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The reaction of Re(CO)5Br with deprotonated 1H-(5-(2,2’:6’,2’’-
terpyridine)pyrid-2-yl)tetrazole yields a triangular assembly
formed by tricarbonyl Re(I) vertices. Photophysical measure-
ments reveal blue-green emission with a maximum at 520 nm,
32% quantum yield, and 2430 ns long-lived excited state decay
lifetime in deaerated dichloromethane solution. Coordination of
lanthanoid ions to the terpyridine units red-shifts the emission
to 570 nm and also reveals efficient (90%) and fast sensitisation
of both Eu(III) and Yb(III) at room temperature, with a similar
rate constant kET on the order of 107 s� 1. Efficient sensitisation of
Eu(III) from Re(I) is unprecedented, especially when considering

the close proximity in energy between the donor and acceptor
excited states. On the other hand, comparative measurements
at 77 K reveal that energy transfer to Yb(III) is two orders of
magnitude slower than that to Eu(III). A two-step mechanism of
sensitisation is therefore proposed, whereby the rate-determin-
ing step is a thermally activated energy transfer step between
the Re(I) centre and the terpyridine functionality, followed by
rapid energy transfer to the respective Ln(III) excited states. At
77 K, the direct Re(I) to Eu(III) energy transfer seems to proceed
via a ligand-mediated superexchange Dexter-type mechanism.

Introduction

The luminescent properties of trivalent lanthanoid (Ln) ions
have been the focus of extensive investigation, both at
fundamental and applied levels. In part, this interest originates
from the many potential applications that luminescent lantha-
noids find in various technologies such as optical displays,
sensing, life sciences, and telecommunication signalling, to
name a few.[1–5] The luminescent properties of these elements
are quite distinct from those of transition metal complexes, due
to the intrinsic properties associated with their valence 4 f

electrons. Ln(III) ions have typical line-like emission that is
mostly dependent on the specific elements, ranging from the
UV (e.g. Gd) and visible (e.g. Eu, Tb, Ho, Sm) to the NIR region
(e.g. Yb, Nd, Er). This feature originates from the poor shielding
and inner core nature of the 4 f electrons.[6] Efficient lumines-
cence of Ln(III) ions relies on their sensitisation via the antenna
effect, due to the low molar absorptivity associated with
Laporte-forbidden – and often spin-forbidden – intraconfigura-
tional f-f electronic transitions.[7] In general, a chromophoric
ligand absorbs incident energy and then transfers it to the
Ln(III) cation. Most commonly, the chromophore is a π-
conjugated organic system, bound or in proximity to the Ln
centre, that is promoted to its singlet excited state, undergoes
intersystem crossing to its triplet excited state, facilitated by the
strong Ln-induced spin-orbit coupling, which then transfers the
energy to the Ln(III) ion.[8] Although it is known that energy
transfer (ET) can also occur via the singlet excited state,[9]

sensitisation of Ln(III) ions is more often only considered as
originating from the triplet excited state. Studies reported by
Latva and co-workers have shown that efficient sensitisation
relies on an optimal range of energy difference between the
donor and acceptor states, which should be around 3500–
2500 cm� 1.[10] Values below this range decrease the sensitisation
efficiency as a result of thermally activated back energy transfer
(BET).

