2 value of 37% was obtained for 
Gd(2Tcbx)2]3+, indicating that by coordinating luminescent LnIII 
ions (NdIII, YbIII or ErIII) to 2Tcbx, 1O2 decreases due to the 
competing LnIII luminescence. 

Additional photophysical characterization of these 
compounds revealed that, in analogy to what was observed for 
3Tcbx,45 the maxima of the excitation spectra obtained when 
monitoring the LnIII emission (NdIII at 1053 nm, YbIII at 980 nm, 
and ErIII at 1513 nm) are red-shifted by ~45 nm when compared 
to the excitation spectra obtained when monitoring the 1O2  
3O2 transition at 1270 nm (Figure S16). As observed for 3Tcbx, 
when measuring the emission spectra of all luminescent 
compounds using a lower energy excitation wavelength, we did 
not observe 1O2 emission. For example, when [Er(2Tcbx)2]3+ is 
excited at 360 nm, we observed both ErIII luminescence and 1O2 
phosphorescence (Figure 4, black trace); however, when 
[Er(2Tcbx)2]3+ is excited at 435 nm, we observed only ErIII 
emission (Figure 4, blue trace). This is similar to what is 
observed for the 3Tcbx-based complexes,45 but in this case, a 
different energy transfer mechanism is in operation.

Figure 4. Excitation (dot-dashed) and emission (solid) spectra of [Er(2Tcbx)2]3+ in 
acetonitrile at 25.0 ± 0.1 C. Excitation spectra were collected at 1513 nm (blue) 
and 1270 nm (black) and emission spectra were collected with excitation 
wavelengths of 360 (black) and 435 nm (blue).

Ln were also determined at 435 nm excitation for 
[Ln(2Tcbx)2]3+ and are summarized in Table 1. [Yb(2Tcbx)2]3+ has 
a Yb = 0.69%, which is higher than the efficiencies at shorter 
wavelengths (0.08%). This higher value is similar to what is 
reported for known YbIII complexes.61-66 A similar increase in 
emission efficiency is observed for the NdIII complex, where Nd 
= 0.20% is higher than the 0.09% obtained at shorter excitation 
wavelengths. This higher value is comparable to other known 
NdIII complexes.61-66 [Er(2Tcbx)2]3+ has a Er = 0.02%, which is 
again comparable to known complexes. 3Tcbx sensitizes only 
weakly ErIII-centred emission.45

Page 3 of 8 Dalton Transactions



ARTICLE Journal Name

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

The ability of 2Tcbx to sensitize LnIII luminescence is, in all 
cases, higher than what was observed for 3Tcbx. For example, 
Nd of [Nd(3Tcbx)2]3+ was 0.05% while 1O2 is simultaneously 
generated and 0.16% when 1O2 is not formed. Nd of 
[Nd(2Tcbx)2]3+ is 0.09% while generating 1O2 simultaneously and 
0.20% when 1O2 is not formed. This trend is also observed when 
comparing the YbIII complexes, as shown in Table 1.

For all complexes, we verified that there is no detectable 1O2 
emission at 1270 nm at the longer excitation wavelengths. This 
is consistent with the observed increase in Ln when 1O2 is not 
generated; because energy transfer occurs through the triplet 
excited state, sensitization of metal-centred luminescence and 
molecular O2 are competitive processes. 

Table 1. Singlet (1S) and triplet (3T) excited state energies, quantum yields of fluorescence (F), sensitized luminescence (Ln), and 1O2 generation (1O2) of nTcbx and its 
metal complexes ([Ln(nTcbx)2]3+ where LnIII = GdIII, YbIII, NdIII, or ErIII and n = 2 or 3) in acetonitrile at 25.0 ± 0.1 ºC.

a = emission was not quantifiable

b = emission was not observed

c= work from reference 4245 

While both the 2Tcbx- and 3Tcbx-based systems show the 
wavelength-dependent generation of 1O2, there are some 
notable differences, as discussed below.

We would expect that the additional thiophene ring for 
3Tcbx relative to 2Tcbx results in a smaller HOMO-LUMO energy 
gap, as is observed for 2,2'-bithiophene and 2,2′:5′,2″ 
terthiophene, which are at 8.3 and 9.3 eV, respectively.67 As 
such, LnIII emission or concurrent LnIII emission and 1O2 
generation in the complexes with 2Tcbx are excited at higher 
energies, namely 435 nm and 360 nm, and the complexes with 
3Tcbx are excited at 490 and 400 nm, respectively.45

1O2 generation efficiencies for [Yb(2Tcbx)2]3+ and 
[Yb(2Tcbx)2]3+ are higher than those of their 3Tcbx analogues, 
and similar what is observed for 2,2'-bithiophene (1O2= 0.98) 
and 2,2′:5′,2′′-terthiophene (1O2 = 0.74).68 However, 1O2 is 
lower for [Er(2Tcbx)2]3+ than for [Er(3Tcbx)2]3+. This is likely due 
to weak sensitization of ErIII luminescence with the 3Tcbx ligand, 
and therefore, more energy is transferred from the triplet state 
to generate 1O2.