Sensitisation of Ln(III) luminescence can occur from donors
other than organic chromophores, such as lanthanoid-to-
lanthanoid ET, for example Tb(III)!Eu(III), Eu(III)!Nd(III), or
Yb(III)!Er(III).[11–13] Alternatively, sensitisation can originate from
the charge transfer excited states of transition metal complexes
(e.g. metal-to-ligand charge transfer, MLCT).[14–18] These sensiti-
sation pathways have received comparatively less investigation.
ET between transition metal complexes and lanthanoid ele-
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ments have predominantly focused on archetypal phosphores-
cent metal complexes containing Re(I),[19–22] Ru(II),[23–24] Os-
(II),[25–26] Ir(III),[27–31] or Pt(II),[32–34] whereby sensitisation occurs
from a triplet charge transfer excited state, 3MLCT. Depending
on the energy of the donor excited state, efficient sensitisation
of both visible emitters, such as Eu(III), or NIR emitters, such as
Yb(III), Nd(III), or Er(III), have been reported. However, detailed
investigations on the mechanism of ET, which may occur via a
Coulombic interaction (Förster) or electron exchange (Dexter),
for example, remain scarce and with only a few examples
reported to date.[17,32,35–36] In the case of Re(I), sensitisation has
been predominantly studied for NIR emitting lanthanoids, with
the rationale that the relatively red-shifted emission of
tricarbonyl Re(I) diimine-type complexes makes them inefficient
donors for visible emitters. In fact, the few examples of
molecular systems containing both Re(I) and Eu(III) have been
reported as having negligible sensitisation, if any at all, for
Eu(III) luminescence.[37] The only example of Re(I)!Eu(III) ET was
reported by Sørensen, Faulkner and co-workers;[38] however, the
Re(I) donor is bound to separate pyridine ligands rather than a
diimine system, causing a significant blue-shift of its 3MLCT
excited state to 420 nm, which lies well above the 5D1 and

5D0

excited states of Eu(III). While the ET was not quantified in their
work, from the decrease in the excited state lifetime τ of the
3MLCT in the absence or presence of Eu(III), its efficiency can be
estimated to be around the 6-8% range.

We have previously reported the synthesis of a triangular
assembly featuring three tricarbonyl Re(I) complexes bound to
three (pyrid-2-yl)tetrazolato ligands.[39] The assembly displayed a
relatively blue-shifted emission at 498 nm when compared to
neutral tricarbonyl Re(I) diimine complexes. For this reason, we
thought to investigate its ability to act as a sensitiser for both
red-emitting Eu and NIR-emitting Yb. To endow the assembly
with the capacity to bind Ln(III) ions, we constructed the
triangular core using a previously reported ligand featuring a
terpyridine functional group attached to the pyridine 4 position,
1H-(5-(2,2’ : 6’,2’’-terpyridine)pyrid-2-yl)tetrazole,[40] Re3L3. A mod-
el structure obtained via density functional theory (DFT) for
Re3L3 with the terpyridine units coordinated to Ln(III) nitrate
complexes, Re3L3Ln3, is shown in Figure 1 (where Ln=Lu).
Extension of the ligand conjugation induces a red-shift of the
3MLCT emission to 570 nm. Despite this red-shifted emission,
this triangular assembly displays the first example of efficient
sensitisation (90%) of Eu(III) luminescence, with a rate constant
that is comparable to that observed for the sensitisation of NIR
Yb(III) luminescence. Given this unprecedented result, we have
endeavoured to elucidate the mechanism of sensitisation to
identify structural features that would enable efficient ET
between Re(I) and Eu(III). The investigation focused on compar-
ing photophysical data at room temperature and 77 K.

Results and Discussion

The ligand LH, namely 4’-(5-(1H-tetrazol-5-yl)pyrid-5-yl)-
2,2’:6’,2’’-terpyridine, was prepared as previously reported.[40]

The synthesis of the trinuclear Re3L3 complex was performed by

reacting equimolar amounts of Re(CO)5Br and LH in the
presence of an excess of triethylamine in toluene at reflux. The
targeted Re3L3 could be isolated via flash chromatography in
moderate yields (39%). The formation of Re3L3 was confirmed
by its 1H-NMR spectrum (Figure S1). Three diagnostic peaks
appear as singlets at 9.57, 9.47 and 9.36 ppm in CDCl3,
associated with the three H6 atoms on the pyridine rings
directly conjugated to the tetrazolate substituents. The pres-
ence of the three peaks suggests a syn-syn-anti arrangement of
the pyridyltetrazolate moieties as shown in the model structure
in Figure 1. This feature was also observed in the crystal
structure of the previously reported triangular core without the
pendant terpyridine (terpy) moieties.[39] The remaining signals in
the 9.00–7.30 ppm region are largely superimposed and more
difficult to resolve, but the overall spectrum integrates for a
total of 39 H atoms, consistent with the proposed structure. The
solid-state IR spectrum of Re3L3 displays intense CO stretching
peaks at 2029 and 1901 cm� 1, as typical for Re centres bound to
three CO ligands in a facial configuration, with quasi-degener-
ate out-of-phase A’ and A’’ modes. The formation of Re3L3 was
further confirmed by elemental analysis and HRMS in ESI+
mode. For the latter, the observed and calculated isotopic
distribution for [Re3L3H]

+ and [Re3L3H2]
2+ are in agreement

(Figure S2).
A summary of the photophysical properties for Re3L3 in the

absence and presence of Ln(III) ions (Ln=Gd, Eu, Yb) is reported
in Table 1. The UV-Vis spectrum of Re3L3 in diluted (�10� 5 M)
CH2Cl2 solution (Figures S3–S4) is comprised of intense bands at
wavelengths shorter than 300 nm (ɛ>2x105 M� 1cm� 1), mainly
originating from intraligand (IL) ππ* transitions. On the other
hand, the shoulder above 300 nm is attributed to MLCT
transitions, with partial admixture of ligand-to-ligand charge
transfer (LLCT) character.[41] To confirm the assignment of the
absorption bands, both static and time-dependent density
functional theory (TDDFT) calculations were performed. The
simulated absorption spectrum is shown in Figure S5, display-
ing features which match with the experimental spectrum (see

Figure 1. DFT model structure for Re3L3Ln3 optimised using the function
MPW1PW91 with mixed basis sets (D95 V/LANL2TZ(f)/Def2-QZVP). The
structure was optimised using diamagnetic Lu(III) coordinated to the
terpyridine moieties. Colour coding: silver spheres=Lu, teal spheres=Re,
grey=C, blue=N, red=O; H atoms are omitted for clarity.
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Table S1 for a list of transitions and Figure S6 for orbital
contours).

Upon excitation of the MLCT manifold at 375 nm, a CH2Cl2
solution containing Re3L3 displays blue-green emission. The
emission spectrum (Figure 2, blue trace) comprises a featureless
broad band with maximum at 520 nm, which is typical of
radiative decay from excited states having charge transfer
character. The excited state decay data in air-equilibrated
solution, measured by time-correlated single photon counting
(TCSPC), fit with a monoexponential function and an associated
lifetime value of τ=524 ns (Figure S7, blue trace). Re3L3 also
displays relatively efficient emission, with a photoluminescence
quantum yield Φ around 6%. The values of τ and Φ are both
enhanced upon degassing, reaching 2430 ns and 32%, respec-
tively. This enhancement supports the triplet spin multiplicity
for the phosphorescent emitting state of Re3L3, which is
therefore ascribed to a 3MLCT.

The addition of excess Gd(NO3)3(DMSO)n to a CH2Cl2 solution
containing Re3L3 produces a red-shift of the IL and MLCT bands

in the absorption spectrum, suggesting coordination of Gd(III)
ions to the terpy sites (Figure S3, red trace).[40] This assignment
is again confirmed via TDDFT calculations (Figures S8–S9 and
Table S2). Notably, the orbital contours of the LUMO+n (n=0–
2) extend now to include the π-conjugated system of the terpy
moiety. Monitoring the change in absorbance while titrating
Gd(NO3)3(DMSO)n into a Re3L3 solution (Figure S4) allows for the
determination of the binding constants (logβ11 – 13), which were
ca. 7.0�1.0, 12.5�1.0 and 17.0�1.0 for the first, second and
third metals, respectively.[44] Lastly, the formation of the species
Re3L3Ln3 (Ln=Gd, Eu, Yb) is confirmed by HRMS in ESI+ mode,
again displaying consistent experimental and calculated pat-
terns (Figures S10-S12).