To understand the unusual photophysical behaviour of 
these complexes, we investigated the possibility of multiple 
ligand-based excited states by ultrafast transient absorption 
spectroscopy. We focused on [Nd(2Tcbx)2]3+ as a representative 
species in this class, though we also investigated [Ln(2Tcbx)2]3+, 
where LnIII = YbIII, ErIII, or GdIII (Figure S18). Shown in Figure 5 are 
the transient spectra of [Nd(2Tcbx)2]3+ collected with 360 nm 
(top) and 420 nm (bottom) at different pump-probe time 
delays. There is a strong similarity of these spectra relative to 
that obtained for the free, unbound 2Tcbx ligand (Figure S19). 
The initial trace (0.6 ps) features a sharp, narrow excited state 

absorption (esa) near 540 nm, an intense bleach feature at ~450 
nm, and a shallow bleach near 360 nm. The bleach at ~360 nm 
corresponds well with the ground state absorption (dash-
dotted spectrum, Figure 4, top), but is less intense than 
expected. The shallow bleach at 450 nm does not correspond to 
a ground state absorption, but instead appears correlated with 
emission from [Nd(2Tcbx)2]3+, and thus this feature is assigned 
to stimulated emission from the complex. We suspect that this 
stimulated emission overlaps with the ground state absorption, 
rendering the ground state bleach at 370 nm less intense. As the 
spectra evolve in time, the narrow excited state absorption near 
550 nm shifts slightly blue and decreases in intensity. 
Concomitant with this change is the emergence of an isosbestic 
point at 490 nm, loss of the stimulated emission peak and the 
appearance of a broad excited state absorption at 420 nm. The 
7000 ps transient spectrum shows both the esa at 420 nm and 
a ground state bleach at 360 nm, indicating the formation of a 
long-lived excited state species that persists onto the 
nanosecond timescale. Based on the breadth of the esa peak, 
we ascribe this long-lived species to a triplet state. Again, these 
spectral changes are strongly reminiscent of what is observed 
for the free 2Tcbx ligand.

Excitation of [Nd(2Tcbx)2]3+ with 420 nm yields spectral 
features that broadly consistent with that of the ligand as well 
as the complex with 360 nm excitation, with one exception. For 
these data, the stimulated emission peak is much less evident 
even in the sub-picosecond data. While the 420 nm excitation 
transient data feature a well-defined stimulated emission peak, 
the 360 nm excitation data never yield a well-defined peak, 
though one suspects some evidence of emission in the 0.8 ps 

GdIII YbIII NdIII ErIII

F

[%] d
1O2

[%]

1S
[cm-1]

3T
[cm-1]

F

[%]
1O2

[%]
Yb

[%]
1O2

[%]
Nd

[%]
1O2

[%]
Er

[%]
1O2

[%]

2Tcbx
exc= 360nm

56 ± 2 29 ± 3 62 ± 4 37 ± 4 0.08 ± 0.01 19 ± 3 0.09 ± 0.03 25 ± 3 0.01 ± 0.00 9 ± 1

2Tcbx
exc= 435 nm

b b

25,000 ± 
60

23,500 ± 
70 b b 0.69 ± 0.04 b 0.20 ± 0.04 b 0.02 ± 0.01 b

3Tcbxc 

exc= 400 nm
9 ± 1 60 ± 6 13 ± 2 62 ± 1 0.02 ± 0.01 11 ± 1 0.05 ± 0.00 11 ± 3 a 13 ± 3

3Tcbxc

exc= 490 nm
b b

22,700±
70

21,300±
10 b b 0.29 ± 0.03 b 0.16 ± 0.04 b a b
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spectrum. A comparison of the 7000 ps transient spectra in both 
sets of data are essentially identical, indicating the same state 
is formed at this time. The 420 nm excitation transient data are 
consistent with the emission data from 435 nm excitation 
discussed above (Figure 4). We propose that the absence of 
stimulated emission following 420 nm excitation on the sub-
nanosecond timescale provides evidence for distinct 
photochemistry, since both excitation wavelengths appear to 
yield the same excited state.