The photophysical properties of Re3L3Gd3 were initially
studied to assess changes occurring upon coordination of Ln(III)
ions to Re3L3 and in the absence of any sensitisation, since the
lowest excited state 6P7/2 of Gd(III) is too high in energy to act as
an acceptor.[6] Excitation at 375 nm of a diluted CH2Cl2 solution
containing Re3L3Gd3 displays orange-red emission at room
temperature, characterised by a featureless 3MLCT band with a
50 nm red-shifted maximum at 570 nm (Figure 2). The red-shift
is consistent with the trend in the absorption spectrum and is
ascribed to stabilisation of the π* orbitals of the ligands upon
coordination of the Gd(III) ions. Compared to Re3L3, the excited
state decay lifetime τ reduces to 238 ns (Figure S7, red trace),
with a photoluminescence quantum yield Φ determined
around 5%. The observed changes upon coordination of the
Gd(III) ions seem consistent with the energy gap law, whereby a
red-shift in emission is accompanied by an enhancement of
non-radiative decay pathways.[45] The 3MLCT emission band of
Re3L3Gd3 was fit with a series of overlapping Gaussian functions,
providing an estimated 0–0 transition energy of 19042 cm� 1

(Figure S13).
The emission profile of an air-equilibrated CH2Cl2 solution

containing Re3L3Eu3, upon excitation at 375 nm, is shown in
Figure 2 (red trace). The spectrum in the visible region is
dominated by the typical line-like emission ascribed to radiative
decay from the 5D0 excited state to the corresponding 7FJ states

Table 1. Selected photophysical properties of Re3L3 and Re3L3Ln3 (Ln=Gd, Eu, Yb) in CH2Cl2 solutions (ca. 10
� 5 M).

abs.
λmax

nm

3MLCT
λem
nm

Ln
λem
nm

Φ

3MLCT
τ ns kET

107 s� 1[a]

ΦET Ln
τ ms

3MLCT
τ (77 K)
ms

Re3L3 280
325

520 0.059[a]

0.324[a,c]
524[d]

501.5[e]

2430[c,d]

Re3L3Gd3 293
330

570 0.050[a] 238[d]

221.6[e]
3.456

Re3L3Eu3 293
330

570 527, 594, 618, 650, 686 0.30[a] 27[d]

22.0[e]
3.28[d]

4.09[e]
0.89[d]

0.90[e]
1.370[f] 0.080 (88%)

2.513 (12%)

Re3L3Yb3 293
330

570 980 0.009[a]

0.013[b]
24[d]

21.2[e]
3.75[d]

4.27[e]
0.90[d] 0.90[e] 0.011[f] 0.854 (80%)

4.944 (20%)

[a] Visible photoluminescence quantum yield measured against an air-equilibrated aqueous solution of [Ru(bpy)3]Cl2 (Φ =0.042).[42] [b] NIR
photoluminescence quantum yield measured against an air-equilibrated toluene solution of [Yb(phen)(tta)3] (Φ =0.016).[43] [c] Measured in degassed CH2Cl2
solution. [d] Measured by time-correlated single photon counting (TCSPC). [e] Measured by transient absorption (TA). [f] Measured by multichannel scaling
(MCS).

Figure 2. Emission spectra of Re3L3 (blue) and corresponding Re3L3Ln3

complexes [Ln=Gd (black), Eu (red) and Yb (purple)] in CH2Cl2 solution. The
NIR emission of Re3L3Yb3 is arbitrarily normalised to the emission of Re3L3. All
the solutions are excited 375 nm, corresponding to the 1MLCT manifold.
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(J=0-4) of Eu(III). A characteristically weak peak at 527 nm is
observed, which is attributed to emission from the 5D1 excited
state. Furthermore, the 5D0!

7F0 transition is barely visible,
which provides further evidence of the highly symmetrical
Re3L3Eu3 species. The excited state decay lifetime τ, measured at
612 nm by multichannel scaling (MCS), fits monoexponentially
with a value of 1.370 ms, which is typical for long-lived Eu(III)
phosphorescence (Figure S14). A very weak broad band can be
identified just above the baseline, which is consistent with
residual emission from the 3MLCT (Figure 2, red trace), and is
similar to the emission band of Re3L3Gd3. The calculated
quantum yield for the Eu(III) emission is 30%. This value was
obtained by subtracting the contribution of the residual 3MLCT
emission from the overall spectrum, which was obtained from
the emission spectrum of Re3L3Yb3 in the visible region (vide
infra). Measurement of the excited state decay lifetime τ of the
residual 3MLCT emission at 570 nm (Figure S7) provides a value
of 27 ns (TCSPC). Given the relatively weak intensity of the
signal, the measurement was also confirmed using transient
absorption (TA) (Figures S15-S17), which provided a consistent
result of 22.0 ns. These values enable calculation of a sensitisa-
tion efficiency of 0.89 (TCSPC) or 0.90 (TA) and an ET rate
constant kET of 3.28×10

7 s� 1 (TCSPC) or 4.09×107 s� 1 (TA).
Excitation at 375 nm of an air-equilibrated CH2Cl2 solution

containing Re3L3Yb3 reveals a very weak residual
3MLCT band in

the visible region and a band between 950 and 1050 nm in the
NIR region, the latter being typical for the 2F5/2!

2F7/2 transition
of Yb(III) (Figure 2, purple line). A quantum yield Φ=0.013 was
calculated for the NIR emission of Yb(III). The excited state
decay of the Yb(III) emission was measured by MCS and
monoexponential fitting with τ=11 μs (Figure S14). The max-
imum of the residual 3MLCT emission is consistent with that of
Re3L3Gd3, with an excited state decay lifetime τ fit monoexpo-
nentially to a value of 24 ns, measured by TCSPC (Figure S7,
green trace). A consistent value of 21.2 ns was obtained by TA
(Figure S18). The ET rate constant kET was therefore determined
to be 3.75×107 s� 1 (TCSPC) or 4.27×107 s� 1 (TA), and the
sensitisation efficiency was calculated as 0.90 (both TCSPC and
TA).

The collected photophysical data suggest that Re3L3 is an
efficient sensitiser for Eu(III) and Yb(III) luminescence, both of
which display a sensitisation efficiency of �90%. This con-
clusion is not completely unexpected for Yb(III), given the fact
that the energy of the 3MLCT excited state in Re3L3Yb3 is well
above the energy of the accepting 2F5/2 excited state. Despite
the large energy difference between the 3MLCT and 2F5/2
(10400 cm� 1) excited states (ΔE=8628 cm� 1), the observed
efficient sensitisation is in line with previously reported
complexes bearing Re(I) and Yb(III).[21–22,25,32,34–35] While there is
virtually no spectral overlap between the emission of the Re3L3
donor and the absorption of the Yb(III) acceptor, the mecha-
nism of Yb(III) sensitisation is usually postulated to proceed via
an intermediate ligand-to-Yb charge transfer excited state[14,46]

and/or phonon-assisted energy transfer.[47] However, such a
high sensitisation efficiency from a 3MLCT excited state of Re(I)
to Eu(III) is unprecedented. The energy difference between the
3MLCT and the 5D1 (19028 cm

� 1) or 5D0 (17277 cm
� 1) is relatively

small, 14 cm� 1 and 1765 cm� 1, respectively. We can postulate
that energy is transferred from the 3MLCT to 5D1, according to
ΔJ selection rules[14] and consistent with the fact that emission
from the 5D1 excited state is detected (Figure 2). Rapid 5D1!

5D0

internal conversion follows, but the occurrence of 5D0!
3MLCT

BET would be expected at room temperature given the low
energy difference.[48] However, considering the long lifetime of
the 5D0 emission (1.370 ms), it must be concluded that BET is
negligible in Re3L3Eu3, if occurring at all. This conclusion is
supported by the very low intensity of the residual 3MLCT
emission, similar to that observed for Re3L3Yb3 where BET is not
possible. The τ value is comparable to the previously reported
excited state decay for the structurally similar complex LEu,
1.26 ms,[40] where energy transfer occurs directly from the ππ*
excited state of the L ligand and no BET is detected on the basis
of a complete absence of residual ligand-centred emission. In
the LEu complex, sensitisation occurs with an efficiency of 48%,
and the lack of BET is rationalised by the larger energy gap
between the ligand 3ππ* excited state, which mostly involves a
terpy unit, and the 5D0 excited state (ΔE=4722 cm� 1). Another
notable observation in the present case is that the ET rate
constants kET calculated for Eu(III) and Yb(III) are very similar,
despite the fact that the mechanism of sensitisation are likely to
be intrinsically different.[14]