Figure 5. (Top) Transient spectra of [Nd(2Tcbx)2]3+ collected with 360 nm 
excitation with different pump probe time delays. Inset legend assigns time delay 
with coloured trace. (Bottom) Transient spectra of [Nd(2Tcbx)2]3+ collected with 
420 nm excitation with different pump probe time delays. Inset legend assigns 
time delay with coloured trace. The ground state spectrum of [Nd(2Tcbx)2

3+is 
represented by the dashed trace in both plots.

Kinetic analysis from both sets of data in Figure 5 retrieves a tri-
exponential fit with 1 = 0.95 ± 0.07 ps, 2 = 288 ± 63 ps, and 3 
= 1285 ± 25 ps for the data collected with 360 nm excitation. In 
comparison to the 420 nm excitation data, the lifetimes are 1 = 
1.5 ± 0.2 ps, 2 = 106 ± 44 ps, and 3 = 1369 ± 150 ps. We also 
collected and fit the transient data for the free, unbound 2Tcbx 
ligand. That analysis yielded the following lifetimes, 1 = 1.0 ± 
0.2 ps, 2 = 44 ± 1 ps, and 3 = 1451 ± 80 ps. Previous studies on 
bithiophene similarly yield a triexponential fit of 1 = 1.1 ± 0.1 
ps, 2 = 12 ± 13.8 ps, and 3 > 400 ps.69 In agreement with other 
studies, 1 is assigned to relaxation within S1 from the Franck-
Condon state, 2 is ascribed to intersystem crossing (ISC) to T2 
and T3, and 3 is assigned to relaxation to ground state (S0).69-71 

Computational data indicate that T3 is 0.58 eV above S1, that T2 
is essentially isoenergetic with S1, and that T1 is 1.94 eV downhill 
from S1.35,36 However, low energy torsional barriers (< 25 meV) 
for different syn and anti conformers complicate the dynamics 
of bithiophene.72, 73 With this in mind, for [Nd(2Tcbx)2]3+, we 
assign 1 to relaxation within S1 from the Franck-Condon state 
and 2 to ISC to form the T2. Since either excitation wavelength 
yields a transient that is longer lived that our instrumental 
constraints, the longest time constant cannot be ascribed to 
relaxation to ground state concomitant with energy transfer to 
NdIII. In that case, one would expect to see loss of all optical 
density in the pump-probe experiment, and thus a transient 
that was indistinguishable from the zero line indicating no net 
photochemistry on that time scale (7 ns). The presence of a 
long-lived transient indicates that a new state is formed. Our 
present data does not permit us to make a rigorous assignment 
here. This new state could be a triplet on the pyridine portion 
of 2Tcbx. However, we more strongly suspect that this new 
triplet state is localized on the thiophene (2T) unit and is in a 
conformation stabilized by the presence of the LnIII ion. Such an 
assignment is consistent with our previous study on closely 
related complexes.45 We ascribe the difference in photophysical 
behaviour following 360 nm vs 420 nm excitation to a 
conformation formed from 360 nm excitation that permits 
reaction with 3O2 that is not accessible with 420 nm excitation. 
Alternately, 420 nm excitation yields a conformation that 
promotes energy transfer to the NdIII and thus no stimulated 
emission is observed. This is consistent with a higher quantum 
yield for NdIII emission at longer wavelengths. 
It is important to note that this proposed mechanism (see TOC 
figure) is different from that suggested for the closely related 
3Tcbx complexes. For the 3Tcbx complexes, different excitation 
wavelengths yielded strikingly different electronic excited 
states, and we deduced that these distinct excited states 
reacted differentially with 3O2.45 In the 2Tcbx complexes 
described above, we have no evidence for the formation of 
different excited states, thus we propose that different 
conformations of the same electronic excited state must 
produce the differential reactivity with 3O2. We find it surprising 
that the same wavelength dependence for 1O2 production for 
these closely related complexes ([Ln(3Tcbx)2]3+ vs. 
[Ln(3Tcbx)2]3+) has two different explanations based on 
femtosecond transient absorption spectroscopy. 

Conclusions
We have isolated a series of new ligands based on bithiophene-
derivatized pyridine-bis(carboxamide). We have shown their 
ability to coordinate LnIII ions and sensitize theirI emission and 
to generate 1O2. Because 1O2 generation is wavelength-
dependent, these compounds provide the tracking ability of 
luminescence without sacrificing healthy cells, and would 
therefore be safer alternatives for therapy and diagnosis. 
However, these complexes are not water-soluble and thus not 
useful for bioimaging and therapy purposes. Nonetheless, they 
provide a roadmap for the development of complexes with 
wavelength-dependent dual functionality.
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