To further investigate the energy transfer mechanism from
the 3MLCT to Eu(III) and Yb(III), the photophysical measurements
were performed in a frozen matrix at 77 K. The emission
spectrum of Re3L3Eu3 (Figure S19) displays a more prominent
and broad 3MLCT band followed by the typical Eu(III) peaks. The
excitation profiles monitored at 514 (3MLCT) and 617 nm
(5D0!

7F2) confirm that Eu(III) sensitisation occurs via the 3MLCT,
as the shoulder between 360 and 450 nm is present in both
spectra. The maximum of the 3MLCT band appears blue-shifted
when compared to the spectrum at room temperature. The
increased energy of the 3MLCT excited state is attributed to
rigidochromism.[49] To determine the energy of the 3MLCT 0–0
transition at 77 K, the emission band in the visible region of
Re3L3Yb3 was again fit with a series of overlapping Gaussian
functions (Figure S20), providing a value of 21008 cm� 1. The
excited state lifetime decays τ were recorded by TCSPC for the
residual 3MLCT emission of Re3L3Gd3, Re3L3Eu3 and Re3L3Yb3

(Table 1 and Figure S21). In the case of Gd(III), a monoexponen-
tial decay was recorded with τ=3.456 ms. On the other hand,
the values for Eu(III) and Yb(III) were both found to be
biexponential with a dominant short component of 80 and
854 ns for Eu(III) and Yb(III), respectively. The minor longer-lived
components were determined to be 2.513 and 4.944 ms,
respectively. This longer-lived component is ascribed to 3MLCT
that is not quenched by sensitisation. From these data, the ET
rate constant kET are calculated to be 1.22×107 and 8.82×105 s� 1

for Eu(III) and Yb(III), respectively. Contrary to what is observed
at RT, at 77 K the sensitisation of Yb(III) appears to be two order
of magnitude slower than that of Eu(III).

By comparing the different photophysical data at RT and
77 K, the sensitisation mechanism of Eu(III) and Yb(III) at RT can
be understood and modelled as two consecutive steps. Firstly,
the 3MLCT excited state transfers energy to the 3ππ* excited

Wiley VCH Donnerstag, 29.08.2024

2449 / 359890 [S. 154/157] 1

Chem. Eur. J. 2024, 30, e202401233 (4 of 7) © 2024 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202401233

 15213765, 2024, 49, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202401233 by C

urtin U
niversity L

ibrary, W
iley O

nline L
ibrary on [09/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



state of the terpy moiety. This is a thermally activated uphill ET
(ΔE� +2958 cm� 1) and must be the rate-determining step of
the sensitisation. The efficiency of this step might be facilitated
by the fact that the orbital composition of the two excited
states is similar (Figure S9). From the terpy 3ππ* excited state,
energy is rapidly transferred to Eu(III) or Yb(III), similarly to what
was previously reported for the LEu and LYb complexes.[40] This
two-step mechanism explains why the ET rate constant kET are
very similar for Eu(III) and Yb(III) at RT. Direct energy transfer
from the 3MLCT to Eu(III) and Yb(III), if occurring at all, appears
to be slower and outcompeted by ET between the 3MLCT and
the terpy 3ππ* excited state. At 77 K, the 3MLCT is raised in
energy but still lies below the energy of the terpy 3ππ* excited
state (ΔE� +1000 cm� 1). Given the low temperature, ET
between the 3MLCT and the terpy 3ππ* excited state is now
excluded. Direct ET to Eu(III) and Yb(III) is the only viable
pathway, which supports the two order of magnitude difference
between the values of kET. The different mechanisms postulated
at room temperature and 77 K are shown schematically in
Figure 3 for Re3L3Eu3.

Modelling the direct 3MLCT to Eu(III) energy transfer to both
the Förster and Dexter mechanisms at 77 K was attempted,
with calculated parameters provided in Table 2. To determine
the overlap integrals, the 3MLCT emission spectrum of Re3L3Yb3

in the visible region and the absorption spectrum of a 0.1 M
acetonitrile solution of Eu(NO)3(DMSO)n were used. The Förster-
based ET rate constant kF was calculated by assuming a distance
r between the donor and acceptor of 10.3 Å, taken as the
distance between the two metal centres as determined from
the DFT structure shown in Figure 1. The obtained data seem to
rule out an energy transfer based on this mechanism, as the
calculated rate constant is 3 orders of magnitude smaller than
that determined experimentally. On the other hand, using the
experimentally determined energy transfer rate constant and
the overlap integral JD, considering a Dexter mechanism, we
find an electronic coupling H of 0.05 cm� 1. This value suggests
the two metal centres are weakly coupled, with the presence of
the fully conjugated ligand facilitating ET via a superexchange
mechanism. These results are analogous to calculations per-
formed by Ward and co-workers on Ru� Ln dyads (Ln=Nd, Er,
Yb)[36] where the two metal centres were bridged by a p-
conjugated ligand, suggesting that the direct 3MLCT to Eu(III)
energy transfer in Re3L3Eu3 occurs via a ligand-assisted Dexter-
type mechanism. The smaller kET for Re3L3Yb3 is not surprising
since ET in this complex cannot formally occur via Forster nor
Dexter energy transfer, due to the lack of overlap between the
emission of the donor and absorption of the acceptor. In this
case, ET is ascribed to the previously mentioned charge
transfer[14,46] and/or phonon-assisted mechanism.[47]

Conclusions

In this work, we have shown how the triangular assembly Re3L3
can be functionalised with terpy moieties to become an
efficient antenna for the sensitisation of lanthanoid lumines-
cence. The Re3L3 core has proven to be an efficient sensitiser for
both Eu(III) and Yb(III) luminescence, and displaying the first
example of efficient energy transfer (90%) between the Re(I)-
centred 3MLCT and Eu(III). Intriguingly, the rate constant for the
sensitisation was found to be very similar for both Eu(III) and
Yb(III). What seems to differentiate Re3L3Ln3 from previously
reported d-f assemblies is the two-step mechanism of sensitisa-
tion at room temperature, whose overall rate we believe is
controlled by an initial uphill energy transfer between the
3MLCT and the terpy 3ππ* excited state. This step is then
followed by rapid energy transfer to the corresponding Ln(III)
excited state. This two step mechanism is supported by
photophysical measurements at 77 K, where only direct sentisa-
tion from the 3MLCT to Ln(III) is possible. In this case,
sensititisation of Yb(III) is two orders of magnitude slower than
that of Eu(III). Attempts to model the direct energy transfer at
77 K suggests that the sensitisation occurs via a superexchange
ligand-mediated mechanism; although the limitation of this
model in arbitrarily setting the distance between the donor and
acceptor and the distance between the two metal centres
should be considered. The unique Re3L3Ln3 structure has

Figure 3. Schematised Jablonski diagram illustrating the different energy
transfer mechanisms occurring at room temperature (top) and 77 K (bottom)
for Re3L3Eu3. ET1 is the room temperature rate-determining energy transfer
step from the 3MLCT to the terpy 3ππ* excited state, which is not occurring
at 77 K.

Table 2. Energy transfer parameters for Re3L3Eu3 at 77 K.

r
Å

JF
cm3M� 1

kF
s� 1]

JD
cm

H
cm� 1

10.3 8.84×10� 20 1.58×102 5.14×10� 3 0.05
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provided new insights into the sensitisation of lanthanoid
luminescence from the charge transfer state of a coordination
compound, and in particular provides a strategy to enable
efficient Re(I) to Eu(III) energy transfer.
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